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ROUTEPLANNER – A MODEL FOR THE VISUALIZATION OF 

WAREHOUSE DATA 
 

ABSTRACT 
 

This study considers the details of development and use of a model of the visualization 

process to transform data in a warehouse to required insight.  In the context of this study, 

‘visualization process’ refers to a step-wise methodology to develop enhanced insight by 

using visualization techniques.  The model, named RoutePlanner, was developed by the 

researcher from a theoretical perspective and was then used and evaluated practically in the 

domain of insurance brokerage.   

 

The study highlights the proposed model, which comprises stages for the identification of the 

relevant data, selection of visualization methods and evaluation of the visualizations, 

undergirded by a set of practical guidelines. To determine the effect of the use of 

RoutePlanner an experiment was conducted to test a theory.  The practical utility of 

RoutePlanner was assessed during an evaluation-of-use study.   

 

The goal of this study is to present the RoutePlanner model and the effect of its use. 

 

KEY TERMS 
 

Data warehouse, domain analysis, evaluation, experiment, guidelines, identification, 

selection, survey, visualization, visualization process. 
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11  RREESSEEAARRCCHH  IINNTTRROODDUUCCTTIIOONN  
 

1.1 Problem statement 

 

A data warehouse is a repository which stores large volumes of data, with further data being 

uploaded and added at regular intervals.  The value of this volume of raw data can be 

enhanced if its owners explore, gain insight into, interpret and use it, in ways that generate 

meaningful information.  Visualization methods may be used to explore data visually, and a 

large collection of methods is available.  Such visual exploration and presentation should 

provide data owners with valuable insight into the data.   

 

This dissertation considers detailed steps that comprise the visualization process.  In the 

context of this study, ‘visualization process’ refers to a methodology that uses visualization 

techniques for the transformation of raw data in a warehouse to forms that provide the 

required insight.  In a literature survey, the body of visualization knowledge provides a 

theoretical assessment of the research problem, in terms of the defined research questions.  

The results of the literature survey guide the researcher in her development of a model of the 

visualization process, called RoutePlanner.  A survey is used to identify the need for 

visualization to gain insight into warehouse data.  An experiment is conducted to test the 

theory that the use of RoutePlanner by domain experts, in collaboration with visualization and 

data experts, leads to an increased awareness of visualization and results in the successful 

visualization of warehouse data.  To apply this study within a real-world context, a warehouse 

of data from a professional insurance broker is used during the experiment, which consists of 

a pre-study, an intervention using RoutePlanner and a post-study.  Furthermore, evaluation 

research is used during the intervention to assess each stage of RoutePlanner.  The 

quantitative and qualitative data collected during this study is analyzed and interpreted.   

 

The focus area of this study is therefore the process of visualization, while the application 

area is the domain of insurance brokerage. 

 

This chapter introduces the problem statement (Section 1.1) and definitions of key terms used 

in this dissertation (Section 1.2).  Overviews are given of the research context (Section 1.3), 

the research goals, objectives and questions (Section 1.4) and the research design (Section 

1.5).  The value (Section 1.6), scope (Section 1.7) and structure of the study (Section 1.8) are 

discussed.  Figure 1-1 depicts the contents of this chapter in the form of a chapter map.  
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Definition of key terms
Data warehouse
Information visualization
Visualization method
Visualization system
Insight
Experts
Section 1.2

Research context
Insurance brokerage data base – present situation
Insurance brokerage data warehouse – proposed system
Proposed visualization of data in the warehouse
Purpose of this study
Section 1.3

Research goals, objectives and questions
Section 1.4

Scope of study
Boundaries
Limitations
Section 1.7

MAP OF CHAPTER 1

Research design
Section 1.5

Value of study
Section 1.6

Structure of study
Chapters
Appendices
Presentations
Section 1.8

Quo Vadis?
Section 1.9

Problem 
statement
Section 1.1

 

Figure 1-1 Map of Chapter 1 

 

1.2 Definition of key terms 

 

The following key terms are used in this dissertation: 

• Data warehouse:  According to Kimball (1996), a data warehouse as a quantity of 

temporal, multi-dimensional, multi-variate, structured and abstract data, ordered in 

terms of facts and dimensions.  He states that the warehouse should provide access 

to organizational data, and for this access to have any value, the data must be 

meaningful, interpretable and should provide the data user with insight.  

• Information visualization:   Card, Shneiderman and MacKinlay (1999) define 

information visualization (IV) as the use of computer-supported, interactive, visual 

representations of abstract data to amplify cognition.  Saraiya, North and Duca (2005) 

consider the main purpose of visualization to be the generation of insight.  

Shneiderman (1996) refers to IV in terms of the seven abstract tasks that are included 

in his visual information-seeking mantra, namely: overview, zoom, filter, details-on-

demand, relate, history and extract. 

• Visualization method:  Lengler and Eppler (2007) define a visualization method 

(VM) as a systematic, rule-based, external, permanent and graphic representation 

that depicts information in a way that is conducive to acquiring insights, developing an 

elaborate understanding, or communicating experiences. 
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• Visualization system:  A visualization system is defined as a collection of VMs. 

• Insight:  According to the Webster dictionary, insight is the capacity to discern the 

true nature of a situation, the act or outcome of grasping the inward or hidden nature 

of things or of perceiving in an intuitive manner.  North (2006) defines insight in terms 

of the characteristics of insight, namely: complex for large volumes of data, deep with 

accumulation over time, qualitative with several resolution levels, unexpected and 

relevant to a data domain. 

• Experts:  In this study, several experts are required to collaborate during the 

visualization process.  The domain expert has domain knowledge and knows what 

insight is required.  Domain experts are also the target audience and the end-users of 

the visualizations. The visualization expert has the knowledge, expertise, skill and 

experience to apply visualization methods.  The data expert is familiar with the data in 

terms of the data formats, location and availability, and is responsible for the 

maintenance of the data in the database.  Database administrators, database 

designers, and data managers may be included as data experts.  An expert in the 

process may have more than one role.  Although some of the participants were 

female, the participant experts of this study, by convention, will be referred to as 

male. 

 

1.3 Research context 

 

This section introduces the context of this study in its application domain of insurance 

brokerage.  An insurance broker has a portfolio of clients, whose data is stored in a database 

accessed by a financial needs analysis program. This study proposes the use of visualization 

to gain enhanced insight into the data, where snapshots of the database data are stored in a 

data warehouse. 

 

1.3.1 Insurance brokerage database – the present situation 
 

Currently the insurance broker has a database containing the most recent data pertaining to 

each of the clients in his/her portfolio, and uses a financial needs analysis program to access 

and manipulate the client portfolio data.  The broker selects a specific client in this portfolio, 

selects a particular unit of insurance analysis (e.g.  Pension, Estate, Financial Planning), and 

then the client’s details for the selected unit of analysis are presented to the broker.   
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Using this system, the insurance broker can view only the data of a single, selected client for 

the selected unit.  For the broker to view the data of all the clients in a portfolio, a limited 

number of fixed queries are included in the financial needs analysis program used.   

The results of these queries are presented as lists of numbers and text.  Furthermore, the 

broker can view only the data relating to the current status of each client in the portfolio, as 

the database does not store historical data.  There are, therefore, limitations on the insights a 

broker can obtain from the data in its present form and structure.   

 

1.3.2 Insurance brokerage data warehouse – the proposed system 
 

For this research, a prototype data warehouse must be developed, into which regular 

snapshots of data from the insurance database will be loaded.   A complete definition and 

design of the dimension and fact tables in the warehouse are available in Appendix A.  Figure 

1-2 shows an example listing of such insurance data, in terms of dimension keys and 

numerical facts extracted from the fact table of the data warehouse. 

 

 

Figure 1-2 Listing of data in fact table 

 

1.3.3 Proposed visualization of data in the warehouse 
 

Following the development of the warehouse, visualization can be used to gain insight into 

this data and to overcome the limitations of the present system.  For example, the current age 

and retirement age of the clients in a broker’s portfolio are presented graphically in Figure 1-3, 

where a scatter plot is used to present the data visually.  This visualization may be interpreted 

by the broker and used to provide a variety of useful insights, such as the identification of all 

clients for whom no retirement planning has been done (those with a ‘0’ retirement age), as 
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well as clients who are close to retirement.  It further highlights the monitoring of existing 

clients after retirement and the need to recruit younger clients (by considering the age 

distribution of the portfolio). 
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Figure 1-3 Visualization of retirement age and current age of clients 

 

1.3.4 Purpose of this study 
 

The real-world problem for this study pertains to the visualization of the data of a professional 

insurance broker.  The brokers using the present financial needs analysis (FNA) system 

(Section 1.3.1) are unable to gain a global overview of the data of their client portfolios 

holistically or historically, and are therefore unable to identify marketing opportunities within 

the portfolios.  A snapshot of the data in a broker’s database may be generated at regular 

intervals and loaded into a data warehouse.  Visual exploration of the data in such a 

warehouse by the broker (i.e. a domain expert) could facilitate the discovery of marketing 

opportunities and data insights.   

 

This present study assumes that: 

• The domain expert has a warehouse of data.  

• With appropriate methods, insights can be extracted from this data in the warehouse. 

• The visualization of such data can provide the insights required. 

 

Given the above assumptions, the purpose of this study is to investigate the details of the 

visualization process from raw data (example in Figure 1-2) to required insight (such as the 

example portrayed in Figure 1-3).  Within this process, the required data needs to be 

identified, the appropriate VM(s) must be selected, and the visualizations need to be 

evaluated to ensure that the required insight has been gained.  
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1.4 Research goals, objectives and questions 

 

According to Mouton (2003), the first phase in the logic of the research process requires the 

transformation of the research idea into a research problem.  This phase should include the 

research rationale, the preliminary literature study and the research problem statement.  The 

research idea is then transformed into the research problem and research questions.  As part 

of this transformation process, a preliminary literature review was required to establish the 

existing body of knowledge and to formulate the research problem statement.   

 

The research problem statement may be formulated in terms of specific research questions, 

while the goal of this study is to solve the problem, defined in terms of three main objectives, 

with the research questions situated within these objectives.   

 

The first objective is to conduct a literature survey to investigate the first four research 

questions, namely: 

• What are the stages in the visualization process of translating data into insight? 

• What are the implementation details for each stage of the visualization process?   

• What guidelines can be used in the application of this visualization process?   

• Can this visualization process be used by a domain expert to translate data into 

insight?  

 

The second objective is to use the findings of the literature survey to develop a model of the 

visualization process.  This model will be known as RoutePlanner, and it will be used for the 

visual exploration of warehouse data. 

 

The third objective is to conduct empirical research in the form of a survey, an experiment and 

evaluation research, with the survey being conducted prior to the experiment in order to 

establish and identify the need for visualization to gain insight into the data.  The experiment 

is used to test the theory that the use of RoutePlanner by domain experts, in collaboration 

with visualization and data experts, leads to an increased awareness of visualization and 

results in the successful visualization of the data in a warehouse.  Such an experiment should 

provide empirical answers (over and above the answers obtained from the literature) to the 

first four research questions by testing the model in the real world.  During the intervention of 

the experiment, evaluation research is performed to assess the utility of RoutePlanner.  
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Thus the third objective considers the fifth research question: 

• Does the use of RoutePlanner by domain experts, in collaboration with visualization- 

and data experts, lead to an increased awareness of visualization and result in the 

successful visualization of warehouse data? 

 

1.5 Research design 

 

This section addresses the research approach of this study, explaining how it is related to the 

objectives of Section 1.4.  Mouton (2003) gives a step-by-step guide to transform a research 

idea into a research problem, the research design and the research methodology, a process 

which is elaborated in Chapter 4.   

 

Olivier (2004) presents several alternative research design approaches for use in Information 

Technology research, some of which are suitable for this study.  As a secondary method, 

Olivier (2004) recommends a literature survey to collect information from the current relevant 

knowledge, literature and previous research; this comprises the information-gleaning part of 

research.  A literature survey is therefore selected as the research design for the exploratory 

goal of this research, providing a theoretical investigation of the research problem that 

addresses the first objective, prior to the subsequent empirical study.  To address the second 

objective, the findings of the literature survey from Chapter 2 are used in Chapter 3 in the 

development of the model of the visualization process. 

 

Olivier (2004) discusses experiments − in the specific context of research in Computer 

Science and Information Technology − in order to test a theory by investigating the effects of 

an intervention.  Mouton (2003) addresses experimental research design in the general 

context of postgraduate studies.  An experiment, as selected in the research design for the 

present research, entails an empirical study to collect data and to test the theory of the third 

objective (Section 1.4) and is thus used to answer the fifth research question. During the 

intervention of the experiment, evaluation research as described by Mouton (2003) is used to 

investigate the utility of RoutePlanner, the model of the visualization process. This is 

elaborated in Chapter 4. 

 

A diagrammatic presentation of the research logic follows in Figure 1-4, which summarizes 

the discussions of Sections 1.3, 1.4 and 1.5.   
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Literature survey
Investigate the research questions

Identification stage Selection stage Evaluation stage

Experiment
Use RoutePlanner to test the theory

RESEARCH LOGIC OF THIS STUDY

Develop model 
Use literature survey findings to develop model called RoutePlanner

Theory is that the use of RoutePlanner by 
domain experts, in collaboration with  
visualization and data experts, leads to an 
increased awareness of visualization, and 
results in the successful visualization of 
warehouse data.

Research question 1
What are the stages in 
the visualization 
process of translating 
data into insight?

Research question 2
What are the 
implementation details 
for each stage of the 
visualization process?

Research question 3
What guidelines can be 
used for the application 
of this visualization 
process?

Research question 4
Can this visualization 
process be used by a 
domain expert to 
translate data into 
insight?

Guidelines

Research question 5
Does the use of 
RoutePlanner by 
domain experts, in 
collaboration with 
visualization and data 
experts, lead to an 
increased awareness 
of visualization, and 
result in the successful 
visualization of 
warehouse data?

To explore and identify 
the need for 
visualization to gain 
insight from warehouse 
data.

To assess the utility of RoutePlanner.

Evaluation research
During intervention of experiment

Survey
Before using RoutePlanner

Empirical research

 

Figure 1-4 Research logic of this study 

 

Data collection and analysis are discussed in Chapter 5.  Before the experiment, survey data 

was collected as evidence to identify and establish the need for visualization to gain insight 

into warehouse data.  During the single-group experiment, data was collected in a pre- and 

post-study before and after the RoutePlanner intervention, respectively.  Participants of the 

survey, experiment and evaluation completed informed-consent forms and questionnaires for 

these studies.   
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The findings of the pre- and post-study data are compared to determine the effect of the 

intervention.  The results of the experiment will reveal whether or not the theory stated in 

Section 1.4 can be confirmed.  Evaluation research is done to assess the utility of 

RoutePlanner.  Qualitative and quantitative data are collected using questionnaires.  The 

results of the evaluation-of-use study are used to determine whether or not RoutePlanner can 

be used by the domain experts.  The methodology for this research therefore consists of both 

a theoretical and a practical assessment of the research problem.   

 

1.6 Value of study 

 

As explained, the findings of the literature survey lead to the development of the model of the 

visualization process, called RoutePlanner, with generic stages of identification, selection and 

evaluation.  The model is extendable: as the body of knowledge increases, so detail may be 

added; and further aspects may be identified and included.  RoutePlanner provides direction 

in the visualization of data so that the required insight may be gained from the volumes of 

multidimensional data stored in a warehouse.  The breadth and depth of views provided by 

visualizations should enhance the ability of brokers to view data holistically and to gain 

informed insights. The contribution of this research is therefore both in the findings of the 

literature survey, and in the use of RoutePlanner by teams of experts. 

 

1.7 Scope of study 

 

This section defines the scope of the study in terms of its boundaries and limitations.  

 

1.7.1 Boundaries 
 

The boundaries of this research are: 

• A proof-of-concept data warehouse:  This is populated with client portfolio data, 

based on the data of a stereotypical broker in the application domain of the insurance 

brokerage profession.  A single snapshot of the data of all the clients of this broker is 

loaded into the data warehouse.   

• The goal of the visualization process:   The goal of visualizing data from the 

insurance domain is the acquisition of enhanced insight and the associated 

identification of marketing opportunities. 

• Evaluation of the visualizations:  The visualizations are evaluated by the users to 

determine their suitability for the data set and the support required for the user task. 
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• A limited collection of visualization methods:  A collection of VMs is available and 

is used during the experiment. Only existing visualizations are considered. 

• The team of brokers: The professional insurance brokers who participated in the 

experiment were volunteers.  They were required to sign informed-consent forms. 

 

1.7.2 Limitations 
 

This sub-section lists aspects that are outside the scope of this study: 

• Data mining:  Data mining, which is used to discover hidden patterns and trends in 

warehouse data, is an alternative approach to the one taken in this study.  Data 

mining algorithms automatically guide the quest for underlying patterns, and the 

results of the mining effort may be presented visually.  The mining of data in a data 

warehouse, and the visual presentation of the results are outside the scope of this 

research, which addresses manual visual exploration of warehouse data. 

• Visualization method evaluation:  This research does not evaluate each VM to 

determine whether or not it is appropriate for the visualization of warehouse data per 

se, but rather evaluates visualizations in context. 

• Human-computer interaction:  This research investigates neither aspects of 

human-computer interaction (HCI) nor factors related to the interface. 

• Trend analysis:  This study considers the visualization of a single snapshot of data 

that is loaded from the database into the warehouse.  The analysis of trends within 

the client data requires multiple snapshot loads and is excluded from this study.  
(Note that trend analysis is conducted in a different context in this study, namely in 

comparing the pre-study and post-study data of the experiment that is discussed in 

Chapters 4 and 5). 

• Creation of new visualization methods: All the visualization methods available for 

selection are existing methods. The design and creation of new visualizations are 

beyond the scope of the present research. 

• Implementation of visualization task:  The empirical work in this study investigates 

whether the process embodied in RoutePlanner works in practice and has the 

potential to enhance the day-to-day operations of a professional insurance broker.  

The participants evaluated visualizations of the data of a stereotypical insurance 

broker, rather than visualizations of their own client portfolio data.  
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1.8 Structure of study 

 

1.8.1 Chapters of the dissertation 
 

The dissertation map in Figure 1-5 provides a diagrammatic presentation of the chapter 

progression in this document, from the research introduction, via the literature survey and the 

generation of the model, to the testing of the theory and the evaluation research.  Several 

appendices are also included.  

 

Chapter 1 
Research introduction

Chapter 2
Literature survey

Chapter 3 
Development of RoutePlanner

DISSERTATION CHAPTER MAP

Chapter 4
Research design

Chapter 5
Data collection and analysis

Chapter 6 
Achievements, findings, 
recommendations and conclusions

Appendix A Design of data warehouse
Data warehouse requirements, data types, logical and data 
warehouse design, and data processes.

Appendix B RoutePlanner template 
Guidelines, identification, selection and evaluation stages.

Appendix C Research instruments
Covering letter, consent form, and identification-of-need, pre-
study, post-study and evaluation-of-use questionnaires.

Appendix E Papers
Proposed articles/conference papers.

Appendix D PowerPoint presentations
To guide identification-of-need survey.
To guide experiment and evaluation of RoutePlanner.

REFERENCES

 

Figure 1-5 Dissertation chapter map 
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Chapter 1 introduces the context and the research problem, namely an investigation into the 

details of the visualization process from raw data to required insight.  The chapter motivates 

the research design and methodology followed, and gives the research questions. Appendix 

A provides details of the proof-of-concept prototype data warehouse that was developed for 

the purpose of this research.   

 

Chapter 2 is a literature survey that investigates four research questions that were derived 

from the research problem.  In Chapter 3 a model of the visualization process is developed. 

Templates of forms to be used during the implementation of RoutePlanner are in Appendix B.  

 

A survey is used to establish the identified need for visualization; an experiment is used to 

test the theory (as a practical assessment of the research problem); and evaluation research 

is conducted to evaluate the use of RoutePlanner.  In Chapter 4, the research design of the 

experiment and the evaluation is explained.  Templates of the questionnaires used are shown 

in Appendix C.   

 

Chapter 5 presents the quantitative data that was collected during the pre- and post-test study 

using the questionnaire, as well as the qualitative data obtained from the evaluation research 

done during the various stages of the intervention.  Details of analysis and interpretation of 

the data are also given in Chapter 5 in response to the fifth research question.  The study is 

concluded in Chapter 6 with the research achievements, findings, recommendations and 

conclusions. 

 

1.8.2 Appendices 
 

This dissertation includes detailed appendices:   

• Appendix A: Details of the specification, design and implementation of the proof-of-

concept data warehouse that was developed for this study. 

• Appendix B:  The templates required for the implementation of RoutePlanner. 

• Appendix C:  Templates of the questionnaires used during the identification-of-need 

survey, the pre- and post-study of the experiment and the evaluation-of-use study, as 

well as documentation used for ethical purposes. 

• Appendix D:  The PowerPoint presentations used using the identification-of-need 

survey and the experiment-and-evaluation sessions.  

• Appendix E:  Proposed conference papers/articles compiled as part of the 

requirements for this degree. 
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1.8.3 Study presentations 
 

The conceptual proposal was outlined and presented to academics of UNISA’s School of 

Computing at a colloquium in October 2002.  A proposed pilot study was presented to an 

invited academic audience in June 2004.   

 

A presentation of the research up to that point in time was given in September 2004 at the 

Postgraduate Symposium for masters and doctoral students of the UNISA School of 

Computing.   

 

During 2007 and 2008, however, the original approach and research design were modified 

considerably, resulting in the present form and content of the study.  

 



 Chapter 2 LITERATURE SURVEY    

 

2-1 
PM GOUWS 7872658 

 

22  LLIITTEERRAATTUURREE  SSUURRVVEEYY  
 

2.1 Introduction 

 

This chapter sets out the theoretical assessment of the research problem.  After briefly 

defining some fundamental concepts, the role of the literature survey is presented in Section 

2.3.  The literature survey addresses the four research questions situated in the first objective 

(Section 1.4).  Figure 2-1 presents a map of the logic and layout of this chapter.   

 

The output from the literature survey leads the researcher in the development of the model of 

the visualization process, called RoutePlanner.  This model is described in Chapter 3. 

 

 

Figure 2-1 Map of Chapter 2 

 

2.2 Concepts 

 

The concepts of a data warehouse, information visualization (IV) and visual exploration, which 

are fundamental to the context and content of this study, are elaborated in the subsections 

that follow.  First, some terminology, specifically relevant to visualization methods, is briefly 

explained in Table 2-1. 
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Table 2-1 Information visualization glossary 

Concept Role in visualization 

Interaction Dűrsteler (2003-07-28) considers user interaction with visualization methods 
to be critical in learning and acquiring information, and states that it depends 
on timing and control during the interaction. 

Distortion Dűrsteler (2002-04-28) emphasizes the importance of focus and context when 
displaying large volumes of information simultaneously. According to Keim 
(2002), distortion techniques preserve the overview of the data during drill-
down to greater detail processes.  Although they do retain context while 
zooming, the use of these techniques, such as fish-eye lenses, may cause 
problems with perception of relative distance and magnitude. 

Linking and 
brushing 

Dűrsteler (2003-09-01) considers brushing to be a useful technique for the 
control of interaction in visualizations.  According to Keim (2002), the use of 
linking and brushing supports the combination of visualization methods. 

Zooming Keim (2002) promotes the use of zooming as a technique for the presentation 
of large volumes of data, where both an overview of the data and displays at 
varying levels of detail are required. 

 

2.2.1 Data warehouse 
 

Data is stored in a data warehouse.  Whereas a database contains only the most recent 

values, a data warehouse contains snapshots of data at regular intervals.  Such snapshots 

are taken of the data in the database and then loaded into a data warehouse.  This allows for 

the analysis of historical data and data trends.  Trend analysis is, however, not included in 

this study. 

 

There are two approaches to the analysis of data in a warehouse, namely the automated and 

the manual approach.  The automated option uses data mining algorithms. The results of 

these mining endeavours may be presented visually, but this approach is not the one used in 

the present study.  The manual option requires user-exploration of the data, which is guided 

and enhanced by the visual presentation of the explored data to ensure optimal insight.  Such 

visual data exploration promotes the discovery of data patterns, outlier values and data 

clusters, and is the approach used in this study. 

 

The data in a warehouse is a large volume of temporal, multi-dimensional, multi-variate and 

abstract data, structured in terms of facts and dimensions.  Abstract data has no spatial 

mapping to a specific visual form.  For access to warehouse data to have any value, the data 

must be meaningful, interpretable and should provide the user with insight (Kimball, 1996).   
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According to Kimball (1996), warehouse data displays the following characteristics: 

• In a data warehouse there are two types of data, namely facts and dimensions:  
Facts are measurements stored in a fact table.  Each record in a fact table may 

contain several measured facts, which are numeric values.  Dimensions describe 

each fact (or group of facts) in a record.  Dimensions are categorical, descriptive text, 

and are defined in a dimension table.  The number of dimensions describing the 

fact(s) varies, as there may be many unique values and dimensions can be defined 

on more than one level (thus a hierarchy).  The definition of a dimension per se may 

be large.  Kimball (1996) refers to these dimensions as the ‘big’ and ‘really big’ 

dimensions. 

• A warehouse contains a large volume of data:  This warehouse data is loaded 

from the operational system to the warehouse as data snapshots at regular intervals.  

The size of the data load depends on the number of facts in a record, the number of 

dimensions describing a record and the number of records.  The rate of data volume 

increase in a warehouse depends on the size and frequency of loading.  This regular 

process of data loading allows for the analysis of historical data and data trends.   

• A warehouse contains multi-dimensional and multi-variate data:  The number of 

dimensions describing the facts in the fact table may be large (i.e. there may be many 

dimensions), and the number of numeric facts in a fact table may also be large. 

• The data in a warehouse is temporal:  Each fact in a data warehouse is described 

by a time attribute that is defined in a time dimension, i.e. each record is dated.  The 

time dimension is required for the analysis of trend functionality, and has a 

hierarchical definition, to allow for aggregation of data over a specified time period. 

• A warehouse contains transactional and aggregated data:  The data may be 

loaded into the warehouse either as transactional data from the operational system or 

as a snapshot of events that have occurred.  The data within the warehouse may be 

aggregated for the calculation of data snapshots for defined periods of time.  This is 

usually done to archive data.  Data detail is lost during the aggregation of the 

transactional data, thus the grain of the data needs to be considered. 

 

2.2.2 Information visualization 
 

Differing explanations of visualization, information visualization (IV) and visualization methods 

(VM) are given in the literature.  Card et al (1999) define IV as the use of computer-supported, 

interactive, visual representations of abstract data to amplify cognition.  According to Ward 

and Theroux (1997), the purpose of visualization includes the investigation of data and the 

presentation of information.  Wiss, Carr and Jonsson (1998) explain that the primary goal of 

visualization is to ensure that a user understands and can use any large volume of data. 
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IV, as opposed to scientific visualization, aims to visualize abstract data that may have no 

natural visual representation.  The data in a warehouse has no inherent structure and is 

therefore abstract, with no intuitive visual representation. 

 

2.2.3 Visual exploration 
 

Keim (2002) describes the visual data exploration process as the integration of the user with 

the data.  The perceptual abilities of the user are applied to the dataset, as the data is 

explored and presented in some visual form for the purpose of discovery.  During the process, 

the user interacts with the data rather than just passively observing it.  Keim suggests that the 

presentation of data in an interactive graphical format may lead to greater data insights.  For 

any exploration, however, there must be a goal to guide the process. 

 

The three-step Shneiderman (1996) Information Seeking Mantra encompasses the seven 

abstract tasks, namely: 

• Overview:   Used to specify the number of parameters. 

• Zoom:  Provides more detail when required.  For the conservation of data context, 

distortion techniques, or multiple windows (with co-ordination) may be used.   

• Filter:  Used to limit the size of the data set. 

• Details on demand:  (drilling down) Presentation of detail of data when required. 

• Relate:  Used when data items with similar values of attributes need to be identified.  

The selection of a data item will highlight any related data items.   

• History:  An audit of an analysis sequence through the data. 

• Extract:  Used when a subset of the data needs to be identified and selected.   

 

This three step mantra is intended to guide visual data exploration.  According to Keim 

(2002), VMs may be deployed between and during each of these three steps.  

 

2.3 Role of literature survey in study 

 

The purpose of this literature survey is to theoretically investigate the transformation process 

involved in converting raw data to insight.  The chapter is structured under the research 

questions as headings. The findings of this literature survey in Chapter 2 lead to the 

formulation in Chapter 3 of a model for the visualization process, known as RoutePlanner. 

Chapter 4 describes an experiment to test the theory, as proposed below.  Figure 2-2 

presents a diagrammatic representation, showing the role of the literature study in the context 

of the research. 



 Chapter 2 LITERATURE SURVEY    

 

2-5 
PM GOUWS 7872658 

 

 

Figure 2-2 Role of literature survey in study 

 

The goal of this research is to propose a visualization process to convert raw data to insight.  

The literature survey is a theoretical study in the form of an initial investigation of the first four 

research questions, given in Section 1.4, and referred to in Figure 2-1.  These questions are 

considered in Sections 2.4, 2.5, 2.6 and 2.7, respectively. 

 

The findings of the literature survey are used by the researcher to develop RoutePlanner, a 

model of the visualization process.  Following that, the visualization process embodied in 

RoutePlanner, will be used by a group of end-users to investigate the utility of the model and 

also to conduct an experiment to test a theory.  The fifth research question, which relates to 

the empirical component of this study, is formulated as:  

• Does the use of RoutePlanner by domain experts, in collaboration with visualization 

and data experts, lead to an increased awareness of visualization and result in the 

successful visualization of warehouse data? 

This question is addressed by the experiment in Chapter 4. 

 

For the experiment, a proof-of-concept data warehouse was developed for the insurance 

domain.  The details of the design and development of this data warehouse are given in 

Appendix A.  In summary, the user requirements for the warehouse were gleaned through a 

number of interview sessions with financial brokers. The brokers identified the data required 

for the identification of marketing opportunities and services to clients, and this became the 

data that was stored in the warehouse.  The following factors were taken into account:  the 

availability and quality of the data relative to the specified user requirements, the current data 

format and the completeness of the data as stored in the database.  The data downloaded 
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from the operational system is a snapshot of the effects of the transactions on the profiles of 

all the clients in a given month.  The data is time-stamped (i.e. the end of the specific month) 

to form a historical record in the data warehouse.  A single data source was identified.   

 

The design process for a data warehouse consists of the following four steps: business 

process modelling, definition of the process grain, definition of the dimensions, and definition 

of the facts.  The logical design focuses on the creation of the physical database and the 

processes required for the creation and population of the data warehouse.  The data 

processes include: the identification of all data sources, the extraction and construction 

methods of the transformed data, the extraction to the data staging database, and the loading 

of the data into the warehouse.  Other issues considered include the big dimensions, the 

demographic mini-dimension, slowly changing dimensions, dirty dimensions, and conforming 

dimensions. 

 

2.4 Research question 1 

 

2.4.1 Stages in the visualization process – from data to insight 
 

To convert raw data in a warehouse to the required insight requires a process that starts with 

the data in its raw state and ends with the same data in a more usable and informative 

visualized form.  The literature presents various visualization process frameworks, 

considering the process from different perspectives.   

 

Dűrsteler (2007-01-07) reviews the process of visualization of Ware (2000) [cited in Dűrsteler 

(2007-01-07)] and the construction of visualizations by Card, Shneiderman and MacKinlay 

(1999) [cited in Dűrsteler (2007-01-07)].  Ware (2000) states that the process of visualization 

consists of four stages linked by three feedback loops.  These four stages are the collection 

and storage of the data, the pre-processing and transformation of the data, the visual display 

of the data and the human perception.  The three feedback loops are for the gathering, 

manipulation and exploration of the data respectively.  Card et al (1999) consider the steps in 

a visualization process from data to insight.  They describe the visualization process as 

changeable mappings, whereby the data is transformed from its raw form to data tables, then 

mapped onto visual structures and then presented to the observer as views.  VMs are 

required to implement the mappings defined in the reference model.   

 

Kao and Ma (2000) present a life cycle consisting of five stages in the visualization process.  

These general stages are the problem description, data pre-processing, solution formulation, 

implementation and then testing, evaluation and validation.  They note that the third to fifth 
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stages are cyclic and may require several iterations.  These stages are used specifically for 

the visualization of scientific data.  The implementation details of each of the stages are not 

elaborated upon by Kao and Ma.   

 

The process proposed by Dűrsteler and Engelhardt in Dűrsteler (2007-02-07) involves a team 

approach, identifying the designer and the user as key players in the process.  The data is 

transformed by filtering and processing it to convert from data into information and the 

information is transformed, in turn, by visual translation to graphical representation.  The 

graphical representations are transformed to understanding by perception and interpretation.  

An assessment is done to determine the impact of the visualization on the user.  Each of the 

transformations allows for interactions and manipulation.  It is noted that user-centred design 

and usability issues of the representation should be taken into account. 

 

Gaither, Ebert, Weiskopf and Hanrahan (2005) compiled a collection of their differing 

individual approaches to the visualization process, defined globally as a path from data to 

insight.  However, none of these authors named explicit stages of their approach to the 

visualization process.  Ebert’s approach posits that the process should include 

appropriateness and perception, and Weiskopf notes the importance of an expert user who 

has a thorough understanding of the data sets. 

 

Duke, Brodlie, Duce and Herman (2005) consider the visualization process to be a team 

activity that requires collaboration between domain and system experts, and that may require 

multiple visualization systems.  Their process is defined in terms of the communication that is 

required in each phase: 

• Human-to-human communication between the domain and/or visualization experts to 

explore the requirements. 

• Human-to-system communication in terms of the data to be visualized, the 

representations and the process to be used. 

• System-to-system communication in terms of data models and processes. 

• System-to-human communication where the user accesses the visualization.   

 

According to Dűrsteler (2002-01-02) the audience and the goal of the visualization should be 

taken into account.  He defines a coherent process comprising three parts, namely:  

• What is it for?  Identify the goal of the visualization, for example, to convey a 

message, to gain insight into a large volume of data, to discover data, or to monitor 

data.  This will determine the data that is required and relevant. 

• How?  Select an appropriate VM.  This may require experimentation and revision. 
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• Does it work?  Ensure that the visualization matches the goal identified in the first 

step.  Changes may be required to aspects such as the colours utilized in the 

visualization methods, the reduction of data, and the elimination of redundancy. 

 

Dennis, Kocherlakota, Amit, Tateosian and Healey (2005) describe a visualization framework 

as the path from multi-dimensional data to understanding.  Their path focuses on what is 

done before the display of the data, and what is done after the user views the data.  

Furthermore, they propose methods within the context of visualization, such as methods to 

integrate data management into visualization, meta-data generation and management, 

techniques for the pre-processing of data, as well as the use of intelligence to assist the user 

in the design of effective visualizations.  Their framework consists of four aspects: 

• Data management:  The relevant data and required user tasks must be identified.  

The relevant data may need to be prepared. 

• Visualization assistant:  For effective visualizations, the data, the tasks, and the 

strengths and weaknesses of the VMs should be considered.  They propose a 

software tool named ViA (i.e. visualization assistant) that uses data-feature mappings 

to assist in the non-trivial construction of effective visualizations.   

• Display algorithms:  The knowledge of perception is applied to ensure the 

construction of effective visualizations for the identified data and required tasks. 

• Interaction:  Users should interact with visualization systems to generate more 

effective visualizations, and to allow for the discovery of new insights. 

 

2.4.2 Conclusion to research question 1 
 

In conclusion, there is no single definition or absolute set of stages in the visualization 

process as a path from raw data to required insight.  Based on the concepts encountered in 

this section, the author has synthesized a consolidated framework for the visualization 

process.  This framework decomposes the process into three generic stages, each of which 

requires collaboration between two or more experts.  These stages are:  

• The generic identification stage:  This stage considers aspects of the data to be 

visualized and the user tasks required.  Some form of data pre-processing may be 

required prior to the visual representation of the data. 

• The generic selection stage:  This stage addresses the selection of VMs. 

• The generic evaluation stage:  This stage includes the evaluation of the 

visualization by the users to determine whether or not the visualization is successful, 

i.e. whether the required insight has been attained. 
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Table 2-2 presents this general framework, showing the overall visualization process 

decomposed into these stages.  Each row represents the visualization process and sub-

processes as defined by a specific author/co-authors. 
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Table 2-2 Generic stages in visualization process (synthesized by the author) 

References Identification Selection Evaluation 
Ware (2000)  

Stages with feedback loops. 

Collection and storage of the data. 

Pre-processing and transformation of the data. 

Visual display of the data. Human perception with feedback loops for 
data exploration, data gathering and data 
manipulation. 

Card et al (1999) 

Mappings from data to visual form to the 
observer. 

Data transformations from raw data to data 
tables. 

Data tables mapped onto visual structures that 
are mapped onto visual forms. 

Visual forms presented as views to the user. 

Kao and Ma (2000)  

An iterative life cycle that includes five stages. 

Problem description. 

Data pre-processing. 

Solution formulation. 

Implementation. 

Testing, evaluation and validation. 

Duke et al (2005)  

An activity that requires collaboration between 
domain and system experts, and defined in 
terms of the communication required in each 
phase. 

Human-to-human communication between the 
domain and/or visualization experts to explore 
the requirements. 

Human-to-system communication in terms of 
the data to be visualized, and the 
representations and the process used.  
System-to-system communication in terms of 
data models and processes. 

System-to-human communication for user to 
access the visualization. 

Dűrsteler ( 2002-01-02)  

A coherent process that takes the audience 
and the goal of the visualization into account. 

What is it for?  Identified goal of the 
visualization determines the data that is 
required and relevant. 

How?  Appropriate VMs selected for the data 
that may require experimentation and revision. 

Does it work?  Visualization matches goal 
identified in the first step.  Changes may be 
required. 

Dennis et al (2005)  

A framework for the path from multi-
dimensional data to understanding. 

Data set management used as part of what is 
done before the display of the data. 

Visualization assistant and display algorithms 
used as part of what happens before the 
display of the data 

User interacts with and navigates through the 
visualizations.  This happens after the user 
views the data. 

Consolidated framework of three generic 
stages, synthesized by the author. 

The identification stage considers aspects of 
the data to be visualized and the user tasks 
required.  Some form of data pre-processing 
may be required prior to the visual 
representation of the data. 

The selection stage addresses the selection of 
visualization methods. 

The evaluation stage involves the evaluation 
of the visualization by the users to determine 
whether or not they are successful, i.e. it 
investigates whether or not the required insight 
was attained. 

 



 Chapter 2 LITERATURE SURVEY    

 

2-11 
PM GOUWS 7872658 

2.5 Research question 2 

 

2.5.1 Implementation details for each stage of the visualization process 
 

From the literature surveyed to address the first research question, three generic stages were 

identified, namely identification, selection and evaluation.  Table 2-2 presented a tabulated 

collection of visualization process definitions decomposed in terms of these three stages. 

Implementation details proposed in the literature that relate to each of these three stages are 

considered in Sections 2.5.2, 2.5.3 and 2.5.4 respectively. 

  

2.5.2 Implementation details of the identification stage 
 

The identification stage is the first generic stage in the definition of the visualization process.  

Each visualization process discussed in the previous section includes identification activities.  

The relevant activities are extracted from Table 2-2 and presented in Table 2-3 below.  

 

Table 2-3 Generic identification stage 

Reference Identification 

Ware (2000)  

Stages with feedback loops. 

Collection and storage of the data. 

Pre-processing and transformation of data. 

Card et al (1999) 

Mappings from data to visual form to 
observer. 

Data transformations from raw data to data 
tables. 

Kao and Ma (2000)  

An iterative life cycle of five stages. 

Problem description. 

Data pre-processing. 

Duke et al (2005)  

Identification requires collaboration 
between domain and system experts, 
with varying forms of communication in 
each phase. 

Human-to-human communication between the 
domain and/or visualization experts to explore 
the requirements. 

Dűrsteler (2002-01-02)  

A coherent process, taking audience and 
goal of visualization into account. 

What is it for?  Identified goal of the visualization 
determines the data that is required and 
relevant. 

Dennis et al (2005)  

A framework for the path from multi-
dimensional data to understanding. 

Data set management used as part of what is 
done before the display of the data. 

Consolidated framework of three generic 
stages synthesized by the author. 

Consider aspects of data to be visualized and 
user tasks required.  Data pre-processing may 
be required prior to visual representation. 
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For Ware (2000) and for Card et al (1999), identification starts with the collection of the 

relevant data.  The data transformations map the raw data into data tables that are defined as 

relational descriptions of data that include meta-data.  Kao and Ma (2000) start with a 

description of the problem followed by the collection of data.  The data in the warehouse is 

abstract and consists of records comprising both numeric and non-numeric values.  It has no 

intrinsic representation (unlike scientific data that does have an intrinsic representation).  

Having identified the problem, Kao and Ma then consider the data pre-processing and 

collection stage.  All these authors mention that iterations of this stage may be required.  

Dűrsteler (2002-01-02) advocates that the definition of the visualization goal should be part of 

the problem description, identifying upfront the exact data that should be visualized.   

 

Kao and Ma (2000) note the complementary roles of the various specialists. During the 

problem description stage, the domain expert identifies the data analysis problem, whilst the 

visualization expert needs to understand the domain in terms of terminology and technical 

aspects.  Similarly referring to a team approach, Duke et al (2005) and Kao and Ma stress the 

communication that is required between the human stakeholders, namely the domain expert 

and the visualization expert.  A data expert may also be involved in these communications 

regarding data and the requirements. 

 

Dennis et al (2005) commence by identifying the data and the tasks that users need to 

perform on this data.  The data management issues of the raw data include the handling of 

missing values, noise, uncertainty and data duplication.   

 

Espinosa, Hendrickson and Garret (1999) present domain analysis as a technique for the 

investigation of a domain where data visualizations are designed and then incorporated into 

an existing system.  The explicit study of the data, user tasks and the goal of the visual 

exploration contributes to the selection of the specific data to be visualized, and the selection 

of methods to be used, as well as appropriate interaction techniques.  The methods include 

expert interviews, literature reviews, observation and problem solving.  Such analysis 

provides documented exploration goals, user requirements and visualization task 

requirements.  This documentation may be used subsequently in the evaluation of the 

visualization. 

 

Kimball, Reeves, Ross and Thornthwaite (1998) refer to the common theme of a typical 

analytical cycle of warehouse data.  This cycle may not provide a total solution, but rather 

encourages the identification of other user tasks.  The typical cycle includes: 

• How is business? This requires an understanding of the current status, as well as an 

overview of the data.  The level of detail is determined by the specific user 

requirements. 
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• What are the trends? This identifies the long-, medium- and short-term trends.  The 

period of time over which a trend is identified may vary. 

• What is unusual? This includes the identification of the positive and negative issues 

in the data.  The events that lead to outliers or to the exceeding of expectations need 

to be identified. 

• What is driving those exceptions? This necessitates an investigation of events 

behind exceptions.   

• What if …? Prediction scenarios should be initiated for in-depth data analysis. 

• Make a business decision!  Appropriate action must be determined to follow the 

exploration of the data. 

• Implement the decision! The decision taken must be implemented, and any effects 

can be analysed. 

• After implementation:  The cycle is repeated from the first question.  Thus, after the 

implementation of a decision, the question arises again ‘How is business?’ 
 

Application to current study  
 

The details required to implement this identification stage, therefore, include precise definition 

of the problem description, the visualization goal and the required user tasks.  Furthermore, 

the means of collecting, storing and pre-processing the required data must be determined.  

To achieve this, the domain expert, visualization expert and data expert must communicate 

and collaborate. 

 

The data to be considered is stored in a warehouse that contains a large volume of multi-

dimensional and temporal facts and dimensions.  To identify the relevant data, Espinosa et 

al’s (1999) technique of domain analysis (introduced earlier in this section) could be used and 

supplemented by task definitions.  This synthesized technique considers the domain 

description, the user tasks and the visualization user needs, all of which contribute to the 

analysis of the domain.  Although visualization suggestions are required, these suggestions 

are not a focus of the domain analysis.  The identified data may then be collected and stored 

into data tables.  Data pre-processing may be necessary to ensure that the required data is 

available and meets the requirements for the selection stage. 

 

The literature considered in this section relates to the development of the model of the 

visualization process in Chapter 3.  The details of the identification stage are re-visited in the 

development of RoutePlanner in Section 3.3 in Chapter 3, and are tabulated in Section B.3 in 

Table B-8 of Appendix B. 
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2.5.3 Implementation details of the selection stage 
 

The selection stage is the second generic stage in the definition of the visualization process, 

and follows the identification stage.  Each of the visualization process descriptions considered 

in Section 2.4 includes selection activities.  These are extracted from Table 2-2 and tabulated 

in Table 2-4. 

 

There are three options for the selection of VMs.  The first is to consult a visualization expert 

and the second is to use the automated selection option, where a tool in the form of a 

visualization assistant is used to select the most appropriate VM. The third option is to refer to 

the collection of VM taxonomies that are defined in the literature and that can guide the 

selection of methods.  These three options are considered in more detail after Table 2-4 and 

the subsequent presentation of examples of visualization systems.  

 

Table 2-4 Generic selection stage 

Reference Selection 

Ware (2000)  

Stages with feedback loops. 

Visual display of the data. 

Card et al (1999) 

Mappings from data to visual form to the observer. 

Data tables mapped onto visual structures 
that are mapped onto visual forms. 

Kao and Ma (2000)  

An iterative life cycle that includes five stages. 

Solution formulation. 

Implementation. 

Duke et al (2005)  

An activity that requires collaboration between 
domain and system experts, and defined in terms 
of the communication required in each phase. 

Human-to-system communication in terms 
of the data to be visualized, and the 
representations and the process used.  
System-to-system communication in 
terms of data models and processes. 

Dűrsteler (2002-01-02)  

A coherent process, that takes the audience and 
the goal of the visualization into account. 

How?  Appropriate VMs selected for the 
data that may require experimentation 
and revision. 

Dennis et al (2005)  

A framework for a path from multi-dimensional data 
to understanding. 

Visualization assistant and display 
algorithms used as part of what happens 
before the display of the data 

Consolidated framework of three generic stages 
synthesized by the author. 

This stage addresses aspects of the 
selection of VMs. 

 

Ware (2000) considers the visual display of the data in terms of the hardware and the graphic 

algorithms that will produce the visualization.  Card et al (1999) map the data in data tables 

into visual representations.  They define a specific mapping (there may be more than one) as 

effective if it allows for rapid interpretation, can present more insight or is less error-prone 

than another representation.   
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Kao and Ma (2000), who separate the roles of the various experts, believe that visualization 

experts should suggest which visualizations could be used, thus bringing their experience and 

expertise to bear in the process.  Communication (even several iterations of communication) 

is required to ensure agreement on the VM to be selected.  The visualization expert should 

also communicate the implementation progress to the domain expert regularly.  This need for 

communication is also addressed by Duke et al (2005).  Dűrsteler (2002-01-02) emphasises 

the iterative nature of this stage and the need for communication, as he notes that the 

audience must be taken into consideration.  Dennis et al (2005) consider the selection of VMs 

to be non-trivial.  They therefore propose and use visualization assistant software named ViA. 

 

Visualization methods and systems 
 

A VM is either available as a single method or as a method within a collection of methods in a 

visualization system.  Since such systems have been developed using visualization research, 

they may be considered as a collection of knowledge and expertise, implicitly built in during 

their development.  Where the user lacks the skill and expertise to select an appropriate 

method, such systems provide a pre-selected collection as well as documentation to guide 

the use of the methods.  Visualization systems are mentioned in the literature and used in 

visualization research. In this section, a collection of these visualization systems is presented 

in alphabetical order. For some of these systems, example snapshots of the methods of 

visually presenting a data set are included for illustrative purposes:  

 

ADVIZOR, (Figure 2.3) developed by Eick (2000a) and Eick (2000b), is a collection of 

methods to be used for the visual discovery and analysis of multi-dimensional data.  The 

system allows interaction and presents synchronized multiple views of the data.  ADVIZOR 

incorporates eleven visual components.  Traditional visual metaphors are bar chart, 

histogram, line chart, pie chart and scatter plot.  Novel metaphors included are the timetable, 

the multiscape, parabox, and data constellations.  Text-oriented tools include datasheets and 

counts.  These components may be organised using perspectives, where a perspective is 

defined as a collection of components that are used for the visual discovery of multi-

dimensional data.   

 

Figure 2-3 presents an example of the ADVIZOR visualization of data, where a collection of 

methods is used to present different aspects of a data set, i.e. the focus is the multiscape with 

the datasheet, bar chart and scatter plot providing the data detail.   
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Figure 2-3 ADVIZOR example (www.advizorsolutions.com) 

 
GBDIView (Figure 2-4), a multi-

method, multi-variate 

visualization tool designed for 

experiments, includes four 

methods, namely parallel co-

ordinates, scatterplot matrix, 

star co-ordinates and table lens.  

The frequency plot and the 

relevance plot were added after 

research by Rodrigues, Traina 

and Traina (2003).  Several 

statistical functions are also 

included.  
Figure 2-4 GBDIView example 

(http://gbdi.icms.usp.br/~junio/GBDIViewT
ool.php) 
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Graphics Server (Figures 2-5, 2-6 and 2-7) is a 

COM component to add visualizations to 

applications.  The documentation provides a 

detailed listing of appropriate methods. 

Alternative options are provided, but users must 

exercise discernment in selecting the method 

that illustrates their data most effectively.   

 

 

 

 

 

 

 

 

 

 

 

 

Visualizations include area graph, bar graph, 

bubble graph (Figure 2-5), box-and-whisker 

graph (Figure 2-6), candlestick graph, Gantt 

chart, high-low-close graph, line graph, 

logarithmic graphs, pie chart, polar graph, 

scatter graph, surface graph, tape graph, and 

time series graph.  Combinations of these 

methods may also be used (Figure 2-7).  An 

evaluation version may be downloaded from 

http://www.graphicsserver.com .  

 

 

 
 

 

Figure 2-5 Graphics Server 
example: bubble graph 
(www.graphicsserver.com) 

Figure 2-6 Graphics Server
example: box-and-whisker
(www.graphicsserver.com) 

Figure 2-7 GraphicsServer
example: combination
(www.graphicsserver.com) 
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Heat Map Explorer (Figure 2.8) is a commercial application that visualizes data using heat 

maps (also known as tree maps).  This method uses colour and size to communicate 

information.  According to Dűrsteler (2001-07-01) tree maps are used to represent hierarchies 

so that space-filling is optimized.  The application allows for the coding, grouping and filtering 

of the data that is visualized.   

 

A thirty-day trial period of the application may be downloaded from www.labescape.com 

Figure 2-8 presents an example of the application used to visualize stock market data. 

 

 

Figure 2-8 Heat Map Explorer example: tree map (www.labescape.com) 
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InfoVis Toolkit, (Figures 2-9 and 2-10) 

developed by Fekete (2004), supports the 

creation, extension and integration of 

visualization components into interactive 

Java Swing applications.  Table, tree and 

graph data structures are supported.  

