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KURZFASSUNG 

 

Informationsüberflutung bleibt eine Herausforderung. Mit dem Wachstum des Internets 

und der Geburt der sozialen Medien steigt das Informationsvolumen exponentiell an. 

Durch die Aufteilung des Materials in viele kleine Untergruppen wird durch die 

Klassifizierung anhand einer Taxonomie sowie das Durchsuchen und Abrufen von Daten 

schneller und genauer. Anstatt die genauen Schlüsselwörter zu kennen, die die 

Wissensressource beschreiben, können Benutzer sie explorativ durchstöbern und gezielt 

suchen, indem sie die Kategorien auswählen, zu denen die Ressource am 

wahrscheinlichsten gehört. Darüber hinaus unterstützt eine Taxonomie die Konsistenz bei 

der Klassifizierung von Inhalten und Navigation in komplexen Websites. 

Dennoch ist die Entwicklung von Taxonomien keine leichte Aufgabe. Autoren müssen 

über ein bestimmtes Wissen in der Domäne verfügen. Die Arbeitsbelastung wird immer 

größer, da jede neue Taxonomie häufig aktualisiert werden muss, um relevant und 

nützlich zu bleiben. Der Kollaborationsprozess, in dem viele Menschen bei der 

Entwicklung, Weiterentwicklung und Verwaltung der Taxonomie zusammenarbeiten, 

kann Probleme verursachen, da die Arbeit in einer Gruppe soziale Fähigkeiten und 

Geduld erfordert. Während eine Taxonomie wächst, benötigt sie mehr Rechenressourcen, 

wie z.B. Rechenzeit und Speicherplatz. Ohne einen effektiven und effizienten 

Repräsentations- und Verwaltungsalgorithmus, geeignete Verarbeitungsmethoden und 

eine gute Benutzungsoberfläche kann eine Taxonomie nicht einfach geändert, schnell 

verarbeitet und gut dargestellt werden. 

Um diese Probleme zu bekämpfen, wurden in mehreren wissenschaftlichen Disziplinen 

viele Ansätze eingeführt. Ein gängiger Ansatz ist die Verwendung von Social Tagging, 

Dokumentschlagwörter oder Wörtern, die in Dokumenten häufig verwendet werden, um 

einen Korpus von Termen zu bilden. Anschließend wenden diese Ansätze einige Arten 

hierarchischer Clustering-Algorithmen oder maschinellem Lernen an, um einen Korpus 

in hierarchische Untergruppen zu organisieren. Während diese Methoden viele Vorteile 

und gute Ergebnisse beim Aufbau einer Taxonomie bieten, haben sie auch ihre Nachteile 

und erfordern bestimmte Voraussetzungen, um richtig zu funktionieren. 

In dieser Dissertation wurde eine neue Methode vorgeschlagen, die Kollaboration, 
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Crowdsourcing, und Crowdvoting verwendet. Mit Unterstützung von Crowdsourcing 

können nicht nur Experten und Wissensarbeiter, sondern auch normale Benutzer an der 

Entwicklung, Evolution, und Verwaltung der Taxonomie teilnehmen. Dies hilft, die 

Wartungskosten der Taxonomie zu senken. Darüber hinaus wurde eine 

Versionskontrollkomponente entwickelt, um Benutzer bei diesen Prozessen zu 

unterstützen. 

Das User-Centered Design mit vier Schritten wurde angewendet, um ein konzeptionelles 

System zu entwerfen. Aus den Benutzeranforderungen und Anwendungsfalldiagrammen 

wurden fünf Komponenten eingeführt. Sie sollen die Crowd ermöglichen, Taxonomien 

auf benutzerfreundliche, effektive und effiziente Weise zu erstellen, zu bearbeiten, zu 

erweitern, und für sie zu stimmen. Ein Prototyp wurde als Open-Source-Webanwendung 

entwickelt, die auf der Client-Server-Architektur basiert und in das Content and 

Knowledge Management-Ökosystemportal integriert. 

Schließlich wurden zwei Evaluierungen im Rahmen von EU-finanzierten FuE-Projekten 

organisiert. Bei der ersten Evaluierung wurden Experten und die Crowd gebeten, ähnliche 

Aufgaben zu erledigen Die Ergebnisse wurden dann verglichen, um zu bestätigen, ob die 

Crowd in der Taxonomieentwicklung wirklich ähnlich gute oder sogar bessere Arbeit 

geleistet hat als die Experten. Bei der zweiten Evaluierung wurden zwei 

Teilnehmergruppen gebeten, eine Aufgabe auszufüllen und einen Fragebogen zu 

beantworten. Beide Evaluierungen ergaben ein gutes Ergebnis, das einerseits die 

Machbarkeit des Ansatzes und die Verwendbarkeit des ursprünglichen Prototyps 

demonstrierte und andererseits die Qualität und Wirksamkeit der gewählten Methode 

bestätigte. Darüber hinaus wird der implementierte Prototyp in verschiedenen 

Anwendungsbereichen mit unterschiedlichen Anforderungen im Rahmen mehrerer 

wissenschaftlicher und technischer Projekte produktiv eingesetzt. Dies bewies die 

Allgemeingültigkeit und Anpassungsfähigkeit des entwickelten Systems an neue 

Anwendungs- und Wissensbereiche.  
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ABSTRACT 

 

Information overload continues to be a challenge. With the growth of the internet and the 

birth of social media, the volume of information increases exponentially. By dividing the 

material into many small subsets, data, information, and content classification based on a 

taxonomy makes information exploration and retrieval faster and more accurate. Instead 

of having to know the exact keywords that describe the knowledge resource, users can 

browse and search for them by selecting the descriptive categories that the resource most 

likely belong to. Furthermore, a taxonomy supports consistency in classification and 

navigation in complex websites. 

Nevertheless, developing taxonomies is not an easy task. It requires authors to have a 

certain amount of knowledge in the domain. The workload will always increase as any 

new taxonomy needs to be frequently updated to remain relevant and useful. The 

collaboration process, where many people work together in the development, evolution, 

and management of taxonomy, will potentially generate problems as working in a group 

requires soft skills and patience. While growing, a taxonomy needs more computing time, 

memory, and persistent storage space. Without an effective and efficient method, suitable 

representation models, and a good user interface, a taxonomy cannot be easily modified, 

quickly processed, and well represented.  

To combat these problems, many approaches were introduced in several scientific 

disciplines. A common approach is to use social tagging, document keywords, or words 

that are used frequently in documents, to form a term corpus. Then applying some types 

of hierarchical clustering algorithms or machine learning to organize this corpus into 

hierarchical subgroups. While these methods provide many advantages and good results 

in building a taxonomy, they also have their disadvantages and prerequisites in order to 

work properly. 

In this dissertation, a new method using collaboration, crowdsourcing, and crowdvoting 

has been proposed. With support of crowdsourcing, not only experts and knowledge 

workers but also normal users can participate in the development, evolution, and 

management of taxonomy. This helps reducing the maintenance cost of taxonomy. 

Furthermore, a version control component has been developed to support users in these 
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processes.  

The user-centered design with four steps has been applied to design a conceptual system. 

From user requirements and use case diagrams, five components have been introduced. 

Their purposes are to enables the crowd to create, edit, upgrade, and vote for taxonomies 

in an easy-to-use, effective, and efficient manner. A prototype has been developed as an 

open-source web application based on client-server architecture and integrated into the 

Content and Knowledge Management Ecosystem Portal. 

Finally, two evaluations have been organized in the context of EU-funded R&D projects. 

The first evaluation asked experts and the crowd to do similar tasks. The results then were 

compared to validate if the crowd has really done a similar good or even better job in 

taxonomy development than the experts. The second evaluation asked two groups of 

participants to complete an assignment and answer a questionnaire. Both evaluations 

produced a good result, which, on one hand, demonstrated the feasibility of the approach 

and the usability of the initial prototype, and on the other hand, validated the quality and 

effectiveness of the chosen method. Furthermore, the implemented prototype has been 

productively applied in different application domains with different requirements in the 

context of several scientific and technical projects, which have been funded by the 

European Commission. This proofed the generality and adaptability of the developed 

system prototype to new application and knowledge domains. 
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1 INTRODUCTION AND MOTIVATION 

 

The word “taxonomy” comes from two Greek stems “taxis” and “nomos”. “Taxis”, 

broadly, means the arrangement or order of things [1] and “normos” means law or science 

[2]. So, the term taxonomy means in general “the rules or conventions of order or 

arrangement” [1]. In the dictionary, taxonomy is defined as an “orderly classification of 

plants and animals according to their presumed natural relationships” [3].  Or as in term 

of computer science, taxonomy is “a hierarchical representation of categories” providing 

“a navigation structure for exploring and understanding the underlying corpus without 

sifting through a huge volume of documents” [4]. Because of the usual hierarchical nature, 

a taxonomy imposes a topical structure on information [5]. 

1.1 Introduction 

According to Sunderland (2012), taxonomy is important to biology as it helps to describe, 

name, and classify living organisms. Such work is essential for the fundamental 

understanding of biodiversity, its exploration, and conservation. It is important that the 

differences between species are clearly understood, so scientists know which species are 

e.g. of commercial importance and which are harmful or invasive [6]. A taxonomy 

provides a basic understanding of the components of biodiversity, which is necessary for 

effective decision-making in case of conservation or sustainable use [7]. 

In computer science, a taxonomy helps to describe how different topical or semantical 

concepts are related and organized within a specific hierarchical structure. Furthermore, 

a taxonomy-based classification software classifies documents and knowledge according 

to their content on the basis of customized criteria [8]. As a result, these classifications 

provide a common terminology, which made the sharing of knowledge easier and provide 

a better understanding of the relationships between the objects of a knowledge field. They 

also help to identify gaps in a knowledge field and supports decision making processes 

[9]. With the support of a taxonomy, a classification’s consistency can be achieved [2].  

