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ABSTRACT 

 

A large amount of information is contained in textual records, which originate from a variety 
of sources such as handwritten records and digital media like audio and video files.  The 
information contained in these records is unstructured and to visualise the content of the 
records is not a trivial task. In order to visualise information contained in unstructured textual 
records, the information must be extracted from the records and transformed into a 
structured format.  

This research aimed to visualise the coherence of facts contained in textual sources in order 
to allow the user who make use of the visualisation to make an assumption about the validity 
of the textual records as a set. For the purpose of the study, it was contemplated that the 
coherence of facts contained in a document set was indicated by the multiple occurrences 
of the same fact over several documents in the set.  

The output of this research is a model that abstracts the process required to transform 
information contained in unstructured textual records into a structured format and the visual 
representation of the multiple occurrences of facts in order to support the process of making 
an assumption about the coherence of facts in the set. This assumption enables the user to 
make a decision, based on the coherence theory of truth, about the validity of the document 
set.  

The model provides guidance and practices for performing tasks on similar textual document 
sets containing secondary data. The development of the model was informed by a phased 
construction of three specific software solution instantiations, namely an initial information 
extraction, an intermediate visual representation and a final information visualisation 
instantiation. The final solution instantiation was demonstrated to research participants and 
was evaluated as well. A pragmatic design science research approach was followed in order 
to solve the research problem. In conducting the research an adaption of the Peffers et al. 
(2006) design research process model was followed. 

The result of the research is a model for the visual representation of the coherence of facts 
in a textual document set. Expert review of the model is added through a process of peer 
review and academic scrutiny by means of conference papers and a journal article. It is 
envisaged that the results of the research can be applied to a number of research fields 
such as Indigenous Knowledge, History and Law. 

Key terms: Visualisation, Information Visualisation, Knowledge Visualisation, Data 
Visualisation, Document Visualisation, Design Science Research, Design Science 
Research Process Model, Information Extraction, Indigenous Knowledge, Coherence theory 
of truth.  
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CHAPTER 1:  INTRODUCTION 

1.1 BACKGROUND 

The majority of the world's information is contained in unstructured textual documents that 
describe information in a natural language like English (McCallum, 2005). Some of the 
domains described by unstructured textual documents include the Medical health domain 
(e.g. medical patient records), History domain (e.g. testimonies on a historical event) and 
the Indigenous Knowledge domain (e.g. instructions on preparing traditional medicine). The 
information contained in these documents is considered to be secondary data. Secondary 
data, according to Kamins (1993, p. 1), is data that is “collected by others and archived in 
some form”. 

According to McCallum (2005), the processing of unstructured textual data is limited to 
searching for text in the data. In order to enable detailed processing of unstructured textual 
data, it needs to be transformed into a structured form. 

Chen, Ebert, Hagen, Robert, Shneiderman and Tory (2009) and Dove and Jones (2012) 
state that the purpose of data visualisation is to gain insight into data. Dove and Jones (2012, 
p. 2) regard the insight as “something that is gained” and as “something that is experienced”. 
Since both definitions of data and information are ambiguous (Keller & Tergan, 2005; Liew, 
2013; Nurnberger, Seising, & Wenzel, 2009), the defined purpose of data visualisation can 
be applied to the visualisation of information as well. 

The purpose of this research is to develop a model to transform unstructured textual data 
and to visually represent the coherence of facts in the set. It is argued by this research that 
visually representing the coherence of facts contained in a document set would be a first 
step towards making an assumption about the validity of the facts contained in the set. For 
the purpose of the study, it is proposed that the coherence of the facts in a document set is 
indicated by the multiple occurrences of the facts contained in multiple documents, and that 
visually representing these coherences would enhance the insight into the validity of the 
facts. 

After having presented background information and the aim of the research study, the next 
section discusses the problem statement and research questions of the study. 

 

1.2 RESEARCH PURPOSE AND RESEARCH QUESTIONS 

The rationale for research, research question, research purpose and the significance of the 
research study are provided in this section of the dissertation. 
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1.2.1 Rationale for research 

The National Recordal System (NRS) is an initiative by the South African Department of 
Science and Technology (DST) to capture and preserve Indigenous Knowledge. As part of 
this initiative, the National Indigenous Knowledge Management System (NIKMAS) was 
designed and developed  (Fogwill, Viviers, Engelbrecht, Krause, & Alberts, 2011).  

During the development of the system, it became apparent to the researcher that the 
visualisation of the textual content contained in Indigenous Knowledge, for instance, the 
preparation method of traditional medicine, was complex and difficult to achieve. In addition, 
it was found that certain elements were consistently found in several descriptions of 
Indigenous Knowledge and that the visual representation of these consistencies would 
assist a person in making an assumption about the validity of the knowledge being 
described. 

This research study proposes that having a model for extracting factual information 
contained in textual documents into a structured format and the visual representation of the 
coherence of the factual information in the records would be a step towards making an 
assumption about the possible truth value of the document set as a whole. The assumption 
that the coherence of facts in a document set indicates some value of truth is based on the 
coherence theory of truth (Young, 2013).  

According to Young (2013, p. 1), the coherence theory of truth states that “the truth of any 
(true) proposition consists in its coherence with some specified set of propositions”. For the 
purpose of the research study, the coherence theory of truth is applied as follows: The 
possible truth of any fact occurrence consists in its coherence with occurrences of the fact 
in a document set.  

Roche (2013), in addition, proposes that the coherence of a proposition with other 
propositions is an indication of an increase in the probability that some truth is contained by 
the proposition. The proposition of Roche (2013) is, for the purpose of the study, applied as 
follows: The coherence of a fact occurrence with other occurrences of the fact is an 
indication of an “increase” in the probability that some truth is contained by the fact.  

Based on the coherence theory of truth as described by Young (2013) and the proposition 
of Roche (2013), the coherence between occurrences of a fact in a document set is 
considered to be an indication of the possibility that the fact may contain some truth or not. 

In the process of developing a model to visually represent the coherence of facts in 
unstructured textual documents, a textual data source had to be used as input. Although the 
purpose of this research study originated from the development of an Indigenous Knowledge 
capturing and protection system, Indigenous Knowledge records could not be used as data 
source. Intellectual property (IP) issues related to Indigenous Knowledge (Fogwill et al., 
2011) led to the decision to use an alternative data source. 
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As a result, an alternative source of data, which exhibited the same characteristics as the 
original intended Indigenous Knowledge records, was identified and used. A data set has to 
exhibit the following characteristics that are inherent to Indigenous Knowledge to be 
considered as an alternative: 

• The data source should consist of data that is either in the form of documents (e.g. 
written testimonies) or data that can be transformed into documents (e.g. oral story 
tellings of Indigenous Knowledge), where each part of the set describes facts about 
the same domain. 

• The data should contain only a finite set (a number of not more than 50 documents 
is proposed as appropriate) of original or transformed documents. 

• The data in the original or transformed document set should be textual and 
unstructured. 

• The information contained in the documents should be secondary, i.e. information 
collected by someone who is not the originator of the information and the information 
should be archived in some form. 

• The validity of the information described in the records should be open for scrutiny. 

Instead of using Indigenous Knowledge records, the Huyser collection1 of Anglo-Boer War 
testimonies (Huyser, n.d.) is used for the study because the collection does not have IP 
restrictions, is easily available, has already been transcribed and digitised by the researcher 
before the study commenced and in particular satisfies the above mentioned criteria to be 
considered as an alternative data source:  

• Each document in the Huyser collection describes the experiences of Boer women 
and children during the Anglo-Boer War. The testimonies contained in each record 
were collected by H.W. Huyser. Each testimony is hand written and is currently 
housed at the National Archives and Records Service (NARS) of South Africa. 

• The Huyser collection contain is comprised of a finite set of 37 documents. 

• Each testimony in the set of Huyser documents is in a textual format and contains 
unstructured data. 

• The information is collected by the researcher and is archived electronically. 

• The validity of the testimonies is under scrutiny (Mafeking, n.d., para 22). 

The research study provides a model for supporting the process of making an assumption 
about the validity of facts contained in a set of textual documents by visually representing 

                                            
1 Background information on the Huyser collection and the Anglo-Boer War is provided in Appendix C. 
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the coherence of the facts. This developed model is applicable to any data set which exhibits 
the characteristics required by a data source to be considered as an alternative source. 
Expert review of the model is added through a process of peer review and academic scrutiny 
by means of conference papers (Engelbrecht, Botha, & Alberts, 2014; Engelbrecht, Botha, 
& Botha, 2016; Engelbrecht & Botha, 2015) and a journal article (Engelbrecht, Botha, & 
Alberts, 2015).  

 

Figure 1.1: Models developed during the research phases 

 

The proposed model is developed in three phases (depicted in Figure 1.1), namely the initial 
extraction of the information phase, the intermediate visual representation of the fact 
coherence phase and the final resulting phase. During each phase a specific software 
solution is designed and instantiated, which informed the construction of a model for that 
phase. During the final phase a model is defined for the visual representation of the 
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coherence of facts in a textual document set by combining the models from the initial 
information extraction and intermediate visual representation phases. It is therefore stated 
that the general model is informed by the specific software solution instantiation. 

According to Keim, Rossi, Seidl, Verleysen and Wrobel (2012) and Mooranian, Dillon and 
Chang (2011), there exists a gap between the research fields of information extraction and  
visualisation. To progress towards visually representing the coherence of facts in a textual 
document set and to contribute to understanding the gap between the study fields of 
information extraction and visualisation, models as depicted in Figure 1.1 were developed 
during three phases: 

• an information extraction model during the initial phase (see Chapter 3); 

• an visual representation model during the intermediate phase (see Chapter 4); 

• a model for the visual representation of the coherence of facts in a textual document 
set during the final phase. The final model is a conglomeration of the models defined 
by the previous phases (see Chapter 5). 

In the next section, the research question that guides the study is discussed. 

1.2.2 Main research question 

The main research question of the study is: 

What components can be combined into a model to transform unstructured textual 
data and to visually represent the coherence of facts contained in the set? 

More research questions are required to answer the main research question. The next 
section provides the required subordinate research questions.  

1.2.3 Subordinate research questions 

In order to answer the main research question, the following subordinate research questions 
have to be answered: 

1. What components can be combined into a model to extract facts and transform 
unstructured textual data into a structured form? 

2. What visualisation design principles can be applied to guide the design of an 
information visualisation interface? 

3. What components can be combined into a model to visually represent the coherence 
of facts contained in a structured data form? 

Subordinate research questions 1 and 3 are answered through a design science research 
(DSR) approach, which is discussed in Chapter 2. In order to answer the research question 
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2, Section 4.1.3 identifies visualisation design principles identified by means of a literature 
review. 

The objectives of the research study are derived from the research questions. In the next 
section, the main research objective of the research study will be discussed. 

1.2.4 Research purpose 

The research purpose of the study corresponds to the main research question as defined in 
Section 1.2.2. 

The purpose of the research is  

To develop a model to transform unstructured textual data and to visually represent 
the coherence of facts in the set. 

1.2.5 Research objectives 

In conducting the research, the study considers the following research objectives: 

1. to identify studies similar to this research; 

2. to identify tools and techniques that can be used to extract facts from structured 
textual data; 

3. to identify components that can be combined to extract facts and transform 
unstructured textual data into a structured form; 

4. to identify visualisation design principles that can be applied to the design of an visual 
representation interface; 

5. to identify tools and techniques to visually represent the coherence of facts in a 
structured form; 

6. to identify components that can be combined to visually represent the coherence of 
facts contained in a structured data form; 

7. to design, develop and instantiate a specific final software solution by combining the 
components of specific initial information extraction and intermediate visual 
representation software solution instantiations; 

8. to evaluate the final software solution; 

9. to define a general model for the visual representation of the coherence of facts in a 
textual document set by combining the components of the specific information 
extraction and visual representation software solutions; 
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10. to validate the research results, i.e. the model for the visual representation of the 
coherence of facts in a textual document set. 

The objectives of the study and the research phases addressing them are depicted in Figure 
1.2. 

 

Figure 1.2: Research objectives and phases 

 

Design science research, as a research methodology, is followed in order to develop a model 
for the visual representation of the coherence of facts in a textual record set. The design 
science research approach followed in this research study is discussed in detail in Chapter 
2. 
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In order to identify visualisation design principles that could be applied to the design of an 
information visualisation interface, a literature review (see Section 4.1.3) is conducted during 
phase 2. 

Having discussed the problem statement, research questions and research objectives of the 
research study, the next section briefly outlines the research design and methodology 
followed to achieve the objectives of the research. 

 

1.3 RESEARCH DESIGN AND METHODOLOGY 

A pragmatic design science research approach to address the purpose of the study is 
followed. According to Gregor and Hevner (2013), the construction of a design science 
research artifact should be informed by descriptive kernel theories. For the purpose of the 
study several kernel theories were incorporated into the design of the final artifact including 
the coherence theory of truth (Candlish & Damnjanovic, 1989; Glanzberg, 2013; Roche, 
2013; Young, 2013), Ackoff’s hierarchy of human understanding (1989)  and Shneiderman’s 
visual information seeking mantra (1996). These theories and others are discussed in 
Section 2.2.1.1. 

In order to inform the construction of the final model, a specific software solution consisting 
of two parts are created and instantiated, namely an initial information extraction and an 
intermediate visual representation part. As a result of the created software solution parts, 
model components for both the parts are identified. Consequently, the created parts inform 
the development of two models as follows: 

• an initial model to extract information and transform unstructured, textual data into a 
structured form; 

• an intermediate model for the visual representation of the coherence of information 
contained in a structured data form. 

By combining the two specific software instantiations and resulting models, a final model for 
the visual representation of the coherence of information in a textual document set is 
defined. 
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Figure 1.3: Adapted design science research process from Peffers et al. (2006) 

 

The research is consequently conducted in three phases (depicted in Figure 1.3), adapting 
the design science research process model from Peffers et al. (2006),  namely: 

• Phase 1: Information extraction. An initial model is developed by starting off with a 
literature review, which is followed by the design, build and instantiation of the first 
part of the specific software solution. The process is described in Chapter 3. 

• Phase 2: Visual representation. An intermediate model is developed by starting off 
with a literature review, which is followed by the design, build and instantiation of the 
second part of the specific software solution. The process in described in Chapter 4. 

• Phase 3: Final model. A model for the visual representation of the coherence of facts 
in a textual document set is developed by combining the information extraction and 
visual representation instantiations and models from the preceding phases. The final 
model is described in Section 5.2. 

The specific software solution instantiation is demonstrated to and evaluated by domain and 
Information Technology (IT) experts. The general model which emerged from the specific 
software solution is validated by IT experts. 
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The design science research process model of Peffers et al. (2006) is adapted to create the 
initial and intermediate models, ultimately informing the development of the final model. The 
process model consists of the following six processes for conducting design science 
research: 

1. Identify the research problem and motivate the importance of solving the problem. 

2. Define the objectives that the solution should achieve. 

3. Design and develop an IT artifact to inform a solution for the problem. 

4. Demonstrate the ability of the developed artifact to solve the problem. 

5. Evaluate whether the built artifact provide a solution to the identified problem. 

6. Communicate the results of the research. 

The final software solution instantiation is evaluated and the resulting model for the visual 
representation of the coherence of facts in a textual document set is validated as follows: 

• The final software solution instantiation is demonstrated to a number of participants 
(five experts from the domain described by the data and five IT experts) during 
interviews. Afterwards, the participants were asked to complete a feedback 
questionnaire in the form of a five-point Likert scale statement set. Pivot tables and 
charts for each of the statements presented in the feedback questionnaire are 
analysed in order to evaluate the final software solution instantiation.  

• The final model is developed from the initial and intermediate models resulting from 
the corresponding design and build phases. The model is then demonstrated during 
interviews to the same IT experts to which the final software solution instantiation was 
previously demonstrated. The participants were asked to complete a feedback 
questionnaire in the form of a five-point Likert scale statement set. In order to evaluate 
the model, pivot tables and charts for each of the statements presented in the 
feedback questionnaire are analysed. 

The statements presented to the participants during both the final software solution 
instantiation demonstration interviews and the final model presentation aimed to determine 
whether  

• design principles where applied in the design of the visual representation, 

• the final model provides components to extract facts from unstructured textual 
documents and 

• whether the final model provides components to visually represent the coherence of 
facts in a document set. 
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Having briefly discussed the research methodology followed in the execution of the 
research, the next section discusses the importance of the research study. 

 

1.4 IMPORTANCE OF THE RESEARCH STUDY 

The research study has several significant benefits. In conducting the research study, it is 
envisaged that a better understanding of information extraction and information visualisation 
is acquired. It is envisaged that the better understanding will lead to an increase in the 
scientific knowledge base of both the research community and the researcher. The increase 
in knowledge of these two fields of study is also considered as having an increase in the 
number and quality of relevant IT artifacts built. 

Grounded in the coherence theory, the research study demonstrates how information 
visualisation can be used to gain insight into the validity of domain facts contained in a 
textual document set. A contribution to the study of Indigenous Knowledge is made by 
presenting a proposed novel model for assisting the process of making an assumption on 
the validity of facts contained in Indigenous Knowledge, therefore contributing to the 
scientific evaluation and acknowledgement of Indigenous Knowledge. 

The solution obtained can also be applied to other fields of studies where the records exhibit 
the same characteristics as defined in Section 1.2.1. The study can therefore be the starting 
point for similar research in a variety of other study fields such as Medical studies (e.g. 
patient health records), Criminology (e.g. crime reports) and Political Science studies (e.g. 
political speeches).  

In addition the focus of this study is both on Information Extraction and Information 
Visualisation, therefore the result will contribute towards understanding the gap between the 
two research fields. 

In the next section, the delineation and assumptions of the research study are set out. 

 

1.5 DELINEATION AND ASSUMPTIONS 

The delineation of the study and the assumptions made are set out as follows: 

• The study only considers a set containing a finite set (a number of not more than 50 
documents is proposed as appropriate) of original or transformed documents 

• Although acknowledged as important, the research study does not take into account 
accessibility and usability issues with regard to the visual representation. These 
issues can be the subject of future studies. 
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• The research study does not attempt to find the most effective solution to visually 
representing the unstructured data, but rather a suitable option. Comparing and 
evaluating visualisation techniques are accordingly not considered within the scope 
of the research study. Subsequent research can be aimed at a more effective option 
by evaluating the effectiveness of the solution and adjusting the solution to increase 
its effectiveness. 

• The research study does not attempt to find the most effective solution to extract 
domain facts from the textual source. Due to the scope and time of the master’s 
degree study and the amount of research required to combine automatic information 
extraction methods with the visualisation research, the manual information extraction 
method is selected. Extracting domain facts from the source and finding a more 
effective information extraction solution can be the focus of future research. 

• For the purpose of the study, it is assumed that if there exists a coherence in the facts 
contained in a set of textual records, then there possibly exists some truth in the 
contained facts.  This proposition is based on the coherence theory of truth (Young, 
2013). 

• Some of the other classical theories of truth are the correspondence theory, Tarski's 
semantic theory,  the pragmatic theory and the deflationary theory (Dowden & Swartz, 
2013). Because the study of truth belongs to the field of Philosophy, it is beyond the 
scope of this study to compare and scrutinise existing theories of truth.  

However, the research study acknowledges that other theories of truth also exist. 
Candlish and Damnjanovic (1989) and Glanzberg (2013) can be referenced for more 
information on the subject of truth theories. 

In the next section, the ethical considerations taken into account by the research study are 
briefly outlined. 
 
 

1.6 ETHICAL CONSIDERATIONS 

Ethical issues need to be considered to protect the integrity of the researcher as well as the 
integrity of the organisation, according to Burian, Rogerson and Maffei (2010). Burian et al. 
(2010) indicate that ethical considerations consist of three issues, namely to do no harm, to 
show respect and to remain just and fair. 

For the purpose of the research study, the following ethical issues related to the use of the 
Huyser collection of Anglo-Boer War testimonies are considered: 

• In doing no harm, the identities of persons have to be protected whenever the 
disclosure of their identities can cause harm. In order to protect the descendants of 
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individuals described in the testimonies, names are not used. Instead, original names 
are replaced with aliases. 

• In showing respect, the use of archaic words contained in the records is carefully 
considered. Some of the words used in the testimonies are not in use anymore. Care 
is taken during the process of translating the testimonies into English to ensure that 
the essence of the meaning of the words was preserved. 

• In remaining just and fair, the researcher's opinion should not influence the facts 
contained in the data set. The testimonies in the Huyser collection depict the events 
of the war from the viewpoint of civilian Boer people and therefore have an element 
of subjectivity. For the purpose of the study, to remain just and fair, the researcher 
does not reflect on personal opinions on the information contained in the testimonies. 

Ethical clearance for conducting research was given by Unisa’s College of Science, 
Engineering and Technology’s (CSET) Research and Ethics Committee.  

In the next section, the chapter outline of the dissertation is presented. 

 

1.7 CHAPTER OUTLINE 

The work conducted by the research study is provided in the next sections. The chapter 
outline of the dissertation is depicted in Figure 1.4 on the following page. 
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Figure 1.4: Chapter outline 

 

After having provided background information, research purpose, research questions, 
research objectives, importance and chapter outline of the research study, the research 
design and methodology used to achieve the purpose of the study is discussed in the next 
chapter. 
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CHAPTER 2:  RESEARCH APPROACH AND METHODOLOGY 

 

The previous chapter provided an introduction to the research which consisted of the 
research background, research purpose and questions, summary of the research design 
and methodology, importance of the research, the delineations and assumptions of the 
research and the ethical consideration.  

The purpose of the research, together with the research approach, is considered by Hofstee 
(2009) as vital to the success of any research study. The purpose of the study, namely to 
develop a model to transform unstructured textual data and to visually represent the 
coherence of facts in the set, was discussed in Chapter 1. In this chapter, the research 
approach to achieving the purpose of the study, is outlined in more detail. 

According to Creswell (2009, 2014), research approaches are plans and procedures for 
conducting research. The research plan involves an overall decision about the approach 
taken to achieve the research goals. The plan is informed by the philosophical assumption 
on which the study is built (called research paradigm), the research strategy (called research 
methodology) and the research method (Creswell, 2009, 2014). 

Firstly, the selected research paradigm is considered; followed by a discussion of the 
selected research methodology. The research method followed to achieving the purpose of 
the study is then discussed next. The chapter is concluded by a consideration of the 
reliability and validity of the research. 

 

2.1 RESEARCH PARADIGM 

Research paradigms are regarded by Wahyuni (2010) as fundamental beliefs and 
assumptions that effects the way a researcher conducts research, which includes the choice 
of a particular research methodology. Creswell (2014) uses the term worldview to indicate 
that a research paradigm describes how the researcher sees the world from a general 
philosophical view, influencing the how the research is conducted.  

According to Hussain, Elyas and Nasseef  (2013) and Wahyuni (2010) existing research 
paradigms can be distinguished by considering the ontology and epistemology of each. The 
ontology  of a study describes how reality is perceived (Scotland, 2012; Wahyuni, 2010) and 
what constitutes reality (Scotland, 2012). Epistemology is concerned with the nature and 
forms of knowledge (Scotland, 2012), describing the research approach to generating, 
understanding and using knowledge (Wahyuni, 2010). Krauss (2005) argues that the 
epistemology, ontology and methodology of a study are interrelated in that ontology involves 
the philosophy of reality, epistemology is engaged with how one gets to know that reality 
and methodology  defines the practices to acquire that knowledge. 
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Having described what a research paradigm is and how a paradigm is distinguished from 
other paradigms, major paradigms considered by Creswell (2014) and Hussain et al. (2013) 
are presented: 

• Positivism. The positivist researcher believe that knowledge can  acquired by making 
observations and measurements, producing models of how the world works (Oates, 
2006). Positivist researchers regards reality as consisting of what is available to the 
human senses (Gray, 2013). Creswell (2014) states that in addition, the post-
positivist paradigm considers the truth after positivism. Post-positivist researchers 
challenge the idea of the absolute truth about knowledge and assumes that we 
cannot be positive about knowledge claims when studying the behaviour and actions 
of people (Wahyuni, 2010). 

• Interpretivism. Also known as Constructivism (Wahyuni, 2010). The constructivist or 
interpretivist researcher believe that understanding and knowledge is constructed 
from interpretation, assuming that there are no facts, only interpretations (Hussain et 
al., 2013). “Reality is constructed by social actors and people’s perception of it” 
(Wahyuni, 2010, p. 71). 

• Critical theory. Also described as the Transformative theory (Mackenzie & Knipe, 
2006). According to Oates (2006, p. 296), critical research “is concerned with 
identifying power relations, conflicts and contradictions, and empowering people to 
eliminate them as sources of alienation and domination”. Current held values and 
assumptions are questioned and conventional social structures are challenged by 
critical researchers (Gray, 2013), driven by a desire for transformative change 
(Hussain et al., 2013). Reality is considered as something that is tangible and 
composed of historical structures and knowledge is derived from social context 
(Hussain et al., 2013).  

• Pragmatism. The pragmatic researcher starts with an emphasis on the research 
problem, using several approaches to understand reality (Creswell, 2014; Wahyuni, 
2010). Truth is based on what works at the time to address the research problem 
(Creswell, 2014; Gray, 2013), acquiring knowledge from actions, situations and 
consequences (Creswell, 2014). In order to address the research problem at hand 
the researcher can apply multiple systems of philosophy, with a freedom to choose 
the research methods, techniques and procedures (Creswell, 2014). 

The epistemology and ontology of each of these major paradigms as provided by Wahyuni 
(2010) are listed in Table 2.1 on the following page. 
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Table 2.1: Epistemology and ontology of Positivism, Interpretivism, Critical research 
and Pragmatism as provided by Wahyumi (2010) 

Paradigm Epistemology Ontology 
Positivism Only observable phenomena can provide 

credible data, facts. Focus on causality and 
law-like generalisations, reducing 
phenomena to simplest elements. 

External, objective and independent of social 
actors. 

Interpretivism Subjective meanings and social 
phenomena. Focus upon the details of 
situation, the reality behind these details, 
subjective meanings and motivating 
actions. 

Socially constructed, subjective, may change, 
multiple. 

Critical theory Only observable phenomena can provide 
credible data, facts. Focus on explaining 
within a context or contexts. 

Objective. Exist independently of human 
thoughts and beliefs or knowledge of their 
existence, but is interpreted through social 
conditioning (critical realist). 

Pragmatism Either or both observable phenomena and 
subjective meanings can provide 
acceptable knowledge dependent upon the 
research question. Focus on practical 
applied research, integrating different 
perspectives to help interpret the data. 

External, multiple, view chosen to best achieve 
an answer to the research question. 

 

In order achieve the aim of the study, the researcher chose to follow a pragmatic approach. 
This decision is guided by the researcher’s own work experience of solving problems in a 
practical manner, believing that truth can be based on a workable, practical solution. 

Having discussed the philosophical approach to research adopted by the researcher, the 
next section gives a discussion of the overall research methodology followed to conduct the 
research study. 

  

2.2 RESEARCH METHODOLOGY 

In the previous section, the research paradigm or philosophical approach to research 
adopted by the researcher was discussed. According to Hussain et al. (2013) and Gray 
(2013), the particular methodology chosen by the research to conduct research, is 
influenced by the philosophical underpinning or research paradigm adopted by the 
researcher. In the particular case of this research study the decision to choose a pragmatic 
approach, guided the choice of the particular methodology. 

Hussain et al. (2013) states that the research methodology refers to general principles which 
describe how the world is investigated and how it is demonstrated that the knowledge 
generated from the investigation is valid. Scotland (2012) describes the methodology as a 
strategy or plan of action “which is concerned with why, what, from where, when and how 
data is collected and analysed”. In addition, Oates (2006) describes the strategy or 
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methodology as the overall approach to answering the research question; listing and 
describing the following possibilities: 

• Survey. Data is collected from a large group of people in a systematic manner. The 
data is then analysed to look for patterns. The results are then generalised to a larger 
population than the group from which the data was collected. 

• Experiment. Hypotheses are tested by investigating cause and effect relationships. 
The goal is to prove or disprove a causal link between a factor and an observed 
outcome. 

• Case study. An instance of a phenomena is investigated in order to obtain a rich 
insight into the life of that case and its complex relationships and processes. 

• Ethnography. The researcher spend time in the field, taking part in the life of people. 
The goal is to gain an understanding of the culture and customs of a particular group 
of people. 

• Action research. Research is conducted by planning to do something in a real-world 
situation, doing it and then reflecting on what has happened or what was learned. 

• Design and creation. The research focus on the creation of a new IT artifact which 
can be a new computer based application, construct, model or method.  
Johannesson, Perjons and Bider (2013) state that design and creation is also known 
as design science research. For the remainder of the dissertation, the term design 
science research will be used. 

In order to achieve the purpose of the study, an overall design science research approach 
is followed for the following reasons: 

• The purpose of the research is to develop a model to transform unstructured textual 
data and to visually represent the coherence of facts in the set. A model is considered 
by various authors (Carlsson, 2006; Cole, Purao, Rossi, & Sein, 2005; Hevner & 
Chatterjee, 2004; March & Smith, 1995) as an artifact. Furthermore, design science 
research is a problem-solving paradigm that attempts to create and evaluate new 
innovations in the form of IT artifacts (Hevner & Chatterjee, 2004; Niehaves, 2007).  
Design science research is consequently considered to be an appropriate research 
approach for this study since both design science research and this study have an 
artifact (a model for the visual representation of the coherence of facts in a textual 
document set) as end-goal.  

• Hevner and Chatterjee (2010) state that design science research is an appropriate 
approach to solve “wicked” problems, namely problems with the following 
characteristics: 

o The requirement and constraints of the problem are unstable. 
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o The interactions between components of the problem are complex. 

o The problem exhibits an inherent flexibility to change the design process and 
design artifact. 

o The problem depends on human cognitive abilities to produce the solution. 

o The problem depends on human social abilities to produce the solution. 

By considering these characteristics of “wicked” problems, the problem of extracting 
information from textual records and the visualisation of the coherence of facts in the 
extracted records are considered to be “wicked” for the following reasons: 

• The requirement and constraints of the problem are unstable in that they 
originate in the need for the research. The requirements and constraints are 
defined as part of the research and are not known before the research. 

• The interactions between components of the problem are complex in the 
sense that the interactions are not known at the start of the research and 
therefore only become known as a result of the study. 

• The design of the processes and the final model come into being as a result 
of the research. Only during the research are the processes, specific software 
solutions and models defined and built. As a result, there is an inherent 
flexibility to make changes to the processes and artifacts.  

• In order to produce the solution, an in-depth understanding of the purpose of 
the research as well as an amount of creativity to design the visual interface 
is required. 

• Human social abilities are required in order to demonstrate the specific final 
software solution and model to a participant audience. An amount of 
interaction between the researcher and the audience is required to explain the 
problem and to demonstrate the solution. 

As a result of both design science research and this study having an artifact as end-goal, 
and because the problem identified by the research is considered to be “wicked” according 
to the preceding requirements, design science research is selected as research approach 
for conducting the research study. 

Design science research as a methodology for conducting the research study is discussed 
in the next section. 

2.2.1 Design science research 

Cole et al. (2005) postulate that Information Systems (IS) research should solve practical 
problems and, in addition, contribute to the existing knowledge base of science. 
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Furthermore, according to Hevner, March, Park and Ram (2004), Carlsson (2006), Niehaves 
(2007) and Cole et al. (2005), IS research is mostly conducted either through a behavioural 
science approach or a design science approach.  

Carlsson (2006) considers the behavioural science approach as the mainstream approach 
to IS research and postulates that behavioural science is description and explanatory driven 
whereas design science is prescriptive driven. In addition, Niehaves (2007) considers 
behavioural science and design science as complementary parts of IS research. Research 
conducted through a behavioural science approach attempts to develop and justify theories 
that explain the analysis, design, implementation, management and use of information 
systems, whereas design science research is a problem-solving paradigm that attempts to 
create and evaluate new innovations in the form of IT artifacts (Cole et al., 2005; Hevner et 
al., 2004; Niehaves, 2007).  

Design science research is discussed in the following sections by examining its 
philosophical views (Section 2.2.1.1), artifacts produced (Section 2.2.1.2) and knowledge 
contributions made (Section 2.2.1.3). In addition, guidelines (Section 2.2.1.4) for conducting 
design science research as well as its research cycles (Section 2.2.1.5) are discussed. The 
section on the design science research is concluded by considering the advantages and 
disadvantages (Section 2.2.1.6) of the methodology.  

2.2.1.1 Philosophical views of design science research 

Philosophically, design research is considered by various authors (Cole et al., 2005; Hevner 
et al., 2004) to be pragmatic. Carlsson (2006), on the other hand, suggests that although 
many design science research publications does not explicitly discuss research ontology 
and philosophy issues, most design science research seems to be based on positivism, 
traditional realism or pragmatism. In conducting this research study, a pragmatic research 
approach is followed as indicated in Section 2.1. 

Furthermore, Cole et al. (2005) state that the ontology of design science research assumes 
that the phenomenon of interest changes through the application of the research process 
and they further state that, with regard to this phenomenon, an artifact realises as a result 
of the research. The epistemology of design science research, according to Cole et al. 
(2005), resides in knowledge being obtained by means of intervention to cause change and 
reflection on the change.  

Gregor and Hevner (2010, 2013) state that there are two schools of thought in the design 
science research community. The first school which they termed as the design-theory camp, 
focus on the importance of grounding the design of the research artifact on a design theory. 
The second school which they termed as the pragmatic-design camp, is considered to be 
“agnostic” to the need for a design theory and place more importance on the artifact itself. 
The different schools in addition place different emphasis on the contribution made by design 
science research. According to Gregor and Hevner (2013), the harmonisation of the two 
views will improve the rigour of design science research. For the purpose of the research 



  

34 

 

study, these two views are both considered by focusing on both the utility and value of the 
designed artifacts, as well as grounding the design of artifacts in kernel theories. As a result 
of the study, a theory in the form of a model for the visual representation of the coherence 
of facts in a textual record set is proposed. In addition, the research study propose that a 
visual representation of the coherence of facts in a set can assist with the process of making 
a decision about the set’s truth value. 

In order to impact the rigour of design science research, Gregor and Hevner (2013) propose 
that the construction of the research artifact should be informed by descriptive kernel 
theories. These theories are used to justify the design of the artifact, which include any 
theory from the IT domain as well as any external domain (Grergor and Hevner, 2010). The 
overall design of the model for the visual representation of the coherence of facts in a textual 
record set is based on several kernel theories: 

• The coherence theory of truth (Candlish & Damnjanovic, 1989; Glanzberg, 2013; 
Roche, 2013; Young, 2013). Grounded on this theory, the study assumes that the 
coherence of a fact in a textual document set is an indication of the possible truth 
value of the fact. 

• Ackoff’s hierarchy of human understanding (1989) which considers Knowledge to be 
derived from Information, which in turn is derived from Data. For the purpose of the 
study, the set of Boer War testimonies is considered as Data. The extracted facts is 
considered to be Information and by visually representing the coherence of the facts, 
it is assumed that the user gains some Knowledge about the truth value of the facts. 

• Design principles and guidelines compiled by means of a literature review which 
incorporated, amongst others, the following: 

o the Eppler and Burkhard Knowledge Visualisation framework (2007); 

o Forsell and Johansson’s  heuristic set for Information Visualisation evaluation 
(2010); 

o Elmqvist and Fekete’s guidelines for implementing visual hierarchical 
aggregates (2010); 

o Shneiderman’s visual information seeking mantra (1996), which provides 
seven typical tasks that a user performs when searching for information. 

Having discussed the philosophy of design science research and the use of kernel theories, 
the artifacts produced by a design science research study is discussed in the next section. 

2.2.1.2 Artifacts produced by design science research 

According to March and Smith (1995) the artifacts produced by a design science research 
study can be constructs, models, methods or instantiations. The statement is supported by 
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various authors (Carlsson, 2006; Cole et al., 2005; Hevner et al., 2004; Iivari, 2007). Table 
2.2 lists short definitions of the types of artifacts as provided by March and Smith (1995). 

Table 2.2: Design science research artifacts 
Type of artifact Definition 
Construct Forms the vocabulary of a domain and is used to describe 

domain problems and to specify the solutions to the 
problems (March & Smith, 1995). 

Model A set of statements that express relationships among 
constructs. A “representation of how things are” (March & 
Smith, 1995, p. 256). 

Method A set of steps that can be used to perform a task, including 
algorithms and guidelines (March & Smith, 1995). 

Instantiation “The realization of an artifact in its environment” (March & 
Smith, 1995, p. 258). 

 

Gregor and Hevner (2010) suggest that, in addition, to constructs, models, methods and 
instantiations, any designed solution that solves a problem in context should also be added 
to the list of possible artifacts produced by design science research. 