Fekete (2004) warns that although the 

potential of IV is known, the implementation 

thereof remains difficult.   

 

 

 

 

A download of the toolkit is available at 

http://ivtk.sourceforge.net/ and the site 

http://insitu.lri.fr/~fekete/InfovisToolkit gives 

additional information.   

 

Examples of InfoVis Toolkit visualizations 

are depicted in Figure 2-9 (parallel co-

ordinates) and Figure 2-10 (matrix). 

 

 

 

 

 

 

Polaris, (Figure 2-11) according to Stolte, Tang and Hanrahan (2002), is an interface for the 

exploration of large multi-dimensional databases and data cubes.  Three families of graphics 

may be presented using this tool, namely ordinal-ordinal, ordinal-quantitative and quantitative-

quantitative.  Although this project is no longer active, and therefore the software no longer 

available, the research information is available at http://graphics.stanford.edu/projects/polaris/ 

Figure 2-11 presents an example of the visualization of data using Polaris. 

 

Figure 2-9 InfoVis toolkit 
example: parallel co-ordinates 
(http://ivtk.sourceforge.net/) 

Figure 2-10 InfoVis toolkit
example: matrix
(http://ivtk.sourceforge.net/) 
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Figure 2-11 Polaris example (http://graphics.stanford.edu/projects/polaris/) 

 

TChart (Figure 2-12) is a collection of VMs 

that are included in most versions of the 

Delphi software.  These methods may be 

used to incorporate visualizations into 

existing Delphi applications.  Figure 2-12 

presents the gallery of VMs that are 

available, namely line chart, bar chart, 

horizontal bar, area graph, point graph, pie 

chart, fast line, shape, Gannt chart, arrow 

and bubble chart.  

 

 

 

Figure 2-12 TChart examples in
the Delphi gallery 
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Visualization Tree (VisTree) 
(Figure 2-13) is an environment 

that includes the concepts of 

pipeline to consider a subset of 

the dataset, composition that 

allows for multiple views of the 

same data, and automatic 

labelling of visualizations.  The 

system comprises five VMs, 

namely parallel co-ordinates, 

scatter plots, star co-ordinates, 

table lens and a 2D/3D 

projection.  Figure 2-13 

presents a diagrammatic 

representation of the use of 

refinement and composition in 

the VisTree system. 

 

 

A demonstration version and instruction video may be downloaded from 

http://gbdi.icmc.usp.br/~junio/VisTree/VisTree.htm    

 

XmdvTool (Figure 2-14) is used for the interactive visualization of multivariate data (Ward, 

1994).  Four VMs are included: scatterplots, star glyphs, parallel co-ordinates and 

dimensional stacking.  The tools support interaction and distortion.  This public domain tool for 

the visual exploration of multivariate datasets is referenced in the research literature.  Doshi, 

Rundersteiner and Ward (2003) used XmdvTool to implement pre-fetching strategies for large 

data sets, because tools for visual exploration do not scale well.  Fua, Ward and 

Rundersteiner (1999) extended XmdvTool with the design and implementation of hierarchical 

parallel co-ordinates.  The user manual provides useful visualization hints.  For example, 

scatterplots can be used when linear relationships must be identified, glyphs are used to 

detect similar shapes or shape transitions, parallel co-ordinates are used to detect 

relationships between adjacent dimensions, and dimensional stacking is used to detect 

clusters.  The site http://davis.wpi.edu/~xmdv/ gives references and downloads for this 

visualization system.  Figure 2-14 shows an example of visualizations using the parallel co-

ordinate method where several dimensions need to be compared to detect relationships. 

 

Figure 2-13 VisTree example: 
(http://gbdi.icmc.usp.br/~junio/VisTree/VisTree.htm) 
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Figure 2-14 XmdvTool example: parallel co-ordinates 
(http://davis.wpi.edu/~xmdv/) 

Selection of visualization methods 
 

De Oliveira and Levkowitz (2003) warn that several known visual methods do not scale well in 

the visualization of large and/or high dimensional data sets, while Inselberg (1997) notes that 

for effective use of parallel co-ordinates for the visualization of large datasets, geometrical 

understanding is required.  However, Unwin (1999) believes that the inclusion of user 

interaction in the visual exploration of large datasets may address these limitations of the 

visual presentations.  OLIVE (1997), the on-line library of information visualization 

environments, suggests that the visual exploration of multi-dimensional data is used to attain 

an overview of either all or part of the data (e.g. pattern discovery, gaps in the data and 

outliers in the data) or to locate a specific data item.  This must be taken into account when 

selecting VMs. 

 

Bentley and Ward (1996) propose a number of general approaches to present high 

dimensional data visually.  These include the presentation of multiple views of the data (e.g.  

scatter plot matrix), the display of multiple axes (e.g. parallel co-ordinates, glyphs), the 

combination of dimensions to form composite spatial dimensions (e.g. dimensional stacking), 

or a reduction in the dimensionality of the data.   

 

Visualizing temporal or historical data allows for the consideration and comparison of trends 

and historical patterns within the data.  Time is a dimension of a fact table.  The definition of 

the time dimension may, however, vary in number of attributes and level of hierarchical detail.  

Daassi, Fauvet and Nigay (2002) present an interactive visualization tool that includes 

different VMs that address the variety of user needs, and conclude that the methods should 

be complementary to ensure that all required user tasks are supported. 
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Three options for selecting visualization methods 
 

A collection of VMs exists from which the user can select the most appropriate, suitable and 

useful visualizations.  North (2006) emphasizes that a goal of visualization is to ensure that 

the selected method should provide at least the required insight.  An inappropriate method 

could lead to misunderstanding of the data interpretation.  Although the selection of the most 

suitable visualization is considered critical, the literature suggests that there is limited 

guidance available for the selection process.  In order to implement the selection stage, 

communication and iteration are required to choose appropriate VMs for the identified data.  

From the methods available, the user makes a selection of one or more.  The creation of new 

methods is deemed beyond the scope of this research. 

 

An ad hoc selection process requires experience, skill and intuition, according to De Oliveira 

and Levkowitz (2003).  Robertson (1991) advises that the visualization(s) selected should be 

appropriate for comprehensive appreciation of the data.  In order to be appropriate, selection 

should take cognisance of the context.  Contextualization will benefit analysis, processing and 

decision-making.  According to De Oliveira and Levkowitz (2003), classification schemes 

defined in the visualization literature provide some initial insight on which methods are 

oriented to certain data types, but the user is not clearly informed as to what makes a given 

visualization more suitable than another for the exploration of a particular data set or for the 

task being supported.   

 

The first option for the selection of VMs is to consult with a visualization expert to make use of 

his or her experience, skill and intuition.  Kao and Ma (2000) suggest that the visualization 

expert should guide the domain expert in the selection of VMs, but warn that good 

communication and consensus are required.   

 

A second option would be to use an automated visualization expert.  Such a system has been 

developed by Dennis et al (2005). These authors consider the selection of methods to be 

complex, as the data identified for visualization, the analysis tasks, and the features of the 

specific VMs all need to be taken into account.  To select visualizations, their framework 

includes a mixed-initiative software tool called ViA, which is a perceptual visualization 

assistant developed by Healey, Amant and Elhaddad (1999).  This tool uses data-feature 

mapping to visualize multi-dimensional data elements.  ViA selections are guided by data in 

an evaluation engine.  Several prototypes have resulted from this research; however, 

according to Healey (in an email dated 13 August 2007), there are currently no applications 

available for external use. 



 Chapter 2 LITERATURE SURVEY    

 

2-24 
PM GOUWS 7872658 

 

A third option would be an attempt to acquire and accumulate the skill and experience 

required for the selection of VMs by referring to various visualization taxonomies and using 

them to guide the selection of the VMs.  Several of these will be briefly outlined in this section.  

Taxonomies are based on different sets of criteria for the classification of methods, and are 

used for the identification of one or more recommended visualizations, according to the 

values of the relevant classification criteria.  Taxonomies should not be static, but should be 

updated to include new recommended visualizations.  According to Tory and Moller (2004), 

such taxonomies can be used as a user guide (by providing selection guidance for the user) 

as well as a research guide (by providing research guidance to identify research opportunities 

for a researcher).  

 

Examples of taxonomies of visualisation in the literature include: 

 

• A task-by-data-type taxonomy, defined by Shneiderman (1996):  This taxonomy uses 

the data type and the abstract task to propose the taxonomy of IVs, and notes that 

the goal of the taxonomy is to present the prototypes and guide researchers to new 

opportunities.  Shneiderman considers the visual information-seeking mantra a 

valuable initial approach.  He proposes the IV taxonomy based on seven data types 

(one-, two-, three- and multi-dimensional, temporal, tree and network data) and seven 

abstract tasks (overview, zoom, filter, details-on-demand, relates, history and 

extracts).  In his taxonomy, each of these data types and tasks are defined and 

examples of prototypes are given for each of the classifications (Section 2.2.3).  

 

• OLIVE (1997) is the On-Line Library of Information Visualization Environments 

website.  For each of the data types defined by Shneiderman (1996), OLIVE presents 

the background to the visualization of the data type, the tasks usually performed in 

the data type, the projects reported in the literature, products for the given data type 

and research citations.  The original OLIVE web site has been updated and links to 

the taxonomy of IV user interfaces.  This taxonomy provides several links to 

examples of prototypes, demonstration software and visualizations in the visualization 

body of knowledge. 

 

• Data state reference model of Chi (2000) uses the data type and the processing 

operating steps to describe and classify a collection of thirty-six VMs.  Chi’s taxonomy 

contributes to the understanding of the application and implementation of the 

methods, but is based on the assumption that the methods are familiar and relevant 

to the user community.  Classification is based on data type, and includes scientific 

visualizations, geographical-based IVs, two-dimensional data visualizations, multi-
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dimensional data visualizations, information landscapes and spaces, trees, text, web 

visualizations, and visualization spreadsheets.  The data state reference model is 

defined in terms of four data stages (value, analytical abstraction, visualization 

abstraction, and view), three types of data transformations (data transformation, 

visualization transformation and visual mapping transformation) and four types of 

within-stage operators (within value, within analytical abstraction, within visualization 

abstraction and within view).  Other taxonomies have been defined based on 

methods that are compatible with a specific data domain.  According to Chi, these 

taxonomies are useful for the identification and selection of the methods relevant to a 

given domain.   

 

• Fujishiro, Ichikawa, Furuhata and Takeshima (2000) present a taxonomic 
approach to semi-automatic design of information visualization applications 

using a modular visualization environment using the GADGET/IV taxonomy, which 

was constructed by the combination of the Wehrend matrix and the Shneiderman 

(1996) taxonomy.  They present a goal-oriented taxonomy of VMs.  Their motivation 

for this semi-automatic design is that inexperienced users lack knowledge and 

expertise in visualization, and are therefore unable to generate efficient and effective 

visualizations easily.  Their taxonomy is based on the use of modular visualization 

environment (MVE) prototypes for scientific visualizations.  Prototypes are designed 

according to visualization goals, where the goals are defined in terms of an action and 

a target, similar to Shneiderman’s (1996) task-by-data-type taxonomy. The defined 

action set consists of fourteen verbs or verb phrases, namely associate, classify, 

categorize, compare, emerge structure of, find structure of, identify feature of, rank, 

reveal change of, reveal clustering of, reveal distribution of, reveal patterns of, reveal 

relationships of, and reveal structure of.  The defined target set comprises seven 

types of targets, namely scalar, nominal, direction, shape, position, spatially extended 

region or object, and structure.  A complete mapping of the goals onto the VMs is not 

given, and no version of the software is available.   

 

• Keim (2002) classifies visual data exploration methods on three criteria, namely 

the type of data to be explored visually, the category in which the method may be 

classified and the interaction and distortion technique under consideration.  For the 

visual exploration of any data type, any category of VM may be selected with any 

interaction and distortion technique.  Orthogonality is defined with a note that a 

visualization system may support different data types, and that a combination of 

visualization and interaction techniques may be used.  Techniques associated with 

each of the categories differ in the way that the data is arranged and dimensions are 

handled.  The interaction techniques are designed to interact directly with the 

visualization.  Changes during the visual exploration are therefore dynamic.  The 
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interactive distortion techniques allow for the overview and details on demand option.  

Keim’s classification extends Shneiderman’s (1996) original classification that 

considers data type only, in that Keim takes the visualization type into account, as 

well as the interaction and distortion. 

 

• De Oliveira and Levkowitz (2003) present a tabulation of four categories of VMs.  

This tabulation includes literature references and examples of methods within each 

category, giving the characteristics of all these methods.  They warn that although the 

classification schemes may provide initial selection guidance, there is no indication as 

to which features make one method more suitable than another to explore a particular 

data set visually. 

 

• Tory and Moller (2004) present a high-level taxonomy to reconsider visualization.  

They use algorithms rather than data to classify visualizations in their high-level 

taxonomy.  The design model is defined as a set of assumptions about the data being 

visualized and it also takes the conceptual model of the user into account.  The user 

model includes the set of notions that the user has about the object of study and the 

interpretations of the data, i.e. it is defined as the set of assumptions that the user has 

regarding the data.  This user model serves to determine which VMs should be 

selected.  The high-level taxonomy classifies the design models as either discrete or 

continuous, and the display attributes as either given, constrained or chosen.  Display 

attributes include spatial attributes, timing and colour.  A low-level taxonomy is then 

given for continuous and discrete models.  These low-level taxonomies use data 

structure and the number of independent variables as classification criteria.  For each 

classification, a number of VMs are recommended.  Tory and Moller, themselves, 

acknowledge that the classification is incomplete, and that more detail and examples 

should be included.   

 

• Lengler and Eppler (2007) present a periodic table of VMs as a way of developing 

a systematic overview of VMs.  It is targeted specifically at management of 

institutions.  They suggest that this approach leads to a reduction in the complexity of 

selection.  The VMs are classified according to the dimensions of complexity, content 

area, point of view, type of thinking and type of representation.  Nearly one hundred 

and sixty VMs are included in their classification, all of which were considered by the 

authors to be fully documented, applicable to real life, able to represent knowledge-

intensive issues, and usable by non-visualization experts.  Furthermore, all of them 

have been evaluated in previous visualization research.  Lengler and Eppler warn that 

the VMs included, as well as the criteria used, are not exhaustive, but rather an initial 

attempt to provide an overview of VMs. 
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For a required set of classification criteria values, various appropriate visualizations could be 

accessed.  The taxonomies of VMs considered above provide an overview of examples of 

visualizations, as well as of related research.  Although taxonomies are not exhaustive and 

absolute, they do present a collection of knowledge and expertise gained by the experts who 

compiled the taxonomy, and they can be used to guide the selection of appropriate methods.  

An ideal support system would be a complete list of all VMs, with each method classified 

according to all possible classification criteria and types of applications.  At present, no such 

comprehensive guide is available, possibly because of the complexity of creating an 

exhaustive system.  

 

Application to current study 
 

The selection stage is complete once one or more methods have been selected and 

implemented for each of the identified data sets.  The literature referenced in this section is 

re-considered during the development of the model of the visualization process in Chapter 3.  

The details of the selection stage are re-visited in the development of RoutePlanner in 

Section 3.4 in Chapter 3, and are tabulated in Appendix B.4 in Tables B-9, B-10, B-11, B-12, 

B-13, B-14 and B-15 of Appendix B.  The selected visualizations should be evaluated to 

determine the extent to which each generates the required insight. This is the purpose of the 

evaluation phase, which is addressed in Section 2.5.4. 

 

2.5.4 Implementation details of the evaluation stage 
 

The evaluation stage is the last generic stage in the definition of the visualization process, 

and follows the identification and selection stages.   

 

According to Ware (2000), the data exploration, data manipulation and data gathering 

feedback loops can be used to investigate and modify the visualizations presented.  Card, 

Shneiderman and MacKinlay (1999) also promote feedback using interaction with the visual 

forms.  In line with their belief that a collaborative team approach brings about synergy, Kao 

and Ma (2000) consider the domain expert to be the ideal person to conduct such 

visualization evaluation, and to validate the visualization results.  To measure the success of 

the visualization, they include criteria such as acceptability in the community, efficiency, 

lessons learnt and insights gained.   

 

Duke et al (2005) address evaluation done by the actual users.  Dűrsteler (2002-01-02) 

evaluates the visualization relative to the goal defined in the identification stage, whilst Dennis 

et al (2005) require that the user must interact and navigate with the visualizations. 
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Each of the visualization processes considered in Section 2.4 includes evaluation activities.  

Evaluation activities are extracted from Table 2-2 and tabulated in Table 2-5. 

 

Table 2-5 Generic evaluation stage 

Reference Evaluation 

Ware (2000)  

Stages with feedback loops. 

Human perception with feedback loops for 
data exploration, data gathering and data 
manipulation. 

Card et al (1999) 

Mappings from data to visual form to the 
observer. 

Visual forms presented as views to the user. 

Kao and Ma (2000)  

An iterative life cycle that includes five 
stages. 

Testing, evaluation and validation. 

Duke et al (2005)  

An activity that requires collaboration 
between domain and system experts, and 
defined in terms of the communication 
required in each phase. 

System-to-human communication for user to 
access the visualization. 

Dűrsteler ( 2002-01-02)  

A coherent process, that takes the audience 
and the goal of the visualization into account. 

Does it work?  Visualization matches goal 
identified in the first step.  Changes may be 
required. 

Dennis et al (2005)  

A framework for a path from multi-
dimensional data to understanding. 

User interacts with and navigates through the 
visualizations.  This happens after the user 
views the data. 

Consolidated framework of three generic 
stages synthesized by the author. 

This stage includes the evaluation of the 
visualization by the users to determine 
whether or not the visualization has been 
successful, i.e. the required insight has been 
attained. 

 

Options for evaluation of visualizations 
 

For each of the evaluation perspectives tabulated, it is the user who must ultimately evaluate 

the visualization of the data.  The main purpose of the evaluation stage is to investigate the 

utility of the visualization method in enhancing the worth of the data for the end-user by 

comparing alternatives to identify the most suitable, and by determining whether or not the 

visualization is successful.  Although the evaluation is frequently done by the user, there are 

advantages in the involvement of other experts in a collaborative approach including the 

domain, visualization and data experts. 
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In considering the evaluations of visualization methods (VMs) in the literature, the author 

regularly encountered particular issues which are fundamental to the evaluation process.  

Although these issues are not used as sub headers to structure the discussion, they are 

addressed in context, as they arise.  These issues include: 

• Who evaluated the VM? 

• What aspect of the VM was evaluated (e.g. efficiency, effectiveness, subjective 

satisfaction)? 

• Which measures were used to evaluate particular aspects (e.g. task completion time 

measured to determine efficiency)? 

• Which evaluation methods were used (e.g. user studies, expert reviews)? 

• Was a specific VM evaluated or were two or more VMs compared and evaluated 

relative to each other? 

 

Figure 2-15 presents the differing approaches and factors, as well as varying methods of 

visualization evaluation, as synthesized by the author.  For this study, the focus is on the 

contextualized evaluation of visualizations in the area of application rather than on the VM in 

and of itself. 

 

EVALUATION OF INFORMATION VISUALIZATIONS
(synthesized by the author)

Understand and compare
To understand the strengths and 
weaknesses of one or more 
visualization techniques, 
Plaisant (2004) notes that 
evaluation is required.  These 
results can be used to guide the 
selection of appropriate 
visualization techniques.

Evaluation methods
Visualization case studies
Controlled experiments
Empirical evaluations
Heuristic evaluation
Expert reviews
Metrics and benchmarks
Usability studies
User studies

Insight gained
To determine 
whether or not the 
required insight 
has been gained 
from the 
visualization.

References
Protocol defined for a controlled experiment 
with either a more complex benchmark or no 
benchmark tasks. (North, 2006). 

Insight-based methodology uses insight as a 
measure of effectiveness, a combination of 
controlled experiment and usability testing. 
(Saraiya, North and Duca, 2006).

Methodologies
A general 
methodology for 
evaluation using 
heuristics in a 
case study 
defined by Wiss 
et al (1998).

Factors
Visualization success factors defined 
by Kao and Ma (2000)

Success of visualization
To determine whether or not 
visualizations are successful.

Approaches to evaluation

 

Figure 2-15 Evaluation of information visualizations 
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According to Plaisant (2004), evaluation is required to understand the strengths and 

weakness of VMs.  However, evaluation approaches should also be contextual, taking into 

account the particular nature of users’ tasks, the added value of discoveries, and the insight 

gained.  She acknowledges the complexity and challenges of evaluating IVs, mentioning in 

particular the matching of suitable VMs with users, tasks and real-world problems, and need 

to improve user-testing of visualizations.  To improve evaluation, she suggests the 

development of data and task repositories, and the gathering of visualization case studies and 

success stories. 

 

According to North (2006), usability studies and rigorously controlled experiments may be 

used to determine the degree to which users prefer a visualization method.  He notes that if 

the purpose of visualization is to gain insight, then the purpose of visualization evaluation 

should be to investigate the extent to which the goal of insight on the part of the user is 

achieved.  He defines the characteristics of insight as complex, deep, qualitative, unexpected 

and relevant.  While acknowledging the inherent difficulties, he proposes a new method of 

evaluation that comprises an open-ended protocol, qualitative insight analysis and an 

emphasis on domain relevance. 

 

In Dűrsteler (2005-07-05), Börner highly recommends that any visualization be tested by the 

users to ensure that they understand it.  Although there may be no single best visualization 

for a given data set, a specific visualization may be deemed more appropriate than others. 

 

Chen (2005) recommends that new evaluation methodologies should be developed, and 

customised to evaluating visualizations, as the majority of evaluation methodologies were 

developed prior to the era of IV.  He proposes that particular forms of usability studies should 

be developed to determine whether or not the users are able to recognise the underlying 

visual patterns. 

 

Some of the approaches to the evaluation of visualizations (Figure 2-15) are considered in the 

following sub-sections. 

 

Comparative evaluation 
 

Wiss et al (1998) present a general methodology for comparative evaluation of different 

visualizations of the same data.  Their methodology is based on the suitability of the 

visualization for the specified use, using heuristics for the comparison.  The support for the 

user tasks is based on the abstract tasks for visual exploration of data (Shneiderman, 1996).  

Wiss et al (1998) explain that although a single specific method may not support all the tasks, 

methods can be combined.  Furthermore, multiple visualizations of the same data allow the 

user a degree of autonomy in visual exploration.  Although this methodology allows for the 
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comparative evaluation of alternatives, future research is required into the usability of multiple 

visualizations, in terms of user understanding, consistency of the mental models used and 

performance of the required task.   

 

Evaluation in terms of insight gained 
 

Saraiya, North, and Duca (2005) use an insight-based evaluation methodology in the context 

of bio-informatics visualizations.  They investigate the ability of the visualizations to generate 

insight: both predicted and unpredicted (i.e. new insights).  Insight is viewed as quantifiable 

and reproducible in terms of the following characteristics: the observation (the observation 

must be described by the evaluator), the time required to detect the insight, the domain value 

(importance or significance, rated on a scale from one to five), the hypothesis of the 

observation, the directed- versus unexpected insight, the correctness (which should be jointly 

coded by the domain and visualization experts), the breadth-versus-depth of the insight, and 

insight category (overview, patterns, groups and details). 

 

Evaluation in terms of success of visualization 
 

The success factors of Kao and Ma (2000), used to determine whether or not the visualization 

is successful, include: 

• The acceptance of the visualization by the users. 

• The efficiency in finding the relevant information. 

• The lessons learnt from the visualization. 

• The insight gained by the users in using the visualization. 

 

Evaluation of visualization methods using standard evaluation methods 
 
A variety of standard evaluation methods are used for the evaluation of information 

visualization methods.  North (2006) mentions empirical methods (e.g. controlled 

experiments, usability testing) and analytical methods (e.g. heuristic evaluation, cognitive 

walk-through).  Table 2-6, synthesized by the author, is a compilation of various evaluation 

methods used for investigating visualization methods.  It presents examples of and references 

to evaluations described in the literature.  The evaluation methods included are: 

• Visualization case studies. 

• Controlled experiments and empirical evaluation. 

• Heuristic evaluation and expert review. 

• Metrics and benchmarks. 

• Usability testing. 

• User studies. 
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Table 2-6 Information visualization evaluation methods (synthesized by the author) 

Evaluation 
method 

Authors References and examples in the literature 

Visualization 
case studies 

 

Robertson and Silver 
(1995) 

Case studies were used to demonstrate and determine the extent to which a method or approach achieves a goal. 
The required improvements are suggested with respect to effectiveness, reliability and consistency. 

Kao and Ma (2000) Visualization case studies evaluated the IV and tended to follow the life cycle of a visualization case study. This life 
cycle differs from the case study methodology defined by Yin (2003).   

Ma and Post (1999) Visualization case studies presented the application of methods to real-world problems, and provided comparative 
studies of different VMs. 

Graham, Kennedy 
and Benyon (2000) 

A case study was used for the visualization and exploration of multiple hierarchical structures of botanical 
taxonomies.  User-centred design methods were used in the selection and evaluation of visualizations.  Their 
methodology included a number of prototypes in an iterative cycle of design and testing. 

Trafton, 
Kirschenbaum, Tsu, 
Miyamoto, Ballas and 
Raymond (2000) 

A protocol analysis methodology was applied to select and evaluate visualizations that are used by meteorologists 
(the domain experts). 

Mann and Reiterer 
(1999) and Mann and 
Reiterer (2000) 

Case studies were used to compare the different visualizations included in the visual information seeking system, 
namely the HTML-list, ResultTable, ScatterPlot, Bargraph and SegmentViews.  Interviews with users, and usability 
tests to determine the value-added aspects of the visualization (i.e. effectiveness, efficiency and subjective 
satisfaction) were used to evaluate the visualizations.  The five environmental factors: target user group, type and 
number of data, and the task to be done were taken into account.  User subjective experience was based on ease of 
use, and suitability for learning.  The users completed an entry questionnaire. 

Wiss et al (1998) A case study implemented and evaluated three VMs (the cam tree, the information cube and the information 
landscape).  A general methodology is defined for the comparison of the visualizations. 

Zuk, Schlesier, 
Neumann, Hancock 
and Carpendale 
(2006) 

A case study was used to perform a heuristic evaluation (see heuristic evaluation after ‘controlled experiments and 
empirical evaluation’ in this table.). 
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Table 2-6 Information visualization evaluation methods (synthesized by the author) 

Evaluation 
method 

Authors References and examples in the literature 

Controlled 
experiments 
and 
empirical 
evaluation 

Chen and Czerwinski 
(2000) 

An introduction to the empirical evaluation of IVs was defined. 

Kobsa (2001) An experiment was used to determine whether there was a difference in solution time and accuracy of solution for a 
given task.  Three commercial IV systems, namely Eureka, InfoZoom and Spotfire, were empirically compared. 

Morse, Lewis and 
Olsen (2000) 

Visualizations were evaluated using a taxonomic guide and defined tests.  The strategy focussed on the evaluation 
of the VM, rather than a system of methods.  The experimental results are used to determine the role that 
visualizations may have in supporting users in information-seeking environments. 

Juarez, Hendrickson 
and Garrett (2000) 

A method was defined to evaluate visualizations based on the tasks to be supported.  The method considers the 
time the user requires for completing a task and the quality of the solution.  The experiment required the 
identification of the subjects, the tasks to be solved, the time limits and the data provided. 

Bernal, Betten and 
Horn (2001) 

An experiment was used to compare the FishEye, TableLens and TreeMap visualizations, to determine which 
method allowed the user to answer questions in the shortest time and with the least errors and most satisfaction. 

Wiss and Carr (1999) An empirical study was used to consider the task support in 3D visualizations in three visualizations (i.e.  Information 
Landscape, Cam Tree and Information Cube).  Their study considered the question: For what types of tasks are a 
3D user interface best suited? The aim of the study was to determine what factors are important for the usability of 
3D visualizations.  The tasks were limited to search, count and compare.   

Stasko, Catrombone, 
Guzdial and 
MacDonald (2000) 

Two empirical studies were performed using two visualization tools that depict hierarchies and that implement space 
filling methodologies.  TreeMap uses the rectangular methodology, whilst SunBurst uses the circular methodology.  
The aim was to understand the strengths and weaknesses, and the tasks for which the visualization was most 
appropriate.  The study used experiments of task performance, a questionnaire for subjective evaluation, and 
interviews for overall opinion evaluation.   

Nowell, Schulman and 
Hix (2002) 

An empirical study showed that the nature of the perceptual task of the user is a better indicator of the effectiveness 
of the graphical encoding than the data type of the data that is presented.  For this within-subjects empirical 
investigation of effectiveness, three graphical devices were used, namely: icon size, shape and colour. 

Chittaro and Combi 
(2001) 

Three solutions for the visualization of temporal intervals were evaluated using an experiment.  The goal was to 
determine which option was best suited to the user (i.e. a user study). 
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Table 2-6 Information visualization evaluation methods (synthesized by the author) 

Evaluation 
method 

Authors References and examples in the literature 

Heuristic 
evaluation 
and expert 
review 

Craft and Cairns 
(2005) 

Shneiderman’s (1996) mantra was used for the evaluation of visualizations based on user task and usability.  

Tory and Moller 
(2005) 

Tory and Moller propose expert reviews as an alternative to the formal user studies of visualizations.  A basic 
procedure was presented for conducting heuristic evaluation.  Heuristic evaluation requires that experts evaluate the 
visualization with respect to a set of predefined heuristics or criteria.  In this case, the heuristics should be 
customised to visualizations and associated guidelines.     

Zuk, Schlesier, 
Neumann, Hancock 
and Carpendale 
(2006) 

Heuristic evaluation was used to detect usability problems in the visualization of simulation data in an application for 
measuring the impact of beetles on forests.  Zuk et al noted that, although sets of heuristics had been defined for the 
evaluation of IVs, heuristics specifically focussed on detecting IV problems were lacking.  The evaluation was done 
according to relevant guidelines by a group of expert evaluators, using a case study approach to determine the 
understandability and applicability of three different sets of heuristics.  

Zuk and Carpendale 
(2006) 

A set of perceptual and cognitive heuristics were defined. 

Metrics and 
benchmarks 

Brath (1997) Metrics were proposed that enable the creation and evaluation of 3D IVs.  These metrics included the number of 
data points and data density, the number of dimensions and cognitive overhead, the percentage occlusion and the 
reference context and percentage identifiable points, but excluded interaction factors. 

Yang-Pelaez and 
Flowers (2000) 

A measure of information content was developed to facilitate evaluation of the effectiveness of visualizations. 

Ward and Theroux 
(1997) 

Benchmarks were developed for evaluating multivariate visualizations for different data and tasks.   

Chen (2005) 

 

 

This study addressed the evident lack of quantifiable measures for particular aspects of evaluating IV, for example: 
the quality of visualizations and the absence of defined benchmarks.  The lack of such quantifiable measurements 
hinders the evaluation and selection of IVs. 
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Table 2-6 Information visualization evaluation methods (synthesized by the author) 

Evaluation 
method 

Authors References and examples in the literature 

Usability 
testing 

Freitas, Luzzardi, 
Cava, Winckler, 
Pimenta and Nedel 
(2002) 

Criteria are provided for the evaluation of the usability of VMs, with specific reference to the evaluation of visual 
representation, interaction mechanisms and data usability.  The benefits of these criteria were investigated using a 
case study for the evaluation of a single VM. 

Kobsa (2001) This research investigated visualization usability studies of users completing complex tasks.  The evaluation was 
based on user-related factors, such as: understanding the task, the translation into visualizations, and the operations 
acting on these visualizations.   

Mann and Reiterer 
(1999) and Mann and 
Reiterer (2000) 

Different visualizations included in the visual information seeking system were compared.  Interviews with users and 
usability tests were undertaken to determine the value-added aspects of the visualization.  Investigation of the user’s 
subjective experience was based on ease of use and suitability for learning. 

User-based 
studies 

Kosara, Healey, 
Interrante, Laidlaw 
and Ware (2003) 

User-based studies were undertaken to determine whether or not visualizations were effective.  User studies are 
considered a reliable method to measure the performance of the visualization and are also an appropriate way of 
measuring the relative effectiveness of two or more methods.  Kosara et al also describe the basic research design 
of a user-based study.   

Tory and Moller 
(2005) 

Expert reviews should not replace user studies, because different kinds of evaluations usually identify different kinds 
of issues.  Expert reviews may be used to complement formal user studies.  It is recommended that expert reviews 
are used for formative evaluations, whilst user studies are used for summative evaluations. 

Chittaro and Combi 
(2001) 

Three solutions were proposed for the visualization of temporal intervals and an experiment was used to evaluate 
the options.  The participants were real users and the goal of the experiment was to determine which option was 
best suited to the end user.  A questionnaire was used in the experiment. 
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Application to current study 
 

Where two or more visualization methods were selected, comparative evaluation was used to 

determine the most suitable.  Further evaluation of the visualization is required, in context, to 

determine the extent to which the required insights are generated and to determine the 

degree of success of the visualization.  The details of the evaluation stage are re-visited in the 

development of RoutePlanner in Section 3.5 in Chapter 3, and are tabulated in Section B.5 in 

Tables B-19, B-20, and B-21 of Appendix B. 

 

2.5.5 Conclusion to research question 2 
 

The literature presents several options for the implementation of each of the three generic 

stages identified in the visualization process. 

 

Identification is the first generic stage in the visualization process.  It is both cyclic and 

iterative, and may require several iterations of domain analysis to ensure that the goal, the 

data and the user tasks are adequately captured. 

 

During the selection stage visualizations are selected from a large collection of methods for a 

given data set.  However, De Oliveira and Levkowitz (2003) warn that selection of VMs is an 

ad hoc process that requires experience, skill and intuition.  To ensure that the process is 

supported by optimal knowledge and experience, the collection of methods should be 

presented in a single collection of VM taxonomies – a comprehensive and evolving body of 

knowledge, from which the most appropriate method(s) should be chosen.  Such knowledge 

may be acquired by using a synthesis of various VM taxonomies defined in the literature.  

Alternatively, the selection process may be guided by consulting a visualization expert or by 

using an automated visualization assistant (ViA).  

 

During the evaluation stage, visualizations are evaluated to determine the suitability of the 

methods selected. Where two or more visualizations are selected, a comparison of 

visualizations is required to identify the most suitable. Various standard evaluation methods, 

such as case studies, heuristic evaluations, empirical studies, benchmarking, and usability 

testing or user-based studies can be used to evaluate the VM per se, rather than to determine 

the suitability of the method for a specific given context.  For this study, however, the 

visualizations must be evaluated in context to ensure that the required insight is gained, and 

to determine whether the visualization is successful.  
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2.6 Research question 3 

  

2.6.1 Guidelines for the visualization process  
 

This section of the literature survey considers the visualization guidelines of Brath (1999), 

environmental factors of Mann (1999) and Mann and Reiterer (2000), visualization issues of 

Spence (2001), and several general visualization trends from the literature, all of which may 

be used to guide the visualization process.  These guidelines are discussed in Section 3.2. 

 

Brath (1999) presents guidelines that are based on disciplines related to visualization and 

reviews of published IVs, as well as expert visualization knowledge gleaned from the 

development of IVs and other visualization examples. The body of knowledge contributing to 

these guidelines is therefore evolving dynamically over time. 

 

Globus and Raible (1994) published guidelines, which although developed for scientific 

visualizations, may also be used in the context of visualizing business data.  Their guidelines 

include the following:  

 

• Include a legend in the visualization. 

• Add annotation to the visualization. 

• Document data errors. 

• Avoid unnecessary smoothing or summarizing of the data. 

• Learn about the data as well as the discipline. 

• Compare the results with other techniques. 

• Use existing off-the-shelf visualization software, rather than attempting to build or 

create a new visualization. 

• Cite the references for the data. 

• Test the visualizations with multiple data sets. 

• Avoid obscuring data points.  

• Avoid unnecessary graphics. 

• Do not assume that what may be revealed in 2D can be extended to 3D. 

 

Eick and Fyock (1996/1997) provide heuristic guidelines for visualizations of business data.  

These include: a focus on the task, a domain-specific representation, the use of colour, the 

maximizing of information content, the use of interactive filters, the use of multiple linked 

displays, as well as details on demand and animation.  In a more general context, Carr (1999) 

suggests seven design guidelines:  
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• Consider alternative solutions in certain cases. 

• Support the user tasks. 

• Consider the data type. 

• Consider the dimensions of the data. 

• Use navigation and zooming rather than filtering. 

• Co-ordinate multiple data views. 

• Allow users to test the design (knowledge pertaining to the usability of specific 

designs is limited, thus user experience and training are factors to be considered). 

 

Carr (1999) also proposes a user-oriented approach in the selection of visualizations, based 

on the abstract tasks defined by Shneiderman (1996) (Section 2.2.3), where the users’ tasks 

are defined and then particular visualizations are selected to support them. 

 

The guidelines that were included in the model of the visualization process are mentioned in 

Section 3.2 and Figure 3-2 in Chapter 3, and are tabulated in Appendix B.2. 

 

Guidelines of Brath (1999) 
 

According to Brath (1999), visualization research focuses on specific methods and their 

application, rather than on general principles, guidelines or metrics that guide the 

development and use of visualizations.  He points out that there are several alternative visual 

representations for a given dataset, and that not all are equally effective.  Within this context, 

he proposes two possible approaches: either the required visualizations are generated 

automatically or guidelines are developed for the creation of effective visualizations for each 

specific situation.  The latter approach, which suggests that the body of knowledge for 

visualization is developed from evolving guidelines, is the focus of his research.   

 

However, he also takes cognisance that guidelines (some incomplete and evolving; others 

universal) are no guarantee for an effective visualization, since the data quality, the data 

mapping or a visualization inappropriate for user requirements, may result in unsuccessful 

visualization.  Similarly, Ward and Theroux (1997) warn that the guidance available in terms 

of when, where and for what purpose a specific method is used, is somewhat limited. 

 

Brath (1999) believes that the IV community should convey the expertise for successful 

visualizations to new users and developers, to ensure that mistakes are not repeated.  Thus, 

guidelines are required and should be used.  As the different VMs, visual representations and 

interactions become familiar; the user him/herself will gain the required expertise in the usage 

of visualizations.  Brath terms this visual literacy. 
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Brath advocates the use of specific, rather than generic, visualizations, and notes that the 

implementation of guidelines may be affected by hardware performance, the visualization 

expertise of the data user, and the extent of the interaction between visualization and user.  

Furthermore, the concept of success of visualizations is relative with respect to the user, the 

particular visualization task and the workflow.  Finally, visualizations do not fit predefined 

templates, but require customization. 

 

Brath’s (1999) research contribution includes a set of guidelines and metrics for visualization, 

focusing on 3D interactive representation of business data.  These guidelines are derived 

from case studies, from experience in the development of IVs, and from observations of 

commercial users solving business problems.  He provides guiding principles in three areas, 

each of which has guidelines, namely: task knowledge; visualization, and interaction:  

 

These guidelines of Brath (1999) are mentioned in Section 3.2 in Chapter 3, and are 

tabulated in Appendix B.2.1 in Tables B-1, B-2, B-3 and B-4. 

 

Environmental factors of Mann (1999) and Mann and Reiterer (2000) 
 

To guide the general process of visualization, Mann (1999) identifies environmental factors 

that may affect the value of certain visualizations in certain situations.  Examples of these 

factors are the type and volume of data, the target user group, the technical possibilities and 

the task to be done, Mann and Reiterer (2000) supplement this list with the factor of user 

training that may be required depending on the user’s level of visual literacy.   

 

These factors are mentioned in Section 3.2 and in Appendix B.2.2 in Table B-5. 

 

Visualization issues of Spence (2001) 
 

To guide the actual visualization of data, Spence (2001) presents seven universal 

visualization issues that were identified prior to the era of computerized visualizations, but that 

are equally relevant to current visualizations generated by electronic tools.  He highlights the 

following issues: 

 

• Selection of data: Only the relevant and required data is selected for visual 

exploration.   

 

• Representation:  An appropriate visualization of abstract data must be used.  

Several issues are related to coding, including the encoding of the data and the 

number of attributes to consider.  The encoding of a representation can be enhanced 
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by the use of colour, but particular care must be taken that colours used for 

representing numerical data are appropriate.  There is no best encoding, as the 

encoding depends on a combination of several factors, such as the task for which 

the user seeks the mental model and the domain for which the data is encoded.   

 
 

• Presentation: The real estate problem occurs when too much data is presented on 

too small an area (i.e. the screen).  Options for alleviating the problem include data 

scrolling and context mapping.  Focus and contextualization require that the context 

of the information be presented together with the detail of the focus data.  The 

presentation, scale and dimensionality of the data need to be considered.  Spence 

recommends parallel co-ordinates and mosaic plots for the visualization of high 

dimensional data.   

 

• Rearrangement, interactions and exploration:  These issues support the 

acquisition of additional insight from the data.  Although interaction contributes to the 

insight gained from visual exploration, the number of dimensions hampers data 

interpretation.  Control of the re-arrangement of the visualization may either be 

manual (allowing for the display of cause and effect simultaneously) or automatic.  

Williamson and Shneiderman (1992) give the example of dynamic queries that show 

only the data that satisfies the query.  Also, the display of all the data provides a 

context to guide meaningful visual exploration.   

 

• Externalization of data:  This includes the presentation of the data display, in 

contrast to the internal model or image in the mind of the user.  This is crucial to the 

success of the visualization. 

 
 

• Mental models:  Mental models are organised thoughts about IV that identify implicit 

guidelines for the designer of visualization tools.  When the user is familiar with 

something, he/she has a well-established and robust internal model of it.  A user 

typically views a collection of items on the display screen, and browses the content.  

This content is then integrated to form a mental map, referred to by Spence as 

modelling.  Navigation is defined as cognitively directed movement in information 

space, based on the interpretation of a mental model and/or externalized data.  The 

navigation framework provides a basis for organized thought about IV, but it does not 

provide precise rules for the designer of a visualization tool to follow.   

 

• Invention, experience and skill:  These are required to understand the task for 

which the visualization is intended. 
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A change in just a single issue may ensure a more appropriate visualization, making the 

visual exploration more successful for the user.  For any large collection of data, the specific 

data sets need to be selected and presented in some format using a specific representation.  

 

It should also be noted that whilst these issues may be considered the basics of a successful 

visualization, there is no absolute mapping between the issue and the appropriateness of 

visualization for a given data set, i.e. there is not a single visualization that is always the best 

for a certain kind of data. 

 

These universal visualization issues are mentioned in Section 3.2 and are tabulated in 

Appendix B.2.3 in Table B-6. 

 

Visualization trends 
 

In the author’s perusal of the visualization literature, she encountered various general 

attributes of information visualizations, which are listed below.  Each sub-header indicates a 

trend in the visualization environment.  As the visualizations evolve, so too, do the associated 

guidelines and issues.  The following general trends are expounded in Section 3.2 and in 

Appendix B.2.4 in Table B-7.  The following general trends have been identified: 

 

• Static or dynamic visualization:  A static visualization has no interaction 

functionality, whereas a dynamic visualization offers interactivity, which may 

contribute to greater insight into the data.  However, the increase in interaction time 

should also be taken into account.  During the visual exploration, the user is able to 

interact with the data to explore further insights.   

 

• Single or multiple visualizations:  A single visualization may not present all the 

information relevant to the goal of the visualization, and can lead to an ambiguous 

interpretation.  This may constrain the insight gained from such a presentation and 

limit the understanding of the data.  By contrast, Chen and Czerwinski (2000) advise 

that multiple and coordinated visualizations allow for rapid exploration of complex 

information.  North and Shneiderman (2000) introduce the concept of snap-together 

visualization, which allows the configuration of interfaces to visualizations, 

commenting that a user may require unanticipated combinations of coordinated 

visualizations.  Baldonado, Woodruff and Kuchinsky (2000) present eight guidelines 

for the use of multiple views for visualization, with a warning that there is limited 

specific guidance for the design of multiple view systems.  The first set of guidelines 

(diversity, complementarity, parsimony and decomposition) provides guidance as to 
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whether or not multiple views are appropriate.  The second set of guidelines 

(space/time resource optimization, self-evidence, consistency, and attention 

management) guides the choice of view presentation and interaction, and also allows 

for the identification of inappropriate visualizations. 

 

• Simple or complex visualizations:  Simple visualization is easy to use and to 

interpret, while complex visualization is the presentation of data that is not intuitive.  

Users of the latter may require training, since there is a learning curve in the 

interpretation of visualizations.  The research of Trafton et al (2000) suggests that 

complex visualizations lead to the creation of qualitative mental models, from which 

quantitative information is generated.  Thus, the users of complex visualizations 

require domain knowledge, including an understanding of how and what information 

to visualize, how to retrieve information from the presented visualization, and how to 

interpret the information.   

 

• Overview or detailed visualization:  A holistic presentation of data requires an 

overview perspective as well as a detailed presentation.  Whilst the overview may be 

a visualization of aggregated data, the detailed version must be of the individual data 

items.  Thus the appropriate visualization of each of these two perspectives of the 

same data will be different.  The co-ordination of the overview and detailed 

presentation in multiple views should also be appropriate.   

 

• Known, familiar, new, traditional or novel visualization.  The known or familiar 

visualizations are those that are easy to use and interpret, and are used for the more 

general situations.  Novel visualizations are designed and used for a specific data 

task and domain, and are therefore less known and less familiar.  

 

2.6.2 Conclusion to research question 3 
 

In conclusion, an incomplete collection of guidelines is better than no guidelines.  This follows 

the recommendation of Brath (1999) who also states that although guidelines may be 

incomplete, evolving and universal, use of these guidelines provides no guarantees for an 

effective visualization.  The guidelines of Brath (1999), the visualization issues of Spence 

(2001), the environmental factors of Mann (1999) and Mann and Reiterer (2000), and the 

general trends in visualization, therefore offer a complementary collection of guidelines.  They 

comprise a body of knowledge that can be used by domain experts and data experts who lack 

the specialized knowledge and skill to use and interpret visualizations meaningfully, and also 

by visualization experts for reference purposes. 
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2.7 Research question 4 

 

2.7.1 Use of the visualization process to translate data into insight 
 

The first research question considered the stages of the visualization process (Section 2.4), 

the second addressed the implementation details for each of these stages (Section 2.5), and 

the third overviewed various guidelines that can be used to guide the visualization process 

(Section 2.6).  The question that remains, and which is considered in this section, is whether 

the domain expert can use this process to translate data to gain the required insight. 

 

Van Wijk (2006) states although the users play a central role in visualization, a knowledge 

gap exists relating to background and lack of visualization expertise, as well as an interest 

gap in terms of novelty and usability.  He suggests the approach of user-centred design, 

whereby the needs, wants and limitations of the user are considered, and usability is taken 

into account.  Close collaboration between visualization experts and domain experts, as well 

as evaluation of the visualizations, is recommended at each stage.  Van Wijk warns that such 

collaboration, although it plays a valuable role, is not problem-free. 

 

Duke et al (2005) also promote a collaborative approach, considering visualization to be an 

activity that requires communication between the domain and the visualization experts during 

each stage of the visualization process.  According to them, a common vocabulary is 

necessary for human-to-human collaboration.  For visual literacy, the users should also 

understand visualization concepts.  Furthermore, in Kao and Ma’s (2000) visualization life 

cycle, there is reference to a domain expert and a developer (i.e. the visualization expert) and 

the communication between them.   

 

Application to current study 
 

The collaborating experts should communicate during this visualization process are the 

domain experts, the visualization expert and the data expert (Section 1.2).  Note that a data 

expert has been included in the collaboration based on the assumption that neither the 

domain nor the visualization expert has the required data expertise.  The experts in the 

application area of this study are: 

 

• The domain expert is the insurance broker who has knowledge about the insurance 

domain and knows what insights are required from the client data to generate 

information about marketing opportunities. These brokers are also the target 

audience for the visualizations, who will evaluate and interpret the visualizations, and 

will use the insights generated from their own client data.  
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• The visualization expert has the knowledge, expertise, skill and experience to 

visualize the data.  For this study, the researcher served as the visualization expert, 

despite not being a practising professional in visualization. 

• The data expert is familiar with and responsible for the maintenance of the data in the 

database.  Database administrators, database designers, and data managers may be 

included as data experts.  The data experts, in this study, are some of the brokers 

who are familiar with the formats and location of the data in the financial needs 

analysis database, and who are responsible for data maintenance of their own client 

databases. 

 

Communication between experts, as advocated in this study and consolidated in Table 2-7, is 

an adaptation of the approach in the cycle of Kao and Ma (2000).  
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Table 2-7 Communication between experts (adapted by the author from Kao and Ma (2000)) 

 Domain expert Visualization expert Data expert 

Problem 
description 

The domain expert describes the 
problem for which insight is required.  

This must be communicated and 
discussed with the visualization expert 
and the data expert to ensure that the 
problem is clearly understood. 

The visualization expert may demonstrate possible 
VMs to the domain expert.   

The visualization expert should understand the 
domain terminology and technical aspects. 

The data expert may be consulted for 
the identification of required data. 

 

Data pre-
processing 

 The visualization expert and the data expert collaborate to understand the structure of the 
relevant data for the visualization.  

The data expert is required to report the data pre-processing progress to the visualization 
expert. 

Solution 
formulation 

The domain expert may suggest visualizations based on the known and the familiar.  The visualization expert recommends visualizations 
based on knowledge and expertise.  The identified data and the target users of the visualizations need to be taken into account. 

Implementation  The visualization expert must implement the 
visualizations, and report progress to the domain 
expert. 

 

Testing, 
evaluation and 
validation 

The domain expert must test, evaluate 
and validate the visualizations.  

The target audience and the users of 
the visualizations may also be required 
to evaluate the visualizations to ensure 
that the required insight can be gained. 

The visualization expert may be required to 
recommend alternative visualizations.   

The data expert may be required to 
recommend alternative available data. 
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2.7.2 Conclusion to research question 4 
 

The issue of whether or not a domain expert can facilitate the translation of data into insight 

by using the visualization process, is related to communication.  Van Wijk (2006), Kao and Ma 

(2000) and Duke et al (2005) identify considerable collaboration between the domain expert 

and the visualization expert.  Although in exceptional cases the domain expert may have the 

required data knowledge, and thus also be the data expert, optimally there should be a 

separate data expert as a third party in the collaboration.   

 

One way of practically determining whether such a collaborative visualization process can 

lead to successful visualizations, is to conduct an experiment to test the theory proposed in 

Section 1.4.  The design of this experiment is detailed in Chapter 4. 

 

2.8 Conclusion to literature study 

 

Each of the first four research questions was considered in this chapter.   

 

Consideration of the first question identified the generic stages of the visualization process, 

namely identification, selection and evaluation.  The implementation details for each of these 

stages were addressed in the study related to the second research question.  The third 

research question sets out to identify visualization guidelines to inform and guide the 

visualization process.  The findings of the literature survey (in this Chapter), as related to 

these three questions, will be applied in the next chapter, Chapter 3, to develop a model for 

the visualization process.  This model will be known as RoutePlanner.   