Information overload continues to be a challenge. In the corporate world, e.g. knowledge 

workers spend more than 11 hours a week searching for and analyzing information [5]. 
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By dividing the material into many small disjunct subsets, a taxonomy makes information 

retrieval by means of faceted browsing faster and more accurate. Instead of having to 

know the exact keywords that describe documents, users can browse documents by 

selecting the categories, that documents belong to. After each category is selected, the 

returned result lists will be reduced to a size, that is small enough to be checked by the 

user thoroughly. 

The relationships between categories in the taxonomy can be used to correlate and 

combine information. A taxonomy enables explorative and smart information access 

allowing information to be easily discovered and sensibly combined with other 

information [10]. 

Finally, a taxonomy can be used to support navigation and therefore any kind of browsing. 

Different from “searching”, another functionality of a taxonomy, which means browsing 

for specific information, “navigation” in this case is finding one’s way around information 

systems and user interfaces of complex systems in general. Websites can e.g. use a 

taxonomy as a table of contents to guide users through their topics. Users searching for 

information, now use the taxonomy to navigate in the website and therefore have a better 

understanding of its organization [2]. 

1.2 Motivation 

This section discusses the R&D projects, whose challenges motivate this dissertation. The 

work of the dissertation will in turn later be productively applied to these projects in order 

to solve the described challenges. Furthermore, several evaluations and experiments will 

be conducted in the context of the introduced projects. 

 RAGE 

Realising and Applied Gaming Ecosystem (RAGE) was a 48-months project co-funded 

by the EU Framework Program for Research and Innovation, Horizon 2020 [11]. The 

main objectives of RAGE were to allow its participants to get hold of advanced and usable 

applied gaming software assets, and access to the associated business cases, to create 

bonds with peers, suppliers, and customers for the purpose of advocating their expertise 

and demands. Furthermore, the project helps participants to develop and publish their 

own applied gaming assets and to contribute to creating a joint agenda and roadmap [12]. 
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The 2012 ACM Computing Classification System (ACM 2012), which was developed by 

ACM and served as the de facto standard classification system for the computing field 

[13], is being used in the project for scientific and technical content classification. 

Nevertheless, the project needs to develop and maintain its own RAGE taxonomy for 

applied gaming asset classification. This taxonomy helps in the process of enriching and 

transforming advanced gaming technologies into self-contained assets for applied gaming 

that facilitate essential pedagogical functions, that can be linked together into higher-level 

aggregates, and that can be easily integrated into existing game platforms [14].  

Furthermore, the project introduced a marketplace where asset developers sell their newly 

developed components. Game studios can go to the marketplace and buy components, 

which enables them to develop games without spending time doing the same job that 

others already did again. Therefore, the project also needs to develop a shop taxonomy to 

support the navigation of the shop. With this taxonomy, users can navigate through the 

shop much faster and find exactly the products, that they need. A simple and well-

organized navigation structure will increase the transaction rate of the marketplace and 

will therefore lead to a more successful project.  

In RAGE, multiple independent taxonomies are needed for the classification of different 

types of content and navigation in the marketplace. It is a challenge to work with different 

taxonomies because they have different requirements. It is easy to mix up one with 

another while switching between them. In order to fulfill the requirements of the project, 

the participants need a tool that supports taxonomy construction and management, which 

involves the task of manipulating, storing, loading, and presenting a taxonomy. This 

process also manages what a taxonomy is used for, such as classification and faceted 

browsing. Furthermore, the evolution process, which involves keeping track of a 

taxonomy’s changes over time and providing options to reverse them, should also be 

supported by the tool.  

 EDISON 

The second R&D project that needed support from a taxonomy management system was 

EDSION. It was a two-year EU-funded Coordination Action project that had started in 

September 2015 to pursue the establishment of the Data Scientist as a new profession in 

support of e-science-infrastructure needs and beyond [15]. As the data grows overtime, 
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the demand for Data Scientists increases. But how does somebody know or discover 

which learning or study materials are needed to become a Data Scientist and which soft-

skills will be needed is a difficult question to answer. The EDISION project is aiming at 

supporting its participants to understand the needs of the labor market, and therefore 

guiding them by helping to define the learning needs of prospective Data Scientists as 

well as the necessary soft-skills [15]. The project’s targets were to provide a guidance and 

a basis for universities to define their Data Science curricula and course programs, and to 

better define a set of required competences and skills for companies’ specific industry 

domain in their search for Data Science talents [16]. 

The EDISON project has similar demands as the RAGE project, which is to develop 

taxonomies to support classifying, browsing, and access to content, information, and 

knowledge resources. However, unlike RAGE, which uses multiple independent 

taxonomies, EDISON wanted to develop a data science oriented taxonomy based on the 

ACM 2012 and the European Skills, Competences, Qualifications and Occupations 

(ESCO) Taxonomy, which is a multilingual classification that identifies and categorizes 

skills/competences, qualifications and occupations relevant for the EU labor market and 

education and training [17]. The developed EDISON taxonomy has been used to classify 

training courses, created in the context of the project. Therefore, a taxonomy management 

system was needed in this project to support the collaborative classification process, 

which involves many experts working on the development of a taxonomy. 

 SenseCare 

Affective Computing is an emerging inter-disciplinary field of computer science which 

involves developing technology that attempts to detect, analyze, and process important 

psychological aspects such as emotions, feelings, or behaviors with the goal of e.g., 

improving human-computer interaction [18]. Sensor Enabled Affective Computing for 

Enhancing Medical Care (SenseCare) is a 48 month project funded by the European 

Union (EU), that aims to apply Affective Computing to enhance and advance future 

healthcare processes and systems, especially in providing assistance to people with 

dementia, medical professionals and, care givers [19]. By gathering activity and related 

sensor data to infer the emotional state of the patient as a knowledge stream of emotional 

signals, SenseCare can provide a basis for enhanced care and can alert medics, 
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professional care taking staff, and care taking family members to situations where 

intervention is required [20] [21]. 

One of the systems developed in SenseCare is a machine-learning-based emotion 

detection platform [22], which is used to provide an early insight into the emotional state 

of an observed person. SenseCare can work from a live video stream or a pre-recorded 

video, which enables an analysis to be completed on the fly or at a later stage. The 

outcome of this analysis, i.e., the emotion classification, has to be applied to support 

content and knowledge to become indexed or classified properly. As a result, such 

classified content can be browsed and accessed in a fast, easy, and accurate manner. In 

the affective computing case of classification, a taxonomy can be a controlled vocabulary 

of emotions, which is a hierarchy of agreed-on terms that later will be used for cataloguing 

scientific content related to emotions [23]. In psychology, a taxonomy would permit 

researchers to study specified domains of personality characteristics, rather than 

separately examining the thousands of particular attributes that make human beings 

individual and unique [24]. 

In RAGE and EDISON, the taxonomy management system needs to support the 

classification of different types of content, such as publications, gaming assets, and 

training courses. In SenseCare, the system for the first time works with multimedia and 

other types of data, which are the video recordings and the affective computing 

measurements taken from the emotion detection software sensors. The taxonomy 

management system in this case can be used to classify these sensor measurements. 

Furthermore, the system will also work with the emotion analysis in the context of the 

project. With support of a psychologically oriented emotion classification taxonomy 

developed by the taxonomy management system, not only text but also data features 

extracted from multimedia and sensor data can be classified. 

 MetaPlat 

Global warming is a serious problem that impacts everybody. Experts predict that by 

2100, earth will be at least eight degrees Fahrenheit warmer [25]. Higher temperatures 

create an atmosphere that can collect, retain, and drop more water, changing weather 

patterns in such a way that wet areas become wetter and dry areas, drier. Extreme weather 

events are more likely to occur [26]. Ruminant livestock, whilst providing high-quality 
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milk and meat products from otherwise indigestible food components, also produce 

methane, which contributes significantly to global anthropogenic greenhouse gas 

emissions [27]. With a better understanding of connections between variations in rumen 

microbial communities and host genetics, a dietary supplement strategy that helps to 

reduce methane emissions (CH4) in livestock systems can be found, thus further 

improving cattle productivity [28] [29]. 

While genomics is concerned with the genes or entire genome of a specific organism, 

metagenomic is the field that involves investigation of genomic sequences obtained 

directly from whole microbial communities present in an environment, such as e.g. water, 

soil, human body, and cattle following a culture-independent approach [30]. In-depth 

analysis of metagenomic sequencing data with support of machine learning and other 

computer science techniques will provide deeper insights into the complex microbiome 

ecosystem [31]. The MetaPlat project provides an infrastructure to support the analysis 

of large metagenomic datasets based on a cloud architecture. The project addresses a key 

problem, which is the lack of easy-to-use and scalable parallel architectures and 

approaches to deal with the huge number of generated sequences that are produced in 

metagenomics [32]. 

Scientists must organize knowledge on all living things in the natural world. Otherwise 

studying the diversity of millions of living things is too overwhelming. Classification also 

helps scientists to identify gaps in their research to identify the next research object [33]. 

In genomics as well as metagenomics, genes need to be classified based on their names 

and symbols in order to be found quickly. Furthermore, classifying individual genes into 

groups helps researchers to describe how genes are related to each other and to publish 

their insights in scientific literature. Researchers can use gene groups to predict the 

function of newly identified genes based on their similarity to known genes [34]. Finally, 

analysis results related to the genes also need to be organized. 