For the purpose of achieving the objectives of the research study, the following artifacts are 
produced by the research study: 

• An initial solution instantiation for extraction facts from a set of textual records. The 
end-product of the specific initial solution is a database schema populated with 
domain facts contained in a set of textual documents. 

• An initial model to extract facts and transform unstructured textual data into a 
structured form is informed by the instantiation of the initial solution instantiation. 

• An intermediate software solution instantiation for visually representing the 
coherence of facts in a document set. The end-product of the specific intermediate 
software solution is a visual representation of the coherence of facts contained in a 
document set. 

• An intermediate model to visually represent the coherence of facts contained in a 
structured data form is informed by the instantiation of the intermediate software 
solution instantiation. 

• A final specific solution instantiation providing a method for extracting domain facts 
from a textual record set as well as a visual representation of the coherence of facts 
in the set. The final specific solution is constructed by combining the initial information 
extraction solution as well as the intermediate visual representation software solution. 

• A final model for the visual representation of the coherence of facts in a textual 
document set is informed by the instantiation of the final specific solution. The model 
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is consequently a conglomeration of the initial information extraction and the 
intermediate visual representation models. 

Having described the design science research artifacts produced by the research study, the 
next section articulates the knowledge contributions made these artifacts. 

2.2.1.3 Knowledge contributions made by design science research 

Hevner et al. (2004) postulate that the difference between routine artifact building and design 
research is in the contribution made to the existing knowledge base of science. The 
contribution that can be made by a design science research project is considered by Gregor 
and Hevner (2010, 2013) to be on one of three levels (from less abstract and more specific 
to more abstract and more general) as follows: 

• Level 1: contributions which include products and processes; 

• Level 2: contributions which include design principles such as models and methods; 

• Level 3: contributions which include emergent design theories about the phenomena 
being studied. 

Gregor and Hevner (2010) also suggest that a novel IT product can also be considered to 
be a research contribution. The research study contributes on both Level 1 and Level 2 of 
the Gregor and Hevner (2010, 2013) research contribution levels: 

• Level 1: a product in the form of a specific software solution instantiation to visually 
represent the coherence of facts in a textual document set. The specific software 
solution is comprised of an initial information extraction and an intermediate visual 
representation solution. In addition, the final software solution instantiation itself is 
considered to be a research contribution because it presents a novel mechanism for 
studying domain information contained in textual data sources. 

• Level 2: a model for the visual representation of the coherence of facts in a textual 
document set. The model is comprised of an initial information extraction and an 
intermediate visual representation model. 

In addition, Gregor and Hevner (2013) provide a framework for categorising the possible 
contribution of any design science research project. The framework, as depicted in Figure 
2.1 on the following page, categorises the contribution made by any design science research 
project according to two dimensions, which are based on the existing knowledge about the 
problem and the maturity of the solution domain. The contribution made by the research 
study is indicated on the figure. 
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Figure 2.1: DSR knowledge contribution framework (Gregor & Hevner, 2013) 

 

The x-axis represents the maturity of the problem (i.e. the degree to which the problem is 
known) and the y-axis represents the maturity of possible solutions (i.e. the degree to which 
current solutions exist for the problem). Therefore, Gregor and Hevner (2013) suggest that 
the contribution made by a design science research study can be a routine design, an 
improvement, an invention or an exaptation. For the purpose of the research study, a 
contribution to knowledge is made in the form of an exaptation:  

a) known solutions were extended (visualisation design principles and guidelines 
from the literature were applied to the design and the zoomable circle-packing 
technique provided by Bostock (2012) was used as starting point for the visual 
representation) for 

b) a new problem (visually representing the coherence of facts in a textual document 
set in order to make an assumption on the validity of the facts). 

Iivari (2007) explains that three knowledge types are produced by IS research, namely 
conceptual knowledge (concepts, constructs, classifications and conceptual frameworks), 
descriptive knowledge (observational facts, theories and hypotheses) and prescriptive 
knowledge (design product and design process knowledge). Gregor and Hevner (2013), on 
the other hand, only considers descriptive (what knowledge) and prescriptive knowledge 
(how knowledge) as knowledge types produced by design science research. 
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The research study produce prescriptive knowledge in the form of an Information 
Visualisation design product, as well as a model that abstracts the process to extract and 
transform facts contained in textual documents into a structured format and to visually 
represent the coherence of the facts. The model is a conglomeration of an initial information 
extraction model and an intermediate visual representation model. 

Having described the possible contributions that a design science research study can make, 
the next section considers Hevner et al.’s (2004) guidelines for conducting design science 
research. 

2.2.1.4 Guidelines for conducting design science research 

In executing the research, the study subscribed to Hevner et al.’s (2004) seven guidelines 
for conducting design science research. The seven research guidelines are listed in Table 
2.3. 

 Table 2.3: Design science research guidelines (Hevner et al., 2004) 
Guideline Short description Application to this research study 
1. Design is an artifact. The research should construct an 

artifact which can be either a 
construct, a model, a method or 
an instantiation. 

The research produced a specific software 
solution instantiation which is comprised of an 
initial information extraction solution and an 
intermediate visual representation solution. The 
instantiation of the two solutions informed the 
development of an initial information extraction 
model and an intermediate visual representation 
model. Combining the two models resulted in a 
final model for the visual representation of the 
coherence of facts in a textual document set. 

2. Problem relevance. The objective of the research 
should be to develop an IT-based 
solution to a relevant problem. 

To identify the components that can be 
combined into a model to visually represent the 
coherence of facts in a textual document set. It 
is argued that by visually representing the 
coherence of facts contained in a document set, 
the user can make an assumption about the 
validity of the facts and the document set. 

3. Design evaluation. The utility of the produced artifact 
should be evaluated. 

An instantiation of final software solution was 
demonstrated to five Anglo-Boer War domain 
experts as well as to five technical IT experts 
during interview sessions. The audience was 
required to complete a feedback questionnaire 
in the form of a five-point Likert scale statement 
set. Pivot tables and charts for each of the 
statements presented to the participants were 
then analysed in order to evaluate the artifact. 
The final model was presented to the same IT 
experts to which the final software solution was 
previously demonstrated. They were also 
required to complete a feedback questionnaire 
in the form of a five-point Likert scale statement 
set. Pivot tables and charts for each of the 
statements presented to the participants were 
then analysed in order to evaluate the final 
model. 
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Guideline Short description Application to this research study 
4.Research contributions. The research should contribute to 

the existing knowledge base of 
science. 

It is proposed that the research leads to a better 
understanding of Information Extraction and 
Information Visualisation. Furthermore, a model 
for visually representing the coherence of facts 
in a textual document set is developed, thereby 
providing a model for making an assumption on 
the validity of facts contained in records 
describing facts of a domain, for instance, 
Indigenous Knowledge. The contributions made 
by the study are discussed in more details in 
Section 1.4, Section 2.2.1.3 and Section 6.3. 

5. Research rigour. Rigorous research methods 
should be applied to the 
construction and evaluation of the 
artifact. 

Rigour is ensured by following a referenced 
research method (design science research 
process model of Peffers et al. (2006)), by 
informing the design of the initial information 
extraction and intermediate visual 
representation instantiations and models from 
an existing science knowledge base and by 
adding the research results and its evaluation to 
the existing science knowledge base. 

6. Design is a search 
process. 

Design science research requires 
a search process to find an 
effective solution. 

In the process of finding a solution, current 
information extraction techniques, information 
visualisation techniques, software tools and 
software libraries were visited in order to find a 
solution. The search process involved a review 
of literature presented in Section 3.1 and 
Section 4.1. 
Feedback received during the demonstration of 
the resulting artifact will be used at a later stage 
(out of scope of the research study) to reiterate 
the design of the solution. 

7. Communication of 
research. 

The results of the research 
should be effectively 
communicated. 

The results of the research are communicated 
through this dissertation and through conference 
papers (Engelbrecht et al., 2014, 2016; 
Engelbrecht & Botha, 2015) and a journal article 
(Engelbrecht et al., 2015).  

 

Having outlined design science as chosen research paradigm for conducting the research 
study, the research cycles of design science research are discussed briefly. 

2.2.1.5 Design science research cycles 

The design science research process to produce the knowledge contribution of the research, 
consists of four research cycles as defined by Drechsler and Hevner (2016). The four design 
science research cycles as depicted in Figure 2.2 on the following page consist of a change 
and impact cycle, a relevance cycle, a design cycle and a rigour cycle. The change and 
impact cycle was only recently added by Drechsler and Hevner (2016). Previous literature 
only defined three cycles as part of design science research. 
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Figure 2.2: Design science research cycles (Drechsler and Hevner, 2016) 

 

Change and impact cycle 

During the change and impact cycle, the impact of the research on the external environment 
is considered (Drechsler and Hevner, 2016). The previous three-cycle proposal of Hevner 
(2007) considered the relevance of the research on a broad level. According to Drechsler 
and Hevner (2016), the additional cycle in particular considers the impact of the research on 
a context wider than just the immediate context of the application. Although indicated as the 
project trigger for a design science project, they state that “we do not consider iterations 
through the CI cycle as necessarily mandatory for DSR” (Drechsler and Hevner ,2016, p. 5). 

For the purpose of the research study the impact on fields other the originating field of than 
Indigenous Knowledge are also considered. For instance it is proposed that the final solution 
and model can be applied to various other fields of study including History and Law. In 
particular the domain of History is indicated as an external impact area by using Anglo-Boer 
War testimonies for developing the model. 

 

Relevance cycle 

During the relevance cycle, input is provided to the research by the contextual environment. 
The input includes the requirements for the research, as well as the criteria for evaluating 
the research results (Hevner, 2007).  

The NIKMAS research project is considered to be the contextual environment providing 
input into the study. The development of the NIKMAS system to capture and protect 
Indigenous Knowledge highlighted the phenomena that certain facts contained in 
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Indigenous Knowledge descriptions were in coherence. Based on the theory that “the truth 
of any (true) proposition consists in its coherence with some specified set of propositions” 
(Young, 2013, p. 1), it soon became apparent that providing a visual representation of the 
coherence of facts in a document set could assist with the process of making a decision 
about the validity of the document set. Therefore, the main requirement of the research study 
was to provide a model for the visual representation of the coherence of facts in a textual 
document set. 

 

Design cycle 

The design cycle consists of the activities to build and evaluate the design science artifacts 
(Hevner, 2007). For the purpose of the research, an initial information extraction solution, an 
intermediate visualisation representation solution and a final information visualisation 
solution was designed, built and instantiated.  

After each solution was built using various tools and techniques as described in Chapters 3 
and 4, the final information visualisation solution instantiation (a conglomeration of the initial 
and intermediate solutions) was demonstrated to a number of IT experts and Anglo-Boer 
War experts (experts in the domain described by facts in the document set used as source). 
The demonstrations were in the form of interviews. After each interview, each participant 
was required to complete a feedback questionnaire in the form of a five-point Likert scale 
statement set. Each statement was purposely defined in order to evaluate whether design 
principles and guidelines were considered in the design of the visual representation; whether 
the final information visualisation solution instantiation consisted of components to extract 
facts and to transform unstructured textual data into a structured form; and whether the final 
solution visually represented the coherence of facts contained in a textual document set.  

After the instantiation of the initial and intermediate solutions, models for each were 
developed. The instantiation of each individual solution part was used to inform to 
development of the corresponding models. The resulting final model was demonstrated to 
the same IT experts to which the final solution was demonstrated. The experts were asked 
to complete a feedback questionnaire in the form of a five-point Likert scale statement set. 
In order to evaluate the model, pivot tables and charts for each of the statements presented 
in the feedback questionnaire were analysed. The analysis of the statements aimed to 
determine whether the final model provided components to extract facts from unstructured 
textual documents and whether the final model provides components to visually represent 
the coherence of facts in a textual document set. 
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Rigour cycle 

The rigour cycle provides a knowledge base of scientific theories, methods, experiences 
and expertise in the research domain. The knowledge is used to inform the design of the 
artifacts as required by the research. According to Iivari (2007), it is the rigour of constructing 
IT artifacts during science research that distinguishes the research from merely IT artifact 
development. The design cycle of the research was informed by the existing knowledge in 
the domains of Visualisation and Information Extraction. 

In order to get a better understanding of Visualisation, various views on visualisation 
concepts had to be considered. The result was working definitions of Visualisation, 
Knowledge Visualisation, Information Visualisation and Document Visualisation. With these 
working definitions, the researcher concluded that the subject of the research is Information 
Visualisation - the transformation from lower-level data to visual representation of meanings 
extracted from the data, where the extraction is either a computational process or a human 
transcription process; the aim is to explore data and create new insights.  

After identifying Information Visualisation as the subject of the study, a set of Information 
Visualisation design principles and guidelines were constructed in Section 4.1.3 by means 
of a literature review. In addition to the acquisition of relevant information visualisation 
background knowledge, various information extraction tools and techniques were identified 
by means of a literature study. The decision to employ a supervised information extraction 
method was informed by the knowledge base of expert peer opinions during the presentation 
of the intended research at the SAICSIT 2014 Master’s and Doctoral Symposium (SAICSIT 
2014 Master’s and Doctoral Symposium, 2014) and at the FASTAR/Espresso Workshop  
2014 (Engelbrecht, 2014). 

Grergor and Hevner (2013) propose that the construction of the research artifact should be 
informed by descriptive kernel theories in order to improve the rigour of the study. The overall 
design of the final model for the visual representation of the coherence of facts in a textual 
record set is based on several kernel theories including the coherence theory of truth 
(Candlish & Damnjanovic, 1989; Glanzberg, 2013; Roche, 2013; Young, 2013); Ackoff’s 
hierarchy of human understanding (1989); the Eppler and Burkhard  knowledge visualisation 
framework (2007); Forsell and Johansson’s heuristic set for information visualisation 
evaluation (2010); Elmqvist and Fekete’s (2010) guidelines for implementing visual 
hierarchical aggregates (2010); and Shneiderman’s visual information seeking mantra 
(1996). Section 2.2.1.1 can be referenced for more information on these kernel theories. 

Rigour, however, does not only require that the existing knowledge base should inform the 
design research, but it also requires that the result of the research should be added to the 
existing knowledge base (Hevner, 2007). In addition to the final dissertation, results of the 
research were added to the scientific knowledge base by means of conference papers 
(Engelbrecht et al., 2014, 2016; Engelbrecht & Botha, 2015) and a journal article 
(Engelbrecht et al., 2015).  

http://www.fastar.org/wiki/index.php?title=FEW_2014
http://www.fastar.org/wiki/index.php?title=FEW_2014
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Having discussed the cycles of design science research in this section, the advantages and 
disadvantages of design science research is considered next. 

2.2.1.6 Advantages and disadvantages of design science research 

Oates (2006) lists the advantages of design science research, which he defines as the 
design and creation research strategy. These advantages are the following:  

• The output of the research is something which is tangible.  

• It is suitable for people with a technical background. 

• It is the usual approach in the field of computer science. 

• There are many opportunities to make a contribution to the body of knowledge 
through the building of artifacts. 

The disadvantages of the design and creation research strategy, according to Oates (2006), 
are the following: 

• The researcher may have to justify why it is research and why it is not just the building 
of an artifact.  

• Technical and artistic skills are required. 

• Generalisation from a single artifact might be difficult to achieve. 

• The lifespan of the artifact might depend on the presence of the researcher. 

• Rapid advances in technology might invalidate the research results before they have 
been published. 

The research study will resolve the disadvantages of the design and creation research 
strategy as defined by Oates (2006) as follows: 

• The research will apply a proven research process that is applicable to the design 
science research paradigm. The design science research process model as defined 
by Peffers et al. (2006) and proposed by Hevner and Chatterjee (2010) as a suitable 
process model for conducting design science research, is followed for conducting the 
research study. 

• The requirement for technical and artistic skill for conducting the research is resolved 
by the researcher’s professional software development skill level. 

• The aim of this research study is not to generalise from a single artifact, but rather to 
provide a possible solution model for visually representing the coherence of facts 
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contained in a textual document set. Therefore, the problem of generalisation from a 
single artifact is not applicable to this research study. 

• In order to solve the problem of the lifespan of the artifact being dependent on the 
lifespan of the researcher, the application code is shared with colleagues.  

• In order to solve the problem of rapid advances in technology that might invalidate 
the research results before they have been published, it is important that the 
researcher keep up to date with recent advances and also publish interim results as 
soon as possible. Interim results have been published in conference papers 
(Engelbrecht et al., 2014, 2016; Engelbrecht & Botha, 2015) and a journal article 
(Engelbrecht et al., 2015). 

Having discussed the design science research paradigm, the next section discusses the 
specific research method followed in order to conduct the design science research of the 
study. 

 

2.3 RESEARCH METHOD 

The specific method followed in order to conduct the design science research of the study 
is articulated next in this section. In order to achieve the purpose of the study, two specific 
solution instantiations, namely an initial information extraction solution and an intermediate 
visual representation solution are created. The combination of both resulted in a final 
information visualisation solution. These specific instantiations respectively inform the 
development of an initial information extraction model and an intermediate visual 
representation model. By combining the two models, a resulting final information 
visualisation model is constructed. It is therefore stated that the instantiations of the initial 
information extraction solution and the intermediate visual representation solution informed 
the development of a model for visually representing the coherence of facts in a textual 
document set – achieving the purpose of the research study.  

According to Gregor and Hevner (2010), there are a number of methods available to conduct 
design science research, which include methods provided by Nunamaker, Chen and Purdin 
(1990), Purao (2002) and Peffers et al. (2006). Hevner and Chatterjee (2010) propose the 
use of the design science research process model as defined by Peffers et al. (2006) for 
conducting design science research. According to Peffers et al. (2006), the model provides 
a conceptual model for the process of conducting design science research as well as a 
mental model for presenting the outputs of design science research.  

The process model as defined by Peffers et al. (2006) consists of six activities, namely 
problem identification and motivation; defining the objectives for a solution; design and 
development of an artifact; demonstration; evaluation; and communication. The activities, 
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with the possible starting points of a design science research project are depicted in Figure 
2.3. 

 

Figure 2.3: Design science research process (Peffers et al., 2006) 

 

According to Peffers et al. (2006), there are four different possible starting points for 
conducting design science research, each representing a different research approach. 
Accordingly, a problem-centred approach starts at the identification of a problem and the 
justification for finding a solution to the problem. An objective-centred approach starts at the 
definition of the objectives that a solution should achieve. A design and development-centred 
approach starts at the design and development of an artifact that originated in an already 
existent artifact. A starting point for design science research might also originate from 
observing a practical solution that worked. The research follows a problem-centred 
approach and therefore the identification of the problem and the justification for finding a 
solution to the problem are considered as the starting point for the research. Figure 2.4 on 
the following page depicts an adaption of the DSRM of Peffers et al. (2006) as followed for 
this research study. 
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Figure 2.4: Adapted design science research process from Peffers et al. (2006) 

 

In conducting the research study, three phases of designing, building and instantiating 
design science research artifacts were executed. These phases produced an initial textual 
information extraction model, an intermediate visual representation model and a final model 
for the visual representation of the coherence of facts in a textual document set. The 
identification and motivation of the problem as well as the defining of the objectives of the 
solution preceded these three phases.  

The process of conducting the research is summarised as follows: 

1. Identify the problem and motivate the importance of the solution 

During this activity, the problem is identified and the motivation for conducting the 
research is articulated. Identifying the problem allows for the development of an 
effective solution. By providing the motivation for the research, the researcher, as well 
as the research audience, is motivated to accept the research results and it also 
assists in understanding the researcher’s understanding of the problem (Peffers et 
al., 2006). 

The problem statement of the research study is identified in Section 1.2.1 to Section 
1.2.3 and a motivation for conducting the research is provided in Section 1.4 of the 
research study.  
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2. Define the objectives of the solution 

Peffers et al. (2006) postulate that the objectives that the solution should achieve, 
should be deduced from the problem definition of the research. Furthermore, Peffers 
et al. (2007) indicate that the objectives can be qualitative or quantitative. For the 
purpose of the research study, only qualitative objectives are set out. These 
objectives are listed in Section 1.2.5. The corresponding research phases addressing 
each objective are depicted in Figure 1.2. 

3. Phase 1 of the model development: Textual information extraction 

During Phase 1 of the development of the model for visually representing the 
coherence of facts in a textual document set, an initial information extraction model 
is designed and developed. 

a. Design and develop the initial model 

An initial model for the extraction of information from a textual document set is 
designed, developed and instantiated during this activity. The model is 
deduced from an instantiation of a specific solution to extract and store 
information from a textual document set. The design and development of the 
initial information extraction model is discussed in detail in Chapter 3. 

b. Communicate results of Phase 1  

The results of this phase are communicated in Section 3.3 of this dissertation as 
well as in a conference article (Engelbrecht et al., 2016). 

4. Phase 2 of the model development: Visual representation 

During Phase 2 of the development of the model for visually representing the 
coherence of facts in a textual document set, an intermediate visual representation 
model is designed and developed. 

a. Design and develop the intermediate model 

An intermediate model for the visual representation of the coherence of facts 
in a document set is designed, developed and instantiated during this activity. 
The model is deduced from an instantiation of a specific software solution to 
visually represent the coherence of facts. The design and development of the 
intermediate visual representation model is discussed in detail in Chapter 4. 

b. Communicate results of Phase 2 

The results of this phase are communicated in Section 4.3 of this dissertation as 
well as in a journal article (Engelbrecht et al., 2015) and conference articles 
(Engelbrecht et al., 2014, 2016; Engelbrecht & Botha, 2015). 
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5. Phase 3 of the model development: Final information visualisation 

During Phase 3 of the development of the model for visually representing the 
coherence of facts in a textual document set, a final visual representation model is 
designed and developed. 

a. Design and develop the specific final software solution 

A final model for visually representing the coherence of facts in a textual 
document set is designed and developed by deducing the model from an 
instantiation of the specific final software solution; the final solution being the 
conglomerated instantiation of the initial and intermediate solutions. 
Consequently, the final model is a conglomerated model consisting of the initial 
and intermediate models from Phase 1 and Phase 2. 

b. Demonstration of the specific final solution 

According to Peffers et al. (2006), this activity in the design science research 
process involves the demonstration of the efficacy of the produced artifact to 
solve the problem, which includes a number of activities such as its use in 
experimentation, simulation, a case study, a proof or any other appropriate 
activity. Peffers et al. (2006), in addition, state that the demonstration of the 
artifact requires an effective knowledge of how to use the artifact to solve the 
problem. 

For the purpose of the research study, the final solution instantiation was 
demonstrated to experts in the field of Anglo-Boer War history as well as to IT 
experts. The demonstration mainly consisted of a walkthrough of scenarios 
indicating how the coherence of facts in the Huyser collection of Anglo-Boer 
War testimonies were visualised (the visual representation), but also included 
a demonstration of how the information was extracted and used to populate 
the relational database feeding the user interface (the information extraction 
process).  

A simple feedback questionnaire (described in Section 5.1) was presented to 
the audience at the demonstration in the form of five-point Likert scale 
statements. The statement set was designed specifically to be used as input 
to the evaluation activity to determine the following: 

• whether design principles and guidelines were applied to the design of 
the visual representation; 

• whether the objective to identify components that can be combined into 
a model to extract facts and transform unstructured textual data into a 
structured form was achieved; 
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• whether the objective to identify components that can be combined into 
a model to visually represent the coherence of facts contained in a 
structured data form was achieved. 

The demonstration of the specific final software solution is discussed in detail 
in Section 5.1.1. 

c. Evaluation of the specific final software solution 

During the evaluation activity of the design science research process, the 
researcher observes and measures whether the artifact provide a solution to 
the identified problem (Peffers et al., 2006). According to Peffers et al. (2006), 
objectives of the solution could be compared with the observed results from 
the artifact demonstration during this activity. Furthermore, according to them, 
the evaluation could be a comparison of the functionality provided by the 
artifact to the set objectives or objective quantitative performance measures. 

A number of design evaluation methods as listed in Table 2.4 can be employed. 
The specific methods applied to the research study are marked in the table. 

 

Table 2.4: Applying Hevner et al.’s (2004) design evaluation methods 

Design evaluation methods Applied to the research study 
1. Observational Case study, field study   
2. Analytical Static analysis, architecture 

analysis, optimisation, dynamic 
analysis  

 
X 

3. Experimental Controlled experiment, simulation  
4. Testing Functional testing, structural 

testing 
 

5. Descriptive Informed argument, scenarios X 
 

An analytical analysis was conducted on feedback questionnaires received 
from participants after demonstrations of the final software solution and model 
during interviews, and a descriptive analysis was conducted by demonstrating 
scenarios of visually representing the coherence of facts in a document set 
(the Huyser collection of Anglo-Boer War testimonies) to the participants. The 
demonstrated scenarios indicated how the coherence of facts in the Huyser 
collection were visualised (the interface), but also included a demonstration of 
how the information was extracted from the textual set and used to populate 
the relational database feeding the user interface. 

At the end of the evaluation activity, the researcher can decide to iterate back 
to the design and development activity to improve the solution artifact, or to 
leave the artifact improvements to subsequent projects. For the purpose of the 
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study, due to time constraints, improvements to the artifact are considered as 
future work and therefore no reiteration was done. 

For the purpose of the research study, the evaluation of the solution 
instantiation entails the following: 

• comparing the objectives of the research with the functionality provided 
by the solution instantiation. This is done by carefully including 
statements in the feedback questionnaire in order to evaluate whether 
the research objectives of the study was met. The result is a decision 
(based on a pivot table analytical analysis of the feedback) on whether 
the resulting artifact provides a useful tool for gaining insight into 
domain facts contained in a set of textual records and a decision on 
whether the resulting artifact visually represents the coherence of facts 
contained in a textual record set; 

• reflecting on the feedback provided by the participants of the 
demonstration interviews conducted in the previous activity. The result 
is a list of possible improvements. 

The evaluation of the resulting artifact is discussed in detail in Section 5.1.2. 

d. Validation of the final model 

After the demonstration of the specific final software solution instantiation, the 
deduced general final model was presented to a participant audience comprised 
of the same IT experts as in the final solution demonstration. As in the case of the 
final solution demonstrations, the participants were required to complete a simple 
feedback questionnaire in the form of five-point Likert scale statements (described 
in Section 5.2.1). The statements where designed in order to determine by means 
of a pivot table analysis of the feedback (described in Section 5.2.2) whether the 
final model consists of a conglomeration of the initial information extraction and 
intermediate visual representation models; whether the final model represents 
components for visually representing the coherence of facts in a textual document 
set; and whether the model was informed by the instantiations of the initial and 
intermediate solutions. 

e. Communicate the research results 

Peffers et al. (2006) advise that the problem, the importance of the problem, the 
artifact, the utility and novelty of the artifact, the rigour of its design and its 
effectiveness should be communicated to an audience. 

In addition to the research dissertation, the following was communicated to an 
academic audience through conference proceedings and in an academic journal 
publication: 
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• The principles and guidelines to guide the design of an information 
visualisation view provided in Section 4.1.3 (Engelbrecht et al., 2014, 
2015).  

• A proposed feedback questionnaire that could be presented to the artifact 
demonstration participants as presented in Section 5.1.1 (Engelbrecht et 
al., 2015). The feedback questionnaire presented to participants during 
demonstrations of the final solution instantiation, originated from this 
proposed feedback questionnaire. 

• Design science research as an appropriate approach to Information 
Visualisation research (Engelbrecht et al., 2014, 2015). 

• The design of the visual representation of the coherence of facts contained 
in a record set articulated in Section 4.2.1 (Engelbrecht & Botha, 2015). 
The instantiation of visual representation solution was based on this 
proposed design. 

• The final model for visually representing the coherence of facts in a textual 
document set, and therefore the final results of the study (Engelbrecht et 
al., 2016). 

The preceding academic publications were subject to academic scrutiny 
through peer review processes. In addition to the peer-reviewed academic 
publications, the content of the research study was also presented at the 
SAICSIT 2014 Master’s and Doctoral Symposium (SAICSIT 2014 Master’s 
and Doctoral Symposium, 2014) and at the FASTAR/Espresso Workshop  
2014 (Engelbrecht, 2014). 

Having discussed the research paradigm, methodology and approach followed by the study, 
the reliability and validity of the study is considered in the next section. 

 

2.4 RELIABILITY AND VALIDITY 

In order to ensure reliability and validity of the research, the study subscribed to the seven 
guidelines for conducting design science research as proposed by Hevner et al. (2004). 
These guidelines as well as its application to the study were discussed in Section 2.2.1.4. 
In addition, to ensure that a rigorous and reproducible research process was followed, an 
adaption of the referenced design research process model provided by Peffers et al. (2006) 
was followed. The adapted process was discussed in Section 2.3. 

The results of the study as well as the research methodology and method followed were 
communicated to an academic audience at 13th Community Informatics Research Network 
(CIRN) conference by means of a peer reviewed conference article (Engelbrecht et al., 

http://www.fastar.org/wiki/index.php?title=FEW_2014
http://www.fastar.org/wiki/index.php?title=FEW_2014
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2016). Reliability and validity of the research were therefore added to the research by means 
of a peer review process. 

Having outlined the overall research approach to achieving the solution, the next chapter 
provides the design, development and instantiation of the initial model to extract information 
from a textual document set. 
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CHAPTER 3:  DEVELOPMENT OF THE INITIAL MODEL – 
TEXTUAL INFORMATION EXTRACTION 

 

Figure 3.1: Current phase in research – textual information extraction 

 

As depicted in Figure 3.1, Chapter 3 describes the development of the initial model for 
extracting information from a set of textual documents. The development of the model is 
informed by the design and instantiation of a specific initial information extraction solution. 
The design and development process starts with a discussion of literature relevant to the 
extraction of information from textual sources in order to ground the solution in literature 
(Section 3.1). The development of the initial model is subsequently informed by instantiating 
a proposed initial solution (Section 3.2). The chapter is concluded with a summary (Section 
3.3) 
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3.1 LITERATURE RELEVANT TO THE EXTRACTION OF INFORMATION FROM 
TEXTUAL SOURCES  

In order to ground the initial information extraction solution and model in literature, a review 
of literature regarding information extraction from textual sources is discussed in this section. 
The literature review focus on acquiring theoretical knowledge on what information 
extraction is (Section 3.1), which pre-processing tasks take place (Section 3.1.1), the 
available tools and techniques to extract information from text (Section 3.1.2) and the 
technologies available to store the extracted information (Section 3.1.3). 

The review involved an extensive search on Google Scholar for related academic articles 
using keywords such as information extraction, text mining, machine learning, text 
extraction, information extraction tools and information extraction techniques. 

Various definitions for Information Extraction (IE) exist in the literature, including the 
following: 

• The process of retrieving information from textual sources in order to identify entities 
such as people, places and time and to identify the relationships between them 
(Gupta & Lehal, 2009).  

• The task of populating a relational database schema with values detected in textual 
documents (Fagin, Reiss, Kimelfeld, & Vansummeren, 2016). 

• The discovering of useful information from unstructured of semi-structured text 
contained in textual documents (Rai & Murari, 2015) 

• The task of automatically extracting structured information from unstructured of semi-
structured natural language in the form of text (Dang & Ahmad, 2015).   

• The process of transforming unstructured information embedded in texts into 
structured data to enable further processing on the data (Jurafsky & Martin, 2014). 

• The identification and extraction of specific relations of information from text (Schmitz, 
Bart, Soderland, & Etzioni, 2012). 

For the purpose of the study, Information Extracting is considered to be the extraction (either 
manually or automatically) of information from unstructured textual records and the 
population of a database schema with the extracted information. Furthermore, it is derived 
from the various definitions of IE that unstructured textual records is considered to be text 
containing natural language like English where no processing has been done to extract 
information into structured records. These records describe the information in the textual 
records, enabling further processing of the information. Vijayarani et al. (2015) elaborate on 
the difference between structured and unstructured data postulating that structured data 
resides in fixed fields in a record or file, whereas unstructured data is the opposite of 
structured data and does not reside in a traditional relational database.   
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From the preceding discussions of Information Extraction it is concluded that a preliminary 
process for extraction information from textual records can be laid out as depicted in Figure 
3.2.  

 

Figure 3.2: Preliminary information extraction process 

The remainder of this section is laid out as follows. In Section 3.1.1 tasks taking place before 

information is extracted from textual document is discussed. Methods and tools identified 

from literature for the extraction of the information from the textual documents is discussed 

in Section 3.1.2. The storage of the extracted information is considered in Section 3.1.3. The 

section on literature relevant to the extraction of information from textual sources is 

concluded in Section 3.1.4 

3.1.1 Preprocessing tasks on textual sources prior to information extraction 

Various authors (Gupta & Lehal, 2009; He & Grishman, 2015; Vijayarani, Ilamathi, & Nithya, 
2015; Zhang, Chen, & Liu, 2015) propose that preprocessing tasks usually take place on 
the textual sources before the information is extracted.  

The following are some of the common preprocessing tasks identified by various authors 
(Grimmer & Stewart, 2012; Ravi & Ravi, 2015; Uysal & Gunal, 2014; Vijayarani et al., 2015):  

• Named Entity Extraction (NER). Entities describing identifiable names such as 
persons and organisations are automatically detected and extracted from text  
(Cybulska & Vossen, 2011; Fagin et al., 2016; Jurafsky & Martin, 2014; Ravi & Ravi, 
2015; Strötgen, Gertz, & Popov, 2010; Yang, Torget, & Mihalcea, 2011). Jurafsky and 
Martin (2014) provide a generic list of possible entity types that can be populated by 
an NER preprocessing task including people, organisations, locations, geo-political 
entities like countries and states, facilities and vehicles. Examples of software tools 
for performing names entity extraction on textual records are listed in Table 3.1. 

• Stemming (Grimmer & Stewart, 2012; Ravi & Ravi, 2015; Uysal & Gunal, 2014; 
Vijayarani et al., 2015). The goal of stemming is, according to Vijayarani et al. (2015), 
to reduce the words in a textual source to their base forms in order to save time and 
computational memory space. As an example they use the words connect, 
connected, connection, connections and connecting to indicate that all these words 



  

56 

 

can be stemmed to the word connect. Vijayarani et al. (2015) in addition state that 
stemming algorithms can be classified into three groups of algorithms including 
truncating methods, statistical methods and mixed methods. Examples of software 
tools for reducing word in textual records to their base forms available are listed in 
Table 3.1. 

• Removal of stop words (Grimmer & Stewart, 2012; Ravi & Ravi, 2015; Uysal & Gunal, 
2014; Vijayarani et al., 2015). According to Grimmer and Stewart (2012) it is words 
that appear more than 99% in the text as well as uncommon words appearing less 
than 1% in the text. Vijayarani et al. (2015) state that stop words should be removed 
from the textual source since these words make the text collection larger than it is 
and these words don’t contribute to the meaning contained in the text; automatic 
information extraction therefore don’t need these words.  Uysal and Gunal (2014) 
state that stop word removal improves the efficiency of the subsequent information 
extraction tasks. Examples of software tools for removing stop words from textual 
records are listed in Table 3.1. 

• Correction of spelling mistakes (Ravi & Ravi, 2015; Yang et al., 2011) in order to 
improve the quality of the text. An example of a software tool for spell checking 
documents is including in Table 3.1. 

• Clustering/Categorising. The goal of the task is the classify textual documents into 
related categories (Dang & Ahmad, 2015; Grimmer & Stewart, 2012; Kaushik & 
Naithani, 2016). Dang and Ahmad (2015) as well as Kaushik and Naithani (2016) 
state that the classification is based on the content of the individual textual 
documents. The advantage of clustering, according to Dang and Ahmad, resides in 
that thousands of documents in an organisation can be organised in an effective 
manner. It is therefore a useful technique of organising large amounts of documents. 
An example of a  software tool for clustering/categisring textual documents is included 
in Table 3.1 

• Tokenisation (Ravi & Ravi, 2015; Uysal & Gunal, 2014). The task involves the 
tokenisation of a sentence into words, phrases, symbols and other meaningful tokens 
by removing punctuation marks (Ravi & Ravi, 2015). The result is a preliminary list of 
useful information. An example of a software tool available for the tokenisation of 
sentences, especially tweets is included in Table 3.1.  

Preprocessing tasks including named entity extraction, stemming, removal of stop words 
and uncommon words, correction of spelling mistakes and textual source 
clustering/categorising are of particular interest when unsupervised or semi-supervised 
information automatic extraction methods (the different information extraction methods are 
discussed in Section 3.1.2.1) are employed. The tasks improve and enhance the 
subsequent automatic information extraction tasks. The reasons for using a supervised, 
manual method for the purpose of the research study to extract the facts from the textual 
source, is presented in Section 3.1.2.1. It is therefore suggested that for the purpose of the 
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study, with the exception of correcting spelling mistakes, the listed preprocessing tasks will 
not be considered in the initial information extraction solution. Preprocessing tasks relevant 
to the preparation of the textual documents before the information is manually extracted is 
identified during the instantiation of the initial solution. These tasks are discussed in Section 
3.2.1. 