 

The fourth question was considered theoretically, suggesting that communication and 

collaboration may be the solution to the effective translation of raw data to insight.  This 

remains to be assessed practically in the empirical research comprising an experiment and an 

evaluation study.  The research design is explained in Chapter 4 and the empirical work is 

addressed in Chapter 5. 
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33  DDEEVVEELLOOPPMMEENNTT  OOFF  RROOUUTTEEPPLLAANNNNEERR  
 

3.1 Introduction to chapter 

 

This chapter addresses the development by the researcher of a model called RoutePlanner, 

which is a model for the visualization process.  RoutePlanner consists of three generic 

stages, namely identification, selection and evaluation, as identified by the first research 

question of the literature survey in Section 2.4.  The implementation details of each stage 

were addressed in the second research question in Section 2.5.  A collection of guidelines 

identified by the third research question, in Section 2.6, is relevant to all three stages of the 

process.   

 

For each of the three generic stages, a team of experts comprising the domain expert, the 

visualization expert and the data expert should consider the requirements and resources of 

that specific stage.  A facilitator may guide and manage the visualization process.  The 

requirements are the activities to be undertaken, while the resources are templates, given in 

Appendix B, presenting factors to be considered and completed by the team as they use 

RoutePlanner.  

 

Appendix B expands on the issues addressed in this chapter, and must be consulted 
to ensure that the contents of this chapter are grasped effectively. 
 

Consideration of the guidelines is the most appropriate starting point, since completion of the 

guideline templates in Appendix B.2 by the team of experts should enhance the overall focus 

on the problem that requires visualization.  The identification stage may be iterative as issues 

are re-visited.  The completion of each stage leads to the commencement of the next stage.   

 

This is an initial version of RoutePlanner, Version 1.1.  It is likely that as the body of 

visualization knowledge evolves so too, will RoutePlanner.  Figure 3-1 presents an overview 

of RoutePlanner as it is developed in the sections of this chapter.   
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Figure 3-1 Overview of RoutePlanner 
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3.2 Guidelines 

 

Research Question 3 addresses guidelines that may be used during the visualization process.  

Although these were considered third in the literature study of the previous chapter, the 

guidelines are used in all stages of the RoutePlanner model and play important roles in the 

initiation and guidance of the entire process.  For this reason, the collections of guidelines are 

discussed first, before addressing the specific stages of RoutePlanner. 

 

Although Brath (1999) warns that the body of visualization knowledge is limited and evolving, 

it can provide valuable guidance throughout the visualization process.  Brath notes that some 

guidelines are universal and others adapt over time.  The guidelines applied in this study are 

introduced to the user at the commencement of the visualization process, are used as part of 

visualization planning, and may be referred to at any stage of the process.  As users become 

familiar with the visualizations, representations and interactions, they should accumulate 

visualization experience and expertise, thus becoming visually literate, which can lead, 

ultimately, to independent use of visualization methods.    

 

Figure 3-2 presents the collections of guidelines, as introduced in Section 2.7, that are part of 

RoutePlanner, supported by literature references and cross-references to the lists of 

guidelines in Appendix B.  These guidelines are used during planning of the visualization 

process and as a continual guide.  

 

 

Figure 3-2 Guidelines for RoutePlanner 

 

Table 3-1 presents motivations for the inclusion of each set of guidelines, while each set is 

overviewed in more detail in this section. 
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Table 3-1 Motivation for inclusion of guidelines 

Guidelines Aspects addressed by 
guidelines 

Motivation 

Brath (1999):  

Visualization guidelines 

Brath’s guidelines include the 
definition of the visualization goal 
and guidance in terms of the 
tasks, data, visualization and 
interaction required. 

These guidelines are defined 
for 3D interactive 
representation of business 
data, and provide guiding 
principles in the areas of task 
knowledge and data 
structures, visualization and 
interaction.  This is 
considered a comprehensive 
collection.   

Mann (1999)  

Mann and Reiterer 
(2000): 

Environmental factors  

Mann defines the 4T environment 
factors (Target user group, Type 
of data, Task to be done, and 
Technical environment).  A 
combination of factors must 
therefore be taken into account to 
guide the selection of the 
visualization.  Mann and Reiterer 
add training to this listing. 

A combination of these 
factors is taken into account 
to guide the selection of 
visualizations.  These factors 
are included in RoutePlanner 
to identify the user’s context 
and environment. 

Spence (2001):  

Visualization issues 

Spence’s visualization issues are 
selection, representation, 
presentation, re-arrangement, 
interactions, exploration, 
externalization, mental models, 
invention, experience and skill.   

The seven universal 
visualization issues of 
Spence are included in 
RoutePlanner, since they can 
contribute to setting up a 
course of action.   

Gleaned by the author 
from general 
visualization literature: 

Visualization trends 

Visualization trends include:  
static versus dynamic, single 
versus multiple, simple versus 
complex, overview versus detail 
and known versus novel 
visualizations. 

These trends are 
incorporated to ensure that 
visualization research and 
development are considered 
en route.  Other trends may 
be added to future versions 
of RoutePlanner.   

 

The collaborative team of experts should consider these guidelines as part of the planning 

prior to the identification stage.  Furthermore, continual reference to the guidelines is 

advisable throughout the visualization process.  It is recommended that the team discuss 

each resource, i.e. each template, and that the details of the discussions be recorded. 

 

• Guidelines of Brath (1999): Brath’s guidelines (Section 2.6.2) include prior 

assumptions and the definition of the visualization goal, tasks, data, visualization and 

interaction required.  The assumptions should be considered explicitly prior to the 

start of the visualization process and are listed in the RoutePlanner templates in 

Table B-1 in Appendix B.  Brath warns that guidelines should not be viewed as rules 

and that metric assumptions may be used to evaluate the guidelines.  Brath’s first 

area of guidelines requires that the users have a clear understanding of the context. 
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Moreover, a goal to solve a specific problem should exist, as should sufficient 

information to support its attainment.  The requirements of the visualization must be 

defined in terms of the data to be visualized and the tasks to be supported.  An 

incomplete understanding of the goals, tasks and data to be visualized may hinder 

the generation of an effective visualization.  A template for defining the visualization 

goal, the data and the task is given in Table B-2.  This should be used during 

deliberations on the goal, the data and the user tasks of the visualization.  Brath’s 

second area of guidelines identifies important aspects of visual representations and 

certain hazards to avoid.  Table B-3 provides the relevant template.  The third area of 

guidelines included by Brath relates to interaction, supporting the user in manipulating 

visualizations and identifying patterns. RoutePlanner’s template for these interaction 

guidelines is given in Table B-4. 

• Environmental factors of Mann (1999) and Mann and Reiterer (2000):  Mann’s 

(Section 2.6.2) so-called 4T environmental factors are target users, type of data, task, 

and technical environment. Training was added by Mann and Reiterer (2000), leading 

to the 5T environmental factors. It is recommended that each of these factors be 

discussed by the experts, and that the details be recorded.  A tabulated listing of the 

five is given in Table B-5.   

• Visualization issues of Spence (2001):  Spence’s universal visualization issues are 

introduced in Section 2.6.2, and are tabulated in Table B-6. 

• Visualization trends:  The author synthesized a checklist for the visualization trends 

introduced in Section 2.6.2.  This is given as a template in Table B-7. 

 

The guidelines above and in Appendix B have been included to assist and direct the team of 

experts in their discussions prior to and during the visualization process.  It is advisable to 

note and record details of the discussions.  These notes may be used for reference during the 

process and may even change during its iterations. 

 

3.3 Identification stage 

 

The design of data visualizations involves the discerning study of data sets to identify which 

data should be visualized; to specify the goal of the visual exploration along with the 

associated user tasks; and to select visualization methods and appropriate interaction 

techniques.  Visual exploration of the data starts in a warehouse that contains a large volume 

of multi-dimensional and temporal facts and dimensions. 

 

In order to implement the identification stage, the technique of domain analysis, as introduced 

in Section 2.5.2 and tabulated in Table B-8, is used in RoutePlanner.  Espinosa et al (1999) 

present domain analysis as a systematic, explicit approach for the investigation of a domain 
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where visualizations are to be designed and incorporated into an existing system.  Domain 

analysis includes the domain description, analysis of the user needs, and systematic methods 

for gathering knowledge about tasks, domains and heuristics, such as expert interviews, 

literature reviews, observation and problem solving.  Such analysis produces documented 

exploration goals, user requirements and visualization task requirements.  This 

documentation may also be used subsequently in the evaluation of the visualization.   

 

The implementation details of the identification stage are presented diagrammatically in 

Figure 3-3 below.  The task definitions by Shneiderman (1996) and OLIVE (1997), and the 

analytical cycle of Kimball et al (1998) are incorporated. 

 

IDENTIFICATION STAGE OF ROUTEPLANNER
Based on domain analysis of Espinosa et al (1999)

Domain 
description
Entities. 
Entity relationships. 
Assumptions. 
Data sources.

User tasks
Identify and rank the tasks using 
Shneiderman (1996) Kimball et 
al (1998) and OLIVE (1997). 
Identify problem-solving stages.

Visualization user needs
Data analysis heuristics.
Suggested visualizations.
Level of detail required.

Identification of
problem and 
relevant data.

Table B-8

 

Figure 3-3 Identification stage of RoutePlanner 

 

The major task for the collaborative team in this stage is the completion of the identification 

stage questionnaire.  This questionnaire was derived by the author from the technique of 

domain analysis (Espinosa et al, 1999), and is included in Appendix B in Table B-8. 

 

The supplementary task definitions may be guided by Shneiderman’s (1996) definition of 

abstract tasks.  OLIVE (1997) suggests tasks for multi-dimensional data (e.g. to understand 

the whole or part of the n-dimensional data, to find a specific item or group of items in the 

data) and also for temporal data (e.g. viewing specific events, sequencing data, varying the 

order of those events or data, creating historical overviews of data, discovering temporal 

inconsistencies or undesirable data relationships).  Kimball et al (1998) provide guidance for a 

typical cycle of analysis of data in a warehouse. 

 

At the end of this stage, the experts should have a list of the data issues that need to be 

visualized. This contributes to the goal of the visualization, and the selection stage may then 

commence.   
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3.4 Selection stage 

 

The selection stage of the visualization process requires either the selection of existing VMs 

from a collection of methods or the creation of a new, novel VM.  Where a visualization 

system is used, the selection is made from a subset of all existing VMs, in which case the 

selection is constrained by the VMs that are available.  Such constraints must be known prior 

to the selection.  The design and implementation of a new VM (as an alternative to the 

selection of an existing VM) is beyond the scope of the present study, but may be considered 

in further research.   

 

A VM may either be a stand-alone method or one of a collection of VMs within a visualization 

system.  For this research, a visualization system is defined as a pre-collection of VMs.  The 

research that was undertaken took cognizance of visualization knowledge and expertise to 

direct the inclusion of appropriate VMs into the system.  Where the user lacks the skill and 

expertise to select a specific VM, the system provides documentation.   

 

Given the warning of De Oliveira and Levkowitz (2003) that selection is a specialized, 

contextual process that requires experience, skill and intuition, RoutePlanner should ensure 

that the selection stage is supported by optimal knowledge and experience.  This knowledge 

and experience may be in the form of a visualization expert, an automated visualization 

assistant tool (e.g. ViA), or it may be in manual format, where the user refers to tabulated 

taxonomies or to other sources of visualization knowledge for selection assistance.  These 

options are elaborated later in this sub-section.  

 

The domain expert, in collaboration with the visualization expert and data expert, is required 

to select VMs from those available for the data in hand and the user tasks identified.  An 

overview of the selection stage of RoutePlanner, as introduced in Section 2.5.3, is presented 

in Figure 3-4.  This presentation includes references to the relevant tabulations and figures in 

Appendix B. 
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SELECTION STAGE  OF ROUTEPLANNER

Data type of OLIVE (1997)
OLIVE http://www.otal.umd.edu/Olive/    
Figure B-2
Information visualization user interfaces http://www.lirmm.fr/~inforviz/ASEval/References/shneiderman.php   
Figure B-3

Task by data type taxonomy of Shneiderman (1996)
Data type: 1D, 2D, 3D, multi-dimensional, temporal, tree, and network
Task:  Overview, zoom, filter, details on demand, relate, history and eXtract
Table B-9 and B-10

Category, data, interaction and distortion of Keim (2002)
Category: Standard 2D/3D, geometrically transformed, icon based, dense pixel and stacked.
Data: 1D, 2D, multi-dimensional, text and hypertext, hierarchies and graphs and algorithms.
Interaction and distortion: Interactive projection, filtering, zooming, distortion, and linking and brushing.
Tables B-11, B-12 and B-13

Category of De Oliveira and Levkowitz (2003)
Iconographic, geometric, pixel based and hierarchical categories.
Table B-14

Selection option 1
Consult a visualization expert

Selection option 2
Use a visualization assistant ViA defined by Healey, Amant 
and Elhaddad (2000)

Selection option 3
Refer to defined taxonomies of visualization methods in 
the literature to present the alternatives for selection.

Complexity, content area, point of view, thinking and representation type of Lengler and Eppler 
(2007)
Complexity of visualization: low or high.
Content area: data, information, concept, metaphor, strategy, compound knowledge.
Point of view: detail, overview or detail and overview.
Type of thinking: convergent or divergent.
Type of representation: process or structure.
Table B-15 and Figure B-4

 

Figure 3-4 Selection stage of RoutePlanner 

 

For the selection stage, the team of experts is required to: 

 

• Identify the collection of visualization methods to be considered for selection:   
The VMs available for this study are limited to those in public domain or non-

commercial demonstration versions of visualization systems.  A listing of methods is 

included in RoutePlanner in Table B-16 (the visualization systems available for this 

study) and in Table B-17 (the VMs available for this study).  
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• Select the appropriate methods:   For each of the data issues identified during the 

identification stage, select the appropriate method(s) from the collection to visualize 

this identified data.  Note that the selection options are discussed below. 

• Implement the visualizations:   Use the selected methods to visualize the data, 

taking into consideration the data formatting requirements for each of the methods.  

These are tabulated in Table B-18 (the implementation details and data formatting 

requirements of the visualization systems). 

 

There are three options for the selection of appropriate VMs: 

 

Option 1 – Consult a visualization expert 
 

Kao and Ma (2000) suggest consulting visualization experts to advise on which visualizations 

may be used, thus bringing their experience and expertise to bear in the selection process.   

 

Option 2 – Use a visualization assistant option.  
 

Dennis et al (2005) note that the construction of effective visualizations is non-trivial, and 

should take into account the data identified for visualization, the analysis tasks and the 

features of the specific VMs.  To select visualizations by automated means, Healey, Amant 

and Elhaddad (2000) developed a mixed initiative software tool called ViA.  This software 

uses data-feature mapping to visualize multidimensional data elements.  ViA selections are 

guided by data in an evaluation engine.  This option was not considered in this study due to 

its current unavailability.  The author e-mailed the system developers and was informed in a 

reply that although several prototypes exist, none were available at that stage for use in the 

envisaged experiment.  Nevertheless, the option has been included in RoutePlanner for the 

sake of completeness and because it presents opportunities for further research. 

 

Option 3 – Refer to visualization method taxonomies 
 

Each of the defined taxonomies uses a different set of criteria for the classification of the VMs 

and presents VM alternatives based on the values of its relevant classification criteria. The 

manual approach to the selection of methods – which is the option used in this study – 

involves consulting such taxonomies and using them for the selection of one or more 

recommended VMs.   
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Details of the collection of taxonomies in RoutePlanner are given below:  

 

• The task by data type taxonomy of Shneiderman (1996):   Shneiderman’s taxonomy 

is a basic approach that classifies visualizations according to the type of the data and the 

abstract task type definitions. These definitions are given in Tables B-9 and B-10. 

• OLIVE’S data type taxonomy (1997):  This presents an extended background to 

Shneiderman’s (1996) approach, and is a useful resource for selection guidance that is 

updated from time to time. A static example of the site is shown in Figure B-1.  

• Taxonomy of information visualization interfaces:  This taxonomy is linked to 

OLIVE.  A static example of a page from the website is included in Figure B-2.  These 

sites provide examples of the application of visualization for defined data types. 

• Data and visualization type, interaction and distortion taxonomy of Keim (2002): 
Keim classifies visual exploration methods according to data type, categorical 

classification of VM, and the interaction and distortion technique considered.  For the 

visual exploration of any data type, any category of VM may be selected with any 

interaction and distortion technique.  Techniques associated with each of the VM 

categories differ in the way that the data is arranged and dimensions are handled.  

The taxonomy definitions are provided in Tables B-11, B-12 and B-13, respectively. 

• Categories of visualization methods taxonomy of De Oliveira and Levkowitz 
(2003):  The categories present VMs in one of four categories.  The characteristics of 

methods within the category are included.  These are tabulated in Table B-14.   

• Complexity, content area, point of view, type of thinking and type of 
representation taxonomy of Lengler and Eppler (2007):  The taxonomy presents 

VMs in a periodic table format.  The taxonomy is interactive, providing examples of 

each of the VMs when the mouse is dragged over the dynamic presentation.  A 

tabulation of the VMs included in this taxonomy is given in Table B-15, and a static 

example of the presentation is included in Figure B-4. 

 

Several incomplete taxonomies are also referred to in the literature: 

 

• Taxonomy of visualization methods using the data state reference model 
defined by Chi (2000):  This taxonomy uses the data type and the processing 

operating steps of the data state reference model to describe a collection of thirty-six 

VMs.  Its main purpose is to support the user’s understanding of the application and 

implementation of the methods.  This taxonomy serves a valuable role when initial 

guidance is required.   

• Taxonomy GADGET/IV (a taxonomic approach to semi-automatic design of 
information visualization applications using a modular visualization 
environment) defined by Fujishiro et al (2000):  This is a goal-oriented taxonomy 
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of information VMs.  Their motivation for this semi-automatic design is that ‘since 

novice users of visualization systems lack the knowledge and expertise in data 

visualization, it is a tough task for them to generate efficient and effective 

visualizations that allow them to comprehend the information embedded in the data’.  

The approach is based on the use of MVE prototypes for scientific visualizations.  A 

complete mapping of the goals onto the VMs is not given, and no version of the 

software is available. 

• High-level taxonomy defined by Tory and Moller (2004):  This taxonomy uses 

algorithms rather than data to classify visualizations in their high level visualization 

taxonomy.  The design model is defined as the set of assumptions made about the 

data to be visualized.  This taxonomy takes the conceptual model of the user into 

account.  For each classification, a number of VMs are recommended.  The authors 

conclude that the classification is as yet incomplete; more detail is required and more 

examples should be included.   

 

These taxonomies use different criteria to classify VMs.  Although the taxonomies are 

incomplete, these classifications do provide another perspective on the selection of VMs. 

 

This stage requires the selection of visualizations from a vast collection of methods for a 

given data set.  It is an ad hoc process that requires experience, skill and intuition (De Oliveira 

& Levkowitz, 2003).  Selection expertise may be acquired from automated tools or from 

defined VM taxonomies.  Resources and references for the selection of VMs are included in 

RoutePlanner to guide the selection stage of the visualization process.  Once the data is in 

the required format, the visualizations may be implemented using the selected methods. 

 

3.5 Evaluation stage 

 

North (2006) argues that if the purpose of visualization is to gain insight, then the purpose of 

visualization evaluation is to determine the extent to which the visualization has achieved this 

purpose.  In this final stage of the visualization process embodied in RoutePlanner, the focus 

is on the team-evaluation of the VM within the user’s domain context, rather than the 

evaluation of the VM per se. 

 

In this stage, the visualizations of the domain data using the selected VMs need to be 

evaluated.  Where two or more methods are used to visualize the specific data set, the 

alternatives need to be compared to identify the better one using the general methodology for 

the evaluation of visualizations of Wiss et al (1998).  This evaluation is required to ensure that 

the more suitable visualization is used, and that the required user tasks are supported.   

 



 Chapter 3 DEVELOPMENT OF ROUTEPLANNER    

 

 3-12 
 PM GOUWS 7872658 

The visualization should be evaluated to ensure that the required insight has been generated, 

and that the insight has been acquired by the user.  This insight gained may be identified and 

measured using the insight-based methodology Saraiya of et al (2005). However, the authors 

warn that this methodology is labour-intensive and time-consuming.  The complete evaluation 

protocol of Saraiya et al’s methodology is therefore not included in the current version of 

RoutePlanner.  However, a subset of the methodology, namely the scheme to capture and to 

code the quantifiable characteristics of each insight, is included as a means of identifying the 

insights generated by each of the visualizations.  However, the overall success of the 

visualization can be evaluated in terms of the factors proposed by Kao and Ma (2000), which 

is a less formal technique than identifying insight.  It serves to confirm that insight has been 

gained and that the visualization is deemed successful. 

 

Figure 3-5 presents a diagrammatic representation of the evaluation stage of RoutePlanner, 

with references to relevant templates in Appendix B.  

 

Step 1 - Table B-19
To compare alternatives, 

use Wiss et al (1998)

Introduce the 
data issue, data, 
and tasks to be 
supported.

Compare 
evaluations of 
VM used.
Identify most 
appropriate. 

Another 
data 

issue?

YES

NO

Present 
visualization 
option. 

Evaluate data
suitability.

NO

EVALUATION STAGE OF ROUTEPLANNER

Another 
VM?

YES

END

Factors of success
Acceptance of visualization. 
Efficiency to detect relevant information. 
Lessons learnt. 
Insight gained by using visualization.

Step 3 – Table B-21
To determine success of visualization,

use Kao and Ma (2000)

Step 2 – Table B-20
To identify the insight gained, 

use Saraiya et al (2005)

Characteristics of insight
Distinct data observation. 
Time taken to reach insight. 
Domain value. 
Hypothesis (in-depth understanding). 
Directed versus unexpected. 
Correctness. 
Breadth (overview) versus depth (detailed). 
Category (overview, patterns, groups, details). 

Evaluate task 
support.

 

Figure 3-5 Evaluation stage of RoutePlanner 

 

The purpose of the evaluation stage, as introduced in Section 2.5.4, is therefore: 

• Firstly, to evaluate alternative visualizations and identify the most appropriate one. 

• Secondly, to identify the insight gained from the visualization. 

• Finally, to determine the success of the visualization. 
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Each step has a different evaluation purpose.  This stage can be considered a form of expert 

review (see Table 2-6, Section 2.5.4), where the experts worked collaboratively as a team 

and not as a group of individuals.  

 

Evaluation step 1 – To compare the alternatives 
 

This step is used to identify the most appropriate visualization in cases where two or more 

visualizations of the same data have been used. The alternative visualizations are compared 

using Wiss et al’s (1998) general evaluation methodology for visualizations, which focuses on 

comparison, and aims to give guidance regarding the suitability of each visualization.  To 

evaluate suitability of each method for the relevant data set, visualization of a given data set 

is considered using two or more methods (implementations or paper mock-ups are 

acceptable) to identify problems resulting from each.  To evaluate the support for the user 

tasks for the data set, each of the visualizations is considered relative to the task analysis in 

which the required tasks were identified.  The results from the two evaluations are used to 

determine which is more suitable, and to identify the additional functionality that is deemed 

necessary.   

 

Table B-19 gives a checklist for this general comparative methodology.  This should be 

completed by the collaborative team.  

 

Evaluation step 2 – To identify the insight gained 
 

To understand insight, North (2006) defines several of the characteristics of insight, namely: 

complexity, depth, qualitativeness, unexpectedness and relevance.  A standard approach to 

measuring insight is to ask users directly what insights they gained.  For this approach, North 

uses the terms open-ended protocol, qualitative insight analysis and emphasis on domain 

relevance, and mentions that the measurement of insight may be used to evaluate multiple 

alternatives, or to consider the visualization relative to the goal of the visualization. 

 

However, North lists several difficulties with this method, including the length of training and 

trial times, the capturing of results and the use of domain experts to assist the visualization 

experts with the coding of results.  In view of these difficulties, an alternative approach 

involving an aspect of the insight-based methodology defined by Saraiya et al (2005) is used 

in RoutePlanner. This methodology identifies, rather than measures, the insight that has been 

gained by the visualization of the data.  Each insight that is recognised by the user is 

characterized and recorded.  Table B-20 lists the characteristics such as time, domain value, 

hypothesis (where relevant), correctness, breadth versus depth and category, all of which 

must be captured by the team of collaborators. 
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Evaluation step 3 – To determine the success of the visualization 
 

The experts must use the factors of successful visualization defined by Kao and Ma (2000) to 

deem the visualization successful or not.  Table B-21 is a template to be completed that 

relates to the factors of acceptance, efficiency, lessons learned, and insight gained. 

 

The evaluation of the visualizations is the last stage in the visualization process.  If the users 

have not gained the required insight as per the noted characteristics of the observations of 

the insight-based methodology, or if the visualizations have not been deemed successful as 

per the factors of Kao and Ma (2000), then another iteration of the selection stage followed by 

another evaluation stage may be necessary. 

 

3.6 Conclusion of chapter 

 

The goal of this chapter was to define and develop a model, RoutePlanner, for the 

visualization process.  Within this model, each stage of the visualization process was 

considered.  Guidelines were proposed to direct the process.  According to Brath (1999), 

guidelines do not guarantee an effective visualization and may be incomplete, evolving, or 

universal.  For this reason, a broad collection of guidelines, from a variety of sources, are 

included in the model, namely:  the visualization guidelines of Brath (1999), the environmental 

factors of Mann (1999) and Mann and Reiterer (2000), the universal visualization issues of 

Spence (2001), and visualization trends from general visualization literature.   

 

For the identification stage, the technique of domain analysis (Espinosa et al, 1999) has been 

applied to identify the problem and the relevant data in the warehouse, supplemented by the 

task descriptions of Shneiderman (1996) and the task themes of Kimball et al (1998).  

 

The selection of methods is deemed to be a specialized, ad hoc process that requires 

experience, skill and intuition. RoutePlanner includes three options, namely:  to consult a 

visualization expert, to use an automated visualization assistant (ViA) or to refer to 

taxonomies of VMs in the literature.  A collection of taxonomies has been included in the 

model, namely:  the task by data type taxonomy of Shneiderman (1996), the data type 

taxonomy of OLIVE (1997) and the taxonomy of IV interfaces, the classification by data type, 

visualization type, interaction and distortion of Keim (2002), the visualization categories of De 

Oliveira and Levkowitz (2003), and the periodic table of VMs of Lengler and Eppler (2007).  

For additional information during the selection stage, incomplete taxonomies are mentioned. 
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During the evaluation stage, alternative evaluations may be compared to one another using 

the general methodology for the evaluation of visualizations, as defined by Wiss et al (1998).  

Each method can also be evaluated to identify the insight generated by the visualization.  This 

step of the evaluation stage uses the characteristics of insight of Saraiya et al (2005).  The 

final step in the evaluation stage is to determine whether or not the visualization is successful, 

using the factors proposed by Kao and Ma (2000).   

 

This chapter describes the development of RoutePlanner with references to the required 

resources that are given in Appendix B.  The next two chapters, Chapter 4 and Chapter 5, 

relate respectively, to the research design and the empirical research involved in this study.  

A single-group experiment (pre- and post-study) will be used to test the theory that the use of 

RoutePlanner by domain experts, in collaboration with visualization and the data experts, 

leads to an increase awareness of visualization and results in the successful visualization of 

warehouse data.  In addition, a qualitative and quantitative evaluative study is conducted to 

investigate users’ experiences.  Chapter 5 presents the data collected and sets out the 

analysis thereof.  Chapter 6 presents the research findings and conclusions, as well as 

recommendations for further research. 
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44  RREESSEEAARRCCHH  DDEESSIIGGNN  
 

4.1 Introduction to chapter 

 

The literature survey (Chapter 2) led to the development of RoutePlanner, which is a model 

for the visualization process (Chapter 3).  Chapter 4 presents the design of the empirical 

research, while Chapter 5 discusses the actual implementation of the research of this study.   

 

Figure 4-1 is a schematic representation of the types of research used and their 

interrelationships.  This figure is elaborated with data collection details in Figure 4-3 in Section 

4.4, and with data analysis details in Figure 4-4 in Section 4.5. 

 

RESEARCH DESIGN

Experiment

Intervention using RoutePlanner

To explore and 
identify the need 
for visualization 
of data.

To test the theory that the use of RoutePlanner by domain experts, in collaboration 
with visualization and data experts, leads to an increased awareness of visualization 
and results in the successful visualization of data in a warehouse.

To evaluate each stage’s utility as well 
as the overall utility of RoutePlanner.

Pre-study Post-study

Survey

Evaluation

 

Figure 4-1 Overview of research design 

 

The following forms of research are used: 

• A survey:  A survey was used to gather initial evidence of the need for RoutePlanner 

to support the process of transforming data in a warehouse to visualized data. 

• An experimental outcome study:  The small-scale experiment tested the theory 

that the use of RoutePlanner by domain experts, in collaboration with visualization 

and data experts, leads to an increased awareness of visualization and results in the 

successful visualisation of warehouse data.  

• An evaluation:  The evaluation aimed to assess the initial utility of the process 

embodied in RoutePlanner as perceived by domain experts.  
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Figure 4-2 depicts the content of this chapter in the form of a chapter map.  Section 4.2 

presents a high-level overview of the research design, along with references to relevant 

literature.  The mapping of these forms of research to their implementations in the study is 

given in Section 4.3.  Detail is incorporated successively in Sections 4.4 and 4.5, which 

address data collection and analysis respectively.   

 

The findings of the survey, which are reported in detail in Section 5.2, indicate clearly that 

there is a need for visualization to transform the warehouse data into insights.  This survey 

thus sets the context for the experiment and evaluation of RoutePlanner, which are the major 

empirical studies of this research. 

 

 

Figure 4-2 Map of Chapter 4 

 

4.2 Research design of this study 

 

This section has been included to emphasize the theoretical components of each research 

design, independent of practical implementation details.  The next section, Section 4.3, maps 

the theoretical concepts of the research designs to their respective practical applications in 

this study.   
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4.2.1 Introduction to research designs relevant to this study  
 

Research design is addressed by Mouton (2003) in the general context of postgraduate 

studies and by Olivier (2004) in the specific context of research in Computer Science and 

Information Technology.  This section presents overviews of the three forms of research used 

in this study, namely survey, quasi-experimental research and evaluation research.   

In each case, the practical application is mapped to the respective, underlying theoretical 

approach, and these applications are explained in Section 4.3.  

 

Mouton (2003) defines different kinds of empirical studies in his so-called ‘research design 

map’ (Mouton 2003:160, 161), of which the following are referred to in this study: 

• Surveys (Category 4):  An overview of this category is given in Section 4.2.2 and the 

application to this study is presented in Table 4-1 in Section 4.3. 

• Evaluation research: Experimental and quasi-experimental outcome studies 
(Category 9):  An overview of this category is given in Section 4.2.3 and the 

application within this study is set out in Table 4-2 in Section 4.3. 

• Evaluation research: qualitative (naturalistic) and empowerment evaluation 
(Category 10):  An overview is given in Section 4.2.4 and the application to this study 

is addressed in Table 4-4 in Section 4.3. 

 

Olivier (2004) also defines an experimental approach and discusses qualitative research: 

• Experimental approach:  An overview is given in Section 4.2.3 together with 

discussion of Mouton’s category 9.  Olivier’s approach is applied to the study in Table 

4-3 in Section 4.3. 

• Qualitative research:  An overview of Olivier’s approach to qualitative research is 

given in Section 4.2.4.  The application of this approach is integrated into the 

research design in Section 4.3. 

 

4.2.2 Surveys 
 

According to Mouton (2003), surveys are used to provide an overview of the opinions of a 

representative sample of an identified population.   A survey may be a-theoretical when used 

for exploratory purposes.  Olivier (2004) mentions the use of questionnaires to gather data 

during a survey.  The descriptive results of the subsequent data analysis may be generalised 

from the sample to the population.  The characteristics of Mouton’s survey classification are 

applied to the present study in Table 4-1 in Section 4.3. 
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4.2.3 Experiments and quasi-experiments 
 
According to Mouton (2003), outcome evaluation research aims to determine whether an 

intervention has been successful by establishing whether the intended outcomes of a 

programme or strategy have been achieved.  The design of Mouton’s so-called experimental 

and quasi-experimental outcome studies is usually characterised by hybrid data relating both 

to the initial and the new situations, and comprises both numeric and textual forms of data, 

i.e. qualitative and quantitative.  The design classification also requires an environment with 

medium control and descriptive/evaluative research questions. Mouton makes no distinction 

between experimental and quasi-experimental studies, noting that the mode of reasoning for 

such studies can be completely a-theoretical or it can be theory-driven. 

 

O’Connor (2006) elaborates on experimental designs, distinguishing between an experiment 

and a quasi-experiment.  He points out that a true experiment requires intervention in the form 

of the manipulation of some independent variable to assess causality.  The experimental 

group is usually compared to a control group.  For a quasi-experiment, there is a statistical 

baseline and some intervention, and the concept of ‘trend’ is used instead of cause.  There is 

no control group.  Experimental and quasi-experimental research designs tend to include 

several variable relationships, thus researchers may identify spurious or intervening variables. 

 

Mouton’s (2003) experimental outcome study approach is in line with Olivier’s (2004) second 

type of experiment, namely to test a theory, where a limited experiment is conducted to see 

whether the theory holds in certain specific cases.  This is in contrast with Olivier’s third form 

of experiment, which is to prove a theory.  Information technology experiments straddle a 

dichotomy with regard to control, in that the factors that influence a computer’s behaviour can 

be predictable and therefore simple to control, whereas the users are human and subject to a 

variety of influencing factors.  A single test case may be adequate to prove a theory relating to 

a technical aspect of computing (Olivier’s third type).  However, it would be impossible to 

prove a theory about users if the researcher was using only a single or a few test cases.  

Where a situation is investigated with only a small number of subjects, it can only be used to 

‘test’ the theory (Olivier’s second type), not to prove the theory.  Olivier also considers the 

internal and external validity of the results of an experiment.  To support validity, he 

recommends that the protocol be defined before the experiment is conducted, as is done in 

this study (Section 4.4). 

 

In discussing the design of an experiment, Olivier pinpoints the human factor as a complexity, 

an aspect highly subject to influence.  To counter this, participants can be randomly split into 

groups, where, for example, one is the intervention/experimental group and the other the 

control group.  In all respects except for the single experimental variable, the groups are 

treated identically.  This approach can contribute to objectivity.   
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In a single-group design, by contrast, only one group is used, first as the control group and 

then as the experimental group, with an intervention taking place between the two stages.   

 

Olivier (2004) defines the milestones on the path of an experiment to test a theory, as:  

• State the theory. 

• Design the experiment.  

• Conduct the experiment. 

• Observe. 

• Draw conclusions and report.  

 

The characteristics of Mouton’s (2003) quasi-experimental research are used in the empirical 

experimental research of this study in Table 4-2 in Section 4.3 in the context of Olivier’s 

single-group approach.  Olivier’s milestones are applied to this study in Table 4-3 in Section 

4.3.   

 

4.2.4 Qualitative (naturalistic) and empowerment evaluation 
 

As stated, Mouton’s (2003) research design map includes several research categories. 

Qualitative and empowerment evaluation are addressed by Mouton (2003:161, 162) in the 

evaluation research category 10.  This research involves the use of mainly qualitative 

methods to describe and evaluate the performance of programmes in natural settings, but 

does not exclude quantitative methods. The approach focuses more strongly on the 

implementation process than on quantifiable outcomes.  

 

Olivier (2004) recommends that qualitative methods be used where the insights gained from 

the research cannot be generalised as for quantitative methods.  He mentions that qualitative 

and quantitative research should complement each other, as the data from these two kinds of 

research is measured and processed in different ways.  He defines three types of qualitative 

research, namely: 

• Positivist qualitative research:  Positivist approaches aim to minimise the 

researcher’s impact in objective research. 

• Interpretive research:  This research denies true objectivity and strives to 

understand the issue that is being researched.  

• Critical research:  Critical theory studies aim to use the researcher as an agent who 

strives to change that which is being researched. 

 

Olivier (2004) outlines some qualitative methods, including a focus group approach.  This 

approach is recommended for a small group that can share their experiences, so that the 
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researcher may gain valuable insight.  The researcher serves as facilitator of the focus group 

to minimize researcher effect and to ensure that a positivist approach is maintained.  

 

The characteristics of Mouton’s qualitative evaluation research are applied to the present 

study in Table 4-4 in Section 4.3.  

 

4.2.5 Conclusion of overview of research design 
 

Certain research designs described by Mouton (2003) and Olivier (2004) were considered to 

set the context for their application within the present study.  For this study, the intervention 

was the use of RoutePlanner as developed in Chapter 3.  The implementation details of these 

research designs are developed and explained in the rest of this chapter. 

 

4.3 Mapping of research design for this study 

 

The three forms of research used in this study were introduced in the previous section.  This 

section presents a series of tables to map each underlying theoretical approach to its practical 

application in the area of insurance brokerage: 

 

• Table 4-1:  The characteristics of Mouton’s (2003) survey classification are applied to 

the survey that was designed to gather evidence of the need for visualization.  

• Table 4-2:  This table maps the characteristics of Mouton’s (2003) experiment and 

quasi-experiment classification onto the study.   

• Table 4-3:  Olivier’s (2004) milestones of an experiment are applied to test the theory 

proposed in this study.  

• Table 4-4:  In this table, the characteristics of Mouton’s (2003) qualitative 

(naturalistic) and empowerment evaluation research are mapped onto the present 

study.  Evaluative research was used to investigate the utility of RoutePlanner in the 

context of a focus group approach.  As recommended by Olivier (2004), the 

researcher served as the facilitator.  
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Table 4-1 Application of Mouton's (2003) survey classification 

Theory: Mouton’s approach Application: As conducted in this study 
Description / Definition  
Surveys are quantitative and aim to provide an overview of the opinion of a sample of 
the population. 

 
The identification-of-need survey was used to collect evidence of 
need for visualization of data from the representative sample of 
the insurance broker population. 

Design classification 
Empirical, primary data, numeric data and medium control. 

 
Numeric data was collected using a questionnaire. 

Key research questions 
Surveys are exploratory, mostly descriptive and causal. 

 
The survey was used to explore the need for visualization.  

Typical applications 
Organizational surveys, opinion polls, attitude surveys, and needs assessment surveys. 

 
Needs assessment.   

Conceptualization / Mode of reasoning 
Surveys may be theory-driven to test hypotheses, or inductive and a-theoretical 
(exploratory studies, pilot surveys). 

 
A-theoretical approach, exploratory study. 

Selection of cases / sampling 
Probabilistic or non-probabilistic sampling (convenience or quota sampling). 

 
Domain experts provided a sample of convenience. 

Mode of observation / sources of data 
Structured questionnaires or interview schedules. 

 
Questionnaire. 

Analysis 
Descriptive and inferential statistics.  May use visual presentations. 

 
Descriptive statistics. 

Strengths 
May be generalised to population, depending on sampling design used.  High reliability 
depending on questionnaire used. 

 
The findings were used to generalise the need for visualization to 
the population of insurance brokers.  

Limitations 
May lack depth. 

 
Not applicable to this small-scale survey. 

Main sources of error 
Sampling, questionnaire, non-response, interview effects, data capture. 

 
Minimal in this small-scale survey. 
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Table 4-2 Application of Mouton's (2003) experiment and quasi-experiment classification 

Theory: Mouton’s approach Application: As conducted in this study 
Description / Definition  
The intervention of the experiment, intended and unintended 
outcomes, and immediate (short term) and impact (long term) 
outcomes. 

Intervention: use of RoutePlanner as a model of the visualization process. 
Intended outcome: see outcome 1 below. 
Short-term outcome: see outcome 2 below. 
Long-term outcome: see outcome 3 below. 

Design classification  
Empirical, hybrid, numeric and textual data, medium control. 

 
Numeric data was collected before and after the intervention, using Likert-scale 
questionnaires in a single-group study.  

Key research questions  
Descriptive questions, evaluative questions. 

 
The experiment tested the theory that the use of RoutePlanner by domain experts, in 
collaboration with visualization and data experts, leads to an increased awareness of 
visualization and results in the successful visualization of warehouse data.  

Conceptualisation / Mode of reasoning 
Aimed at assessing whether intended outcomes have been 
achieved, which may be a-theoretical or theory-driven. 

 
Outcome1:  Domain experts gain insight into data (intended outcome). 
Outcome 2:  Use of RoutePlanner leads to the successful visualization of data (short-term 
outcome). 
Outcome 3:  Experts have an increased awareness of visualization (long term outcome). 

Selection of cases / Sampling  
Probability sampling methods. 

 
Volunteer domain experts (brokers from insurance domain) were a sample of 
convenience, and were keen to gain insight from data in their client portfolios.  

Mode of observation / Sources of data  
Research uses all available data collection methods. 

 
Pre- and post-study questionnaire used to collect data. 

Analysis  
Structured and quantitative methods. 

 
Five-point Likert-scale data was analyzed using descriptive statistics, item analysis with 
Cronbach alpha and a general awareness score. 

Strengths  
Ability to assess causal outcomes and impact. 

 
Not applicable to this small-scale experiment. 

Limitations  
Context effects, sampling error, measurement error, maturation, 
history effect, selectivity effects, instrumentation effects, 
generalization. 

 
Not applicable to this small-scale experiment. 
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Table 4-3 Application of Olivier's (2004) milestones of an experiment to test a theory 

Theory: Milestones Application: As conducted in this study 

State the theory The experiment tested the theory that the use of RoutePlanner by domain experts (brokers in the insurance 
domain), in collaboration with the visualization expert (researcher) and the data expert (database administrator of 
FNA database), leads to an increased awareness of visualization and results in the successful visualization of 
warehouse data. 

Design the experiment Each participant of this single-group sample of convenience: 

• Completed the pre-study level-of-awareness questionnaire. 

• Used RoutePlanner as an intervention. 

• Completed the post-study level-of-awareness questionnaire.  

The data was confidential.  To ensure experimental ethics, anonymity of this data was preserved. 

Each group of participants comprised a focus group. 

To ensure validity of the data collected, it is recommended that the protocol be defined first. 

Conduct the experiment Data collection:  

• From the pre- and post-study level-of-awareness questionnaires. 

Data analysis:  

• Pre- and post-study data was compared to determine whether the theory being tested could be confirmed. 

Observe The effects of the intervention were recorded by comparing the pre- and post-study data.   

Draw conclusions and report If the theory could not be confirmed, then the theory either had to be modified or rejected. 
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Table 4-4 Application of Mouton's (2003) qualitative (naturalistic) and empowerment evaluation research classification 

Theory: Mouton’s approach Application: As conducted in this study 

Description / Definition 

Mainly qualitative evaluation used to describe implementation that is 
focussed on processes rather than on quantifiable outcomes.  

 

Participants used and evaluated each aspect of RoutePlanner.   

Design classification 

Empirical, hybrid data, numeric and textual data, medium control. 

 

Questionnaires included quantitative and qualitative data.  

Key research questions 

Descriptive questions, evaluative questions. 

Open-ended questions for unstructured spontaneous responses. 

Closed questions with quantitative Likert ratings. 

Conceptualization / Mode of reasoning 

Usually a-theoretical, consultative, participatory mode of reasoning. 

 

Discussions and brainstorming were encouraged during sessions. 

Selection of cases / Sampling 

Usually theoretical sampling. 

 

Sample of convenience of volunteer insurance brokers. 

Mode of observation / Sources of data 

Qualitative and participatory sources of data. 

 

Data from open responses in questionnaires, participant observation. 

Analysis 

Qualitative and participatory methods. 

 

The responses were coded manually and analysed. 

Strengths 

Collaborative and participatory design reduces potential distrust; trust 
and credibility are therefore enhanced. 

Participants evaluated the utility of RoutePlanner in terms of positive and negative 
features, modifications and / or enhancements and relevance to their professional 
activities using the evaluation-of-use questionnaires. 

Main sources of error 

Interviewer bias, lack of rigorous control, no control group. 

Single-group situation, facilitator set out to be objective, deliberate avoidance of bias. 
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4.4 Data collection in this study 

 

4.4.1 Introduction 
 

As already indicated, different forms of data were collected, namely:  

• Identification-of-need survey data. 

• Pre- and post-study level-of-awareness experimental data. 

• Evaluation-of-use data.  

 

In this section, details of the prerequisites, questionnaires and research processes used to 

collect the data are explained.  A diagrammatic representation of the data collection in its 

entirety is given in Figure 4-3.  Note that this figure is similar to Figure 4-1, but extended with 

data collection details.  For an overview of RoutePlanner, refer to Figure 3.1 in Chapter 3. 

 

Details of the actual data collection in the empirical studies are given in Chapter 5. 

 

For the purpose of readability, the stages of RoutePlanner have been colour-coded. 

• Guidelines: Coded BLUE. 

• Identification stage:  Coded PINK. 

• Selection stage:  Coded YELLOW. 

• Evaluation stage:  Coded GREEN. 

• Overall utility of RoutePlanner: Coded ORANGE. 
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DATA COLLECTION IN RESEARCH DESIGN

Experiment

Intervention 
Use 

RoutePlanner

To explore and identify the 
need for visualization of 
data.

To test the theory that the use of RoutePlanner by domain experts, in 
collaboration with visualization and data experts, leads to an increased 
awareness of visualization and results in the successful visualization of 
data in a warehouse.

To evaluate each stage’s utility as well as 
the overall utility of RoutePlanner.

Pre-study level-of-
awareness 
questionnaire.
Appendix C.4

Post-study level-of-
awareness 
questionnaire.
Appendix C.6

Identification-of-need survey

Evaluation-of-use study

Evaluation-of-use questionnaires.
Appendix C.5

Identification-of-need 
questionnaire.
Appendix C.3

Conclusions and recommendations 

Guidelines. Appendix C.5.1

Selection stage. Appendix C.5.3

Evaluation stage. Appendix C.5.4

Identification stage. Appendix C.5.2

RoutePlanner utility. Appendix C.5.5

 

Figure 4-3 Data collection in research design 

 

4.4.2 Prerequisites 
 

The following were considered to be prerequisites for the intervention. 

 

• Availability of data for visualization:  The proof-of-concept data warehouse was 

designed, implemented and loaded with data from the insurance domain.  The data of 

a stereotypical broker was modified to reduce direct resemblances and was used to 

populate the data warehouse in a way that preserved the anonymity of the clients.  

Details of the design and population of this warehouse are in Appendix A.  A listing of 

the available data is summarized in Table B-22.  From this data, the relevant data 

was identified during the identification stage of the visualization process. 
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• Availability of visualization methods:  Demonstration versions and public domain 

versions of visualization software systems are available.  From the methods included 

in these visualization systems, appropriate methods were selected during the 

selection stage.  Details of these visualization methods are included in tables in 

Appendix B, namely: Table B-16 lists the visualization systems considered in this 

study; Table B-17 gives a listing of all the visualization methods included in these 

systems; and Table B-18 gives the data formatting and implementation details of the 

systems.  The relevant visualization methods (those that are used for tabulated data) 

as given in Table B-17 are summarized in terms of the number of variables to be 

visualized.  This is presented in Table B-23 (Note that this summary table was 

compiled for the convenience of the participants of this study).  From this collection of 

methods, the required VMs were selected during the selection stage of the 

visualization process.  

 

• Identification of experts as participants:  Prior to the experiment, appropriate 

participants for the experiment were identified, namely brokers who use the financial 

brokerage data.  They were considered the domain experts in this study.  Some of 

these brokers had particular knowledge of the data in their brokerage databases and 

some were responsible for the maintenance of databases.  These brokers fulfilled the 

role of a data expert.  For this study, the researcher served as visualization expert, 

despite not being a practising professional in this field.  The definition of an expert is 

given in Section 1.2 and the participant requirements for this study are explained in 

Section 2.7. 

 

4.4.3 Identification-of-need questionnaire 
 

This questionnaire is given in Appendix C.3.  The first section of the questionnaire obtains a 

user profile of the domain expert participants, eliciting their age, gender, number of years of 

domain experience, number of years using the financial brokerage system and number of 

years of using a PC or laptop (as an indication of computer literacy). 

 

The other sections of the questionnaire relate to: 

• Current overview options of the domain data. 

• Identification of marketing opportunities. 

• Available visualization methods. 

• Visualization of the identified marketing opportunities. 

• Overall visualization process. 

 

Table 4-5 gives the framework of the identification-of-need questionnaire. 
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Table 4-5 Framework of the identification-of-need questionnaire (Appendix C.3) 

Section Questions included in the questionnaire 

Overview of 
client data 

Overview questions to focus attention of the brokers on the data in their 
client portfolios.   

Note: Only a very limited number of these questions can be answered 
directly from the current financial needs analysis system.  

Marketing 
opportunities 

Aims to determine whether or not participants were aware of the heuristics 
required to identify potential marketing opportunities, irrespective of the 
data and its visualization aspects.   

Note: It was suspected that many participants had limited awareness of 
heuristics. 

Visualizations Investigates the participants’ level of awareness of visualization methods.  

Note: Given that pie and bar charts are used in most insurance reports and 
journals, it was assumed that these methods were familiar and that the 
participants would be able to interpret them.  

Visualization 
of marketing 
opportunities 

No visualizations of marketing opportunities occur in the current FNA 
system.  These questions were included to determine whether or not the 
participants would be able to gain insights from visualizations of their data.  

Note: It was suspected that there would be a lack of knowledge of the 
benefits and the clarity of the need, and that training would be required in 
the new visualization methods introduced. 

Visualization 
process 

This section sets out to determine whether or not the participants were 
aware that their personal involvement was required in the visualization 
process. 

 

The questionnaire was pilot-tested by a few domain experts and checked by the research 

supervisor prior to being administered.  The domain experts noticed that the initial format of 

the questionnaire stated the obvious, i.e. that no visualizations were available in the current 

system.  This was indeed the case, but it was included as an evaluation statement to highlight 

the fact.  A useful suggestion was that graphical examples of certain visualizations be 

included in the questionnaire, rather than merely naming the various methods. It was 

suggested that the participants might recognise the graphics, even if they did not know the 

names of the visualizations.  These were therefore modified accordingly, prior to being used 

in the identification-of-need survey. 

 

4.4.4 Level-of-awareness questionnaire 
 

Participants completed level-of-awareness questionnaires during the pre- and post–study of 

the experiment, responding to the same questions before and after using RoutePlanner.  The 

pre-study requires the use of Section A and Section B of the questionnaire, while the post-

study requires the use of Section C.  
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The sections of the questionnaire are: 

• Section A (Appendix C.4):  This section obtains a user profile of the domain expert 

participants.  These are the same user attributes as those in the identification-of-

needs questionnaire, namely age, gender, number of years of domain experience, 

number of years of using the financial brokerage system, and the number of years of 

using a PC or laptop (as an indication of computer literacy).   

• Section B (Appendix C.4):  This section consists of questions that relate to an 

awareness of the visualization process. The participants were required to rate each of 

the questionnaire statements on a five-point Likert scale, from ‘Strongly disagree’ to 

‘Strongly agree’.  This section of the questionnaire was completed by the participants 

before the intervention using RoutePlanner.   

• Section C (Appendix C.6):  This contains exactly the same questions as Section B.  

Participants were required to complete this section as the post-study after using 

RoutePlanner. 