In order to classify genes based on their names and symbols, several genomic taxonomies 

are needed. The problem is a huge number of gene names and symbols. Furthermore, 

many genes have more than one name or symbol. Like in SenseCare, MetaPlat is also 

dealing with data. However, it is big data in this case with thousands of taxonomies and 

categories needed for genomic concepts. Beside the sequencing data, the analysis results 

also need to be classified as mentioned above. Therefore, the taxonomy management 
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system needs to be scalable in order to deal with the enormous amount of incoming big 

data. 

1.3 Problem Statement and Research Questions 

“As much as taxonomies can be powerful enablers of sharing, coordination, and common 

identity, so they can also fragment, sow discord, alienate, enforce violence and even 

destroy” [1]. From the different application scenarios, the challenges in the development, 

management, evolution, and application of a taxonomy can be summarized as follows: 

Developing a taxonomy involves many people, such as, e.g. IT staff, corporate librarians, 

departmental publishers [35]. In case of, e.g., the EDISON project, several data science 

experts were working together to develop the EDISON taxonomy. However, with more 

people working together, more problems will be generated. Not only does it take more 

time to communicate and agree on decisions, but group members also tend to agree on 

the majority view in order to keep workplace relationship intact, even when the majority 

makes the wrong judgment [36]. On the other hand, working alone can get us surrounded 

by information and knowledge that only supports one point of view and forget other 

alternatives [1]. Not to mention that, it is a lot of work for only one person to build a 

complete taxonomy.  Therefore, collaborative tools are needed to support the work of 

building, evolution, and maintaining taxonomies. 

Things always change. That includes information and knowledge. To reflect the changing 

needs for information and knowledge, taxonomies need to be maintained frequently [1]. 

In the RAGE project, several taxonomies are used to classify different types of content. 

Each of them needs to be maintained in order to stay relevant. In EDISON, the new 

taxonomy was developed for a long period of time by many experts. This type of 

workflow needs to be supported by version and ownership control. Without maintenance 

and governance, especially a tool to manage version and ownership, taxonomies can drift 

away from current business and organizational needs [1].  

A taxonomy normally has a lot of terms. For example, the ACM 2012 Computing 

Classification System used in RAGE contains about 2500 terms (or nodes in tree format). 

Working on a big tree with thousands of nodes needs a lot of resources, such as computing 

power, memory, and disk space. Multiply that to thousands of taxonomies for big data in 

case of project MetaPlat, a huge number of resources is needed. Taxonomies, which 
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usually have a big size and high complexity, bring out the problems of scalability. A 

method, to organize a taxonomy’s representation in the database in a way that requires 

less space and is fast to retrieve, is required. Taxonomies are stored in the database as 

hierarchical data but in a relational database, such as, e.g., MySQL and MSSQL, the tables 

are simply flat lists. The structure with the parent-child relationship is not naturally 

represented here [37]. Therefore, they need to be analyzed in order to choose a scalable 

model for the taxonomy’s representation. 

A taxonomy can run into construction problems if its approach is too simple compared to 

its environment, forget about testing the taxonomy or important things, such as actors and 

functions are not considered in the development. In SenseCare, the taxonomy 

management system is not only working with scientific content and courses but also with 

data extracted from sensors. This needs to be considered in the development of the 

taxonomy in the context of the project. Figure 1.1 summarizes the major problems of 

taxonomy construction. In taxonomy construction, decision between putting information 

and knowledge in a single rigid taxonomy and separating them into several taxonomies 

need to be taken carefully. A wrong decision can cause excessive rigidity, which will 

undermine cooperation and sharing [38].  

 

Figure 1.1: Where taxonomies go wrong [1] 

Finally, the taxonomy management system needs to be fully integrated with the business 

application’s content and knowledge management systems and their actual user data. In 

RAGE, the scientific content and gaming assets are being managed in the RAGE Content 
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and Knowledge Management Ecosystem (RAGE KM-EP).  The targeted solution needs 

to support other purposes, such as RAGE content and assets classification and shop 

navigation. In order to support this, the taxonomy management system must be embedded 

in a range of other applications in the same platform. As a component in RAGE’s KM-

EP as well as other projects’ web-based content and knowledge management ecosystems, 

the targeted taxonomy management system would be able to support a bigger data 

governance picture. 

The motivation and problem statement mentioned above lead us to five research 

questions. The first question focuses on the challenges of taxonomy management. The 

second question tries to find a solution for these challenges. The third question is about 

the support of the taxonomy evolution process. The fourth question focuses on finding a 

scalable model for representing a taxonomy in a chosen database management system, 

and the last one is about the application of taxonomies in existing content and knowledge 

management systems. 

Research Question 1 (RQ1): What are the challenges of developing and managing a 

taxonomy in a web-based knowledge management system?  

This RQ addresses the problems of the projects RAGE and EDISON. To answer the 

question, the state of the art of taxonomy and taxonomy management needs to be 

reviewed in order to understand the concept of taxonomy as well as the process of 

developing and managing a taxonomy. By reviewing the relevant literature, an overview 

of the processes can be achieved and the problems behind them can be discovered. 

Furthermore, potentially existing web-based taxonomy management systems need to be 

investigated. By comparing these systems, required features and functionalities can be 

identified. 

Research Question 2 (RQ2): How can challenges in taxonomy development, 

collaboration, evolution, and management be solved? 

This RQ addresses the problems of the SenseCare project. By answering RQ1, the 

challenges in the process of developing and managing a taxonomy can be identified. To 

solve these problems, the existing approaches used by others, especially in the area of 

crowdsourcing, need to be investigated. The literature and research applying 

crowdsourcing to construct a taxonomy needs to be reviewed. Then, these approaches 
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have to be analyzed and compared in order to discover their advantages as well as 

disadvantages. From that, a new approach, which solves the problem while having as less 

disadvantages as possible, can be discovered. 

Research Question 3 (RQ3): How can the evolution of taxonomy be supported to reflect 

the change in information and knowledge? 

This RQ addresses the problems of the projects RAGE and EDISON. To answer this 

question, existing technologies that support the evolution of information, knowledge, and 

software should be investigated. As a result, a solution, which supports common evolution 

activities, such as, e.g. changing in states, splitting into different branches, merging, can 

be identified. 

Research Question 4 (RQ4): How can a scalable data model and schema design for the 

taxonomy representation be chosen to improve the processing time and require fewer 

computing resources? 

This RQ addresses the problems of project MetaPlat. A taxonomy is usually represented 

in a hierarchical structure. To answer this question, methods for persisting a hierarchical 

structure in a database management system in an efficient and effective way should be 

investigated. It can be expected, that there will be a tradeoff between processing time and 

other computing resources. The goal is to find a method that balances between these 

factors. Furthermore, technologies for speeding up the process even more should also be 

reviewed. 

Research Question 5 (RQ5): How can existing taxonomies be used for content 

classification, faceted search and browsing, and system navigation? 

This RQ addresses the problems of the projects RAGE, SenseCare, and MetaPlat. The 

challenges here are to find out how to apply created taxonomies in content classification, 

as well as, faceted search and browsing, and system navigation. This requirement depends 

on the technologies that will be chosen for the implementation of the prototype. 

Therefore, researching and reviewing existing technologies for indexing and searching 

content and how to apply them are required. 

1.4 Scientific Approach and Research Goals 

The research methodology of this thesis is based on the framework introduced by 
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Nunamaker et al. [39]. According to Nunamaker et al. (1990), this approach consists of 

four phases: observation, theory building, systems development, and experimentation. 

Observation includes research methodology such as case studies, survey studies, and 

field studies. This phase is used when there is only a little knowledge and more 

information about a research domain is needed. In this case, it may help formulate specific 

hypotheses to be tested through experimentation. Theory building includes the 

development of new methods, mathematical models, or conceptual frameworks. This 

phase contributes to the body of knowledge in the research domain but has not produced 

anything that takes advantage of this new knowledge. System development interacts with 

other research methodologies to form an integrated and dynamic research program. It 

consists of several states from designing concepts to developing a prototype and later a 

completed product. Experimentation includes laboratory and field experiments, as well 

as computer simulations. It is used to validate the underlying theories, refine it, and 

improve developed systems [39]. Figure 1.2 describes four phases of the research 

methodology and the relationships between them. 

 

Figure 1.2: A multi-methodological approach to IS Research [39] 

Based on the research questions and chosen approach, the research goals for this 

dissertation are identified as follows: 
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The following RG 1 and RG 2 are associated with the phase Observation. 

The RG 1 is defined according to RQ 1 and the associated challenges: 

Research Goal 1 (RG1): Investigate and identify the task of knowledge management and 

the role of semantic web, where a taxonomy belongs to as a layer, in managing knowledge 

in a web environment. 

In order to figure out the challenge of developing and managing a taxonomy in a web-

based knowledge management system, the process of creating and managing knowledge, 

where a taxonomy, which is also a form of knowledge, is created needs to be investigated. 

Furthermore, related technologies and standards that support knowledge management in 

the web environment need to be identified. As a result, they can be applied in the 

taxonomy development process to create, import, and export a taxonomy in machine-

readable formats, thus enable exchangeability in the web. 

The RG 2 is defined according to RQ 1, RQ 2, and the associated challenges: 

Research Goal 2 (RG2): Investigate and identify the task of managing a taxonomy and 

taxonomy management systems including their features, functionalities, and user 

interfaces. 

The current state of the art of taxonomy generation and different taxonomy management 

systems will be reviewed, analyzed, and compared. The goal is to find out what is a 

taxonomy, how to classify them into different types, as well as, how a taxonomy is 

developed and managed. By comparing most-used taxonomy management systems in the 

market, important features, functionalities, and user interfaces, which are being used by 

consumers and end-users, can be identified. Furthermore, it is needed to investigate if 

there is an existing solution that can be used to solve the current challenges. 