Taking into account from the preceding discussion that preprocessing tasks usually takes 
place before information is extracted from the textual documents (for both manual and 
automatic extraction methods), it is proposed that a document preparation component is 
added to the preliminary information extraction process depicted in Figure 3.2. As a result, 
the proposed main components of the information extraction process is depicted in Figure 
3.3. These components are used as input to the development of the initial information 
extraction model described in Section 3.2. The process is supported by Kaushik and 
Naithani (2016) who postulate that extracting information from text consists of a 
preprocessing step, an information extraction step and an analysis step. For the purpose of 
the study the visual representation of the coherence of the facts in the data is regarded as 
the analysis step.  

 

Figure 3.3: Proposed main components of the information extraction process 

Having proposed main components of the information extraction process, the next section 
considers methods and tools identified in the literature to extract facts from the prepared 
textual document set. 

3.1.2 Information extraction methods and tools  

Having proposed main components of the information extraction process, this section 
considers possible methods (Section 3.1.2.1) and tools (Section 3.1.2.2) to extract 
information from textual documents. At the end of each section reasons for choosing a 
particular method or tool is provided. 

3.1.2.1 Information extraction methods 
Mooranian et al. (2011) categorise the information extraction methods into supervised, semi-
supervised and unsupervised methods and consider semi-supervised and unsupervised 
methods to be automatic extraction methods. Supervised methods are considered by them 
as manual methods. 
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Grimmer and Stewart (2012), on the other hand, divide automatic information extraction 
methods only into two categories, namely supervised and unsupervised methods. Grimmer 
and Stewart's (2012) supervised method category corresponds to Mooranian et al.'s (2011) 
semi-supervised category. For the purpose of the research study to also include manual 
extraction methods, the information extraction categorisation of Mooranian et al. (2011), 
namely supervised, semi-supervised and unsupervised methods, is considered as follows: 

• Supervised extraction methods are considered by various authors (Cybulska & 
Vossen, 2011; Grimmer & Stewart, 2012; Gupta & Lehal, 2009; McCallum, 2005; 
Yeung & Jatowt, 2011) as the traditional, manual method of extracting information 
from textual sources. Tremblay, Parra and Castellanos (2015) regard the manual 
method of reading through the text and assigning parts of texts to defined code as 
the most common technique to extract information from text. 

However, manual methods of extracting information from textual sources are difficult 
and time consuming, especially when large set of textual documents are used 
(Cybulska & Vossen, 2011; Grimmer & Stewart, 2012; Yeung & Jatowt, 2011). 
According to McCallum (2005), manual information-extracting methods are also 
prone to errors as a result of the human effort in the extraction process. 

Various software tools for manually extracting information from textual records are 
listed in Table 3.1. 

• Semi-supervised extraction methods, also referred to as supervised training methods 
by Grimmer and Stewart (2012) and Jurafksy and Martin (2014),  involve the hand 
coding (manually identifying themes and text related to the themes) of a sample from 
the textual source set, subsequently using the hand-coded sample to train or 
supervise statistical models (Grimmer & Stewart, 2012; Gupta & Lehal, 2009). The 
hand-coded extracted information is then used an input to the statistical extraction 
model, resulting in a set of similar information from the whole set. The quality of the 
extracted information therefor depends on the initial training set. This dependency is, 
as in the case of manual extraction methods, prone to errors due to human 
involvement in the process. 

According to Grimmer and Stewart (2012) and Gupta and Lehal (2009), the purpose 
of training a statistical model is to automatically extract information (based on the 
training) contained in the remainder of the textual document. An adequate amount of 
documents should however be available as a training set. 

The steps for semi-supervised information extraction methods are defined by 
Grimmer and Stewart (2012). Firstly, a training set is manually constructed. The 
training set is then applied to statistical methods. The last steps involve validating and 
assessing the performance of the training method.  
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When only a limited number of documents are available as training data for the 
automatic extraction methods, and approach known as distant supervision can be 
followed (Jurafsky & Martin, 2014; Roller, Agirre, Soroa, & Stevenson, 2015; Roller & 
Stevenson, 2015). Instead of relying on the source document set for producing 
training data, an external knowledge source is used. The knowledge source contains 
related entity pairs, which are used to extract sentences from the textual source which 
contain the same pairs. These sentences are then used as input into the automatic 
extraction method.  As an example Roller and Stevenson use a drug and side effect 
database as an external sources and then use the drug-side effect pairs in the 
database to extract sentences in drug reports with these pairs. The extracted 
sentences are then used as training data for automatic information extraction from 
the set of drug reports. According to Roller and Stevenson (2015) the distant 
supervision approach however do not perform as well as manually trained data. 

Various software tools for using semi-supervised information extraction methods are 
listed in Table 3.1. 

• Unsupervised extraction methods involve finding information in the textual source set 
without imposing theme categories, with the additional benefit of identifying unknown 
areas of interest (Grimmer & Stewart, 2012). Named Entity Extraction (NER) (Fagin 
et al., 2016; Jurafsky & Martin, 2014; Ravi & Ravi, 2015), clustering/categorising 
(Dang & Ahmad, 2015; Grimmer & Stewart, 2012; Kaushik & Naithani, 2016) , 
tokenisation (Ravi & Ravi, 2015; Uysal & Gunal, 2014), topic modeling (Grant et al., 
2015) and word cloud representations (Grant et al., 2015) are considered to be some 
of the available unsupervised extraction methods. Topic models represents a set of 
topics contained in a large set of documents, therefor presenting a summary of the 
content in the set (Grant et al., 2015). Word clouds are used to visualise the frequency 
of data contained in textual sources (Devendorf, 2012; Gan et al., 2014; Grant et al., 
2015; Lu & Liu, 2011). An example of a word cloud from Grant et al. (2015) is depicted 
in Figure 3.4 on the following page. Topic models and word clouds are discussed in 
in Section 4.1.4.1. Various software tools for using unsupervised information 
extraction methods are listed in Table 3.1. 
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Figure 3.4: Word cloud example from Grant et al. (2015) 

Semi-supervised and unsupervised extraction methods are particular useful when a large 
set of documents is available for information extraction (Cybulska & Vossen, 2011; Grimmer 
& Stewart, 2012; Gupta & Lehal, 2009; Yeung & Jatowt, 2011).  Only for smaller sets of 
documents should the manual extraction method be considered. 

Related to semi-supervised and unsupervised extraction methods, are the concepts of text-
mining and data-mining. According to McCallum (2005) and Vijayarani et al. (2015), both 
text-mining and data-mining techniques use automatic (machine-learning) methods to 
extract data from text, but the difference is in the origin of the input (input is either from a 
database or from textual information). Kaushik and Naithani (2016) in particular refers to the 
information being extracted either from structured data (data-mining) or from unstructured 
data (text-mining). During the process of data-mining, the textual source is selected and 
inserted into a database from where the information mining takes place. In the case of text-
mining, the mining is not performed on a database, but on the originating textual source. 
The result of the text-mining is afterwards stored in a database (McCallum, 2005; Vijayarani 
et al., 2015). 

For the purpose of the study it was decided to use a manual, supervised method to extract 
the facts from the textual document set. In the process of selecting the approach to follow, 
the decision was based on the following considerations: 

• Semi-supervised and unsupervised information extraction approaches are most 
appropriate when handling large sets of documents (Jurafsky & Martin, 2014; 
Tremblay et al., 2015; Verma, Ranjan, & Mishra, 2015). The research study however 
provide a solution for a finite set of not more than 50 documents as included in the 
list of delineation and assumptions of the study in Section 1.5.  
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• Using semi-supervised and unsupervised information extraction approaches does 
not provide fully accurate results (Kaushik & Naithani, 2016) and are less accurate 
than manually extracting information from text (Recupero et al., 2015). For the 
purpose of the study it is considered as important that all important and especially 
relevant facts containing meaning should be extracted. 

• Semi-structured and unsupervised approaches to extract information from text is not 
a trivial task (Rai & Murari, 2015). In addition, He and Grishman (2015), suggest that 
current automatic information extraction tools do not provide adequate guidance for 
the user building a new extraction system. The study attempts not to find the best 
solution, but a suitable solution. Therefore it is suggested that, grounded on 
pragmatism (Creswell, 2014; Gray, 2013), the method which requires the least effort 
could be considered – as long as it works. Tremblay et al. (2015) state that the 
supervised, manual method of reading though the textual source and assigning parts 
of the texts to predefined code is the most common and simplest method of extracting 
information from text. 

• Semi-structured and unsupervised approaches extract entities such as persons, 
locations, organisations and events without a proper understanding of the text ant 
putting these entities into context with the rest of the text;  requiring further processing 
of the information (Dang & Ahmad, 2015). It is suggested by the study that in order 
to extract only facts relevant and important to the Anglo-Boer War, a proper 
understanding of the context of the facts is of importance. 

• Although automatic information extraction by using distant supervision could be an 
option, the requirement of an external database containing entity pairs related to the 
Anglo-Boer War could not be found. Distant supervision was therefore not considered 
as an extraction method. 

• During the presentation of the proposed research study at the SAICSIT 2014 Master’s 
and Doctoral Symposium (http://www.saicsit2014.org) and at the FASTAR/Espresso 
Workshop  2014 (http://www.fastar.org), the researcher was advised that the 
automatic extraction of the suggested Anglo-Boer War facts would require extensive 
research. Furthermore, the researcher was advised that combining semi-automatic 
or automatic information extraction research with the intended visualisation research 
would require an amount of research that is beyond the scope of a master’s degree 
study.  

Due to the scope of the study and the amount of research required to combine semi-
supervised or unsupervised information extraction methods with the intended 
visualisation research, the supervised manual information extraction method as 
identified in the literature study is proposed as extraction method for the purpose of 
the research study to extract the facts from the textual sources. 

http://www.fastar.org/wiki/index.php?title=FEW_2014
http://www.fastar.org/wiki/index.php?title=FEW_2014
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• The study follows a pragmatic approach as discussed in Chapter 2. According the 
philosophical view of pragmatism, truth is based on what works at the time to address 
the research problem (Creswell, 2014; Gray, 2013). For the purpose of the study, the 
intend is not necessarily to come up with the best possible information extraction 
solution, but  rather to come up with an approach that achieves the goal of extraction 
facts from the Huyser collection of Anglo-Boer War testimonies. Future research can 
focus on improving the information extraction process. 

In this section of the literature review, methods to extract information from textual data were 
discussed. The next section discusses tools identified in the literature that can be used to 
extract information from textual sources. 

3.1.2.2 Information extraction tools  

Information extraction tools identified in the literature are discussed in this section. In 
addition, a short description of some of the output formats for storing the extracted 
information is provided. Table 3.1 lists some of the information extraction tools and some of 
their uses, as identified in the literature. A comparative analysis of information extraction 
tools are not part of this research study, but rather investigating and identifying a suitable 
tool which can be used to extract facts from a textual document set.  

Therefore, Table 3.1 does not present an extensive list of information extraction tools and 
all of the functionalities provided by them. The list was constructed by updating a list of tools 
found during the review of literature on information extraction methods discussed in Section 
3.1.2.1. The list provide only examples of information extraction functions as well as some 
of the tools that can provide these functionalities. Future research can be aimed at providing 
a more comprehensive list of tools with all the functionalities provided by each. 

 

Table 3.1: Example list of information extraction functions and tools 

Information extraction function Tools  References 

Stemming Intelligent Miner  (Dang & Ahmad, 2015) 

 Text Analyst (Dang & Ahmad, 2015) 

 Snowball (Ravi & Ravi, 2015) 

Stop words Intelligent Miner  (Dang & Ahmad, 2015) 

 Text Analyst (Dang & Ahmad, 2015) 

Correction of spelling mistakes GNU Aspell (Ravi & Ravi, 2015) 

Clustering/Categorisation Intelligent Miner (Dang & Ahmad, 2015; Kaushik & 
Naithani, 2016) 

Tokenisation TweetMotif (Ravi & Ravi, 2015) 

Tagging temporal expressions TARSQI (Ling & Weld, 2007; Strötgen et al., 
2010; Yeung & Jatowt, 2011) 

 Evito (Ling & Weld, 2007) 
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Information extraction function Tools  References 

Named-entity recognition (NER) ANNIE (Strötgen et al., 2010) 

 GATE (Rusu, Fortuna, Mladenic, Grobelnik, & 
Sipo, 2009) 

 Inxight (Strötgen et al., 2010) 

 Stanford Named Entity Recogniser (Yang et al., 2011) 

 OpenCalais (Rusu et al., 2009) 

Automatic topic modelling Stanford Topic Modeling Toolbox (Gretarsson et al., 2012) 

 MALLET (McCallum, 2005; Yang et al., 2011) 

 GATE (McCallum, 2005; Mooranian et al., 
2011) 

 MinorThird (McCallum, 2005) 

 Road-runner (McCallum, 2005) 

Unsupervised and semi-supervised 
information extraction 

R tool (Castillo & Gesmann, 2011; Keim et al., 
2012; O’Madadhain, Fisher, Smyth, 
White, & Boey, 2005) 

 OpenNLP (Schreiber, Kraft, & Zündorf, 2016) 

 DiscoTEX (Rai & Murari, 2015) 

Manual extraction  ATLAS.ti (Franzosi, Doyle, McClelland, Putnam 
Rankin, & Vicari, 2013; Friese, 2011; 
Smit, 2014; Wong, Liu, & Bennamoun, 
2012) 

 MAXQDA (Franzosi et al., 2013) 

 NVivo (Franzosi et al., 2013) 

 

As discussed in Section 3.1.2.1, the manual information extraction method is chosen as 
suitable for the study.  From the list of information extraction examples listed in Table 3.1, it 
is consequently considered that ATLAS.ti, MAXDA or NVivo might be suitable for the study 
to extraction information from the textual source. For the purpose of the study ATLAS.ti is 
considered as a suitable software tool to manually extract the required facts from the textual 
sources for the following reasons: 

• It was suggested to the researcher by colleagues as an easy to use and appropriate 
tool for manually extracting information from textual sources. 

•  An initial investigation into the use of ATLAS.ti showed that facts can be extracted 
from documents while keeping track of the position where the fact occurred in the 
document. This is useful for visually representing the fact as well as enabling the user 
to refer to the context of the fact in the original document. According to the 
visualisation framework of Eppler and Burkhard (2007) it is important that the context 
of the information should be considered in the visualisation.  
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• An initial investigation into the use of ATLAS.ti showed that the extracted facts can 
be stored in an Extensible Markup Language (XML) file format. This is considered as 
useful for the purpose of the study since XML format that can easily be used to store 
the data in a relational database (Cybulska & Vossen, 2011; Don et al., 2007; Ling & 
Weld, 2007; Strötgen et al., 2010; Yeung & Jatowt, 2011). 

• As discussed in Section 3.1.2.1 when choosing a suitable information extraction 
method the study did not considered the best solution, but a suitable solution. The 
decision to use ATLAS.ti is therefore based on to the pragmatic philosophy of truth 
which indicates that truth is based on what works at the time to solve the research 
problem (Creswell, 2014; Gray, 2013). Future research can be focused on finding the 
best software tool for the purpose of the study. 

The information extracted from textual sources needs to be stored in some format. In the 
next section data storage technologies is discussed.  

 

3.1.3 Storage of the extracted information is considered 

Having discussed information extraction tools and software in the previous sections, this 
section considers technologies for storing the extracted data. Data in its structured form is 
mainly stored in Extensible Markup Language (XML) files (Emerson, Churcher, & Deaker, 
2013; O’Madadhain et al., 2005)  or relational database systems (Ku, Nguyen, & Leroy 
(2012); O’Madadhain et al., 2005).  

The comparative study of Agarwal and Srivastava  (2016) however provides a more 
extensive list of different storage systems, comparing each of them. In addition the 
advantages and disadvantages of each is also provided. The storage systems discussed by 
them are: 

• Flat file system. The data is stored in an ordinary file on a computer, where the data 
in individual records are separated by delimiters such as commas. Although this 
system is simple and easy to understand, it can be difficult and taking long to access 
the required data. (Agarwal & Srivastava, 2016) 

• Relational database system. The data is stored in a digital system which is based on 
the relational model of data. The data is accordingly to the model stored in tables 
consisting of rows and columns. The system uses the Standard Query Language 
(SQL) to easily access and modify the data. Performance of this system however 
reduces when large data sets and a large number of tables are used. (Agarwal & 
Srivastava, 2016)  

• Distributed database system. The data is also stored in a digital system as in the case 
of the relational database system. The data is however distributed data over 
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computers on a network into parts according to groups of information. Data is better 
protected, more reliable and load performance of large data sets are improved. A 
distributed database system is however complex, difficult to maintain and requires 
skilled database administrators. (Agarwal & Srivastava, 2016) 

• Parallel database system. The data is stored in the same manner as in a distributed 
database system. The difference however is that the groups of data is not according 
to information areas, but according by performance considerations. The input and 
output of these systems utilise multiple Central Processing Unit (CPU) s and memory 
devices to increase speed and reliability of especially large data sets. The start-up is 
however high and it is a complex system requiring a high number of 
resources.(Agarwal & Srivastava, 2016) 

• Object oriented database system. Data is also stored digitally, not as ordinary data 
such as integers and characters, but as objects. Each object describes data in terms 
of its attributes (such and integers and characters) as well as methods that define the 
behaviour of the data. Some of the advantages of this system includes improved 
reliability, flexibility and reusability of programming code. Some of the disadvantages 
include query optimisation inefficiency, lack of support to view the data, lack of 
support for security and querying the data is difficult and costly. (Agarwal & 
Srivastava, 2016) 

• Object relational database system. Data is stored as in a similar manner as in a 
relational database system. The data is however not stored according to the relational 
model as rows and columns in a table, but according to an object orientated database 
model. The goal of this system is to overcome the gap between the relational 
database system and the object orientated system. Increased costs related to the 
complexity of this system is one of the disadvantages. (Agarwal & Srivastava, 2016) 

• Extensible Markup Language (XML) based database system. Data is stored in a 
specific XML format which can be easily queried (using the XQuery programming 
language), transformed and exported to various systems. Since it is a standard format 
and many organisations have a lot of data in the XML format, it can be easily exported 
to other current database systems. The data is human readable and therefore less 
expertise is required to access the data than in the case of a relational database 
system. Some of the advantages include slower query speed, data quality can be a 
problem since data integrity is not guaranteed and the entire database have to be 
loaded before any data can be viewed. (Agarwal & Srivastava, 2016) 

• Data warehouse database system. Data from various data sources are stored in a 
central repository. Since multidimensional data is stored in one place, it allows for the 
data to be viewed in a generalised and consolidated view. These systems allows for 
enhanced business intelligence systems supporting organisational decision making. 
Warehouse systems requires high maintenance and are therefore costly. Complexity 
of these systems are also very high.   
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A comparison between the preceding list of database storage systems provided by Agarwal 
and Srivastava (2016) is provided in Table 3.2. 

 

Table 3.2: Comparison between database storage systems (Agarwal & Srivastava, 
2016) 
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I/O Cost High Moderate High High Moderate Moderate Very Low Very High 

Setup Cost  Low  Moderate  High  High  High  High  Very Low  Very High 

Modularity  Very Low  Low  High  High  High  High  Low  Very High 

Concurrency  Very Low  Moderate  High  High  High  High  High  Very High 

Design Complexity  Very Low  Low  High  High  Low  Low  High  Very High 

Security  Very Low  Low  High  High  Low  Moderate  Low  Very High 

Flexibility  Very Low  Low  Moderate  High  High  High  Low  Very High 

Maintenance  Low  Low  High  High  Low  Moderate  High  Very High 

Reliability  Low  Moderate  High  High  High  High  Low  Very High 

Reuse and Sharing  Very Low  Low  Moderate  High  High  High  Low  Very High 

Intelligence  None  Very Low  Moderate  Moderate  Low  Low  Moderate  Very High 

Throughput  Very Low  Low  High  High  Moderate  High  Low  Very High 

Speed  Very Low  Low  Moderate  High  Moderate  Moderate  Low  Very High 

 

For the purpose of the study, a relational database storage system is chosen to store the 
extracted information in.  

The decision is based on the following considerations: 

• A relational database system makes it possible to easily query and manipulate data 
using Standard Query Language (SQL). This makes subsequent processing of the 
extracted information a simple task. 

• The amount of extracted information is relatively small, therefore not requiring more 
complex database systems that can specifically handle large volumes of data, as 
listed in Figure 3.2.  
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• Although the setup cost is not as low as in the case of flat file and XML based 
systems, the user’s own work experience makes setting up a relational database 
system a trivial task. 

• The development of the intermediate visual representation model requires that a 
visual representation solution must be built programmatically. The researchers own 
skillset as a developer lead to the decision to build the solution on the architecture   
depicted in Figure 4.19, which includes the use of a relational database system.  

• A manual information extraction method was selected in Section 3.1.2.1 as suitable 
for the initial information extraction solution. In Section 3.1.2.2, ATLAS.ti was 
consequently selected as a suitable software tool performing the extraction. ATLAS.ti 
provides the functionality to store the information in the XML based storage system. 
The XML based system makes transport and export of data possible by means of a 
standard format. Exporting the XML based database to a relational database is 
therefore, based on the researcher’s skillset, a trivial task.  

Having provided a literature review of information extraction relevant literature in order to 
define possible main information extraction components and to guide the selection of a 
suitable information extraction method and tool, a summary of this section is provided next.  

3.1.4 Summary 

Concluding remarks on literature relevant to the extraction of information from textual 
sources are given in this section. The discussion started with an investigation into various 
views in literature of Information Extraction and a statement that for the purpose of the study, 
Information Extraction is considered to be the extraction (either manually or automatically) 
of information from unstructured textual records and the population of a database schema 
with the extracted information. From the consideration of what Information Extraction is, it 
was suggested that the textual source set, extraction of facts, loading of facts into a database 
and the resulting structured data are possible components (depicted in Figure 3.2) of an 
Information Extraction process. 

Possible preprocessing tasks taking place on the textual sources before the information is 
extracted were discussed next. The discussion was motivated by various sources in 
literature suggesting that preprocessing tasks usually take place prior to the extraction of 
the information. As a result the preparation of documents was added to the possible 
information extraction components, resulting in the main component model depicted in 
Figure 3.3. 

After main components of an information extraction process was identified from literature, 
various extraction methods and tools was considered next. As a result it was decided with 
motivations that a manual information extraction process could be followed using the 
ATLAS.ti software tool. 
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Using the possible identified main components, methods and tools as input, the next section 
discuss the instantiation of the specific information extraction solution. During the process 
of instantiating the solution an initial information extraction model is developed.  

3.2 A MODEL FOR THE EXTRACTION OF INFORMATION FROM A TEXTUAL 
DOCUMENT SET 

The purpose of the research study requires that a model for the visual representation of the 
coherence of facts in a textual document set be developed. In this section an initial model 
to initially extract the facts from the textual document set is developed by instantiating the 
possible main components identified in Figure 3.3. During the instantiation of the solution 
the components of the model are refined and sub-components identified. 

According to Hevner et al.’s (2004) design science research guidelines, design science is a 
search process whereby the researcher searches for an effective solution to a problem. In 
searching for a solution (grounded on the literature review in Section 3.1) to extract 
information from a textual document set and populating a database schema with the 
information, the research study identified that the following steps were required in the 
process: 

1. Prepare the documents for information extraction (document preparation). 

2. Extract the information contained in the documents (extract facts). 

3. Populate the database schema with the extracted information (load facts to 
database). 

4. Identify possible errors in the information extraction process, and iterate back to Step 
2 until the errors are considered to be insignificant (discovered during the solution 
instantiation process). 

The steps were identified during the literature review (Section 3.1 and Figure 3.3) and refined 
during the instantiation of the solution. The information extraction steps are discussed in the 
next sections, starting with the preparation of the textual documents. 

3.2.1 PREPARE TEXTUAL DOCUMENTS FOR INFORMATION EXTRACTION 

During the preparation of the document set for information extraction, the following 
processes were identified: 

1. Acquire the document set. 

The starting of the information extraction process requires an appropriate document 
set to be acquired. The document set can either be in the form of written documents 
or any other form of data that can be transformed into a document set such as audio 
and video files containing indigenous knowledge in an oral format. However, the 
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document set must exhibit the characteristics listed in Section 1.2.1 to be considered 
as a textual source. 

For the purpose of the study, as the primary data set was not viable, the Huyser 
collection of Anglo-Boer War testimonies was used because it exhibited the 
prescribed characteristics to be used as an alternative source, 

Since the Huyser collection of Anglo-Boer War testimonies is stored at the South 
African National Archives, the pages of the testimonies had to be individually 
photographed. Figure 3.5 presents an example of such a photographed page. 

 

Figure 3.5: Example of a photographed page 

 

2. Transcribe the text contained in the document set into a digital text format. 

Having acquired the document set, it needs to be transcribed into digital text files to 
allow for further processing. Transcribing each document from the original format 
(e.g. digital images or audio or video files) is a time-consuming task which 
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furthermore requires the transcriber to decipher the written or spoken words and 
sentences into an understandable format.  

 

3. Translate the language of the text into English for the use of a larger audience. 

In order to reach a larger audience, the language of the text contained in the Huyser 
collection was translated from Afrikaans into English. The following steps were 
followed in the translation process: 

a. Employ Google translator to create an intermediate English translation. 

b. Inspect and correct the intermediate English translation. It was found during 
the process that using Google translator to translate the documents resulted 
in a number of incorrect translations such as the following: 

i. Incorrect translations of the double negative used in Afrikaans. Refer to 
Oosthuizen (1998) for the use of the double negative in Afrikaans. 

ii. Literal translations of names and surnames. The surname Vermaak for 
instance was translated to its literal meaning, which is Entertainment. 

iii. Incorrect interpretations where a word can have different meanings. 
The word ryp in Afrikaans for instance can mean ripe or frost. In some 
cases, the author used the word in the context of frost, but Google 
translator translated the word as ripe. 

iv. In some cases some translated sentences did not make sense at all, 
for instance: “play to be buried” should be “set aside to be buried”. 

c. Remove defamatory words from the translation and replace the names of 
certain individuals with codes in order to protect the identities of individuals. 
The need for this step is required by the ethical issues to the research as 
discussed in Section 1.6.  

Having described tasks for preparing documents in a document set for information 
extraction, the next section articulates a process for extraction information contained in a 
textual document set 

3.2.2 EXTRACT THE INFORMATION CONTAINED IN A TEXTUAL DOCUMENT SET 

A proposed process for extracting information from a textual source set is provided in this 
section. For the purpose of the research study it was decided, based on literature in Section 
3.1.2.1, to use a supervised, manual information extraction method on the textual document 
set (the Huyser collection of Anglo-Boer War testimonies).  
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During the literature review on information extraction tools (see Section 3.1.2.2), ATLAS.ti 
was identified with reasons as a possible manual information extraction tool. As part of the 
research study, a trial version of the tool was downloaded and tried out. As a result, the tool 
was identified as a user-friendly, easy-to-use information extraction tool. Furthermore, it was 
found that the facts extracted from the document set could be easily exported to an XML 
data representation format. The extracted information exported to an XML file can then be 
used to upload the data into the database system. Based on the trial evaluation of the 
software, it was decided to employ ATLAS.ti as information extraction tool. 

In order to be able use ATLAS.ti for extracting the required information from the textual 
document set, it is necessary to map some of the concepts used in the research study with 
ATLAS.ti concepts. A summary of the mapping of these concepts is provided in Table 3.3. 

Table 3.3: Mapping of study concepts to ATLAS.ti concepts 

Research study concepts ATLAS.ti concept Description 
Document Primary document The source set consists of a number of textual 

documents. Each document contains the 
testimony of a person.  

Fact Code Factual information (Chen & Floridi, 2013) 
described in a document set.  

Fact occurrence Quote Each occurrence of a fact in the document set. 

 

In order to extract information from the textual document set, the following procedure was 
followed using the ATLAS.ti software (the procedure is highlighted here to give the reader 
an insight into what the manual extraction method involves): 

1. Import a textual document (termed as a primary document in ATLAS.ti) containing 
one of the testimonies into ATLAS.ti by using the primary document loader 
functionality. 

2. Select the imported document for information extraction. 

3. Highlight the text in the document that describes a fact (termed as a code in ATLAS.ti) 
as depicted in Figure 3.6 on the following page. The highlighted fact occurrence is 
termed as a quote in ATLAS.ti. 
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Figure 3.6: Selecting factual information using ATLAS.ti 

4. By right-clicking on the highlighted text, the user can either create a new fact (code) 
for the highlighted text (quote), or can indicate that the highlighted text represents an 
occurrence of an already identified fact.  

5. After importing and extracting the facts from all the documents in the document set, 
the user can export the extracted information into an XML data representation format 
by using ATLAS.ti’s Export HU to XML functionality. The export XML file contains the 
following information: 

• the filenames of all the textual documents; 

• all the facts contained in the textual document set; 

• each occurrence of a fact in the document set, indicating its start position 
and end position in the text. 

A snippet of the XML data representation created during the information extraction of the 
Huyser collection of Anglo-Boer War testimonies is depicted in Figure 3.7 on the following 
page. 
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Figure 3.7: Snippet of XML data representation created by ATLAS.ti 

 

Table 3.4 contains the number of documents, total number of unique facts extracted from 
the Huyser collection and the number of times the facts occurred in the documents. 

 

Table 3.4: Number of documents, unique facts and the number of times facts 
occurred 

Entity Count 
Documents 37 
Unique facts 653 
Number of times the facts occurred in the documents 2 137 

   

Having discussed a process to extract the information from the textual documents, the next 
section discusses how to populate the database schema presented in Section 4.2.1.2 with 
the extracted information. 

3.2.3 POPULATE THE DATABASE SCHEMA 

The process of extracting factual information from textual documents was discussed in the 
previous section. The end-product of the process was an XML data representation of the 
extracted information as depicted in Figure 3.7. A process for populating the database 
schema with the extracted information is discussed in this section. As a result of the process 
of developing the information extraction artifact, it was discovered that, for efficiency, the 
data population process could be executed in three consecutive steps as follows: 

1. Load the data-representing information about each document into the database. A 
simple Spring 3 web service utility named loadDocs, was developed for this purpose. 
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A description of the corpus is coded in the utility program. The corpus description is 
displayed in the visual interface in order to provide background information to the 
user.  A code snippet of the utility program is displayed in Figure 3.8. 

 

Figure 3.8: Code snippet of loadDocs utility 

 

2. Load the contents of each document into the database. The location and document 
identifier of each text file containing the document contents are manually entered into 
a PHP (Hypertext preprocessor) script file named texttodb.php. A code snippet of the 
PHP script file is depicted in Figure 3.9.  

 

 

Figure 3.9: Code snippet of texttodb.php script file 
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3. Load the data representing all the facts, as well as data of their occurrences in the 
document set, into the database. A simple Spring 3 web service utility, named 
loadInformation, was developed for this purpose.  A code snippet of the utility program 
is displayed in Figure 3.10. 

 

 

Figure 3.10: Code snippet of loadInformation utility 

Having prepared the textual documents, extracted the information in the documents and 
populated the database schema, the last step is to identify possible information extraction 
errors by means of inspection. 

3.2.4 IDENTIFY POSSIBLE ERRORS INTRODUCED DURING THE INFORMATION 
EXTRACTION PROCESS 

The last step in the information extraction process involves the identification of possible 
errors introduced during the information extraction process. According to McCallum (2005), 
manual extraction methods are prone to errors. Therefore, it is considered necessary to 
inspect the populated database schema for possible errors. However, it is not a trivial task 
to identify possible information extraction errors. After the visualisation interface has been 
built, it can, in addition, be used to identify possible information extraction errors by 
inspecting the information visualised in the interface. 

The user can, for instance, identify the following errors: 

• missing information such as occurrences of facts not identified; 
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• information that does not make sense. An occurrence of a fact, for instance, “they 
received bad meat”, suggests that the occurrence of “they received meat” is also 
expected; 

• duplicate facts. It might be possible that during the manual extraction different codes 
for the same fact were created, for instance, “they received bad meat” and “the meat 
quality was poor” might both occur in the list of code list. 

After possible errors are identified, the process iterates back to the extract facts component 
as depicted in Figure 3.11 on the following page to resolve the errors until the significant 
errors are resolved. 

Components of a process to extract facts from textual data was discussed in this section. 
The process of discovering these components was initially informed by possible main 
components identified though a literature review in Section 3.1. By instantiating a solution, 
components of an initial information extraction model was developed. The model is 
discussed in the next section. 

3.3 SUMMARY 

An initial model for the extraction of facts and the transformation of unstructured textual data 
into a structured form is presented next by reflecting on the information extraction 
components identified in the previous section.  
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Figure 3.11: Initial model – extracting facts and transforming unstructured textual 
data into a structured form 

Therefore, the following components can be combined into a model (depicted in Figure 3.11) 
to extract facts from a textual document set and to transform unstructured textual data into 
a structured form: 

• Textual source set. This consists of the source of the data from which the documents 
are to be acquired. In the case of the Anglo-Boer War testimonies used in the study, 
the source is the Huyser collection. In the case of the indigenous knowledge, the 
source can be the NRS initiative. 
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• Prepare documents for information extraction. 

• Acquire documents. This consists of the collection of the documents from the 
source. The documents can be written documents or any other form of data 
that can be transformed into a document set, for instance, audio and video 
files containing indigenous knowledge in an oral format. 

• Transcribe documents. This involves the transcription of each document into 
a digital text file. 

• Translate documents. This involves the translation of each document into a 
language such as English in order to reach a larger reader group.   

• Translate using a translation tool such as Google translator. 

• Inspect for possible translation errors and correct the translation where 
required. 

• Remove defamatory words and replace names of individuals with code 
in order to protect their identities. 

• Extract facts from the prepared textual source set. For the purpose of the research 
study, a manual method is described. Future research can be an investigation into 
employing unsupervised and semi-supervised information extraction methods. 

• Load the extracted facts into a database for use by the visualisation interface of which 
the design is provided in Chapter 4. 

• Load document information describing each document into the database. 

• Load document contents of each textual document into the database. 

• Load the extracted facts from each document into the database. 

• Identify errors during the information extraction process. It is proposed that the errors 
can be identified upon inspection of the extracted data set, or by using the visual 
representation to visually highlight possible errors. Errors are resolved by iterating to 
the extract facts component as depicted in Figure 3.11 to resolve the errors until the 
significant errors are resolved. 

Having provided the design and development of an initial model to extract information from 
a textual document set in this section, the next chapter presents the design and development 
of an intermediate model to visually represent the coherence of facts in a document set. 

 

 



  

79 

 

CHAPTER 4:  DEVELOPMENT OF THE INTERMEDIATE MODEL 
– INFORMATION VISUALISATION 

 

Figure 4.1: Current phase in research – visual representation 

 

As depicted in Figure 4.1, Chapter 4 describes the design and development of the 
intermediate visual representation model. The development of the model is informed by the 
design and instantiation of a specific intermediate visual representation solution. In order to 
ground the solution in literature, the design and development process starts with a 
discussion of literature relevant to the visualisation of information coherence (Section 4.1). 
The development of the intermediate model is subsequently informed by instantiating a 
proposed intermediate solution (Section 4.2). The chapter is concluded with as summary 
(Section 4.3). 
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4.1 LITERATURE RELEVANT TO THE VISUALISATION OF INFORMATION 
COHERENCE 

In order to ground the intermediate visual representation solution and model in literature, a 
review of literature relevant to the visualisation of the coherence of facts is discussed in this 
section. The literature review focus on similar work (Section 4.1.1) and acquiring theoretical 
knowledge on background information concerning visualisation (including Ackoff’s hierarchy 
to explain the difference between information visualisation and knowledge visualisation) 
concepts (Section 4.1.2), design principles and guidelines to guide the visualisation design 
(Section 4.1.3)  and information visualisation tools and techniques (Section 4.1.4).The 
review involved an extensive search on Google Scholar for related academic articles using 
keywords such as information visualisation, coherence visualisation, visualisation, 
visualisation of text, visualisation design, visualisation principles, visualisation evaluation, 
visualisation tools and visualisation techniques. 

The remainder of this section is laid out as follows. Section 4.1.1 discuss work similar to the 
research study. Working definitions for the concepts of Visualisation, Knowledge 
Visualisation, Information Visualisation and Document Visualisation are derived from 
literature in Section 4.1.2. Literature on Visualisation design principles is discussed in 
Section 4.1.3 in order to construct a set of Information Visualisation design principles and 
guidelines. In Section 4.1.4, literature with regard to tools and techniques available for 
implementing the Information Visualisation interface design is discussed. The chapter on 
literature relevant to the visualisation of information coherence is concluded in Section 4.1.5. 