 

This level-of-awareness questionnaire was scrutinized by the research supervisor as well as 

by a statistician prior to being administered. It was suggested that the initial four questions be 

extended to six for the purpose of more meaningful statistical analysis. 

 

4.4.5 Evaluation-of-use questionnaire 
 

RoutePlanner was explained and used during the intervention session.  Separate 

questionnaires were compiled to evaluate the use of each aspect of RoutePlanner (i.e. after 

the participants had used that particular stage).   

 

This set of evaluation-of-use questionnaires was scrutinized by the research supervisor as 

well as by a team of academics prior to use, and is included in Appendix C.5. 

 

Several editing format changes were also recommended for Appendix B and Appendix C.  

For convenience, it was suggested that listings of the warehouse facts and dimensions, as 

well as the visualization methods to be used, should be available in a more convenient 

format.  In response to these suggestions, Table B-22 and Table B-23 were included in the 

experiment-and-evaluation-of-use resources in Appendix B. 
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4.4.6 Presentations 
 

Two PowerPoint presentations were developed by the researcher-facilitator to guide the data 

collection process, namely: 

• Identification-of-need presentation (Appendix D.2):  Used during the identification-

of-need survey (Section 4.4.7). 

• Experiment-and-evaluation-of-use presentation (Appendix D.3):  Used during the 

experiment and the evaluation study (Section 4.4.8).   

 

Both these presentations were scrutinized in an academic pilot study as well as in a domain 

pilot study.  The latter presentation was tested in conjunction with the use of the 

RoutePlanner templates (Appendix B) and the questionnaires to be completed (Appendix C).  

Time requirements for the experiment were considered.   

 

4.4.7 Identification-of-need survey and its application 
 

This survey (see Figure 4-3) was done in a single session at a conference of brokers, to 

which the researcher was invited.  The delegates provided a sample of convenience.  An 

identification-of-need questionnaire (Appendix C.3) was completed by the participants.  

 

Quantitative and qualitative data was collected and analysed as evidence of the need for 

information visualization, as well as of the lack of awareness of the visualization process on 

the part of the domain experts (professional brokers).  The methods used in the analysis of 

the data are explained in Section 4.5. 

 

The following section must be read with reference to the relevant PowerPoint 
presentation (Appendix D.2). 
 

The format of an identification-of-need session was: 

 

• Research introduction:  Slides 1, 2 and 3 were used in the introduction to the 

identification-of-need survey.  Participants were welcomed and the research was 

introduced by the researcher, who served as the facilitator. 

• Review of current overview options:  Slides 4, 5 and 6 were used to explain the 

current portfolio overview options available to the brokers using the present financial 

needs analysis system.   
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• Data warehouse introduction:  Slide 7 introduced the concept of a data warehouse, 

a snapshot of data in the database, and the benefits of taking regular snapshots of 

data and loading them into a data warehouse.  

• Visualization methods introduction:  Slides 8, 9 and 10 introduced the concepts of 

visualization, visualization methods and the different methods available.  The 

visualization methods were introduced using insurance domain data.  

• Research requirements:  Slide 11 explained the requirements for the current 

research.  Session participants were required to read the covering letter (Appendix 

C.1), to complete the consent form (Appendix C.2) and to complete the identification-

of-need questionnaire (Appendix C.3).  

• Conclusion of session:  Slide 12 concluded the identification-of-need session.  The 

completed consent forms and questionnaires were returned to the researcher.  The 

participants were thanked for their participation in the study. 

 

4.4.8 Experiment-and-evaluation-of-use study and its application 
 

The experiment and the evaluation-of-use study was done a few months after the 

identification-of-need study (Figure 4-3). The experiment tested the theory that the use of 

RoutePlanner by the domain experts, in collaboration with visualization and data experts, 

leads to an increased awareness of visualization and results in the successful visualization of 

warehouse data, i.e. the data can be transformed and the required insight can be gained 

using RoutePlanner.   

 

The intervention of this limited experiment was the use of RoutePlanner by domain experts, in 

collaboration with the visualization expert and data expert to consider client data from the 

insurance domain. 

  

The analysis of the experimental data and evaluation-of-use data is explained in Section 4.5. 

 

Session 
 

Several separate small-group sessions were held for this part of the study.  Each session was 

attended by between one and three participants, and lasted on average one and a half hours, 

although some took up to two and a half hours.  Each participant completed the pre-study 

level-of-awareness questionnaire, the evaluation-of-use questionnaires and then the post-

study level-of-awareness questionnaire, i.e. it was a single group experiment. 
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Resources 
 

At the beginning of a session, each participant was given two files, each containing a colour-

coded appendix, namely:  

 

• Appendix B - RoutePlanner templates:  Used to implement RoutePlanner. 

• Appendix C - Questionnaires:  The participants completed the relevant questions, 

guided by the presentation.  The pre-study and post-study level-of-awareness 

questionnaires are in Appendices C.4 and C.6 respectively.  A questionnaire to 

determine the level of awareness of visualization was completed before the 

intervention and again afterwards to determine the effect of the use of RoutePlanner 

on the level of visualization awareness.  The evaluation-of-use questionnaires, in 

Appendix C.5, were used to evaluate the use of each aspect of RoutePlanner.  These 

questionnaires allowed for the continual collection of both qualitative and quantitative 

data. 

 

The templates in Appendix B and the questionnaires in Appendix C were considered and 

completed, as and when required, namely, before, during and after the intervention.   

 

Presentation 
 

Session format was guided by the experiment-and-evaluation-of-use presentation.  The 

colours used in the presentation were linked to the resources mentioned above.   

 

Colour-coding 
 

For readability, the slides of the presentation, the relevant pages of the questionnaires in 

Appendix C, and the template pages of RoutePlanner in Appendix B are colour-coded.  All 

pages and slides referring to the guidelines in RoutePlanner are represented by BLUE, the 

identification stage by PINK, the selection stage by YELLOW, the evaluation stage by 

GREEN and the overall use of RoutePlanner by ORANGE. 

 

Observation 
 

Collaboration between the domain, visualization, and data experts, essential to the theory 

being tested, was actively applied.  Furthermore, the researcher encouraged discussion and 

interactive participation throughout.  Comments and reactions of the participants, as noted by 

the researcher, were included as qualitative data in the evaluation research. 
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Proviso 
 

This experiment was conducted under the clear proviso that if the theory was found to be 

incorrect and could not be confirmed, then the researcher would acknowledge that 

RoutePlanner was ineffective, and that refinement and modification were required. 

 

Format of a session 
 

The following section must be read with reference to the relevant PowerPoint 
presentation (Appendix D.3). 
 

The format of a session was: 

 

• Research introduction:  Slides 1 and 2 introduced RoutePlanner and the research 

that led to its development, as well as the concepts of data warehousing, generation 

of a database snapshot and loading of the snapshot into a warehouse.  

• Visualization introduction:  Slides 3, 4 and 5 introduced visualization and 

visualization methods to the participants.  

• Assumptions, need and resources:  The assumptions of the research, the findings 

of the identification-of-need survey and the resources available for the experiment 

and evaluation research were explained by slides 6, 7, 8 and 9.  The requirements for 

the session were explained using slide 9.   

• Research process – Start:  The research process was explained using slide 10.  

• Requirements:  As explained by slides 11 and 12, participants were required to read 

the covering letter (Appendix C.1) and to complete the consent form (Appendix C.2).   

 

• Pre-study:  As per slides 13 and 14, participants were required to complete the user 

profile questions (Appendix C.4, Table C-10 Section A) and the pre-study questions 

of the questionnaire (Appendix C.4, Table C-10 Section B).  

 
• Introduction to intervention:  Slide 15 introduced the intervention in the form of the 

use of RoutePlanner.  The participants considered the dimension and fact data in the 

data warehouse (Table A-1, Table A-2) as well as the summarized listing (Table B-

22).  The data used for these visualizations was a stereotypical set of client data 

within the application domain of insurance brokerage.  
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• Intervention – Guideline introduction:  The purpose of the guidelines was to guide 

and plan the entire process. This ensured that all participants had a similar 

understanding of the requirements of the visualization process.  See slide 16. 

• Intervention – Guidelines:  Slide 17 introduced the guidelines in RoutePlanner 

(Appendix B.2) in terms of the visualization guidelines of Brath (1999) (Table B-2, 

Table B-3, Table B-4), the 5T environmental factors of Mann (1999) and Mann and 

Reiterer (2000) (Table B-5), the visualization issues of Spence (2001) (Table B-6), 

and the included visualization trends (Table B-7).  Each table was discussed 

separately, in context, and comparatively.  Participants also considered potential 

application of the guidelines to their own domain data.  Some guidelines generated 

more discussion and interest than others. 

• Intervention – Guideline evaluation:  After some consideration of these guidelines, 

Slide 18 explained how they were to be evaluated.  The participants had to complete 

the guidelines evaluation questionnaire (Table C-11).  These evaluations provided a 

summary of the previous discussions. 

 

• Intervention – Identification stage introduction:  Slide 19 explained that the 

purpose of the identification stage was to identify the visualization goal, data and 

tasks, using the techniques given in RoutePlanner.   

• Intervention – Identification stage:  Slide 20 explained identification (Appendix B.3) 

with reference to the listing of available data (Table B-22).  Each participant needed 

to explain their unique data requirements (although it was observed that brokers in 

different sessions had similar requirements) using Table B-8.  Participants made 

recommendations for additional data to extend Table B-22.  Although the fieldnames 

needed explanation, the summary provided an overview of the data options. 

• Intervention – Identification stage evaluation:  On completion of Table B-8 with 

the data requirements of the participants, Slide 21 introduced and explained the 

evaluation requirements, after which the participants completed the identification 

stage evaluation questionnaire (Table C-12).   

 

• Intervention – Selection stage introduction:  The purpose of this stage was to 

select methods for the visualization of the data identified during the identification 

stage, as explained by slide 22.  The researcher used the available visualization 

systems (i.e. XmdvTool, VisTree, InfoVis and TChart) to demonstrate a collection of 

visualization methods using non-domain data (i.e. the sample data that was supplied 

with the visualization systems).  Each system was shown to the participants to 

demonstrate the VMs included within it.  The brokers were encouraged to participate 

in the demonstration and in the discussions.  On completion of the demonstration, the 

selection stage templates of RoutePlanner were considered.  
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• Intervention – Selection stage:  Selection options 1 and 2 were not considered in 

this study, therefore the participants used selection option 3 (Appendix B.4), as 

explained by slides 23, 24 and 25, with reference to the templates for the selection 

stage (Tables B-9, B-10, B-11, B-12, B-13, B-14, B-15 and B-16 and Figure B-4) and 

the visualization systems and methods available (Tables B-16 and Table B-17).  The 

data formatting requirements and implementation details for the visualization methods 

available are set out in Table B-18.  Each taxonomy was considered independently, 

and then the collection of taxonomies as a whole.  The participants discussed the 

relevance of each of these to their professional activities, and most of them preferred 

the presentation in Figure B-4.   

• Intervention – Selection stage evaluation:  Slide 26.  When the participants had 

selected their required visualization methods, they completed the selection stage 

evaluation questionnaire (Table C-13).  

 

• Intervention – Evaluation stage:  The purpose of this stage, as explained by slide 

27, was to evaluate the visualizations of the identified insurance data from the 

warehouse, using the selected VMs.  

• Intervention – Evaluation stage:  The selected visualizations were evaluated by 

comparing them to identify the most appropriate (Table B-19), by identifying the 

insight gained (Table B-20), and then by considering the success factors (Table B-

21). Slide 28 explained this stage.  Where the participant had selected more than one 

visualization method, Table B-19 was completed to identify the most appropriate.  

Tables B-20 and B-21 were completed, albeit in some cases in a random order, with 

much discussion ensuing.   

• Intervention – Evaluation stage evaluation:  See Slide 29.  After completing the 

evaluation of the visualizations, the participants completed the appropriate evaluation 

questionnaire (Table C-14).  

 

• Evaluation of RoutePlanner:  Slides 30 and 31.  Participants evaluated the utility of 

RoutePlanner in its entirety by completing the overall evaluation questionnaire (Table 

C-15).  

 

• Post-Study:  Slides 32 and 33.  Participants completed the post-study questionnaire 

(Table C-16 Section C).   

 
• End:  Slides 34 and 35.  Participants were thanked for their participation. The 

documentation and questionnaires were collected by the researcher. 
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4.5 Data analysis in this study 

 

4.5.1 Introduction 
 

This section explains the methods used to process the data collected in this study (Section 

4.4).  Figure 4-4, a further expansion of Figure 4-1 and Figure 4-3, is a graphical depiction of 

the various analysis processes.  The data is analysed in a specific sequence, with each 

analysis building on the previous. 

 

DATA ANALYSIS IN RESEARCH DESIGN

Experiment

Intervention 
Use 

RoutePlanner

To determine whether or not 
there is a need for visualization 
of data.

To test the theory that the use of RoutePlanner by domain experts, in 
collaboration with visualization and data experts, leads to an increased 
awareness of visualization and results in the successful visualization of 
data in a warehouse.

To evaluate each stage’s utility as well as 
the overall utility of RoutePlanner.

Pre-study level-of-
awareness data
Descriptive statistics.

Post-study level-of-
awareness data
Descriptive statistics.

Identification-of-need survey

Evaluation-of-use study

Evaluation-of-use data
Quantitative data – descriptive statistics.
Qualitative comments - thematic analysis.

Identification-of-need data
Quantitative data – descriptive 
statistics.
Qualitative comments –
frequency counts. 

Conclusions and recommendations

Analysis of pre-
and post-study 
data
Descriptive 
statistics. 

Item analysis using 
Cronbach alpha.

Awareness scores. 

Difference between 
awareness scores.

Guidelines. 

Selection stage. 

Evaluation stage. 

Identification stage. 

RoutePlanner utility. 

 

Figure 4-4 Data analysis in research design 
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4.5.2 Analysis of identification-of-need data 
 

Data was collected during the survey from the identification-of-need questionnaire (Appendix 

C.3).  The quantitative data was analysed using descriptive statistics and is presented using 

bar charts and pie charts.  Qualitative comments of the participants were manually 

categorised and listed in the form of frequency counts, as well as bar charts and pie charts.  

The data for each section of the questionnaire was analysed, and is presented in Section 5.2 

in Chapter 5. 

 

4.5.3 Analysis of pre- and post-study level-of-awareness data 
 

The experimental study entailed two sets of data, acquired respectively before and after the 

intervention using RoutePlanner (Figure 4-4).  The pre-study data was obtained from the 

level-of-awareness questionnaire (Appendix C.4) completed by the participants before the 

intervention, while post-study data was obtained from asking the same questions (Appendix 

C.6) afterwards.  The questionnaire consisted of six statements that had to be rated on a five-

point Likert scale. 

 

The pre- and post-study level-of-awareness data was analysed separately, in Sections 5.3 

and 5.4 respectively, and then compared to each other.  Descriptive statistics were used to 

explain the data.  For each statement, the counts for each of the five response options were 

presented using percentage frequency counts and bar charts. 

 

4.5.4 Comparison of pre- and post-study level-of-awareness data 
 

The pre-study and post-study data sets were analysed comparatively using descriptive 

statistics.  The summary data was presented in frequency counts, bar charts and pie charts.  

For each statement, the counts for each of the five response options were compared using 

percentage frequency counts.  This comparison is discussed in Section 5.5 in Chapter 5. 

 

4.5.5 Item analysis for pre- and post-study level-of-awareness data 
 

Each of the n participants responded twice to each of the six statements in the level-of-

awareness questionnaire (i.e. before and after the intervention of the experiment), resulting in 

2n responses to each statement.  

 

Item analysis was applied to the 6 X 2n responses to determine whether or not a correlation 

existed between the responses (i.e. whether the six statements were measuring the same 
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construct).  If a correlation existed, and these six statements were indeed measuring the 

same construct, then a summative measure could be calculated for this data set.  If the 

results of the item analysis were good (i.e. Cronbach alpha greater than 0.7), then the data 

would be used to calculate an awareness score for the pre-study and the post-study.  This 

calculation of Cronbach alpha is presented in Section 5.6.2. 

 

4.5.6 Awareness scores for pre- and post-study  
 

The pre-study awareness score is considered an indication of the level of awareness of the 

visualization process prior to the intervention, whilst the post-study awareness score is an 

indication of the level afterwards.  Each participant had a pre-study and a post-study 

awareness score, where the pre-study score was the average of the responses to the six 

statements in the pre-study.  Similarly, the post-study score was the average of the responses 

to the six statements in the post-study.  A box and whisker plot, as well as a five-number 

summary, were used to compare the pre-study and post-study awareness scores, which were 

then used in further analysis to determine the effect of the RoutePlanner intervention.  These 

results are presented in Section 5.6.3. 

 

4.5.7 Difference between pre- and post-study awareness scores 
 

The effect of the intervention was measured by comparing the data of the pre- and post-

study.  Awareness scores were calculated from this data, and these scores, in turn, were 

tested to determine whether or not the two were the same, i.e. whether the difference 

between the pre-study and post-study awareness scores was zero.  The differences between 

the pre- and post-study general awareness scores are calculated in Section 5.6.4. 

 

The Kruskal-Wallis non-parametric test, based on the Wilcoxon scores (rankings), was used 

to test the hypothesis that there was no statistically significant difference between the pre- 

and post-study scores. The test statistic was tested against the chi-squared test.   This test of 

statistical difference was used to confirm or reject the theory that the use of RoutePlanner by 

a domain expert, in collaboration with visualization and data experts, leads to an increased 

awareness of visualization and results in the successful visualization of warehouse data.    
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4.5.8 Analysis of quantitative and qualitative evaluation-of-use data 
 

This data was collected in two formats, namely: 

 

• Evaluation-of-use questionnaire data (Appendix C.5):  These questionnaires 

consisted of statements specific to the aspect of RoutePlanner (i.e. guidelines, 

identification stage, selection stage, and evaluation stage) being evaluated.  

Participants were required to give ratings on a five-point Likert scale as well as 

answer several open-ended questions regarding the positive and negative issues of 

use, suggestions for improvement, and the participant’s views on the relevance of the 

aspect.  It was anticipated that, for each of these open-ended questions, themes 

would emerge in the analysis of the evaluation-of-use data. 

 

• Observation data:  During the study, the participants were observed by the 

researcher.  Various spontaneous comments and responses were collected. 

 

Multiple methods of data collection and analysis were used, i.e. triangulation to validate the 

findings.  The analysis of this data is presented in Section 5.7. 

 

For the quantitative data, the frequency counts for these responses were tallied, and 

presented in bar charts. 

 

The qualitative data was captured in a spreadsheet format so that general themes could be 

identified from the responses.  These responses were then coded and analysed.  Oates 

(2006) suggests that a form of quantitative analysis may be used on qualitative data.  For this 

data, the number of times that specific concepts occurred during the evaluation of the use, 

namely frequency counts, can be presented graphically.  Steps recommended by Oates 

(2006) for the analysis and coding of qualitative data, as well as its application in the present 

study, are presented in Table 4-6.  
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Table 4-6 Application of Oates’ (2006) steps for the analysis of qualitative data 

Theory: Oates (2006) Application: As conducted in this 
study 

Format data 

Get the data into a format appropriate for 
analysis. 

 

Data was imported into a spreadsheet 
format. Each aspect of RoutePlanner 
was evaluated in terms of positive 
remarks, negative remarks, suggestions 
for improvement and relevance of use. 

Overall impression 

Read data to gain a general impression. 

 

Each aspect was considered separately. 

Key themes 

Recommended initial key themes: 
• Units of no relevance to research 

purpose. 
• Units for general descriptive information. 
• Units of relevance to research. 

 

Units of no relevance were identified and 
removed.  Labels were assigned to 
relevant units.  

Focus and labels 

Focus on relevant units using labels to describe 
the themes of the unit.   

Each unit is categorized, although categories 
selected may change.  

Olivier (2004) notes that categories must be 
meaningful to the research and should not 
overlap. 

 

Data was categorized and labelled.   

Percentage frequency counts were 
determined for each category. 

Refine labels 

Initial categories and their labels may be refined. 

 

Owing to limited data, label refinement 
was not required. 

 

4.6 Contribution of chapter 

 

This chapter outlines the research design and methods of each of the research approaches, 

namely the identification-of-need survey, the experiment and the evaluation-of-use study.  

This chapter thus contributes to the study by setting the scene for Chapter 5, where details of 

the implementation of each of these respective research approaches, as well as the collection 

and analysis of the different kinds of data, are discussed.  Recommendations and conclusions 

are presented in Chapter 6.  
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55  DDAATTAA  CCOOLLLLEECCTTIIOONN  AANNDD  AANNAALLYYSSIISS  
 

5.1 Introduction to chapter 

 

Following the explanation of the research design in Chapter 4, this chapter provides details of 

the empirical data collection and analysis of this study.  The map for this chapter is shown in 

Figure 5-1, which is followed by a brief re-statement of the various stages of the research: 

 

MAP OF CHAPTER 5

Experiment

Intervention 
using 

RoutePlanner

Analyze pre-study 
level-of-awareness 
data
Section 5.3

Analyze post-study
level-of-awareness 
data
Section 5.4

Identification-of-need survey

Evaluation-of-use study

Analyze evaluation-of-use data. 
Section 5.7

Analyze identification-of-
need data
Section 5.2 

Consolidation of the identification-of-need study, the  pre-and post-
study level-of-awareness study, and the evaluation-of-use study. 
Section 5.8

Comparison of 
pre- and post-
study level-of-
awareness data
Section 5.5

User profile
Section 5.3.2

Level of awareness
Section 5.3.3

Level of awareness
Section 5.4.2

Item analysis 
and awareness 
scores
Section 5.6

Conclusion.  
Section 5.9

Guidelines. Section 5.7.2

Selection stage. Section 5.7.4

Evaluation stage. Section 5.7.5

Identification stage. Section 5.7.3

Overall RoutePlanner utility. Section 5.7.6

 

Figure 5-1 Map of Chapter 5 
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Identification-of-need study 
 

A questionnaire (Appendix C.3) was used in an initial survey to identify and explore the need 

for visualization.  Descriptive statistics were used to analyze (Section 5.2) the data. 

 

Experiment - Pre-study and intervention 
 

An experiment was conducted to test the theory that the use of RoutePlanner by domain 

experts, in collaboration with visualization and data experts, leads to an increased awareness 

of visualization and results in the successful visualization of warehouse data.  This 

experiment also serves to answer the fifth research question (Section 2.3).  A level-of-

awareness questionnaire (Appendix C.4, Section A and Section B) was completed by 

participants prior to the intervention of the experiment, during which they used RoutePlanner 

in collaboration with experts.  Descriptive statistics were used (Section 5.3) to reveal the level 

of awareness of visualization.   

 

Evaluation of RoutePlanner 
 

Interspersed with the various stages of the intervention process, the set of evaluation-of-use 

questionnaires (Appendix C.5) was completed; each questionnaire being administered after 

use of the relevant stage of RoutePlanner.  The quantitative and qualitative data was 

analysed and interpreted using descriptive statistics and thematic analysis respectively 

(Section 5.7) to determine the utility of each stage in terms of positive and negative features, 

suggested modifications and the relevance of each aspect to the work of the participant. 

 

Experiment - Post-study 
 

The level-of-awareness questionnaire (Appendix C.6, Section C) was completed after the 

intervention to assess the impact of the use of RoutePlanner.  Similarly to the analysis of the 

pre-study data, descriptive statistics were used (Section 5.4) to reveal the new level of 

awareness. 

 

Comparison of pre- and post-study data 
 
The experiment involved a single-group study, for which pre- and post-study level-of-

awareness data (Sections 5.3 and 5.4 respectively) was compared using descriptive statistics 

and trend analysis (Section 5.5) to determine whether or not the RoutePlanner intervention 

had an effect on the participants’ level of awareness of visualization.  The impact was further 

investigated (Section 5.6) by conducting item analysis, calculating general awareness scores 

for the pre- and post-study, and determining the difference between them. 
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Consolidation of the different forms of data 
 
The identification-of-need data, pre- and post-study level-of-awareness data and evaluation-

of-use data were linked (Section 5.8) to investigate validity and consistency of the data.  

 

5.1.1 Schedule 
 

A brief overview of the schedule used for the collection of data is given in Table 5-1.  For each 

activity, references are made to the appropriate subsections.  All the methods and 

documentation used were approved by the research supervisor who did a walk-through of 

each process in advance.   

 

Table 5-1 Schedule of activities 

Pilot study for identification-of-need survey - 4 March 2007 

Two domain experts briefly reviewed the covering letter and consent form (Appendices C.1 
and C.2), identification-of-need questionnaire (Appendix C.3), and the identification-of-need 
PowerPoint presentation (Appendix D.2). 

Identification-of-need survey - 8 March 2007 

Survey and its implementation are described in Section 4.4.7.   

The session was guided by the identification-of-need presentation (Appendix D.2).   

Data collection and analysis processes are detailed in Section 5.2. 

Pilot study for experiment and evaluation-of-use study - 3 July 2008 

Two pilot studies were held, one attended by two domain experts, and the other by two of the 
researchers’ academic colleagues to review the level-of--awareness questionnaire used for 
the pre- and post-study (Appendix C.4 and Appendix C.6), the evaluation-of-use 
questionnaires (Appendix C.5), the experiment-and-evaluation-of-use PowerPoint 
presentation (Appendix D.3).  

Advertisement of the planned intervention sessions - July 2008 

The study was advertised and emails sent to potential participants.   

Contact arrangements were finalised telephonically.  

Experiment and evaluation-of-use study - July and August  2008  

Several sessions were held, each involving between one and three participants.  For 
convenience, the researcher usually travelled to the participant’s office location.  
Implementation details are given in Section 4.4.8.   

Each session was guided by the experiment-and-evaluation-of-use presentation.   

Data collection and analysis are detailed for pre-study level-of-awareness data (Section 5.3), 
post-study level-of-awareness data (Section 5.4), pre- and post-study level-of-awareness data 
comparison (Section 5.5 and Section 5.6), and evaluation-of-use data (Section 5.7). 
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5.1.2 Participants and session formats 
 

Participants in this study are the intended end users of the visualization process embodied in 

RoutePlanner.  They are the domain experts, as explained in Section 1.2 along with mention 

of the gender convention in this study.  The participant requirements for this study are 

explained in Section 2.7, and the availability of experts as a prerequisite for the study is 

described in Section 4.4.2.  

 

The participants comprise samples of convenience of brokers who use the same financial 

needs analysis (FNA) system.  This system allows a broker to access the client data of one 

client at a time and to review various aspects of that client’s FNA.  The system provides a 

limited listing functionality, whereby the broker can specify filters to extract the required client 

data from the broker database, but he is unable to acquire a global and concurrent overview 

of the data pertaining to all the clients in his portfolio.  Furthermore, the current system does 

not include any options for the visualization of such data.   

 

In informal conversation with brokers, the researcher realised their need to gain deeper 

insight into their client databases so as to highlight marketing opportunities, and to identify 

their clients’ needs.  This led to identification of the real-world problem for this research, and 

the recommendation that visualization of the relevant client data could provide such insight.   

 

Two groups of brokers participated in this research.   

• Identification-of-need survey:  A group of thirty one (31) participants attended a 

brokers’ conference and completed the identification-of-need questionnaire.  For 

logistical reasons, many of these brokers, despite their indicated willingness to 

participate, were not able to be part of the second group of participants.  The user 

profile is shown in Section 5.2.2. 

 

• Experiment-and-evaluation-of-use study:  This group, in the form of several 

separate subgroups totalling thirty (30) participants, participated in the experiment 

and evaluation research.  Some participants of this group had attended the broker 

conference and participated in the initial survey.  The user profile is set out in Section 

5.3.2. 

 

During these sessions, the researcher served as a collaborative facilitator and as the 

visualization expert, using the PowerPoint presentations to interactively guide the use and 

evaluation of RoutePlanner.  In some sessions, the researcher also took the role of data 

expert, although on occasions, the participants included a broker who was a data expert.  

Open discussions and communication occurred through-out the sessions. 
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5.1.3 Presentation of data 
 

Several different visualization methods have been used to present the data collected during 

this research.  Colours are used to highlight data comparisons.  Each set of data 

presentations is followed by a summary conclusion.  The main data representations used are: 

• Pie chart:  In general, pie charts are used where there are fewer categories to 

compare, e.g. the gender profile for the identification-of-need survey (Figure 5-2), and 

the familiarity of specific visualization methods (Figures 5-7 to 5-10).  

• Bar chart:  The bar charts are used to compare more than two categories (e.g. the 

presentation of percentage frequencies for marketing opportunities (Figure 5-5)), and 

also to present multiple data sets in a single figure (e.g. the comparison of pre- and 

post-study data).    

 

In the evaluation-of-use data, different data representations were selected to distinguish 

between the four items of evaluation, namely the likes, the dislikes, the suggestions for 

modification and the perceived relevance to work.  This allows for the comparison of a given 

item over all aspects of RoutePlanner, e.g. the dislikes of the guidelines, the identification 

stage, the selection stage and the evaluation stage.   Thus:  

• Pie charts with a white background: These are used to present the ‘what do you 

like about’ evaluation of guidelines (Figure 5-29), identification stage (Figure 5-35), 

selection stage (Figure 5-41), evaluation stage (Figure 5-49), and overall use of 

RoutePlanner (Figure 5-54).   

• Pie charts with a black background:  These are used to present the ‘what do you 

dislike about’ evaluation of guidelines (Figure 5-30), identification stage (Figure 5-36), 

selection stage (Figure 5-42), evaluation stage (Figure 5-50), and overall use of 

RoutePlanner (Figure 5-55). 

• Bar chart with purple bars:  These are used to show the percentage frequencies for 

suggested modifications to aspects of RoutePlanner, e.g. for guidelines (Figure 5-

31), identification stage (Figure 5-37), selection stage (Figure 5-43) and evaluation 

stage (Figure 5-51). 

• Bar charts with rust bars:  These are used to show the percentage frequencies for 

the work relevance of aspects of RoutePlanner, e.g. for guidelines (Figure 5-32), 

identification stage (Figure 5-38), selection stage (Figure 5-44), and evaluation stage 

(Figure 5-52).  

 

Consistent colour coding, the same as used in RoutePlanner templates, presentations, and 

questionnaires, was used in Figures 5-59 and 5-60, which graphically represent the 

consolidated conclusions (detailed in Section 5.8) of the sections of analysis in this chapter. 
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5.2 Analysis of identification-of-need data 

 

This section should be read in conjunction with Appendices C.1, C.2, and C.3 and the 
presentation in Appendix D.2. 
 

5.2.1 Introduction 
 

The identification-of-need data was collected on 8 March 2007 at the three-day SEESA 

Commercial Conference in Bloemfontein.  Data collection was scheduled as part of the 

proceedings, and the researcher was allocated an hour on the programme by the conference 

organisers.  All thirty one (31) brokers attending the conference served as domain-expert 

participants in the researcher’s efforts to quantify the need and to investigate the status quo, 

in terms of an overview of the client data, the identification of marketing opportunities, the 

awareness of visualization, and the visualization of identified marketing opportunities. 

 

The data collection process is explained in Section 4.4.7.  The researcher introduced the 

study by means of the identification-of-need presentation (Appendix D.2).  Participants read 

the covering letter (Appendix C.1) and form of consent (Appendix C.2), and then completed 

the form and the identification-of-need questionnaire (Appendix C.3).   

 

Identification-of-need data was collected for the six sections of the questionnaire, namely user 

profile, overview of client data, marketing opportunities, visualization, visualization of 

marketing opportunities and visualization process.  The responses were captured in an Excel 

spreadsheet.  The quantitative data was analysed using descriptive statistics and frequency 

counts, and was graphically presented as bar charts and pie charts.  Qualitative data in the 

form of participants’ comments was collated as a list. 

 

5.2.2 User profile 
 

Each participant’s profile was probed using Table C-1 in Appendix C.3.  Figure 5-2 shows the 

gender distribution of sixty eight percent (68%) male and thirty two percent (32%) female. 
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Figure 5-2 Identification-of-need - Gender profile 

 

Further aggregated data from the completed tables is presented in Figure 5-3 which depicts 

the minimum, maximum and average ages, as well as the experience of the participants.  The 

experience of a participant was recorded in terms of the number of years that he/she had 

been a broker, the number of years of use of the FNA system, and the number of years of use 

of a laptop or PC.   

 

 

Figure 5-3 Identification-of-need - Age and experience 

 

The participants had an average current age of forty four (44) years, an average of ten (10) 

years of experience as a broker, an average of five (5) years’ experience in the use of the 

FNA system, and an average of ten (10) years of experience of using a laptop or PC.  
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5.2.3 Overview of client data 
 

Table C-2 in Appendix C was used to gather information regarding the overview that each 

participant (i.e. broker) had of the client data in his/her FNA database.  These questions were 

intended to focus the participants’ attention on their own client data.  As stated earlier, the 

FNA system provides access only to the data of one selected client at a time, thus none of the 

questions could be answered directly from the FNA system in its current format.  Very limited 

listing functionality is, however, available for a small subset of the data in the FNA database. 

 

As part of the participants’ responses to the questions posed in this section of the 

identification-of-need questionnaire, an ‘X’ option allowed participants to indicate that they 

were unable to provide the necessary information and were also unable to guess a response.   

 

Figure 5-4 shows the percentage frequency of such X responses to each of the ten questions 

relating to the participant’s overview of the client data in his/her FNA database.  

 

 

Figure 5-4 Percentage frequency of X response for overview of client data 

 

Thus thirty nine percent (39%) of the broker-participants could not estimate the number of 

clients in their portfolio and thirty five percent (35%) did not know how many clients were 

deceased. Only twenty nine percent (29%) knew the fine-grained details, such as how many 

clients had children turning eighteen in the current year.  Sixty one percent (61%) of the 

participants were unaware how many of their clients were due to retire that year, and fifty 

eight percent (58%) had no recorded data that would indicate the anticipated retirement date. 



 Chapter 5 DATA COLLECTION AND ANALYSIS    

 

5-9 
PM GOUWS 7872658 

 

Question 11 of Section C.3.2 asked the participants: 

• If it is possible, explain how you could obtain these statistics using the current system. 

 
This question referred to the statistics relating to the ten attributes in Fig 5-4, and how these 

could be obtained from their portfolio in the current version of the FNA system.  Eight of the 

participants (25.8%) had no idea how to obtain such information and therefore gave no 

response.  The other twenty three (74.2%) used a variety of options, including use of the 

reporting queries currently included in FNA, and the exporting of data in the relevant FNA 

database table to a spreadsheet, so as to access each record in the table. 

 

Question 12 of this section asked the participants: 

• Please name other items of overview data that are important to you. 
 

Fourteen participants (45%) gave no response to this question.  The rest of the participants 

(55%) mentioned data that was available and could be presented visually. 

 

Summary conclusion:  Frequency distributions of the non-accessibility of the FNA database 

indicated that the participants did not have readily-available summative client information, 

neither in tabular or in graphic format. 

 

5.2.4 Marketing opportunities 
 

The questions in Table C-3 in Appendix C aim to determine whether or not the participant can 

define which data in the FNA database should be used to identify potential marketing 

opportunities.   

 

For Question 1 of this section, the participants were required to give examples of such data 

(with a reason for each), and also asked to rate the statement:   

• I can clearly define the data used to identify marketing opportunities. 

 

Figure 5-5 summarises the percentage frequencies of the responses to Question 1 of this 

section, indicating that seventeen of the thirty one participants (55%) either ‘Strongly agree’ 

(1) or ‘Agree’ (2) that they could define the data to identify marketing opportunities. 
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Figure 5-5  Marketing opportunities 

 

Question 2 of this section asked:  

• Give examples of data used to identify marketing opportunities. Give a reason for 

each example. 

 

Twenty four participants (77%) gave such examples with reasons.  The factors included 

current age, retirement age and financial planning for retirement.  In general, the participants 

appeared to use the data issues mentioned in the previous section of the questionnaire, 

rather than to reason independently.  The examples were not clearly defined and further 

comments were limited.   

 

Considering Question 1 and Question 2 together, it emerges that the greater percentage of 

the participants were able to define which data could be used to identify marketing 

opportunities.  

 

Summary conclusion:  The rating responses indicate that the participants are able to 

identify which data in the FNA database can be used to highlight marketing opportunities. 

 

5.2.5 Visualization 
 

The first two questions in Section C.3.4 of the identification-of-need questionnaire were 

included to determine whether or not the participants were aware of visualization.  The 

questions focused on the visualization of data, namely:  

• I have heard of the visualization of data. 

• I know about the benefits of visualized data. 
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Figure 5-6 presents the percentage frequency of the rating responses to these two questions.  

Most of the participants (68%) had heard of the visualization of data, while seventy one 

percent (71%) knew about the benefits of visualization.   

 

 

Figure 5-6 Visualization awareness 

 

The third question in this section considered the extent to which the participants were familiar 

with various visualization methods (VMs).  For the examples given in the questionnaire, 

domain-specific client data (e.g. gender, marital status, pension provision, current age and 

retirement age) was visualized using fairly common VMs, such as pie chart, bar chart, bubble 

plot and scatter-plot.  For each of these methods, the participants were required to indicate 

the level of familiarity (i.e. very familiar, familiar or never seen) and supply an example of how 

a marketing opportunity could be interpreted.  Pie and bar charts are used extensively in 

insurance reports and journals, thus it seemed reasonable to assume that brokers would be 

familiar with these methods and be able to interpret them. 

 

Figure 5-7 shows the perceived familiarity of the pie chart, after the participants had seen the 

client gender distribution presented in the questionnaire by means of a pie chart. None of the 

participants (0%) indicated that they had never seen a pie chart, while eighty four percent 

(84%) found the pie chart to be very familiar. 
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Figure 5-7 Familiarity of pie chart 

 

Figure 5-8 depicts the familiarity of the bar chart. Table C-5 in the questionnaire presented a 

client marital status distribution using a bar chart.  Only three percent (3%) of the participants 

indicated that they had never been seen a bar chart, and eighty one percent (81%) agreed 

that it was very familiar. 

 

 

Figure 5-8 Familiarity of bar chart 

 

Figure 5-9 shows participants’ familiarity with bubble plots, after they had considered the 

pension provision distribution portrayed by a bubble plot in Table C-6.  Most of them (55%) 

had never seen a bubble plot, and only ten percent (10%) were very familiar with it. 

 

 

Figure 5-9 Familiarity of bubble plot 
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Figure 5-10 presents the familiarity of the scatter plot, in response to the scatter plot depicting 

current age and retirement age in Table C-7 of the questionnaire. 

 

 

Figure 5-10 Familiarity of scatter plot 

 

Although most of the participants (68%) agreed that they had heard of data visualization and 

seventy one percent (71%) knew about its benefits, only a few of them were able to name any 

other VMs.  The pie chart was, as anticipated, very familiar.  All the participants had 

encountered a pie chart previously (Figure 5-7).  Bar charts were also very familiar, with only 

one participant indicating that he had never seen one (Figure5-8).  Bar charts of other data 

are available in the current version of the FNA system, so it is suspected that he may well 

have encountered them but not in the format of Table C-5.  The bubble plot, as anticipated, 

was unfamiliar and most participants (55%) had never seen one (Figure 5-9).  The scatter plot 

was also considered familiar, although seven participants (23%) had never encountered one 

Figure 5-10).  It is suspected that it was the format of the scatter plot, rather than the scatter 

plot VM per se, that had never been seen before.  For each of the VMs presented, 

irrespective of familiarity, the participants were unable to interpret the visualizations.   

 

Summary conclusion:  The results indicated the participants were aware of graphical 

representations with varying levels of familiarity, ranging from high familiarity (e.g. eighty four 

percent (84%) for a pie chart) to a low familiarity (e.g. ten percent (10%) for a bubble plot).   

 

5.2.6 Visualization of marketing opportunities 
 

Table C-8 in the identification-of-needs questionnaire poses four questions relating to the 

visualization of marketing opportunities, which participants had to rate: 

• I realise the need to visualize the marketing opportunities in my client portfolio. 

• I prefer visualizations that are familiar to me. 

• I am keen to learn new visualization techniques. 

• There are economic benefits in the visualization of marketing opportunities within my 

portfolio. 
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Figure 5-11 presents the percentage frequency responses to these questions. 

 

 

Figure 5-11 Visualization of marketing opportunities 

 

The ‘Strongly agree’ (1) and ‘Agree’ (2) groups are consolidated in the discussion following. 

Eighty seven percent (87%) agreed there was a need to visualize the marketing opportunities 

in the client portfolio.  Likewise, eighty seven percent (87%) preferred familiar visualizations, 

and, yet again, eighty seven percent (87%) were keen to learn new visualizations.  Ninety 

seven percent (97%) were aware of the economic benefits in visualizing marketing 

opportunities inherent in client portfolios. 

 

Thus most participants either strongly agreed or agreed with all four statements made.  This is 

in contrast to the expectation that they would not realise the potential of visualizing marketing 

opportunities, nor be keen to learn nor be aware of the economic benefits.  It must also be 

noted that there were participants who saw no need to visualize data and also some who had 

no interest in learning about new methods. 

 

Summary conclusion:  The need to visualize was thus established, particularly in view of the 

potential economic benefits. 
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5.2.7 Visualization process 
 

Table C-9 presents questions that were used to determine the participants’ awareness of the 

process of visualization.  Participants were required to provide rated responses to the 

following two questions: 

• My domain knowledge and expertise can be used in this process. 

• I am willing to work with a data expert and a visualization expert within this 

visualization process to gain further insight into my client data. 

 

Figure 5-12 presents the percentage frequency for the rating responses to these questions.   

 

 

Figure 5-12 Visualization process 

 

The ‘Strongly agree’ (1) and ‘Agree’ (2) groups are consolidated, thus seventy four percent 

(74%) of the participants realised that their own domain knowledge and expertise could be 

used in the visualization process, and seventy five percent (75%) indicated willingness to 

work in collaboration with a data expert and a visualization expert to gain further insight into 

their client data.  Thus, most participants are aware that their expertise can be used and they 

are willing to collaborate with the experts in the visualization process.  Some participants, 

however, were hesitant and responded with a ‘Maybe’ (3). 

 

Summary conclusion:  The participants are aware of the need for collaboration during the 

implementation of the visualization process. 
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5.2.8 Conclusion of identification-of-need findings 
 

The data collected during the identification-of-need survey revealed that there was an 

awareness of visualization and its benefits, but that the details of implementation and use of 

visualization were not clear to the participants.  They were unable to interpret the 

visualizations and required heuristics to guide the interpretation (albeit only initially).   

 

Question 3 in Table C-9 provides an opportunity for open-ended responses.  A few 

participants made comments.  On visualizations in general, one noted that ‘our clients are IT 

boffins and must be impressed’.  One of the secondary benefits of visualizing marketing 

opportunities is that it can enhance communication with technologically-literate clients. 

Another participant noted:  ‘Ek sal baie tyd moet spandeer (wat ek nie het nie) om een vir een 

elke kliënt na te gaan’. This statement, when translated and interpreted, shows that the 

participant viewed the saving of time as an important benefit of visualization.  Following the 

survey, most participants were eager to see visualizations of the data in their own portfolios. 

 

Further qualitative issues that emerged were:  

• Some participants, although they indicated that they could identify required data, 

failed to give examples of their data requirements. 

• Some participants were unable to interpret the familiar visualizations.   

• Although the need for visualization was recognised, some (26%) of the participants – 

brokers by profession – were unable to realise that their domain knowledge and 

expertise was required during the visualization process. 

 

It can be concluded that there is an awareness of the need for the visualization of client data 

in the FNA system, as well as the need for a process for the transformation of raw client data 

to the required visualized insight.  

 

5.3 Analysis of pre-study level-of-awareness data 

 

This section should be read in conjunction with Appendix C.4 and the presentation in 
Appendix D.3. 
 

5.3.1 Introduction 
 

Pre-study level-of-awareness data was collected during several experiment-and-evaluation-

of-use sessions with domain experts in July and August 2008. The process that was followed 

is explained in Section 4.4.8. 
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This section considers the analysis of this data, which was obtained using the level-of-

awareness questionnaire (Appendix C.4) prior to the intervention of the experiment, namely 

the use of RoutePlanner.  Section A of this questionnaire collected user profile data of the 

thirty (30) participants.  Section B consisted of six statements to measure their level of 

visualization awareness.  These statements were on the five-point Likert scale ranging from 

‘Strongly disagree’ (1) to ‘Strongly agree’ (5). 

 

Analysis of the user profile data is presented in Section 5.3.2, and analysis of the pre-study 

level-of-awareness data in Section 5.3.3.  The pre- and post-study data are compared in 

Sections 5.5 and 5.6. 

 

5.3.2 User profile 
 

The participants’ user profiles were probed by Table C-10 (Section A).  Figure 5-13 gives the 

gender percentages of the pre-study participants.  Since this was a single-group experiment, 

the participants in the pre-study were used in the intervention and in the post-study, all in a 

single comprehensive session.  As stated earlier, they were not the same group that was 

used in the identification-of-need study (Section 5.2), although there was some overlap. 

 

 

Figure 5-13 Pre-study - Gender profile 

 

The participants gave their current age, number of years of experience as a broker, number of 

years of use of the financial needs analysis system and the number of years of using either a 

PC or a laptop (as an indication of their computer literacy).  Figure 5-14 portrays the 

minimum, maximum and average age as well as experience. 
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Figure 5-14 Experiment - Age and experience 

 

The foregoing indicates that the participants were mostly male (63%), had an average age of 

forty seven (47) years, an average of fifteen (15) years experience as a broker, an average of 

seven (7) years experience in using the financial needs analysis system, and an average of 

fourteen (14) years experience with a laptop or PC.   Note that the broker with zero years of 

FNA experience and PC/laptop experience is an older broker, who has an assistant who is 

responsible for the computerized administrative work on the FNA system.   

 

The profile of these users is similar to that of those in the identification-of-need survey, 

portrayed in Figure 5-3, although the participants represented in Figure 5-14 were marginally 

more experienced. 

 

5.3.3 Level of awareness 
 

The participants rated each of the following six statements in the level-of-awareness 

questionnaire (Table C-10, Section B): 

• I know the details of the process that is required to transform raw into visualized data. 

• I know how to identify the data to be visualized. 

• I know how to select appropriate visualization methods. 

• I know how to evaluate visualizations of required data. 

• I am aware of the benefits of the visualization of data. 

• I am aware of the insights that may be gained from the visualization of the data. 

 

Figure 5-15 depicts the minimum, maximum and average rating for each of these statements.  
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Figure 5-15 Pre-study level-of-awareness ratings 

 

For each of the statements, a minimum rating of ‘Strongly disagree’ (1) was recorded.  The 

first four statements, relating to the visualization process, were given a maximum rating of 

‘Agree’ (4), and average ratings of between ‘Strongly disagree’ and ‘Disagree’ (1.7, 1.8, 1.6 

and 1.9 respectively) by the participants, whilst the fourth and fifth statements relating to 

general visualization received maximum ratings of ‘Strongly agree’ (5) and average ratings of 

less than ‘Maybe’ (2.6 and 2.9 respectively).   

 

Thus for the pre-study, the participants had an average of below ‘Maybe’ (3)  for awareness of 

visualization and its benefits, and an average of below ‘Disagree’ (2) for awareness of the 

details of the visualization process required to transform raw data into visualized insight. 

 

Summary conclusion:  The results indicate a pre-study sample group with low awareness 

levels regarding visualization. 

 

Further detail regarding these low average awareness levels emerges from examining the 

percentage frequency counts for each rating.  These are graphically represented as bar 

charts in Figure 5-16. 
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Figure 5-16 Pre-study ratings 

 

Most participants rated the first four statements of the level-of-awareness questionnaire either 

‘Strongly disagree’ or ‘Disagree’, i.e. eighty six percent (86%) were unaware of the details of 

the process to transform data in a warehouse to visualized data; eighty three percent (83%) 

could not identify the required data; eighty three percent (83%) could not select VMs; and 

eighty percent (80%) were unable to evaluate visualizations.  Just more than half of the 

participants (54%) either disagreed or strongly disagreed with the statement that that they 

were aware of the benefits of visualization, while less than half of them (43%) either 

disagreed or strongly disagreed with the statement that they were aware of the insights to be 

gained.   

 

For the last two statements (referring to visualization in general), there was a more neutral 

stance than for the first four statements (which referred to the visualization process).  Thus 

the level of awareness tends to be higher for the benefits of visualization and the insight to be 

gained from it, than the level of awareness of the actual visualization process required for the 

transformation of raw data to required insight. 

 

5.3.4 Conclusions of pre-study findings 
 

From the pre-study level-of-awareness of data, it can be concluded that, although the 

participants were largely unaware of the details of the visualization process per se (only 

between 7% and 17% agreed with the statements), they were relatively aware of the benefits 

of visualization and the insights to be gained from using it in interpreting their client data (40% 

and 47% agreed with the statements). 
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5.4 Analysis of post-study level-of-awareness data 

 

This section should be read in conjunction with Appendix C.6 and the presentation in 
Appendix D.3. 
 

5.4.1 Introduction 
 

Post-study level-of-awareness data was collected during several experiment-and-evaluation-

of-use sessions with domain experts.  The details of the process are set out in Section 4.4.8. 

 

The data was obtained after their intervention session using Section C of the questionnaire 

(Appendix C.6), which consisted of six statements (same as in the pre-study) that had to be 

rated on the five-point Likert scale from ‘Strongly disagree’ (1) to ‘Strongly agree’ (5).  The 

analysis of this data is set out in Section 5.4.2, and is compared to the pre-study data in 

Sections 5.5 and 5.6.  

 

5.4.2 Level of awareness 
 

The participants rated the six statements in the level-of-awareness questionnaire, namely: 

• I know the details of the process that is required to transform raw data into visualized 

data. 

• I know how to identify the data to be visualized. 

• I know how to select appropriate visualization methods. 

• I know how to evaluate visualizations of the required data. 

• I am aware of the benefits of the visualization of data. 

• I am aware of the insights that may be gained from the visualization of the data. 

 

Figure 5-17 shows the minimum, maximum and average rating for each of these statements.  
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Figure 5-17 Post-study level-of-awareness ratings 

 

For each of the statements, a minimum rating of ‘Maybe’ (3) and a maximum rating of 

‘Strongly agree’ (5) occurred in the participants’ responses.  The first four statements, relating 

to the visualization process, were given average ratings higher than ‘Agree’ (4.3, 4.4, 4.3 and 

4.4 respectively), while the general visualization statements received average ratings close to 

‘Strongly agree’ (both were 4.6).  

 

Summary conclusion:  The average awareness ratings, when comparing Figure 5-15 and 

Figure 5-17, indicate that awareness had improved following the intervention experience. 

 

Each statement is investigated in more detail by examining its percentage frequency counts, 

as shown in Figure 5-18. 
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Figure 5-18 Post-study ratings 

 

Post-intervention, most of the participants (97%) either agreed or strongly agreed that they 

were aware of the details of the process to transform data in a warehouse to visualized data.  