The following RG 3, RG 4, and RG 5 are associated with the phase Theory Building. 

The RG 3 is defined according to RQ 2, RQ4, and the associated challenges: 

Research Goal 3 (RG3): Provide a model to describe the taxonomy and its terms, 

including term’s properties and its relations. The model should support a taxonomy in the 

development, collaboration, and evolution process.  

The goal is to find a suitable model for the taxonomy, where users can create and manage 

their own taxonomies. The introduced model has to be scalable in order to handle 

thousands of taxonomies, load, manipulate, and persist millions of terms in real-time. 



 

 

 

13 

 

With support of crowdsourcing, not only the experts or administrators can build 

taxonomies for the system, but everyone can join and build their own taxonomy. 

Furthermore, users can vote for a best taxonomy to become the development round’s base 

using crowd voting’s functionalities. As a result, the base taxonomy will support the 

classification and navigation in the system. The base taxonomies will also enable new 

taxonomies to be built based on them in the next working round. To do this, a model, 

which enable crowd users to vote on taxonomies, is needed. Furthermore, the taxonomy 

needs to be fully integrated with the current content and knowledge management 

ecosystem to support a bigger data governance picture. Finally, the model is required to 

enable a taxonomy to be imported and exported from and to different widely-used 

machine-readable formats. 

The RG 4 is defined according to RQ 3 and the associated challenges: 

Research Goal 4 (RG4): Provide a model to support taxonomy evolution in the 

taxonomy management process. 

With the support of version control, the changing of a taxonomy (Taxonomy Evolution) 

will be faster, more efficient, and agile. It is a great way to keep track of taxonomy builds 

by being able to identify which version is currently in development and what are the 

changes. This will enable a complete long-term history of changing every taxonomy. 

Users can compare different versions of a taxonomy to see which parts were changed. 

And they can be enabled to roll back to a version at will. This is crucial for debugging 

problems, which will likely happen in the development of a taxonomy. The second 

research goal is to come up with a model to support this process. To solve this, different 

widely used version control systems need to be analyzed. 

The RG 5 is defined according to RQ 5 and the associated challenges: 

Research Goal 5 (RG5): Provide a model to support content classification and filtering, 

faceted search and browsing, and system navigation based on taxonomies. 

The next goal is to support the usage of a taxonomy in content classification, faceted 

search and browsing, and also system navigation. Other relevant taxonomy management 

systems are analyzed to find out what their roles are in supporting content classification, 

how they use this classification information in searching for content. Furthermore, is there 

any system on the market that uses taxonomy in system navigation? If yes, then how do 
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they apply it? 

The following RG 6 is associated with the phase System Development. 

The RG 6 is defined according to all RQs and the associated challenges: 

Research Goal 6: Realize the models created in the four research goals above in a 

prototype.  

The goal is to implement a system that supports the management and evolution process 

of a taxonomy. The prototype will have to be integrated into a Content and Knowledge 

Management System (CKMS). Therefore, the technologies used in a content and 

knowledge management system should be identified and analyzed. A new taxonomy 

management system and its components should be implemented based on the introduced 

models and the existing technologies of the CKMS. In the end, the implemented prototype 

should be fully integrated and works seamlessly in the target system. 

The following RG 7 is associated with the phase Experimentation. 

The RG 7 is defined according to all RQs and the associated challenges: 

Research Goal 7: Choose an evaluation methodology and use it to validate the chosen 

approach and implemented prototype. 

The last research goal of this dissertation is to select a suitable evaluation methodology 

and prepare the necessary documentation and data for the evaluations based on it. The 

next step is to run the evaluation and validate if the implemented prototype fulfills all the 

requirements and how it performs. Furthermore, the chosen approach also needs to be 

evaluated in terms of quality. The outcome will demonstrate the feasibility of the chosen 

method and the relevance, usefulness, and usability of the implemented prototype. 

1.5 Structure of the Dissertation 

This section presents the structure of this thesis based on the methodology framework and 

the research goals described above. 

The Observation Phase was partly covered in section 1.2 where the challenges existing 

in different projects were identified. It is continuously discussed in chapter 2 where an 

overview of the fundamental concepts in the area of taxonomy and other related fields, 

such as knowledge management, semantic web, crowdsourcing as well as crowdsourcing 
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taxonomy and version control, is provided. Other relevant research results and 

technologies in these areas will also be thoroughly described and analyzed.  

The third chapter covers the Theory Building Phase. This chapter introduces the 

conceptual design and architecture of the prototype, which will be implemented to solve 

the challenges of developing and managing a taxonomy. This design takes the chosen 

approaches in chapter 2 and realizes them in the form of conceptual models, use cases, 

and specification of necessary conceptual schemas. Furthermore, it also set the 

requirements for the implementation of the prototype in the next chapter. 

Chapter 4 covers the System Development Phase. The chapter presents the chosen base 

technologies and describes the process of implementing the prototype as a component of 

a CKMS. This chapter carefully discusses about all components of the prototype, what 

their features are, the technologies that were used in order to archive their functionalities, 

and the chosen algorithms that were implemented. The implemented prototype will prove 

the feasibility of the chosen approaches. 

The Experimentation Phase is covered in chapter 5. In this chapter, the implemented 

prototype will be validated in two separated evaluations. The first evaluation validates the 

feasibility, usability, and efficiency of the user experience of the implemented prototype 

while the second evaluation checks the qualitative effectiveness of the tool in terms of the 

quality of the work on the taxonomy.  

The last chapter summarizes the result of the thesis as well as providing short answers for 

the research questions. Furthermore, an outlook on future research based on the remaining 

challenges and ideas will be given. 

Parts of this dissertation covering intermediate results were published in the following 

publications: 

Vu, B., Mertens, J., Gaisbachgrabner, K., Fuchs, M., & Hemmje, M. (2018). Supporting 

Taxonomy Management and Evolution in a Web-based Knowledge Management 

System. HCI 2018. Belfast, UK. 

Vu, B., & Hemmje, M. (2019). Supporting Taxonomy Development and Evolution by 

Means of Crowdsourcing. International Conference on Knowledge Engineering 

and Ontology Development. Wien. 

Vu, B., Wu, Y., Afli, H., McKevitt, P., Walsh, P., Engel, F., Fuchs, M., & Hemmje, M. 
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(2019). A Metagenomic Content and Knowledge Management Ecosystem 

Platform. BIBM 2019.  San Diego, USA.  

Vu, B., Donovan, R., Healy, M., McKevitt, P., Walsh, P., Engel, F., Fuchs, M., & 

Hemmje, M. (2019). A Taxonomy Management System Supporting Emotion and 

Personality Classification. BIBM 2019.  San Diego, USA.  
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2 STATE OF THE ART IN SCIENCE AND TECHNOLOGY  

 

In this chapter, an overview of the important fundamental concepts and technologies is 

provided based on the research questions, challenges, as well as, research goals presented 

in the previous chapter. They are structured as follows: 

• Knowledge including related activities, such as Knowledge Creation and 

Management, addressing RQ 1 and RG 1. 

• Knowledge technologies in the Sematic Web addressing RQ 1 and RG 1. 

• Taxonomy addressing RQ1, RQ 2, RG 2, and RG 3. 

• Crowdsourcing addressing RQ 2 and RG 3. 

• Crowdsourcing Taxonomy addressing RQ 2 and RG 3. 

• Version Control System addressing RQ 3 and RG 4. 

• Relevant Technologies addressing RQ 4, RQ 5, RG 3, and RG 5. 

The technologies and concepts are described based on scientific publications and the 

corresponding products and tools that are already existing in the market in the following 

order: 

Section 2.1 describes the concept of knowledge and the traditional method to create and 

manage knowledge, which is performed by knowledge workers. The Content and 

Knowledge Management Ecosystem Portal (KM-EP) is presented as an exemplar CKMS 

developed to support content and knowledge management. 

In section 2.2 the fundamentals of the knowledge technologies in semantic web are 

introduced. The semantic web was developed to enable web content to be intelligently 

searched, combined, and processed by computers. Therefore, semantic web knowledge 

technologies can reduce the workload for the knowledge worker and allow complex 

information to be processed at a higher speed.  

Section 2.3 is the most important section, where different definitions of taxonomy and 

taxonomy types are introduced. The work of taxonomy development using experts in the 

traditional Delphi method will be described in this section. Furthermore, taxonomy 

management, as well as the list of widely-used taxonomy management systems on the 

market, will be presented. Features of these systems are going to be compared in order to 
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select or describe a suitable model for the new taxonomy management system.  

Crowdsourcing will be described in section 2.4. In this section, the concept of 

crowdsourcing, its typologies, benefits as well as challenges are introduced. Furthermore, 

the applications of crowdsourcing in the concept of content creation and management will 

be presented. 

The related works in crowdsourcing taxonomy will be analyzed in section 2.5. Existing 

approaches using social tagging and applying crowdsourcing in forming a term corpus or 

creating hierarchical relationships between terms will be described. Their advantages and 

disadvantages will be discussed as well. 

In section 2.6, the concept of version control for supporting the evolution of a taxonomy 

is presented. Furthermore, the current state of the art system for version control is 

compared in order to choose the best solution to be implemented in the prototype. 

In section 2.7, other relevant technologies, such as methods to persist hierarchical data, 

caching systems, and faceted search and browsing, will be mentioned.  

Finally, what can be done based on the state of the art in science and technology and the 

remaining challenges, which need to be overcame, are discussed in the last section. 