Having outlined what the discussion of literature relevant to the visualisation of information 
coherence entails, the next section discuss work similar to this study. 

4.1.1 Similar work 

Work similar to this research study is discussed in this section. For the purpose of the 
research study, work is considered to be similar when the focus of the work is on the 
visualisation of textual documents to visually represent the connections between them. In 
this regard, the work of Gan et al.  (2014), Ku et al. (2012), Gretarsson et al. (2012), 
Devendorf (2012) and Luo, Yang, Krstajic, Ribarsky and Keim (2012) is considered as 
similar and is shortly discussed: 
 

• Gan et al. (2014). Their work is similar to the research study in the sense that they 
also visually represent information contained in a textual document set. The purpose 
of their work is to visually represent the connections between entities in a textual 
document set. This research study attempts to visualise the coherence of facts 
contained in the document set, therefore, requiring a different information extraction 
method combined with a different visualisation method. Examples of tools that can 
be used to visually represent the connections between entities contained in a set of 
textual documents are, in addition, provided by Gan et al. (2014).  
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• Ku et al. (2012). The textual analysis of similar crimes (TASC) system of Ku et al. 
(2012) is considered similar to this research study because it also aims to visually 
represent textual information contained in a document. The difference between the 
work of Ku et al. (2012) and this research study resides in the type of information 
extracted from a textual document and also what is being visualised. This research 
study is concerned with visually representing the coherence of facts contained in a 
textual document set, whereas Ku et al. (2012) extract specific entity types, such as 
weapons and people, from each document and then visually represent documents 
that contain the same entities, without taking into account what is being described by 
these entities. Ku et al. (2012), in addition, show that document visualisation 
techniques can also be applied to the field of crime investigations. 

• Gretarsson et al. (2012). The similarity between textual documents in a set is 
highlighted by Gretarsson et al. (2012), by visually representing their similarities with 
regard to the topics extracted from individual documents. A circular node-and-link 
graph visualisation is implemented to visually represent the similarities. A visual 
representation of topic similarity between textual documents, however, only indicates 
that the documents describe similar themes. Whether the same facts are contained 
in the documents is not taken into account. This research study visually represents 
the coherence of facts in a document set that goes beyond visually indicating whether 
the documents describe the same themes or entities as in the case of Ku et al. (2012). 

• Devendorf (2012). The work of Devendorf (2012) is similar to the work of Gretarsson 
et al. (2012) in the sense that the author also visually represents the similarity 
between topics contained in a textual document set. However, the visualisation is 
more complex and complete because it visually represents three relationships 
contained in textual documents, by dividing the circular graph into three concentric 
circles. The concentric circles visually represent three types of relationships, namely 
meta-data relationships, relationships between topics and items and relationships 
between topics and ternary data. As in the case of Gretarsson et al. (2012), the work 
of Devendorf (2012) is concerned with similarity between themes in a set of textual 
documents; this research study is concerned with visually representing the coherence 
of facts contained in the set of textual documents. 

• Luo et al. (2012). The focus of Luo et al.’s (2012) work is on the extraction and 
visualisation of events that exist in a document set where each document has a 
timestamp. Luo et al. (2012) define an event as “an occurrence that happens at a 
specific time and draws continuous attention” (p. 3). Events contained in a set of 
textual documents are visualised as a river that progresses over time. Each event is 
shown as a bubble where the width of each bubble represents the period in which 
the event is being considered and the height represents the number of documents in 
which the event occurs. Luo et al.'s (2012) work is different from the work of 
Gretarsson et al. (2012), Devendorf (2012), Gan et al. (2014) and Ku et al. (2012) 
with respect to what is extracted and how it is being visualised. In addition, Luo et al. 
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(2012) state that extracting events from textual documents requires more human 
effort than for topic extraction. The work of Luo et al. (2012) is different from this 
research study in terms of what is being extracted (events vs. facts), and also how it 
is being visualised (occurrence of events vs. coherence of facts).  

It is proposed from the preceding discussion that the research study is different from 
previous work in the literature with respect to what is extracted from textual documents and 
how the extracted information is visualised. 

Section 4.1.3.4 on the Eppler and Burkhard (2007) Knowledge Visualisation framework 
states that the difference between Knowledge Visualisation and Information Visualisation 
lies in the answers to what is visualised, why it is visualised and how it is visualised. The 
research study considers the visualisation of document similarities as the objective (the why) 
of the Gan et al.  (2014), Ku et al. (2012), Gretarsson et al. (2012), Devendorf (2012) and 
Luo et al.’s work. In addition to what information (facts) is visualised and how it is visualised 
(see Section 4.2.1.1 for design of the visualisation interface), the research study also differs 
from previous work in why (to make an assumption on the validity of the contained facts) the 
information is visualised.  

Having discussed work similar to the research study, the next section provides working 
definitions of visualisation concepts. 

4.1.2 Defining Visualisation, Knowledge Visualisation, Information Visualisation and 
Document Visualisation 

This section provides literature on defining various working definitions of Visualisation 
concepts in order to provide subject background and to justify the development of an 
Information Visualisation software tool as a suitable insight-acquiring solution. As such, it is 
considered as important to provide a working definition for Information Visualisation. 

There are currently various definitions of Information Visualisation in the literature, which 
include the following:  

• The visualisation of information about the data itself (Chen et al., 2009). 

• “All graphical means used to construct, assess, measure, convey or apply 
knowledge” (Eppler & Burkhard, 2007, p. 112). 

• “Making data easier to understand using direct sensory experience” (Dix, 2013, p. 2). 

• “A visual exploration tool that enables the user to interact with the visualized content 
and comprehend its meaning” (Chen, 2005, p. 12). 

• “A key mechanism for gaining insights from text collections” (Mooranian et al., 2011, 
p.138). 
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• “The use of computer-supported interactive visual representations of abstract data to 
amplify cognition" (Card, Mackinlay, & Shneiderman, 1999). 

• “Used for creating computer graphs or animations to present information, data, 
scientific results, or concepts to facilitate communications or decision making” (Ku et 
al., 2012, p. 467). 

• “The study of transforming data, information, and knowledge into interactive visual 
representations” (Liu, Cui, Wu, & Liu, 2014, p. 1373). 

• “The process of dissecting raw data, which by itself has little meaning and presenting 
it in a way that is no longer complex” (Figueiras, 2014, p. 2). 

Considering that the concepts of Data, Information, Knowledge and Wisdom are ambiguous 
(Chen et al., 2009; Keller & Tergan, 2005; Liew, 2013; Nurnberger et al., 2009) and that 
there are various views on Visualisation (Chen, Floridi, & Borgo, 2013;  Chen & Floridi, 2013; 
Keller & Tergan, 2005; Randjelovic & Popovic, 2011),  consequently, the assumption is that 
the concepts of Data Visualisation, Information Visualisation, Knowledge Visualisation and 
Wisdom Visualisation are also ambiguous.  
It is suggested that because Information Visualisation is proposed as an insight-acquiring 
solution for the study and since the concept of Information Visualisation is vague and 
ambiguous, a working definition of Information Visualisation that is relevant to the research 
study should be formulated. It is proposed that a working definition of Information 
Visualisation can be derived from the available literature by considering the following: 

• a working definition of Visualisation derived from the literature (Section 4.1.2.1); 

• working definitions of Knowledge and Information derived from the literature (Section 
4.1.2.2); 

• literature considering the difference between Information Visualisation and 
Knowledge Visualisation (Section 4.1.2.3). 

A working definition of Document Visualisation is in addition discussed in Section 4.1.2.4 as 
it is considered as relevant to the study. In the next section, a working definition of 
Visualisation is derived by considering different views of Visualisation in the literature.  

4.1.2.1 Working definition of Visualisation 

The idea that Visualisation leads to an insight is central to various discussions of 
Visualisation (Dix, 2013; Eppler & Burkhard, 2007; Gretarsson et al., 2012; Keim et al., 
2012). Insight is defined by Dove and Jones (2012, p. 2) as “something that is gained” and 
as “something that is experienced”. 

On the other hand, Chen et al. (2013) state that insight is a vague concept and that the real 
purpose of Visualisation is to save time when completing user tasks involving data analysis 
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and knowledge dissemination. Some of the user tasks for which Visualisation can be 
employed to save time are making observations in data, facilitating external memorisation, 
simulating hypothesis and disseminating knowledge. 

Despite the concept of insight being central to many Visualisation discussions, there are 
various definitions and views of what Visualisation is such as the following: 

• “ . . . cognitive tools aiming at supporting the cognitive system of the user” (Keller & 
Tergan, 2005, p. 2); 

• “. . . computer-aided seeing information in data” (Chen & Floridi, 2013, p. 1); 

• “. . . a set of technical means and methods that allow a clear graphical representation 
of data” (Randjelovic & Popovic, 2011, p. 1); 

• “. . . a computer graphic effect to represent information and revealing relationships” 
(Kaushik & Naithani, 2016, p. 71) 

• “. . . a study of transformation from data to visual representations in order to facilitate 
effective and efficient cognitive processes in tasks involving data” (Chen et al., 2013, 
p. 6). 

The latter description by Chen et al. (2013) is considered the most complete description of 
Visualisation. The description is furthermore the most relevant to the research study. For the 
purpose of the research study, the definition provided by Chen et al. (2013) is adapted in 
order to present a working definition of Visualisation. 

A working definition of Visualisation for this study is therefore as follows: 

A field of study concerned with the transformation of data to visual representations, 
where the goal is the effective and efficient cognitive processing of data. 

Kaushik and Naithani (2016) describe the visualisation process (the transformation of data 
to visual representation part of the working definition) as consisting of: 

1. data preparation; 

2. data analysis and extraction and; 

3. the mapping of the data to a target visualisation. 

Step 1 and Step 2 is considered to be addressed by the initial information extraction model 
of the study (see Chapter 3). The mapping of the data to a target visualisation is considered 
as being address by this chapter – the development of an intermediate visual representation 
model. 
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Having derived a working definition of Visualisation, the next section derives working 
definitions of Information and Knowledge from available literature. 

4.1.2.2 Working definitions of Knowledge and Information 

Chen et al. (2009) postulate that Visualisation is concerned with the exploration of Data and 
Information and, in addition, consider Data, Information and Knowledge as the possible 
inputs and outputs of the visualisation process. Therefore, Chen et al. (2009) consider it 
important to have an understanding of the concepts of Data, Information and Knowledge 
and to be able to distinguish between them. Various authors suggest that it is not a trivial 
task to distinguish between them (Chen et al., 2009; Keller & Tergan, 2005; Liew, 2013; 
Nurnberger et al., 2009). Chen (2009) argues that although it is difficult to distinguish 
between these concepts, they are indeed distinctive. According to Liew (2013), defining 
these concepts and describing the relationships between them are separate issues.  

In order to define these concepts, the Ackoff (1989) hierarchy of human understanding is 
considered. According to Kirsch, Hine and Maybury (2015), the hierarchy is used in a wide 
variety of disciplines to understand the process of acquiring knowledge. Data, Information, 
Knowledge, Understanding and Wisdom are presented as layers in the hierarchy of human 
understanding (depicted in Figure 4.2 on the following page). Ackoff (1989) argues that 
some form of processing is required in order to progress from one level to another. In order 
to obtain Wisdom the process starts off with meaningless Data. Information is acquired by 
extracting meaning from the Data. Knowledge is acquired next by some form of cognitive 
processing of the Information. An Understanding or intelligent processing of the Knowledge 
leads to Wisdom.  

Nurnberger et al. (2009) consider the relationships between the concepts in the hierarchy to 
be “fuzzy” (p. 1), and propose that the “fuzziness” (p. 1) increases as one moves up the 
hierarchy. Accordingly, Nurnberger et al. (2009) imply that it would be more difficult to 
distinguish between, for instance, Knowledge and Information than it would be to distinguish, 
for instance, between Information and Data. It is consequently suggested that it is also more 
difficult to distinguish between Information Visualisation and Knowledge Visualisation than 
to distinguish between Data Visualisation and Information Visualisation. For the purpose of 
the study, this section accordingly provides working definitions for Information Visualisation 
and Knowledge Visualisation to distinguish between them. 
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Figure 4.2: Hierarchy of human understanding (Ackoff, 1989) 

Since the Ackoff hierarchy of human understanding was identified in Section 2.2.1 as one of 
the kernel theories on which the design of the solution is based and since this section aims 
to provide working definitions for Information Visualisation and Knowledge Visualisation, the 
elements of the hierarchy are outlined as follows: 

• Data. Data is considered by Ackoff (1989), Keller and Tergan (2005) and Liew (2013) 
to be symbols that represent objects. According to Wang (2015), data is “an abstract 
representation of the quantity of real-world entities or abstract objects according to 
specific quantified scales” (p. 772). Matney, Avanat and Staggers (2016) considers 
Data on its own as having no meaning. 

• Information. Information is extracted from data (Ackoff, 1989) and is “contained in 
descriptions, answers to questions that begin with such words as who, what, where, 
when and how many” (Ackoff, 1989, p. 3). The statement is supported as well by 
Rioth, Osterman and Warner (2015). According to Keller and Tergan (2005, p. 3), 
Information is “data that has been given meaning through interpretation by way of 
relational connection and pragmatic context”. The notion of Information containing 
meaning is also supported by other authors (Chen & Floridi, 2013; Liew, 2013; 
Matney et al., 2016; Rioth et al., 2015). In addition, Chen and Floridi (2013) state that 
for Data to be considered as Information, it should be well-formed, meaningful and 
truthful. Information is categorised by Chen and Floridi (2013) into the following 
categories and sub-categories: 

1. Environmental information. 

2. Semantic information. 

a. Instructional information. 

b. Factual information. 

i. True information. 
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ii. Untrue information. 

1. Misinformation. 

2. Disinformation. 

Chen and Floridi's (2013) categorisation of Information is of particular value for this 
research study since it allows for defining the concept of facts, which is contained in 
the title as well as the research question of the research study. A fact can therefore 
be viewed as semantic factual information, which can be either true or untrue. In the 
case of untrue information, the untruthfulness can be either intentional 
(disinformation) or unintentional (misinformation). 

• Knowledge. Ackoff (1989) defines Knowledge as “know-how” (p. 4), which is acquired 
either through instruction or through experience. Liew (2013) supports Knowledge 
being “know-how” (p. 2) and, in addition, postulates that knowledge is also “know-
what” and “know-why” (p. 2). Knowledge is furthermore considered by Keller and 
Tergan (2005) to be Information resulting from a cognitive process and which has 
been added to existing Knowledge. Wang (2015) defines Knowledge as “acquired 
and comprehended information generated by the brain embodied as a concept” (p. 
776). Rioth, Osterman and Warner (Rioth et al., 2015) consider Knowledge as the 
result of adding context and content to Information. 

• Understanding. Ackoff (1989) argues that Understanding is the ability of a human 
being to obtain knowledge by him- or herself. In addition, Liew (2013) considers 
Understanding to be a human being’s thought or mental processing abilities. 
Nurnberger et al. (2009) do not consider Understanding to be part of the hierarchy of 
human understanding, but argues that Understanding is an increasing ability as one 
progresses from data to wisdom. Carlisle (2015) highlights it that Understanding is 
typically excluded as a level from most discussions of the hierarchy. Kirsch et al. 
(2015) supports the statement and in addition states that the reason for the exclusion 
is due to a consensus in the field that the Understanding level should be omitted.  

• Wisdom.  According to Ackoff (1989), Wisdom is the ability to increase a human 
being’s own effectiveness. Matney et al. (2016) consider Wisdom as the use of 
Knowledge in order to handle or explain problems of a human nature. Literature on 
Wisdom is limited according to Liew (2013) and is therefore not often discussed. A 
possible reason for this is given by Rioth, Osterman and Warner (2015) who postulate 
that Wisdom is difficult to describe  and that there are a general disagreement 
amongst researchers on what Wisdom represents. 

For the purpose of the study, the Ackoff hierarchy of understanding is considered as one of 
the kernel theories in which the final software solution and model is grounded. It is proposed 
that the hierarchy can be applied in order to get an understanding of the possible validity of 
facts in a textual document set. The Huyser collection of Anglo-Boer War testimonies is 
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considered as Data. Information exists in the form of facts extracted from the set of 
testimonies. By visually representing the coherence of the extracted facts, the user gains 
Knowledge on whether the facts are in coherence or not. An Understanding of the coherence 
theory of truth, which considers the coherence of facts in a set as an indication of truth (see 
Section 1.2.1), allows for the user to make an assumption about the possible validity of the 
facts. The ability to make the assumption is considered as Wisdom. 

Chen et al. (2009) suggest that Ackoff (1989) considers Data, Information and Knowledge 
in the perceptual and cognitive space. Furthermore, Chen et al. (2009) postulate that 
Information and Knowledge are special forms of Data since they can be stored as data in a 
computational system; and therefore, Data, Information and Knowledge should also be 
considered in the computational space. It is suggested that since a computational software 
solution is built for the study, the definitions of provided by Chen et al. (2009) for Data, 
Information and Knowledge should also be considered. Chen et al. (2009) define, in the 
computational space, the concepts of Data, Information and Knowledge as follows: 

• Data is “computerized representations of models and attributes of real or simulated 
entities (Chen et al., 2009, p. 13)”. 

• Information is “data that represents the results of a computational process, such as 
statistical analysis, for assigning meanings to the data, or the transcripts of some 
meanings assigned by human beings” (Chen et al., 2009, p. 13). 

• Knowledge, on the other hand, is “data that represents the results of a computer-
simulated cognitive process, such as perception, learning, association, and 
reasoning or the transcripts of some knowledge acquired by human beings” (Chen et 
al., 2009, p. 13). 

Subsequent to the preceding considerations of Data, Information, Knowledge, 
Understanding and Wisdom, working definitions particularly of Information and Knowledge 
are presented as follows: 

In the context of the research study, Information is considered to be: 

The result of extracting meanings from lower-level data, either through a 
computational process or by means of human transcription. 

Knowledge is considered to be: 

The result of a cognitive process, either through computer simulation or by means of 
human knowledge transcription, resulting in a higher level of human understanding. 

Working definitions for Data, Understanding and Wisdom are not provided or further 
discussed since the aim of this section is only to provide working definitions for Information 
Visualisation and Knowledge Visualisation. The previous discussions of Data, 
Understanding and Wisdom are considered as sufficient to understand that they are different 
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from Information and Knowledge and how they contribute in the hierarchy of human 
understanding. 

Having developed a working definition of Visualisation in Section 4.1.2.1 and after having 
provided working definitions of Information and Knowledge in this section, the next section 
consequently considers working definitions of Information Visualisation and Knowledge 
visualisation. 

4.1.2.3 Working definitions of  Information Visualisation and Knowledge 
Visualisation 

Building on the understanding of the terms Information and Knowledge, working definitions 
of Information Visualisation and Knowledge Visualisation are proposed in this section. In 
pursuing an understanding of what Information Visualisation and Knowledge Visualisation 
are, the views of Eppler and Burkhard (2007), Keller and Tergan (2005) and Burkhard (2004) 
on the difference between Information Visualisation and Knowledge Visualisation are 
explored first. 

Eppler and Burkhard (2007) state that the difference between Information Visualisation and 
Knowledge Visualisation resides in the object (what is being visualised), the purpose (why 
is the information/knowledge being visualised) and the methods (how is the 
information/knowledge being visualised) of the visualisation. Keller and Tergan (2005), on 
the other hand, postulate that the difference between Information Visualisation and 
Knowledge Visualisation resides in the relevant field of study in which the visualisation has 
its origin. Keller and Tergan (2005) accordingly state that Information Visualisation has its 
origin in the field of computer science and Knowledge Visualisation in the field of social 
sciences. 

In addition to Eppler and Burkhard (2007) and Keller and Tergan (2005), Burkhard (2004) 
states that both Information Visualisation and Knowledge Visualisation exploit the human 
ability to process visual representations. According to Burkhard (2004), the difference is 
situated in how the ability is being used. 

Burkhard (2004) therefore argues that Information Visualisation “aims to explore abstract 
data and to create new insights” (p. 519), whereas Knowledge Visualisation “aims to improve 
the transfer of knowledge between at least two persons or groups of persons” (p. 519). 

Definitions of Information Visualisation and Knowledge Visualisation are consequently 
derived by considering the following (see Table 4.1 on the following page): 

• the working definition of Visualisation derived in Section 4..1.2.1; 

• working definitions of Information and Knowledge derived in Section 4.1.2.2; 

• the preceding discussion of the difference between Information Visualisation and 
Knowledge Visualisation. 
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Table 4.1: Deriving Information Visualisation and Knowledge Visualisation 

Concept Definition Context extracted from the 
concept for use in derived 
definitions 

Visualisation A field of study concerned with the 
transformation of data to visual 
representations, where the goal is 
the effective and efficient cognitive 
processing of data. 

The transformation from data (lower-
level of knowledge) to visual 
representation. 

Knowledge The result of a cognitive process, 
either through computer simulation or 
by means of human knowledge 
transcription, resulting in a higher 
level of human understanding. 

The result of a cognitive process, 
either through computer simulation or 
by means of human knowledge 
transcription. 

Information The result of extracting meanings 
from lower-level data, either through 
a computational process or by means 
of human transcription. 

The result of extracting meanings 
from lower-level data, either through 
a computational process or by means 
of human transcription. 

Difference between Information 
Visualisation and Knowledge 
Visialisation 

Different in what, why and how. 
Different in the relevant field of study 
(computer science or social 
sciences). 
Different in how the visual 
representations are used. 
Information Visualisation aims to 
explore abstract data and to create 
new insights whereas Knowledge 
Visialisation aims to improve the 
transfer of knowledge between at 
least two persons or groups of 
persons. 

Information Visualisation aims to 
explore abstract data and to create 
new insights. 
Knowledge Visialisation  aims to 
improve the transfer of knowledge 
between at least two persons or 
groups of persons 
 
 

 

A working definition of Information Visualisation is consequently derived as: 

The transformation from lower-level data to visual representation of meanings 
extracted from the data, where the extraction is either a computational process or a 
human transcription process; the aim is to explore data and create new insights. 

It is proposed that from this definition a preliminary process for an Information Visualisation 
solution can be laid out as depicted in Figure 4.3 on the following page. The data source 
and extract meaning components is considered as part of the initial information extraction 
model discussed in Chapter 3. For the intermediate visual representation model discussed 
in Section 4.2, the information, visual representation and insight acquisition components are 
considered as relevant. 
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Figure 4.3: Preliminary Information Visualisation process 

 

In the context of this study, the proposed working definition of Information Visualisation is 
then not just concerned with the visualisation representation, but it is also concerned with 
the extraction of information from lower-level data.  

Therefore, an Information Visualisation solution consists of two main parts as follows: 

• information extraction; 

• the information visualisation interface. 

Knowledge Visualisation is furthermore defined as: 

The transformation from knowledge to visual representations of the knowledge, 
where the knowledge is the result of a cognitive process resulting from either 
computer simulation or human transcription; the aim is to improve the transfer of 
knowledge between humans. 

It is suggested by the study that by inspecting the two proposed working definitions of 
Information Visualisation and Knowledge Visualisation that they are two distinct fields of 
study. Information Visualisation is considered to be the field of study relevant to this 
research.  

Relevant to Information Visualisation is the concept of Document Visualisation. The next 
section briefly discusses Document Visualisation to indicate the relevance.  

4.1.2.4 Document visualisation 

The concept of Document Visualisation is discussed in this section. Various views on 
Document Visualisation exist in the literature as follows: 

• Document Visualisation is defined by Gan et al. (2014, p. 19) as  “techniques that 
transforms textual information such as words, sentences, documents and their 
relationships into a visual form, enabling users to better understand textual 
documents and to lessen their mental workload when faced with a substantial 
quantity of available textual documents”. For the purpose of the study, this definition 
of Gan et al. is considered as a working definition of Document Visualisation. 
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In addition, Gan et al. (2014) state that Document Visualisation allows for the viewing 
of similarities and connections between documents.  

• Lu and Liu (2011) refer to Text Visualisation and define it as “the method which uses 
computer technology to make a graphical show of the specific text” (p. 1), and they 
furthermore  state that the visualisation of text can be based on vocabulary (which 
includes word clouds and tag clouds), semantics or time series contained in textual 
documents.  

• Gretarsson et al. (2012) and Ku et al. (2012) claim that the visualisation of textual 
information contained in documents is more complex than the visualisation of 
quantitative structured data. 

Gan et al. (2014) refer to Document Visualisation as a sub-category of Information 
Visualisation, and furthermore categorise Document Visualisation into three categories as 
follows: 

• visualisations concerned with understanding the content and textual features of a 
single document; 

• visualisations concerned with understanding how concepts contained in documents 
relate across a number of documents. This sub-category is of particular interest for 
the research study. The categories are sub-divided by Gan et al. (2014) as follows: 

o visualisation of document themes; 

o visualisation of document core content; 

o visualisation of changes over document versions; 

o visualisation of document relationships; 

o visualisation of document similarities; 

• visualisations concerned with comprehensive tasks that are beyond document 
attributes and are applied to a specific domain.   

In this section the concept of Document Visualisation as a relevant and sub-category of 
Information Visualisation has been described. It is proposed that the study could therefore, 
in addition to being labelled as an Information Visualisation study, also be considered as a 
study in Document Visualisation. The definition as provided by Gan et al. (2014) was 
indicated as a working definition of Document Visualisation. 

Having developed working definitions of Visualisation, Knowledge, Information, Information 
Visualisation, Knowledge Visualisation and Document Visualisation from the literature, the 
next section summarises these definitions. 
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4.1.2.5 Summary 

The working definitions of Visualisation, Information, Knowledge, Information Visualisation 
and Knowledge Visualisation where evaluated through a process of peer review and 
academic scrutiny by means of an accepted conference paper (Engelbrecht et al., 2014) 
and journal publication (Engelbrecht et al., 2015). A summary of the visualisation concepts 
is given in Table 4.2. 

Table 4.2: Summary of working definitions of visualisation concepts 

Concept Working definition 
Visualisation A field of study concerned with the transformation of data to visual representations, where 

the goal is the effective and efficient cognitive processing of data. 
Information The result of extracting meanings from lower-level data, either through a computational 

process or by means of human transcription. 
Knowledge The result of a cognitive process, either through computer simulation or by means of 

human knowledge transcription, resulting in a higher level of human understanding. 
Information visualisation The transformation from lower-level data to visual representation of meanings extracted 

from the data, where the extraction is either a computational process or a human 
transcription process; the aim is to explore data and create new insights. 

Knowledge visualisation The transformation from knowledge to visual representations of the knowledge, where the 
knowledge is the result of a cognitive process resulting from either computer simulation 
or human transcription; the aim is to improve the transfer of knowledge between humans. 

Document visualisation Techniques that “transforms textual information such as words, sentences, documents 
and their relationships into a visual form, enabling users to better understand textual 
documents and to lessen their mental workload when faced with a substantial quantity of 
available textual documents” (Gan et al., 2014, p. 19). 

 

For the purpose of the research study, Information Visualisation is considered to be the 
visualisation option with which the study concerns itself. The views of Gan et al. (2014) on 
Document Visualisation are adopted for the study and as a result Document Visualisation is 
considered as sub-category of Information Visualisation.  

Having presented working definitions of various visualisation concepts in this section, a set 
of Information Visualisation design principles and guidelines constructed from the literature 
is presented in the next section. 

4.1.3 Information Visualisation design principles and guidelines 

A set of principles and guidelines to guide the design of an Information Visualisation interface 
is presented in this section. According to Ku et al. (2012), visualisation principles and 
guidelines should guide the design of the interface and should not be considered as strict 
rules. According to Van Biljon and Renaud (2015), defining Information Visualisation 
principles and guidelines remains a research challenge. 
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The design principles and guidelines presented in this section serve two purposes: 

1. to provide by means of a literature review an answer to the second research objective: 
What visualisation design principles can be applied to guide the design of an 
information visualisation interface? 

2. in developing a model to visually represent the coherence of facts in a document set, 
design science research is conducted. As part of the research a specific information 
visualisation solution is built and instantiated. The rigour cycle of design science 
research furthermore requires that the research should be based on a scientific 
knowledge base (Hevner, 2007). By constructing a set of Information Visualisation 
interface design principles and guidelines from available literature, a scientific 
knowledge base is provided to the design of the Information Visualisation interface. 

A review of literature relevant to principles and guidelines to guide the design of an 
Information Visualisation interface, revealed that design principles and guidelines could 
grouped according to the following concerns: 

• user interactions and interfaces (Section 4.1.3.1); 

• additional information required by the user of the visualisation (Section 4.1.3.2); 

• the profile of the user (Section 4.1.3.3); 

• the Eppler and Burkhard (2007) Knowledge Visualisation framework (Section 
4.1.3.4); 

• Forsell and Johansson’s (2010) heuristic set for Information Visualisation evaluation 
(Section 4.1.3.5); 

• Elmqvist and Fekete’s (2010) guidelines for implementing visual hierarchical 
aggregates (Section 4.1.3.6); 

• visualisation shortcomings (Section 4.1.3.7). 

In the next seven sections, the listed concerns relating to principles and guidelines on the 
design of an Information Visualisation interface are discussed. 

4.1.3.1 Information Visualisation design principles and guidelines related to user 
interactions and interfaces 

Literature related to design principles and guidelines taking user interactions and interfaces 
into consideration is discussed in this section. The intended interactions of the user with the 
visualisation are viewed by Dix (2013), Shneiderman (1996) and Ku et al. (2012)  as an 
important consideration with regard to the design of the visualisation. (Liu et al., 2014) state 
that the selection of the user interactions is just as important for the effective understanding 
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and analsysis of the presented information as the visualisation technique used. Furthermore, 
Dix (2013) postulates that the design of a visualisation starts with a consideration of the 
tasks that the user should be able to perform. In addition, Dix (2013) categorises user 
interaction tasks according to whether the user is a data consumer or a data analyst. 

Focus-and-context, details-on-demand and brushing-and-linking user interactions are 
highlighted by Ku et al. (2012) as important user interactions to consider in the design of a 
visualisation solution. The focus-and-context or fisheye-view user interaction is also 
discussed by Dix (2013) and Wu, Liu, Liu and Ma (2013). The focus-and-context, details-
on-demand and brushing-and-linking user interactions are described as follows: 

• The focus-and-context or fisheye-view interaction enables the user to focus on 
specific information while getting an overview of how the information relates to the 
bigger context (Ku et al., 2012). 

• The details-on-demand interaction enables the user to only view information details 
when requested, helping to overcome problems with regard to limited display size 
and cognitive overload by presenting to the user only what he or she needs to see 
(Ku et al., 2012). 

• The brushing-and-linking interaction allows for the change in one view to dynamically 
change another view (Ku et al., 2012). 

In addition to the mentioned user interactions, the research study considers Shneiderman’s 
(1996) visual information seeking mantra, which is referred to by various authors including 
Keller and Tergan (2005) , Gan et al. (2014) and Dragisic, Ivanova, Lambrix, Faria and Jim 
(2016). 

According to Shneiderman (1996), his visual information seeking mantra provides the 
starting point for designing the interface of a visualisation, by defining seven typical tasks 
that a user performs when searching for information. The user interaction tasks provided by 
Shneiderman are listed as follows: 

1. Get an overview. 

2. Zoom in on an item. 

3. Filter out the items not of interest. 

4. Get details-on-demand. 

5. View how the items relate to each other. 

6. Keep a history of the user interactions. 

7. Allow the user to extract sub-collections of the information. 
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In addition to considering user interactions, the interface presented to the user can also be 
taken into consideration for inclusion into a set of design principles and guidelines. Concerns 
related to the design of user interface of the visualisation are provided by Dix (2013). These 
concerns are furthermore included in the set of design principles and guidelines. Therefore, 
in the design of the user interface of the visualisation, the following questions provided by 
Dix (2013) can be considered: 

• What can the user see? 

• What does the user need to see? 

• What would the user like to see? 

The preceding questions can be used as a starting point for designing the interface of a 
visualisation. Grainger, Mao and Buytaert (2016) similarly state that the design of the 
interface should be user-centred, thereby considering user characteristics such as what the 
user needs, wants and is limited by. 

Design principles and guidelines for a visualisation interface according to user interaction 
tasks and to what the user can, need and would like to view were discussed in this section. 
Visualisation design principles and guidelines related to additional information required by 
the user of the visualisation are provided in the next section.    

4.1.3.2 Information Visualisation design principles and guidelines related to 
additional information required by the user 

The user’s need for additional information required to make sense of an Information 
Visualisation is discussed by various authors including Chen (2005), Chen et al. (2009), 
Gurupur et al. (2012), Huang et al. (2015) and Grainger et al. (2016). Literature related to 
design principles and guidelines taking additional information required by the user into 
consideration is therefore discussed in this section. There are three types of additional 
information, according to Chen (2005) and Chen et al. (2009), which the user should have 
access to in order to make sense of the visualisation and to assist with the insight-acquiring 
process as follows: 

• prior information on how to operate the visualisation; 

• prior domain information to assist the user in interpreting the visualisation; 

• information about the data itself. 

Taking into account that the user should be presented with prior domain information and 
information about the data itself, it is proposed that a domain information pipeline, document 
set information pipeline and a document information pipeline component could be added to 
the preliminary Information Visualisation process depicted in Figure 4.3.  
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Having access to prior domain information and information about the data itself is considered 
by various authors including (Gurupur et al., 2012; Huang et al., 2015) as important for 
assisting the user to acquire in insight into the data. Gurupur et al. (2012) in particular have 
shown that by providing additional medical domain knowledge (in the form of concept maps) 
to the users of a health system, the users were able to analyse their own health and receive 
medical advice. 

The need for providing information on how to operate the device is also considered by 
Grainger et al. (2016) and Wu, Lehman and Dunaway (2015).  Prior information on how to 
operate the visualisation is not added as a component of the visualisation process as it is 
considered by the study as part of the visual representation component, whose need only 
becomes clear in the complexity of the visualisation when the visual interface is designed. 
As a result of considering the provision of additional information to the user, a proposed 
Information Visualisation process is depicted in Figure 4.4. 

 

Figure 4.4: Proposed main components of an Information Visualisation solution 

Having discussed design principles and guidelines related to additional information required 
by the user, the next section discusses design principles and guidelines related to the profile 
of the user. 

4.1.3.3 Information Visualisation design principles and guidelines related to the 
profile of the user 

Various authors including Bihanic and Polacsek (2012), Grainger et al. (2016), Nafea, 
Maglaras, Siewe, Smith and Janicke (2016), Dragisic, Ivanova, Lambrix, Faria and Jim 
(2016) and Capuano, Aniello, Gaeta and Mirande (2015)  regard considerations around the 
profile of the user as of importance during the design of a visualisation. Literature related to 
design principles and guidelines taking the profile of the user into consideration is therefore 
discussed in this section. Bihanic and Polacsek (2012) state that providing for the specific 
profile of users should be considered in the design of a visualisation solution. Furthermore, 
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Bihanic and Polacsek (2012) state that the visualisation should allow for the restructuring of 
the visual representation in accordance with requirements defined for the specific user 
profile. The user profile, together with the semantic data structure, is considered by Bihanic 
and Polacsek (2012) as the main input into the visualisation design. 

In addition other authors also highlight the importance of taking the profile of the user in 
account when designing an information system, including the following:  

• Grainger et al. (2016) postulate that the specific user audience should be considered 
in the design since users have different cognitive abilities, personal traits, domain 
expertise and cultural, institutional and disciplinary backgrounds.  

• Nafea et al. (2016) state that users have different learning styles and that system 
designers should take it into consideration during the design phase. In addition, they 
suggest that systems could be built in an adaptive manner to accommodate the 
different learning style profiles.  

• User profiles are considered by Dragisic et al. (2016) according to the domain 
expertise, technical expertise and system expertise of the user. These profiles are 
considered as being related to the additional information required by the user 
discussed in Section 4.1.3.2. 

• According to Capuano  et al. (2015) different types of users prefer different interaction 
methods. 

• Different types of users are considered by Nafari and Weaver (2015) according to 
their linguistic knowledge, technical knowledge and domain knowledge. These user 
types are considered as being related to the additional information required by the 
user discussed in Section 4.1.3.2. 

Having discussed design principles and guidelines related to the profile of the user, the next 
section discusses design principles and guidelines corresponding to the Eppler and 
Burkhard (2007) knowledge visualisation framework. 