Most of them (96%) either agreed or strongly agreed with the statement that they could 

identify data.  Similarly, most participants either agreed or strongly agreed that they were able 

to select VMs (93%) and able to evaluate visualizations (97%).  

 

After the intervention, the great majority (97%) either agreed or strongly agreed with the fifth 

and sixth statements that they were aware of the benefits of visualization, and of the insights 

to be gained from using it. 

 

5.4.3 Conclusion of post-study findings 
 

From the post-study level-of-awareness data, it is clearly evident that awareness levels 

improved following the intervention experience using RoutePlanner.  Most of the participants 

were aware of the details of the visualization process (average rating 4.3) and had a greater 

awareness of its benefits, as well as the insights to be gained from the use of visualization in 

investigating their client data (average rating 4.6).  The results are formally compared in 

Section 5.5, but it is of interest to visually compare Figure 5-17 with Figure 5-15, and Figure 

5-18 with Figure 5-16. 
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5.5 Comparison of pre- and post-study level-of-awareness data 

 

5.5.1 Introduction 
 

This section presents the results of the single-group experiment, which took the form of 

comparative analysis of the pre- and the post-study level-of-awareness data.  See Section 

4.5, in particular Figure 4-4.  Descriptive statistics (represented as percentage frequency 

counts in bar charts) and trend analyses were used to analyze the responses to each 

statement separately. Trend analysis was implemented using Statistical Analysis System 

(SAS) software and is introduced in Section 5.5.2.  Further statistical analysis is discussed in 

Section 5.6 where item analysis and general awareness scores are used. 

 

The pre- and post-study responses for each statement in the questionnaire are compared: 

• Statement 1 – Details of process:  Section 5.5.3. 

• Statement 2 – Identify data:  Section 5.5.4. 

• Statement 3 – Select visualizations methods:  Section 5.5.5. 

• Statement 4 – Evaluate visualizations:  Section 5.5.6 

• Statement 5 – Benefits of visualization:  Section 5.5.7. 

• Statement 6 – Insights gained:  Section 5.5.8. 

 

5.5.2 Introduction to trend analysis using Cochran-Armitage test 
 

According to SAS on-line documentation (Need it now, find it quick – the new SAS online 

doc), the Cochran-Armitage test is used to test for trend, and is appropriate for a contingency 

table (where the table shows observed frequencies of data for two (or more) variables).  This 

test is used to analyze categorical data, where the categories are ordered.   

 

For this study, a cross-tabular contingency table was initially defined for each of the six 

statements.  The response frequencies were determined on the time variable (before and 

after the intervention) and the rating variable (strongly disagree to strongly agree).  Note that 

each participant (P) had two responses to each of the six statements (s1 … s6), one before 

the intervention (x), and one after the intervention (y).   

 

For example, for participant P1, there are two sets of data namely: s1x, s2x, s3x, s4x, s4x, 

s6x and s1y, s2y, s3y, s4y, s5y, s6y. 
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For this test, the null hypothesis states that there is no trend.  The alternative would be that 

there is a linear trend.  The trend statistic is calculated on the relevant cross-tabular 

contingency table. If a significantly small two-sided p-value is associated with the calculated 

test statistic, then the null hypothesis must be rejected, and the alternative hypothesis of a 

significant trend between pre- and post-study rating frequencies can be supported (i.e. the 

established trend will have a negative slope).   

 

In the present study there were thirty participants, each of whom responded twice to each 

statement, thus the sample size for this trend test is n=60.  Each of the six statements on the 

level-of-awareness questionnaire was evaluated on the five-point Likert scale.  This 

represents ordinal data, where a (1) rating implies less agreement than a (2) rating.  The 

categories were ordered from none (Strongly disagree) to most agreement (Strongly agree), 

thus for each statement, five agreement levels were compared.   

 

The aim of the research is to evaluate (for each statement individually) whether the rating 

trend differs over the five levels (the five rows of the cross-tabular contingency table) before 

and after the intervention (the third and fourth columns of the contingency table).  

 

The response frequencies for each of the statements are presented graphically in bar charts 

as frequency percentages in Figures 5-19 to 5-24, and are also presented in cross-tabular 

contingency tables in terms of frequency, percentage, row percentage and column 

percentage in Tables 5-2 to 5-7,  

 

5.5.3 Statement 1 - Details of process 
 

The first statement on the level-of-awareness questionnaire is:  

• I know the details of the process that is required to transform raw data into visualized 

data. 

 

The comparison of the percentage frequency rating responses between the pre- and the post-

study is shown in Figure 5-19. 
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Figure 5-19 Details of process 

 

During the pre-study, only seven percent (7%) of the participants rated the statement as 

either ‘Agree’ or ‘Strongly agree’.  This changed to ninety seven percent (97%) during the 

post-study. This observation points to a negative linear slope relationship, as the frequency of 

the rating scores decreased for the pre-study data, but the frequency of the rating scores 

increased for the post-study data. 

 

The Cochran-Armitage trend test was used to test the significance of the observed trend in 

the data of the first statement.  A Cochran-Armitage trend test statistic of -6.8101 was 

calculated on the frequency counts displayed in Table 5-2, and a two-sided probability value 

(p-value) of <0.0001 was associated with the statistic. 

 

Table 5-2 Statement 1 – Cross-tabular contingency table 

Rating Statistic Before After Total 
Strongly disagree Frequency 

Percent 
Row percent 

Column percent 

16 
26.67 

100.00 
53.33 

0 
0.00 
0.00 
0.00 

16
26.67 

Disagree Frequency 
Percent 

Row percent 
Column percent 

10
16.67

100.00
33.33 

0 
0.00 
0.00 
0.00 

10
16.67 

Maybe Frequency 
Percent 

Row percent 
Column percent 

2
3.33

66.67
6.67 

1 
1.67 

33.33 
3.33 

3
5.00

 
Agree Frequency 

Percent 
Row percent 

Column percent 

2
3.33

10.00
6.67 

18 
30.00 
90.00 
60.00 

20
33.33

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

0
0.00
0.00
0.00 

11 
18.33 

100.00 
36.67 

11
18.33

 
Total Frequency 

Percent 
30

50.00 
30 

50.00 
60

100.00 
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Summary conclusion:  Given the analysis, the null hypothesis was rejected for Statement 1, 

and it was concluded that an inverse trend existed in the response data.  From the visual bar 

charts and the trend test results used in the comparison of the pre- and post-study level-of-

awareness data for Statement 1, it was concluded that awareness levels improved 

significantly after the intervention, where pre-study ratings shifted from negative to 

significantly more positive awareness levels. 

 

5.5.4 Statement 2 - Identify data 
 

The second statement on the level-of-awareness questionnaire is: 

• I know how to identify the data to be visualized. 

 

The comparison of the percentage frequency responses between the pre- and the post-study 

is given in Figure 5-20. 

 

 

Figure 5-20 Identify data 

 

During the pre-study, only ten percent (10%) of the participants rated the statement as either 

‘Agree’ or ‘Strongly agree’.  This changed to ninety six percent (96%) during the post-study.  

This observation points to a negative linear slope relationship.  Whereas the frequency of the 

rating scores decreased for the pre-study, they increased for the post-study. 

 

The Cochran-Armitage trend test was used to test the significance of the observed trend in 

the data of the second statement.  A Cochran-Armitage trend test statistic of -6.6629 was 

calculated on the frequency counts displayed in Table 5-3, and a two-sided probability value 

(p-value) of <0.0001 was associated with the statistic. 
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Table 5-3 Statement 2 – Cross-tabular contingency table 

Rating Statistic Before After Total 
Strongly disagree Frequency 

Percent 
Row percent 

Column percent 

15
25.00

100.00
50.00 

0 
0.00 
0.00 
0.00 

15
25.00

 
Disagree Frequency 

Percent 
Row percent 

Column percent 

10
16.67

100.00
33.33 

0 
0.00 
0.00 
0.00 

10
16.67

 
Maybe Frequency 

Percent 
Row percent 

Column percent 

2
3.33

66.67
6.67 

1 
1.67 

33.33 
3.33 

3
5.00

 
Agree Frequency 

Percent 
Row percent 

Column percent 

3
5.00

15.79
10.00 

16 
26.67 
84.21 
53.33 

19
31.67

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

0
0.00
0.00
0.00 

13 
21.67 

100.00 
43.33 

13
21.67

 
Total Frequency 

Percent 
30

50.00 
30 

50.00 
60

100.00 
 

 

Summary conclusion:  Given the analysis, the null hypothesis was rejected for Statement 2, 

and it was concluded that an inverse trend existed in the response data.  From the visual bar 

charts and the trend test results used in the comparison of the pre- and post-study data for 

Statement 2, it was concluded that awareness levels improved significantly after the 

intervention, where pre-study ratings shifted from negative to significantly more positive 

awareness levels. 

 

5.5.5 Statement 3 - Select visualizations methods 
 

The third statement on the level-of-awareness questionnaire is: 

• I know how to select appropriate visualization methods. 

 

The comparison of the percentage frequency responses between the pre- and the post-study 

is given in Figure 5-21. 
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Figure 5-21 Select visualization method 

 

During the pre-study, only seven percent (7%) of the participants rated the statement as 

either ‘Agree’ or ‘Strongly agree’.  This changed to ninety three percent (93%) during the post-

study, pointing to a negative linear slope relationship.  The frequency of the rating scores 

decreased in the pre-study, yet increased for the post-study. 

 
The Cochran-Armitage trend test was used to test the significance of the observed trend in 

the data of the third statement.  A Cochran-Armitage trend test statistic of -6.7271 was 

calculated on the frequency counts displayed in Table 5-4, and a two-sided probability value 

(p-value) of <0.0001 was associated with the statistic. 

 

Table 5-4 Statement 3 – Cross-tabular contingency table 

Rating Statistic Before After Total 
Strongly disagree Frequency 

Percent 
Row percent 

Column percent 

18
30.00

100.00
60.00 

0 
0.00 
0.00 
0.00 

18
30.00

 
Disagree Frequency 

Percent 
Row percent 

Column percent 

7
11.67

100.00
23.33 

0 
0.00 
0.00 
0.00 

7
11.67

 
Maybe Frequency 

Percent 
Row percent 

Column percent 

3
5.00

60.00
10.00 

2 
3.33 

40.00 
6.67 

5
8.33

 
Agree Frequency 

Percent 
Row percent 

Column percent 

2
3.33

11.11
6.67 

16 
26.67 
88.89 
53.33 

18
30.00

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

0
0.00
0.00
0.00 

12 
20.00 

100.00 
40.00 

12
20.00

 
Total Frequency 

Percent 
30

50.00 
30 

50.00 
60

100.00 
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Summary conclusion:  Given the analysis, the null hypothesis was rejected for Statement 3, 

and it was concluded that an inverse trend existed in the response data.  From the visual bar 

charts and the trend test results used in the comparison of the pre- and post-study level-of-

awareness data for Statement 3, it was concluded that awareness levels improved 

significantly after the intervention, where pre-study ratings shifted from the negative to 

significantly more positive awareness levels. 

 

5.5.6 Statement 4 - Evaluate visualizations 
 

The fourth statement on the level-of-awareness questionnaire is: 

• I know how to evaluate visualizations of the required data. 

 

The comparison of the percentage frequency responses between the pre- and the post-study 

is given in Figure 5-22. 

 

 

Figure 5-22 Evaluate visualizations 

 

During the pre-study, seventeen percent (17%) of the participants rated the statement as 

either ‘Agree’ or ‘Strongly agree’.  This changed to ninety seven percent (97%) during the 

post-study.  This observed relationship points to a negative linear slope relationship.  As the 

frequency of the ratings decreased for the pre-study, so the frequency of the ratings 

increased for the post-study. 
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The Cochran-Armitage trend test was used to test the significance of the observed trend in 

the data of the fourth statement.  A Cochran-Armitage trend test statistic of -6.4245 was 

calculated on the frequency counts displayed in Table 5-5. A two-sided probability value (p-

value) of <0.0001 was associated with the statistic.  

 

Table 5-5 Statement 4 – Cross-tabular contingency table 

Rating Statistic Before After Total 
Strongly disagree Frequency 

Percent 
Row percent 

Column percent 

15
25.00

100.00
50.00 

0 
0.00 
0.00 
0.00 

15
25.00

 
Disagree Frequency 

Percent 
Row percent 

Column percent 

9
15.00

100.00
30.00 

0 
0.00 
0.00 
0.00 

9
15.00

 
Maybe Frequency 

Percent 
Row percent 

Column percent 

1
1.67

50.00
3.33 

1 
1.67 

50.00 
3.33 

2
3.33

 
Agree Frequency 

Percent 
Row percent 

Column percent 

5
8.33

25.00
16.67 

15 
25.00 
75.00 
50.00 

20
33.33

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

0
0.00
0.00
0.00 

14 
23.33 

100.00 
46.67 

14
23.33

 
Total Frequency 

Percent 
30

50.00 
30 

50.00 
60

100.00 
 

 

Summary conclusion:  Given the analysis, the null hypothesis was rejected for Statement 4, 

and it was concluded that an inverse trend existed in the response data.  From the visual bar 

charts and the trend test results used in the comparison of the pre- and post-study level-of-

awareness data, it was concluded that awareness levels improved significantly after the 

intervention, where pre-study ratings shifted from negative to more positive awareness levels. 

 

5.5.7 Statement 5 - Benefits of visualization 
 

The fifth statement on the level-of-awareness-of-visualization questionnaire is: 

• I am aware of the benefits of the visualization of data. 

 

The comparison of the percentage frequency responses between the pre- and the post-study 

is given in Figure 5-23. 
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Figure 5-23 Benefits of visualization 

 

During the pre-study, thirty six percent (36%) of the participants rated the statement as either 

‘Agree’ or ‘Strongly agree’, indicating that although they lacked expertise in visualizations, 

they acknowledged their worth.  Following the exposure to visualization, the figure changed to 

ninety seven percent (97%) of the participants during the post-study.  This observation points 

to a linear relationship, thus as the frequency of the rating scores decreased for the pre-study, 

so the frequency of the ratings increased for the post-study. 

 

The Cochran-Armitage trend test was used to test the significance of the observed trend in 

the data of the fifth statement.  A Cochran-Armitage trend test statistic of -5.4643 was 

calculated on the frequency counts displayed in Table 5-6.  A two-sided probability value (p-

value) of <0.0001 was associated with the statistic. 

 

Table 5-6 Statement 5 – Cross-tabular contingency table 

Rating Statistic Before After Total 
Strongly disagree Frequency 

Percent 
Row percent 

Column percent 

8
13.33

100.00
26.67 

0 
0.00 
0.00 
0.00 

8
13.33

 
Disagree Frequency 

Percent 
Row percent 

Column percent 

8
13.33

100.00
26.67 

0 
0.00 
0.00 
0.00 

8
13.33

 
Maybe Frequency 

Percent 
Row percent 

Column percent 

3
5.00

75.00
10.00 

1 
1.67 

25.00 
3.33 

4
6.67

 
Agree Frequency 

Percent 
Row percent 

Column percent 

10
16.67
47.62
33.33 

11 
18.33 
52.38 
36.67 

21
35.00

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

1
1.67
5.26
3.33 

18 
30.00 
94.74 
60.00 

19
31.67

 
Total Frequency 

Percent 
30

50.00 
30 

50.00 
60

100.00 
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Summary conclusion:  Given the analysis, the null hypothesis was rejected for Statement 5, 

and it was concluded that an inverse trend existed in the response data.  From the visual bar 

charts and the trend test results used in the comparison of the pre- and post-study level-of-

awareness data, it was concluded that awareness levels improved significantly after the 

intervention, where pre-study ratings shifted from the negative to more positive awareness 

levels. 

 

5.5.8 Statement 6 - Insights from visualization 
 

The sixth statement on the level-of-awareness questionnaire is: 

• I am aware of the insights that may be gained from the visualization of the data. 

 

This statement is not dissimilar to Statement 5, but it is more specific.  The comparison of the 

percentage frequency responses between the pre- and the post-study level-of-awareness is 

given in Figure 5-24. 

 

 

Figure 5-24 Insights from visualization 

 

During the pre-study, forty seven percent (47%) of the participants rated the statement as 

either ‘Agree’ or ‘Strongly agree’, while forty three percent (43%) rated the statement as either 

‘Strongly disagree’ or ‘Disagree’.  This changed to ninety seven percent (97%)  and zero 

percent (0%) respectively during the post-study.  This relationship described above and 

illustrated in Figure 5-24 points to a positive linear relationship, albeit with a lag in agreement 

level.  Both the pre-study and post-study agreement ratings indicate agreement, but stronger 

agreement is indicated in the post-study ratings. 
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The Cochran-Armitage trend test was used to test the significance of the observed trend in 

the data of the sixth statement.  A Cochran-Armitage trend test statistic of -4.9572 was 

calculated on the frequency counts displayed in Table 5-7.  A two-sided probability value (p-

value) of <0.0001 was associated with the statistic.  

 

Table 5-7 Statement 6 – Cross-tabular contingency table 

Rating Statistic Before After Total 
Strongly disagree Frequency 

Percent 
Row percent 

Column percent 

6
10.00

100.00
20.00 

0 
0.00 
0.00 
0.00 

6
10.00

 
Disagree Frequency 

Percent 
Row percent 

Column percent 

7
11.67

100.00
23.33 

0 
0.00 
0.00 
0.00 

7
11.67

 
Maybe Frequency 

Percent 
Row percent 

Column percent 

3
5.00

75.00
10.00 

1 
1.67 

25.00 
3.33 

4
6.67

 
Agree Frequency 

Percent 
Row percent 

Column percent 

12
20.00
52.17
40.00 

11 
18.33 
47.83 
36.67 

23
38.33

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

2
3.33

10.00
6.67 

18 
30.00 
90.00 
60.00 

20
33.33

 
Total Frequency 

Percent 
30

50.00 
30 

50.00 
60

100.00 
 

Summary conclusion:  Given the analysis, the null hypothesis was rejected, and it was 

concluded that an inverse trend existed in the response data for Statement 6.  From the visual 

bar charts and the trend test results used in the comparison of the pre- and post-study data 

for Statement 6, it was concluded that awareness levels improved significantly after the 

intervention, where the pre-study ratings shifted from the negative to more positive awareness 

levels. 

 

5.5.9 Conclusion to discussion of pre- and post-study comparison 
 

In summary, all these Cochran-Armitage trend tests confirm that the inverse trend in 

agreement ratings, illustrated in the comparisons made for each of the statements, exists.  

After the intervention, the participants’ ratings (and thus the awareness levels) improved 

significantly.  It can be concluded therefore that the collaborative use of RoutePlanner by the 

domain expert, visualization expert and data expert leads to an increased awareness of 

visualization.  Using the evidence in this section, the first part of the theory being tested, 

namely the increased awareness (Section 5.1) can be supported.  Section 5.6 further 

addresses the increased level of awareness, while the data collected during the evaluation 

stage of the intervention was also analyzed and is used in Section 5.7 as evidence for the 

second part of the theory which relates to success of the visualization process. 
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5.6 Item analysis and awareness scores 

 

5.6.1 Introduction 
 

As a second approach to addressing the first part of the theory being tested by the 

experiment (i.e. an increased level of awareness of visualization), the question was asked 

whether a general, reliable measure of visualization awareness could be calculated from the 

six statements rated during the pre- and the post-study in the level-of-awareness 

questionnaire.  

 

It was proposed that the mean rating score for each participant (using the sum of the 

responses for the six statements) could constitute such a general score.  Two awareness 

scores (i.e. a pre-study and a post-study score) were calculated for each participant.  If a 

significant difference between the pre- and post-study awareness scores could be 

established, this would strengthen and validate the research findings on the effectiveness of 

the use of RoutePlanner. 

 

However, before such a general awareness score could be calculated, the internal 

consistency reliability of the six statements in the level-of-awareness questionnaire, as 

discussed in Section 4.4.4, had to be substantiated.  The results of analyses on a general 

awareness score would be valid only if such reliability could be proven.  This form of reliability 

exists only if all the items (i.e. the statements in the level-of-awareness questionnaire) 

included in the construct of a general awareness score, each contributes to the explanation of 

the construct.  Scale reliability testing (also referred to as item analysis) was therefore 

conducted to establish internal consistency reliability.  The SAS statistical package (version 

9.1), specifically the SAS procedure Proc Corr, was used to conduct the analysis.  

 

The analysis methodology in this approach to test the theory includes the following steps: 

• Step 1:  The establishment of internal consistency reliability of the six awareness 

items by calculating the Cronbach alpha is shown in Section 5.6.2. 

• Step 2:  The calculation of general awareness scores for the pre- and post-study is 

set out in Section 5.6.3. 

• Step 3:  The calculation of the difference between the pre- and post-study general 

awareness scores, as well as the Kruskal–Wallis test to determine the significance of 

the difference between the scores, is explained in Section 5.6.4. 
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To recap, the six statements (items) in the level-of-awareness questionnaire were rated by 

the participants on a five-point Likert scale.  Each of the n participants responded twice to 

each of these six statements (i.e. once before and once after the intervention).  There were 

therefore 2n responses to each of the six statements, as illustrated in Table 5-8.  Item 

analysis was conducted on the data set of 6 X 2n responses, i.e. the responses to both the 

pre- and the post-study data was considered in investigating the internal consistency of each 

statement.  

 

Table 5-8 Data format 

Before – participant 1 

. 

. 

.Before – participant n 

Response s1 ….. response s6 

. 

. 

..Response s1 ….. response s6 

After – participant 1 

. 

. 

.After – participant n 

Response s1 ….. response s6 

. 

. 

.Response s1 ….. response s6 

TOTAL: 2n data rows TOTAL: The responses to the six statements. 
 

5.6.2 Step 1 – Calculate the Cronbach alpha 
 

A single scale reliability test was performed on the six sets of questionnaire-item responses to 

establish whether each of the questionnaire items contributed to explaining the construct of 

visualization awareness.  Simple statistics, as presented in Table 5-9, form part of the 

analysis output.  The Cronbach alpha and the analysis monitoring table are presented in 

Table 5-10 and Table 5-11 respectively.  In each row, the pre-study and post-study responses 

are combined, resulting in the sixty (60) responses to each of the six questions. 

 

Table 5-9 Simple statistics 

Variable N Mean Std Dev Sum Min Max 

S1 process details 60 3.00000 1.52937 180.0 1 5 

S2 identify data 60 3.08333 1.54362 185.0 1 5 

S3 select visualizations 60 2.98333 1.56759 179.0 1 5 

S4 evaluate visualizations 60 3.15000 1.56037 189.0 1 5 

S5 benefits of visualization 60 3.58333 1.40570 215.0 1 5 

S6 insight from visualization 60 3.73333 1.31312 224.0 1 5 
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Table 5-10 Cronbach alpha 

Variables Alpha 

Raw 0.971367

Standardized 0.971049
 

Table 5-11 Cronbach alpha with deleted variables 

Deleted variable Raw variables Standardised variables 

 Correlation 
with total 

Alpha Correlation 
with total 

Alpha 

S1 process details 0.925075 0.963879 0.919189 0.964008

S2 identify data 0.962757 0.959884 0.958449 0.959968

S3 select visualizations 0.942655 0.962071 0.937637 0.962116

S4 evaluate visualizations 0.950640 0.961195 0.947180 0.961133

S5 benefits of visualization 0.857893 0.970605 0.864346 0.969565

S6 insight from visualization 0.802240 0.975831 0.806341 0.975335
 

If some of the standard deviations, shown in Table 5-9, varied notably in magnitude, then the 

more conservative standardized alpha in Table 5-10 should be used.  In this case, however, 

either of the two Cronbach alpha values reported in Table 5-10, namely 0.971367 or 

0.971049, can be used as a measure of item reliability for this data.  An alpha value in the 

region of 0.7 is usually regarded as an indication of item reliability.  The value recorded in this 

instance is 0.971049 (standardized) which is good.  

 

Cronbach alpha with deleted variables is used to determine whether the internal consistency 

reliability is best represented by the complete set of items or whether it can be improved by 

omitting a specific item from the set.  Table 5-11, representing a monitoring process, therefore 

shows that for all items, for both raw and standardized, there is no substantial improvement in 

the internal consistency reliability value. 

 

It was concluded that internal consistency reliability between the six statements exists, and 

that all six statements contribute towards explaining a general visualization awareness 

construct.  Since a significant correlation between these items was established, a summative 

measure can be calculated. 

 

Once the issue of scale reliability has been addressed, a general awareness score can be 

calculated for each participant for the two levels of pre- and post-study.  This is discussed as 

step 2 of the analysis methodology in Section 5.6.3. 
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5.6.3 Step 2 – Calculate pre- and post-study general awareness scores 
 

The pre-study general awareness score was considered an indication of the general level of 

awareness of the visualization process prior to the intervention of the experiment, whilst the 

post-study general awareness score represented the same after the intervention.   

 

Pre- and post-study general awareness scores were calculated for each participant.  The pre-

study score was the average of the responses to the six statements during the pre-study.  

The post-study score was similarly determined, using the post-study data.  Each awareness 

score was rated on the same five-point Likert scale definition as the responses to the 

individual statements. 

 

The percentage frequency distribution of the pre- and post-study awareness scores is 

depicted in Figure 5-25. 

 

 

Figure 5-25 General awareness scores - percentage frequency distribution 

 

For the pre-study, seventy percent (70%) of the participants had a general awareness score 

of ‘Strongly disagree’ (1) or ‘Disagree’ (2); only ten percent (10%) had a score ‘Agree’ (4), and 

no participants had a score of ‘Strongly agree’ (5).  However, for the post-study, ninety seven 

percent (97%) of the participants had a general awareness score of ‘Agree’ (4) or ‘Strongly 

agree’ (5).  This observation suggests a notable shift in the value of the general awareness 

score. 

 

The summary statistics on the pre- and post-study general awareness scores, used to 

compare the scores, are presented in Table 5-12.  These statistics and a graphical 
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presentation of the means using a box-and-whisker plot in Figure 5-26, clearly indicate a shift 

in the general awareness of visualization. 

 

Table 5-12 Pre- and post-study general awareness score summary 

Time N Mean Std Dev Minimum Maximum 

Before the intervention 30 2.07 0.98 1.00 4.00 

After the intervention 30 4.43 0.57 3.00 5.00 
 

 

Figure 5-26 General awareness scores - Box-and-whisker plot 

 

Given that the average of the pre-study general awareness score is 2.07 and the average of 

the post-study general awareness score is 4.43, as shown in Table 5-12, it is clear that there 

is a difference between the pre- and post-study awareness scores.   This apparent move to a 

higher level of awareness is substantiated in a Kruskal-Wallis test in the next section. 
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5.6.4 Step 3 – Determine the difference between general awareness 
scores 

 

The Kruskal-Wallis non-parametric analysis of variance test is used to test the null hypothesis 

that no statistically significant distribution difference exists between the pre- and post-study 

general awareness scores.  Wilcoxon scores (rankings) were used in the test, since the test is 

based on the comparison of ranking order for pre- and post-study data. The results are 

displayed in Tables 5-13 and 5-14:  The SAS Proc NPARIWAY, using average scores for ties, 

was used to conduct the analysis. 

 

Table 5-13 Wilcoxon scores (rank sums) for variable score classified by variable time 

Time N Sum of Scores Expect under H0 Std dev under H0 Mean score 

Before 30 493.50 915.0 65.862916 16.450 

After 30 1336.50 915.0 65.862916 44.550 
 

Table 5-14 Kruskal-Wallis test 

Chi-Square 40.9556

DF 1

Pr > Chi-Square <.0001
 

The chi-square statistic of 40.9556 in the Kruskal-Wallis test is highly significant.  This 

confirms the observation that the general awareness levels before and after the intervention 

are significantly different.  A Cochran-Armitage trend test conducted on the frequency 

distribution of the pre- and post-study general awareness scores, as set out in Tables 5-15, 5-

16 and 5-17, verifies that the general awareness level did increase significantly.   

 

The after/before ratio of column percentages over agreement levels, indicates that there was 

a strong move from disagreement to agreement, as illustrated in Table 5-15.  This is 

confirmed with the chi-square which gives a high probability of rejection of the null hypothesis 

stating that there has been no shift in agreement distribution.  As mentioned earlier, the box-

and-whisker plot in Figure 5-26 serves to graphically illustrate this change in awareness. 
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Table 5-15 Awareness scores – Cross-tabular frequency table 

Rating Statistic Before After Ratio 

After/Before 

Total 

Strongly disagree Frequency 
Percent 

Row percent 
Column percent 

6
10.00

100.00
20.00 

0
0.00
0.00
0.00 

0/6 
 

0.00 

6
10.00

 
Disagree Frequency 

Percent 
Row percent 

Column percent 

7
11.67

100.00
23.33 

0
0.00
0.00
0.00 

0/7 
 

0.00 

7
11.67

 
Maybe Frequency 

Percent 
Row percent 

Column percent 

3
5.00

75.00
10.00 

1
1.67

25.00
3.33 

1/3 
 

0.33 

4
6.67

 
Agree Frequency 

Percent 
Row percent 

Column percent 

12
20.00
52.17
40.00 

11
18.33
47.83
36.67 

11/12 
 

0.92 

23
38.33

 
Strongly agree Frequency 

Percent 
Row percent 

Column percent 

2
3.33

10.00
6.67 

18
30.00
90.00
60.00 

18/2 
 

9.00 

20
33.33

 
Total Frequency 

Percent 
30

50.00 
30

50.00 
 60

100.00 
 

Table 5-16 Chi-square for significant difference 

Statistic DF Value Probability 

Chi-square 4 46.5714 0.0001 
 

Table 5-17 Monte Carlo estimate for the exact test 

Pr >= Chi-square 0.0000
 

5.6.5 Conclusion of item analysis findings 
 

Item analysis was used to calculate pre- and post-study general awareness scores for each 

participant.  The difference between these two scores was proven significant.  

 

In conclusion, once the reliability of the general awareness construct was established, a 

significant positive shift in general awareness of visualization was reported after the 

RoutePlanner intervention.  This confirms the effectiveness of the intervention. 
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5.7 Analysis of evaluation-of-use data 

 

This section should be read in conjunction with Appendices B and C.5 and the 
presentation in Appendix D.3. 
 

5.7.1 Introduction 
 

The evaluation data was collected in July and August 2008 during several sessions with the 

participants, while they were using RoutePlanner. The process followed, is explained in 

Section 4.4.8, and the purpose of the analysis is shown in Figure 4-4 in Section 4.5.1. 

 

During the intervention, the participants familiarized themselves with, and used each aspect 

of, RoutePlanner (i.e. the guidelines, identification stage, selection stage and evaluation 

stage).  The templates for each of these are given in Appendix B.  The comments made by 

participants while using RoutePlanner were observed by the researcher and noted.   

 

After using each aspect of RoutePlanner, the relevant evaluation-of-use questionnaire 

(Appendix C.5) was completed by the participants.  These questionnaires (one specific to 

each aspect of RoutePlanner) included statements to be rated on a five-point Likert scale as 

well as open-ended questions.  In this way, each aspect of RoutePlanner was evaluated 

separately, as well as its overall use.  The Likert ratings were analysed quantitatively. 

Participants’ observations, comments and responses to open-ended questions were analysed 

using qualitative thematic analysis introduced in Section 5.7.2.  The analysis is set out as 

follows: 

• Guidelines:  Section 5.7.3. 

• Identification stage:  Section 5.7.4. 

• Selection stage:  Section 5.7.5. 

• Evaluation stage:  Section 5.7.6. 

• Overall evaluation of the use of RoutePlanner:  Section 5.7.7. 

 

5.7.2 Thematic analysis 
 

Thematic analysis was used to analyze responses to the open-ended questions as well as the 

observations made by the researcher during a session.  The themes that were used to code 

and analyse these qualitative open responses and the recommendations for improvement 

were based on Oates’ (2006) steps for coding responses as introduced in Section 4.5.8.   
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These steps are:  

• Format data:  Each aspect of RoutePlanner was evaluated by participants in terms of 

positive remarks, negative remarks, suggestions for improvement and their views on 

the relevance of that aspect.  This data was captured in spreadsheet format.  

• Overall impression:  The data was read by the researcher to obtain an overall 

impression.   

• Key themes:  The recommended initial key themes were used to code the open-

ended responses, namely: units of no relevance to research purpose; units for 

general descriptive information; and units of relevance to the research.  The labels 

‘No response’ and ‘Delayed response’ were also used in the analysis of each theme 

to respectively record the number of participants who made no attempt at a response, 

or who indicated that time and experience were required to evaluate the specific 

feature of RoutePlanner and would have preferred to delay their response. 

• Refine labels:  In view of the small size of the sample and the sparseness of the 

data, limited refinement of labels was required.  

 

The percentage frequencies of the themes for each question are presented using bar charts 

and pie charts.  As a general comment for all aspects of RoutePlanner, it was observed that 

certain participants were reluctant to commit to an evaluation.  As explained in the bullets 

above, these non-responses and delayed responses (i.e. will evaluate at a later stage) were 

included as themes in the analysis for the purpose of completeness.  Some respondents gave 

irrelevant and unrelated responses.  These occurrences are also shown in the analysis. 

 

5.7.3 Evaluation of guidelines 
 

The guidelines for the visualization process are considered in the third research question in 

Section 2.6 and are expounded in the development of RoutePlanner model in Section 3.2.  

The templates for these guidelines are in Appendix B.2. 

 

Use of the guidelines involves the experts (i.e. the participants) collaboratively identifying the 

goal of the visualization, the required data, and the tasks of the visualization.  It was clear 

from the observation that participants tended to highlight their personal market focus in the 

insurance domain, and aligned the general visualization goal of ‘identification of marketing 

opportunities’ to their specific focus.  This indicated that they were taking ownership of the 

process and applying it directly to their own personal operations.  During discussions, the 

data expert provided details of the data available. 
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Figure 5-27 depicts the distribution of foci of the participants in this study.  Most of them 

(33%) focussed on financial planning, while twenty seven percent (27%) focussed on the 

creation of wealth for their clients. 

 

 

Figure 5-27 Focus in insurance domain 

 

After using the guidelines in RoutePlanner, the participants completed Table C-11 of the 

evaluation-of-use questionnaire to evaluate the utility of the guidelines.  First, they rated four 

statements regarding the guidelines on a five-point Likert scale, namely: 

• I can use and understand the goal, data, and task guidelines of Brath (1999). 

• I can use and understand the 5T guidelines of Mann (1999) and Mann and Reiterer. 

(2000). 

• I can use and understand the guideline issues of Spence (2001). 

• I can use and understand the visualization trends. 

 

The percentage frequency ratings of these statements are given in Figure 5-28. 
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Figure 5-28 Guidelines evaluation-of-use 

 

The ‘Agree’ (4) and ‘Strongly Agree’ (5) groups are consolidated in the discussion that 

follows.  Sixty seven percent (67%) of the participants agreed that they could use the data, 

goal and task guidelines of Brath (1999), seventy three percent (73%) agreed that they could 

use the 5T factors of Mann (1999) and Mann and Reiterer (2000), seventy percent (70%) 

agreed that they could use the guideline issues of Spence (2001) and ninety seven percent 

(97%) agreed that they could use the visualization trends in the guidelines of RoutePlanner.  

The ratings assigned to the guidelines of the visualization experts individually were, therefore, 

very consistent (on average 70%), while the guidelines assigned to the overall consolidated 

trends in RoutePlanner were even more positive at 97%. 

 

Next, the participants answered four open-ended questions: 

 

What do you like about the guidelines?   
 

Figure 5-29 shows the percentage frequency counts for the positive response themes for this 

question.  Most of the participants (66%) mentioned the value of the guidelines.  They made 

comments relating to the option of choices, the understandability and the fact that the four 

sets of guidelines in RoutePlanner complemented each other, while a further seven percent 

(7%) explicitely stated that they appreciated the potential inherent in the guidelines, referring 

to the interesting possibilities and benefits, and ten percent (10%) specifically noted the 

contribution to insight. 
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Figure 5-29 Guidelines - do like 

 

What do you dislike about the guidelines?   
 

Figure 5-30 shows the percentage frequency counts for identified response themes for this 

question.  The largest percentage of participants (43%) mentioned utility and value issues that 

they did not like, for example, they viewed the guidelines as too involved, too complex, too 

novel, and initially difficult to use.  This could improve with regular frequent use. 

 

 

Figure 5-30 Guidelines - do not like 

 

Please suggest modifications or enhancements for these guidelines.   
 

Figure 5-31 shows percentage frequency counts for identified modification themes.  Forty 

three percent (43%) of the participants gave neither suggestions nor modifications, and thirty 

percent (30%) indicated that more time would be needed to suggest enhancements.  Seven 

percent (7%) of the participants experienced information overload and suggested that detail 

be removed and options be reduced from the guidelines.  Seventeen percent (17%) gave 

other suggestions, for example, that more focus be placed on the practical implementation 

and that a simplified perspective of visualization be maintained. 
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Figure 5-31 Guidelines - modifications 

 

Are these guidelines relevant and useful in your work? Why?  
 

The perceived relevance of these guidelines was analyzed, and is set out in Figure 5-32.  

Eighty three percent (83%) responded that these guidelines were relevant to their work. 

 

 

Figure 5-32 Guidelines - relevance 

 

Summary conclusion:  Each of the four sets of guidelines was evaluated.  In each case, the 

majority of participants agreed or strongly agreed that they could use the guidelines.  The 

percentage frequencies of agree and strongly agree varied between sixty seven percent 

(67%) and ninety seven percent (97%) (Figure 5-28).  Eighty three percent (83%) identified 

positive features relating to the utility and value of the guidelines (Figure 5-29), although forty 

three percent (43%) noted negative features (Figure 5-30) related to the utility of the 

guidelines or to a lack of familiarity.  Seven percent (7%) suggested that features be removed 

and seventeen percent (17%) suggested other alternatives, thus a total of twenty four percent 

(24%) suggested modifications (Figure 5-31).  Eighty three percent (83%) indicated that the 

guidelines were relevant to their work (Figure 5-32).  Based on these outcomes, it can be 

concluded that the guidelines of RoutePlanner can be used with success. 
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5.7.4 Evaluation of identification stage 
 

The identification stage of the visualization process is considered in the first and second 

research questions in Section 2.4 and Section 2.5 respectively.  The details of this stage are 

elaborated in Section 3.3, and the templates for this stage are in Appendix B.3. 

 

The purpose of the identification stage is to identify pertinent data to be visualized.  The 

expertise of the data expert was valuable here – guiding the identification according to 

formats and fields of the data available.  It was observed that the market focus of the broker, 

defined during the use of the guidelines, guided this identification.  The participants (i.e. 

brokers) identified several variables, shown in five major data categories in Figure 5-33.  The 

most frequently mentioned aspect was the time elapsed since the previous appointment with 

the client (30%).  None of the participants could refer to any existing visual displays of their 

client portfolio data. One mentioned (and I quote), ‘Nee, niks prentjies, net data.’ (English: ‘the 

present system has no pictures, only data’.) 

 

 

Figure 5-33 Insurance data categories 

 

After using the identification stage, the participants completed Table C-12 of the evaluation-

of-use questionnaire to assess the utility of the identification stage.  First, they rated the 

following statements relating to the identification stage on the defined five-point Likert scale: 

• I can identify the goal for which this visualization is required. 

• I can identify the relevant data required. 

• I can identify the tasks required. 

 

The percentage frequency responses for the ratings of each of these statements are given in 

Figure 5-34.  
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Figure 5-34 Identification stage evaluation-of-use 

 

The ‘Agree’ (4) and ‘Strongly Agree’ (5) groups are consolidated in the discussion that 

follows.  Twenty nine of the participants (ninety seven percent (97%)) agreed that they could 

identify the goal and the data, and also that they can identify the task for visualization, i.e. all 

three statements received 97% agreement.  (Note apparent inconsistency of data above, due 

to rounding off of individual frequencies.) 

 

Second, the participants responded to the open-ended questions: 

 

What do you like about the identification stage?   
 

Figure 5-35 shows the percentage frequency counts for the response themes.  Sixty percent 

(60%) gave positive, but non-specific comments including adjectives such as ‘straightforward’, 

‘structured’ and ‘focused’, while ten percent (10%) highlighted the contribution to increased 

insight they had acquired and seven percent (7%) mentioned the potential benefits.  Thus a 

total of seventy seven percent (77%) responded positively to this question. 

 

 

Figure 5-35 Identification stage - do like 

 



 Chapter 5 DATA COLLECTION AND ANALYSIS    

 

5-50 
PM GOUWS 7872658 

What do you dislike about the identification stage?   
 

Figure 5-36 shows the percentage frequency counts for the identified response themes for 

this question. Most of the participants (70%) gave no negative responses nor did they 

mention aspects in the identification stage that they disliked, while ten percent (10%) 

indicated that they needed more time to evaluate their dislikes. The ten percent (10%) that did 

mention dislikes, referred to aspects such as the naming of the variables (i.e. meaningful 

variable names required) and the vagueness of the stage (i.e. detail required). 

 

 

Figure 5-36 Identification stage - do not like 

 

Please suggest modifications or enhancement for the identification stage.   
 

Figure 5-37 sets out the percentage frequency counts for the identified response themes.  

Most participants (67%) did not suggest any enhancements or modifications, while twenty 

percent (20%) indicated that they needed more time.  The modifications that were suggested 

refer to the dislikes mentioned in the previous response, i.e. the need for better variable 

names. 

 

Figure 5-37 Identification stage - modifications 
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Is this identification stage relevant and useful in your work? Why?   
 

Figure 5-38 shows the percentage frequency for the defined responses themes.  Most of the 

participants (93%) indicated that the identification stage was indeed relevant to their 

professional work, and only three percent indicated (3%) that they would have preferred more 

time to evaluate. 

 

 

Figure 5-38 Identification stage - relevance 

 

Summary conclusion:  Ninety seven percent (97%) of participants agreed or strongly agreed 

with the statements relating to this stage (Figure 5-34). Seventy seven percent (77%) 

identified positive features focused on utility and functionality (Figure 5-35), and only ten 

percent (10%) mentioned negative features (Figure 5-36). Seven percent (7%) suggested 

modifications (Figure 5-37).  The majority, ninety three percent (93%), indicated that this 

stage was relevant to their work (Figure 5-38).  Based on these outcomes, it can be 

concluded that this stage of RoutePlanner can be used by the participants with success.  

 

5.7.5 Evaluation of selection stage 
 

The selection stage of the visualization process is considered in the first and second research 

questions in Section 2.4 and Section 2.5 respectively.  The details of this stage are given in 

the development of RoutePlanner model in Section 3.4, and the templates for this stage are 

given in Appendix B.4. 

 

The purpose of the selection stage is to select appropriate visualization methods (VMs) for 

the task in hand.   
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The visualization expert gave demonstrations of various available methods applied to non-

domain-specific data using the following visualization systems: 

 

• VisTree applied to the supplied demonstration car data. 

• XmdvTool applied to the supplied demonstration car data. 

• InfoVis tool applied to the demonstration housing data. 

• TChart applied to a random data set. 

 

Figure 5-39 depicts the VMs selected by the participants as their first choice.  It was observed 

that the domain experts tended to start their selection of VMs from the more familiar VMs in 

the insurance domain. 

 

 

Figure 5-39 Selected visualization methods 

 

After using the selection stage, the participants completed Table C-13 of the evaluation-of-

use questionnaire to assess the utility of the selection stage.   

 

First, they rated the following statements relating to the selection stage: 

• I require the assistance of a visualization expert to select the required visualization 

methods. 

• I am able to select the visualization methods using the taxonomies defined in the 

literature. 

• All the taxonomies included in RoutePlanner are equally useful. 

• The URL references to collections of visualization methods are useful. 

 

The percentage frequency ratings of these statements are given in Figure 5-40.  
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Figure 5-40 Selection stage evaluation-of-use 

 

In response to the first statement, only thirteen percent (13%) indicated that they did not 

require assistance.  With regard to the use of the taxonomies (Appendix B.4), fifty seven 

percent (57%) either agreed or strongly agreed that they were useful, while only thirty three 

percent (33%) found them all equally useful.  The participants were not required to indicate 

which was the most useful.  Sixty four percent (64%) appreciated the URL references that 

had been provided.  

 

Next, the participants responded to the open-ended questions: 

 

What do you like about the selection stage?   
 

Figure 5-41 shows the percentage frequency counts for the identified response themes.  Fifty 

seven percent of the participants (57%) commented on the utility with comments such as, ‘it is 

a guided process’ and, ‘there are enough options with enough information available’.  Twenty 

three percent (23%) gave no positive evaluation.  

 

 
Figure 5-41 Selection stage - do like 
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What do you dislike about the selection stage?   
 
Figure 5-42 presents the percentage frequency counts of the negative response themes.  

Most of the participants (53%) did not respond to the question, implying that they had no 

explicit dislikes. The twenty three percent (23%) that did report dislikes included comments 

such as ‘too many options’ and ‘too much variety’.   

 

 

Figure 5-42 Selection stage - do not like 

 

Please suggest modifications or enhancement for the selection stage.   
 
Figure 5-43 shows that most of the participants (67%) made no suggestions for modifications 

or enhancements, while twenty three percent (23%) would have liked more time (i.e. would 

have preferred to delay their evaluation).  Seven percent (7%) indicated that features be 

removed, while three percent (3%) suggested additional features. 

 

Figure 5-43 Selection stage - modifications 
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Is this selection stage relevant and useful in your work? Why?   
 
Figure 5-44 represents a resounding ‘Yes’ response.  Most of the participants (83%) indicated 

that this selection stage was relevant to their work, and none viewed it as irrelevant. 
 

 

Figure 5-44 Selection stage - relevance 

 

Summary conclusion:  Fifty four percent (54%) agreed or strongly agreed that they needed 

assistance in the form of support from a visualization expert, and in terms of the taxonomies 

included in RoutePlanner, fifty seven percent (57%) indicated that the taxonomies were 

useful, and sixty four percent (64%) appreciated the URL references that were provided 

(Figure 5-40).  Fifty seven percent (57%) noted positive features with a focus on the utility of 

the selection stage (Figure 5-41), while only twenty three percent (23%) mentioned negative 

features (Figure 5-42) and three percent (3%) suggested modifications (Figure 5-43).  The 

majority, eighty three percent (83%), indicated that the selection stage was relevant to their 

work (Figure 5-44).  Based on these outcomes, it can be concluded that this selection stage 

of RoutePlanner can be used by the participants with success. 

 

5.7.6 Evaluation of evaluation stage 
 

The evaluation stage of the visualization process is considered in the first and second 

research questions in Section 2.4 and Section 2.5 respectively.  The details of this stage are 

given in the development of RoutePlanner model in Section 3.5, and the templates for this 

stage are shown in Appendix B.5. 

 

It was observed that although the participants were evaluating the visualizations of the 

identified data using the selected VMs, they also gave certain general comments regarding 

their current use (or lack of use) of their client data.  The main themes that emerged are 

depicted in Figure 5-45.  
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Figure 5-45 General evaluation themes 

 

Fifty percent (50%) focussed on the importance of the completeness and correctness of data, 

and the lack thereof in their own client database.  One participant commented ‘This is exactly 

how brokers are working!’, suggesting that brokers are neither capturing nor using their client 

data effectively.  Forty seven percent (47%) focussed on the potential opportunities that the 

use of RoutePlanner can afford, such as the visible marketability of a brokerage, the 

management and evaluation of a portfolio, visibility of clients’ need, and the more efficient 

management of clients.  The remaining three percent (3%) preferred not to use the client 

portfolio data, but rather to focus on a relationship of trust with the clients. 

 

During the team discussions that occurred in the evaluation stage, participants also identified 

the need for the classification of the clients according to client type.  Several mechanisms for 

the classification of clients were discussed, and these are depicted in Figure 5-46.  These 

categories were related to the particular focus of the broker portfolio in the insurance domain, 

as mentioned in Section 5.7.2. 

 

 

Figure 5-46 Client classification 

 



 Chapter 5 DATA COLLECTION AND ANALYSIS    

 

5-57 
PM GOUWS 7872658 

These client classifications may be defined as: 

• Own definition:  Most of the brokers (29%) indicated a preference to define their own 

personal coding system, rather than using a predefined client classification.  

• Age of client:  Some brokers (19%) suggested that client age be used as a 

classification. 

• Income generated:   Some brokers (19%) recommended that their clients be 

classified according to the income that the brokerage earns as commission from the 

client’s portfolio. 

• Client demographics:  A few brokers (5%) indicated a need to have a more 

comprehensive multi-key client classification system.  They suggested marital status, 

number of children (and their ages), medical risk, and gender as relevant factors. 

• Progress in insurance process:  The processing of a client may follow a logically 

defined process particular to the insurance domain.  Each stage of this process can 

be coded.  Fourteen percent of the participants recommended this classification 

system. 

• Other:  Some brokers (14%) suggested other alternatives, such as the client risk 

profile and the active status of the client (e.g. appointment once a year, once every 

five years or once-off). 

 

During this evaluation stage, the participants evaluated the visualisations of the identified data 

using the selected visualization methods.  The templates in Appendix B were considered as 

follows: 

 

• Table B-19:  Where the participant selected more than one VM, the visualizations 

were compared. All participants were able to identify the more (or most) suitable VM 

in terms of the suitability of the visualization for the data and the user. 

 

• Table B-20:  Each participant was required to identify at least one insight gained from 

the visualization that was not apparent from use of the present system.  The themes 

of these insights are depicted in Figure 5-47.  The two main themes were 

incompleteness of the data and the opportunities (potential and missed) to be gained 

from using visualization. 
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Figure 5-47 Insight-generated themes 

 
• Table B-21:  Each participant considered the factors given to measure the success of 

the visualization.  All participants deemed the visualizations to be successful, and 

eagerly anticipated visualizing the data in their own client databases. 

 

Thus, given the implementation of the evaluation stage, all visualizations implemented during 

the intervention were deemed successful.  This addresses the second part of the fifth 

research question, namely that the use of RoutePlanner leads to successful visualization. 

 

After using this stage of RoutePlanner (Appendix B.5), the participants completed the 

evaluation-of-use questionnaire (Table C-14) to assess the evaluation stage.   

 

Firstly, the participants rated the following statements on the five-point Likert scale: 

• I can compare visualizations of the same data and identify the most appropriate. 

• I can identify the insight generated by visualization. 

• I can apply the factors of visualization success to determine whether or not the 

visualization is successful. 

 

Figure 5-48 shows the percentage frequency ratings of each of these statements.  
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Figure 5-48 Evaluation stage evaluation-of-use 

 

Ninety three percent (93%) of the participants either responded ‘Agree’ (4) or ‘Strongly agree’ 

(5) that they could compare visualizations.  Ninety three percent (93%) of the participants also 

responded either ‘Agree’ (4) or ‘Strongly agree’ (5) that they could identify the insight 

generated.  Ninety seven percent (97%) of the participants responded either ‘Agree’ (4) or 

‘Strongly agree’ (5) that they could apply the factors of success.  

 

Secondly, the participants responded to the open-ended questions: 

 

What do you like about the evaluation stage?   
 