2.1 Knowledge 

In this section, a brief overview of the concept of knowledge is given and the process of 

creation and management of knowledge, which is usually done by knowledge workers, is 

discussed. By looking at knowledge and how it is created and managed, a better 

understanding of taxonomy, which is a form of knowledge representation and also being 

used as a knowledge organization system, can be achieved.  

 Definition 

Knowledge is defined by the Cambridge Dictionary as “understanding of or information 

about a subject that you get by experience or study, either known by one person or by 

people generally” [40]. Or as Davenport and Prusak stated in their book “Knowledge is a 

fluid mix of framed experience, values, contextual information, and expert insight that 

provides a framework for evaluating and incorporating new experiences and information. 

It originates and is applied in the minds of knowers. In organizations, it often becomes 
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embedded not only in documents or repositories but also in organizational routines, 

processes, practices, and norms” [41]. Knowledge, information, and data are usually 

misunderstood and mixed up by people. Even in the academic community, experts spent 

decades debating the issue [42]. Some say knowledge is connected information, as 

illustrated in the figure below. 

Figure 2.1: Relation of data, information, and knowledge [43] 

According to Bergeron (2003), data are numerical quantities or other attributes derived 

from observation, experiment, or calculation. Standalone, they are random dots without 

meaning. Information is data in context. Information is a collection of data and associated 

explanations, interpretations, and other textual material concerning a particular object, 

event, or process. They are represented by different colors on the dots. Knowledge is 

information that is organized, synthesized, or summarized to enhance comprehension, 

awareness, or understanding as they are connected together in the figure [42]. 

 Knowledge Creation 

The SECI model was introduced by Nonaka and later refined by Takeuchi in the 90s. It 

describes the methods used to transform tacit knowledge into explicit knowledge and the 

other way around. According to Vu (2015), the SECI model can be described as follow: 

1. Socialization (Tacit to Tacit) 

Through the maturing process, everyone gathers different knowledge. In this way, 

skills and experiences are passed from generation to generation. Thousands of 

years ago, before the invention of books, television, or the internet, the only way 

to transfer knowledge was through socializing: people communicate with people 

directly or apply knowledge sharing through sharing of experiences. Today, many 

advanced technologies are introduced, but socializing remains important and 
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cannot be replaced. 

2. Externalization (Tacit to Explicit) 

Socializing requires direct interaction between people. This is time-consuming 

and not always feasible over, e.g., a long distance. Along with the invention of 

writing, knowledge can be externalized from the brain to other media such as 

books, videos, etc. This process is called externalization. 

3. Combination (Explicit to Explicit)  

No new knowledge is formed from the work of transforming existing explicit 

knowledge to new explicit knowledge. This process is to organize the knowledge, 

combining pieces of it into new forms, so it makes more sense or explains new 

insights. 

4. Internalization (Explicit to Tacit) 

Persons can acquire new knowledge by perceiving, i.e., consuming explicit 

knowledge, sometimes by repeatedly doing the same activity. They convert their 

experiences, memory into mental models. Once internalized, new knowledge can 

be once again used, documented, or transferred to other people [11]. Figure 2.2 

illustrates the concept of the model. 

 

Figure 2.2: SECI model [44] 

Knowledge does not exist by itself but is created from experiences and transferred using 

different types of media or by direct social interaction between humans. Taxonomy is a 

form of an externalized knowledge representation and also created from human 

experiences according to the second phase “Externalization” of the SECI model. 

After the knowledge was created or transferred, an efficient way to preserve and manage 

it is needed. With the invention of the personal computer, humans receive support from 
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computers in content management and therefore in externalized knowledge management. 

As a result, this process becomes much more efficient and effective compared to how it 

was done before. 

 Knowledge Management 

Knowledge Management (KM), like most complex things, has many different definitions. 

Depending on the nature of the scientific area, the definition of KM might have a different 

meaning. In the book “Multimedia Content and the Semantic Web: Standards, Methods 

and Tools”, Giorgos Stamou and Stefanos Kollias (2005) defined KM as “the 

management of the activities and the process aiming at leveraging the use and the 

creation of knowledge in organizations for two main objectives: capitalization of the 

corporate knowledge and durable innovation, as access, sharing, reuse of knowledge 

(explicit or implicit, private or collective), and creation of new knowledge” [45]. 

On the other hand, Grigoris Antoniou and Frank van Harmelen (2008) think it as 

“acquiring, accessing, and maintaining knowledge within an organization” [46]. 

Nevertheless, what Devenport and Prusak (1998) wrote in their book “Working 

Knowledge: How Organizations Manage What They Know” was agreed and cited the 

most: “Knowledge management draws from existing resources that your organization 

may already have in place good information systems management, organizational change 

management, and human resources management practices. If you've got a good library, 

a textual database system, or even effective education programs, your company is 

probably already doing something that might be called knowledge management” [41].  

In the past, Knowledge Management has focused on the management of explicit 

knowledge containers using e.g. text documents as the main repository and source of 

knowledge [47]. With the development of Semantic Web technology, KM will be based 

on semantically related pieces of explicitly encoded knowledge in machine-readable 

encodings in the future [45].  

 Knowledge Management System 

A Knowledge Management System (KMS) is an IT system that facilitates processes, such 

as knowledge creation, storage/retrieval, transfer, and application [48]. According to 

Gronau (2002), a KMS usually consists of six layers: 
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• Information and Knowledge Sources: Sources where information and knowledge 

can be extracted, such as files on a server, intranet pages, email traffic. 

• Knowledge Repository: integrates different sources to ensures a uniform and 

logical view. 

• Taxonomy: a structured representation of the knowledge available in the system, 

which can be used for navigation. 

• Service: provides some service components based on the lower layers and is used 

by the application layer. 

• Application: provides system functionalities that were constructed using the 

services in service layer. 

• User Interface: provides a uniform interface for the operation of the system. [49] 

Figure 2.3 presents the architecture of a knowledge management system. 

 

Figure 2.3: Architecture of a Knowledge Management System [49] 

One example of a KMS is the Content and Knowledge Management Ecosystem Portal 

(KM-EP). The system has been developed to provide a powerful framework for managing 

knowledge and scientific as well as educational content. The following figure presents 

the KM-EP’s architecture, which consists of five subsystems according to Vu (2015):  

• The Information Retrieval Subsystem (IRS) lets users search and access assets in 

the proper file formats. 

• The Learning Management Subsystem (LMS) manages learners, learning 
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materials, and supports the learning process. 

• The Content and Knowledge Management Subsystem (CKMS) manages content 

objects, their metadata, and other forms of knowledge representations. 

• The User Management Subsystem (UMS) manages users, groups of users, 

authentication, accounting, and access control information for all subsystems. 

• The Storage Management Subsystem (SMS) preserves the integrity of the digital 

file and its metadata for the lifetime of an asset so that it can be controlled, 

versioned, repurposed, and archived according to the administrative direction. 

[11] 

 

Figure 2.4: KM-EP architecture [11] 

Furthermore, the KM-EP provides researchers a common platform to deploy their works 

without spending time reimplementing basic functionalities, such as user management, 

scheduler, etc. There are scientific research and technical development works in the area 

of Social Media Platform Integration [12], Course Authoring [50] and Competence-Based 

Learning [51]. 

The KM-EP is developed using the Symfony Framework [52], which is currently one of 

the leading PHP frameworks supporting the creation of web applications. It has a large 

community, many reusable components and high-quality documentation [53]. All the 

factors mentioned above made Symfony the best option for developing web-based 

systems. The current KM-EP consists of 14 different components:  
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• The BigData component indexes content of the Ecosystem and lets users search 

for them in a quick manner. It also applies machine learning for suggesting similar 

content to the content that users are viewing. 

• The Admin component provides support tools for portal’s administrators. 

• The Authentication component manages all users, groups of the portal, and the 

way they login into the system. 

• The CMS component creates custom pages and elements in the KM-EP. Admin 

can define the design of the navigation bar or footer of their system. 

• The Competence Manager component supports competence-based learning. It is 

used to manage competence framework and competence profile. 

• The Content Manager component manage all the content of the KM-EP. It lets the 

user create, edit, remove and rate different type of content in the ecosystem. 

• The Core component contains all the important features of the KM-EP, such as 

storage, log, system configuration, etc. 

• The eCommerce component adds online shop functionality to the KM-EP. User 

can use this component to sell their content on the portal. 

• The Export component lets user export their content to different services, such as 

Mendeley, YouTube, etc. 

• The Ingest component provides the user with the possibility to import content 

from different services or formats, such as BibTeX, OAI-PMH, GitHub, etc. 

• The OAuth component provides the KM-EP with an OAuth Server. This server 

will let the user use their account on the portal to log into other systems. 

• The Report component provides content owner and administrators different 

statistics about the content and system. 

• The STO component or “Scientific Training Online” help, e.g., a course creator, 

who is not an expert of the KM-EP’s Learning Management System and the 

underlying Moodle [54], to create a course with some course content comfortably. 

• The Syllabus component or “Study Program Manager” enables users to create 

programs with different courses. Users after completed a program, will get credit 

points and achieve competences and skills. 