4.1.3.4 Information Visualisation design principles and guidelines corresponding to 
the Eppler and Burkhard (2007) knowledge visualisation framework 

Design principles and guidelines that correspond to the Eppler and Burkhard (2007) 
knowledge visualisation framework are discussed in this section since they provide typical 
interface design questions. Other frameworks also exist in literature but they don’t focus on 
the design of the visualisation: 

• The framework provided by Grainger et al. (2016) for instance focus on the design 
process, splitting the process into a preparation phase, development phase, visual 
encoding phase and an analysis and evaluation phase. Similarly the framework 
provided by McKenna, Mazur,  Agutter and Meyer (2014) define the design process 
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as consisting of tasks namely the understanding of the problem, the generating of 
solution ideas, the development of a prototype and the deploying of the solution  

• The Spiegel framework (Bischof, Dale, & Peterson, 2006) and TULIP framework 
(Auber et al., 2016)  each provide a suite of tools and techniques for solving 
visualisation problems. 

Eppler and Burkhard’s (2007) knowledge visualisation framework, depicted in Figure 4.5, 
provides principles and guidelines for designing a visualisation, providing five questions to 
consider in the design of a knowledge visualisation solution as follows: 

1. What is the type of knowledge to be visualised? 

2. Why is the knowledge visualised? 

3. For whom is the visualisation intended? 

4. What is the context in which the visualisation take place? 

5. How can the knowledge be presented? 

 

 

Figure 4.5: The Eppler and Burkhard (2007) knowledge visualisation framework 

 

According to Eppler and Burkard (2007), the difference between Knowledge Visualisation 
and Information Visualisation is grounded in what is visualised, why it is visualised and how 
it is visualised. These questions correspond to Questions 1, 2 and 5 of the Eppler and 
Burkhard knowledge visualisation. Therefore, the same Eppler and Burkhard (2007) 
knowledge visualisation questions can be considered in the design of both Information 
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Visualisation and Knowledge Visualisation solutions, however, with expected similar 
answers to Questions 3 and 4 and dissimilar answers to Questions 1, 2 and 5. 

Consequently, the Eppler and Burkhard (2007) Knowledge Visualisation framework can also 
be applied to Information Visualisation and therefore be incorporated into the set of 
Information Visualisation design principles and guidelines. 

Having discussed the design principles and guidelines related to the Eppler and Burkhard 
(2007) Knowledge Visualisation framework, the next section considers design principles and 
guidelines related to the Forsell and Johansson (2010) heuristic set for Information 
Visualisation evaluation. 

4.1.3.5 Information Visualisation design principles and guidelines related to the 
Forsell and Johansson (2010) heuristic set for Information Visualisation 
evaluation 

Heuristics evaluation which involves the evaluation of a system against a set of heuristics, 
is a popular method for evaluating the usability of a system (Hermawati & Lawson, 2016). 
The study proposes that by considering usability heuristics during the design of the 
visualisation, future usability deficiencies can be avoided.  

A study by Hermawati and Lawson (2016) identified 70 different heuristic evaluation sets, 
and for each set determined its application domain, how it was created and how it was 
validated. The study proposed that the heuristic set provided by Nielsen (1994) contained 
the most general heuristics and was included in most of the sets. The heuristic sets of Zuk, 
Schleiser, Neumann, Hancock and Carpendale (2006) and Forsell and Johansson (2010) 
was indicated as being specific to the Information Visualisation domain. According to 
Hermawati and Lawson (2016) the heuristic set of Zuk et al. (2006) was created by an 
analysis of theories and frameworks of Information Visualisation, whereas the Forsell and 
Johansson (2010) heuristic set was created by the following process: 

1. Identify existing heuristics including those of Shneiderman (1996) and Nielsen (1994). 

2. List the heuristics. 

3. Gather usability issues in the form of text and screen shots. 

4. Working through the usability issues judging how well each heuristic explain each 
problem. 

5. Identify heuristics that identified the highest percentage of usability problems. 

It is deducted from the preceding process that the Forsell and Johansson (2010) heuristic 
evaluation set summarises heuristics from a number of different heuristic sets and is 
therefore considered be complete. Santos, Ferreira and Dias (2015) consider the Forsell 
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and Johansson (2010) heuristic as covering a wider set of heuristics than the Nielsen (1994) 
and Zuk et al. (2006) sets.  

For the purpose of the research study, the Forsell and Johansson (2010) heuristic set for 
Information Visualisation evaluation is particularly considered for inclusion in the proposed 
set of design principles and guidelines. The Forsell and Johansson (2010) heuristic set is 
also considered by other authors including Blascheck, John, Kurzhanls, Koch and Ertl 
(2016), Santos et al. (2015) and Van Biljon and Renaud (2015) as being appropriate for 
Information Visualisation.  

Based on the Forsell and Johansson (2010) heuristic set for Information Visualisation 
evaluation, the following is considered as principles and guidelines for the design of an 
Information Visualisation interface: 

• Information coding. The mapping of data elements to visual objects should be 
enhanced by realistic techniques or additional symbols. 

• Minimal actions. The use of minimal user actions to accomplish a goal should be 
considered. 

• Flexibility. A number of ways to achieve the same goal should be considered. 

• Orientation and help. The functionality to control the level of details, redo/undo of 
actions and representing additional information should be considered. 

• Spatial organisation. The organisation of the visual layout should be considered. 

• Consistency. Design choices should be consistently applied to the solution. 

• Recognition rather than recall. The cognitive load on the user should be minimal. 

• Prompting. The user should be provided with information on alternatives when 
several actions are available. 

• Remove the extraneous. Removing distracting information from the visualisation 
interface should be considered. 

• Data set reduction. Means to reduce the data set should be considered. 

Having discussed adding the Forsell and Johansson (2010) heuristic set for Information 
Visualisation evaluation to the proposed set of Information Visualisation design principles 
and guidelines, the next section discusses Information Visualisation design principles and 
guidelines related to the Elmqvist and Fekete’s (2010) guidelines for implementing visual 
hierarchical aggregates. 
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4.1.3.6 Information Visualisation design principles and guidelines related to the 
Elmqvist and Fekete’s (2010) guidelines for implementing visual hierarchical 
aggregates 

Design principles and guidelines that relate to the Elmqvist and Fekete (2010) guidelines for 
implementing visual hierarchical aggregates are discussed in this section. Elmqvist and 
Fekete (2010) define a hierarchical aggregate as a “grouping of the original data items into 
a hierarchical structure of data aggregates, each representing their children” (p. 440) and 
visual aggregates as “the graphical depictions of data aggregates” (p. 440). 

For the purpose of the research study, a visual hierarchical aggregate is therefore 
considered to be the following: 

Graphical depictions of the grouping of data or information items into a hierarchical 
structure where the items and their children are depicted. 

Visual hierarchical aggregates can be used in Information Visualisation solutions (the 
solution proposed in Section 4.2.1 employs the use of a visual hierarchical aggregate) and 
therefore the Elmqvist and Fekete (2010) guidelines for implementing visual hierarchical 
aggregates could be included in the proposed set of principles and guidelines. In addition 
Wu et al. (2013) state that the Elmqvist and Fekete (2010) design techniques can be used 
to simplify visualisations created for large displays. The guidelines for implementing visual 
hierarchical aggregates are as follows: 

• Maintain a visual entity budget. 

• Aggregates should visually summarise the underlying data. 

• Simplicity. Aggregate visualisations should be clean and simple. 

• Aggregates should be discriminatingly distinguishable from data items. 

• Fidelity problems – keep in mind that visual abstractions may be misleading. 

• Visual aggregates should be interpretable. 

This section proposed that the Elmqvist and Fekete (2010) guidelines for implementing 
visual hierarchical aggregates could be incorporated into the set of Information Visualisation 
design principles and guidelines. The next section suggests that issues related to the 
shortcomings of visualisations could be included in a set of Information Visualisation design 
principles and guidelines. 
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4.1.3.7 Information Visualisation design principles and guidelines related to the 
shortcomings of visualisations 

The inclusion of issues related to the shortcomings of visualisations into the proposed set of 
Information Visualisation design principles and guidelines is discussed in this section. The 
importance of keeping the shortcomings related to visualisations in mind in the design of the 
visualisation is highlighted by Keller and Tergan (2005).  

Because the concepts of Information and Knowledge are ambiguous (as discussed in 
Section 4.1.2), shortcomings described in the literature for both Information Visualisation 
and Knowledge Visualisation can be considered for inclusion into the set of Information 
Visualisation design principles and guidelines. 

With regard to Knowledge Visualisation, Keller and Tergan (2005) consider the following as 
visualisation shortcomings: 

• visualisation shortcomings related to visualisation tools; 

• visualisation shortcomings related to the mapping of concepts to representations. 

With regard to Information Visualisation, Keller and Tergan (2005) consider the following as 
visualisation shortcomings: 

• technical shortcomings related to the representation of information, specifically where 
large data structures are used; 

• shortcomings related to the visualisation of additional information that is required by 
the user to make sense of the visualisation. 

Various other authors also views technical shortcomings (Liu et al., 2014; Van Biljon & 
Renaud, 2015; L. Wu & Hsu, 2013; Yejun Wu et al., 2015; Yingcai Wu et al., 2013), 
visualisation tool shortcomings (Wu et al., 2013) and shortcomings related to the mapping 
of concepts to representations (Dragisic et al., 2016; Satyanarayan & Heer, 2014; Wu & 
Hsu, 2013) as important design considerations.  

The inclusion of issues related to visualisation shortcomings into the set of Information 
Visualisation principles and guidelines was discussed in this section. The proposed 
Information Visualisation design principles and guidelines are consequenlty compiled from 
the discussions in the preceding section and are summarised in Table 4.3 on the following 
page. 
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Table 4.3: Proposed Information Visualisation design principles and guidelines 

Design principle/guideline References 

User interaction and interface concerns 

1. Consider providing focus and context user interactions. (Dix, 2013; Ku et al., 2012) 

2. Consider providing details-on-demand user interactions. (Eppler & Burkhard, 2007; Ku et al., 2012) 

3. Consider providing brushing-and-linking user interactions. (Ku et al., 2012) 

4. Consider providing Shneiderman's (1996) user interactions. (Gan et al., 2014; Keller & Tergan, 2005; 

Shneiderman, 1996) 

a. Provide an overview. (Elmqvist & Fekete, 2010; Keller & 

Tergan, 2005) 

b. Provide zoom functionality. (Elmqvist & Fekete, 2010; Keller & 

Tergan, 2005) 

c. Provide functionality to filter out items. (Elmqvist & Fekete, 2010; Keller & 

Tergan, 2005) 

d. Provide functionality to get details-on-demand.  (Elmqvist & Fekete, 2010; Keller & 

Tergan, 2005; Ku et al., 2012) 

       e. Provide functionality to show how items relate. (Keller & Tergan, 2005)  

f. Provide functionality to keep history of user interactions. (Dix, 2013; Keller & Tergan, 2005) 

g. Provide functionality to extract sub-collections. (Elmqvist & Fekete, 2010; Keller & 

Tergan, 2005) 

5. Consider what the user can see, needs to see and would like to see. (Dix, 2013; Forsell & Johansson, 2010; 

Grainger et al., 2016) 

Concerns related to additional information required by the user 

6. Additional domain information required by the user should be 

provided. 

(Chen, 2005; Chen et al., 2009; Huang et 

al., 2015; Keller & Tergan, 2005) 

7. Additional information on how to operate the visualisation device 

should be provided. 

(Chen, 2005; Chen et al., 2009; Grainger 

et al., 2016) 

8. Information about the data itself should be provided. (Chen et al., 2009; Huang et al., 2015) 

Concerns related to the Eppler and Burkhard (2007) framework 

9. The type of information to be visualised should be considered. (Eppler & Burkhard, 2007) 

10. The purpose of the visualisation should be considered. (Eppler & Burkhard, 2007) 

11. The user profile should be considered. (Bihanic & Polacsek, 2012; Eppler & 

Burkhard, 2007; Grainger et al., 2016) 

12. The context in which the visualisation will take place should be 

considered. 

(Eppler & Burkhard, 2007) 

13. The visualisation format should be considered. (Eppler & Burkhard, 2007) 

Concerns related to the Forsell and Johansson (2010) heuristic evaluation set 

14. The mapping of data elements to visual objects should be enhanced 

by realistic techniques or additional symbols. 

(Forsell & Johansson, 2010; Keller & 

Tergan, 2005) 

15. Consider the use of minimal user actions to accomplish a goal. (Forsell & Johansson, 2010) 

16. Consider providing a number of ways to achieve the same goal. (Forsell & Johansson, 2010) 
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Design principle/guideline References 

17. Consider functionality to provide redo/undo of actions. (Forsell & Johansson, 2010) 

18. The organisation of the visual layout should be considered. (Dix, 2013; Forsell & Johansson, 2010) 

19. Design choices should be consistently applied to the solution. (Forsell & Johansson, 2010) 

20. The cognitive load on the user should be minimal. (Forsell & Johansson, 2010) 

21. Provide the user with information on alternatives when several 

actions are available. 

(Forsell & Johansson, 2010) 

22. Consider removing distracting information from the visualisation 

solution. 

(Dix, 2013; Forsell & Johansson, 2010; 

Keller & Tergan, 2005; Ku et al., 2012) 

23. Consider means to reduce the data set. (Forsell & Johansson, 2010; Keller & 

Tergan, 2005; Ku et al., 2012) 

Concerns related to Elmqvist and Fekete's (2010) visual aggregate implementation guidelines 

24. Maintain a visual entity budget. (Elmqvist & Fekete, 2010) 

25. Visual aggregates should visually summarise the underlying data. (Dix, 2013; Elmqvist & Fekete, 2010) 

26. Visualisations should be clean and simple. (Elmqvist & Fekete, 2010) 

27. Visual aggregates should be discriminatingly distinguishable from 

data items. 

(Elmqvist & Fekete, 2010) 

28. Keep in mind that visual abstractions may be misleading. (Dix, 2013; Elmqvist & Fekete, 2010) 

29. Visual aggregates should be interpretable. (Dix, 2013; Elmqvist & Fekete, 2010) 

Concerns related to shortcomings of visualisations 

30. Shortcomings related to the visualisation tools should be considered. (Keller & Tergan, 2005) 

31. Shortcomings related to the mapping of concepts with 

representations should be considered. 

(Forsell & Johansson, 2010; Keller & 

Tergan, 2005) 

32. Shortcomings related to technical problems to represent information 

should be considered. 

(Keller & Tergan, 2005) 

 

Value is added to the proposed design principles and guidelines through a process of peer 
review and academic scrutiny by means of an accepted conference paper (Engelbrecht et 
al., 2014) and journal publication (Engelbrecht et al., 2015).  

A set of Information Visualisation design principles and guidelines to guide the interface 
design of an Information Visualisation solution was presented in this section. The Information 
Visualisation design principles and guidelines provide an answer to the second research 
question: What visualisation design principles could be applied to guide the design of an 
information visualisation interface? 

Having provided a set of Information Visualisation principles and guidelines, literature with 
regard to tools and techniques available for implementing the Information Visualisation 
interface design is discussed in the next section. 
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4.1.4 Information Visualisation tools and techniques 

Literature relevant to Visualisation tools and techniques is discussed in this section. 
Literature on Visualisation techniques is discussed in Section 4.1.4.1 and in Section 4.1.4.2, 
tools that could be used to implement the interface of a Visualisation are provided. 

4.1.4.1 Literature review of Visualisation techniques 

Literature describing Visualisation techniques are identified and discussed in this section 
with specific reference to Bihanic and Polacsek  (2012) and Harger and Crossno (2012). 
Wang, Perez-Riverol, Hermjakob and Vizca (2015) considers only three main categories 
namely charts, networks and hierarchies and are therefore not further discussed.  

Bihanic and Polacsek (2012) and Harger and Crossno (2012) group Visualisation 
techniques into families of general techniques as depicted in Table 4.4. These general 
families of techniques serves as a starting point for the study to get an insight into some of 
available Visualisation techniques. 

Table 4.4: General Visualisation techniques 

Family of visualisation techniques Bihanic and Polacsek (2012) 
general visualisation techniques 

Harger and Crossno (2012) 
general visualisation techniques 

Trees x x 
Maps/Graphs x x 
Landscapes  x 
Multidimensional views x  
Geospatial/spatial-temporal views x  

 

The families of Visualisation techniques listed in Table 4.4 are briefly discussed as follows: 

• Trees: Visualisation techniques used to visually organise data (Bihanic & Polacsek, 
2012); 

• Maps/Graphs: Visualisation techniques used to indicate connections between data 
elements (Bihanic & Polacsek, 2012). The Visualisation presents nodes and edges, 
where nodes represent data and edges represent the connections between the data 
(Harger & Crossno, 2012); 

• Landscapes: Visualisation techniques used to display data side by side in order to 
indicate space, time and logical relationships (Bihanic & Polacsek, 2012); 

• Multidimensional views: Visualisation techniques used for data that can be 
represented as rows and columns of a table (Harger & Crossno, 2012); 

• Geospatial/spatial-temporal views: Visualisation techniques used to view 
geographical data (Harger & Crossno, 2012). 
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The families of Visualisation techniques presented by Harger and Crossno (2012) and 
Bihanic and Polacsek (2012) focus on general visualisations. Ku et al. (2012) however divide 
the techniques available for Document Visualisation into tag/word clouds, document 
clustering, tree-based graph, circular graph and network (node and link) graph 
visualisations. For the purpose of the research study, the Document Visualisation techniques 
defined by Ku et al. (2012) are considered more relevant to study as they address Document 
Visualisation which was indicated, for the purpose of the study, as a relevant sub-category 
of Information Visualisation (see Section 4.1.2.4). 

Each of these Document Visualisation techniques defined by Ku et al. (2012) are now briefly 
discussed as follows: 

• Tag/word clouds:  Visualisation techniques employed to visualise the frequency of 
data contained in textual sources (Devendorf, 2012; Gan et al., 2014; Grant et al., 
2015; Lu & Liu, 2011). According to Emerson et al. (2013), tag/word cloud 
visualisations are simple in their technique and implementation. They further 
postulate that their potential has not yet been fully explored, and propose that 
tag/word clouds can become a more powerful Visualisation tool by extending its 
current functionality. Emerson et al. (2013)  state that tag/word clouds are useful in 
performing a variety of user tasks including getting an overall view of data, 
determining the absence of information from data, studying quantity distributions in 
data, exploration of co-relationships and relations between elements in data, and 
lastly, discovering new knowledge in data. 

According to Ku et al. (2012), the difference between a tag cloud and a word cloud 
visualisation resides in the type of frequency being visualised; a tag cloud is a 
visualisation of theme frequencies and a word cloud is a visualisation of word 
frequencies in a textual source set. Lu and Liu (2011) also define tag clouds as being 
the visualisation of theme frequencies in a textual source set. 

• Document clustering: A Visualisation technique employed to group documents from 
a document set into clusters of related documents (Ku et al., 2012). 

• Tree-based graph: Ku et al. (2012) regard the tree-based graph Visualisation 
technique as a Document Visualisation technique that can be employed in scenarios 
where hierarchical information contained in textual sources needs to be visually 
represented. 

• Network (node and link) graph: A Visualisation technique employed to visualise 
relationships between entities and topics contained in a textual document set 
(Devendorf, 2012; Gretarsson et al., 2012; Rusu et al., 2009). Rusu et al. (2009) 
additionally employ node and  link graphs to visually represent the semantic structure 
contained in textual documents. 
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Gretarsson et al. (2012) and Devendorf (2012) propose that by adding colour 
schemes to nodes and links in a graph, additional information about the data itself, 
for instance, the source of the data, can be visually represented. Furthermore, 
Gretarsson et al. (2012) and Devendorf (2012) employ node and link graphs to 
visualise similarities between topics in a set of textual documents. 

• Topics are defined as probability distributions of words in a textual document set 
(Devendorf, 2012; Gretarsson et al., 2012), which are extracted from a textual 
document set by means of an unsupervised, machine-learning technique known as 
statistical topic modelling (Devendorf, 2012; Gretarsson et al., 2012). Each topic is 
presented as a set of words that describes a theme (Devendorf, 2012; Gretarsson et 
al., 2012). By visually displaying the similarity between topics contained in each 
document in the set, similar documents can be visually identified and grouped into 
document clusters (Gan et al., 2014; Gretarsson et al., 2012). Gretarsson et al. 
(2012)  further state that each individual document can be broken up into sections on 
which topic modelling and, subsequently, a visualisation of the topics can be applied 
to discover additional information in the documents. 

• Circular graphs: A Visualisation technique, which is identified by various authors 
(Michael Bostock, 2012; Devendorf, 2012; Fernanda et al., 2013; Gretarsson et al., 
2012; Ku et al., 2012; Zhao & Lu, 2015) and which uses circular structures to visually 
represent information. 

The combination of node-and-link graphs in a circular treemap with circular balloon-
type layouts is considered by Viégas et al. (2013) as an effective Visualisation 
technique. An example of combining node-and-link graphs with circular graphs into a 
circular treemap is provided by Viégas et al. (2013) and is depicted in Figure 4.6 on 
the following page. 
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Figure 4.6: Circular treemap example provided by Viégas et al. (2013) 

 

For the purpose of the research study, a circular graph technique can be used to visualise 
the coherence of facts contained in a textual document set for the following reasons: 

• It is considered by various authors (Bostock, 2012; Devendorf, 2012; Fernanda et al., 
2013; Gretarsson et al., 2012; Ku et al., 2012; Zhao & Lu, 2015) as an effective 
Visualisation technique. 

• On inspection of an example of a circular graph such as the one in Figure 4.6, it is 
proposed that a circular structure can fit in with the type of information the study aims 
to visualise, namely an overview of the whole set of documents with an indication of 
each factual piece of information inside each document. It is therefore proposed that 
a circle structure can be used to: 

o indicate the document set as a whole by one big circle, 

o consisting of smaller circle each representing a document in the set and 

o representing facts in each document by a third level of the smallest circles. 
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• It is proposed that fact coherence can be easily indicated on a circular graph by 
marking all facts (indicated by circles) that are in coherence with the same colour. 

• The study follows a pragmatic approach as discussed in Chapter 2. According the 
philosophical view of pragmatism, truth is based on what works at the time to address 
the research problem (Creswell, 2014; Gray, 2013). For the purpose of the study, the 
intend is not necessarily to come up with the best possible Visualisation technique 
but rather to come up with a suitable one. The choice of using a circular graph for the 
visual representation is proposed as a possible workable solution. The proposed 
circular Visualisation technique is discussed in detail in Section 4.2.1. 

Having discussed Visualisation techniques identified in the literature, the next section 
discusses software tools that can be used to implement these techniques. 

4.1.4.2 Literature review of Visualisation tools 

In the previous section, an overview of a number of Visualisation techniques identified in the 
literature was provided. In this section, examples of various Visualisation tools that can be 
used to implement these Visualisation techniques are discussed. 

A large number of Visualisation tools, each with a different purpose, are identified by various 
authors. Table 4.5 contains a list of examples of some of the Visualisation tools identified 
during the literature review. These list serves as a starting point for the study to get an insight 
into some of available Visualisation tools and to indicate that a large number of Visualisation 
tools are available. The list is therefore not considered as comprehensive but rather as a list 
of example software tools. An evaluation and comparison of these tools are considered as 
beyond the scope of this research study and therefore only references from the literature 
are supplied for each Visualisation tool. 

Table 4.5: Various visualisation software tools 

Visualisation software tool References 
Arc Diagrams (Gan et al., 2014) 
ContexTour (Gan et al., 2014) 
D3.js (Bostock, Ogievetsky, & Heer, 2011; Bostock, 2013, 

2014; Fernanda et al., 2013; Satyanarayan & Heer, 2014; 
Walny, Huron, & Carpendale, 2015; Wang et al., 2015) 

DocuBurst (Gan et al., 2014; Rusu et al., 2009) 
INSPIRE (Gan et al., 2014; Ku et al., 2012; Lu & Liu, 2011; 

Mooranian et al., 2011) 
Graphviz (Auber et al., 2016; Recupero et al., 2015; Wang et al., 

2015) 
Jigsaw (Gan et al., 2014; Ku et al., 2012) 
JUNG (Harger & Crossno, 2012; O’Madadhain et al., 2005; 

Wang et al., 2015) 
PivotPaths (Gan et al., 2014) 
Prefuse (Heer, Card, & Landay, 2005; O’Madadhain et al., 2005; 

Rusu et al., 2009) 
Semantic Graphs (Gan et al., 2014) 
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Visualisation software tool References 
TableLens (Chi, 2000; Dix, 2013) 
Tag Cloud (Gan et al., 2014; Lu & Liu, 2011) 
TAGGLE (Emerson et al., 2013) 
TIARA (Gan et al., 2014; Liu et al., 2014) 
TextArc (Gan et al., 2014) 
ThemeRiver (Devendorf, 2012; Gan et al., 2014; Liu et al., 2014; Lu & 

Liu, 2011) 
Topic Island (Gan et al., 2014) 
TopicNets (Devendorf, 2012; Gan et al., 2014; Gretarsson et al., 

2012) 
Wordle (Emerson et al., 2013; Gan et al., 2014) 
WordTree (Gan et al., 2014; Liu et al., 2014; Lu & Liu, 2011; 

Mooranian et al., 2011) 

 

For the purpose of the study, software tools developed in the Java programming language 
and making use of web application technologies was considered from the list of examples 
in Table 4.5. The consideration was motivated by the researcher’s own professional skillset 
which includes Java programming and web application development. Building and 
instantiating a solution using the Java programming language and web application 
technologies could therefore be a trivial task for the researcher.  

From the identified Visualisation tools listed in Table 4.5, a pre-selected number of tools 
(according to their use of the Java programming language and other web application 
technologies) namely TAGGLE, Prefuse, JUNG and D3.js, are briefly discussed as follows: 

• TAGGLE. According to Emerson et al. (2013), the software is developed in the Java 
programming language and stores its data in Extensible Markup Language (XML) 
files. The tool allows for tag/word clouds to be saved in a variety of formats and, in 
addition, serves as a platform for research on layout algorithms by allowing for 
researchers to plug in their own layout algorithms (Emerson et al., 2013). Emerson 
et al. (2013) suggest that a useful feature of TAGGLE is the ability to allow for the 
specification of relationships between tags/words in a tag/word cloud representation. 

• Prefuse. The Prefuse visualisation toolkit is, as in the case of TAGGLE, developed in 
the Java programming language (Heer et al., 2005; O’Madadhain et al., 2005; Rusu 
et al., 2009). The toolkit can be used for a number of visualisations including semantic 
graph visualisations (Rusu et al., 2009). According to Heer et al. (2005), Prefuse can 
be used to simplify the programmatic creation of 2D visualisations, of both structured 
and unstructured data, which include graph, tree and scatter plot visualisations. 

• JUNG. A software library, which like TAGGLE and Prefuse is also written in the Java 
programming language (O’Madadhain et al., 2005). The software library is used by 
software developers to create visualisations of data that can be visually presented as 
a network graph (O’Madadhain et al., 2005). Some of the major features of JUNG, 
according to O'Madadhain et al. (2005), include the support for a variety of 
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visualisations of entities and the relationships between them, mechanisms to 
annotate the graphs, the visualisation of entities and their relationships with 
metadata, implementations of a number of graph-related algorithms, rendering and 
layout algorithms to produce visualisations of network data and filtering methods to 
extract subgraphs of network graphs. O’Madadhain et al. (2005) postulate that 
JUNG's separation of its data structures from its visualisation methods makes it 
possible to use it with other Java visualisation libraries such as Prefuse. 

• D3.js. A Visualisation framework, which is developed in the Javascript language, 
combining Hypertext Markup Language (HTML), Scalable Vector Graphics (SVG) 
and cascading style sheets (CSS) technologies to produce a number of visualisations 
(Bostock et al., 2011; Bostock, 2013a, 2014).  
The visualisations made possible by D3.js include basic visualisations such as bar 
charts and scatter plot charts as well as advanced visualisations such as zoomable 
circular graphs and dendograms (Bostock, 2014). The data for a visualisation is 
bound to a document object model (DOM) allowing for a number of data-driven 
transformations which can be used to produce a number of visualisation techniques 
(Bostock, 2013a). The JavaScript Object Notation (JSON) data format is used to 
define the input data (Bostock, 2012). 

For the purpose of the research study, D3.js is selected as Visualisation tool for developing 
a visual representation of the coherence of facts in a document set: 

• On inspection of D3.js code examples it was discovered that the zoomable circle-
packing D3.js code example provided by Bostock (2012) could be a starting point 
for implementing the interface of the visualisation since it can possibly provide 
different levels of circular graphs within each other. This can allow for the three 
level circular structure discussed in Section 4.1.4.1 with the ability to zoom in and 
out of the different levels; providing an interactive visualisation. The tool provides 
an easily modifiable example to visually represent the following: 

o the document set as a whole by one big circle, 

o smaller circles each representing a document in the set and 

o a third level of the smallest circles each representing a fact in a document. 

• The researcher’s working skillset in terms of the technologies (HTML, SVG, CSS 
and JSON) employed by D3.js makes it an effective and relative easy to use tool.  

• The researcher’s familiarity with the tool from previous work experience convinced 
the researcher that it is an easy to use, effective and well supported tool. 

• The study follows a pragmatic approach as discussed in Chapter 2. According the 
philosophical view of pragmatism, truth is based on what works at the time to 
address the research problem (Creswell, 2014; Gray, 2013). The intend of the 
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study is not necessarily to come up with the best possible Visualisation tool, but 
rather to come up with a suitable one. D3.js is therefore proposed as a tool 
suitable for implementing the visual representation of the coherence of facts in a 
document set.  

Various visualisation techniques as well as visualisation tools to implement the techniques 
were discussed in this section of the literature review. The purpose was not to investigate 
and compare the visualisation tools and techniques, but to rather give examples of some 
the tools and techniques. The examples were used as starting point to get an insight into 
possible tools and techniques for implementing a visual representation of the coherence of 
facts in a document set. 

4.1.5 Summary 

Concluding remarks on literature relevant to the visualisation of information coherence are 
provided in this section. The discussion in this section started with an investigation into work 
similar to that of the study, thereby identifying the work of Gan et al. (2014), Ku et al. (2012), 
Gretarsson et al. (2012), Devendorf (2012) and Luo et al. (2012).  

Literature on defining various working definitions of Visualisation concepts in order to 
provide subject background and to justify the development of an Information Visualisation 
software tool as a suitable insight-acquiring solution was considered next. In order to ensure 
research rigour and to answer research question 2 defined in Section 1.2.3, a set of 
Information Visualisation design principles and guidelines (listed in Table 4.3) was compiled 
from available and relevant literature. The review of literature on Visualisation concepts and 
design principles and guidelines, lead to the proposed main components of an Information 
Visualisation process as depicted in Figure 4.4. 

Various Information Visualisation methods and tools was considered next. As a result it was 
decided with motivations that a circular graph technique, implemented using the D3.js 
software package, would be used in the visual representation. 

Using the possible identified main components, methods and tools as input, the next section 
discuss the instantiation of the specific visual representation solution. During the process of 
instantiating the solution an intermediate visual representation model is developed from the 
instantiation.  

 

4.2 A MODEL FOR THE VISUAL REPRESENTATION OF THE COHERENCE OF 
INFORMATION IN A RECORD SET 

A proposed intermediate model to visually represent the coherence of facts in a document 
set is presented in this chapter. The model is developed by instantiating the possible 
components identified in Figure 4.4; excluding the data source and extract meaning 
components since they are already included in the initial information extraction model (see 
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Section 3.3). During the instantiation of the solution the components of the model are refined 
and sub-components identified. This chapter discusses the design (Section 4.2.1) and 
building and instantiation (Section 4.2.2) of the specific visual representation software 
solution. The development of an intermediate model for the visual representation of the 
coherence of facts is afterwards informed (Section 4.3) by the instantiation of the specific 
software solution. 
 
4.2.1 Proposed design to visually represent the coherence of information in a record 

set 

This section provides a proposed design for the visual representation of information to assist 
the user in acquiring insight into the coherence of information in a record set. The design of 
the visualisation artifact consists of the user interface design as well as the design of the 
database schema to support the view. 

4.2.1.1 Design of the user interface 

The design of the user interface to assist the user in acquiring insight into the coherence of 
facts in a document set is discussed in this section. The interactions between each 
visualisation view presented to the user are described and the design of each view is 
discussed. In addition, the design of the domain information management and document 
management pages is discussed. The section concludes with a discussion (Section 
4.2.1.1.5) of how the information visualisation principles and guidelines presented was 
applied to the design of the interface. 

Shneiderman (1996) provides seven typical tasks that a user performs when searching for 
information. These Shneiderman tasks are referenced by various literature sources 
including Keller and Tergan (2005) and Gan et al. (2014) and is therefore considered as 
appropriate for the research study. Shneiderman’s information-seeking tasks are discussed 
in Section 2.1 as one of the kernel theories on which the design is based. Based on 
Shneiderman’s (1996) information-seeking tasks such as that a user should be able to get 
an overall view, zoom into specific items and get details on demand, the visualisation design 
presented by this research study in essence consists of three different views (depicted in 
Figure 4.7 on the following page) as follows: 

1. an overall view; 

2. a zoom-into-document view; 

3. a zoom-into-fact view. 
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Figure 4.7: Design of the interaction between the visualisation views 

The overall view represents the record set as a whole, displaying each document and each 
fact in the set. The details of documents and facts are not displayed on this view. By 
displaying this view to the user, the user is enabled to get insight into the domain described 
by the documents. This allows the user to put the facts into an overall context. 

The zoom-into-document view displays details of a selected document in the record set. 
Details of facts are not displayed on this view; only the names of each contained fact. The 
display of this view allows the user to get insight into which facts are being described in the 
document, thereby giving the user an overall insight into the content of the document. The 
details of the author of the document allow for the user to make an assumption on the 
reliability of the document content by considering the age of the author, age at the writing of 
the document, etc. 

The zoom-into-fact view displays details of a selected fact contained in a selected document. 
The details include existing domain information outside the document set, giving additional 
information supporting or disproving the fact. In addition, information on the document in 
which the selected fact is contained is also displayed. 

The interactions between views of the visualisation are depicted in Figure 4.7. Each view 
represents a specific level of information, namely the record set as a whole, documents in 
the set and facts contained in the documents. Furthermore, each view contains a different 
level of details as described below. 

The following interactions can be executed between the three different page views: 

• From the overall view page, the user can zoom into either a document or a fact by 
clicking on a document or fact-representing circle. Choosing the zoom into a 
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document presents the user with the zoom-into-document view page and choosing 
the zoom into a fact presents the user with the zoom-into-fact view page. 

• From the zoom-into-document view page, the user can either zoom into a fact by 
clicking on a fact-representing circle or can zoom out to the overall view page by 
clicking on the area representing the record set as a whole. The user can therefore 
either choose to view the overall view page or the zoom-into-fact view page. 

• From the zoom-into-fact view page, the user can either zoom out to the overall view 
page or to the zoom-into-document view page by either clicking on the document-
representing area or the area that represents the record set as a whole. 

The user of the interface is equipped by the views of the interface and the interactions 
between them to acquire insight into the coherence of the facts in the document. 
Furthermore, multiple occurrences of a selected fact in a document set are an indication 
whether the fact is in coherence in the set. The coherence of a fact in the document set is 
an indication of the possible truth value of the selected fact. This proposition is based on the 
following two theories: 

• The coherence theory of truth. For the purpose of the research study, the 
coherence theory of truth is applied as follows: The truth of any fact consists 
in the coherent occurrences of the fact in a document set.  

• The coherence of a proposition with other propositions is an indication of an 
“increase” in the probability that some truth is contained by the proposition. 
The proposition of Roche (2013) is, for the purpose of the study, applied as 
follows: The coherence of a fact with other occurrences of the fact in a 
document set is an indication of an “increase” in the probability that some truth 
is contained by the fact. 

The following two scenarios is used as examples to indicate how the designed interface can 
help the user to make an assumption about the coherence of a selected fact in the document 
set. 

Scenario 1: The selected fact is coherently identified in the occurrences of the fact 
in the document set. 

The user selects a fact (Fact 4) from a dropdown list in order to investigate whether 
the fact is in coherence with the facts across the documents. Upon selection of the 
fact, each occurrence of the fact across the documents is highlighted. If, for instance, 
Fact 4 occurs in 80% of the documents, the user will be able to see 80% of the 
documents having Fact 4 highlighted in the document fact-representing circles. The 
user is therefore empowered to make an assumption on the coherence of the fact in 
the document set. In this case, it might be assumed that Fact 4 is coherently identified 
in the documents of the document set. 
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In order to allow the user to make a further assumption on whether Fact 4 contains 
some truth, researched information from the domain pertaining to Fact 4 is also 
represented upon zooming into an occurrence of the fact. In the case of Fact 4, it 
might be (for the purpose of the depicted scenario) that researched information from 
the domain supports the fact. 