Figure 5-49 shows the percentage frequency counts for the identified response themes for 

this question.  Half of the participants (50%) indicated that in general they liked the 

functionality of the evaluation stage, commenting that it was easy, simple and useful, and 

created awareness of the benefits of evaluation, while twenty three percent (23%) highlighted 

the potential benefits of using this stage, and three percent (3%) explicitely emphasized the 

insight generated.  Thus a total of seventy six percent (76%) were highly positive about this 

stage of RoutePlanner.  
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Figure 5-49 Evaluation stage - do like 

 

What do you dislike about the evaluation stage?    
 
Figure 5-50 shows the percentage frequency counts for the identified response themes for 

this question.  Most of the participants (74%) gave no negative response, while thirteen 

percent (13%) indicated that they needed more time to evaluate this stage.  The one dislike 

mentioned by three percent (3%) of the participants was that the generation-of-insight 

evaluation was ‘too technical’. 
 

 

Figure 5-50 Evaluation stage - do not like 

 

Please suggest modifications or enhancement for the evaluation stage.   
 
The suggested modifications to the evaluation stage of RoutePlanner are indicated in Figure 

5-51.  Although most of the participants gave no response (i.e. seventy percent (70%) gave 

none and seventeen percent (17%) indicated that more time was required), three percent 

(3%) suggested that training sessions would enhance this stage.  

 



 Chapter 5 DATA COLLECTION AND ANALYSIS    

 

5-61 
PM GOUWS 7872658 

 

Figure 5-51 Evaluation stage - modifications 

 

Is this evaluation stage relevant and useful in your work? Why?  
 
Figure 5-52 shows the response to the relevance and usefulness aspects of the evaluation 

stage.  Eighty seven percent (87%) deemed the evaluation stage relevant to their work. 

 

 

Figure 5-52 Evaluation stage - relevance 

 
Summary conclusion:  Ninety three percent (93%) agreed or strongly agreed with the 

comparison and insight-generation evaluation options, while, similarly, ninety seven percent 

(97%) either agreed or strongly agreed that the factors of visualization success can be 

applied (Figure 5-48).  Seventy six percent (76%) focused on the positive features (Figure 5-

49), three percent (3%) noted negative features (Figure 5-50), three percent (3%) suggested 

modifications (Figure 5-51) and eighty seven percent (87%) indicated that the evaluation 

stage was relevant to their work (Figure 5-52).  Based on these outcomes, it can be 

concluded that this evaluation stage of RoutePlanner can be used by the participants.  Also, 

given the implementation of the evaluation stage, all visualizations implemented during the 

intervention were deemed successful. 
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5.7.7 Evaluation of RoutePlanner overall 
 

After using RoutePlanner in its entirety (Appendix B), the participants completed the final 

evaluation-of-use questionnaire (Table C-15) to assess the overall utility of RoutePlanner.   

 

Firstly, the participants rated the following statement on the defined five-point Likert scale: 

• In collaboration with data and visualization experts, I can use RoutePlanner to 

transform the raw data in the data warehouse to the required insight. 

 

The percentage frequency of the response ratings of this statement is given in Figure 5-53. 

 

 

Figure 5-53 Evaluation of overall use of RoutePlanner 

 

Only seven percent (7%) gave a ‘Maybe’ (3) rating for this statement.  Of the participants, 

ninety three percent (93%) rated this statement ‘Agree’ (4) or ‘Strongly agree’ (5). 

 

Secondly, the participants responded to the following open-ended questions:  

 

What do you like about the overall use of RoutePlanner?    
 

Figure 5-54 shows the percentage frequency counts for the identified response themes for 

this question.  Most of the participants (43%) indicated that they liked the overall utility of 

RoutePlanner, commenting on the focus and structure, while seven percent (7%) explicitely 

mentioned the contribtion to insight.  Seventeen percent (17%) would have appreciated more 

time to evaluate the overall use of RoutePlanner.  Thirty three percent (33%) did not respond. 
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Figure 5-54 Overall use of RoutePlanner - do like 

 

What do you dislike about the overall use of RoutePlanner?    
 
Figure 5-55 sets out the percentage frequency counts for the identified response themes for 

this question. The few participants (10%), who made negative comments, felt that the 

processes embodied in RoutePlanner were too time-consuming and too technical.  
 

 

Figure 5-55 Overall use of RoutePlanner - do not like 

 

What added value do you anticipate from using RoutePlanner?    
 
Figure 5-56 sets out percentage frequency counts for the envisaged added value obtained 

from the use of RoutePlanner.  As this occurred at the end of the session, only forty percent 

(40%) of the participants commented on the specific value added and benefit opportunities of 

using RoutePlanner and seven percent (7%) mentioned other added value. 
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Figure 5-56 Overall use of RoutePlanner - value added 

 

Do you envisage being able to use RoutePlanner independently in the future, i.e. without 
the team approach? 

 
Figure 5-57 shows the percentage frequency counts for the responses to whether the 

participants envisage using RoutePlanner independently, without the team approach.  Fifty 

percent (50%) responded that they required the team effort to use RoutePlanner.  It would be 

misleading, to assume that the other fifty percent (50%) envisage using RoutePlanner 

independently, as thirty three percent (33%) did not respond once again probably due to the 

tiredness of the end of the session.  Considering only participants who chose between using a 

team approach (50%) and working without a team (13%), seventy nine percent (79%) of 

these indicated that a team effort was preferable. 

 

 

Figure 5-57 Overall utility RoutePlanner - future use 

 

Summary conclusion:  Ninety three percent (93%) of the participants agreed or strongly 

agreed that they could use RoutePlanner in collaboration with data and visualization experts 

(Figure 5-53). Fifty percent (50%) noted positive features (Figure 5-54).  Ten percent (10%) 

named negative features (Figure 5-55), and forty seven percent (47%) commented on the 

added value of RoutePlanner (Figure 5-56).  Of those that responded to the last question, 

seventy nine percent (79%) indicated that they required the collaborative team effort 

approach (Figure 5-57).  Based on these outcomes, it can be concluded that RoutePlanner 

can be used by the participants. 
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5.7.8 Conclusion of evaluation-of-use findings 
 

Figure 5-58 shows the high relevance scores assigned to each separate aspect of 

RoutePlanner.  Given that the participants deemed each of these aspects relevant, it can be 

concluded that RoutePlanner as a whole is considered relevant by the participants. 

 

 

Figure 5-58 Relevance of aspects of RoutePlanner 

 

In summary, certain limited, aspect-specific modifications and/or enhancements were 

mentioned during the evaluation-of-use study.  Noting also the fairly high non-response rate, 

which implies the absence of major problems, it appears that with increased use, time, 

familiarity and broader experience, the participants will be able to fine-tune the definition of 

RoutePlanner with modifications and enhancements.  In general, the current version of 

RoutePlanner was evaluated as having value and utility, requiring minimal modification, and 

relevant to the insurance domain by the participants in the evaluation-of-use study. 

 

5.8 Consolidation of the identification-of-need survey, the level-of-
awareness experiment and the evaluation-of-use study 

 

The purposes of the study have been addressed and successfully achieved, namely: 

• The identification-of-need survey set out to determine whether or not a need exists for 

the visualization of data in the domain of insurance brokerage. 

• The experiment tested the theory that the use of RoutePlanner by domain experts, in 

collaboration with visualization and data experts, leads to an increased awareness of 

visualization and results in the successful visualization of warehouse data. 

• The evaluation-of-use study evaluated each aspect of RoutePlanner to determine its 

utility. 
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To consolidate this research, the relationships and linkages between the data collected during 

the empirical studies listed above are presented graphically in Figures 5-59 and 5-60 at the 

end of this chapter.  Figure 5-59 is a textual summary of the data collected during the 

experiment and the evaluation-of-use study.  This should be considered in association with 

Figure 5-60 which presents the data in graphical form.  The data collected during the 

experiment shows the increased awareness from pre-study to post-study, resulting from the 

use of RoutePlanner, while the data collected during the evaluation of RoutePlanner shows 

the relevance and utility of each aspect. 

 

The need for visualization was identified as the real-world research problem for this study.  

This identified visualization need was established and validated in the identification-of-need 

survey (Section 5.2).  Following the literature survey in Chapter 2, RoutePlanner, a model of 

the visualization process from raw data to insight, was developed by the researcher in 

Chapter 3 to address this need. 

 

For the experiment, a proof-of-concept data warehouse was developed and populated with 

client data of a stereotypical broker in the insurance domain.  Demonstration VMs were used 

for the visualization of this data.  The experiment tested the theory that the use of 

RoutePlanner by domain experts, in collaboration with visualization and data experts, leads to 

an increase awareness of visualization and results in the successful visualization of 

warehouse data.  

 

Before the intervention using RoutePlanner, the participants were unaware of the details of 

the visualization process, but were aware of the benefits of and the insights to be gained from 

visualization (Section 5.3).  After the intervention, there was a significant increasing shift in 

awareness (Section 5.4).   

 

Two approaches were used to compare the pre- and post-study level-of-awareness data: 

 

• As a first approach to the analysis, descriptive statistics were used.  Trends were 

observed for each item (statement) in the level-of-awareness questionnaire.  To 

confirm these observations, the Cochran-Armitage trend statistic was used to test 

each of these six items to determine the significance of these trends (Section 5.5).  

 

• As a second approach to addressing the theory being tested by the experiment (i.e. 

an increased level of awareness of visualization), a general and reliable measure of 

visualization awareness was calculated for the pre-study and for the post-study for 

each of the participants.  The mean rating score for the six items (statements) for 

each participant constituted such a general awareness score.  A significant difference 
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was established between the pre- and post-study general awareness scores, which 

strengthened and validated the research findings on the effectiveness of the use of 

RoutePlanner (Section 5.6). 

 

During the intervention, each aspect of RoutePlanner was used and then evaluated by the 

participants using the appropriate evaluation-of-use questionnaire: 

 

• Guidelines:  The participants used the guidelines to focus the visualization process. 

This stage was evaluated as useful and relevant to the work of the participants 

(Section 5.7.2). 

 

• Identification stage:  The participants were able to identify the pertinent data from 

the data warehouse to be visualized in terms of the goal, data and task of the 

visualization.  The general goal of the visualization was adjusted according to the 

domain focus of the participant (i.e. the broker).  The identification stage was 

evaluated to hold utility for the work of the participants (Section 5.7.3). 

 

• Selection stage:  The available VMs were demonstrated to the participants using 

non-domain-specific data.  Each participant was able to select at least one method for 

the visualization of the identified data, and they found the selection stage to be useful 

and relevant to the work of the participant (Section 5.7.4).  

 

• Evaluation stage:  The selected VM(s) was used to visualize the relevant data, 

identified during the identification stage.  The data used was domain-specific, but 

hypothetical belonging to a stereotypical broker.  Using the three evaluation options of 

RoutePlanner, all the visualizations were judged to be successful, and insight could 

be gained from the visualization.  The evaluation stage was evaluated to be useful 

and relevant to the professional activities of the participants (Section 5.7.5). 

 

• Overall use of RoutePlanner:  The participants agreed that RoutePlanner could be 

used in its entirety, and indicated a preference for the team approach rather than 

independent use (Section 5.7.6). 

 

From the evaluation study, it can be concluded that RoutePlanner is functional and useful, 

requires minimal modification, and is relevant to the insurance domain (Section 5.7.7). 

 

There is evidence that a need exists for visualization, and that the use of the RoutePlanner 

model led to: 
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• Increased awareness of the visualization process, the benefits of visualization, and 

the insights to be gained.  This was confirmed by the trend observations, the 

Cochran-Armitage trend statistics and the significance of the differences between the 

pre- and post-study general awareness scores. 

 

• Successful visualization of warehouse data. This was confirmed by the evaluation of 

the visualizations of domain-specific data from the proof-of-concept data warehouse 

using the selected methods.  The success of the visualization process may be 

attributed to collaboration between domain-, data- and visualization experts, to the 

increased level of awareness and, to a great extent, to the relevance and utility of 

RoutePlanner. 

 

5.9 Contribution of chapter 

 

This important chapter contributes to the study by setting out the details of the data collection, 

and by presenting the processes and findings of the subsequent analysis and interpretation.  

Conclusions are given in the subsections at the end of each major section, namely in Section 

5.2.8, Section 5.3.4, Section 5.4.3, Section 5.5.9, Section 5.6.5 and Section 5.7.8.  These 

conclusions are all consolidated in Section 5.8 and are also graphically presented in Figure 5-

59 and Figure 5-60. 

 

Notable findings are the following: 

 

• The usefulness of the RoutePlanner model was demonstrated by a significant 

increase from the pre-study to the post-study in the levels of awareness amongst the 

domain experts of the benefits of information visualization.  

 

• The majority (87%) of the domain experts required the assistance of a visualization 

expert in the selection of the appropriate VMs.  This supports the theory being tested, 

namely that the collaborative use of RoutePlanner leads to increased awareness of, 

as well as successful use of, visualization.  Note that non-domain specific data was 

used to demonstrate the visualization methods so as to avoid bias that could possibly 

have pre-empted the selection process.  However, specific insurance-domain data 

(as identified during the identification stage) was used in the actual evaluations of the 

visualizations to determine domain suitability and extent of insight generated.  If the 

insurance domain data had been used for the initial demonstration purposes, the 

findings might have been different. 
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• Although this initial version of RoutePlanner was developed from the current 

visualization literature, suggestions for improvement were made during the practical 

evaluation of this model.  For RoutePlanner to enhance its usefulness, these 

suggested modifications, as well as trends in the visualization literature, need to be 

incorporated and implemented in a subsequent version of the model.  Each version of 

RoutePlanner will require evaluation.  

 

In conclusion, the theory was tested and can be confirmed, as discussed and explained in the 

previous section.  An evaluation study attested to the worth of RoutePlanner.  The research 

achievements, findings, recommendations for future research, and conclusions are detailed in 

Chapter 6. 
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Figure 5-59 Consolidation (textual) of identification-of-need, level-of-awareness and evaluation-of-use 
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Figure 5-60 Consolidation (graphical) of identification-of-need, level-of-awareness and evaluation-of-use 
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66  AACCHHIIEEVVEEMMEENNTTSS,,  FFIINNDDIINNGGSS,,  RREECCOOMMMMEENNDDAATTIIOONNSS  
AANNDD  CCOONNCCLLUUSSIIOONNSS  

 

6.1 Introduction 

 

This chapter presents the achievements of this study in Section 6.2, answers to the research 

questions in Section 6.3, recommendations for future research in Section 6.4, and the 

conclusion to this study in Section 6.5. 

 

6.2 Achievements - what has been achieved? 

 

The focus area of this study is the process of visualization, while the application area is the 

domain of insurance brokerage.  Certain brokers identified a need for visualization as a real-

world problem relating to a way in which they could perform their tasks more effectively.  As 

the theoretical basis for this research, visualization literature was surveyed to derive and 

identify factors relevant to the generation of a model of the required visualization process.  

The research questions were defined and addressed in Chapter 2.  The findings of the 

literature survey led in Chapter 3 to the development of a model of the visualization process, 

named RoutePlanner.  RoutePlanner comprises guidelines and three generic stages, namely 

an identification stage, a selection stage and an evaluation stage (see Appendix B). 

 

Certain additional activities were undertaken by the researcher in order to implement the 

practical parts of this research: 

• Design and development of a proof-of-concept data warehouse:  Appendix A.  

• Design and implementation of an extraction program:  A program was developed 

to generate and extract a snapshot of data from the client FNA database of a 

stereotypical broker.  

• Populating the data warehouse:  The snapshot generated was loaded into the 

warehouse, and the data used for the RoutePlanner visualization process. 

• The download and installation of visualization systems:   A collection of public 

domain visualization systems were sourced and applied in this study. The details and 

URLS of these systems are given in Table B-16 and Table B-17, with implementation 

details in Table B-18.  For demonstration purposes, non-insurance domain data was 

used for initial illustration of the features and capabilities of each visualization system. 
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The research design is detailed in Chapter 4.  In order to formally identify and explore the 

need for visualization in this domain, an identification-of-need survey was conducted.  

RoutePlanner was then used in an experiment to test the theory that its use by domain 

experts, in collaboration with visualization and data experts, leads to an increased awareness 

of visualization and results in the successful visualization of warehouse data.  The 

participants were professional brokers, using data from a proof-of-concept data warehouse 

populated with stereotypical client data.  The experiment consisted of the pre-study, the 

intervention (the use of RoutePlanner), and the post-study.  The utility and relevance of 

RoutePlanner were assessed during an evaluation study.  These three studies comprised the 

practical component of this research.  Questionnaires were developed and tested for each 

part of the research design.  All the questionnaires are in Appendix C, and the two 

PowerPoint presentations, developed to explain the research and related activities to the 

participants, are in Appendix D.  

 

The empirical research was conducted over two separate periods, namely: 

• A single identification-of-need session was conducted as part of the proceedings of a 

conference attended by the domain experts (professional brokers). 

• Several small-group experiment-and-evaluation sessions were conducted with 

insurance brokers at times that accommodated their work schedules and client 

commitments. 

 

The quantitative and qualitative data collected during the study was captured and analysed 

using descriptive statistics and thematic analysis respectively.  Analyses of this data are 

discussed and displayed in Chapter 5. 

 

Two proposed conference papers, compiled as part of this study, are available as Appendix 

E.  The intention is to submit them in the near future. 

 

An increased level of awareness of visualization has been achieved.  The representatives of 

the target group, who served as participants, are now cognisant with the benefits of 

visualization and insights to be gained from its use.  The visualizations of the data in the 

warehouse were deemed successful by the participants. 
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6.3 Findings - answers to the research questions 

 

This research was defined by the objectives and research questions in Chapters 1 and 2. The 

first objective was to undertake a literature survey for initial investigation of the research 

questions, with a view to the development of a model of the visualization process.   

The first four research questions are now revisited: 

 

• Question 1 - What are the stages in the visualization process of translating data 
into insight?  No single definition or precise set of procedures was found for the 

visualization process as a path from raw data to required insight.  However, the 

present author has synthesized a consolidated framework, which takes into account 

the relevant definitions and structures, and decomposes the process into three 

generic stages:  identification, selection and evaluation. 

 

• Question 2 - What are the implementation details for each stage of the 
visualization process?  This second question gleaned information from the 

visualization literature for implementation details of each of these generic stages.  

These details were used in the development of RoutePlanner. 
 

• Question 3 - What guidelines exist for the application of this visualization 
process?   The third research question considered visualization guidelines that can 

be used to support the visualization process.  These guidelines represent a body of 

practical knowledge for domain experts and data experts who lack the specialized 

knowledge and skill to interpret visualizations meaningfully.  The guidelines can also 

be used by the visualization expert for reference and explanation purposes.  
 

• Question 4 - Can this visualization process be used by a domain expert to 
translate data into insight?  The last question was considered both theoretically and 

practically.  The literature suggested that communication and collaboration may be 

part of the solution to the effective translation of raw data into insight.  This question 

was practically addressed during the experiment and the evaluation of RoutePlanner. 
 

The second objective was to develop a model of the visualization process for translating raw 

data into forms that foster insight.  This was done by the development of RoutePlanner. 
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The third objective was to use RoutePlanner to conduct an experiment to test the theory.  

Prior to the experiment, the identification-of-need survey had been conducted to establish the 

need for visualization.  After use of each stage of RoutePlanner, evaluation was conducted to 

assess its utility and relevance.  A consolidation of the identification-of-need survey, 

experiment and evaluation of RoutePlanner is presented graphically in Figures 5-59 and 5-60.  

 

The last research question is now revisited:  

 

• Question 5 - Does the use of RoutePlanner by domain experts, in collaboration 
with visualization and data experts, lead to an increased awareness of 
visualization and result in the successful visualization of the warehouse data?  
Investigating this research question involved first testing the associated theory.  The 

results of the analysis using item analysis using the Cronbach alpha, a general 

awareness score and trend analysis confirmed the theory.  The analyses of the pre- 

and post-study data show that there was indeed an increase in awareness of 

visualization.  Furthermore, in the evaluation stage, visualizations were deemed 

successful.  The collaborative interaction between the domain, visualization and data 

experts as advocated in the literature (Research question 4), and as applied in the 

RoutePlanner visualization process was successful.  The communication between the 

experts enhanced the value of RoutePlanner for the domain experts. Overall, 

RoutePlanner was found to hold utility, functionality, and relevance to the work of the 

participants. 

 

6.4 Reliability, validity, limitations and general applicability 

 

6.4.1 Reliability and validity 
 

The reliability and validity of research depends on the suitability of the research methods used 

as well as the quality of the research data collected.  The research methods used in this 

research include the identification-of-need survey, the pre-study, intervention and post-study 

of the experiment, and the evaluation-of-use study.  The research questions were considered 

theoretically in the literature survey (Chapter 2) as well as practically during the survey, 

experiment and evaluation study (Chapter 4 and Chapter 5), thus providing triangulation.  

Chapter 4 explains the suitability and application of these methods in the current study.  Pilot 

studies were conducted to test the quality of data to be collected using the questionnaires 

developed for this research, as well as the procedures to be followed during a session and 
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the presentations used to guide the session.  The details of these pilot studies are set out in 

Chapter 4.  Various weaknesses were identified in these pilot studies.  The researcher noted 

these weaknesses and omissions and made appropriate changes to both the methods and 

the data collection instruments. 

 

Data was collected using each of the research methods, and analyzed and interpreted 

(Chapter 5).  It was concluded that the internal consistent reliability exists between the six 

statements, and that all six contribute towards explaining a general visualization awareness 

construct.  Since a significant correlation between these items was established, a summative 

measure was calculated.  The reliability of this general awareness score (calculated using the 

six statements in the pre- and post-study questionnaire) was statistically tested and 

confirmed.  The findings of each of the data sets collected during the research were 

consolidated in Section 5.8.  The measures obtained clearly demonstrated the reliability of the 

statements, and indicated that they were measuring the same construct. 

 

6.4.2 Limitations 
 

The limitations and boundaries of the research are given in Section 1.7.2.  The issues may 

restrict the findings of the research: 

• The experiment was conducted only in the insurance and financial planning domain. 

• The participants of the experiment were limited to a group of thirty (30) brokers, who 

all use the same financial needs analysis program.   

• The domain specific data of a stereotypical broker, rather than of each participant 

himself, was used during the experiment.  This may be considered a limitation. 

• An initial version of the model RoutePlanner, derived from the visualization literature, 

was used for this research during the experiment and the evaluation-of-use study.  

The participants suggested modifications for all stages of RoutePlanner, addressing 

aspects such as the complexity of the current set of guidelines (e.g. removal of detail 

and reduction of guideline options), the inclusion of descriptive data variable names 

for the identification stage, the reduction of options and the inclusion of an extended 

collection of visualization techniques for the selection stage, and the introduction of a 

training period prior to evaluation of visualizations.  These suggestions will be 

implemented as improvements in the next version of RoutePlanner, which will then be 

evaluated.  Each version of RoutePlanner will be evaluated to ensure ongoing 

evaluation and enhancement. 

• Bias may have been introduced due to the fact the researcher also played the role of 

facilitator during the experiment. 
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6.4.3 General applicability 
 

The applicability of the use of this initial version of RoutePlanner in the insurance domain was 

tested during the experiment.  A more general applicability would require transferring the use 

of RoutePlanner to other domains and testing its use there.  Future research is also required 

to evaluate the use of modified versions of RoutePlanner. 

 

6.5 Recommendations - further research 

 

The current study focused on the use by brokers of the first version of RoutePlanner.   

 

Recommendations for future research include: 

 

• Consider future developments in visualization knowledge and practices, and modify 

RoutePlanner in line with such state-of-the-art developments.  

 

• Revisit the participants using RoutePlanner, to consider further visualization goals.  

This may necessitate the extension of the proof-of-concept data warehouse to include 

other fact and dimension tables, as well as multiple snapshots for trend analysis. 

 

• Undertake a study to compare the use of the three selection stage options included in 

RoutePlanner,  i.e. the visualization expert, the automated visualization assistant (e.g. 

ViA) and the manual selection using a collection of VM taxonomies defined in the 

literature.   

 
• Investigate the feasibility of including a fourth selection option into RoutePlanner, 

namely the creation of new visualizations (i.e. rather than the selection from existing 

visualization methods using a visualization expert, an automated visualization 

assistant or the defined VM taxonomies).  

 
• Revisit the participants to obtain metrics to determine the effect of the use of 

RoutePlanner on the insights that they have gained into the data in their client 

portfolios.  Such a study would attempt to measure the exact benefits of visualization.  

 
• Develop a visualization system comprising a set of visualization methods, particularly 

customized to the domain of insurance brokerage.  Associated training should be 

developed to support the brokers in the independent use of the system.  
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• Investigate the effect of using domain-specific data only for the demonstration of VMs 

during the selection stage and for the evaluation of the visualisations during the 

evaluation stage, to determine whether the domain experts might be able to operate 

more independently (i.e. less assistance from visualization expert) using such data. 

 

• Extend the use of RoutePlanner to other domains, e.g. personnel recruitment, school 

education; to determine its utility and relevance in these contexts. 

 

6.6 Conclusions 

 

The main purpose of this study was to address the need for visualization in the real world.  

From the literature, a model of the visualization process, named RoutePlanner, was 

developed. This model was used in an experiment to test a theory.  The findings of the 

experiment confirmed the theory that the use of RoutePlanner by domain experts, in 

collaboration with visualization and data experts, leads to an increased awareness of 

visualization and results in the successful visualization of warehouse data.  From the findings 

of the evaluation-of-use study, it was concluded that RoutePlanner has utility and is relevant 

to the work of domain experts.   

 

The present researcher thus concludes (finally) that RoutePlanner can be used to increase 

the level of awareness of visualization, thus ensuring that its benefits are realised and that 

enhanced insights are gained by users.  
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AA..  DDEESSIIGGNN  OOFF  DDAATTAA  WWAARREEHHOOUUSSEE  
 

A.1 Introduction 

 

An insurance broker has a portfolio of clients. The data pertaining to these clients is contained 

in a database that may be accessed and manipulated using a financial needs analysis 

program.  For each client, the database contains data for each of the financial options offered 

by the system (e.g. pension, income tax, assets, liabilities, business interests, limited rights 

enjoyed and created, testamentary bequests and planning, and assurance). The broker, 

however, has no “bigger picture”, neither of the profile of the portfolio of all clients included in 

the portfolio (e.g.  age distribution, policy distribution, testaments written and prepared), nor of 

the profile of a specific client in the portfolio.  It is this overall picture over all the current clients 

that provide the clues for the marketing opportunities for the broker.  

 

The broker requires a holistic and historical overview of the data to gain insight into the data 

and to identify marketing opportunities. This proof-of-concept data warehouse was designed 

and developed to be populated with regular snapshots of broker client data from the current 

database. This warehouse will be used in the current investigation into the use of visualization 

for the presentation of warehouse data.  For this research, insight is required into the 

identification of marketing opportunities in client portfolio data, and is limited to the portfolio of 

a single insurance broker. Only a single snapshot of data will be loaded into this data 

warehouse.  

 

For each portfolio of clients, the current status of several client attributes is considered at the 

end of each month.  This allows for the consideration of data trends and marketing effects.  

The values of attributes and facts pertaining to the portfolio of each of the clients in the client 

base are extracted from the database into an intermediate database of relevant data tables.  

The data from this intermediate database of a specific broker is then loaded into a data-

staging database.  The data in the data staging database is validated and transformed where 

required.  A data load is collated in this data staging database.  For later development, the 

intermediate databases of several brokers may be collected here.  Once a data load has been 

collated for the end of a specific month (an eventually for all brokers included in the data 

load), the data load is migrated into the data warehouse. 

 



APPENDIX A DESIGN OF DATA WAREHOUSE    

 

  
 PM GOUWS 7872658 

A-2

This data in the data warehouse is the data that may be presented and considered for the 

identification of marketing opportunities.  It is this data that is then considered for the effective 

application of visualization techniques.   

 

A.2 Data warehouse requirements 

 

For this proof-of-concept data warehouse, the user requirements were gleaned through a 

number of interview sessions with financial brokers. The brokers identified the data required 

for the identification of marketing opportunities, to be stored in the data warehouse.  The 

availability and quality of the data relative to the specified user requirements, the current data 

format and the completeness of the data as stored in the database were taken into account. 

 

According to Kimball (1996), there are nine major decision points to ensure that the data in 

the warehouse matches the needs of the user and is usable by the end user: 

• The identification of the process identified and the relevant fact tables. 

• The grain of each fact table. 

• The dimensions of each fact table. 

• The facts, including the pre-calculated facts. 

• The dimension attributes, including complete descriptions and proper terminology.  This is 

the logical design of the data warehouse. 

• The tracking of the slow-changing attributes. 

• The issues of aggregations, heterogeneous dimensions, mini-dimensions and query 

models, as well as physical storage decisions. 

• The historical duration of the data warehouse. 

• The frequency and urgency of the data extraction from the database and the data loading 

into the warehouse. 

 

These decision points were followed and used during the development and building of the 

data warehouse. 

 



APPENDIX A DESIGN OF DATA WAREHOUSE    

 

  
 PM GOUWS 7872658 

A-3

 

A.3 Data types 

 

For this data warehouse, transactions are not downloaded from the operational system.  A 

transaction in the system results in a modification of the attribute values of a client.  Note that 

no derived data (i.e.  calculated values) are stored in the database.  Examples of typical client 

transactions include adding an asset, defining a new policy, adding bequests to beneficiaries, 

defining a current income tax statement, and changing the pension profile.  All derived values 

are calculated at current date and time.    

 

The data downloaded from the operational system is the snapshot of the effects of the 

transactions on the profiles of all the clients in a given month.  The data is time-stamped (i.e.  

the end of the specific month) to form a historical record in the data warehouse.   

 

The dimensional data describe the factual data, called the measures that are stored in the 

warehouse.  All the attributes pertaining to a specific client are defined as the dimensions of 

the client.  The values of these dimensions are used in the presentation and comparison of 

client profile data.  The dimensional data of a client includes the client’s current age, the 

marital status, the retirement age, the preferred language and the client gender.  It is these 

attributes of the client that will hint at the marketing opportunities for the broker.   

 

The fact table supports the joining of the dimensional data (for each client in the broker’s 

portfolio) and the numeric facts of the specific client.  For each client, a new record is added 

to this table at the end of each month.  Where data loads are considered over several 

months, trends within a portfolio over time, as well as the status as at a specific date, may be 

analysed. 

 

Aggregations are pre-emptive queries.  For snapshot data, data is aggregated when added to 

the warehouse rather than when the user required, thus snapshots are a summary of the 

database transactions.  This allows for the tracking of monthly marketing opportunities (which 

may change each month), the effects of marketing initiatives as well as any other changes 

that may be occurring within the portfolio of a broker or group of brokers.  These monthly 

snapshots may be aggregated further, e.g.  at the end of a financial year.  However, in this 

case, much detail will be lost, and the tracking of trend data within a given year will not be 

possible either.  The aggregation of snapshots is beyond the scope of the current research. 
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Each broker has several clients in a portfolio.  Within this portfolio, a system- generated client 

number may identify each client.  Each broker also has unique broker identification.  The 

combination of a client number and a broker number is coded in the data staging database to 

a unique client key.  This coding happens prior to the migration of a data load into the data 

warehouse. 

 

Meta-data is defined as data about data, and includes information pertaining to data sources, 

replication rules, rollup categories and rule, security and controls, logical and physical data 

mapping.  The meta-data of this proof-of-concept database is limited.  Meta-data for an 

enterprise-wide data warehouse will need to be defined and is considered beyond the scope 

of the current research. 

 

For this data warehouse, only a single data source was identified.  This is the database of the 

online transaction processing (OLTP) system of the system.  The demographic information 

correlated into geographic areas in which the broker operates may be added to the data 

warehouse from additional data sources; however these data sources were considered 

beyond the scope of this data warehouse. 

 

A.4 Logical design 

 

The design process for a data warehouse consists of the following four steps: 

 

A.4.1 Business process model 
 

A business process model for the modelling by the data warehouse was identified.  For this 

data warehouse, the process considered is the identification of marketing opportunities for a 

financial broker from the current broker portfolio of clients as at the end of a given month.  

The modules to be initially considered for the identification of marketing opportunities are the 

assurance, pension, income tax, assets and liabilities modules. 

 

A.4.2 Process grain 
 

The granularity of the data warehouse, and more specifically the process to be modelled, is 

the level of summarisation that is maintained in the data warehouse.  A low granularity allows 

for a high level of data detail, whilst a high granularity considers a more aggregated grain of 

data, where detail has been aggregated.  The granularity of the data may be determined by 
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the type of analysis to be performed on the data, the volume of data and the storage space 

available.  The growth rate of the data warehouse, that is the number of records that are 

added to the data warehouse at the end of each month, needs to be taken into consideration.  

The grain is the fundamental atomic level of data to be represented.   

 

For this data warehouse, a monthly snapshot of the profile of each client in the broker’s 

portfolio was considered sufficient.  This snapshot is generated at the end of each month and 

loaded into the data warehouse.   

 

A.4.3 Dimensions and dimension definitions 
 

The dimensions are the client attributes of the facts that will be considered in the data 

warehouse.  These dimensions summarized in alphabetical order in the tables below.  The 

design view of the table and an example of the dimension definitions for each dimension in 

the proof-of-concept data warehouse are given. 

 

Table A-1 Age dimension 

The age dimension is used for the current age of the client as well as the retirement age of 
the client.  An unknown option is included, as the retirement age of a client may be unknown. 
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Table A-2 Annual salary dimension 

The upper and lower bounds of each salary range are defined.  
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Table A-3 Assurance policy dimension 

If the client has policies, then the number of policies is required.  The number of policies has 
defined ranges. 
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Table A-4 Assurance session dimension 

If the client has assurance policies, then the session definitions are required. 

 

 

Table A-5 Count dimension 

This dimension is used to provide definitions for count ranges used in the data warehouse.  

 



APPENDIX A DESIGN OF DATA WAREHOUSE    

 

  
 PM GOUWS 7872658 

A-9

 
 

Table A-6 Financial plan dimension 

The financial planning of a client includes planning for retirement, death and disability.  There 
should be planning for all three aspects of the client’s portfolio. 
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Table A-7 Gender dimension 

Male and female genders are defined. 

 
 

Table A-8 Income tax dimension 

The income tax calculations may include rent income, rent expense, other income and other 
expense amounts.  
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Table A-9 Language dimension 

Only the English and Afrikaans languages are defined. 

 

 
 

Table A-10 Marital status dimension 

The status is as per database definition.  The definition of with or without spouse is an 
additional level of detail. 
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Table A-11 Pension dimension 

The client needs at least one pension fund option. The number of pension options that a client 
has is not considered. 

 

 

Table A-12 Retirement Annuities (RA) dimension 

If the client has retirement annuities, then the premium type is required. 
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Table A-13 Testament dimension 

If the client has a testament, then time elapsed since the last revision required. 

 

 
 

Table A-14 Time dimension 
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A.4.4 Facts 
 

A fact is considered to be a measurement taken at the intersection of the key values.  The key 

values are the administrative structure that serves to identify the facts.  A single logical record 

that contains many facts (usually a long list of summary facts and metrics) is per definition a 

snapshot.  The inventory level facts and all forms of financial account balances are semi-

additive, thus the balances cannot be added but may be used to calculate the average of the 

account balances over a period of time (averaged for the number of periods).   

 

Two fact tables are included in this data warehouse.  The client fact table contains several 

groups of facts, e.g. pension facts and assurance facts.  Each record in the client fact table 

pertains to a specific client.  The child fact table contains the demographics of the children of 

the clients.  Each record in the child fact table pertains to a child of one or more of the clients. 

 

A.4.5 Client fact table 
 

A summary of the facts that are included in the client fact table are tabulated in Table A-15 

below. An example of the client data contained in the warehouse follows in Figure A-1.   
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Table A-15 Client fact table summary 

Group Name Description 

Dimensions ClientID For identification of the client. 

BrokerID For identification of the broker. 

Time_key To time- stamp the data load into the data 
warehouse. 

Gender_key The gender dimension. 

Language_key The language dimension. 

Retire_age_key The retirement age as defined in the age dimension. 
Retirement age is stored as a fact. 

Current_age_key The current age as defined in the age dimension. 
Current age is stored as a fact. 

Marital_key The marital dimension. 

Annual_salary_key The annual salary as defined in the salary dimension. 

Pension_key The pension dimension. 

RA_key The retirement annuity (RA) dimension. 

APolicy_key The assurance policy dimension. 

ASession_key The assurance session dimension. 

Testament_key The testament dimension. 

IncomeTax_key The income tax dimension. 

FinPlan_key The financial planning dimension. 

VisitLast_key The last visit dimension.   

General 
facts 

LastVisitMonths Number of months that have lapsed since last visit.  
The months lapsed since last visit is calculated. 

CurrentAge The age of the client in years 

RetireAge The retirement age of the client in years. 

Pension 
annuities 
facts 

Number_RA_Ann Number of annuities that have an annual premium.   

TotalP_RA_Ann For all annuities with an annual premium, sum the 
total annual premiums. 

Num_RA_FPU Number of annuities that have a FPU premium. 

TotalP_RA_FPU For all annuities with a FPU premium, sum the total 
fully paid up premium. 

Num_RA_Single Number of annuities that have a single premium. 

TotalP_RA_Single For all annuities with a single premium, sum the total 
of the single premiums. 

Assurance 
facts 

Total_LifeCover The life cover is summed over all policies. 

Total_DisCover The disability cover is summed over all policies 

Total_TraumaCover The trauma cover is summed over all policies 

Total_DisIncome The disability income is summed over all policies 
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Table A-15 Client fact table summary 

Group Name Description 

Total_SurValue The surrender value is summed over all policies 

Total_MaturityValue The maturity value is summed over all policies. 

TotalPA_Mon The monthly premium is summed over all policies. 

TotalPA_Ann The annual premium is summed over all policies 

TotalPA_OF The once-off premium is summed over all policies 

Assets 
facts 

Num_Assets The number of assets is counted. 

Total_A_Value The value of the assets is summed. 

Num_Assets_Liquid The number of assets is counted. 

Total_AL_Value The value of the liquid assets is summed. 

Liabilities 
facts 

Num_Liabilities The number of liabilities is counted. 

Total_L_Value The value of the liabilities is summed. 

Income tax 
facts 

TotalRE The value of the rent expense is summed. 

TotalRI The value of the rent income is summed 

TotalOE The value of the other expense is summed 

TotalOI The value of the other income is summed 
 

 

Figure A-1 Example of client fact data 
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A.4.6 Child fact table 
 

A summary of the child fact table is tabulated in Table A-16.  An example of the child fact 

table data contained in the warehouse follows in Figure A-2. 

 

Table A-16 Child fact table summary 

Group Name Description 

Dimensions ChildID For identification of the child. 

BrokerID For identification of the broker. 

Time_key The time-stamp for the data load into the 
warehouse. 

Gender_key The gender dimension. 

General facts CurrentAge The current age of the child. 
 

 

Figure A-2 Example of child fact data 
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A.5 Data warehouse design 

 

The star schema is used to model a data warehouse, as this design provides for improved 

data retrieval.  In the centre of the star is a large central table surrounded in a star formation 

by the dimension tables.  A central table, the fact table, may be surrounded by a collection of 

dimension tables.  This type of modelling is referred to as dimensional data warehousing.  

The fact tables contain the measures (i.e.  numerical information) and the keys that link the 

fact table to the dimensions.  The dimension tables contain the attributes that describe the 

facts.  A dimension table usually contains much redundant data to ensure effective 

information retrieval.  Dimensions are textual, discrete and provide constraints for data 

presentation and comparison. The final data storage format is a high performance query 

structure that makes the data warehouse structure suitable for the storage of data that is 

required for the purpose of querying and analysis. 

 

This is the intermediate data structure that is extracted from the database of each broker at 

the end of each month.  Note that the client key is not included at this stage – rather the 

broker ID is consistent for the load and the snapshot of each client in the broker portfolio is 

included in this data extraction. 

 

A.6 Data processes 

 

The logical design of data structure focuses on the creation of the physical database design 

and the processes required for the creation and population of the data warehouse.  These 

data processes include: 

 

A.6.1 Identification of all data sources 
 

This data warehouse focuses on the marketing opportunities that could be deduced from 

client assurance, assets, liabilities and pension data.  The relevant client attributes were also 

identified.  The single data source is the database of a specific broker.  The tables containing 

assurance, assets, liabilities and pension data specifically were considered.  When 

considering the data sources, issues such as accessibility, usability and availability were 

taken into account. 
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A.6.2 Extraction and construction methods for transformed data 
 

A module was included in the system to map and extract the required data from the client 

portfolio of a broker.  All records in the warehouse extract table are deleted prior to the 

generation of a data extraction at the end of a month.  The dimension attribute values are 

mapped during the extraction process.  The intermediate tables include map tables that 

define the mapping of the attribute values to the dimension table values of the data 

warehouse.  A client identifier as well as the specific broker, whose portfolio values are being 

extracted, uniquely identifies each record in the extraction table.  The combination of these 

values will be mapped to a unique client key in the data staging database.  This extracted 

data is inserted into an intermediate database, containing the required data for a broker for a 

given month.   

 

A.6.3 Extraction to the data staging database 
 

The data tables in the data warehouse staging area are used to receive the data that is 

extracted from the operational data source, in this case the intermediate database.  Note that 

several intermediate databases (from several brokers) could be collated in the data staging 

database.  This area is usually used to accelerate the data load process into the data 

warehouse.   

 

Validation is the process of determining whether or not the data is within acceptable 

standards.  As data validation may be a time-consuming process, it may be automated.  Data 

that falls beyond the validation standards must be scrubbed (i.e. cleaned, validated) in the 

staging database.  Corrective action may be required.  The transformation of the data 

included operations such as the changing of all alphabetical characters to upper case, 

breaking up of data codes and the merging of separated data items. 

 

The extracted data is migrated to a staging database.  The client ID and the broker ID are 

transformed to a client key.  If the client ID broker ID combination exists in the ClientMap 

table, the client key is simply referenced.  If the combination does not exist, a record is added 

to the client map table, and the client key is then referenced. 

 

A single data load of data at the end of each month comprises of  data for all brokers as at the 

end of the specific month.  Each data load is inserted into the data warehouse.  The data 

warehouse may eventually contain several data loads (i.e. multiple month end snapshots from 

multiple brokers).   
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A.6.4 Data loading to the data warehouse 
 

The dimension tables of the data warehouse were populated during the initial load of the data 

warehouse.  These tables may be subsequently only updated when a change is required.  To 

populate the data warehouse fact table with data, the data must be imported from the data 

staging data table to the relevant data warehouse structures. 

 

A.7 Other data warehouse issues 

 

A.7.1 Big dimensions 
 

The customer dimension is usually a big dimension in a data warehouse, as the customer 

needs to be described in terms of as many attributes as possible (usually 50 to 100 

attributes).  There are, however, some attributes that will never be the source of constraint for 

any query, such as the first name, the street address, or the telephone number.  It was 

deemed unnecessary to include these attributes in the data warehouse.  Other attributes are 

heavily used in the client dimension; these include the demographics, the gender, the age 

and the number of children.  The client attributes are used to identify interesting subsets of 

data of the clients included in the data warehouse. 

 

A.7.2 Demographic mini-dimension 
 

To ensure effective use of demographic attributes in a large customer dimension, separate 

the attributes into one or more sets of attributes of demographic mini-dimensions.  Some 

demographic variables may be isolated into separate tables.  For continuously valued 

attributes (e.g.  age and salary), the values are grouped into a number of distinct value bands.  

The use of the attribute is restricted to the number of bands, thus drastically reducing the 

number of combinations of the demographic variable with other demographic variables.  Mini-

dimensions should be designed to have fewer than 100 000 distinct combinations to preserve 

high performance browsing.  Demographic mini-dimensions may be either joined to the fact 

table or to the client table.  For this data warehouse, these demographic mini-dimensions 

were joined directly to the fact table.  A single demographics mini-dimension may be 

generalised into several mini-dimensions, where each mini-dimension is a package of 

attributes that can be efficiently browsed.   

 

The demographics key should be part of the composite key of the fact table to provide the 

most efficient access to the fact table through the demographic attribute.   
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The best approach to track data changes in a big dimension is to cluster a few mini-

dimensions from the dimension table, each consisting of small groups of attributes that have 

been administered to have a limited number of values. 

 

A.7.3 Slowly changing dimensions 
 

Time passes in the real world, and so the value of the client attributes change.  A data 

warehouse must reflect these changes to ensure relevance and data quality.  Marketing 

opportunities as well as client status and age may change.  The definition of a dimension, as 

well as the relevant and required facts for the business process modelled by the data 

warehouse, may change.  Additional facts may be required and current facts may become 

redundant.  However, a data warehouse is required to present the current status correctly as 

well as present the past history correctly.   

 

There are three options to track change over time in a data warehouse: 

• Overwrite, but this option does not allow for tracking of history. 

• Dimension key generated to partition history, use effective dates in the dimension table. 

• Use only the original and the current values, all intermediate values are lost! 

 

For the proof-of-concept data warehouse, the current presented structure was assumed 

constant for the duration of the research.  The focus of the research was the visual 

presentation of the data rather than the data warehouse maintenance issues. 

 

A.7.4 Dirty dimensions 
 

During the definition of data warehouse dimensions, dirty dimensions that contain duplicates 

and extraneous entries may be identified.  The following issues had to be resolved in this 

proof-of-concept data warehouse:  

 

• The retirement age of the client is unknown for a large proportion of the clients in the 

portfolio.  This is in itself a marketing opportunity. 

• The total income of a client is unknown, as the income tax definition is outstanding. 

• The qualification and occupation are client attributes that are seldom used. 

• The address is a field that is not well defined.  It is therefore difficult to extract any form of 

geographic attribute of a client. 
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A.7.5 Conforming dimensions 
 

When loading data from multiple data sources, conflicts will arise.  However, conformed 

dimensions allow the data user access to a universal (conformed) data definition over all data 

sources.  Should the need arise to conform these dimensions listed below; a mapping would 

be required in the data staging database, to ensure that the dimension definitions conform 

over all broker data. Although for the current data warehouse, there were no conforming 

issues, the following were identified as possible issues when the data of several different 

brokers is loaded into the warehouse: 

• The definition of qualification and occupation of a client are defined as meta-data.  In the 

current financial needs analysis system, each broker is able to define the occupations and 

qualifications relevant to the specific client portfolio. 

• For assurance, the broker can define the assurance companies and policy types that are 

used by the specific client portfolio.  These definitions differ from one broker to another. 

 

A.8 Data warehouse for visualization 

 

For a production data warehouse, several other issues need to be considered, including the 

building of a front-end suite of applications and the management and maintenance of the 

complete data warehouse.  Corey, Abbey, Abramson, Barnes, Taub and Venkitachalam 

(1999) caution though that whatever method is used for data extraction, the method should be 

evaluated in terms of the user needs. 

 

According to Corey et al (1999) the ultimate goal of data warehousing is to support the 

(informed) decision-making processes.  OLAP tools enable decision support.  OLAP is a class 

of software that allows for the performance of reporting, specifically multidimensional.  It is an 

application for the extraction and viewing of data.  Drill down is the process of moving from 

summarised data to more detailed data, in levels, one level at a time.  Drill down works well 

with dimensions defined in hierarchies.  Slice and dice identifies the fact of more than two 

dimensions. 

 

The data has been loaded into a data warehouse.  The research now requires investigation 

into the appropriate visualization for the exploration of this data. 
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BB..  RROOUUTTEEPPLLAANNNNEERR  TTEEMMPPLLAATTEE  
 

B.1 Introduction 

 

RoutePlanner consists of three stages where each stage has requirements (i.e. activities that 

must be completed) and resources (templates to be completed during the process 

implementation).  The completion of one stage leads to the commencement of the next.  The 

identification stage may be iterative. It is recommended that the guidelines are used as an 

introduction to the use of RoutePlanner.  The completion of the resources (i.e. the templates) 

relating to the guidelines should contribute to an overall focus on the problem that requires 

visualization.  It is recognized that this is an initial version of RoutePlanner (Version 1.1) the 

details of which will change as the body of visualization knowledge evolves. 

 

For this research: 

• The domain of the insurance broker was used. 

• The listing of the facts and dimensions of the data warehouse, as well as a listing of 

the visualization methods available is in Table B-22 and Table B-23 for the 

convenience of the participant.  

• A PowerPoint presentation was used to guide the experiment and the visualization 

process. Copies of the presentation slides are in Appendix D. 

 

NOTE: For all tables in this appendix, the domain specific information 

and assumptions, made for the purposes of this research, were added to 

the templates in italics. 
 

Figure B-1 presents an overview of RoutePlanner, identical to Figure 3-1 in the dissertation, 

which, for convenient reference purposes, should be available to all participant users of 

RoutePlanner. 
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Figure B-1 Overview of RoutePlanner (identical to Figure 3-1 in dissertation 



 APPENDIX B – ROUTEPLANNER TEMPLATE    

 

 B-3 
 PM GOUWS 7872658 

 

B.2 Guidelines 

 

B.2.1 Guidelines option 1 - Guidelines of Brath (1999) 
 

Table B-1 Visualization assumptions of Brath (1999) 

These are required to ensure that all team members have a clear understanding of the context of the problem in hand. 

Brath’s assumption Notes 

What is the focus of the information 
visualization? 

The focus of this information visualization is to gain insight into the portfolio data of an insurance broker. The 
data in the warehouse is transformed into interactive visual representations, using one or more visualization 
methods. 

What data will be considered? The current data of a single insurance broker will be considered.  This data has been loaded into the proof-of-
concept data warehouse. 

What hardware will be used?   A PC (or laptop) with keyboard and mouse, with sufficient resolution and speed to support visualizations will be 
used for the visualization. The visualizations are intended for the users(the brokers) in a corporate environment 
with limited visual literacy. 

 

What communication will be used?  

It is assumed that all visualizations would 
be coherent and understandable.)  

The data will be explored by interacting with the visualizations. 

Printouts of the visualizations may be required for distribution purposes. (This may limit the use of colour.)  

Guidelines are not rules, are not 
complete and are no guarantee for 
effective visualization. 

This assumption is noted by the users of the visualization. 

Metrics assumptions. Brath states that guidelines may be converted to metrics. This conversion is beyond the scope of this research. 



 APPENDIX B – ROUTEPLANNER TEMPLATE    

 

 B-4 
 PM GOUWS 7872658 

 

Table B-2 Visualization goal, task and data guidelines defined by Brath (1999) 

The understanding of the problem is defined in terms of the goal, the data to be visualized and the tasks to be supported. 

Brath warns that an incomplete understanding of the goals, tasks and data to be visualized may rule out the creation of an effective visualization. 

Visualization goal 

Brath’s guidelines Notes 

What is the goal of this visualization? 

The visualization must have a real goal with existing and relevant data, e.g. ‘What 
is?’, ‘How does?’, ‘Where did?’. 

 

The goal of the visualization is to identify marketing opportunities.  

Visualization tasks 

Brath’s guidelines Notes 

What are the decision requirements? 

To identify the types of decisions that result from the visualization (e.g. highly 
constrained, exploratory). 