Based on the KM-EP, researches in a different area were able to be conducted, prototypes 

for R&D projects were able to be developed and deployed. 
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 Summary 

Regarding to the RG 1 and the derived objectives, this section provided a literature review 

on knowledge, which is connected data supporting information in context. Furthermore, 

the process of creating, using, and transforming knowledge based on the SECI model was 

explained. Knowledge, which was created by human experiences, is transferred by human 

interactions and other types of media, such as books, videos, etc. A taxonomy, as a form 

of explicit knowledge representation, is externalized and internalized by humans. As a 

result, a taxonomy helps to organize content and knowledge, so they can be accessed, 

reused, and shared. A taxonomy management system would enable the development and 

management of such a taxonomy. The KM-EP was introduced as an exemplar CKMS 

platform for research results and researchers. The ecosystem provides a lot of basic 

functions that can be extended to support research projects. The KM-EP enables the 

development and management of scientific content, which can be classified to support 

information retrieval. By assigning categories to content, they can be browsed or accessed 

using faceted browsing. The KM-EP in this case can be a starting point that provides 

many advantages in the development of a taxonomy management system. Regarding the 

RQ 1 and the derived challenges, this section provided a basic understanding of how 

knowledge is created and managed and how the KM-EP as an exemplar knowledge 

management system can be used to manage scientific content and knowledge. 

Furthermore, the section explored the possibility to use the KM-EP as a platform to 

develop scientific applications. 

2.2 Semantic Web 

The word semantic means relating to the study of meaning and changes of meaning. For 

the Semantic Web, semantic means that the meaning of data on the Web can be 

discovered, not just by people but also by computers [55]. The Semantic Web provides 

the technologies and standards that “allows computers to intelligently search, combine, 

and process Web content based on the meaning that this content has to humans” [56] [57]. 

The Web was introduced by Sir Tim Berners-Lee, who worked at CERN [58]. He wanted 

everyone to be able to put information on a computer and make it accessible to anyone 

else, anywhere. He hoped that machines would also be able to use the information on the 

Web, and that would allow powerful and effective human-computer-human collaboration 
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[55]. 

Unfortunately, most of the information on the web was designed only for human 

consumption. Humans can read Web pages and understand them, but HTML page has no 

formal semantics that clearly specifies which conclusions should be drawn from the 

information, which is already hard enough for humans to even agree on the content, not 

to mention formalizing it for computers [59] [57].  

Figure 2.5: The evolution of the Web [59] 

According to Antoniou et al. (2008), the Semantic Web is propagated by the World Wide 

Web Consortium (W3C), an international standardization body for the Web. Tim Berners-

Lee expects the realization of his original vision of the Web, where the meaning of 

information played a more important role. And it became the driving force of the Semantic 

Web initiative [46]. Figure 2.5 illustrates the evolution of the Web, where the Semantic 

Web brings a machine-readable description to its content on it [59]. The Semantic Web 

allows much more advanced knowledge management systems:  

• “Knowledge will be organized in conceptual spaces according to its meaning.” 

• “Automated tools will support maintenance by checking for inconsistencies and 

extracting new knowledge.” 

• “Keyword-based search will be replaced by query answering: requested 

knowledge will be retrieved, extracted, and presented in a human-friendly way.” 
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• “Query answering over several documents will be supported.” 

• “Defining who may view certain parts of information (even parts of documents) 

will be possible." [46] 

Semantic Web was developed in steps, each step building a layer on top of another [46]. 

Taxonomy is a layer of the Semantic Web. Figure 2.6 illustrates main layers of the 

Semantic Web. This chapter focuses on 4 layers that were marked in the figure: syntax, 

data interchange, taxonomies, and ontologies, where syntax and data interchange are the 

building stones for taxonomy and taxonomy can be created, imported, and exported using 

several popular ontology standards. 

 

Figure 2.6: W3C Semantic Web stack [60] 

 XML 

The eXtensible Markup Language (XML) proposed by the W3C as a standard for 

information exchange [61]. XML’s history started with SGML, Standard Generalized 

Markup Language. According to Amiano et al. (2006), a markup language is a text 

language that enables the user to describe their content in a way that is “independent of 
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hardware, software, formats, or operating system. Markup language documents are 

designed to be interchangeable between tools and systems.”. In the mid-1990s, SGML 

was used to create the Hypertext Markup Language (HTML), but it could not 

semantically describe what the content was. Therefore, XML was designed to replace 

SGML for serving up content via the Internet [62].  

XML is not limited to a set of markups, but the user can create their own markup to suit 

their data and document needs. This flexibility has led to XML’s widespread use for 

exchanging data in a multitude of forms [63]. 

XML documents can be described in terms of containment. A single root element contains 

other elements, attributes, and textual content, e.g.: 

<description xml:lang="en−en">This is an example</description> 

Child elements contains a similar mix. Every element has a start tag and an end tag, and 

they are arranged so that element boundaries never overlap, e.g.:  

<name>John Doe</name> 

These rules make XML cleaner and therefore, easier to figure out by applications [64] 

[65].  

 RDF 

The Resource Description Framework (RDF) is an XML-based language to describe 

resources [10]. The framework was created by The World Wide Web Consortium (W3C) 

in early 1999 [56]. According to Curé et al. (2014), RDFs goal is “to enable the 

description of resources that are uniquely identified by uniform resource identifiers 

(URIs)”. The data model of RDF is composed of triples corresponding to a subject, a 

property, and an object, where the subject takes an object as a value for a property [66]. 

Figure 2.7 presents a simple RDF graph describing the relationship between a book and 

its publisher. 

Figure 2.7: A simple RDF graph [57] 

The figure above can be written in N-Triples, which is a line-based plain text format for 
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encoding an RDF graph [67], as follows: 

<http://semantic-web-book.org/uri> <http://example.org/publishedBy> 

<http://crcpress.com/uri> . 

Where http://semantic-web-book.org/uri is the subject, the predicate is 

http://example.org/publishedBy  and http://crcpress.com/uri is the object. All of 

them are also URIs. 

Based on triple stores, the data in RDF can be accessed by queries. For this purpose, the 

Semantic Web group at the W3C has published the SPARQL Protocol and RDF Query 

Language (SPARQL) recommendation with the main aspect of supporting a query 

language [66].    

It is important to note that RDF is designed to provide a basic object-attribute-value data 

model for metadata and makes no data-modeling commitments. The RDF data model 

provides no mechanisms for declaring property names that are to be used [68]. 

 RDF Schema 

As mentioned in the previous section, RDF enables users to describe resources using their 

own vocabularies. However, it does not make assumptions about any particular 

application domain, nor does it define the semantics of any domain [46]. RDF Schema 

(RDFS) was developed to become a schema language for RDF. And like other schema 

languages, it provides information about the ways in which our data is described [69]. “In 

plain English, we can define RDFS as follows: RDFS is a language one can use to create 

a vocabulary (often the created vocabulary is domain-specific), so when distributed RDF 

documents are created in this domain, terms from this vocabulary can be used. Therefore, 

everything we say, we have a reason to say it” [56]. 

RDFS was introduced by W3C in April 1998. Although the first version is only a proposed 

recommendation, RDFS received attention and was used widely. The final 

recommendation was released in February 2004. Most of the changes are in the 

documentation and formal interpretation [55]. RDF Schema is also mentioned as RDFS, 

RDF(S), RDF-S, or RDF/S [56].  

Figure 2.8 highlights the difference between RDF and RDFS. In this figure, blocks are 

properties, ellipses above the dashed line are classes, and ellipses below the dashed line 

are instances [46]. As stated in the figure, RDF simply creates a graph structure to 
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represent data, and RDFS provides guidelines about how to use this graph structure in a 

disciplined way. It provides a way to talk about the vocabulary that will be used in an 

RDF graph [69]. Without a RDFS layer, any computer system cannot guess, that Discrete 

Mathematics is a course, David Billington is an associate professor and a course 

isTaughtBy an academic staff member, from the RDF layer. 

 

Figure 2.8: RDF and RDFS layers [46] 

 Ontology 

The term ontology from the Greek word Oντoλoγiα, which is the study of the nature of 

existence [2]. According to Antoniou et al. (2008), ontology is a subfield of philosophy 

concerning identifying, in the most general terms, the kinds of things that actually exist, 

and how to describe them. Nevertheless, the term was quasi hijacked by computer science 

and given a technical meaning that is different from the original one. According to Gruber 
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and later Studer: “An ontology is an explicit and formal specification of a 

conceptualization” [46]. Today, the  concept of an ontology plays a very important role 

for the Semantic Web, and it is necessary to understand the concept of an ontology in 

order to fully appreciate the idea of the Semantic Web [56]. 

Ontologies extend taxonomies in quite some way. In fact, ontologies are to taxonomies 

as two-dimensional space is to three- (or more) dimensional space. In other words, 

ontologies enable the user to specify the semantics of their domain, their enterprise, or 

their community, or across many communities, in great and arbitrarily greater detail [10]. 

In the previous section, RDFS was introduced as a way for describing ontologies. Another 

language for representing ontologies is Web Ontology Language (OWL).  

According to Yu (2014), the concept of an ontology can be described as follows: an 

ontology contains terms and relationships between them. Terms can also be called classes 

or concepts. Classes use a hierarchical structure to express relationships between each 

other, where super-classes define higher-level concepts and subclasses defines the finer 

concept. Furthermore, finer concepts also have the attributes and features of the higher 

concepts [56]. 

Besides the relationships between classes, another concept of an ontology, which is worth 

to mention, is the concept of properties. Yu (2014) believes that, properties describe 

various features and attributes of the concepts. Moreover, properties can be used to 

associate different classes together. An ontology explicitly encodes the knowledge of a 

domain by clearly defining the terms and the relationships between them. Therefore, this 

knowledge representation can be understood by a computer [56]. 

 SKOS 

One example of using an ontology to represent taxonomies and other kinds of controlled 

vocabularies is the Simple Knowledge Organisation System (SKOS). SKOS is a formal 

language for representing controlled, structured vocabularies such as thesauri or 

classification schemes [70]. SKOS is recommended by W3C as a standard for expressing 

knowledge organization systems (KOS) such as thesauri or taxonomies [71]. It is widely 

used by organizations including NASA, UN, and the New York Times [72]. 