In addition, upon zooming into an occurrence of Fact 4, information about the 
document in which the fact occurs is provided. The information is provided to assist 
the user in making an assumption about the reliability of the source. The assumption 
is based on a consideration of the author in terms of the age of the author, age of the 
author during writing of the document, etc. In the case of Fact 4, it might be (for the 
purpose of the depicted scenario) that the authors of most of the documents 
containing the occurrences of Fact 4 were between 30  and 40 years old during the 
writing of the document, leading to an assumption that the testimonies of the authors 
might be reliable. 

By considering that Fact 4 is coherently identified in the document set, researched 
domain information supports Fact 4 and the authors of the document containing 
occurrences of Fact 4 are reliable; there is a possible truth value in Fact 4. 

 

Scenario 2: The selected fact is not coherently identified in the occurrences of the 
fact in the document set. 

The user selects a fact (Fact 5) from a dropdown list in order to investigate whether 
the fact is in coherence with the facts across the documents. Upon selection of the 
fact, each occurrence of the fact across the documents is highlighted. If, for instance, 
Fact 5 occurs in 1% of the documents, the user will be able to see 1% of the 
documents having Fact 5 highlighted in the document fact-representing circles. The 
user is therefore empowered to make an assumption on the coherence of the fact in 
the document set. In this case, it might be assumed that Fact 5 is not in coherence in 
the document set. 

In order to allow the user to make a further assumption on whether Fact 5 contains 
some truth, researched information from the domain pertaining to Fact 5 is also 
represented upon zooming into an occurrence of the fact. In the case of Fact 5, it 
might be (for the purpose of the depicted scenario) that researched information from 
the domain does not support the fact. 

In addition, upon zooming into an occurrence of Fact 5, information about the 
document in which the fact occurs is provided. In the case of Fact 5, it might be (for 
the purpose of the depicted scenario) that the authors of most of the documents 
containing the occurrences of Fact 5 were over 80 years of age during the writing of 
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the document, leading to an assumption that the testimonies of the authors might not 
be reliable due to memory loss. 

By considering that Fact 5 is not in coherence in the document set, researched 
domain information does not support Fact 5 and the authors of the documents 
containing occurrences of Fact 5 are unreliable, there is a possibility that Fact 5 does 
not contain any truth value. 

Two scenarios have been used to give examples of how the designed interface could be 
used to support the user to make an assumption about the truth value of selected facts. The 
assumption can be based on the coherence of the fact in the document set, researched 
domain information and information about the authors of the documents in which the facts 
occur. A multitude of other scenarios is possible, each requiring the cognitive abilities of the 
user to acquire insight into the truth value of the selected facts, ultimately allowing the user 
to make an assumption on the validity of the document set as a whole. 

Having discussed the interactions between each view of the visualisation and how the views 
can be used to make assumptions about the truth values of selected facts, the next sections 
discuss the design of each view. 

4.2.1.1.1 The overall view 

The overall view is discussed in detail in this section. The purpose of the view is to present 
the document set as a whole to the user. From this view, the user can select to view the 
coherence of facts in the document set, zoom into documents or zoom into facts. 

 

Figure 4.8: Design of the overall view 
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The design of the overall view page is depicted in Figure 4.8 on the previous page. The 
design is discussed next by referring to each bullet in the figure. The left-hand pane is 
discussed first, then the purpose of each pane on the right-hand side from top to bottom as 
follows: 

1. A title that describes the record set is presented to the user, indicating the Corpus 
section. 

2. The record set as a whole is represented by a large circle. 

3. The record set contains documents, which are represented by smaller circles inside 
the large circle. Each smaller circle represents a document in the set. By clicking on 
any of the smaller circles, the user is presented with a zoomed-in view of the 
document as depicted in Figure 4.9. 

4. Each document contains facts, which are represented by small circles. Clicking on 
any of the fact circles presents the user with a zoomed-in view of the fact as depicted 
in Figure 4.10. 

5. For every document, the name of its author is displayed to the user. 

6. The Browsing and filtering section presents the user with a list of the facts contained 
in the record set, which can be selected for visually representing its coherence in the 
set. Upon selecting a fact in one of the dropdowns, all occurrences of the fact in the 
documents are highlighted; therefore, indicating its coherence in the document set. 
Each fact can only be selected once in a dropdown; the fact is not available for 
selection in the other dropdowns. Only four facts can be selected for visually 
representing the coherence of the facts in order to keep the cognitive load of the user 
to a minimum. 

7. Each fact contained in the document set is listed in a separate dropdown list. Multiple 
dropdowns are provided in order to allow the user to compare the different facts in 
terms of coherence and contrast. Selecting a fact in the list automatically updates the 
fact-representing circles. The colour of each circle representing an occurrence of the 
selected fact is changed in order to indicate in which documents the fact occurs.  

In the example provided in Figure 4.8, the user has selected Fact 4 in the dropdown 
list. All occurrences of Fact 4 are automatically indicated by changing the colour of 
each circle representing Fact 4 to the colour (red) as indicated next to the dropdown 
list. The coherence of Fact 4 in the document set is therefore visually presented to 
the user. 

By highlighting each occurrence of a fact in the record set, the coherence of the fact 
among the documents is visually represented. Furthermore, the visual representation 
will allow the user to achieve insight into the coherence of the facts contained in the 
record set. 
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8. The Domain information on selected item section is initially empty and is only 
populated (see Figure 4.10) when the user clicks on a fact-representing circle. The 
information displayed contains domain information from domain sources such as 
academic articles, books or any other published work that can support or reject the 
selected fact. The information displayed in this section is entered into the system by 
the user by means of a form as depicted in Figure 4.13. 

9. The Information on selected document section containing information about a 
document is initially empty and is only populated (see Figure 4.9) when the user clicks 
on a document-representing circle. Information about the document itself, including 
the information on the author and information on the size of the document, is 
displayed to the user. The information displayed in this section is entered into the 
system by the user by means of a form as depicted in Figure 4.15. 

10. The Document set overview section contains a description of the document set in 
order to give the user background information on the source of the document. 

Having described the design of the overall view, the next section presents the design of the 
zoom-into-document view. 

 

4.2.1.1.2 The zoom-into-document view  

In this section, the design of the zoom-into-document view is discussed in detail. The 
purpose of the view is to present the view of a specific document. Each fact contained in the 
document is also presented. If any of the facts selected in the dropdown lists is contained in 
the document, then the fact is highlighted in the document view. From this view, the user 
can select to zoom into a fact or zoom back to the overall view. 
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Figure 4.9: Design of the zoom-into-document view 

The design of the zoom-into-document view page is depicted in Figure 4.9.  In this view, the 
facts contained in one single document are depicted. The design is discussed next by 
referring to each bullet in the figure as follows: 

1. The document is represented by a large circle. 

2. Each fact contained in the document is represented by smaller circles. The colour of 
the circles indicates whether the fact corresponds to any of the facts selected in the 
Browsing and filtering section. 

3. The name of the author of the document is presented to the user. 

4. The Browsing and filtering section presents the user with a list of the facts contained 
in the record set that can be selected for visually representing its coherence in the 
set. 

5. The Domain information on selected item section contains information from the 
domain describing the fact being zoomed into. The section is empty on this page view 
because the user has not yet selected a fact to zoom into.  

6. The Information on selected document section contains information about the 
selected document. Information about the document itself, including the information 
on the author and information about the size of the document, is displayed to the 
user. The information displayed in this section is entered into the system by the user 
by means of a form as depicted in Figure 4.15. 
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7. The document set overview section contains a description of the document set in 
order to give the user background information on the source of the document. 

Having described the design of the zoom-into-document view, the next section presents the 
design of the zoom-into-fact page. 

4.2.1.1.3 The zoom-into-fact view 

In this section, the design of the zoom-into-document view is discussed in detail. The 
purpose of the visual interface is to present the view of a specific selected fact in a document. 
If a fact was previously selected in any of the dropdown lists, then the fact is highlighted in 
the fact view. From this view, the user can select to either zoom back to the document view 
or to the overall view. 

 

Figure 4.10: Design of the zoom-into-fact view 

In this view, one single fact is depicted. The design of the zoom-into-fact view page is 
presented in Figure 4.10. The design is discussed next by referring to each bullet in the 
figure as follows: 

1. The zoomed-into fact is visually represented by a large circle. 

2. This view is displayed as a result of the user selecting to zoom into a fact. The Domain 
information section therefore contains information from the domain, describing the 
selected fact. The information displayed in this section is entered into the system by 
the user by means of a form as depicted in Figure 4.13. 

3. The user can choose to see the context in which the selected fact appears in the 
document by clicking on the Show in context button. By clicking on the button, a dialog 
similar to the one depicted in Figure 4.11 on the following page is presented to the 



  

123 

 

user. The appearance of the fact in the transcribed and translated document is 
highlighted. 

 

 

Figure 4.11: Displaying an occurrence of a fact in context 

 

4. Zooming into a fact automatically selects the document that contains the occurrence 
of the fact. Information about the document itself, including the information on the 
author and information about the size of the document, is displayed to the user. The 
information displayed in this section is entered into the system by the user by means 
of a form as depicted in Figure 4.15. 

5. The transcribed and translated document is presented to the user by clicking on the 
Show document button, displaying a dialog similar to the dialog depicted in Figure 
4.12 on the following page. 
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Figure 4.12: Displaying the contents of a document 

6. The Document set overview section contains a description of the document set in 
order to give the user background information on the source of the document. 

Having discussed the design of the pages that constitute the visual representation of the 
coherence of facts in a record set, the next section describes the design of the domain 
information management and document management pages that support the visualisation. 

4.2.1.1.4 The domain information management and document management pages 

The design of the domain information management and document management pages that 
support the overall view, zoom-into-document view and zoom-into-fact view is discussed in 
this section. 

Additional information should be supplied to the user of the visualisation. The additional 
information can support the user to better understand the information being visualised and 
can assist the user to acquire insight into the information being visualised. The following 
additional information is provided to the user of the visualisation: 

1. Domain information describes existing information gathered from the domain being 
visualised. The source of the domain information includes sources such as academic 
articles, books or any other published work that can support or reject the selected 
fact. By including the domain information in the visualisation, the design adheres to  
the following design guideline: 

 Additional domain information required by the user should be provided. 
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The domain information and references to a specific fact are entered into the system 
by means of a manual process. The manual process requires that the user must carry 
out domain research on a fact and that the user subsequently enter the researched 
domain information into the system by completing the form depicted in Figure 4.13.  

 

Figure 4.13: Add/Edit domain information page design 

 

All the facts contained in the textual records are listed and displayed to the user as 
depicted in Figure 4.14. The user can enter domain information on a fact by clicking 
on the Add or Edit icon and then subsequently entering the information in the form 
provided in Figure 4.13. 

 

Figure 4.14: Fact list page design 
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2. Information on the selected document can be selected by the user to zoom into. By 
including information about the selected document, the design adheres to the 
following design guideline: 

Information about the data itself should be provided. 

The document information is entered into the system by means of a manual process. 
The manual process requires that the user must gather information about the 
document, which includes the following: 

• name and surname of the author; 

• name and surname of the author’s spouse; 

• birth date of the document author; 

• death date of the document author; 

• document author’s location at the start of the Anglo-Boer War; 

• date that the document was written by the author. 

The input page presented to the user is depicted in Figure 4.15. In addition to the 
information provided by the user through a manual process, the file size of the textual 
document is populated during the information extraction process discussed in 
Chapter 3.   

 

Figure 4.15: Document information Add/Edit page design 

All the documents contained in the set are listed and displayed to the user as depicted 
in Figure 4.16 on the following page. The user can enter document-specific 
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information by clicking on the Edit icon and then subsequently entering the 
information in the form provided in Figure 4.15. 

 

Figure 4.16: Document list page design 

 

3. Information describing the document set as a whole. By including information about 
the source of the document set, the design adheres to the following design guideline: 

Information about the data itself should be provided. 

4. The information is populated as part of the database setup and, for the source set 
used in the study, consists of the following text: 

The Huyser collection contains Anglo-Boer War testimonies of survivors of the 
named war. The set consists of 41 testimonies written mostly in 1929/1930. Of 
these, three are not used in this visualisation since they do not describe the 
theme of the Anglo-Boer War. These testimonies were collected by the 
publisher, HW Huyser, and were later used as basis for the novel Bittereinders 
by JRL van Bruggen. The collection has been the focus of recent historical 
studies and its value has been open for scrutiny by researchers. 

Having discussed the design of the visual representation of the coherence of facts in a 
record set, as well as supporting views to provide additional information to the visualisation, 
the next section discusses how the design principles and guidelines defined in Section 4.1.3 
and listed in Table 4.3 are applied to the design of the visualisation. 
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4.2.1.1.5 Applying information visualisation principles and guidelines to the design of 
the visualisation view 

The application of each of the design principles and guidelines to the visualisation view is 
discussed in this section. By ensuring that the design of the interface is based on the 
principles and guidelines listed in Table 4.3, rigour is applied to the design. Ku et al. (2012) 
advise that principles and guidelines should guide the design of the view and should not be 
considered as strict rules. Each of the design principles and guidelines, as set out in Section 
4.1.3 and listed in Table 4.3, was considered as follows in the design of the visualisation 
view: 

1. Consider providing focus and context user interactions 

Focus and context user interactions allow the user to view the detail of information, 
while being presented with the overall context in which the information exists (Ku et 
al., 2012).  Focus and context user interactions are provided in the design of the 
visualisation by providing the user with the functionality to zoom into a fact as well as 
the ability to view the context in which the fact appears in a selected document. 

The user can select a fact, while at the same time view the document (the context) in 
which the fact appears. 

2. Consider providing details-on-demand user interactions    

The user can select to view details-on-demand by either zooming into a document or 
into a fact. When the user zooms into a fact, details describing the fact are displayed 
in the Domain information on selected item section. In addition, the user can select 
details on the context in which the fact appears in the document by clicking on the 
View in context button. 

When zooming into a document, information about the document is displayed to the 
user. The user can, in addition, acquire the text of the document on demand by 
selecting the Show document button. 

3. Consider providing brushing-and-linking user interactions 

Brushing-and-linking user actions are user interactions which cause a change in one 
visualisation view to change the view of another (Ku et al., 2012). Brushing-and-
linking interactions are provided in the visualisation by means of changes in a section 
of the visualisation causing the view of other sections to change. The provided 
brushing-and-linking interactions are the following: 

• Selecting a fact in the Browsing and filtering section changes the view in    the 
Corpus section, indicating all occurrences of the selected fact in the 
documents. 



  

129 

 

• Zooming into a fact by clicking on a fact-representing circle in the Corpus 
section, changes the content of the Domain information on selected item to 
provide domain information on the selected fact. The Information on selected 
document section is simultaneously updated to display information on the 
document in which the selected fact appears. 

• Zooming into a document by clicking on a document-representing circle in the 
Corpus section, changes the content Information on selected document 
section to provide information on the selected document. 

4a. Consider providing an overview 

An overall view of the whole document set is provided in the Corpus section, 
presenting all the documents as well as all the fact occurrences in the set. 

4b. Consider providing zoom functionality 

Zoom functionality provided to the user of the visualisation consists of the following: 

• Zoom into and out of a document, i.e. the zoom-into-document view page. 

• Zoom into a fact occurrence in a document, i.e. the zoom-into-fact view page. 

• Zoom out of a document or fact occurrence to the record set as a whole, i.e. 
the overall view page.  

4c. Consider providing functionality to filter out items 

Functionality to filter out items is provided by means of the following: 

• Dropdown lists in the Browsing and filtering section. By selecting a fact in the 
dropdown list, the user’s attention is drawn to all occurrences of the fact in the 
document set, thereby filtering out all other fact occurrences. The filtering is 
achieved by changing the colour of all occurrences (indicated by circles inside 
the document-representing circle) of the selected fact to the colour as 
indicated next to the dropdown list. 

• Zooming-in functionality (either zooming into a document or fact) allows for all 
other items (documents or facts) to be filtered out. 

4d. Consider providing functionality to get details-on-demand 

Functionality to provide details-on-demand user interactions was already discussed 
in Guideline 2. It appears as sub-items under Guideline 4 as well, since it is part of 
the Shneiderman (1996) user interactions.   
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4e. Consider providing functionality to show how items relate 

The relation between documents and fact occurrences is visually represented by 
means of circles. Each document is represented by a circle. In each circle, fact 
occurrences in the document are represented by smaller circles.  

4f. Consider providing functionality to keep history of user interactions 

For the purpose of the research study, the design does not cater for storing the history 
of user interactions. Although providing the ability to the user to list and execute 
previous browsing and filtering actions on facts is useful, it is not considered as 
cardinal for visually representing the coherence of facts in a record set. It is envisaged 
that future iterations of the visualisation might include the functionality to store and 
re-execute user interactions. 

4g. Consider providing functionality to extract sub-collections 

The overall view presents the user with a view of all the occurrences of facts 
contained in the document set. By zooming into a document, the user is presented 
with a sub-collection of fact occurrences. The user is also provided with functionality 
to extract sub-collections by selecting facts in the Browsing and filtering section. Sub-
collections are visually extracted by changing the colour of the fact occurrences in 
accordance with the colour indicated by the dropdown list. 

5. Consider what the user can see, needs to see and would like to see 

What the user can see and needs to see is guided by the objective of the visualisation, 
namely to visually represent the coherence of facts in a record set.  

What the user can see is furthermore restricted by technical shortcomings related to 
the visualisation medium, which include screen resolution. 

What the user would like to see was not known at the start of the design of the 
visualisation. It was envisaged that the demonstration and evaluation steps in the 
design science research process (discussed in Chapter 5) could inform the research 
on what the user would like to see. Future iterations of the design could possibly 
include elements of what the user would like to see. 

6. Additional domain information required by the user should be provided 

The Domain information on selected item section provides the user with additional 
domain information. It is suggested by Chen (2005) and Chen et al. (2009) that 
additional domain information assist the user to interpret the visualisation.  

The domain information is gathered by the user or domain expert by conducting 
research on the facts in the document set. The result of the research is then entered 
into the system by a manual process. 



  

131 

 

7. Additional information on how to operate the visualisation device should be provided 

The design of the visualisation does not cater for providing additional information on 
how to operate the visualisation. It is assumed that the visualisation is simple and 
clear enough to operate without requiring instructions. It was envisaged that the 
assumption could be confirmed or rejected during the demonstration step in the 
design science research process.  

Future iterations of the design could possibility include instructions on how to operate 
the visualisation in the case where the user indicated user instructions as a 
requirement. 

8. Information on the data itself should be provided 

Information on the data is provided to the user as follows: 

• Information on the data set as a whole is provided in the Document set 
overview section. 

• Each document in the set is considered by the research to be a source of 
data. Information on each document is presented in the Information on 
selected document section. In addition, the user can select to view the data 
by clicking on the Show document button. 

9. The type of information to be visualised should be considered 

The design of the visualisation was guided by the requirement that the coherence of 
domain facts contained in a record set should be visualised. 

10. The purpose of the visualisation should be considered 

The acquiring of insight into the probable truth value of domain facts contained in a 
record set was taken into account in the design of the visualisation. The coherence 
of facts in the document set could be an indication of the possible truth value of the 
record set. 

11. The user profile should be considered 

Different views are not being provided to different profiles of users. However, the 
design took into account that domain experts and other users interested in the domain 
facts are potential users of the system. 

12. The context in which the visualisation will take place should be considered 

The design of the visualisation took into account that the visualisation would be 
presented to the user by means of a software application. Restrictions concerning 
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limitations with regard to software applications and hardware such as screen 
resolution and user interactions with the system were considered.  

13. The visualisation format should be considered 

The visualisation was designed from the start to be a highly interactive system. 

14. The mapping of data elements to visual objects should be enhanced by realistic 
techniques or additional symbols 

Data elements are represented by zoomable circles. Fact occurrences are displayed 
inside the circles, each representing a document. One large circle represents the 
document set as a whole. The possible use of circular structures to represent data 
elements was identified by the researcher in the literature study on visualisation 
techniques discussed in Section 4.1.4.1. 

During the process of searching for possible visualisation software tools in the 
literature as discussed in Section 4.1.4.2, D3.js was identified as a possible software 
tool to implement a software solution. In the investigation of D3.js as possible 
software tool, the researcher identified Mike Bostock’s (Bostock, 2013b) Zoomable 
circle-packing visualisation technique (depicted in Figure 4.17) as a possible starting 
point for designing a solution to the research problem.  

It was envisaged that the demonstration and evaluation steps in the design science 
research process could inform the research on whether the chosen visualisation 
technique is realistic and whether the technique solves the problem statement. 

 

Figure 4.17: Zoomable circle-packing technique (Bostock, 2013b) 
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15. Consider the use of minimal user actions to accomplish a task 

The use of minimal user actions was considered in the design of the visualisation in 
order to keep the design simple. 

16. Consider providing a number of ways to achieve the same goal 

The design of the visualisation does not provide a number of ways to achieve the 
same goal. It is proposed by the research that providing more than one way to 
achieve a goal would add unnecessary complexity to the visualisation, which would 
not result in a clean and simple visualisation as set out in the following guideline: 

 Visualisations should be clean and simple. 

17. Consider functionality to provide redo/undo of actions 

It is proposed by the research that the interactions provided in the visualisation are 
simple enough to ignore providing redo/undo of actions. 

18. The organisation of the visual layout should be considered 

The layout of the visualisation was carefully considered. The following sections of 
information were provided in the layout of the interface: 

• Corpus section; 

• Browsing and filtering section; 

• Information on selected document section; 

• Domain information on selected item section; 

• Document set overview section. 

19. Design choices should be consistently applied to the solution 

Care was taken to apply design choices throughout the solution. 

20. The cognitive load on the user should be minimal 

In order to ensure that the cognitive load on the user was kept to a minimum, the 
following design choices were made: 

• Only allow the user to select up to four facts in the Browsing and filtering 
section. Making a decision about the coherence of facts in the record set 
becomes more difficult when more than four facts are selected. 
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• Do not display all the author names on each document-representing circle, 
because it overloads the visualisation. Instead, the tooltip element is to be 
displayed with the name of the author whenever the cursor is moved over the 
document-representing circle. 

• Display only what the user needs to see. The display of any unnecessary 
information might lead to a cognitive overload.  

21. Provide the user with information on alternatives when several actions are available 

Alternative actions to achieve the same goal are not provided by the design, because 
it will add unnecessary complexity to the visualisation. 

22. Consider removing distracting information from the visualisation solution 

Care is taken by the design of the visualisation to only provide information to the user 
that is required to make an assumption on the coherence of the facts contained in the 
record set. 

23. Consider means to reduce the data set 

Means to reduce the data set was not considered in the design of the visualisation 
because the visual representation is appropriate for the data set provided by the 
textual data source, i.e. the Huyser collection of testimonies (Huyser, n.d.). Future 
application of the solution to a larger data source might require the design to consider 
means to reduce the data set. 

24. Maintain a visual entity budget 

For the purpose of visualising the Huyser collection of testimonies (Huyser, n.d.), the 
need to only display a certain number of documents or facts is not applicable. Future 
application of the solution to a larger data source might require the design to consider 
only displaying a certain number of documents and facts. Alternatively, the design 
can be altered to display only documents containing the facts selected in the 
Browsing and filtering section. 

25. Visual aggregates should visually summarise the underlying data 

 Visual aggregates are presented to the user on the following two levels: 

• All the documents contained in the document set are visually aggregated 
inside one circle. 

• Each document is a visual of the underlying fact occurrences in the document.  
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26. Visualisations should be clean and simple 

Care was taken in the design of the visualisation to keep the design clean and simple, 
in particular when following the guidelines below: 

• Consider what the user can see, needs to see and would like to see. 

• Consider the use of minimal user actions to accomplish a task. 

• Consider providing a number of ways to achieve the same goal. 

• Consider functionality to provide redo/undo of actions. 

• Provide the user with information on alternatives when several actions are 
available. 

• Consider removing distracting information from the visualisation solution. 

27. Visual aggregates should be discriminatingly distinguishable from data items 

The visual representation is designed in such a manner that the document set 
representing circles, the document-representing circles and the fact occurrence-
representing circle are all distinguishable by being represented by different colours 
and sizes. 

28. Keep in mind that visual abstractions might be misleading 

Although misleading visual abstractions are possible, the user must be assisted in 
acquiring insight into the selected fact in the Browsing and filtering section by 
providing him or her with the following information: 

• researched domain information in the Domain information on selected item 
section; 

• information describing the document (author details, date written and size 
details) in which the selected fact occurs; 

• visual information on the coherence of the selected fact in the document set. 

29. Visual aggregates should be interpretable 

A visualisation must be interpretable to create an insight. The main insight that the 
visualisation is designed to achieve is insight into the coherence of facts contained in 
the record set. 
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The demonstration and evaluation steps in the design science research process 
could inform the research on whether the user considers the visual aggregates to be 
interpretable. 

30. Shortcomings related to the visualisation tools should be considered 

Shortcomings related to the technologies and tools used to implement the 
visualisation were considered in the development (discussed in Section 4.2.2) of the 
visualisation application. 

31. Shortcomings related to the mapping of concepts with representations should be 
considered 

Mapping documents and facts to circular representations was considered as an 
appropriate technique to visually represent the concepts. It was assumed that 
shortcomings related to the mapping of concepts with the representations would be 
identified and handled during the development (discussed in Section 4.2.2) of the 
visualisation application. 

32. Shortcomings related to technical problems to represent information should be 
considered 

Shortcomings to screen size and resolution were considered in the design of the 
visualisation. For optimal viewing, a screen size of 23 inches and a screen resolution 
of 1920 x 1080 pixels should be used. 

Having discussed the view to visually represent the coherence of facts in a record set, the 
next section briefly discusses the design of the database schema to support the view. 

4.2.1.2 Design of the database schema 

The database schema design (depicted in Figure 4.18 on the following page) to support the 

design of the user view discussed in Section 4.2.1.1 is presented in this section.  
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Figure 4.18: Database schema design 

 

The schema defines the database entities that will be used to store the information extracted 
from the textual document set (discussed in Chapter 3), as well as document and domain 
information entered into the system by the user (discussed in Section 4.2.1.1.4) and basic 
information (information that describes the source of the documents). 

The database schema design consists of the following entities: 

• corpus: contains a description of the document source; populated during the 
information extraction process described in Chapter 3. 

• document: contains information on each document in the set, including the filename, 
the size of the file in number of characters, the date the original document was written 
and a reference to the author of the document. The information (filename, file content, 
size of the file and the author reference) is populated during the information extraction 
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process described in Chapter 3, as well as being manually entered by the user 
(discussed in Section 4.2.1.1.4). 

• author: referenced from the document entity, containing information about each of the 
document authors. The entity is populated by the user manually entering the 
information (discussed in Section 4.2.1.1.4). 

• corpus_document: an entity that links each document to the document set. 

• informationitem: each fact appearing inside a document is represented by the 
Informationitem entity. Each fact can have multiple occurrences inside the document; 
each occurrence is represented by the informationitemoccurrence entity. 

• information: contains information about the fact represented by the informationitem 
entity, which includes a description and a name of the fact. An additional information 
type variable is defined for future use to enable the system to define whether the fact 
being described is an entity or an event. 

• domaininformation: contains information gathered by the user through domain 
research and entered into the system by means of a manual process (discussed in 
Section 4.2.1.1.4). 

• document_informationitem: an entity that links each fact represented in the 
visualisation to the document it is contained in. 

• informationitemoccurrence: each fact contained in a document can appear multiple 
times in the document. The fact is only shown once in the document-representing 
circle. Each occurrence of the fact inside the document is stored in the 
informationitemoccurrence entity, enabling the system to highlight the location of 
each occurrence to the user. 

• informationitem_informationitemoccurrence: an entity that links each occurrence of a 
fact to its representation in a document-representing circle. 

Having discussed the design of both the user view to visually represent the coherence of 
facts contained in a record set and the database schema to support the view, the next 
section gives an overview of the activity of building the designed visualisation interface.  

4.2.2 Building a visualisation interface from the design 

The activity of building the visualisation interface designed in Section 4.2.1 is discussed in 
this section. The focus of the discussion is on the technologies employed. The actual 
development process is not discussed because the process is deemed too insignificant to 
contribute to the research debate. In addition, screenshots of the developed application (with 
mockup data used) are also provided in this section. 
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4.2.2.1 Technologies used in the implementation of the design 

The software development skill set of the researcher influenced the decision of the 
researcher to implement the design as an interactive web application according to the 
architecture as depicted in Figure 4.19. 

 

 

Figure 4.19: Three-tier application architecture 

An interactive application can be built on a three-tier architecture (Ameller, Collell, & Franch, 
2013; Fowler, 2002; Grozev & Buyya, 2014; Marston, 2012) as depicted in Figure 4.19. Each 
of these tiers, also known as layers, is responsible for performing a different role as listed in 
Table 4.6. 

Table 4.6: Roles of layers in the three-tier architecture 

Layer  Role/responsibility 
Presentation Represents the user interface; handles the user view and user input. 
Business/domain Handles the main application logic.  
Data/persistence Handles access to the database. 

 

Each of the layers in the architecture communicates to either a higher-level or a lower-level 
layer by means of requests and responses. 

The Presentation layer, for instance, displays a prompt for input from the user. The input 
received from the user is sent by means of a request to the Business layer. The Business 
layer logic code determines what to do with the input and returns a response that is 
presented to the user by means of the Presentation layer.  
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If need be, the Business layer can send a request for data to the Data layer. The Data layer 
next retrieves the data from the database and sends the data via a response to the Business 
layer. Figure 4.20 depicts the technologies used in each of the architecture layers in order 
to implement and instantiate the interactive web application. The decision to use the specific 
technologies is based on the researcher’s own practical skillset and is therefore considered 
as the quickest and most effective manner to implement and instantiate the solution. 

 

Figure 4.20: Technologies used in each layer 
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Each of the technologies used in the architecture layers is discussed as follows:  

• Javascript, jQuery, HTML and Thymeleaf are technologies used to develop the user 
interface, allowing the user to interact with the system through the use of a web 
browser. These technologies are used for presenting the user with a view as well as 
the ability to perform any user actions. 

• D3.js is a visualisation framework developed in the Javascript language. The 
framework allows for a number of visualisation techniques, including the zoomable 
circle-packing example provided by Bostock (2013b). The technique provided by 
Bostock (2013b) was used as starting point for the development of the visualisation 
solution. Additional functionality on top of this technique was added to allow for the 
implementation of the design discussed in Section 4.2.1. 

• The data (documents and fact information) used as input to the visualisation is 
provided to the user interface in the XML data representation format. XML as 
technology appears in both the Presentation and the Business layer since the XML 
data is constructed in the Business layer and utilised in the Presentation layer. 

• The Java programming language is used to programmatically implement the 
decision-making rules and responses to user input in the Business layer. The 
construction of the XML data representation format is also implemented in the Java 
programming language. 

• Hibernate is a framework written in the Java programming language, assisting with 
database query and retrieval requests.   

• According to Vosloo and Kourie (2008), a web application framework is  “a collection 
of software components that support the development and execution of Web-based 
user interfaces” (p 1). Spring 3 is such a web application framework providing 
reusable software components that are used on all three of the architecture layers. 

• The application is hosted on a Tomcat web application server. 

Having provided an overview of the technologies used to implement the design of the 
visualsation, screenshots (using mockup data) of some of the implemented pages are 
presented next. 

4.2.2.2 Screenshots (with mockup data) of the developed interface 

Screenshots of the developed interface pages are presented in this section. In order to keep 
the screens simple, the pages are presented with mockup data. The mockup data was also 
used in order to keep the development of the information extraction artifact and the visual 
representation artifact separate, thereby simplifying the development of each artifact. 
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In order to provide a starting page from where the user can access the visualisation 
interface, the document management views and the domain information management 
views, the page depicted in Figure 4.21 was developed. This page displays a simple word 
cloud constructed from all the words contained in all of the textual documents. It is proposed 
that the word cloud is useful in getting an idea of the domain described by the facts contained 
in the documents. In addition, access is provided by this page to the domain information 
management and document information management as the main visualisation pages.  

 

 

Figure 4.21: Starting page 

 

The main visualisation interface is depicted in Figure 4.22 on the following page. The 
mockup data contains eight documents and 53 information occurrences in the documents. 
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Figure 4.22: Main visualisation interface 

 

Zooming into a fact, results in the view depicted in Figure 4.23 are presented to the user. 

 

Figure 4.23: Zoom-into-fact view 
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Upon clicking on the Show in context button (after zooming into a fact), all the occurrences 

of the fact in the document are highlighted and presented to the user as depicted in Figure 

4.24. 

 

Figure 4.24: Show in context dialog 

 

Choosing to zoom into a document results in the user being presented with the view depicted 
in Figure 4.25. 

 

Figure 4.25: Zoom-into-document view 
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Upon choosing from the starting page to manage domain, the user is presented with the 
page depicted in Figure 4.26. 

 

Figure 4.26: Domain information management page 

 

The dialog view presented to the user when he or she chooses to add or edit domain 
information is depicted in Figure 4.27. 

 

Figure 4.27: Add/Edit domain information dialog view 
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Upon choosing from the starting page to manage domain information, the user is presented 
with the page depicted in Figure 4.28. 

 

 

Figure 4.28: Document information management page 

The dialog view presented to the user when he or she chooses to add or edit document 
information is depicted in Figure 4.29. 

 

Figure 4.29: Add/Edit document dialog view 

 

A screenshot of the overall view after populating the database with the extracted information 
is depicted in Figure 4.30 on the following page. In the screenshot, the user selected to view  
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Figure 4.30: Coherence of the "measles occurred in camp" fact in the document set 
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the coherence of the “measles occurred in the camp” fact in the document set. Each 
occurrence of the fact in a document is visually represented by colouring its fact-
representing circles with the colour as indicated next to the dropdown list (dark blue). 
Additional information is also given to the user – the fact is described in 20 out of 37 
documents (54.05%). Therefore, the user might make the assumption that there is 
coherence of the “measles occurred in the camp” fact occurrences in the document set. 

In this section, a proposed software solution to visually represent the coherence of facts in 
a document set was provided. The design and building activities required to construct and 
instantiate the solution were discussed in the previous sections. It is postulated that the 
development of an intermediate model to visually represent the coherence of facts in a 
document set can be informed by the specific software solution. Such a model is proposed 
in the next section. 

4.3 SUMMARY 

An intermediate model (depicted in Figure 4.31) for visual representation of the coherence 

of facts is presented next by reflecting on the visual representation components identified 

in the previous section. 

 

Figure 4.31: Intermediate model - visually representing the coherence of facts in a 
structured data form 



  

149 

 

From the preceding discussion of the proposed design of the visualisation view and the 
instantiation of the visualisation artifact, it is proposed that the following components can be 
combined into a model (depicted in Figure 4.31 on the previous page) to visually represent 
the coherence of facts contained in a document set: 

• Information to be visually represented. The information is provided by the structured 
data containing domain facts, the domain information pipeline, the document source 
information pipeline and the document set information pipeline. 

• Structured data containing domain fact information. The structured data is produced 
by an information extracting process discussed in Chapter 3. 

• Domain information pipeline consisting of the following components: 

o Domain research (process external to the visualisation artifact) on domain 
facts being visualised. 

o Domain information management including the addition, deletion and update 
of domain information describing a fact. 

• Document source information pipeline consisting of the following components: 

o Document author research (process external to the visualisation artifact) on 
the authors of the document containing the domain facts. 

o Document information management including the addition, deletion and 
update of document information describing a document containing domain 
facts. 

• Document set information pipeline consisting of the following components. 

o Document set research (process external to the visualisation artifact) with 
regard to information about the source of the document set. 

o Document set information management. The document set information is 
added to the visualisation during the visualisation project setup as described 
in Section 3.2.3.  

• Visual representation of the coherence of facts in a record set. 

• Insight acquisition by means of cognitively processing the visual representation.  

Having discussed a proposed intermediate software solution and model for visually 
representing the coherence of facts contained in a document set, the next chapter provides 
a discussion of the development and demonstration of the final software solution as well as 
the validation of the final model. 
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CHAPTER 5:  DEVELOPMENT, DEMONSTRATION AND 
EVALUATION OF THE FINAL SOFTWARE SOLUTION AND 

VALIDATION OF THE FINAL MODEL 

 

Figure 5.1: Current phase in research – final Information Visualisation model 

As can be seen in Figure 5.1, Chapter 5 describes the design and development of the final 
model for the visual representation of the coherence of facts in a textual document set. The 
chapter also documents the demonstration and evaluation of the specific final software 
solution and the validation of the final model.  

The specific final software solution was developed by combining instantiations of the initial 
information extraction (Phase 1) and the intermediate visual representation solutions (Phase 
2). The results of Phase 1 and Phase 2 of the research process were models (initial and 
intermediate) whose development were informed by the instantiation of the respective 
specific initial and intermediate solutions. The development of final model for the visual 
representation of the coherence of facts in a textual document set, was in turn informed by 
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the combined initial information extraction and intermediate visual representation solution 
instantiations and models.  