 

For this initial visualization of the portfolio data, the decision 
requirements are mainly exploratory. 

What are the communication requirements? 

To describe the user community (e.g. the number of users, type of user, dynamic 
or static presentations). 

 

Each broker should have access to a visual overview of the data in the 
portfolio to identify marketing opportunities. 

What are the information requirements? 

To identify the information required and compare these requirements with the 
data available. 

 

The information required must be identified within the current structure of 
the data warehouse. 

What are the workflow requirements? 

To identify the workflow and the artefacts that supports the current practice. 

 

Currently there are no visualizations of portfolio data.  There is no 
current practice. 
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Table B-2 Visualization goal, task and data guidelines defined by Brath (1999) 

What are the artefacts? 

The artefacts may present information and reveal insights related to the mental 
models that users have of their data.  

 

 

There are no artefacts. It is proposed that the visualizations be used to 
identify marketing opportunities.  

Data 

Brath’s guidelines Notes 

What are the data sources? 

The data should be available, accessible and relevant. 

A snapshot of the data was loaded into the proof-of-concept data 
warehouse.  For the structure of these tables and examples of the data 
see tables and figures in Appendix A. 

What is the primary data? 

The primary data is the data to be visually presented. 

The primary data is the client data of a given broker as contained in the 
database of the financial needs analysis system.  A snapshot of the data 
was loaded into the data warehouse. 

What is the supplementary data? 

This includes labels, codes and meta data relevant to the visualization goal.  

 

No supplementary data was used in this study. 

Are any data calculations required? If so, which? 

The time to complete calculations needs to be taken into account.  

 

Example: months lapsed since last visit. 

Are there any special cases to consider? 

This includes any attributes values that require definition or interpretation.  

 

Data characteristics 

Brath’s guidelines Notes 

What are the data types? 

Data types include continuous or discrete data (with or without order), buckets, 
classification, hierarchy, network, or special data types (e.g. files, documents) 

 

Most of the facts are currency values and the dimensions are discrete 
coded values. 
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Table B-2 Visualization goal, task and data guidelines defined by Brath (1999) 

Is multi-dimensional analysis required? 

The data attributes are the dimensions. The quantitative numeric data comprises 
the measures. Measured data may also be collected and treated as dimensions. 

 

For the data in the warehouse, the dimensions have been coded.  The 
age facts have also been coded. 

What are the key dimensions of the visualization? 

To identify the most important dimensions relevant to the goal of the visualization. 

 

See Appendix A for the descriptions of the dimensions in the warehouse, 
to be considered for the identification of marketing opportunities. 

What is the ranking of the dimensions? 

The priority of the dimension is determined by the goal of the visualization.  

 

Can these dimensions be ranked? 

What data structures are used? 

The relevant data needs to be organised to ensure rapid retrieval of the data. 

The data is exported from the data warehouse to Excel spreadsheets. 
The data is saved in the required formats, as per the requirements of the 
visualization systems. 
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Table B-3 Visual representation guidelines defined by Brath (1999) 

With the aim of generating effective visualizations, this area of guidelines identifies important aspects of visual representations and hazards to be avoided. 

Guideline and description Noted? Yes/No 

Use a device familiar to the user to structure the visualization.  

Use small multiples to convey multivariate data (for comparison and contrast).  

Provide a reference context that is understood by the user.  

Consider the number of data points and data density. This may affect the perception of complexity and effectiveness of visualizations.  

Consider visualization complexity. The level of complexity and density of information depends on the user of the visualization and the 
type of data visualized. Use redundancy, varied visual dimensions, and connotative mappings for comprehension. 

 

Beware of occlusion, i.e. the obscuring of one data item by another.  

Use legends, scales, annotation and labelling to decipher visual representations.  

Minimize illusions and misinformation, and avoid moiré, excessive overlap, break-up and colour misinterpretation.  

Colour is considered a complex design element that must be appropriate for the user. 

• Use neutral colours for backgrounds, grids and labels. 

• Do not use more than ten discrete colours. 

• Colour may be used for encoding data. 

• Do not use more than two colours for a continuous dimension. 

• If using more than one continuous dimension with colour, space is required. 
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Table B-4 Interaction guidelines defined by Brath (1999) 

Interaction allows the user to identify patterns dynamically in the visualization. 

Guideline Noted? Yes/No 

Interaction should not be relied on. 

It cannot be assumed that visualization is always available. A static printout may have to suffice. 

 

Interaction should be used to explore the data set that is visualized. 

The user can explore the data set beyond that which is presented on the screen. 

 

Interaction allows for view navigation to explore behind the data occlusions, to consider the data ambiguities, to 
zoom into the presentation for detail and to zoom out of the presentation for context.  

Brath’s recommendations for a navigation model of information visualizations include: the scene remains on the screen, 
consistent interaction, minimal delay for feedback, alternatives to mouse navigation and persistent viewpoints. 

 

The user must be able to drill down to the underlying data using brushing.  

Brushing can be used for the identification of points (e.g. outlier details, additional information or actual data values), 
verification, validation of data correctness and education, and the creation and validation of mental models. 

 

Search for data thresholds and individual items using filtering. This is the corollary of brushing. 

The identification of thresholds and data points allows for verification, identification and exploration. 

 

Interaction allows for the discovery of combinations and permutations of the data.  

Although Brath warns that visualization should not depend on interaction, he emphasizes that interaction is useful for the exploration of data; comprehension 
of the visualizations by techniques such as brushing; identification of relevant data using techniques such as filtering; and for exploration of undiscovered 

permutations and combinations in the data. 
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B.2.2 Guidelines option 2 - 5T Environmental factors of Mann (1999) and Mann and Reiterer (2000) 
 

Table B-5 5T Environmental factors defined by Mann (1999) and Mann and Reiterer (2000) 

These factors influence the usefulness and effectiveness of the visualization. 

Factor Notes 

Target user group  

Differences between individuals in the perception and processing of information 
and the effects thereof need to be considered.  Users may be classified as either 
beginners or experts. 

 

The target user group of this initial visualization are the brokers who will 
use visualization to identify marketing opportunities within an example 
portfolio of clients. 

Type of data 

The effects of the volume and type of data to be visualized need to be considered. 
Data may be text or numeric, and there may be a hierarchy of data. 

 

The data is either currency values or discrete coded dimensions. The 
volume is limited to the number of clients in a portfolio. 

Task to be done 

The task needs to be defined, e.g. either specific fact-finding or extended fact-
finding. The purpose of the task must be considered, e.g. monitor, detect, search, 
extract, fuse different sources, organize, compare, decide, distribute. 

 

The data needs to be overviewed, and then exceptions within the data 
need to be identified.  

Technical environment 

The technical aspects are vital factors for the use and success of the 
visualizations, e.g. the size of the monitor, the available memory, the processing 
power and the availability of input and output devices. 

 

The technical environment is the PC of the broker. 

Training 

If users are unfamiliar with the visualizations, training may be required. Factors to 
be considered are the ability of the user to learn, the simplicity of the visualization, 
and the long-term benefits of the amount of training required. 

 

None of the users is familiar with any of the visualizations. Training is 
required. The extent of the training may vary according to the 
visualization methods selected. 
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B.2.3 Guidelines option 3 - Visualization issues of Spence (2001) 
 

Table B-6 Visualization issues defined by Spence (2001) 

These issues need to be considered. 

Visualization issue Notes 

Selection 

Identify the relevant and required data. 

 

From the data in the warehouse, select the specific data that 
you require to identify marketing opportunities.  

Representation 

The representation must be appropriate for the abstract data. The use of coding and colour 
may depend on the mental models of the user.  

 

Are there particular colours that are symbolic in the insurance 
domain? Are the dimension codes in the warehouse sufficient? 

Presentation 

This refers to the real estate problem of visualization. The presentation of the data on the 
screen and the scale and dimensionality of the data need to be considered.   

 

How many visualization methods do you require?  

Do you need to view all the visualizations at the same time? 

Re-arrangement, interactions and exploration 

These support the acquisition of additional insight from the data.  Interaction contributes to 
the insight gained, but may be hampered by the number of dimensions. 

 

Do you need to interact with the visualization to explore other 
data insights? 

Externalization 

This refers to the presentation of the data.  

 

How should the data be presented? 

Mental models 

Mental models are the organised and familiar thought about information visualization. 

 

Which visualization methods (e.g. pie chart) are familiar? 

Invention, experience and skill 

These are required to understand the task for which the visualization is intended. 

 

Are you able to interpret the visualizations?  
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B.2.4 Guidelines option 4 - Visualization trends 
 

Table B-7 Visualization trends (synthesized by author) 

These trends need to be considered. 

Visualization trend Which do you prefer? Why? 

Static versus dynamic 

Static visualizations have no interactive functionality.  Dynamic visualizations provide 
interactitivity which may contribute to data insight. Interaction time must be taken into 
account.  

 

Single versus multiple 

A single visualization may not present all the information relevant to the goal of the 
visualization, and can lead to an ambiguous interpretation.  This may constrain the insight 
gained from such a presentation and limit the understanding of the data. 

 

Simple versus complex 

Simple visualization is that which is easy to use and interpret, while complex visualization is 
the presentation of data that is not intuitive.  Users of the latter may require training, since a 
learning curve is required for the interpretation of such visualizations. 

 

Overview versus detail 

Both forms are required for a holistic presentation. Overview versions relate to aggregated 
data, while detailed versions focus on individual data items.  For multiple views of the same 
data, the co-ordination of the overview and detailed presentations should be appropriate.   

 

Known versus novel visualizations 

Known visualizations are easy to use and interpret.  Custom-designed, novel visualizations 
are used for a specific data task and domain, thus are less familiar. 
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B.3 Identification stage 

 

Table B-8 Identification stage (derived by author from Espinosa et al (1999)  

Investigate a domain where visualizations are to be used. 

This knowledge is collected in terms of the domain description, the user tasks and the visualization user needs. 

Phase Phase description Notes 

Domain 
description 

This includes only 
objects relevant to 
the solution of the 
problem or goal of 
the visualization.  

Entities.  

Attributes that describe the characteristics of the 
problem. 

 

For the identification of the marketing opportunities, which data should be used? 
Example: pension data, RA data, age data. 

 

 

Entity relationships.  

Relationships between the entities. 

 

Example: A relationship between the age and the pension data of a client? 

 

 

Assumptions.  

Assumptions required to understand the limitations  

 

Example: Some clients have no retirement age on record.  The lack of a retirement 
age indicates inadequate no financial planning.  

 

 

Data sources.  

Data sources within the identified domain.  

 

The data source is the database of the financial needs analysis system used by 
the broker.  
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Table B-8 Identification stage (derived by author from Espinosa et al (1999)  

Phase Phase description Notes 

User tasks 

Shneiderman’s 
(1996) abstract 
tasks include:  

Overview. Explore 
data to discover 
patterns significant 
within the selected 
data. 

Zoom and filter to 
identify the details. 

Details on 
demand for 
detailed 
exploration. 

Identify the user tasks. Kimball et al (1998) refer to 
typical analytical cycle themes of data: 

To determine is business here, which data should be considered?  Example: if 
all your clients are over the age of 80 then business is going down? 

• How is business?   

• What are the trends?   

• What is unusual?   

• What is driving those exceptions?   

• What if …?   

• Make and implement a business decision.  

• After the implementation of a decision, the 
question arises again ‘How is business?’ 

 

Identify the stages to solve the problem. 

  

How will you address these marketing opportunities? 

Identify the analysis heuristics that are used. 

 

Example: if current age is greater than 65, then too late for retirement planning. 

Visualization 
user needs 

Identify appropriate visual displays. 

 

 

Identify the level of data detail required. 
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B.4 Selection stage 

 

In the selection stage there are three options (see Figure B-1).  

• Option 1 (consult a visualization expert) is not addressed here. 

• Option 2 (use a visualization assistant) is not addressed here. 

• Option 3 (use taxonomies of visualization methods) is considered in this section.  None of the taxonomies provides explicit guidance or rules for the 

selection of a specific visualization method.  You are required to consider all these alternatives, and then to select from the visualization methods 

available, as presented in Section B.4.6.  

 

At the start of this stage, a collection of visualization methods will be introduced by using demonstration versions of four available visualization systems.  The 

demonstrations will use non-domain-specific data, rather than insurance data.  This is to ensure that the visualization method rather than its use in the 

insurance domain is demonstrated. 

 

Where applicable, visualization concepts such as filtering, selection, brushing, overview and detail and zooming will be demonstrated and explained. 
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B.4.1 Taxonomy option 1 - Task by data type taxonomy of Shneiderman (1996) 
 

Table B-9 Tasks defined by Shneiderman (1996) 

Use the following definitions to identify the tasks that are required. 

Overview To present an overview of the complete data set. 

Zoom To focus on specific data items. 

Filter To filter out the irrelevant items. 

Details on demand For selected data items where details are required. 

Relate To reveal the relationships between data items. 

History For an audit of the actions taken in the exploration. 

Extract For the extraction of subsets of the data and query parameters. 
 

Table B-10 Data types defined by Shneiderman (1996) 

Use the following definitions to identify the data types to be visualized. 

One-dimensional Linear data type. 

Two-dimensional Planar or map data. 

Three-dimensional Data pertaining to real world objects 

Multi-dimensional Relational and statistical data. 

Temporal The dimension of time. 

Tree Collections of data items where each item (excluding root) has a link to one parent item. 

Network Collections of data items linked to an arbitrary number of other items. 
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B.4.2 Taxonomy option 2 - Data type taxonomy of OLIVE (1997) 
 

The On-line Library of Information Visualization Environments (OLIVE) presents a background to the visualization of the data type as defined by Shneiderman 

(1996), the tasks usually performed in the data type, projects reported in the literature, products for the given data type and research citations.   

 

An example of the site interface is given in Figure B-2.  

 

 

 

 

 

 

 

 

 

 

 

Figure B-2 OLIVE website for multidimensional data ( http://www.otal.umd.edu/Olive/) 
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Linked to OLIVE is the taxonomy of information visualization user-interfaces that also presents examples of visualizations found in the literature.   

 

These examples may be used to guide the selection of visualization methods.  A page of the website is shown in Figure B-3 as an example.  

 

Figure B-3 Taxonomy of information visualization user interface (http://www.lirmm.fr/~inforviz/ASEval/References/shneiderman.php) 
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B.4.3 Taxonomy option 3 - Data and visualization type, interaction and distortion of Keim (2002) 
 

Table B-11 Data type of Keim (2002) 

Use the type of data to be visualized to identify visualization alternatives. 

Data type Example Visualization examples 

One-dimensional Temporal  ThemeRiver (Havre, Hetzler, Whitney and Nowell, 2002) 

Two-dimensional Geographical map  Geographical maps used in Polaris (Stolte, Tang and Hanrahan, 2002) 

Multi-dimensional Relational tables Relational tables - Polaris (Stolte et al, 2002),  

Parallel co-ordinates - Scalable framework (Kreuseler, Lopez and Schumann, 2002) 

Text and hypertext News articles Principal component analysis used in ThemeRiver (Nowell et al, 2002) 

Hierarchies, graphs Telephone calls MGV (Abello and Korn, 2002) 

Algorithms Debugging  Debugging operations used in Polaris (Stolte et al, 2002) 
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Table B-12 Classification of visualization type of Keim (2002) 

Use the visualization type to identify visualization alternatives.  

Category Examples of visualization methods 

Standard 2D/3D displays XY plots and bar charts used in Polaris (Stolte et al, 2002) 

Geometrically 
transformed displays 

Geometric transformations and projections, and parallel co-ordinates (Inselberg and Avidan, 2000; Inselberg, 1997; 
Inselberg, 1985; Inselberg and Dimsdale, 1990) 

Icon-based displays  Icon or stick figures as used in MGV (Abello and Korn, 2002).  

Chernoff faces (Chernoff, 1973) 

Dense pixel displays  Visualize each dimension value as a colour pixel, used in graph sketches in MGV (Abello and Korn, 2002) 

Stacked Treemaps (Johnson and Shneiderman, 1991; Shneiderman, 1992) 

Dimensional Stacking (Ward, 1994) 
 

Table B-13 Classification of interaction and distortion of Keim (2002) 

Use the interaction and distortion required to identify visualization alternatives. Interaction allows the user to interact directly with the visualization. 

Interaction / distortion Example 

Interactive projection Change the projection dynamically to explore data. GrandTour (Asimov, 1985) 

Interactive filtering Partition data interactively to focus on specific parts.  Polaris (Stolte et al, 2002) 

Interactive zooming Provide an overview of data, yet allow for a different view with more detail.  Scalable framework (Kreuseler et al, 2002) 

Interactive distortion Maintain overview during drill down to data details, presenting the two simultaneously. Scalable framework (Kreuseler et al, 2002) 

Interactive linking and brushing Combine different visualizations, using linking and brushing. Polaris (Stolte et al, 2002) 
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B.4.4 Taxonomy option 4 - Categories of De Oliveira and Levkowitz (2003) 
 

Table B-14 Visualization category by De Oliveira and Levkowitz (2003) 

Use the category to identify the alternatives. The characteristics of each category are given. 

Category Characteristics Example methods 

Iconographic 
techniques 

Used for small to medium datasets, and for high dimensional 
datasets. Interpretation requires training.  The mapping of a 
dimension to an icon attribute determines expressiveness.  
Record overlap may occur if dimensions are mapped to 
display position of icon. Icons tend to use multiple pixel 
screen space.   

Chernoff faces (Chernoff, 1973), Colour Icons (Levkowitz, 1991), 
DriftWeed (Rose and Wong, 2000), Shape coding (Beddow, 1990), 
Sound Icons (Levkowitz, Picket, Smith and Torpey, 1995), Star Glyphs 
(Ward, 1994), Stick Figures (Pickett and Grinstein, 1988) 

Geometric 
techniques 

Used for large to very large datasets, and for medium and 
high dimensional data.  Interaction is required.  Visual clutter 
and overlap are problems for large datasets.  All dimensions 
are treated equally.  Perceptions may be hampered by 
display order.  Used for detecting outliers and dimensional 
correlations. 

Circular Parallel Co-ordinates (Hoffman, 2000), GridViz (Hoffmann, 
2000), Hierarchical parallel co-ordinates (Fua et al, 1999), Parallel co-
ordinates (Inselberg and Avidan, 2000; Inselberg, 1997; Inselberg, 1985; 
Inselberg and Dimsdale, 1990), RadViz (Hoffman, 2000),Scatterplot 
Matrices (Cleveland, 1993) 

Pixel based 
techniques 

Used for large and very large datasets on high-resolution 
displays. Can be used for medium and high dimensional 
datasets. Each data item uniquely mapped onto a pixel, thus 
record overlap and visual cluttering do not occur. 

Circle segments (Ankerst Keim and Kriegel, 1996; Keim, 2000), 
Recursive Pattern (Keim, 1997; Keim, 2000; Keim and Kriegel, 1994; 
Keim, Kriegel and Seidl, 1994; Keim and Kriegel, 1996), Space filling 
curves (Keim, 1997; Keim and Kriegel, 1994; Keim et al, 1994; Keim and 
Kriegel, 1996), Spiral and Axes techniques (Keim, 1997; Keim, 2000; 
Keim and Kriegel, 1994, Keim, et al, 1994; Keim and Kriegel, 1996) 

Hierarchical 
techniques 

Used for small to medium-sized and for low to medium 
dimensional datasets.  Different mappings of attributes 
generate different data view.  Training is required to interpret 
the plots. 

Dimension stacking (LeBlanc, Ward and Wittels, 1990), Worlds-within-
Worlds (Beshers and Feiner, 1993) 
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B.4.5 Taxonomy option 5 - Complexity, content area, point of view, type of thinking and type of representation by Lengler 
and Eppler (2007) 

 

According to Lengler and Eppler (2007), the levels of classification of methods are: 

• Content area: data, information, concept, metaphor, strategy. Compound methods are ranked on knowledge intensity, and objective to subjective. 

• Complexity of visualization: low or high. 

• Point of view: detail, overview or both. 

• Type of thinking: convergent or divergent. 

• Type of representation: process or structure. 

 

An example of the Lengler and Eppler’s periodic table representation is given in Figure B-4 and a tabulation of this classification is presented in Table B-15. 

 

The URL for an interactive version of this periodic table is http://www.visual-literacy.org/periodic_table/periodic_table.html .  Note the following features: 

• On selection of a specific visualizations method, a pop-up display of an example of the method is displayed.  (e.g. In Figure B-4, the Pa 

(parallel co-ordinates) visualization method was selected, and the City O’ Scope example of parallel co-ordinates is displayed and described). 

• Complexity increases for visualization methods classified in the same column.  (e.g. In the first column, the Hi (histogram) is classified more 

complex than the B (bar chart)). 
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Figure B-4 Periodic table example (http://www.visual-literacy.org/periodic_table/periodic_table.html) 
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Table B-15 Content area taxonomy of Lengler and Eppler (2007) 

Refer to the periodic table presentation of this taxonomy for the selection of appropriate visualization methods.  Only the content area classification has been 
used to classify visualization methods in this table. 

Content area Visualization methods included in the content area 

Data visualizations.  

Used for schematic representations of quantitative data. 

Continuum, Table, Pie chart, Bar chart, Area chart, Tukey box plot, Cartesian coordinates, 
Line chart, Histogram, Scatter plot, Spectrogram 

Information visualizations.  

Interactive visual representation that transforms data into an 
image. 

Timeline, Radar chart co-web, Tensor diagram, Parallel co-ordinates, Chernoff faces, 
Treemaps, Hyperbolic tree, Entity relationship diagram, Nassi Shneiderman diagram, Cycle 
diagram, Feedback cycle diagram, Semantic network, Snakey diagram, Pareto chart, Flow 
chart, Venn/Eeuler diagram, Clustering, System dynamic/loop diagrams. 

Concept visualizations. 

Used for qualitative concepts, ideas and analyses. 

Mindmap, Layer chart, Soft system, modelling, Square of oppositions, Minto pyramid 
technique, Synergy map, Concentric circles, Cause effect chains, Force field diagrams, 
Argument slide, Toulmin map, Ibis argumentation map, Concept skeleton, Meeting trace, 
Communication diagram, Decision tree, Process event chains, Flight plan, Gantt chart, Critical 
path method, Pert chart, Concept fan, Perspectives diagram, Evocative knowledge maps, 
Swim lane diagram, Dilemma diagram, Concept map, Vee diagram. 

Strategy visualizations.  

Complementary representations used for organizational 
strategies. 

Supply demand chain, Performance charting, Strategy map, Organizational chart, House of 
quality, Feedback diagram, Failure tree, Magic quadrant, Stakeholder rating map, Porter’s five 
forces, S-cycle, Stakeholder map, Life-cycle diagram, Technology roadmap, Edgeworth box, 
Portfolio diagram, Strategic game board, Mintzberg’s organigraph, Zwicky’s morphological 
box,  Affinity diagram, Decision discovery diagram, BCG matrix, Strategy canvas, Va-lue 
chain, Hype-cycle, Ishikawa diagram, Taps, Spray diagram. 

Metaphor visualizations.  

Characteristics of the metaphor are used to convey insight. 

Metro map, Temple, Story template, Tree, Bridge, Funnel, Parameter ruler, Iceberg, Heaven 
‘n hell chart. 

Compound visualizations. 

Two or more representations used in a single data schema. 

Graphic facilitation, Cartoon, Rich picture, Knowledge map, Cognitive mapping, Infomural 

. 
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B.4.6 Visualization methods available for study 
 
Several visualization systems were considered for this study.  From these systems, a collection of four systems is used to provide the visualization methods 

for this study.  Each visualization system includes a collection of visualization methods. 

 

• Visualization systems.  All the systems considered in this study are presented in Table B-16.  Of these systems, the four used during the 

experiment are presented in italics in shaded cells.   

• Visualization demonstrations.  The visualization methods incorporated in the four available systems are demonstrated with non-domain data. 

• Listing of available visualization methods.  The visualization methods in the four systems are tabulated in alphabetical order in Table B-17. This 

table must be used to select the visualization methods for the specific data identified.  Table B-24 provides an easy-to-use selection list. 

• Implementation details.  A summary of the four available visualization systems is presented in Table B-18.  
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Table B-16 Visualization systems considered in this study 

The visualization systems that appear in ITALICS in shaded cells are the systems that will be used to visualize data in the current study. 

Name Availability Visualization methods 

Advizor  

A collection of methods for visual 
discovery and analysis of multi-
dimensional data, with interaction, and 
synchronized multiple views.   

 

Commercial package, a 30 day licence may be 
purchased.   

http://www.visualinsights.com. 

 

Traditional metaphors: bar chart, histogram, line chart, 
pie chart, and scatter plot.   

Novel metaphors: timetable, multi-scape, para-box, and 
data constellations.   

Text oriented tools: data sheet and counts. 

GBDIView  

A multi-method multivariate visualization 
tool. 

 

This project has been replaced by VisTree 

 

Parallel co-ordinates, scatter plot matrix, star co-
ordinates and table lens. 

Graphics server  

A COM component to add graphs and 
charts to applications. 

 

A 30-day evaluation and commercial version at 
http://www.graphicsserver.com 

 

Area graph, bar graph, bubble graph, box-whisker graph, 
candlestick graph, Gantt chart, high-low-close graph, line 
graph, logarithmic graphs, pie chart, polar graph, scatter 
graph, surface graph, tape graph, and time series graph. 

Heat Map Explorer  

A visualization application based on heat 
maps (i.e. treemaps). 

 

A 30-day evaluation and commercial version at 
www.labescape.com 

 

Heat map (Tree map) 
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Table B-16 Visualization systems considered in this study 

The visualization systems that appear in ITALICS in shaded cells are the systems that will be used to visualize data in the current study. 

Name Availability Visualization methods 

InfoVis toolkit  

A toolkit for the creation, extension and 
integration of visualization components 
into interactive Java Swing applications 
(i.e. Support provided for interaction with 
visualization.).  

 

Distributed under MIT X licence.  
http://ivtk.sourceforge.net  

A user manual and tutorials are available. 

 

Table data: scatter plots, time series, parallel co-
ordinates, matrices.  

Tree data: node-link diagrams, icicle trees, tree-maps. 

Graph data: adjacency matrices, node-link diagrams. 

POLARIS  

An interface for exploration of large multi-
dimensional data. 

 

Project inactive.  Commercially at 
www.tableausoftware.com   

 

Ordinal-ordinal, ordinal-quantitative and quantitative-
quantitative graphics. 

TeeChart TChart  

A charting and plotting tool that consists 
of components. 

 

TChart available with Delphi. TeeChart is shareware. 
http://www.steema.com/products/teechart/ 

 

Line, bar, horizontal bar, area, point, pie, fast line, shape, 
Gantt, arrow, bubble. 

VisTree 

A visualization environment that supports 
multiple integrated views in a tree-like 
structure, and uses the concepts of 
pipeline, composition of visualizations, 
automatic labelling, and multiple linked 
visualizations. 

 

Experimental version at 
http://gbdi.icmc.usp.br/~junio/VisTree/VisTree.htm 

A demo .avi is available as a tutorial. 

 

Parallel co-ordinates, scatter plots, star co-ordinates, 
table lens and a 2D/3D projection. 

XmdvTool 

A tool for the interactive visualization of 
multivariate data.   

 

A public domain tool. http://davis.wpi.edu/~xmdv           

 

Scatter plots, star glyphs, parallel co-ordinates and 
dimensional stacking.  

Interaction and distortion are supported. 
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Table B-17 Visualization methods available for study 

Only tabular data is considered. Graph and tree visualization methods are excluded from selection. Select visualization methods from Section A. 

Visualization method InfoVis TChart VisTree Xmdv 

SECTION A (Select visualization methods from this section) 

Area chart:  Shows trends, or relation of parts to whole and to each other.  Yes   

Arrow chart:  Yes   

Bar chart:  To compare values using categorical (X) and numerical (Y) data.  Yes   

Bubble chart:  3 variables in a 2D space, scatter plots and third variable size.  Yes   

Dimensional stacking:  To detect cluster patterns    Yes 

Fast line:  Yes   

Gantt chart:  To chart times for schedule tasks.  Yes   

Horizontal bar”  Yes   

Line:  Yes   

Parallel co-ordinates:  Detect relationships between adjacent dimensions. Yes  Yes Yes 

Pie chart:  To compare parts to a whole using categorical (X) and numerical (Y) values.  Yes   

Scatter plot matrices: Yes  Yes  

Scatter (point) plots:  Linear relationships and for numerical X and Y data. Yes Yes  Yes 

Shape:  Yes   

Star co-ordinates or glyphs:  To detect similar shapes or transitions   Yes Yes 

Table lens:   Yes  

Time series:  Table data structures Yes    
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Table B-17 Visualization methods available for study 

Only tabular data is considered. Graph and tree visualization methods are excluded from selection. Select visualization methods from Section A. 

Visualization method InfoVis TChart VisTree Xmdv 

SECTION B (Visualization methods for tree and graph data, shown in table for completeness.) 

Adjacency matrices:  Graph data structures Yes    

Icicle trees:  Tree data structures Yes    

Node-link diagrams:  Graph or tree data structures. Yes    

Treemaps:  Tree data structures Yes    
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Table B-18 Data formatting and implementation details 

This table presents the data formatting requirements and implementation details of the visualization systems to be used in this study.  

For each system, it is assumed that the data is exported from the data tables in the warehouse to an Excel spreadsheet. 

Name Data formatting Implementation 

InfoVis 
toolkit 

The data files are recognised by their file extensions.  Table data files have TQD or 
CSV, tree data files have TM3 or XML, and graph files have XML or DOT extensions. 
For table data, open the required spreadsheet. Add a second row data type. Save 
the .xls file as .csv.  The default separator is the semicolon. 

For tree data, The TM3 format is an internal format. It is a version of the CSV format, 
but uses the TAB as the separator.  The node path is included after two TAB 
characters, at the end of each line of data.  

For graph data, The DOT format is used by the Graphviz applications.   

The InfoVis Toolkit is configured to be compiled by 
‘ant’, the Apache building tool (downloaded from 
http://ant.apache.org/ with build instructions in the 
build.xml file).   

For graph visualizations, the Graphviz programs 
must also be downloaded from www.graphviz.org 

The toolkit can be run from a Java IDE, e.g. eclipse. 

TeeChar 
TChart 

The relevant data is selected from the tables using the connection and SQL query.  
These charts are drag and drop components in Delphi. 

The required TChart components are added to the 
application. The database connection is used to 
retrieve the required data using an SQL query. 

VisTree The data is required in CSV format, with a gbdiv extension. Open the required 
spreadsheet. Save the .xls file as .csv.  The separator is a comma. Open the file in 
Notepad, and replace all the commas with a blank character.  Add a # before the 
name of the first variable in line 1. Save the file. Rename the file with extension. 

The exe is run, and the data file is selected and 
opened.  Multiple visualizations may be selected for 
the same data set. 

XmdvTool Data must be in a simple ASCII format for input into XmdvTool with extension okc.  
The fields, their types, and constraints are outlined in a readme document. Sample 
data files are included with the program. A program to convert an excel spreadsheet 
to the required xmdv format is available, and can be run from the command line.  The 
file is given the required okc extension. 

The exe is run, and the data file is selected and 
opened. 

Different visualizations may be selected for the 
same data set. 
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B.5 Evaluation stage 

B.5.1 Evaluation step 1 - Compare alternatives (Wiss et al (1998)) 
 

Table B-19 Comparative evaluation derived from Wiss et al (1998) 

Each visualization alternative is evaluated comparatively. A column must be completed for each alternative selected.  

Evaluate Alternative 1 ……………….. Alternative 2 ………………. Alternative 3 ……………… 

Suitability of visualization for data set.    

Can you interpret the visualization? YES/NO YES/NO YES/NO 

Can you gain insight? YES/NO YES/NO YES/NO 

Has the goal been met with this visualization? YES/NO YES/NO YES/NO 

Support for the user tasks.    

Overview (of dataset) Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N 

Zoom (in on the items of interest) Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N 

Filter (out uninteresting items) Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N 

Details on demand (select an item or group) Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N 

Relate (view relationships between items) Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N 

History (a history of actions)  Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N Required? Y/N Provided? Y/N 

Overall suitability of visualization for data?     

Overall support of visualization the user task?    

Identify any additional relevant functionality.    
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B.5.2 Evaluation step 2 - Identify the insight gained (Saraiya et al (2005)) 
 

Table B-20 Characteristics of insight generated (approach derived from Saraiya et al (2005)) 

This is an open-ended think aloud user test that is focuses on the recognition and quantification of insights gained from exploring a visualization. This table 
should be completed for each insight identified. At least one insight should be identified. 

Characteristic of insight Description of the insight 

Name the observation   

Time 

Note the time taken to reach insight.  

 

Domain value  

Coded by the domain expert (1 – trivial, 2 – informative (follow-up), 3 – overview, 
4 – outcome must be measured, 5 – crisis management) 

 

Hypothesis  

For an in depth understanding. 

 

Directed versus unexpected  

Identify the directed specific questions at the start. 

 

Correctness  

This should be coded by the domain and visualization experts collaboratively. 

 

Breadth versus depth  

Overview versus detailed focus must be coded by domain expert. 

. 

Category  

The category (overview, patterns, groups, details) of the observation. 
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B.5.3 Evaluation step 3 - Determine success of visualization (Kao and Ma (2000)) 
 

Table B-21 Factors to measure success of visualization derived from Kao and Ma (2000) 

This table is used to determine whether or not the visualization is successful. 

The team is required to consider each of these factors, and in conclusion deem the visualization successful or not successful. 

Factor Description 

Acceptance of 
visualization by the 
users. 

Can you interpret and use these visualizations to identify marketing opportunities within the example portfolio data? Why? 

 

 

Efficiency in finding the 
relevant information. 

How quickly can you spot exceptions and specific marketing opportunities? 

 

 

Lessons learnt from the 
visualization. 

Which specific marketing opportunities will be addressed? Why? 

 

 

Insight gained by users 
from use of the 
visualization. 

Name at least two insights that you have gained, and marketing opportunities that you have identified. 

 

In considering the 
factors above, can this 
visualization be deemed 
successful? Motivate. 
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Table B-22 Data identification sheet. Data set #....................  

From the data variables below, identify the data required for insight. 

Group Data variables 

Dimen-
sions 

ClientID BrokerID TimeKey GenderKey 

LanguageKey RetireAgeKey CurrentAgeKey MaritalKey 

AnnualSalaryKey PensionKey RAKey APolicyKey 

ASessionKey TestamentKkey IncomeTaxKey FinPlanKey 

VisitLastKey    

General LastVisitMonths CurrentAge RetireAge  

Pension 
RA facts 

NumberRA_Ann TotalP_RA_Ann NumRA_FPU TotalP_RA_FPU 

NumRA_Single TotalP_RA_Single   

Assuran
ce facts 

Total_LifeCover Total_DisCover Total_TraumCover Total_DisIncome 

Total_SurValue Total_MaturityValu
e 

TotalPA_Mon TotalPA_Ann 

TotalPA_OF    

Asset & 
liability 
facts 

NumAssets Total_A_Value NumAssets_Liquid Total_AL_Value 

NumLiabilities Total_L_Value   

IT facts TotalRE TotalRI TotalOE TotalOI 
 

Table B-23 Visualization methods sheet 

From the visualization methods below, select the visualization methods to be used. 

# Variables Visualization method Visualization system Alternative# 

1 Bar chart, horizontal bar  TChart  

1 Pie chart  TChart  

2 Area chart TChart  

2 Arrow chart TChart  

2 Fast line TChart  

2 Gantt chart TChart  

2 Line TChart  

2 Scatter (point) plot Infovis, Xmdvtool, TChart  

2 Shape TChart  

2 Time series (time!) Infovis  

2+ Dimensional stacking Xmdv  

2+ Parallel co-ordinates InfoVis, VisTree, Xmdv  

2+ Scatter plot matrices Vistree, Infovis  

2+ Star co-ordinates/glyphs Vistree, Xmdv  

2+ Table lens Vistree  
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CC..  RREESSEEAARRCCHH  IINNSSTTRRUUMMEENNTTSS  
 

C.1 Covering letter 

 

The following letter was used to introduce the researcher and the current study.  A similar 

letter, dated 7 March 2007, was used for the identification-of-need study. 

 

           UNISA School of Computing 
           College of Science, Engineering & Technology 
           Pretoria 
           0003 
           4 July 2008 
 
Good day Broker,  
 
Questionnaire cover letter 
 
My name is Patricia Gouws.  I am a lecturer in the School of Computing of UNISA, and 
am currently doing MSc studies in Information Systems under the supervision of 
Professor Ruth de Villiers.  My research focus is the use of visualization to transform 
data into insight.  The data from the insurance domain will be used during this study.   
 
The research includes an identification-of-need study, an experiment and an evaluation 
of the use of RoutePlanner.  The experiment tests the theory that a collaborative 
effort using the visualization process defined by RoutePlanner will lead to successful 
visualization.  The use of RoutePlanner is evaluated.  
 
To participate in the experiment and evaluation-of-use study, please complete the 
relevant questionnaires and return the completed questionnaires and the signed consent 
form to the facilitator.  You are required to use the visualization process, and then to 
evaluate the use of each stage. 
 
All information supplied will be treated as confidential and anonymity will be preserved.  
If you would like to obtain a summary of the results of this research, I will gladly send 
you a copy when the study has been completed.  Please contact me at 
gouwspm@unisa.ac.za for further information. 
 
Your time and co-operation are hugely appreciated. 
 
Patricia Gouws 
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C.2 Consent form 

 

Prior to the completion of the identification-of-needs study and the pre-study questionnaires, 

the participants completed the following informed consent form. 

 
Questionnaire information document 

 
This research is being conducted by Patricia Gouws, under the supervision of Prof Ruth 
de Villiers, at the University of South Africa.  
 
Purpose: The purpose of the study is to test a theory that collaborative effort using 
the defined visualization process will lead to successful visualizations, and to evaluate 
the use of the visualization process. 
 
Participants: The participants of this study are all brokers in the insurance domain that 
use the EMK financial needs analysis system. Participation in this study is voluntary. 
 
Procedure: The participants are required to:   

• Complete an identification-of-needs questionnaire to provide evidence of need. 
• Complete a pre-study questionnaire to assess the status quo prior to the 

intervention.  
• During intervention, use RoutePlanner to transform the raw data into the 

required insight.  
• Complete a questionnaire to evaluate the use of each stage of RoutePlanner. 
• Complete a post-study questionnaire to assess the extent of the effects of the 

intervention. 
 
Risks and benefits: There are no known risks associated with this study. 
 
Compensation:  There is no monetary compensation for participating in this study. 
 
Confidentiality: All identifying information obtained will be kept confidential.  
 
Consent: Your participation in this study should to be pleasant and stress-free. You 
hereby willingly consent to participate in this study, and understand that if you should 
have any queries pertaining to your rights as a research subject that you can contact 
the researcher by email (gouwspm@unisa.ac.za) or the research supervisor, Prof de 
Villiers by email (dvillmr@unisa.ac.za).  
 
I hereby agree to participate in this study. I am aware that the findings of this 
study may be published in conference proceedings and in research journals. I 
understand that anonymity will be preserved. 
Name: _____________________________  
Signature: __________________________  
Date: _______________________________  
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C.3 Identification-of-need questionnaire 

 

The following questionnaire was used by a group of volunteer brokers to identify the need for 

visualization during March 2007, thus before the experiment was conducted. The participants 

in this identification-of-need study were not the same group as those who took part in the 

experiment and the evaluation of RoutePlanner, although there were some common 

participants.  The data collected with this questionnaire was analysed to determine the extent 

of the identified need, prior to the use of RoutePlanner. 

 

C.3.1 User profile 
 

Table C-1 User profile 

The information will be used to determine the user profile of the participants of this study. 

Attribute Value 

Gender Male    Female 

Current age                                      Years 

Number of years as a broker                                      Years 

Number of years using the EMK FNA system                                      Years 

Number of years using a PC/laptop                                      Years 
 

C.3.2 Overview of client data 
 

Table C-2 Overview of client data 

The current system provides no visual overview of your data  

(i.e. the data pertaining to the client portfolio of the broker). 

Please provide the following statistics. Mark with an X where you have no idea. 

1. How many clients are in your database?   

2. How many clients are male?    

3. How many clients are female?   

4. How many clients are retiring this year?   

5. How many clients are 65 and older this year?  

6. How many clients have children that turn 18 this year?   

7. How many clients do not have a retirement age?  

8. How many clients have no pension provision?  

9. How many clients have more liabilities than assets?  

10. How many clients are deceased?  
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Table C-2 Overview of client data 

11. If it is possible, explain how you could possibly obtain these statistics using the 
current system.  

 

_____________________________________________________________  
_____________________________________________________________  
_____________________________________________________________  
 

12. Please name other items of overview data that are important to you. 

 

_____________________________________________________________  
_____________________________________________________________  
_____________________________________________________________  
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C.3.3 Marketing opportunities 
 

Table C-3 Marketing opportunities 

The identification of marketing opportunities. 

1. I can clearly define the data used to 
identify a marketing opportunities. 

Strongly 

agree 

Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

2. Give examples of data used to identify marketing opportunities. Give a reason for each example. 

 Data Reason 

EXAMPLE: The number of male and female clients in my 
portfolio. 

If there are more female clients, then my marketing 
focus should be on policies for females. 

  

 

 

  

 

 

  

 

 

Any other comments?  
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C.3.4 Visualization 
 

1. I have heard of the visualization of data. 

 

Strongly 
agree 

Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

 

2. I know about the benefits of visualized data. 

 

Strongly 
agree 

Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

 

3. How familiar are these visualization techniques? (Examples of visualizations are not 

included in your system). Indicate the level of familiarity with an X, and comment on 

revealed marketing opportunity. 

 
Table C-4 Pie chart 

Gender Distribution 28/02/07

Male

Female

Male Female

Pie chart is very familiar 

 

Pie chart is familiar Never seen a pie chart. 

Can you comment on a marketing opportunity revealed here? 
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Table C-5 Bar chart 

0
20
40
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80

100

N umber o f  
client s

Single M arried Deceased

St at us

Marital Status - 28/02/2007

 
 
Bar chart is very familiar 

 

Bar chart is familiar Never seen a bar chart. 

Can you comment on a marketing opportunity revealed here? 

 

 

 

 
Table C-6 Bubble plot 

 

Pension provision
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Bubble plot is very familiar 

 

Bubble plot is familiar Never seen a bubble plot. 

Can you comment on a marketing opportunity revealed here? 
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Table C-7 Scatter plot 

Current and retirement ages

0
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Scatter plot is very familiar Scatter plot is familiar Never seen a scatter plot. 

Can you comment on a marketing opportunity revealed here? 

 

 

 
 

4. Please name any other visualization techniques that you are aware of.  

 

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  



 APPENDIX C RESEARCH INSTRUMENTS    

 

 - C-9 -  
 PM GOUWS 7872658 

 

C.3.5 Visualization of marketing opportunities 
 

Table C-8 Visualization of marketing opportunities 

What is your view on the following statements about the visualization of marketing opportunities? 

1. I realise the need to visualize the marketing opportunities in my 
client portfolio 

Strongly agree Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

2. I prefer visualizations that are familiar to me. Strongly agree Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

3. I am keen to learn new visualization techniques. Strongly agree Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

4. There are economic benefits in the visualization of marketing 
opportunities within my portfolio, 

Strongly agree Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

 

C.3.6 Visualization process 
 

Table C-9 Visualization process 

What is your view of the visualization process? 

1. My domain knowledge and expertise can be used in this 
process. 

Strongly agree Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

2. I am willing to work with a data expert and a visualization expert 
within this visualization process to gain further insight into my 
client data. 

Strongly agree Agree Maybe Disagree Strongly 
disagree 

Not 
applicable 

3. Any other comments or suggestions?  
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C.4 Pre-study questionnaire 

 

Table C-10 Pre-study questionnaire 

Section A and Section B are completed before the intervention using RoutePlanner.  

SECTION A User profile 

Gender:  Male Female Number of years as a broker …………. Years 

Current age:…………. Years Number of years using the EMK FNA system …………. Years 

 Number of years using a PC/laptop …………. Years 

SECTION B The level of visualization awareness before the use of RoutePlanner 

Question Rating 

1. I know the details of the process that is required to transform raw data into 
visualized data. 

Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

2. I know how to identify the data to be visualized. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

3. I know how to select appropriate visualization methods. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

4. I know how to evaluate visualizations of required data. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

5. I am aware of the benefits of the visualization of data. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

6. I am aware of the insights that may be gained from the visualization of the data. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 
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C.5 Evaluation-of-use questionnaire 

C.5.1 Evaluation of guidelines 
 

Table C-11 Evaluation of guidelines 

The following questions are used to evaluate the guidelines included in RoutePlanner.  Please give a rating as well as relevant comments. 

Question Rating Comment 

1. I can use and understand the 
guidelines of Brath (1999) Table B-
1, B-2, B-3 and B-4. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

2. I can use and understand the 
guidelines of Mann (1999) and Mann 
and Reiterer (2000) Table B-5 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

3. I can use and understand the 
guidelines of Spence (2001) Table 
B-6 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

4. I can use and understand the 
visualization trends Table B-7. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

What do you like about the guidelines?  

What do you dislike about the guidelines?  

Please suggest modifications or 
enhancements for these guidelines. 

 

Are these guidelines relevant and useful in 
your work? Why? 
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C.5.2 Evaluation of identification stage 
 

Table C-12 Evaluation of identification stage 

The following questions are used to evaluate the identification stage of RoutePlanner.  Please give a rating as well as relevant comments. 

Question Rating Comment 

1. I can identify the goal for which this 
visualization is required. Table B-8 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

2. I can identify the relevant data 
required. Table B-8. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

3. I can identify the tasks required. 
Table B-8. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

What do you like about the identification 
stage? 

 

What do you dislike about the identification 
stage? 

 

Please suggest modifications or 
enhancements for this stage. 

 

Is this identification stage useful and 
relevant to your work? 
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C.5.3 Evaluation of selection stage  
 

Table C-13 Evaluation of selection stage 

The following questions are used to evaluate the selection stage of RoutePlanner. Please give a rating as well as relevant comments. 

Question Rating Comment 

1. I require the assistance of a 
visualization expert to select the 
required visualization methods. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

2. I am able to select visualization 
methods using the taxonomies 
defined in the literature Table B-9 
to Table B-15. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

3. All the taxonomies included in 
RoutePlanner are equally useful. 
Table B-9 to Table B-15 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

4. The URL references to collections 
of visualizations are useful. Figure 
B-1, B-2 and B-3 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

What do you like about the selection 
stage? 

 

What do you dislike about the selection 
stage? 

 

Please suggest modifications or 
enhancements for the selection stage. 

 

Is this selection stage useful and relevant 
to your work? Why? 
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C.5.4 Evaluation of evaluation stage 
 

Table C-14 Evaluation of evaluation stage 

These questions are used to evaluate the evaluation stage of RoutePlanner.  Please give a rating as well as relevant comments. 

Question Rating Comment 

1. I can compare visualizations of the 
same data and identify the most 
appropriate. Table B-19 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

2. I can identify the insight generated 
by visualizations. Table B-20 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

3. I can apply the factors of 
visualization success to determine 
whether or not the visualization is 
successful. Table B-21 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

 

What do you like about the evaluation 
stage? 

 

What do you dislike about the evaluation 
stage? 

 

Please suggest modifications or 
enhancements for the evaluation stage 

 

Is this evaluation stage useful and relevant 
to your work? Why? 
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C.5.5 Overall evaluation of RoutePlanner 
 

Table C-15 Overall evaluation of RoutePlanner 

These questions are used to evaluate the overall use of RoutePlanner.  Please give a rating as well as relevant comments. 

Question Rating 

In collaboration with data and visualization experts, I can use RoutePlanner to 
transform the raw data in the data warehouse to the required insight. 

Strongly 
disagree 

Disagree Maybe Agree Strongly 
agree 

Not 
applicable 

What do you like about the overall use of RoutePlanner?  

 

 

What do you dislike about the overall use of RoutePlanner?  

 

 

What added value do you anticipate from using RoutePlanner?  

 

 

Do you envisage being able to use RoutePlanner independently in the future, i.e. 
without the team approach?  Please give a detailed response. 
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C.6 Post-study questionnaire 

 

Table C-16 Post-study questionnaire 

Section C is completed after the intervention using RoutePlanner.  

SECTION C Level of awareness of visualization 

Question Rating 

1. I know the details of the process that is required to transform raw data into 
visualized data. 

Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

2. I know how to identify the data to be visualized. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

3. I know how to select appropriate visualization methods. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

4. I know how to evaluate visualizations of required data. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

5. I am aware of the benefits of the visualization of data. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 

6. I am aware of the insights that may be gained from the visualization of the data. Strongly 
disagree  

Disagree Maybe / 
Undecided 

Agree Strongly 
agree 
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DD..  PPOOWWEERRPPOOIINNTT  PPRREESSEENNTTAATTIIOONNSS  
 

D.1 Introduction 

 

The following are the presentations used during the data collection processes for this 

research.   

 

The presentation used during the identification-of-need survey consists of twelve (12) slides, 

and was used to introduce the research and the visualization of the data.   

 

The presentation used in the experiment and evaluation-of-use study consists of thirty five 

(35) slides, and was used to guide the process for the pre-study of the experiment, the 

intervention of the experiment, the evaluation-of-use study and the post-study of the 

experiment.  
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D.2 Identification-of-need study 

 

VISUALIZATION

The visualization 
process from raw data 
to required insights.

1Identification-of-need presentation

 

WELCOME

Patricia Gouws.
Research for an MSc in 
Information Systems, UNISA.

A need for visualization.
My research, your data.

2Identification-of-need presentation
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Why ‘see’ data of all clients?

To have an overview of portfolio.
To use data to gain insight.
To identify marketing 
opportunities.
To do portfolio quality control.

Later, identify trends. 

3Identification-of-need presentation

 

Current system

Lists
Queries
Guesses

4Identification-of-need presentation
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Current system – Select

5Identification-of-need presentation

 

Current system - Query

6Identification-of-need presentation
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Listing – Age of Clients

7Identification-of-need presentation

 

Visualization – Client age

Age of Clients

0
10
20
30
40
50
60
70

0 10 20 30 40 50 60 70

Current Age

R
er

tir
e 

Ag
e

8Identification-of-need presentation
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Example: Policies

9Identification-of-need presentation

 

Example: Assets

10Identification-of-need presentation
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Requirements

To complete the identification-of-
need-for-visualization 
questionnaire.

11Identification-of-need presentation

 

However …

Proverbs 29:18
Where there is no vision, 
people perish!