As mentioned in the section above, there are many different ways to express a taxonomy. 

In the scope of this dissertation, not only a tool for creating new taxonomies and managing 
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them will be introduced but the created taxonomy should also be understood by other 

computer applications. Therefore, it is necessary to use a formal language to represent a 

taxonomy. Moreover, a language, which is based on Semantic Web standards, such as 

RDF and OWL, is needed. Because these are standards introduced by W3C for data 

interchange on the Web. SKOS fulfilled all of these requirements. It not only allows a 

taxonomy to be exported in RDF and OWL for querying by an autonomous application 

but it also provides more human-readable information, such as labels and documentation. 

Figure 2.9 presents the position of SKOS in different disciplines.  

Figure 2.9: SKOS at the intersection of three disciplines [73] 

According to the SKOS’s Namespace Document published by W3C on the 18 August 

2009, a SKOS Schema contains 4 classes: skos:Collection, skos:Concept, 

skos:ConceptScheme, and skos:OrderedCollection [74]. According to Yu (2014), a 

Concept is a fundamental element in KOS, that is why SKOS introduces the class 

skos:Concept for the user to state that a resource is a concept and skos:ConceptScheme to 

indicate that a resource represents a whole knowledge organization system. SKOS has 

several data properties that support managing labels in multiple languages, such as, e.g. 

skos:prefLabel, skos:altLabel, skos:hiddenLabel, where skos:prefLabel is used to assign 

a preferred lexical label to a concept. This assigned label will later be used as a descriptor 

in the indexing system [56]. Furthermore, SKOS defines “semantic relations”, which are 

properties that relate concepts to another [69]. Figure 2.10 illustrates the semantic 

relations of SKOS. In the figure, single arrows refer to rdfs:subPropertyOf relationships, 

double arrows refer to owl:inverseOf relationships. 



 

 

 

33 

 

 

Figure 2.10: SKOS structure of Semantic Relations [69] 
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Figure 2.11 presents an example of SKOS. In the figure, there are two ConceptSchemes 

“Vehicles” and “Industry classification”. The Concept “Motor vehicle” is related to the 

ConceptScheme “Vehicles” using the property skos:inScheme. The same applies for the 

Concept “Services” and the ConceptScheme “Industry classification”. The Concept 

“Motor vehicle” has the broader Concepts “Motorcycle” and “Car”, where the term “Car” 

can be represented differently in different languages, such as “car” in English, “auto” in 

Polish, etc. The Concept “Car” and the Concept “Car washes” are also related to each 

other by the property skos:relatedMatch. 

 

Figure 2.11: An example of SKOS [75] 

 OWL 

While RDF(S) is suitable for modeling simple ontologies and allows the derivation of 

implicit knowledge, it provides only very limited expressive means and it is not possible 

to represent more complex knowledge. For this reason, expressive representation 

languages based on formal logic are used to allow logical reasoning on the knowledge, 

and thereby enableing the access to knowledge [57]. 

According to Antoniou et al. (2008), research groups in the US and Europe had identified 

the need for a more powerful ontology modeling language. And this led to a joint initiative 

to define a richer language based on DAML, SHOE, and OIL. The new Web ontology 

language named DAML+OIL was developed and became a starting point for the W3C 

Web Ontology Working Group in defining Web Ontology Language (OWL) [46]. The 

first working drafts of OWL were published in July 2002 and later became a formal W3C 
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recommendation on February 10, 2004 [56]. 

OWL builds on and extends RDF and RDFS by adding more vocabulary terms for 

describing sets of things called classes, facts about those classes, relationships between 

classes or instances, and characteristics of those relationships [76]. OWL can be defined 

as a combination of RDF Schema and new constructs for better expressiveness [56].  

 

Table 2.1: OWL language levels [10] 

OWL comes in three sublanguages (or language levels), called OWL Lite, OWL DL and 

OWL Full. OWL Full is the complete language, and the other two are subsets of OWL 

Full with less expressive power but reduce the computing demands on a processor [55]. 

Table 2.1 describes all three language levels of OWL. 

 Summary 

Regarding to the RG 1 and the derived objectives, this section introduced the concept of 

the Semantic Web. Different layers of the Semantic Web along with their standards were 

described. This section also highlighted the difference between taxonomy and ontology. 

A taxonomy is usually in a simple hierarchical structure, and it does not have any 

restriction nor properties. An ontology, on the other hand, can have many properties, 

relationships, and restrictions between them. Nevertheless, a taxonomy can be expressed 

using an ontology with hierarchy relations such as, e.g. parent/child, subclass/superClass, 

broader/narrower. Regarding to the RQ 1 and the derived challenges, this section showed 

that SKOS, in this case, is an excellent solution for designing taxonomies. Users will save 

time and resources by using it. However, not all of its classes and properties should be 

used in the prototype to avoid confusion and enable a learning curve for the user. 

Furthermore, standard machine-readable formats, such as RDF and OWL, can be used to 
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support the interchangeability of a taxonomy in web environments. A taxonomy in this 

case can be exported in one of the standards, then imported and reused again by other 

tools or systems.  

2.3 Taxonomy 

The term “taxonomy” has a very broad meaning and is being used in many areas, from 

psychology, biology to computer science. In this section, the definition of a taxonomy 

and how experts can classify a taxonomy into different categories are discussed. 

 Definition 

Whittaker et al. (2008) defined a taxonomy as a controlled vocabulary, in which each term 

has a hierarchical and equivalent relationship. A hierarchical relationship means, each 

term has broader and narrower terms.  For example, the term “cellphone” has a broader 

term “telephone” and a narrower term “smartphone”.  Users can move up or down on the 

hierarchy to retrieve more or less specific information. An equivalent relationship means 

each term has its synonyms [5]. For example, “cellphone” with “mobile” and “mobile 

phone”. 

For Lambe (2007), a taxonomy is (1) a classification scheme, (2) a semantic, and (3) a 

knowledge map. Classification schemes are designed to put related things to the same 

group. If you find one thing in a group, you can find other things related to it in the same 

group. Furthermore, taxonomies do not rely on codes but on semantic. That means, a 

fixed vocabulary is provided to describe knowledge and information assets. For example, 

everything relates to “car” should be labeled “car”. A taxonomy, therefore, provides a 

controlled vocabulary. Each term is carefully considered. Terms are only admitted to the 

taxonomy when they clearly describe a commonly understood category of content. A 

taxonomy is also semantic in the way that it expresses the relationship between terms in 

the taxonomy. A good taxonomy should act as a knowledge map. It lets any user 

immediately have a grasp of the overall structure of the knowledge domain covered by it 

and furthermore lets them be able to accurately anticipate what resources they might find 

where [1]. 

In the article Bruno and Richmond wrote in 2003, they state that “a taxonomy is a 

hierarchical classification of headings constructed using the principles of classification, 
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and a thesaurus supplies the commentary and links to navigate the taxonomy” [77]. 

Hunink et al. (2010), on the other hand, defined taxonomy as a structure allowing the 

classification of entities according to internal criteria, properties, and relationships. 

However, their team does not want to call a taxonomy an ontology or a simple ontology 

because it is used for complex structures that have support for automatic reasoning [78]. 

In her book The Accidental Taxonomist, Hedden (2010) sees taxonomy in a broad sense 

as “any means of organizing concepts of knowledge” and in a broader sense as “a 

knowledge organization system or knowledge organization structure” [2]. The term 

“knowledge organization systems” was mentioned in 2000 by Hodge as a synonym for 

taxonomy.  There are various types of knowledge organization systems, which include 

(1) term lists, such as authority files, glossaries, dictionaries, and gazetteers, (2) 

classifications and categories, such as subject headings, classification schemes, 

taxonomies, and categorization schemes and (3) relationship lists, such as thesauri, 

semantic networks, and ontologies [79]. 

Daconta et al. (2003) view taxonomy as “a semantic hierarchy in which information 

entities are related by either the subclassification-of relation or the subclass-of relation. 

The former is semantically weaker than the latter, so we make a distinction between 

semantically weaker and semantically stronger taxonomies” [10]. They share Hedden’s 

view about thesauri and ontologies that are also taxonomies. They just have stronger 

semantic relations. 

 Types of Taxonomy 

There are many ways to categorize a taxonomy into different types. Hedden, in her book 

The Accidental Taxonomist [2] defined a taxonomy into 4 different types: controlled 

vocabularies, hierarchical taxonomies, thesauri, and ontologies.  

1. A controlled vocabulary is a restricted list of words or terms. They are used for some 

kind of activities, such as indexing, labeling or categorizing. It is called “controlled” 

because only terms from the list can be used. Table 2.2 illustrates a controlled 

vocabulary. 
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Table 2.2: 10 general buckets of possible book topics [10] 

2. A hierarchical taxonomy is a very popular type of a taxonomy. When talking about a 

taxonomy, this type always comes to mind in a tree structure with a root and branches. 

A hierarchical taxonomy is an extension of controlled vocabularies, where each term, 

if is not the root of the tree, is connected to a broader term and one or more narrower 

terms if it is not a leaf. Figure 2.12 describes a simple hierarchical taxonomy.  

   

3. Thesauri in information management are a kind of dictionary that contains all the 

associated terms, which could potentially be used in the place of each term entry in 

all circumstances. A thesaurus must clearly specify which terms can be used as 

synonyms, which are narrower terms, which are broader terms, and which are related 

terms. A thesaurus can be understood as a taxonomy plus some term semantic 

relations [10]. Table 2.3 describes the semantic relation of a thesaurus.  

agent

person organization

government company

Figure 2.12: A simple hierarchical taxonomy 
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Table 2.3: Semantic relation of a thesaurus [10] 

4. The last type is an ontology, which has more complex relationships between terms 

than in a thesaurus. Their relationships are not limited to only broader, narrower and 

related, but they can be any, e.g., owns/belongs to, has members/is a member of, etc. 