In order to ensure rigour (Peffers et al., 2007), the final specific solution and final model was 
demonstrated and evaluated. The demonstration and evaluation of the final specific software 
solution and final model is are discussed in the next sections.  

 

5.1 FINAL SOFTWARE SOLUTION 

In this section the demonstration (Section 5.1.1) and evaluation (Section 5.1.2) of the final 
software solution to visually represent the coherence of facts in a textual document are 
discussed. 

5.1.1 Final software solution demonstration 

According to Peffers et al. (2007), the demonstration activity of the design science research 
model involves the demonstration of the built solution’s ability to solve the identified problem 
by any suitable means. For the purpose of the research study, the instantiation of the final 
software solution (including the initial information extraction and the intermediate visual 
representation parts) was demonstrated by means of individual and group (no more than 
five individuals at a session) demonstration sessions. As a result the final solution was 
demonstrated to five experts in the domain (Anglo-Boer War history) of the information being 
visualised as well as five IT experts in order to get feedback from both domain and technical 
users.  

The decision to use five experts per field of expertise is based on Nielsen and Landauer’s 
(1993) proposition that between three and five expert users are adequate for conducting 
user evaluations. The participant profiles are summarised in Table 5.1. In order to adhere to 
ethical considerations, the identity of each participant is protected. 

 

Table 5.1: Final solution demonstration participant profiles 

Description of participant Level of expertise Participant category 
Doctorate student in the field of 
Anglo-Boer War history 

Doctorate student level History expert 

Publisher of historical books, 
including Anglo-Boer War material 

Excellent History expert 

Professional Anglo-Boer War 
researcher 

Senior History expert 

Professional Anglo-Boer War 
researcher 

Senior History expert 

Professional Anglo Boer-War 
researcher 

Senior History expert 

Experienced software developer Senior IT expert 
IT expert Senior IT expert 
IT researcher Intermediate IT expert 
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Description of participant Level of expertise Participant category 
IT software engineer Senior IT expert 
IT business analyst Master’s level student IT expert 

 

The demonstrations were done during four interview sessions: two individual interview 
sessions with history experts, one group interview session with three history experts and 
one interview session with five IT experts. Each interview session lasted for about two hours. 

At the start of each demonstration session, each participant was presented with a consent 
form, which presented the participant with a description of the research topic, the research 
process and potential benefits of the research. The participant was furthermore presented 
with a confidentially and withdrawal clause indicating that the participant’s identity was 
protected and was treated as confidential. The participant gave his or her consent to 
participate in the research upon signing of the consent form. 

Each demonstration session consisted of the following: 

• an introduction to the research topic; 

• a presentation of the visual representation artifact. By using different walkthrough 
scenarios, the functionality and the use of the interface were explained in detail; 

• a presentation of how the information was extracted from the document source, which 
included a description of the document preparation and fact-extracting processes. 
The use of ATLAS.ti to extract facts from textual documents was included in the 
presentation; 

• each participant was given time to use the visual interface to explore the facts in the 
document set and to experience the process of acquiring some insight into the facts 
contained in the documents. 

After each demonstration session, the participants were presented with a demonstration 
feedback questionnaire containing the information and questions listed in Table 5.2 on the 
following page. 
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Table 5.2: Final solution demonstration feedback questionnaire  

Background  
My name is Louis Engelbrecht, and as part of my Master of Computer Science degree at the University of South 
Africa, a software solution artifact was developed. 
The aim of the software artifact is to visually represent the domain facts contained in a set of textual documents. For 
the purpose of this research, the Huyser collection of Anglo-Boer War testimonies is used as source for the 
visualisation. 
After being provided with a demonstration of the software, you will be requested to evaluate the visualisation by 
completing this form. Your input will be used to improve/enhance the software artifact. 
Participant information 
1. What is your involvement with the history of the Anglo-Boer War or in IT? 
  
 
 
 

 
 
2. What is your level of expertise on the history of the Anglo-Boer War or in IT? 
 
 
Instructions 

1. Please complete the next section by marking your choice with an “X” in the box provided. 
2. Please answer all questions. 
3. Please note that each answer only requires a single choice. 

Evaluation form 
Please read the statements with regard to the demonstrated software below and how strongly you agree or disagree. 
Please use the following rating system: 
 

Strongly disagree Somewhat disagree Neither agree or 
disagree 

Agree Strongly agree 

1 2 3 4 5 
 
 

Number Statement Rating 
1. The technique for visualising the facts contained in the testimonies is 

appropriate. 
1 2 3 4 5 

2.  The visualisation technique employs a minimal set of actions to 
accomplish a task. 

1 2 3 4 5 

3. Functionality to control the level of details is available. 1 2 3 4 5 
4.  The visual layout of the visualisation is effective. 1 2 3 4 5 
5. The cognitive load on the user is minimal. 1 2 3 4 5 
6. The visualisation contains extracted information. 1 2 3 4 5 
7. There is too much information on the visualisation view. 1 2 3 4 5 
8. Additional functionality to show less testimonies and facts should be 

considered. 
1 2 3 4 5 

9. The visualisation is clean and simple. 1 2 3 4 5 
10. Testimonies/documents and facts are easily distinguishable from each 

other. 
1 2 3 4 5 

11. The visualisation leads to misleading interpretations. 1 2 3 4 5 
12. The visualisation is interpretable. 1 2 3 4 5 
13. The coherence of facts contained in the Huyser collection is represented 

in the visualisation. 
1 2 3 4 5 

14. The visualisation is useful for obtaining insights into aspects of the 
Anglo-Boer War history. 

1 2 3 4 5 
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Comments/Recommendations: 
 __________________________________________________________________ 
 
 __________________________________________________________________ 
 
 __________________________________________________________________ 
 
 __________________________________________________________________ 
 
 __________________________________________________________________ 
 
 __________________________________________________________________ 

 

The statements presented to the participants were carefully defined in order to be used as 
input for the evaluation of the final instantiation of the solution as discussed in Section 5.1.2. 
Each statement is used to contribute towards evaluating the following: 

1. whether the instantiation of the solution contributes to: 

• identifying components of a process to extract facts from a textual document 
set and to transform the unstructured data into a structured form; 

• identifying components of a process to visually represent the coherence of 
facts in a textual; 
 

2. whether design principles and guidelines (provided in Section 4.1.3) were considered 
in the design of the intermediate visual representation solution. It is proposed that 
these statements can also be used to enhance/improve the final solution; 

3. whether the instantiation of the final solution has utility, i.e. if it is useful. The 
comments and recommendations sections, in addition, contribute to evaluating the 
solution’s usefulness.  

For each statement, the participant had to indicate how strongly he or she agreed or 
disagreed by selecting a value from one to five according to a five-point Likert scale (Likert, 
1932). Table 5.3 contains a list of the feedback questionnaire statements, each with an 
indication of its contribution to the artifact evaluation. 

Table 5.3: Contributions of feedback statements to the evaluation of the final 
solution  

Statement Evaluation contribution 
1. The technique for visualising the facts contained in the 
testimonies is appropriate. 

Design principles and guidelines were considered. 

2. The visualisation technique employs a minimal set of 
actions to accomplish a task. 

Design principles and guidelines were considered. 

3. Functionality to control the level of details is available. Design principles and guidelines were considered. 
4. The visual layout of the visualisation is effective. Design principles and guidelines were considered. 
5. The cognitive load on the user is minimal. Design principles and guidelines were considered. 
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Statement Evaluation contribution 
6. The visualisation contains extracted information. Contributes to identifying components of a process to 

extract facts from a textual document set and to transform 
the unstructured data into a structured form 

7. There is too much information on the visualisation view. Design principles and guidelines were considered. 
8. Additional functionality to show less testimonies and 
facts should be considered. 

Design principles and guidelines were considered. 

9. The visualisation is clean and simple. Design principles and guidelines were considered. 
10. Testimonies/documents and facts are easily 
distinguishable from each other. 

Design principles and guidelines were considered. 

11. The visualisation leads to misleading interpretations. Design principles and guidelines were considered. 
12. The visualisation is interpretable. Design principles and guidelines were considered. 
13. The coherence of facts contained in the Huyser 
collection is represented in the visualisation. 

Contributes to identifying components of a process to 
visually represent the coherence of facts in a textual  

14. The visualisation is useful for obtaining insights into 
aspects of the Anglo-Boer War history. 

The instantiation of the solution has utility. 

 

In addition to the statements presented in the evaluation form, a section for comments and 
recommendations was provided. The comments and recommendations received from the 
participants can be used for future re-iteration to the design and build step in the design 
science research model in order to enhance and improve the instantiations of the solution. 
For the purpose of the research due to time constraints and the positive feedback from the 
demonstration audience, the solution is deemed as suitable without the need to re-iterate 
the design and build steps. 

The results from the feedback questionnaire were used as input into the artifact evaluation 
step in the design science research model as discussed in the next section. 

5.1.2 Final software solution evaluation 

A discussion of the evaluation of the instantiation of the final solution produced by the 
research study is provided in this section. The evaluation is guided by the responses 
received from the experts (Anglo-Boer War and IT experts) after the demonstration of the 
solution. The demonstration consisted of a walkthrough of descriptive scenarios to indicate 
the use of the final software solution. The analysis of the data was done afterwards using 
Microsoft Excel. The feedback was collected in the form of a five-point Likert scale 
questionnaire. 

To analyse the data, the researcher used pivot tables and charts for each of the statements 
presented in the feedback questionnaire. The responses from the IT experts were 
furthermore compared with the responses from the Anglo-Boer War experts. The statements 
presented in the feedback questionnaire were designed in order to determine the following: 

• Whether the instantiation of the solution contributes to: 

o identifying components of a process to extract facts from a textual document 
set and to transform the unstructured data into a structured form; 
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o identifying components of a process to visually represent the coherence of 
facts in a document set; 
 

• Were design principles and guidelines considered in the design of the artifact in order 
to ensure rigour? 

• Whether the solution is useful? 

The next section analyses the feedback data in order to determine whether the solution 
contributed to achieving the objectives of the research. 

5.1.2.1 Feedback statements with regard whether the solution contributes towards 
identifying process components 

Feedback statements with regard to determining whether the solution contributed identifying 

process components are analysed in this section as follows.  

1. The visualisation contains extracted information. 

To evaluate whether the solution contributes to identifying components of a process to 
extract facts from a textual document set and to transform the unstructured data into a 
structured form, responses to the following statement were considered: 

• The visualisation contains extracted information. 

As indicated in the pivot table (Table 5.4) and illustrated in the bar graph on the following 
page (Figure 5.2), all the Anglo-Boer War experts strongly agreed with the statement. Two 
IT experts agreed and three IT experts strongly agreed with the statement. 

Table 5.4: The visualisation contains extracted information 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 0 5 
IT 0 0 0 2 3 
Grand Total 0 0 0 2 8 
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Figure 5.2: Visualisation contains extracted information 

 

In general, 80% of the experts strongly agreed with the statement, while 20% agreed. Thus, 
it could be concluded that the visualisation contained extracted information. Therefore, the 
solution contributes towards identifying components of a process to extract facts from a 
textual document set and to transform the unstructured data into a structured form. 

2. The coherence of facts contained in the Huyser collection is represented in the 
visualisation. 

To evaluate whether the solution contributes to identifying components of a process to 
visually represent the coherence of facts in a document set, responses to the following 
statement were considered: 

• The coherence of facts contained in the Huyser collection is represented in the 
visualisation. 

As indicated in the pivot table (Table 5.5) and illustrated in the bar graph (Figure 5.3) on the 
following page, all the Anglo-Boer War experts strongly agreed with the statement. One IT 
expert agreed, three IT experts strongly agreed and one IT expert indicated that he or she 
neither agreed nor disagreed with the statement. 

Table 5.5: The coherence of facts contained in the Huyser collection is represented 
in the visualisation 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 0 5 
IT 0 0 1 1 3 
Grand Total 0 0 1 1 8 
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Figure 5.3: Coherence of facts is represented 

 

In general, 80% of the experts strongly agreed with the statement, while 10% agreed. Thus, 
it could be concluded that the coherence of facts contained in the Huyser collection was 
represented in the visualisation. Therefore, the solution contributes towards identifying 
components of a process to visually represent the coherence of facts in a document set. 

Furthermore, it is concluded in this section that, from the analysis of the feedback received 
from the demonstration participants, the instantiation of the solution contributed identifying 
the information extraction as well as the visual representation process components. 

The next section analyses the feedback data in order to determine whether the solution 
design applied information visualisation design principles and guidelines.  

5.1.2.2 Feedback statements with regard to the application of design principles and 
guidelines 

An analysis of the feedback data is provided in this section in order to determine whether 
the solution design applied information visualisation design principles and guidelines. 

1. The technique for visualising the facts contained in the testimonies is appropriate. 

In order to evaluate whether the technique for visualising the facts contained in the 
testimonies was appropriate, responses to the following statement were considered: 

• The technique for visualising the facts contained in the testimonies is appropriate. 
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As indicated in the pivot table (Table 5.6) and illustrated in the bar (Figure 5.4), two Anglo-
Boer War experts agreed and three Anglo-Boer War experts strongly agreed with the 
statement. One IT expert agreed and four IT experts strongly agreed with the statement.  

Table 5.6: The technique for visualising the facts contained in the testimonies is 
appropriate  

 

 

Figure 5.4: Visualising technique appropriate 

 

In general, 70% of the experts strongly agreed with the statement, while 30% agreed. Thus, 
it could be concluded that the technique for visualising the facts contained in the testimonies 
was appropriate. 

2. The visualisation technique employs a minimal set of actions to accomplish a task. 

In order to evaluate whether the visualisation technique employed a minimal set of actions 
to accomplish a task, responses to the following statement were considered: 

• The visualisation technique employs a minimal set of actions to accomplish a task. 

As indicated in the pivot table (Table 5.7) and illustrated in the bar graph (Figure 5.5) on the 
following page, two Anglo-Boer War experts agreed and three Anglo-Boer War experts 
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strongly agreed with the statement. One IT expert indicated that they neither agreed nor 
disagreed, one IT expert agreed and three IT experts strongly agreed with the statement. 

Table 5.7: The visualisation technique employs a minimal set of actions to 
accomplish a task 

 

 

Figure 5.5: Visualisation technique employs a minimal set of actions to complete a 
task 

In general, 60% of the experts strongly agreed with the statement, while 30% agreed. Thus, 
it could be concluded that the visualisation technique employed a minimal set of actions to 
complete a task. 

3. Functionality to control the level of details is available. 

In order to evaluate whether functionality to control the level of details was available, 
responses to the following statement were considered: 

• Functionality to control the level of details is available. 

As indicated in the pivot table (Table 5.8) and illustrated in the bar graph (Figure 5.6) on the 
following page, one Anglo-Boer War expert agreed and four Anglo-Boer War experts strongly 
agreed with the statement. One IT expert indicated that he or she neither agreed nor 
disagreed, three IT experts agreed and two IT experts strongly agreed with the statement.  
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Table 5.8: Functionality to control the level of details is available 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 1 4 
IT 0 0 1 2 2 
Grand Total 0 0 1 3 6 

 

 

Figure 5.6: Functionality to control the level of detail 

 

In general, 60% of the experts strongly agreed with the statement, while 30% agreed. Thus, 
it could be concluded that functionality to control the level of details was available. 

3. The visual layout of the visualisation is effective to gain an insight into the coherence of 
facts in the document set. 

In order to evaluate whether the visual layout of the visualisation was effective to gain an 
insight into the coherence of facts in the document set, responses to the following statement 
were considered: 

• The visual layout of the visualisation is effective. 

As indicated in the pivot table (Table 5.9) and illustrated in the bar graph (Figure 5.7) on the 
following page, one Anglo-Boer War expert agreed and four Anglo-Boer War experts strongly 
agreed with the statement. Two IT experts agreed and three IT experts strongly agreed with 
the statement. 
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Table 5.9: The visual layout of the visualisaiton is effective 

   

 

 

Figure 5.7: Visual layout is effective 

 

In general, 70% of the experts strongly agreed with the statement, while 30% agreed. Thus, 
it could be concluded that the visual layout of the visualisation was effective. 

4. The cognitive load on the user is minimal. 

In order to evaluate whether the cognitive load on the user was minimal, responses to the 
following statement were considered: 

• The cognitive load on the user is minimal. 

As indicated in the pivot table (Table 5.10) and illustrated in the bar graph (Figure 5.8) on 
the following page, one Anglo-Boer War expert agreed and four Anglo-Boer War experts 
strongly agreed with the statement. One IT expert indicated that he or she neither agreed 
nor disagreed with the statement, three IT experts agreed and one IT expert strongly agreed 
with the statement. 
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Table 5.10: The cognitive load on the user is minimal 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 1 4 
IT 0 0 1 3 1 
Grand Total 0 0 1 4 5 

 

 

Figure 5.8: Cognitive load is minimal 

In general, 50% of the experts strongly agreed with the statement, while 40% agreed. Thus, 
it could be concluded that the visual layout of the visualisation was effective. 

5. There is too much information on the visualisation view. 

In order to evaluate whether there was too much information on the visualisation view, 
responses to the following statement were considered: 

• There is too much information on the visualisation view. 

As indicated in the pivot table (Table 5.11) and illustrated in the bar graph (Figure 5.9) on 
the following page, three Anglo-Boer War experts strongly disagreed, one Anglo-Boer War 
expert disagreed and one Anglo-Boer War expert indicated that they neither agreed nor 
disagreed with the statement. One IT expert strongly disagreed, two IT experts disagreed 
and two IT experts indicated that they neither agreed nor disagreed with the statement. 
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Table 5.11: There is too much information on the visualisation view 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 3 1 1 0 0 
IT 1 2 2 0 0 
Grand Total 4 3 3 0 0 

 

 

Figure 5.9: There is too much information on the visualisation 

 

In general, 40% of the experts strongly disagreed with the statement, while 30% disagreed, 
which indicates that a total of 70% of respondents disagreed with the statement. Thus, it 
could be concluded that there was NOT too much information on the visualisation. 

6. Additional functionality to show less testimonies and facts should be considered. 

In order to evaluate whether additional functionality to show less testimonies and facts 
should be considered, responses to the following statement were considered: 

• Additional functionality to show less testimonies and facts should be considered. 

As indicated in the pivot table (Table 5.12) and illustrated in the bar graph (Figure 5.10) on 
the following page, three Anglo-Boer War experts strongly disagreed and one Anglo-Boer 
War expert indicated that he or she neither agreed nor disagreed with the statement. One 
IT expert disagreed, two IT experts indicated that they neither agreed nor disagreed with the 
statement and two IT experts strongly agreed with the statement. 
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Table 5.12: Additional functionality to show less testimonies and facts should be 
considered 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 3 0 1 1 0 
IT 0 1 2 0 2 
Grand Total 3 1 3 1 2 

 

 

Figure 5.10: Additional functionality should be considered 

 

In general, 30% of the experts strongly disagreed with the statement, while 10% disagreed 
and 20% strongly agreed.  Although the majority of the respondents disagreed with the 
statement, it is proposed that the item could be reconsidered, given the wide distribution of 
responses. The researcher cannot conclude with certainty that it is not necessary to add 
additional functionality to show less testimonies and facts. 

7. The visualisation is clean and simple. 

In order to evaluate whether the visualisation was clean and simple, responses to the 
following statement were considered: 

• The visualisation is clean and simple. 

As indicated in the pivot table (Table 5.13) and illustrated in the bar graph (Figure 5.11) on 
the following page, four Anglo-Boer War experts strongly agreed and one Anglo-Boer War 
expert agreed with the statement. One IT expert agreed and four IT experts strongly agreed 
with the statement. 
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Table 5.13: The visualisation is clean and simple 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 1 4 
IT 0 0 0 1 4 
Grand Total 0 0 0 2 8 

 

 

Figure 5.11: Visualisation is clean and simple 

 

In general, 80% of the experts strongly agreed with the statement, while 20% agreed. Thus, 
it could be concluded that the visualisation was clean and simple. 

8. Testimonies/documents and facts are easily distinguishable from each other. 

In order to evaluate whether testimonies/documents and facts were easily distinguishable 
from each other, responses to the following statement were considered: 

• Testimonies/documents and facts are easily distinguishable from each other. 

As indicated in the pivot table (Table 5.14) and illustrated in the bar graph (Figure 5.12) on 
the following page, all the Anglo-Boer War experts strongly agreed with the statement. Four 
IT experts strongly agreed and one IT expert indicated that he or she neither agreed nor 
disagreed with the statement. 
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Table 5.14: Testimonies/documents and facts are easily distinguishable from each 
other 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 0 5 
IT 0 0 1 0 4 
Grand Total 0 0 1 0 9 

 

 

Figure 5.12: Testimonies and facts are easily distinguishable from each other 

 

In general, 90% of the experts strongly agreed with the statement. Thus, it could be 
concluded that the testimonies or documents and facts were easily distinguishable from 
each other. 

9. The visualisation leads to misleading interpretations. 

In order to evaluate whether the visualisation could lead to misleading interpretations, 
responses to the following statement were considered: 

• The visualisation leads to misleading interpretations. 

As indicated in the pivot table (Table 5.15) and illustrated in the bar graph (Figure 5.13) on 
the following page, three Anglo-Boer War experts strongly disagreed and two Anglo-Boer 
War experts disagreed with the statement. Three IT experts strongly disagreed, one IT 
expert disagreed and one IT Expert indicated that he or she neither agreed nor disagreed 
with the statement. 
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Table 5.15: The visualisation leads to misleading interpretations 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 3 2 0 0 0 
IT 3 1 1 0 0 
Grand Total 6 3 1 0 0 

 

 

Figure 5.13: Visualisation leads to misleading interpretations 

 

In general, 60% of the experts strongly disagreed with the statement, while 30% disagreed, 
which indicates that a total of 90% of respondents disagreed with the statement.  Thus, it 
could be concluded that the visualisation did NOT lead to misleading interpretations. 

10. The visualisation is interpretable. 

In order to evaluate whether the visualisation was interpretable, responses to the following 
statement were considered: 

• The visualisation is interpretable. 

As indicated in the pivot table (Table 5.16) and illustrated in the bar graph (Figure 5.14) on 
the following page, four Anglo-Boer War experts strongly agreed and one Anglo-Boer War 
expert agreed with the statement. Four IT experts agreed and one IT expert strongly agreed 
with the statement. 
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Table 5.16: The visualisation is interpretable 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 1 4 
IT 0 0 0 4 1 
Grand Total 0 0 0 5 5 

 

 

Figure 5.14: Visualisation is interpretable 

 

In general, 50% of the experts strongly agreed with the statement, while 50% agreed. Thus, 
it could be concluded that the visualisation was interpretable. 

In this section, feedback received from the demonstration participants was analysed in order 
to determine whether design principles and guidelines were applied to the design of the 
visual representation artifact. Except for one analysed feedback statement, the feedback 
received from the demonstration indicated that design principles and guidelines were 
applied to the design of the visual representation artifact. It could not be concluded with 
certainty that it was not necessary to add additional functionality to show less testimonies 
and facts. Future research could therefore consider additional functionality to show less 
testimonies and facts. 

The feedback statement with regard to the usefulness of the solution artifact is analysed in 
the next section. 

5.1.2.3 Feedback statement with regard to usefulness of the solution artifact 

The feedback statement with regard to the usefulness of the solution artifact is analysed in 
this section. 
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1. The visualisation is useful for obtaining insights into aspects of the Anglo-Boer War history. 

In order to evaluate whether the visualisation was useful for obtaining insights into aspects 
of the Anglo-Boer War history, responses to the following statement were considered: 

• The visualisation is useful for obtaining insights into aspects of the Anglo-Boer War 
history. 

As indicated in the pivot table (Table 5.17) and illustrated in the bar graph (Figure 5.15, all 
the Anglo-Boer War experts strongly agreed with the statement. One IT expert agreed, three 
IT experts strongly agreed and one IT expert indicated that he or she neither agreed nor 
disagreed with the statement. 

Table 5.17: The visualisation is useful for obtaining insights into aspects of the 
Anglo-Boer War history 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
Boer War 0 0 0 0 5 
IT 0 0 1 1 3 
Grand Total 0 0 1 1 8 

 

 

Figure 5.15: Useful for obtaining insights 

 

In general, 80% of the experts strongly agreed with the statement, while 10% agreed. Thus, 
it could be concluded that the visualisation was useful for obtaining insights into aspects of 
the Anglo-Boer War history.  
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As part of the feedback questionnaire, the participants could also add comments and 
recommendations. The feedback comments and recommendation are discussed in the next 
section. 

5.1.2.4 Feedback comments and recommendations 

Comments and recommendations received from either the feedback questionnaires or 
during the demonstration sections are briefly discussed in this section. The following 
comments and recommendations were received: 

• “It will be of great value for researchers of the Anglo-Boer War.” (Translated from 
Afrikaans) 

• “As researcher, I was greatly impressed with this method and I believe that it will be 
of great value. The method opens up the Huyser collection for researchers. I have 
confidence that this study can be used by other researchers.” (Translated from 
Afrikaans) 

• “An excellent visualisation method – I was very impressed.” (Translated from 
Afrikaans) 

• “Very good aid. Interesting.” (Translated from Afrikaans) 

• “The option to see which facts are the most coherent would be good.” 

• “I would consider using both the translated text as well as the original 
(Dutch/Afrikaans) text in the computer program. I also believe that this functionality 
could be useful when including different sets of information, for example, comparing 
the Huyser collection with information included in a different but relevant collection 
(which also includes the stories of women from the ABW concentration camps). I 
believe this form of visualisation could be very useful for research purposes.” 

• “Excellent way of visualising a data set.” 

• “Very useful to visualise the coherence/opposite facts.” 

The following observations were also made during the demonstration sessions: 

• The use of the solution to visualise the coherence of facts describing other research 
domains such as medical research was identified.  

• The use of the solution to assist qualitative research was identified. 

• The ability to sort the facts not just alphabetically, but by the number of occurrence in 
the document set was identified. 
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• The functionality compare records contained not just one textual record set, but also 
different records set; therefore, adding more validity to the described facts. 

• A requirement exists to have the solution made available to general users either 
commercially or as open source software.  

• The purpose of the visualisation and the interpretation of the visual elements in the 
visualisation was clear to the users from the start. 

As a result of the evaluation of the feedback given by the demonstration participants, it is 
deduced that: 

• It is evident from the evaluation of the feedback received for Statements 6 and 7 
discussed in Section 5.1.2.1, as well as in the comments received from the 
participants, that the instantiated solution  contributed towards: 

o identifying components of a process to extract facts from a textual document 
set and to transform the unstructured data into a structured form; 

o identifying components of a process to visually represent the coherence of 
facts in a textual. 
 

• Design principles and guidelines were considered in the design of the solution as 
evident in the evaluation of the feedback received from the feedback statements as 
discussed in Section 5.1.2.2. This is also evident from comments received from the 
participants. 

• The instantiated solution is useful as is evident in the evaluation of the feedback 
received from respondents as discussed in Section 5.1.2.3. This is also evident from 
comments received from the participants. 

Resulting from the feedback received from the questionnaire, it is suggested that the 
following enhancements and improvements be made to the solution: 

• Consider additional functionality to show less testimonies and facts. 

• Consider adding functionality to display the original untranslated source text to the 
user. 

• Consider adding functionality allowing the user to also display the coherence of facts 
across different source sets. 

• Consider functionality allowing the user to select how the facts in the dropdown lists 
should be sorted – either alphabetically or by the number of occurrences in the 
document set. 
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• Consider making the solution available to users across different domains. This 
involves a consideration of making the integration between the information extraction 
and visual representation artifacts seamless. It includes making the solution available 
to general users either commercially or as open source software. 

Having discussed the development, demonstration and evaluation of the instantiated final 
specific solution for the visual representation of the coherence of facts in a textual document 
set, the final model which was informed by the instantiated solution is discussed next. 

 

5.2 THE FINAL MODEL 

The final model for visually representing the coherence of facts in a textual document set, is 
presented in this section. The resulting model is depicted in Figure 5.16 on the following 
page. The model was built as an IT using three phases of design science research (Figure 
1.3. 

On inspecting the model depicted in Figure 5.16 on the following page, it is suggested that 

the model fits in with the working definition of Information Visualisation as provided in Section 

4.1.2.3 as follows: 

The transformation from lower-level data to visual representation of meanings 

extracted from the data, where the extraction is either a computational process or a 

human transcription process; the aim is to explore data and create new insights. 

The proposed model is discussed next by referring to each component in the model: 

• The textual source set consists of the source containing the facts that will be extracted 

and of which the coherence will be visually represented in subsequent processes. 

The source set can include handwritten words, digital textual documents or oral story 

tellings (in the case of indigenous knowledge). 
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Figure 5.16: Final model - resulting Information Visualisation model 
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• The information extraction process prepares the textual documents, extracts 
the facts and loads the extracted facts into the database as follows: 

o Document preparation. Before the facts can be extracted from the textual 
source, the source set needs to be prepared. The document preparation 
process includes the acquiring, transcribing and translation of the 
documents as follows: 

 Acquire documents. The documents need to be acquired from the 
source. The acquired documents can include the photographic 
copy of handwritten words, copying of digital textual documents 
or the capture (into textual records) of oral story tellings (in the 
case of Indigenous Knowledge).   

 Transcribe documents. In cases where the textual documents are 
not in a digital format (like handwritten words), the documents 
need to be transcribed. 

 Document translation. In order to reach a larger audience, the 
textual documents need to be translated into a language 
understandable by most people. English is proposed as a 
possible language to translate the document into. The translation, 
in addition, involves the removing and replacing of defamatory 
words and names of protected individuals. 

 Translation. In order to assist in translating the textual 
documents, a translation tool such as Google translator is 
suggested. 

 Inspect and correct. Using a language translator is not 
entirely reliable and therefore the translated textual record 
needs to be inspected for spelling and grammar errors, 
and where needed, corrections should be made. 

 Remove and replace. In order to remain ethical, 
defamatory words should be removed and replaced with 
acceptable words. The identities of certain persons might 
have to be protected and therefore identities can be 
protected by replacing names of certain individuals with 
coded names. 

o Extract facts. For the purpose of the research study, a manual extraction 
method was described in Section 3.1.2.1. For the purpose of giving the 
reader an idea of what the manual information extraction involves, the 
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process of using ATLAS.ti to extract facts is discussed in Section 3.2.2. 
It is proposed that employing unsupervised and semi-supervised 
methods for extracting facts from the textual source set can be the focus 
of future research.  

o Load facts into database. The facts extracted are loaded into the 
database system in the following three steps: 

 Load document information. Information identifying each 
document is loaded into the database by means of a simple web 
service that was developed as part of the research.  

 Load document content. Having loaded information identifying 
each document, the textual content of the document is loaded 
next. The document content is loaded by means of a small 
software program written in the PHP programming language that 
was developed as part of the research. 

 Load extracted facts. All the facts that were extracted are loaded 
next into the database by means of a simple web service that was 
developed as part of the research.   

o Identify extraction errors. Identification of possible errors (mainly due to 
human error) can be done at two different points in the process. The 
errors can be identified by means of an inspection of the extracted facts, 
or by using the visual representation to visually highlight possible errors.  

o Structured data. The output of the information extraction and database 
loading activities is a structured data set.  

• Visually representing the coherence of facts. The visual representation of the 
coherence of facts requires that the information contained in structured data, 
domain information, document information and document set information must 
be visually represented in order to assist the user in acquiring insight into the 
coherence of the facts in the document set. Ultimately, the user should be able 
to make an assumption on the validity of facts contained in the record set.  

o Information. The information to be visually represented is fed by the 
extracted facts (in a structured data format), domain information, 
document information and the document set information. 

o Domain information pipeline. In order to assist the user with the insight-
acquiring process, researched domain information is fed to the visual 
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representation. The process of feeding the domain information to the 
system consists of the following: 

 Domain research. This consists of an external research process 
to collect domain information on the extracted facts. 

 Domain information management. In order for the visual 
representation to display correct domain information, the 
collected domain information needs to be added, deleted or 
updated. 

o Document source information pipeline. In order to assist the user with 
the insight-acquiring process, researched information with regard to the 
individual documents is fed to the visual representation. The process of 
feeding the document information to the system consists of the following: 

 Document author research. This consists of an external research 
process to collect author information for each document. 

 Document information management. In order for the visual 
representation to display correct document information, the 
collected document information needs to be added, deleted or 
updated. 

o Document set information pipeline. In order to assist the user with the 
insight-acquiring process, researched information with regard to the 
document set is fed to the visual representation. The process of feeding 
the document set information to the system consists of the following: 

 Document set research. This consists of an external research 
process to collect information about the document set. 

 Document set information management. In order for the visual 
representation to display correct document set information, the 
collected document set information needs to be added, deleted or 
updated. 

o Visual representation. The visual representation of the coherence of 
facts is presented to the user to assist the user in acquiring insight into 
the possible truth value of extracted facts.  

In order to support the cognitive process to make an assumption on the 
possible truth value of a fact, the user is visually presented with the 
coherence of a selected fact in the document set, domain details (on 



  

178 

 

demand) on a selected fact, the context in which the selected fact 
appears in a document, document details (on demand) containing an 
occurrence of the selected fact and details of the document set. 

o Insight acquisition. According to Ackoff (1989), human understanding is 
a cognitive process that is built upon layers (data, information, 
knowledge, understanding and wisdom). The information visualisation 
model developed by the research study accommodates this cognitive 
process by supporting these layers of human understanding. 

The data layer is provided by the textual records. Extracted facts provide 
the information layer. The knowledge layer is provided by the visual 
representation, which allows the user to acquire some knowledge on the 
coherence of a fact in a record set. Having an understanding that the 
coherence of a fact (according to the coherence theory of truth) is a 
possible indication that the fact might contain truth, ultimately leads to 
some domain wisdom with regard to the domain being described by the 
data.  

Having described the developed of the model for visually representing the coherence 
of facts in a textual document set, the next two sections describe the process of 
demonstrating and evaluating the model. 

5.2.1 FINAL MODEL DEMONSTRATION 

In order to ensure research rigour, the final model of the research study (described in 
the previous section) was demonstrated and evaluated.  This section of the 
dissertation describes the demonstration activity of the resulting model. 

For the purpose of the research study, the model for visually representing the 
coherence of facts in a textual document set, was demonstrated by means of five 
individual interviews each having a duration of about one hour. During each interview, 
the components of the model were briefly described to the participants, which 
consisted of the same IT experts that were used in the demonstration of the 
instantiated specific software solution (see Table 5.1).   

The decision to use five IT experts is based on Nielsen and Landauer’s (1993) 
proposition that between three and five expert users are adequate for conducting user 
evaluations. After each demonstration interview, the participants were presented with 
a demonstration feedback questionnaire containing the information and statements 
listed in Table 5.18 on the following page. 
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Table 5.18: Model demonstration feedback questionnaire 

Background  
My name is Louis Engelbrecht, and as part of my Master of Computer Science degree at the University of South 
Africa, a software solution artifact was developed.  
The aim of the software artifact is to visually represent the domain facts contained in a set of textual documents. 
For the purpose of this research, the Huyser collection of Anglo-Boer War testimonies is used as source for the 
visualisation. 
After being provided with a demonstration of the resulting model developed by the research, you will be 
requested to evaluate the model by completing this form. 
Participant information 
1. What is your expertise in IT? 
  
 
 
 

 
 
2. What is your level of IT expertise? 
 
 
Instructions 

1. Please complete the next section by marking your choice with an “X” in the box provided. 
2. Please answer all questions. 
3. Please note that each answer only requires a single choice. 

Evaluation form 
Please read the statements with regard to the demonstrated software below and how strongly you agree or 
disagree. Please use the following rating system: 
 

Strongly disagree Somewhat 
disagree 

Neither agree or 
disagree 

Agree Strongly agree 

1 2 3 4 5 
 
 

Number Statement Rating 
1. The model represents components for extracting information from 

unstructured textual records into a structured format and the 
application of a visualisation technique to the transformed set, in 
order to gain insight into the coherence of facts contained in the 
document set. 

1 2 3 4 5 

2.  Subcomponents for extracting information from unstructured textual 
records into a structured format are represented. 

1 2 3 4 5 

3. Subcomponents for the application of a visualisation technique onto 
a structured data set, in order to gain insight into the coherence of 
facts contained in the document set, are represented. 

1 2 3 4 5 

4.  The represented model represents the components of the 
visualisation solution that was previously demonstrated. 

1 2 3 4 5 

 

 

For each statement, the participant had to indicate how strongly he or she agreed or 
disagreed by selecting a value from one to five according to a five-point Likert scale. 
The statements presented to the participants were carefully defined in order to be used 
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as input for the evaluation of the model as discussed in Section 5.2.2. Table 5.19 
contains a list of the feedback questionnaire statements, each with an indication of its 
contribution to the model evaluation. 