I THANK YOU FOR YOUR TIME

12Identification-of-need presentation
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D.3 Experiment and evaluation research 

 

 

ROUTEPLANNER
A model of the visualization process
from data in a warehouse
to insight

1

Experim
ent-and-evaluation-research presentation

 
 

FROM DATA WAREHOUSE SNAPSHOT

2

Experim
ent-and-evaluation-research 

presentation
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TO VISUALIZATION OF INSIGHT

3

Experim
ent-and-evaluation-research 

presentation

 
 

TO VISUALIZATION OF INSIGHT

4

Experim
ent-and-evaluation-research 

presentation
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TO VISUALIZATION OF INSIGHT

5

Experim
ent-and-evaluation-research 

presentation

 

RESEARCH ASSUMPTIONS

An insurance broker has a portfolio of 
clients. The current data of these clients is 
captured in the financial needs analysis 
system database.
A snapshot of this data is used to populate 
the proof of concept data warehouse.
Visualization methods are available.
RoutePlanner models visualization process.
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IDENTIFIED NEED

The broker needs to gain insight into the 
data to identify marketing opportunities 
in the current portfolio of clients.
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RESOURCES AVAILABLE

Appendix A 
Reference for data warehouse details
Appendix B
Use RoutePlanner templates
Appendix C 
Complete consent form, pre- and post-
study questionnaires, and RoutePlanner 
evaluation questionnaires
This presentation for guidance.
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FOR THIS RESEARCH, PLEASE

Complete a pre-study questionnaire.

Use and then evaluate each stage of 
RoutePlanner.

Complete a post-study questionnaire
9
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THE RESEARCH PROCESS
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REQUIREMENT
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READ SECTION C.1 AND C.2
COMPLETE THE FOLLOWING

Section C.2
Consent form
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EXPERIMENT PRE-STUDY
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READ SECTION C.4
COMPLETE FOLLOWING TABLES

Table C-10 Section A 
User profile
Table C-10 Section B 
Pre-study visualization awareness
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INTERVENTION OF EXPERIMENT
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GUIDELINES
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READ SECTION B.2
READ OR COMPLETE TABLES

Table B-1 to B-4 
Guidelines
Table B-5 
5T environmental factors
Table B-6
Visualization issues
Table B-7 
Visualization trends 17
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READ SECTION C.5.1
COMPLETE FOLLOWING TABLE

Table C-11
Evaluation of guidelines
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IDENTIFICATION STAGE
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READ SECTION B.3
COMPLETE FOLLOWING TABLES

Table B-8 
Domain analysis, task themes and task 
descriptions.

Table B-22
Complete a data identification sheet for 
each data set identified.
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READ SECTION C.5.2
COMPLETE FOLLOWING TABLE

Table C-12 
Evaluation of the identification stage
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SELECTION STAGE
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READ SECTION B.4
CONSIDER FOLLOWING TABLES

Table B-9 to Table B-15 
Taxonomies (see next slide for details)
Table B-16 
Visualization methods available
Table B-17  
Select the visualization methods
Table B-18 
Implementation details of methods 23
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SELECTION TAXONOMY DETAILS

Table B-9, Table B-10 
Tasks by data type
Figure B-2, Figure B-2, Figure B-3
Data type
Table B-11 to Table B-13 
Data and visualization type, interaction, distortion
Table B-14
Categories of visualization methods
Table B-15, Figure B-4
Complexity, content area, point of view, type of 
thinking, and type of representation 24
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COMPLETE THE TABLE

Table B-23
For each data set identified, select at 
least one visualization method. Where 
more than one visualization method is 
selected, indicate the option number.
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READ SECTION C.5.3
COMPLETE FOLLOWING TABLE

Table C-13
Evaluation of selection stage
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EVALUATION STAGE 
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READ SECTION B.5
COMPLETE FOLLOWING TABLES

Table B-19 
Comparative evaluation
Table B-20 
Characteristics of insight generated
Table B-21 
Factors of successful visualization
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READ SECTION C.5.4
COMPLETE FOLLOWING TABLE

Table C-14 
Evaluation of evaluation stage
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EVALUATION OF ROUTEPLANNER
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READ SECTION C.5.5
COMPLETE FOLLOWING TABLE

Table C-15 
Overall evaluation of RoutePlanner
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EXPERIMENT POST-STUDY
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READ SECTION C.6
COMPLETE FOLLOWING TABLE

Table C-16 Section C 
Post-study visualization awareness
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PROCESS PROGRESS
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THANK YOU

Thank you for your time and co-operation.
I sincerely appreciate your contribution to 
this research.
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EE..  AAPPPPEENNDDIIXX  EE  
 

The titles of the two research papers/articles that have been compiled from this study are: 

 

 

 

E.1 Article 1 - RoutePlanner – A model for the visualization of 
warehouse data. 

 

E.2 Article 2 - Evaluation of RoutePlanner – A model for the 
visualization of warehouse data. 
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ROUTEPLANNER –  

A MODEL FOR THE VISUALIZATION OF WAREHOUSE DATA 
Patricia M Gouws 
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MR (Ruth) de Villiers 
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ABSTRACT: This paper considers the development of a model of the visualization process 
to transform raw data in a warehouse into required insight.  The model, named 
RoutePlanner, is developed from a theoretical perspective.  The paper highlights the 
proposed model that comprises guidelines and stages for the identification of the relevant 
data, the selection of visualization methods and the evaluation of the visualizations.  The 
primary goal of this paper is to present the proposed RoutePlanner. 

 
Key terms 
Data warehouse, domain analysis, evaluation, guidelines, identification, selection, visualization methods, visualization 
process 
 
Introduction 
A data warehouse is a repository which stores large volumes of data, with further data being uploaded 
and added at regular intervals.  The value of this volume of raw data can be enhanced if its owners 
explore, gain insight into, interpret and use it, in ways that generate meaningful information.  
Visualization methods may be used to explore data visually, and a large collection of methods is 
available.  Such visual exploration and presentation should provide data owners with valuable insight 
into the data.   
 
This research considers the details of the visualization process in its progression from raw data in the 
warehouse to required insight.  The visualization literature was surveyed for a theoretical assessment of 
the research problem.  The findings of the literature survey guided the researcher in the development of 
a model of the visualization process, named RoutePlanner.  The focus area of this study is, therefore, 
the process of visualization.  
 
This paper introduces the background concepts of visualization and data warehousing, outlines the 
literature study, explains the development of the proposed model and concludes with recommendations 
for future research.  
 
Background concepts 
 
Data warehousing 
Data is stored in a data warehouse.  Whereas a database contains only most recent values, a data 
warehouse contains snapshots of data taken at regular intervals.  Such snapshots are taken of the data 
in the database and then loaded into a data warehouse.  This allows for the analysis of data trends and 
historical data.  There are two approaches to the analysis of data in a warehouse, namely the automated 
and the manual approach.  The automated option uses data mining algorithms on the data in the data 
warehouse.  The results of these mining endeavours may be presented visually, but this approach is 
outside the scope of the current research.  The manual option requires user exploration of the data.  
This exploration process may be guided and enhanced (to ensure optimal insight) by the visual 
presentation of the explored data.  Visual data exploration promotes the discovery of data patterns, 
outlier values and data clusters. 
 
Visualization 
Differing explanations of visualization, information visualization and visualization methods are given in 
the literature.  Card, Shneiderman and Mackinlay (1999) define information visualization as the use of 
computer-supported, interactive, visual representations of abstract data to amplify cognition.  According 
to Ward and Theroux (1997), the purpose of visualization includes the exploration of data and the 
presentation of information.  Wiss, Carr and Jonsson (1998) explain that the primary goal of visualization 
is to ensure that a user understands and can use any large volume of data. 
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Information visualization, as opposed to scientific visualization, aims to visualize abstract data that may 
have no natural visual representation.  The data in a data warehouse is abstract, as it has no inherent 
structure.  Thus, there is no intuitive visual representation of this data. 
 
Keim (2002) describes visual data exploration as the integration of the user with the data exploration 
process.  The perceptual abilities of the user are applied to the dataset, as the visual exploration 
presents the data in some visual form for the purpose of discovery.  The user interacts with the data 
during data exploration, rather than just passively observing data presentation.  Keim (2002) suggest 
that the visual presentation of data in an interactive graphical format may lead to greater data insights.  
For any exploration, however, there must be a specific goal to guide the process. 
 
The Shneiderman (1996) Information Seeking Mantra comprises three steps, namely: 

• Step 1 Overview first:  This step is used to explore the data to discover patterns of 
significance within the selected data. 

• Step 2 Zoom and filter:  Patterns in the warehouse data are explored further to identify the 
details of these patterns.  Subsets of warehouse data may be explored further, using an 
alternative method(s).   

• Step 3 Details on demand:  To allow for further detailed exploration of subsets of data, drill-
down functionality is advocated to highlight specific details of the data. 

 
According to Keim (2002), visualization methods may be deployed between and for each of the three 
steps in the mantra. 
 
Domain experts, visualization experts and data experts 
Several experts are required to collaborate during the visualization process.  The domain expert has 
domain knowledge of the application domain and knows what insight is required.  Domain experts are 
also the target audience and the end-users of the visualizations. The visualization expert has the 
knowledge, expertise, skill and experience to apply visualization methods.  The data expert is familiar 
with the data in terms of the data formats, location and availability, and is responsible for the 
maintenance of the data in the database.  Database administrators, database designers, and data 
managers may be included as data experts.  An expert in the process may have more than one role.   
 
Literature survey 
The literature was surveyed for a theoretical assessment of the following issues:  

• The stages in the visualization process of translating data into insight. 
• The implementation details for each stage of the visualization process. 
• Guidelines that can be used in the application of this visualization process. 
• The use of this visualization process by a domain expert to translate data into insight. 

 
There is no single definition or absolute set of stages in the visualization process as a path from raw 
data to required insight in the visualization literature surveyed.  However, the author has synthesized a 
consolidated framework for this process.  This framework, which takes into account all the definitions 
and structures considered in the literature, decomposes the process into three generic stages, each of 
which requires collaboration between two or more experts.  These stages are:  

• Generic identification stage:  This stage considers aspects of the data to be visualized and 
the user tasks required.  Some form of data pre-processing may be required prior to the visual 
representation of the data. 

• Generic selection stage:  This stage considers aspects of the selection of visualization 
methods. 

• Generic evaluation stage:  This stage addresses the evaluation of the selected visualizations 
by the users to determine whether or not the required insight has been attained. 

 
The literature presents several options for the implementation of each of the three generic stages of the 
visualization process. Identification, the first generic stage, is both cyclic and iterative, and may require 
several iterations of domain analysis as defined by Espinosa, Hendrickson and Garret (1999) to ensure 
that the goal, the data and the user tasks are adequately captured.  During the selection stage, 
visualizations are selected from a large collection of methods.  However, De Oliveira and Levkowitz 
(2003) warn that selection of visualization methods is an ad hoc process that requires experience, skill 
and intuition.  To ensure that the process is assisted by optimal knowledge and experience, the 
collection of methods should be presented in a single comprehensive (evolving) body of knowledge.  
Such knowledge may be acquired by reference to a synthesis of visualization method taxonomies 
defined in the literature. To guide the selection process, a visualization expert may be consulted, an 
automated Visualization Assistant developed by Healey, Amant and Elhaddad (1999) may be used, or 
the collection of visualization method taxonomies may be referred to. During the evaluation stage, North 
(2006) suggests that visualizations are evaluated to ensure that the required insight is gained, and Kao 
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and Ma (2000) recommend factors to determine the success of the visualization.  Where two or more 
visualizations are selected, Wiss, Carr and Jonsson (1998) recommend a comparison of visualizations 
to determine the most suitable. The evaluation methods mentioned in the literature are used to evaluate 
the visualization method per se, rather than to determine the suitability of the method in a given context.  
 
In agreement with Brath (1999), guidelines may be incomplete, evolving and universal, and the use of 
these guidelines provides no guarantees for an effective visualization.  However, guidelines comprise a 
body of knowledge that can be used by domain experts and data experts, who lack the specialized 
knowledge and skill to interpret visualizations meaningfully.  Such guidelines can also be used by the 
visualization expert for reference purposes. 
 
Whether a domain expert can facilitate the translation of data into insight using the visualization process 
depends on communication.  Van Wijk (2006), Kao and Ma (2000) and Duke, Brodlie, Duce and Herman 
(2005) advocate considerable collaboration between the domain expert and the visualization expert.  
Although in exceptional cases, the domain expert may have the required data knowledge, and thus also 
be the data expert, optimally there should be also be a separate data expert as a third party in the 
collaboration.   
 
The findings of the literature survey revealed the following: 

• The stages in the visualization process of translating data into insight.  The conclusion 
was that there is no single definition or absolute set of stages in the visualization process as a 
path from raw data to required insight.  However, the present author synthesized a 
consolidated framework for the visualization process.  This framework, which takes into 
account all the definitions and structures, decomposes the process into three generic stages, 
namely identification, selection and evaluation.  

• The implementation details for each stage of the visualization process.  The information 
visualization literature was studied for implementation details for each of these three defined 
generic stages. 

• Guidelines that can be used for the application of this visualization process.  It was found 
that guidelines for the visualization process comprise a body of knowledge that can be used by 
domain experts and data experts as a means of support in the meaningful interpretation of 
visualizations, and can also be used by visualization experts for reference purposes and 
detailed guidance.  

• The use of this visualization process by a domain expert to translate data into insight.  
Communication and collaboration may be the solution to the effective translation of raw data to 
insight in the common situation where domain experts lack specialized technological expertise.  

 
Development of RoutePlanner – The Model 
RoutePlanner consists of three generic stages, namely identification, selection and evaluation.  A 
collection of guidelines is relevant to all three stages of the process.  These guidelines are considered 
the most appropriate starting point, since completion of the guideline templates by the team of experts 
should enhance the overall focus on the problem that requires visualization.  The identification stage 
may be iterative as issues are re-visited.  The completion of each stage leads to the commencement of 
the next stage.  The discussion following relates to an initial version of RoutePlanner, Version 1.1.  It is 
likely that as the body of visualization knowledge evolves so too, will RoutePlanner. 
 
Guidelines 
Figure 1 presents the collections of guidelines that are part of RoutePlanner.  These guidelines are used 
during planning of the visualization process and as a continual guide.  
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Figure 5 Guidelines for RoutePlanner 

These guidelines may be used during the visualization process in all stages of the RoutePlanner model 
and play important roles in the initiation and guidance of the entire process.  For this reason, the 
collections of guidelines are discussed first, before addressing the specific stages of RoutePlanner. 
 
Although Brath (1999) warns that the body of visualization knowledge is limited and evolving, it can 
provide valuable guidance throughout the visualization process.  Brath notes that some guidelines are 
universal while others evolve and adapt over time.  The guidelines applied in this study are introduced to 
the user at the commencement of the visualization process, are used as part of visualization planning, 
and may be referred to at any stage of the process.  As users become familiar with the visualizations, 
representations and interactions, they should accumulate visualization experience and expertise, thus 
becoming visually literate, which can lead, ultimately, to independent use of visualization methods.    
 
The collaborative team of experts should consider these guidelines as part of the planning prior to the 
identification stage.  Furthermore, continual reference to the guidelines is advisable throughout the 
visualization process.  It is recommended that the team discuss each resource (i.e. each template), and 
that the details of the discussions be recorded. 
 
Guidelines of Brath (1999): Brath’s guidelines include prior assumptions and the definition of the 
visualization goal, tasks, data, visualization and interaction required.  The assumptions should be 
considered explicitly prior to the start of the visualization process and are listed in the RoutePlanner 
templates.  Brath warns that guidelines should not be viewed as rules and that metric assumptions may 
be used to evaluate the guidelines.  Brath’s first area of guidelines requires that the users have a clear 
understanding of the context. Moreover, a goal to solve a specific problem should exist, as should 
sufficient information to support its attainment.  The requirements of the visualization must be defined in 
terms of the data to be visualized and the tasks to be supported.  An incomplete understanding of the 
goals, tasks and data to be visualized may hinder the generation of an effective visualization.  These 
guidelines should be used during deliberations on the goal, the data and the user tasks of the 
visualization.  Brath’s second area of guidelines identifies important aspects of visual representations 
and certain hazards to avoid.  The third area of guidelines included by Brath relates to interaction, 
supporting the user in manipulating visualizations, and identifying patterns.  
 
Environmental factors of Mann (1999) and Mann and Reiterer (2000):  Mann’s so-called 4T 
environmental factors are target users, type of data, task in hand, and technical environment. Training 
was added by Mann and Reiterer (2000), leading to the 5T environmental factors. It is recommended 
that each of these factors be discussed by the experts, and that the details be recorded.   
 
Visualization issues of Spence (2001):  To guide the actual visualization of data, Spence (2001) 
presents seven universal visualization issues that were identified prior to the era of computerized 
visualizations, but that are equally relevant to current visualizations generated by electronic tools.  He 
highlights the following issues: 

• Selection of data:  Only the relevant and required data is selected for visual exploration.   
• Representation:  An appropriate visualization of abstract data must be used.  Several issues 

are related to coding, including the encoding of the data and the number of attributes to 
consider.  The encoding of a representation can be enhanced by the use of colour, but 
particular care must be taken that colours used for representing numerical data are 
appropriate.  There is no best encoding, as the encoding depends on a combination of several 
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factors, such as the task for which the user seeks the mental model and the domain for which 
the data is encoded.   

• Presentation:  The real estate problem occurs when too much data is presented on too small 
an area (i.e. the screen).  Options for alleviating the problem include data scrolling and context 
mapping.  Focus and contextualization require that the context of the information be presented 
together with the detail of the focus data.  The presentation, scale and dimensionality of the 
data need to be considered.  Spence recommends parallel co-ordinates and mosaic plots for 
the visualization of high dimensional data.   

• Rearrangement, interactions and exploration:  These issues support the acquisition of 
additional insight from the data.  Although interaction contributes to the insight gained from 
visual exploration, the number of dimensions hampers data interpretation.  Control of the re-
arrangement of the visualization may either be manual (allowing for the display of cause and 
effect simultaneously) or automatic.  Williamson and Shneiderman (1992) give the example of 
dynamic queries that show only the data that satisfies the query.  Also, the display of all the 
data provides a context to guide meaningful visual exploration.   

• Externalization of data:  This includes the presentation of the data display, in contrast to the 
internal model or image in the mind of the user.  This is crucial to the success of the 
visualization. 

• Mental models:  Mental models are organised thoughts about information visualization (IV) 
that identify implicit guidelines for the designer of visualization tools.  When the user is familiar 
with something, he/she has a well-established and robust internal model of it.  A user typically 
views a collection of items on the display screen, and browses the content.  This content is 
then integrated to form a mental map, referred to by Spence (2001) as modelling.  Navigation 
is defined as cognitively directed movement in information space, based on the interpretation 
of a mental model and/or externalized data.  The navigation framework provides a basis for 
organized thought about IV, rather than precise rules to follow.   

• Invention, experience and skill:  These are required to understand the task for which the 
visualization is intended. 

A change in just a single issue may ensure a more appropriate visualization, making the visual 
exploration more successful for the user.  For any large collection of data, the specific data sets need to 
be selected and presented in some format using a specific representation. It should also be noted that 
whilst these issues may be considered the basics of a successful visualization, there is no absolute 
mapping between the issue and the appropriateness of visualization for a given data set, i.e. there is not 
a single visualization that is always the best for a certain kind of data. 
 
Visualization trends:  From perusal of the visualization literature, the first author synthesized a 
checklist of various visualization trends representing general attributes of information visualizations.  
Each sub-header indicates a trend in the visualization environment.  As the visualizations evolve, so too, 
do the associated guidelines and issues.  The following general trends have been identified: 

• Static or dynamic visualization:  A static visualization has no interaction functionality, 
whereas a dynamic visualization offers interactivity, which may contribute to greater insight 
into the data.  However, the increase in interaction time should also be taken into account.  
During the interaction, the user is able to explore further insights in the data.   

• Single or multiple visualizations:  A single visualization may not present all the information 
relevant to the goal of the visualization, and can lead to an ambiguous interpretation.  This 
may constrain the insight gained from such a presentation and limit the understanding of the 
data.  Chen and Czerwinski (2000), therefore, advise that multiple and coordinated 
visualizations allow for rapid exploration of complex information.  North and Shneiderman 
(2000) introduce the concept of snap-together visualization, which allows the configuration of 
interfaces to visualizations, commenting that a user may require unanticipated combinations of 
coordinated visualizations.  The types of co-ordination include brushing, drill down, overview 
and detail and synchronized scrolling.  Baldonado, Woodruff and Kuchinsky (2000) present 
eight guidelines for the use of multiple views for visualization, with a warning that there is 
limited specific guidance for the design of multiple view systems.  The first set of guidelines 
(diversity, complementarity, parsimony and decomposition) provides guidance as to whether 
or not multiple views are appropriate.  The second set of guidelines (space/time resource 
optimization, self-evidence, consistency, and attention management) guides the choice of view 
presentation and interaction, and allows for the identification of visualizations. 

• Simple or complex visualizations:  Simple visualization is easy to use and to interpret, while 
complex visualization is the presentation of data that is not intuitive.  Users of the latter may 
require training or opportunities of consulting a visualization expert, since there is a learning 
curve in the interpretation of visualizations.  The research of Trafton, Kirschenbaum, Tsu, 
Miyamoto, Ballas,and Raymond (2000) suggests that complex visualizations lead to the 
creation of qualitative mental models, from which quantitative information is generated.  Thus, 
the users of complex visualizations require domain knowledge, including an understanding of 
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how and what information to visualize, how to retrieve information from the presented 
visualization, and how to interpret the information.   

• Overview or detailed visualization:  A holistic presentation of data requires an overview 
perspective as well as a detailed presentation.  Whilst the overview may be a visualization of 
aggregated data, the detailed version must be of the individual data items.  Thus the 
visualization of each of these two perspectives of the same data may be different.  The co-
ordination of the overview and detailed presentation in multiple views should be appropriate.   

• Known, familiar, new, traditional or novel visualization.  The known or familiar 
visualizations are those that are easy to use and interpret, and are used for the more general 
situations.  Novel visualizations are designed and used for a specific data task and domain, 
and are therefore less known and less familiar.  

 
The guidelines above have been included in RoutePlanner to assist and direct the team of experts in 
their discussions prior to and during the visualization process.  It is advisable to note and record details 
of the discussions.  These notes may be used for reference during the process and may even change 
during its iterations. 
 
Identification stage 
The implementation details of the identification stage are presented diagrammatically in Figure 2 below.  
The task definitions by Shneiderman (1996) and OLIVE (1997), and the analytical cycle of Kimball, 
Reeves, Ross and Thornthwaite (1998) are incorporated. 
 

IDENTIFICATION STAGE OF ROUTEPLANNER
Based on domain analysis of Espinosa et al (1999)

Domain 
description
Entities. 
Entity relationships. 
Assumptions. 
Data sources.

User tasks
Identify and rank the tasks using 
Shneiderman (1996) Kimball et 
al (1998) and OLIVE (1997). 
Identify problem-solving stages.

Visualization user needs
Data analysis heuristics.
Suggested visualizations.
Level of detail required.

Identification of
problem and 
relevant data.

 
Figure 6 Identification stage of RoutePlanner 

The design of data visualizations involves the discerning study of data sets to identify which data should 
be visualized; to specify the goal of the visual exploration along with the associated user tasks; and to 
select visualization methods and appropriate interaction techniques.  Visual exploration of the data starts 
in a warehouse that contains a large volume of multi-dimensional and temporal facts and dimensions. 
 
In order to implement the identification stage, the technique of domain analysis is used in RoutePlanner.  
Espinosa et al (1999) present domain analysis as a systematic, explicit approach for the investigation of 
a domain where visualizations are to be designed and incorporated into an existing system.  Domain 
analysis includes the domain description, analysis of the user needs, and systematic methods for 
gathering knowledge about tasks, domains and heuristics, such as expert interviews, literature reviews, 
observation and problem solving.  Such analysis produces documented exploration goals, user 
requirements and visualization task requirements.  This documentation may also be used subsequently 
in the evaluation of the visualization.   
 
The major task for the collaborative team of domain expert, visualization expert and data expert this 
stage is the completion of the identification stage questionnaire.  This questionnaire was generated by 
the author from the technique of domain analysis (Espinosa et al, 1999).  The supplementary task 
definitions may be guided by Shneiderman’s (1996) definition of abstract tasks.  OLIVE (1997) suggests 
tasks for multi-dimensional data (e.g. to understand the whole or part of the n-dimensional data, to find a 
specific item or group of items in the data) and also for temporal data (e.g. viewing specific events, 
sequencing data, varying the order of those events or data, creating historical overviews of data, 
discovering temporal inconsistencies or undesirable data relationships).  Kimball et al (1998) provide 
guidance for a typical cycle of analysis of data in a warehouse. At the end of this stage, the experts 
should have a list of the data issues that need to be visualized. This contributes to the goal of the 
visualization, and the selection stage may then commence.   
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Selection stage 
An overview of the selection stage of RoutePlanner is presented in Figure 3.  
 

 
Figure 7 Selection stage of RoutePlanner 

The selection stage of the visualization process requires either the selection of existing visualization 
methods (VMs) from a collection of methods or the creation of a new, novel VM.  Where a visualization 
system is used, the selection is made from a subset of all existing VMs in that system, in which case the 
selection is constrained by the VMs that are available.  Such constraints must be known prior to the 
selection.  The design and implementation of a new VM (as an alternative to the selection of an existing 
VM) is beyond the scope of the present study, but may be considered in further research.   
 
A VM may either be a stand-alone method or one of a collection of within a visualization system.  For 
this research, a visualization system is defined as a pre-collection of VMs.  The research that was 
undertaken took cognizance of visualization knowledge and expertise to direct the inclusion of 
appropriate VMs into the system.  Where the user lacks the skill and expertise to select a specific 
method, the system provides documentation.   
 
Given the warning of De Oliveira and Levkowitz (2003) that selection is a specialized, contextual 
process that requires experience, skill and intuition, RoutePlanner should ensure that the selection stage 
is supported by optimal knowledge and experience.   
 
For this study, the expertise is acquired from a consultative process, whereby the domain experts, in 
collaboration with the visualization experts and data experts, ar required to select VMs from those 
available for the data in hand and the user tasks identified.  The team is required to: 
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• Identify the collection of visualization methods to be considered for selection:   The VMs 
available for this study are limited to those in public domain or non-commercial demonstration 
versions of visualization systems.   

• Select the appropriate methods:  For each of the data issues identified during the 
identification stage, select the appropriate method(s) from the collection to visualize this 
identified data.  Note that the selection options are discussed below. 

• Implement the visualizations:   Use the selected methods to visualize the data, taking into 
consideration the data formatting requirements for each of the methods.   

 
There are three options for the selection of appropriate VMs: 
 
Option 1 – Consult a visualization expert 
Kao and Ma (2000) suggest consulting visualization experts for advice on which visualizations may be 
used, thus bringing their experience and expertise to bear in the selection process.   
 
Option 2 – Use an automated visualization assistant  
Dennis, Kocherlakota, Amit, Tateosian and Healey (2005) note that the construction of effective 
visualizations is non-trivial, and should take into account the data identified for visualization, the analysis 
tasks and the features of the specific VMs.  To select visualizations by automated means, Healey, 
Amant and Elhaddad (2000) developed a mixed initiative software tool called ViA.  This software uses 
data-feature mapping to visualize multidimensional data elements.  ViA selections are guided by data in 
an evaluation engine.  This option was not considered in this study due to its current unavailability.  
Nevertheless, the option has been included in RoutePlanner for the sake of completeness and because 
it presents opportunities for further research. 
 
Option 3 – Refer to visualization method taxonomies 
Each of the defined taxonomies uses a different set of criteria for the classification of the VMs and 
presents VM alternatives based on the values of its relevant classification criteria. The manual approach 
to the selection of methods involves consulting such taxonomies and using them for the selection of one 
or more recommended VMs.   
 
Details of the collection of taxonomies in RoutePlanner are given below:  

• The task by data type taxonomy of Shneiderman (1996):   Shneiderman’s taxonomy is an 
approach that classifies visualizations according to the type of data and abstract task type 
definitions.  

• OLIVE’S data type taxonomy (1997):  This presents an extended background to Shneiderman’s 
(1996) approach, and is a useful resource for selection guidance.  

• Taxonomy of information visualization interfaces:  This taxonomy is linked to OLIVE.  
These sites provide examples of the application of visualization for defined data types. 

• Data and visualization type, interaction and distortion taxonomy of Keim (2002): Keim 
classifies visual exploration methods according to data type, categorical classification of VM, 
and the interaction and distortion technique considered.  For the visual exploration of any data 
type, any category of VM may be selected with any interaction and distortion technique.  
Techniques associated with each of the VM categories differ in the way that the data is 
arranged and dimensions are handled.  

• Categories of visualization methods taxonomy of De Oliveira and Levkowitz (2003):  The 
categories present VMs in one of four categories.  The characteristics of methods within the 
category are included.   

• Complexity, content area, point of view, type of thinking and type of representation 
taxonomy of Lengler and Eppler (2007):  The taxonomy presents VMs in a periodic table 
format.  The taxonomy is interactive, providing examples of each of the VMs when the mouse 
is dragged over the dynamic presentation.  . 

 
Several incomplete taxonomies are also referred to in the literature: 

• Taxonomy of visualization methods using the data state reference model defined by Chi 
(2000):  This taxonomy uses the data type and the processing operating steps of the data state 
reference model to describe a collection of thirty-six VMs.  Its main purpose is to support the 
user’s understanding of the application and implementation of the methods.  This taxonomy 
serves a valuable role when initial guidance is required.   

• Taxonomy GADGET/IV (a taxonomic approach to semi-automatic design of information 
visualization applications using a modular visualization environment) defined by 
Fujishiro, Ichikawa, Furuhata and Takeshima (2000):  This is a goal-oriented taxonomy of 
information VMs.  Their motivation for this semi-automatic design is that ‘since novice users of 
visualization systems lack the knowledge and expertise in data visualization, it is a tough task 
for them to generate efficient and effective visualizations that allow them to comprehend the 
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information embedded in the data’.  The approach is based on the use of MVE prototypes for 
scientific visualizations.  A complete mapping of the goals onto the VMs is not given. 

• High-level taxonomy defined by Tory and Moller (2004):  This taxonomy uses algorithms 
rather than data to classify visualizations in their high level visualization taxonomy.  The design 
model is defined as the set of assumptions made about the data to be visualized.  This 
taxonomy takes the conceptual model of the user into account.  For each classification, a 
number of VMs are recommended.  The authors conclude that the classification is as yet 
incomplete; more detail is required and more examples should be included.   

 
These taxonomies use different criteria to classify VMs.  Although the taxonomies are incomplete, these 
classifications do provide another perspective on the selection of VMs. 
 
This stage requires the selection of visualizations from a vast collection of methods for a given data set.  
It is an ad hoc process that requires experience, skill and intuition (De Oliveira & Levkowitz, 2003).  
Selection expertise may be acquired from a visualization expert, an automated tool or from defined VM 
taxonomies.  Resources and references for the selection of VMs are included in RoutePlanner to guide 
the selection stage of the visualization process.  Once the data is in the required format, the 
visualizations may be implemented using the selected methods. 
 
Evaluation stage 
Figure 4 presents a diagrammatic representation of the evaluation stage of RoutePlanner.  
 

Step 1 
To compare alternatives, 

use Wiss et al (1998)

Introduce the 
data issue,
data, and 
tasks to be 
supported.

Compare 
evaluations of 
VM used.
Identify most 
appropriate. 

Another 
data issue?YES

Present 
visualization 
option. 

Evaluate
suitability for 
data.

NO

EVALUATION STAGE OF ROUTEPLANNER

Another 
VM?

YES

END

Factors of success
Acceptance of visualization. 
Efficiency with which relevant information is 
detected. 
Lessons learnt. 
Insight gained by using visualization.

Step 3 
To determine success of visualization,

use Kao and Ma (2000)

Step 2
To identify the insight gained, 

use Saraiya et al (2005)

Characteristics of insight
Distinct data observation. 
Time taken to reach insight. 
Domain value. 
Hypothesis (in-depth understanding). 
Directed versus unexpected. 
Correctness. 
Breadth (overview) versus depth (detailed). 
Category (overview, patterns, groups, details). 

Evaluate 
support for 
task.

 
Figure 8 Evaluation stage of RoutePlanner 

 
North (2006) argues that if the purpose of visualization is to gain insight, then the purpose of 
visualization evaluation is to determine the extent to which the visualization has achieved this purpose.  
In this final stage of the visualization process embodied in RoutePlanner, the focus is on the team-
evaluation of the VM within the context of the user’s domain, rather than the evaluation of the VM per se.  
This is in contrast with the conventional approach that evaluates a visualization method in and of itself – 
see the literature survey section of this article. 
 
In this stage, the visualizations of the domain data using the selected VMs need to be evaluated.  Where 
two or more methods are used to visualize the specific data set, the alternatives need to be compared to 
identify the better one using the general methodology for the evaluation of visualizations of Wiss et al 
(1998).  This evaluation is required to ensure that the more suitable visualization is used, and that the 
required user tasks are supported.   
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The visualization should be evaluated to ensure that the required insight has been generated, and that 
the insight has been acquired by the user.  This insight gained may be identified and measured using 
the insight-based methodology Saraiya of et al (2005). However, the authors warn that this methodology 
is labour-intensive and time-consuming.  The complete evaluation protocol of Saraiya et al’s (2005) 
methodology is therefore not included in the current version of RoutePlanner.  However, a subset of the 
methodology, namely the scheme to capture and to code the quantifiable characteristics of each insight, 
is included as a means of identifying the insights generated by each of the visualizations.  As s further 
approach, the overall success of the visualization can be evaluated using the factors proposed by Kao 
and Ma (2000), which is a less formal technique than identifying insight.  It serves to confirm that insight 
has been gained and that the visualization is deemed successful. 
 
The purpose of the evaluation stage is therefore: 

• Firstly, to evaluate alternative visualizations and identify the most appropriate one. 

• Secondly, to identify the insight gained from the visualization. 

• Finally, to determine the success of the visualization. 
 
Each step has a different evaluation purpose.  This stage can be considered a form of expert review 
where the experts work collaboratively as a team and not as a group of individuals.  
 
Evaluation step 1 – To compare the alternatives 
This step is used to identify the most appropriate visualization in cases where two or more visualizations 
of the same data have been used. The alternative visualizations are compared using Wiss et al’s (1998) 
general evaluation methodology for visualizations.  This methodology focuses on comparison, and aims 
to give guidance regarding the suitability of the visualization.  To evaluate suitability of each method for 
the relevant data set, visualization of a given data set is considered using two or more methods 
(implementations or paper mock-ups are acceptable) to identify problems resulting from each.  To 
evaluate the support for the user tasks for the data set, each of the visualizations is considered relative 
to the task analysis in which the required tasks were identified.  The results from the two evaluations are 
used to determine which is more suitable, and to identify the additional functionality that is deemed 
necessary.   
 
Evaluation step 2 – To identify the insight gained 
To understand insight, North (2006) defines several of the characteristics of insight, namely: complexity, 
depth, qualitativeness, unexpectedness and relevance.  A standard approach to measuring insight is to 
ask users directly what insights they gained.  For this approach, North uses the terms open-ended 
protocol, qualitative insight analysis and emphasis on domain relevance, and mentions that the 
measurement of insight may be used to evaluate multiple alternatives, or to consider the visualization 
relative to the goal of the visualization. 
 
However, North lists several difficulties with this method, including the length of training and trial times, 
the capturing of results and the use of domain experts to assist the visualization experts with the coding 
of results.  In view of these difficulties, an alternative approach involving an aspect of the insight-based 
methodology defined by Saraiya et al (2005) is used in RoutePlanner. This methodology identifies, 
rather than measures, the insight that has been gained by the visualization of the data.  Each insight 
that is recognised by the user is characterized and recorded in terms of characteristics such as time, 
domain value, hypothesis (where relevant), correctness, breadth versus depth and category, all of which 
must be captured by the team of collaborators. 
 
Evaluation step 3 – To determine the success of the visualization 
The experts must use the factors of successful visualization defined by Kao and Ma (2000) to deem the 
visualization successful or not.  These factors are acceptance, efficiency, lessons learned, and insight 
gained.   
 
The evaluation of the visualizations is the last stage in the visualization process.  If the users have not 
gained the required insight as per the noted characteristics of the observations of the insight-based 
methodology, or if the visualizations are not deemed successful as per the factors of Kao and Ma 
(2000), then another iteration of the selection stage followed by another evaluation stage may be 
necessary. 
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Conclusion 
RoutePlanner is a model for the visualization process that transforms raw data into required insight.  The 
development of RoutePlanner was based on current visualization literature.  It consists of several 
templates that are considered and completed during the use of its various stages.  These templates 
comprise sets of questionnaires that are not included in this article.   
 
Future research 
Using RoutePlanner, the following are recommendations for future research: 

• Consider future developments in the visualization body of knowledge and practices, and modify 
RoutePlanner in line with such state-of-the-art developments. 

• Determine RoutePlanner’s functionality in a data domain. One way of practically determining 
whether the use of the visualization process by the domain experts, in collaboration with data 
and visualization experts, leads to an increased awareness of visualization and results in the 
successful visualization of data, is to conduct a contextualized experiment to test such a theory. 

• Evaluate the use of each stage of RoutePlanner.  This must be done by the users of 
RoutePlanner. 
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ABSTRACT:  This paper considers the use and evaluation of a model of the visualization 
process, named RoutePlanner, to transform data in a warehouse to required insight.  The 
model, developed by the first author, from a theoretical perspective, is used and evaluated 
practically in the domain of insurance brokerage.  RoutePlanner comprises guidelines and 
stages for the identification of the relevant data, the selection of visualization methods and 
the evaluation of the visualizations.  The primary goal of this paper is to highlight the effect 
of the use of RoutePlanner using an experiment, and the practical utility of RoutePlanner as 
assessed during an evaluation-of-use study.   

 
Key terms 
Data warehouse, domain analysis, experiment, evaluation, guidelines, selection, evaluation, visualization methods, 
visualization process. 
 
Introduction 
RoutePlanner is a model developed by Gouws (2008) of the visualization process for the transformation 
of raw data in the warehouse to required insight.  One way of practically determining whether the use of 
the visualization process by the domain experts, in collaboration with data and visualization experts, 
leads to an increased awareness of visualization and results in the successful visualization of data, is to 
conduct a contextualized experiment to test such a theory. 
 
A survey was used to explore and identify the need for visualization to gain insight into warehouse data.  
An experiment was conducted to test the theory that the use of RoutePlanner by domain experts, in 
collaboration with visualization and data experts, leads to an increased awareness of visualization and 
results in the successful visualization of warehouse data.  To apply this study within a real-world context, 
a warehouse of data from a stereotypical professional insurance broker was used during the experiment, 
which consisted of a pre-study, an intervention using RoutePlanner and a post-study.  Furthermore, 
evaluation research was used during the intervention to assess the utility of each stage of RoutePlanner.  
The quantitative and qualitative data collected during this study was analyzed and interpreted.   
 
The focus area of this study is, therefore, the process of visualization, while the application area is the 
domain of insurance brokerage. 
 
This paper introduces RoutePlanner, a model for the visualization process, motivates the research 
design used in this study, discusses the research findings and presents the conclusions and 
recommendations for future research. 
 
RoutePlanner – The Model 
RoutePlanner, a model of the visualization process (Gouws and de Villiers, 2008), comprises, in brief: 

• Guidelines:  The guidelines of Brath (1999), the environmental factors of Mann (1999) and 
Mann and Reiterer (2000), the universal visualization issues of Spence (2001) and certain 
visualization trends synthesized by the first author were included in RoutePlanner to assist and 
direct the team of experts in their discussions prior to and during the visualization process.  

• Identification stage:  This stage is based on the technique of domain analysis of Espinosa, 
Hendrickson and Garret (1999) supplemented by the definition of abstract tasks of 
Shneiderman (1996), tasks for multi-dimensional data of OLIVE (1997) and analysis cycle of 
Kimball, Reeves, Ross and Thornthwaite (1998).  At the end of this stage of the process, the 
experts should have a list of data issues that need to be visualized.  This contributes to the goal 
of the visualization. 

• Selection stage: This stage requires the selection of visualizations from a vast collection of 
methods for a given data data set.  It is considered an ad hoc process that requires experience, 
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skill and intuition (de Oliveira and Levkowitz, 2003).  Selection expertise may be acquired from 
a visualization expert, automated tools or from defined visualization method taxonomies. The 
taxonomies of Shneiderman (1996), OLIVE (1997), Keim (2002), De Oliveira and Levkowotz 
(2003) and Lengler and Eppler (2007) were included in RoutePlanner. 

• Evaluation stage:  This stage consists of three steps. If two or more visualization methods 
have been selected, then they are compared using the general evaluation methodology of 
Wiss, Carr and Jonsson (1998) to determine the most suitable.  The next step is to identify the 
insight gained using the insight-based methodology of Saraiya et al (2005). The final step is 
determination of the success of the visualization, using the factors suggested by Kao and Ma 
(2000). 

 
Research design 
Research design is addressed by Mouton (2003) in the general context of postgraduate studies and by 
Olivier (2004) in the specific context of research in Computer Science and Information Technology.  
Three forms of research were used, namely: survey, quasi-experimental and evaluation research.  
 
Mouton (2003) defines different kinds of empirical studies in his so-called ‘research design map’ 
(Mouton 2003:160, 161), of which the following are applied in this study: 

• Surveys (Category 4):  Used for the identification-of-need survey. 
• Evaluation research: Experimental and quasi-experimental outcome studies (Category 

9):  Used to conduct the experiment. 
• Evaluation research: qualitative (naturalistic) and empowerment evaluation (Category 

10):  Used for the evaluation of the utility of RoutePlanner 
 
Olivier (2004) also defines an experimental approach and discusses qualitative research: 

• Experimental approach:  Used to test the theory. 
• Qualitative research:  Integrated into the evaluation study. 

 
An overview of the research design is given in Figure 1 below.  This empirical research consisted of an 
identification-of-need survey, an experiment to test the theory and the evaluation-of-use study that was 
conducted during the intervention of the experiment.  
 

 
Figure 9 Research design 

 
Data collection 
Both qualitative and quantitative data was collected using the rating of statements on a five-point Likert 
scale, open-ended questions and participant observation.  

• Identification-of-need survey:  The questionnaire consisted of questions on user profile, 
overview of data, visualization, identification of marketing opportunities and the visualization of 
marketing opportunities, and was completed by a single group of participants that formed a 
sample of convenience. 

• Experiment:  A pre- and post-study level-of-awareness questionnaire was completed before 
and again after the intervention, which involved the use of RoutePlanner by a team in the 
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context of an insurance brokerage. This questionnaire comprised six visualization awareness 
statements that were rated by the participants on a five-point Likert scale. 

• Evaluation-of-use study:  During the intervention, the utility of RoutePlanner was evaluated.  
A questionnaire was used to evaluate each aspect of RoutePlanner (i.e. guidelines, 
identification, evaluation and selection) as well as the overall use of RoutePlanner. The 
participants were observed and relevant comments were noted. 

 
Data analysis 
The data analysis is set out in Figure 2 below.  The quantitative data was analysed using descriptive 
statistics and presented using percentage frequency counts and bar charts.  Item analysis and 
Cronbach alpha were used to investigate the level-of-awareness data further. Thematic analysis was 
used to analyze the qualitative data. 
 

 
Figure 10 Data analysis 

 
Limitations of RoutePlanner 
The first author served as the facilitator during the study, as well as taking the role of visualization expert 
when the use of RoutePlanner was investigated in the insurance brokerage domain with a sample of 
thirty (30) brokers as participants. 
 
Discussion of findings 
The main objective was to use RoutePlanner to firstly conduct an experiment to test the theory, and 
secondly then to evaluate utility of RoutePlanner in a real-world context. To commence the research, 
however, an initial survey was conducted to identify and explore whether there was indeed a need for 
visualization in the application area. 
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Identification-of-need survey 
An identification-of-need survey was conducted prior to the experiment.  The questionnaire data 
collected, was analysed and the following conclusions were reached: 

• Overview of client data:  The frequency distributions of the non-accessibility of the financial 
needs analysis system (FNA) database indicated that the participants did not have readily 
available summative client information, neither in tabular nor on graphic format. 

• Marketing opportunities:  The rating responses indicate that the participants are able to 
identify which data in the FNA database can be used to highlight marketing opportunities. 

• Visualizations:  The results indicated that, although the brokers in the sample were aware of 
the existence of graphical representations, they were uncomfortable with both the visual 
method of summarizing the data and the interpretation of the visual presentation. 

• Visualization of marketing opportunities:  The need to visualize was established, particularly 
in view of the potential benefits. 

• Visualization process:  The participants were aware of the need for collaboration and the 
valuable role that it could play during the implementation of the visualization process. 

 
The analysis of the data revealed that there was an awareness of visualization and its benefits, but that 
the details of implementation and the use of visualization were not clear to the participants.  They were 
able to interpret most of the visualizations presented, but they required heuristics to guide the 
interpretation (albeit only initially). 
 
Experiment 
The intervention of the experiment was the use of RoutePlanner, with the aim of providing empirical 
answers by testing it in the real world.  The participants were required to rate the following six questions 
on the five-point L:ikert scale both before and after the use of RoutePlanner.  

• I know the details of the process that is required to transform raw into visualized data. 
• I know how to identify the data to be visualized. 
• I know how to select appropriate visualization methods. 
• I know how to evaluate visualizations of required data. 
• I am aware of the benefits of the visualization of data. 
• I am aware of the insights that may be gained from the visualization of the data. 

 
From the pre-study level-of-awareness of data, it can be concluded that, although the participants were 
largely unaware of the details of the visualization process per se (average ratings 1.7, 1.8, 1.6 and 1.9), 
they were relatively aware of the benefits of the visualization and the insights to be gained from using it 
in interpreting their client data (average ratings 2.6 and 2.9). 
 
The post-study level-of-awareness data showed clearly, that awareness levels improved following the 
use of RoutePlanner, as the intervention of the experiment.  Most of the participants were acutely aware 
of the details of the visualization process (average ratings 4.3, 4.4, 4.3 and 4.4) and had a greater 
awareness of its benefits, as well as the insights to be gained from the use of visualization in 
investigating their client data (average ratings 4.6 and 4.6). 
 
The Cochran-Armitage test was used to test for trend analysis of the data.  Item analysis was used in 
the calculation of a general awareness score for the pre-study and the post-study for each participant. 
The difference between these two scores was proven significant. 
 
Evaluation-of-use study 
During the intervention, an evaluation study was also conducted.  The purpose was to access the utility 
and relevance of each aspect of RoutePlanner in terms of positive features, negative features, 
suggested modifications and relevance of that stage to the professional work of the participant.  The 
participants rated each aspect both relevant and as holding utility.  
 
Guidelines:  Each of the four sets of guidelines was evaluated.  In each case, the majority of 
participants agreed or strongly agreed that they could use the guidelines.  The percentage frequencies 
of ‘Agree’ and ‘Strongly agree’ varied between sixty seven percent (67%) and ninety seven percent 
(97%).  Eighty three percent (83%) identified positive features and forty three percent (43%) noted 
negative features related to the utility of the guidelines or to a lack of familiarity.  Seven percent (7%) 
suggested that features be removed and seventeen percent (17%) suggested other alternatives, thus a 
total of twenty four percent (24%) suggested modifications.  Eighty three percent (83%) indicated that 
the guidelines were relevant to their work.  Based on these outcomes, it can be concluded that the 
guidelines of RoutePlanner can be used with success. 
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Identification stage:  Ninety seven percent (97%) of participants agreed or strongly agreed with the 
statements relating to this stage.  Seventy seven percent (77%) identified positive features focused on 
utility and functionality, and only ten percent (10%) mentioned negative features. Seven percent (7%) 
suggested modifications.  The majority, ninety three percent (93%), indicated that this stage was 
relevant to their work.  Based on these outcomes, it can be concluded that this identification stage of 
RoutePlanner can be used by the participants with success. 
 
Selection stage:  Ninety seven percent (97%) of participants agreed or strongly agreed with the 
statements relating to this stage. Seventy seven percent (77%) identified positive features, while only 
ten percent (10%) mentioned negative features. Seven percent (7%) suggested possible modifications.  
The majority, ninety three percent (93%), found this stage to be relevant to their work.  Based on these 
outcomes, it can be concluded that this identification stage of RoutePlanner can be used by the 
participants with success. 
 
Evaluation stage:  Ninety three percent (93%) agreed or strongly agreed with the comparison and 
insight-generation evaluation options, while ninety seven percent (97%) either agreed or strongly agreed 
that the factors of visualization success can be applied.  Seventy six percent (76%) focused on the 
positive features, three percent (3%) noted negative features, three percent (3%) suggested 
modifications and eighty seven percent (87%) believed that the evaluation stage was relevant to their 
work.  Based on these outcomes, it can be concluded that this evaluation stage of RoutePlanner can be 
used by the participants.  Furthermore, given the implementation of the evaluation stage, all 
visualizations implemented during the intervention were deemed successful. 
 
Consolidation of survey, experiment and evaluation study 
From the analyses of the various forms of empirical research data, the theory tested could be confirmed.  
Moreover, RoutePlanner was evaluated as usable and relevant to the work of the participating brokers. 
Figures 3 and 4 present the consolidated findings of this study.   
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Figure 11 Consolidation (textual) of identification-of-need, experiment and evaluation-of-use 
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Figure 12 Consolidation (graphical) of identification-of-need, experiment and evaluation-of-use 
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Recommendations for future research 
From the study, the following are recommended as future research: 

• Revisit the participants using RoutePlanner, to consider further visualization goals.  This may 
necessitate the extension of the proof-of-concept data warehouse to include other fact and 
dimension tables, as well as multiple snapshots for trend analysis. 

• Undertake a study to compare the use of the three selection stage options included in 
RoutePlanner,  i.e. the visualization expert, the automated visualization assistant (e.g. ViA) and 
the manual selection using a collection of VM taxonomies defined in the literature.   

• Investigate the feasibility of including a fourth selection option into RoutePlanner, namely the 
creation of new visualizations (i.e. rather than the selection from existing visualization methods 
using a visualization expert, an automated visualization assistant or the defined VM 
taxonomies).  

• Revisit the participants to obtain metrics to determine the effect of the use of RoutePlanner on 
the insights that they have gained into the data in their client portfolios.  Such a study would 
attempt to measure the exact benefits of visualization.  

• Develop a visualization system comprising a set of visualization methods, particularly 
customized to the domain of insurance brokerage.  Associated training should be developed to 
support the brokers in the independent use of the system.  

• Extend the use of RoutePlanner to other domains, e.g. personnel recruitment, school 
education; to determine its utility and relevance in these contexts. 

 
Conclusions 
The main purpose of this study was to address the need for visualization in the real world.  A model of 
the visualization process, named RoutePlanner, was developed and used in an experiment to test a 
theory.  The findings of the experiment confirmed the theory that the use of RoutePlanner by domain 
experts, in collaboration with visualization and data experts, leads to an increased awareness of 
visualization and results in the successful visualization of warehouse data.  From the findings of the 
evaluation study, it was concluded that RoutePlanner has utility and that all of its stages, as well as 
RoutePlanner as a whole, are relevant to the work of domain experts, and that all visualizations were 
successful.  
 
It is concluded that RoutePlanner can be used to increase the level of awareness of visualization, thus 
ensuring that its benefits are realised and that enhanced insights are gained by users.  
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