Table 5.19: Contributions of feedback statements to model validation 

Statement Evaluation contribution 

1. The model represents components for extracting 
information from unstructured textual records into a 
structured format and the application of a visualisation 
technique to the transformed set, in order to gain 
insight into the coherence of facts contained in the 
document set. 

Evaluate whether the model achieves the purpose of 
the study, namely to develop a model to transform 
unstructured textual data and to visually represent 
the coherence of facts in the set.  

2. Subcomponents for extracting information from 
unstructured textual records into a structured format 
are represented. 

Evaluate whether the model contains the 
components of the initial information extraction 
model. 

3. Subcomponents for the application of a 
visualisation technique to a structured data set, in 
order to gain insight into the coherence of facts 
contained in the document set, are represented. 

Evaluate whether the model contains the 
components of the intermediate visual representation 
model. 

4. The represented model represents the components 
of the visualisation solution that was previously 
demonstrated. 

Evaluate whether the model represents the 
components of the instantiated software solution 
represented to the participants, i.e. did the specific 
software solution inform the development of the 
model? 

 

The result from the feedback questionnaire is used as input into the evaluation of the 
resulting model as discussed in the next section. 

5.2.2 FINAL MODEL VALIDATION 

The model for visually representing the coherence of facts in a textual document set 
produced by the research study is evaluated in this section. 

The evaluation is guided by feedback received from IT experts after being presented 
with the resulting model. The feedback is in the form of a five-point Likert scale 
questionnaire that was presented to each participant after the model was 
demonstrated during interviews. The data is analysed using Microsoft Excel. To 
analyse the data, the researcher used pivot tables and charts for each of the 
statements presented in the feedback questionnaire.  

The statements presented in the feedback questionnaire were designed in order to 
determine the following: 

• Whether the model achieves the purpose of the study, namely to develop a 
model to transform unstructured textual data and to visually represent the 
coherence of facts in the set? 
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• Whether the model contains the components of the initial information extraction 
model? 

• Whether the model contains the components of the intermediate visual 
representation model? 

• Whether the model represents the components of the instantiated software 
solution represented to the participants, i.e. did the specific software solution 
inform the development of the model? 

The next section analyses the feedback data in order to determine whether the model 
contains components to extract facts and transform unstructured textual data into a 
structured form. 

5.2.2.1 Was the purpose of the study achieved in the model? 

In order to evaluate whether purpose of the study was achieved in the model, the 
responses to the first statement were considered as follows: 

The model represents components for extracting information from unstructured 
textual records into a structured format and the application of a visualisation 
technique to the transformed set, in order to gain insight into the coherence of 
facts contained in the document set. 

As indicated in the pivot table (Table 5.20) and illustrated in the bar graph (Figure 5.17) 
on the following page, one IT expert agreed and four IT experts strongly agreed. 

In general, 80% of the experts strongly agreed with the statement, while 20% agreed. 
Thus, it could be concluded that the research purpose was achieved in the model. 

Table 5.20: Purpose of the study achieved in the model 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
IT 0 0 0 1 4 
Grand Total 0 0 0 1 4 
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Figure 5.17: Purpose of the study achieved in the model 

Having concluded that the research purpose was achieved in the model, the next 
section evaluates whether model contains components to extract information from 
unstructured records. 

5.2.2.2 Does the model contains components to extract information from 
unstructured records? 

In order to evaluate whether the model contains components to extract facts and 
transform unstructured textual data into a structured form, the responses to the second 
statement were considered as follows: 

Subcomponents for extracting information from unstructured textual records 
into a structured format are represented. 

As indicated in the pivot table (Table 5.21) and illustrated in the bar graph (Figure 5.18) 
on the following page, two IT experts agreed, two IT experts strongly agreed and one 
IT expert indicated that he or she neither agreed nor disagreed with the statement. 

In general, 40% of the experts strongly agreed with the statement, while 40% agreed. 
Thus, it could be concluded that the objective to extract information from textual 
sources was achieved in the model. 
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Table 5.21: Model contains information extraction components 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
IT 0 0 1 2 2 
Grand Total 0 0 1 2 2 

 

 

Figure 5.18: Model contains information extraction components 

 

Having concluded that the model contains information extraction components, the next 
section evaluates whether the model contains components to visually represent the 
coherence of facts in a structured data form. 

5.2.2.3 Does the model contains visual representation components? 
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coherence of facts in a structured data form, the responses to the third statement were 
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Subcomponents for the application of a visualisation technique onto a 
structured data set, in order to gain insight into the coherence of facts contained 
in the document set, are represented. 
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on the following page, two IT experts agreed, two IT experts strongly agreed and one 
IT expert indicated that he or she neither agreed nor disagreed with the statement. 
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In general, 40% of the experts strongly agreed with the statement, while 40% agreed. 
Thus, it could be concluded that the objective to visually represent the coherence of 
facts was achieved in the model. 

 

Table 5.22: Model contains visual representation components 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
IT 0 0 1 2 2 
Grand Total 0 0 1 2 2 

 

 

Figure 5.19: Model contains visual representation components 
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5.2.2.4 Was the development of the model informed by the construction of the 
instantiated software solution?  

In order to evaluate whether the model was informed by the construction of the 
instantiated software solution, the responses to the fourth statement were considered 
as follows: 

The represented model represents the components of the visualisation solution 
that was previously demonstrated. 

As indicated in the pivot table (Table 5.23) and illustrated in the bar graph (Figure 
5.20), one IT expert agreed and four IT experts strongly agreed. 

In general, 80% of the experts strongly agreed with the statement, while 20% agreed. 
Thus, it could be concluded that the resulting model was informed by the construction 
of the instantiated software solution presented to the demonstration participants. 

 

Table 5.23: Model informed by instantiton of the software solution 

Row Labels Strongly Disagree Disagree Neither Agree Strongly Agree 
IT 0 0 1 2 2 
Grand Total 0 0 1 2 2 

 

 

Figure 5.20: Model informed by instantiton of the software solution 
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In this chapter, a model for visually representing the coherence of facts in a textual 
document set, was presented. The resulting model was demonstrated to five IT 
experts and an evaluation based on a feedback questionnaire was conducted. As a 
result of the evaluation, it is concluded that: 

• The model achieves the purpose of the study, namely to develop a model to 
transform unstructured textual data and to visually represent the coherence of 
facts in the set. 

• The model contains the components of the initial information extraction model. 

• The model contains the components of the intermediate visual representation 
model. 

• The model represents the components of the instantiated software solution 
represented to the participants, i.e. did the specific software solution inform the 
development of the model. 

Having presented the model for visually representing the coherence of facts in a 
textual document set, the dissertation is concluded in the next chapter. 
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CHAPTER 6:  CONCLUSION 

This chapter concludes the research study by presenting the results of the research. 
The research questions of the study are referenced in this chapter in order to show 
that they are answered by the research. 

A summary of the chapters of the dissertation is presented in Section 6.1. An overview 
of the study as well as a review of the answers provided to the research questions is 
discussed in Section 6.2. Contributions made by the study is discussed in Section 6.3 
and Section 6.4 reviews the delineation and assumptions of the research study. 
Section 6.5 presents a scientific, methodologic and personal reflections on the study. 
Possible future research is discussed in Section 6.6, which is followed by the final 
concluding remarks in Section 6.7. 

 

6.1 SUMMARY OF CHAPTERS 

In this section, a brief summary of the dissertation chapters is given. 

• Chapter 1. Introduction defined the study by providing the research 
background, research purpose and research questions of the study. In addition, 
the importance of the research, delineations and assumptions as well as ethical 
considerations of the study is discussed. 

• Chapter 2. Research design and methodology presented the main research 
methodology followed in order to address the purpose of the research and the 
research questions. In essence a design science research approach is followed 
by using an adaption of the design science research process model from 
Peffers et al. (2007). 

• Chapter 3. Development of the initial model – textual information extraction 
describes the design and development of the initial model to extract information 
from textual documents. 

• Chapter 4. Development of the intermediate model – visual representation 
described the design and development of the intermediate model to visually 
represent the coherence of facts contained in a structured data form. 

• Chapter 5. Demonstration and evaluation of the specific software solution and 
validation of the final model described how to specific software that informed 
the realisation of the final model was demonstrated and evaluated. The chapter 
in addition reviewed the validation of the final model. 
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• Chapter 6. Conclusion presents the results of the study. 

The overview of the study is presented next in Section 6.2 

 

6.2 OVERVIEW OF THE STUDY 

An overview of the study is presented in this section. The process followed to answer 
the research question (Section 6.2.1) and a reflection on the key findings of the 
research (Section 6.2.2) is provided in this section. 

6.2.1 The research process 

In the development of the NIKMAS system for the South African Department of 
Science and Technology (DST), it soon became apparent that Indigenous Knowledge 
being described by different traditional communities was in coherence. It is proposed 
that having insight into the coherence of the facts (for instance, using the same plants 
for the same illnesses and the employment of similar preparation methods) contained 
in the Indigenous Knowledge description would be a step closer to making an 
assumption about the validity of the knowledge. 

The assumption that the coherence of facts contained in the different Indigenous 
Knowledge descriptions is an indication of its possible truth value is based on the 
coherence theory of truth. In order to assist the process of acquiring insight into the 
coherence of facts (Indigenous Knowledge), the research study proposed that a visual 
representation of the coherence of the Indigenous Knowledge facts could assist the 
insight-acquiring process. However, the Indigenous Knowledge exists orally and in the 
customs of the traditional communities. Therefore, the knowledge needs to be 
acquired, captured into text and subsequently the facts from the textual document set 
needs to be extracted and loaded into a database. Only after the Indigenous 
Knowledge has been transformed into a structured form, can it be visualised. 

The main research question was therefore defined as: 

What components can be combined into a model to transform unstructured 
textual data and to visually represent the coherence of facts contained in the 
set? 

In order to answer the main research question, the following subordinate research 
questions were formulated: 

1. What components can be combined into a model to extract facts and transform 
unstructured textual data into a structured form? 
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2. What Visualisation design principles can be applied to guide the design of an 
Information Visualisation interface? 

3. What components can be combined into a model to visually represent the 
coherence of facts contained in a structured data form? 

In order to answer subordinate research questions 1 and 3, a design science research 
approach was followed, which is discussed in Chapter 2. With regard to answer 
research question 2, Visualisation design principles were identified by means of a 
literature review as discussed in Section 4.1.3. A summary of the research process 
followed in the study is provided in Table 6.1 on the following page. 

The research process is summarised as follows: A model artifact for the visual 
representation of the coherence of facts in a textual document set were constructed 
mainly through three phases of design science research. These phases consisted of: 

1. Phase 1. An initial information extraction phase. 

2. Phase 2. An intermediate visual representation phase. 

3. Phase 3. The final model which was created by combining the results of the 
initial and intermediate phases. 

A reflection on the key finding is discussed next.  

6.2.2 Reflection on key findings 

The findings of the research were derived from a literature review as well as from the 

development and instantiation of a specific software solution. The specific software 

solution consisted of two parts, namely an initial information extraction and an 

intermediate visual representation part. 
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Table 6.1: Summary of the research process 

 
Section 1.2 & 1.4 Section 1.2.4 Chapter 3 Chapter 4 Section 5.1 Section 5.3 Section 5.2 Chapter 6 

The starting point for 

the research was the 

identification of the 

research problem and 

the motivation of the 

importance of having a 

visual representation 

of the coherence of 

facts in a textual 

record set, especially 

where the textual 

record set describes 

indigenous  

Research objectives 

for achieving the 

purpose of the 

research were 

identified during this 

task. At the end of 

the study, the 

researcher have to 

reflect on these 

objectives in order to 

determine whether 

the purpose of the 

study was achieved 

A specific software 

solution for the 

extraction of 

information from 

textual records was 

developed during 

this task. The 

specific software 

solution informed 

the construction of a 

model to extract 

information from 

textual records. 

A specific software 

solution for the visual 

representation of the 

coherence of facts in a 

data set was 

developed during this 

task. The software 

solution informed the 

construction of a 

model to visually 

represent the 

coherence of facts in a 

data set.  

The specific software 

solution that was 

developed in parts 

during development 

phase 1 and 2 was 

demonstrated to five 

IT experts as well five 

experts in the domain 

of the information 

(Anglo-Boer War) 

being described. 

Feedback were used 

for evaluation 

A final model for the 

visual representation 

of the coherence of 

facts in a textual 

document set was 

developed from the 

instantiation of a 

specific software 

solution consisting of 2 

software parts namely 

an information 

extraction and a visual 

representation part. 

The final model was 

presented to 5 IT 

experts. Feedback 

was received from 

them in the form of a 

questionnaire. The 

feedback was then 

used to evaluate 

whether the purpose 

of the research 

achieved in the 

model. 

The final results of the 

research was 

communicated in the 

conclusion chapter of 

this dissertation. 

 

 

 

 

 

  

Output Output Output Output Output Output Output Output 
As a result, the 

purpose of the 

research, the main 

research question and 

the sub-research 

questions of the study 

were identified. 

The research 

objectives required 

to achieve the 

purpose of the 

study. 

A model that 

answers research 

question 1, namely a 

model for extracting 

information from 

textual records. 

A model for visually 

representing the 

coherence of facts and 

a set of visualisation 

design principles. 

A reflection on 

whether the specific 

software solution 

contributed to the 

achievements of the 

research. 

A model to transform 

unstructured textual 

data and to visually 

represent the 

coherence of facts 

contained in the set 

An evaluation of the 

final model. 

Conclusion chapter of 

the dissertation 

containing the final 

results of the research 

study. 
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Subordinate research question 1 

What components can be combined into a model to extract facts and transform 
unstructured textual data into a structured form? 

Subordinate research question 1 was addressed in Chapter 3 of the dissertation. A 
design science research approach was followed to create an initial specific software 
solution for extracting information from textual records. The process of creating the 
specific information extraction solution identified components which were combined 
into an initial model (depicted in Figure 3.11). Validity of the model resides in the 
knowledge that the model is based on an instantiation that was demonstrated and 
evaluated (discussed in Chapter 5). 

The creation of the information extraction solution was informed by an initial literature 
review (Section 3.1) which, amongst other outputs, identified possible extraction 
methods and software tools. Supervised, semi-supervised and unsupervised methods 
where identified for extracting facts from textual sources.  At the onset of the study it 
was envisaged that a semi-supervised or unsupervised method would be used. As the 
study progressed it was however realised that combining semi-supervised or 
unsupervised extraction research, with the intended visualisation of fact coherence 
would require an amount of work outside the scope of a master’s degree study. The 
realisation was confirmed by an academic audience when the intended study was 
presented at both the SAICSIT 2014 Master’s and Doctoral Symposium (SAICSIT 
2014 Master’s and Doctoral Symposium, 2014) and at the FASTAR/Espresso 
Workshop  2014 (Engelbrecht, 2014). As a result, the research study proposes that a 
possible reason for the gap between the research fields of Information Extraction and 
Information Visualisation (identified in Section 1.2.1) resides in the amount of research 
required by each. 

Subordinate research question 2 

What visualisation design principles can be applied to guide the design of an 
information visualisation interface? 

Subordinate research question 2 was addressed in Section 4.1.3 as part of the review 
on literature relevant to the visualisation of information coherence. As a result a list of 
32 information visualisation design principles as listed in Table 4.3 were compiled. 
These principles are not strict rules, but serve as guide to the design process of an 
Information Visualisation interface. The use of the principles is demonstrated in the 
design of the interface for the model required by subordinate research question 3 (see 
Section 4.2.1.1.5). In addition, Section 5.1 shows how the principles can be used a 
feedback questionnaire to determine whether design principles was incorporated into 
a visualisation interface design. 

http://www.fastar.org/wiki/index.php?title=FEW_2014
http://www.fastar.org/wiki/index.php?title=FEW_2014
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In addition to demonstrating that the principles can be used in a real visualisation 
design, value has been added through a process of peer review and academic scrutiny 
through a conference paper (Engelbrecht, Botha, & Alberts, 2014) and a journal article 
(Engelbrecht et al., 2015). 

Subordinate research question 3 

What components can be combined into a model to visually represent the coherence 
of facts contained in a structured data form? 

Subordinate research question 3 was addressed in Chapter 4 of the dissertation. A 
design science research approach was followed to create an intermediate specific 
software solution for visually representing the coherence of facts in a structured data 
form.  

The creation of the visual representation solution was informed by an initial literature 
review (Section 4.1) which, amongst other outputs, identified possible information 
visualisation tools and techniques that could be used in the design and creation of the 
user interface. From these a circular graph visualisation technique was considered as 
suitable for the intended purpose of the study. The D3.js software library was 
furthermore chosen to implement the visualisation design. The process of creating the 
intermediate visual representation solution identified components which were 
combined into an intermediate model (depicted in Figure 4.30). Validity of the model 
resides in the knowledge that the model is based on an instantiation that was 
demonstrated and evaluated (discussed in Chapter 5). 

Main research question 

What components can be combined into a model to transform unstructured textual 
data and to visually represent the coherence of facts contained in the set? 

The main research question of the study addresses the problem of visually 
representing the coherence of facts contained in unstructured textual data; with intend 
to assist the process of making an assumption about the validity of information in the 
data. The three subordinate questions of the research contributed to addressing the 
main research question.  

Subordinate question 1 provided an initial model for extracting information from 
unstructured textual data and transforming the data into a structured form. In addition 
the initial model provided by subordinate question 1 also addressed the situation 
where the data is not yet in a textual format, for instance when the data source is in 
an oral format. 
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Subordinate question 2 provided Information Visualisation design principles that could 
be used as basis for developing the visual representation model required in the next 
subordinate question. Subordinate question 3 provided an intermediate model for 
visually representing the coherence of facts in a structured data form 

Subordinate questions 1 and 2 provide input to subordinate question 3. Combined 
together all three subordinate questions progress towards providing an answer to the 
main research question, namely a model for visually representing the coherence of 
facts in a textual document set. The model consists of 2 main components and various 
sub-components depicted in Figure 6.1 and listed in Table 6.2 on the following two 
pages. 

Validity of the model resides in the knowledge that the model is based on an 
instantiation of both the initial information extraction and intermediate visual 
representation models which were demonstrated and evaluated (discussed in Chapter 
5). 

The significance and contribution of the research is discussed in the next section. 
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Figure 6.1: A model for visually representing the coherence of facts in a textual document set 
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Table 6.2: Model components for the visual representation of the coherence of 
facts in a textual document set 

Main components Secondary 
components 

Tertiary components Fourth level 
components 

Information extraction Document preparation Acquire documents  

  Transcribe documents  

  Document translation Translation 

   Inspect and correct 

   Remove and replace 

 Extract facts   

 Load facts to database Load document 
information 

 

  Load document content  

  Load extracted facts  

 Identify extraction errors   

 Structured data   

Visually representing 
the coherence of facts 

Structured data   

 Information   

 Domain information 
pipeline 

Domain research  

  Domain information 
management 

 

 Document source 
information pipeline 

Document author 
research 

 

  Document information 
management 

 

 Document set 
information pipeline 

Document set research  

  Document set 
information management 

 

 Visual representation   

 Insight acquisition   

 

6.3 SIGNIFICANCE AND CONTRIBUTION OF THE RESEARCH 

The results of the study indicate that the study can make a contribution to the academic 
computer science community, especially in the research fields of Indigenous 
Knowledge, Information Extraction and Information Visualisation.  
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The significance of the research study and the contribution to the scientific body of 
knowledge is summarised as follows: 

• A contribution is made to the study of Indigenous Knowledge by presenting a 
novel model for making an assumption on the validity of the facts contained in 
descriptions of indigenous knowledge.  

• A contribution is made by providing a scientific evaluation method for making 
assumptions on Indigenous Knowledge and therefore contributing to the 
acknowledgement of Indigenous Knowledge containing truth value. 

• A contribution is made to other fields of study such as History studies 
(testimonies of witnesses to a historical event), Medical studies (patient health 
records), Criminology (crime reports) and Political Science studies (political 
speeches) because it is proposed that the same Information Visualisation 
model can also be applied to other fields. 

• A novel Visualisation method for presenting the coherence of facts in a 
structured data form is presented. 

• A contribution is made to the study of Information Visualisation by adding 
derived definitions for Visualisation concepts to the scientific body of 
knowledge. 

• An increased understanding of how information is visualised and a better grasp 
of how data, information, knowledge and wisdom relates to each other.  

• A contribution is made to the study of Information Visualisation by providing a 
list of design principles and guidelines that can be referenced in future 
Information Visualisation projects. 

• A better understanding of why there exists a gap between the study fields of 
Information Extraction and Visualisation is gained. During the study, it was 
realised that a large amount of research is required to combine unsupervised 
or semi-supervised extraction methods with the visualisation of the information. 
Therefore, a possible reason for the gap between the two research fields 
resides in the amount of research required by each. 

In essence the knowledge gained from this study can guide other researchers to 
visually represent the coherence of facts in a textual document set, irrelevant of the 
domain being described the facts. 

The delineation and assumptions of the research study is discussed in the next 
section. 
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6.4 DELINEATION AND ASSUMPTIONS OF THE RESEARCH STUDY 

During the consideration of the research problem and the importance of the study, it 
became evident that for the purpose of the research, the scope of the study had to be 
set out and certain assumptions had to be made as follows:    

• The proposed visualisation will only be applicable to a finite number of 
textual records not exceeding 50 documents. Larger sets will require future 
research to be done. 

• Accessibility and usability issues were not taken into account. 

• The research study proposed a suitable solution (both visual representation 
and information extraction solution) and not necessarily the most effective 
solution. 

• The assumption is made that the existence of fact coherence in a textual 
document set is an indication of the possibility of truth contained in the fact. 
Although it is acknowledge that other theories of truth exist, they were not 
evaluated and compared to each other. 

• Due to intellectual property issues and the availability of textual documents 
describing domain facts, Anglo-Boer War testimonies were used as data 
source. It is assumed that the proposed Information Visualisation model can 
be applied to both other study fields where textual records with similar 
characters as described in Section 1.2.1 exist. 

• The work required to provide the most suitable Information Extraction 
method is considered as beyond the scope and amount of work required for 
a master’s degree study. The study was therefore limited to providing a 
supervised, manual information extraction method. Whether a semi-
supervised of unsupervised automatic method would be more efficient was 
therefore considered as out of scope for the study. 

The listed delineation and assumptions of the study can be considered as guidelines 
for future areas of research. Having reflected on the delineation and assumptions of 
the research study, the next section provides a scientific, methodological and personal 
reflection of the study. 
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6.5 REFLECTIONS 

Scientific, methodological and personal reflections on the study is provided in this 
section. 

6.5.1 Scientific reflection 

The study defined a model for the visual representation of the coherence of facts in a 
textual document set. The goal of the visual representation was to enable the user to 
make an assumption about the possible truth value of the facts. The requirement for 
such a model was identified during the development of the NIKMAS Indigenous 
Knowledge research project. Due to various reasons which include intellectual 
property restrictions, civilian war testimonies were used as source for the model. It is 
proposed that the model can be applied to both History and Indigenous Knowledge 
research domains since the data sets exhibit the same characteristics; both are in 
textual documents (or can be transformed into textual document) containing 
unstructured data which are secondary and open for scrutiny. The model therefore 
provides a scientific visualisation method that can be applied to any other domain 
where facts contained in textual documents are being scrutinised. 

In addition to providing the Information Visualisation model, the study provides a set 
of Information Visualisation design principles and guidelines that can be used in future 
visualisation research, which can include an expansion of it. 

By following a design science research approach during the research, the study 
provided a scientific case for design science research as being an appropriate 
approach to Information Visualisation research.  

6.5.2 Methodological reflection 

A methodological reflection on the study is provided next by considering various 
relevant questions. 

• Was the chosen research methodology the best for answering the research 
questions? 

In the process of identifying the components as required by both subordinate research 
questions 1 and 3, specific IT software solutions had to be designed and built. 
Furthermore, various authors state that design science research is an appropriate 
problem-solving paradigm for creating new innovations in the form of IT artifacts (Cole 
et al., 2005; Hevner et al., 2004; Niehaves, 2007). Design science research as overall 
research approach was therefore chosen as the research paradigm for conducting the 
overall research. 
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The study considered design science research as appropriate for specifically 
conducting Information Visualisation research since a Visualisation project usually 
requires that a Visualisation artifact must be built. This proposition was communicated 
to the academic body of knowledge by means of two conference papers (Engelbrecht 
et al., 2014, 2015).  

A number of process methods are available for conducting design science research 
including methods provided by  Nunamaker et al. (1990), Purao (2002) and Peffers et 
al. (2006). From these and other possible methods the design science process model 
of Peffers et al. (2006) was chosen since it was also proposed by Hevner and 
Chatterjee (2010) as being appropriate for conducting design science research. 

Taking the opportunities of the study, the nature of the research problem and the 
technical skillset of the researcher into consideration, the study suggests that the most 
appropriate method was chosen to answer the research problem. 

• Was the sample used in the research justifiable? 

The research study included two samples consisting of domain and IT experts. The 
first sample consisted of 5 experts in the domain described by the textual documents 
(Anglo-Boer War experts) as well as 5 IT experts. The specific software solution (a 
conglomeration of both the initial and intermediate software solutions) was 
demonstrated to the sample after which feedback was received by means of feedback 
questionnaires in the form of a five-point Likert scale statement set. The feedback were 
then analysed by using pivot tables to determine whether the software solution could 
be used to visually represent the coherence of facts in a textual document set. The 
goal was not to find the best solution, but to find a suitable solution. 

The second sample consisted of the same 5 IT experts used in the software solution 
demonstration.  The final model was presented to them and feedback by means of a 
feedback questionnaire in the form of a five-point Likert scale statement set were 
received. The feedback were analysed by using pivot tables to determine whether the 
final resulting model represented the model components required by the main 
research question of the study. 

The decision to use 5 domain experts and 5 IT experts was based on Nielsen and 
Landauer’s (1993) proposition that for expert user evaluations, between three and five 
expert users are adequate. The study concludes therefor that the chosen sample size 
is justifiable. Future research might include an evaluation of the solution by involving 
a larger number of participants. 

• Were the data analysis technique justifiable? 
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The analysis of the feedback from both the specific software solution demonstrations 
and the final model presentation is discussed in Section 5.1.2 and 5.2.2. The feedback 
received by both samples were analysed by using pivot tables. The use of pivot tables 
to analyse data is a simple technique, and for the purpose of the study and the nature 
of the data, it is concluded that the technique is justifiable and adequate. 

6.5.3 Personal reflection 

Looking back at the period in my life involving the study, I can state that it was a time 
of many challenges and of personal growth. The challenge of balancing personal 
family time with study time was probably the biggest challenge. With regards to 
personal growth I have acquired certain academic skills which include academic 
writing, research and presentation skills. 

At the start of my study I already possessed technical programming skills which I had 
acquired over a number of year. I had however very limited research experience, 
which was quite daunting at the time. As the study progressed I acquired a significant 
amount of academic research skills and experience. I am thankful to my colleagues 
and my employer, the CSIR, for creating the environment where I could develop and 
grow these skills. 

During the course of the study, I particularly learned how to start off with the aim of a 
study and to define research questions and objectives from it. Having research 
questions and objectives, I learned next how to choose an appropriate research 
approach and methodology to achieve the required research objectives. As a result I 
gained a considerable amount of experience and knowledge in conducting design 
science research. In conducting the research I learned how to conduct a literature 
review to provide theoretical input to the study in order to ensure that research rigor is 
achieved.  

In addition I did not have any academic writing or presentation skills before the study. 
The study produced a workshop presentation, three peer-reviewed conference papers 
and a peer-reviewed journal article. It was a challenge presenting the research to 
academic audiences over the world as I had not presented anything in public before. 
At the end of the research I have achieved a level of self-confidence which a quite 
satisfactory. As a result of presenting the research, I have also started to build a 
network of academic peers. I am satisfied with the value that my research study 
contributes to the academic community. The process of developing the final model 
was technically satisfying. 

On a very personal, non-academic note I can add that I will always treasure the 
moments at home when my son used to play with his toy cars next to me while I worked 
on my dissertation. I will always associate the research study with my little boy. 
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Possible future research is discussed in the next section. 

6.6 FUTURE RESEARCH 

Possible future research to be conducted is discussed in this section. As a result of 
the feedback received from the participants during the demonstrations of the visual 
representation solution, possible research into providing the following future 
functionalities were identified: 

• additional functionality to show less testimonies and facts; 

• functionality to display the original untranslated source text to the user; 

• functionality allowing the user to also display the coherence of facts across 
different source sets; 

• adding functionality allowing the user to select how the facts in the dropdown 
list should be sorted – either alphabetically or by the number of occurrences in 
the document set. 

In addition to future research involving additional functionality, the delineation and 
assumptions of the study suggests that the following future research may be 
conducted: 

• the visual representation of the coherence of facts in a textual document set for 
document sets containing more than 50 documents; 

• improving the accessibility and usability of the visual representation; 

• investigating whether the provided software solutions is the most effective; 

• an investigation into providing visual representations to assist the process of 
making an assumption of the truth value of facts in a textual document set 
based on truth theories beyond the coherence theory; 

• an investigation into providing the most suitable Information Extraction method 
for extracting domain facts from textual documents (supervised, semi-
supervised or unsupervised). 

In addition future research also includes the possible application of the model to the 
NIKMAS system in order to visually represent the coherence of facts contained in 
Indigenous Knowledge descriptions. By doing so, value can be added to the research 
field of Indigenous Knowledge by providing a mechanism for making an assumption 
on the validity of selected Indigenous Knowledge descriptions. 
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Having provided an overview of the research process, key research findings, 
significance and contributions of the research, delineation and assumptions of the 
research, reflections on the research and possible future research, the next section 
concludes the dissertation. 

 

6.7 CONCLUDING REMARKS 

The study is summarised as research leading to the development of a model for the 
visual representation of the coherence of facts in a textual document set. The main 
finding was that the model could be used to assist with the process of making a 
decision about the possible truth value of facts in a textual document set.  

The aim of the research study originated from the development of an Indigenous 
Knowledge capturing and protection system known as NIKMAS. In the development 
of the NIKMAS system, it soon became apparent that in certain Indigenous Knowledge 
descriptions, a coherency of facts could be identified. Furthermore, it was postulated 
that being able make an assumption about the coherence of facts in Indigenous 
Knowledge descriptions, insight into the validity of the records could be acquired. The 
research study therefore developed a model for a visual representation of the 
coherence of facts in a textual document set.  

Due to intellectual property issues and the availability of Indigenous Knowledge 
records, an alternative textual source set was used for the development of the artifact, 
namely Anglo-Boer War (ABW) testimonies. The two different textual sources 
exhibited similar characteristics and therefore, the proposed Information Visualisation 
model can be applied to both Indigenous Knowledge and Anglo-Boer War (and 
therefore History) study fields. 

In developing the model, the study’s research questions and research objectives were 
dealt with by following a scientific research process. The result of the research process 
contributes to the academic computer science community, especially in the research 
fields of Indigenous Knowledge, Information Extraction and Information Visualisation. 

Following the research study, the next step is to apply the proposed Information 
Visualisation model to other fields of study; in particular to the field of Indigenous 
Knowledge. 
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APPENDIX A: PARTICIPANT CONSENT FORM 

 

 CONSENT FORM  

A model for a visual representation of unstructured, textual data towards visually 
representing the coherence of facts contained in a data set 

 

Dear Mr/Mrs/Miss/Ms _______________________________ Date..…/..…/20... 

NATURE AND PURPOSE OF THE STUDY 

A large amount of data is contained in textual records. This data is unstructured and to visualise its 

content is not trivial. In order to visualise data contained in unstructured textual records, it must first be 

transformed into a structured format. This research aims to visualise the coherence of facts contained 

in textual sources in order to make an assumption on the validity of the textual records as a set. The 

output of this research is a model that abstracts the process into components required to transform 

unstructured, textual records into a structured format that can be used to visually represent the 

coherence of facts contained in the textual record set. The model provides guidance and practices for 

performing similar tasks on textual record sets containing secondary data. This research is conducted 

by following the design science research methodology. 

 

RESEARCH PROCESS  

1. The research study requires that a developed Information System (IS) artifact be demonstrated 
to a small number Information Technology (IT) professionals and/or domain experts in the field 
of South African history. 

2. As part of the demonstration, participants will be required to complete a short questionnaire. 

3. The completed questionnaires will be used as input into a process of making possible 
adjustments to the artifact in order to improve it and determine whether it is perceived as being 
useful. 

 

CONFIDENTIALITY 

The opinions of the participants are viewed as strictly confidential, and only members of the research 

team will have access to the information. No data published in dissertations and journals will contain 

any information through which participants may be identified. Your anonymity is therefore ensured. 
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WITHDRAWAL CLAUSE 

I understand that I may withdraw from the study at any time. I therefore participate voluntarily until such 

time as I request otherwise. 

POTENTIAL BENEFITS OF THE STUDY  

The research study has several significant benefits. In conducting this research a better understanding 

of textual content analysis, information extraction and data visualisation techniques and options will be 

acquired. The study will demonstrates how visualisation can be used to make an assumption on the 

validity of a data set. This assumption based on the coherence between domain facts contained in a 

set of textual records, indicates that some truth is probably contained in the record set. 

 

The problem of unstructured textual data and the visualisation of it is not just relevant to historical 

studies but it is also relevant in other fields of studies, for instance in indigenous knowledge studies 

(traditional medicine), medical studies (health records) and political studies (political texts). The study 

can therefore be the starting point for similar research in fields other than history. 

 

INFORMATION  

If I have any questions concerning the study, I may contact the supervisor, Dr. Adele Botha, at the 

Council for Scientific and Industrial Research (CSIR), Pretoria, Tel: 012 841 3265. 

 

CONSENT 

I, the undersigned, ……………………………………………………………….… (full name) have read the 

above information relating to the project and have also heard the verbal version, and declare that I 

understand it.  I have been afforded the opportunity to discuss relevant aspects of the project with the 

project leader, and hereby declare that I agree voluntarily to participate in the project.   

I indemnify the university and any employee or student of the university against any liability that I may 

incur during the course of the project. 

I further undertake to make no claim against the university in respect of damages to my person or 

reputation that may be incurred as a result of the project/trial or through the fault of other participants, 

unless resulting from negligence on the part of the university, its employees or students.  

 

I have received a signed copy of this consent form. 

 

Signature of participant:  ........................................................................... 
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Signed at ………………………………… on ………………………………… 

 

 

WITNESSES 

 

1  ................................................................................................................ 

 

2 .................................................................................................................. 
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APPENDIX B: ETHICAL CLEARANCE CERTIFICATE 
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APPENDIX C: BACKGROUND INFORMATION ON THE 
HUYSER COLLECTION AND THE ANGLO-BOER WAR 

 

The following is a short summary of the Anglo-Boer War as published on the official 
website of the Australian website (“The Boer War”, 2008): 

“The Boer War took place in the area that is now South Africa. The British held 
a territory they called Cape Colony. The Boers, descendants of Dutch settlers, 
held Transvaal and Orange Free State. 

The main commercial and strategic reasons for the war were that the British 
wanted the gold mines of the Boer states. A British raid in 1896 on the Boers, 
called the Jameson Raid, resulted in the Boers declaring war on Britain on 11 
October 1899. Despite capturing a number of British towns early on in the 
campaign, the Boers lost their strategic offence early in the conflict. 
Subsequently, the Boer commandos turned to guerrilla warfare, which the 
British responded to in kind, and the war became a brutal and drawn-out affair 
for the next two years. 

The British reinforced their army and received support from Australia, Canada, 
New Zealand, Ceylon (now Sri Lanka) and India. Many battles and sieges were 
fought. Under the command of Lord Kitchener, the British gained control in open 
battle by late 1900. 

Eventually Britain won the war and, with the signing of the Treaty of Vereeniging 
on 31 May 1902, all Boers became British subjects. However, within nine years 
South Africa became a self-governing dominion led by former Boer generals.” 

During the guerrilla warfare phase of the war, the British forces responded by following 
a scorched earth policy whereby some towns and thousands of farmsteads (including 
livestock and crops) were destroyed. The women and children whose homes were 
destroyed were then confined into concentration camps (Pretorius, 2011). By February 
1902 the concentration camps housed about 215000 civilians of which about 42000 
died in just a few months (Hall, 1999).  

About 27 years after the war, H.W. Huyser collected a set of 37 testimonies (in the 
form of informal narratives) from survivors of the concentration camp which was 
located near the present day Mahikeng (previously known as Mafikeng). These 
testimonies are currently housed at the South African National Archives in Pretoria 
(Huyser, n.d.). Their reliability have been questioned by various authors including Van 
Heyningen (2009) and Dampier (2005). 
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