The ontology creator can create its relationships. Therefore, not only the terms have 

meanings, but the relationships between the terms have them as well. Some authors 

see taxonomy as a weak semantic ontology [10]. 

 

Figure 2.13: An ontology about employees and consultants [80] 
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Lambe, on the other hand, has a different opinion about taxonomy types. He thinks a 

taxonomy has seven types, which are lists, trees, hierarchies, poly-hierarchies, matrices, 

facets, and system maps [1].  

1. A list is the simplest form of taxonomy. It is a collection of related things and the 

relationship between them is usually the name of the list, e.g. to-do list, shopping list, 

etc. The more complex taxonomy structures, such as tree or system map, are about 

putting simple lists together.  

 

Figure 2.14: A shopping list [81] 

2. A tree structure is used to represent the transition from general to specific or from a 

whole to a part. A tree structure is very flexible and powerful. Sometimes that causes 

problems and confuses. A tree structure is both pragmatic and versatile. In one place 

the relationship between superordinate and subordinate mean ‘x is a part of y’ while 

in another place of the same tree it means ‘x is a stage in the process y’. Therefore, 

the creator has to ensure that it is not ambiguous. The next type is a hierarchy. It can 

be presented as a list, but in taxonomy work, it is a specific kind of a tree structure.  
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Figure 2.15: A geography tree 

3. A hierarchy is a specific kind of tree. It means different things in different disciplines. 

In sociology, anthropology, or in the organization, a hierarchy represents the relative 

disposition of power. It is not always best represented in a tree structure. While in 

humanities, a hierarchy can be ascribed to relative importance. That is why describing 

taxonomies as hierarchies can be confusing. 

 

Figure 2.16: Maslow's hierarchy of needs [82] 

4. Poly-hierarchy, in some other sources is called “network taxonomy”, is a hierarchical 

tree in which nodes have more than one parent. It is because sometimes items belong 

in more than one class. For example, “light” belongs both to category “particle” and 

“wave”. 

Geography

America

USA Peru

Europe

UK Germany

Asia

China Japan
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Figure 2.17: A fragment of generating poly-hierarchy for classification of transport 

vehicles [83] 

5. One typical example of a matrix taxonomy is the periodic table of elements. Dmitri 

Mendeleev, when first constructing the table, arranged the elements in columns by the 

similarity of their properties, even before the electron structures had been identified. 

By using a matrix representation, the users can identify the gaps they need to fill. A 

matrix also allows users to categorize their content along multiple dimensions. 

Therefore, it helps them to compare things, locate issues, problems or opportunities, 

create inventories and checklists, identify gaps, and describe complex phenomena. 
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Figure 2.18: Two-dimensional matrix structure [84] 

6. A faceted taxonomy is a set of base taxonomies, where each one represents a different 

point of view on the domain of interest [85]. In a faceted taxonomy, metadata is 

defined as the collection of structured information about a document or piece of 

content. Author, title, keywords, date of publication… are pieces of metadata that are 

associated with a document. They can be made searchable by a search engine. 

Therefore, users will not be constrained by a single classification decision but will be 

able to browse for documents in any of the dimensions in which it has been classified.  

 

Figure 2.19: eBay’s filter for mobile phone 

7. A system map is a “visual representations of a knowledge domain where proximity 

and connections between entities are used to express their taxonomic and real-world 

relationships”. Examples of a system map are the underground map and the human 
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artery map. These maps are lists that illustrate the natural relationships between the 

elements. 

 

Figure 2.20: Paris underground map [86] 

 Taxonomy Development 

The development of a new taxonomy is usually done by using the Delphi method, which 

is the technique with the objective to obtain the most reliable consensus of opinions of a 

group of experts through a series of intensive questionnaires interspersed with controlled 

opinion feedback [87].  

According to Dalkey et al. (1963), the Delphi method was introduced in the “Project 

Delphi”, which is the name of a study of the use of expert opinions that was conducted at 

The RAND Corporation in the early 1950s. In this study, the experts were asked 

repeatedly to select an optimal US industrial target system and estimate the number of A-

bombs required to reduce the munitions output by a prescribed amount. One main aspect 

of the technique is to question the experts individually in rounds and avoids direct 

confrontation of the experts with one another [87]. 

According to Linstone et al. (1975), the recognition of the Delphi method comes with the 

rapid pace of aerospace and electronics technologies. Forecasts were vital to the 

preparation of plans as well as the allocation of research and development resources. This 

placed a great burden on industry and defense planners. Furthermore, there was a growing 
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need for incorporating subjective information directly into evaluation models dealing 

with the more complex problems facing society, such as environment, health, 

transportation, etc. As a result, the Delphi technique became a fundamental tool in a lot 

of areas, including taxonomy management [88]. 

The work of developing a taxonomy using the Delphi method is described by Whittaker 

(2008) in five following steps: 

1. Determine requirements: Before building the taxonomy, its scope, purpose, and 

types of content formats need to be defined. One way to do it is to conduct interviews 

with users and experts and ask questions related to the taxonomy. The taxonomy’s 

objective can also be defined using the project’s objective [78]. 

2. Identify concepts within the taxonomy: The best way to identify the concepts for 

the taxonomy is doing it in three steps. First, discover where and what the content is. 

Begin to search and analyze the content for candidate terms. Second, perform a 

content inventory to see what exists and where it is located. Analyze the content to 

find a way to break down the taxonomy into smaller, easier managed facets. And third, 

conduct user interviews to understand what are the problems that they are trying to 

solve and what is important to them. 

3. Develop a draft taxonomy: Taxonomies might have different structures and different 

kinds of relationships between terms. Therefore, Hedden (2010) discussed three steps 

to create a draft taxonomy. Those are creating the terms and the relationships of the 

taxonomy, then building the taxonomy from them. 

• Creating terms: Terms are the controlled and defined words or phrases that 

make up the taxonomy. A taxonomy is comprised of several concepts, which 

are things or ideas. A concept is described by one or multiple terms. From the 

concepts that were identified in the previous step, preferred terms and non-

preferred terms are selected. A preferred term should reflect the language of a 

taxonomy’s users. Other possible terms become the non-preferred terms.  

• Creating relationships: The presence of relationships between terms makes a 

taxonomy more useful. There are three kinds of relationships: equivalence 

between preferred and non-preferred terms, hierarchical between broader and 

narrower terms, and associative between related terms.  
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• Building the taxonomy: The building of the taxonomy depends on the type of 

it. It can either be top-down, bottom-up or some of each. The method can also 

depend on the primary source for terms. If a large number of terms are 

suggested, the top-down method is a good choice. In another case, when most 

of the terms originate in sample content, the bottom-up will make more sense. 

[2] 

4. Review the draft taxonomy: The review step is done by getting feedback from users 

and experts. It is one of the iterative steps where users and experts study the draft 

taxonomy, try to use it, and give feedback to the creators by answering the 

questionnaire. 

5. Refine the taxonomy: Based on the feedback of users and experts, the creators try to 

change the taxonomy. After the change, the refined taxonomy is getting reviewed 

again. A new questionnaire is developed, and the expert group is usually given at least 

one opportunity to reevaluate its original answers based upon examination of the 

group response [88].  

The taxonomy is a living and growing entity. Therefore, the two iterative steps, 

review, and refine should never stop. However, taxonomy maintenance is very 

expensive. When the taxonomy is “good enough”, the development of the taxonomy 

should stop. [5] 

The traditional method of using knowledge workers and experts for reviewing, while 

providing many benefits and advantages, has its own problems. One example is that 

experts are not always available. They have other jobs to do, and rounds of reviewing 

take too much time from their schedule. Another example is that people tend to ignore 

disagreements. The result is, e.g., a poor design decision which is ignored during 

reevaluation and not getting fixed. 

 Taxonomy Management 

According to Walli (2014), taxonomy management is the process involved in creating, 

applying, and maintaining a taxonomy. An individual or organization must first determine 

a suitable structure for the data it has accumulated or will accumulate in order to create a 

new taxonomy. Once a new taxonomy is created, it will need to be updated regularly to 

remain relevant and useful as new information is incorporated and as changes occur in 
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Figure 2.21: Adaptive's Business Glossary Manager [90] 
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terminology, technology, and markets. In the past, knowledge workers were responsible 

for creating and maintaining taxonomies. As the workload for knowledge workers 

increases, many organizations switch to taxonomy management systems. This helps to 

reduce the time expenditure and improve the consistency of their information 

management and classification processes [89]. 

Taxonomy management systems usually work with content management systems and 

enterprise search systems. These three systems help organizations to manage their content 

and knowledge. In this section, some of the widely-used taxonomy management systems 

are introduced.  

Adaptive Business Glossary Manager 

Adaptive Business Glossary Manager is “a web-based platform used to define, 

collaborate and align corporate terminology to derive a common understanding and 

reference to both industry standards, ontologies, and in-house policy forming an 

integrated semantic foundation” [90]. This web-based application allows multiple users 

to create and maintain a glossary of business terms and definitions across the enterprise. 

The relations and correlations of created terms and aliases can also be established. In the 

end, these processes can be approved or rejected by the organization. Changes and events 

will be notified to the subscriptions by email or other kinds of report. The application also 

has the ability to classify data in terms of e.g. criticality, confidentiality. Figure 2.21 

presents the user interface of the application. 

Microsoft Excel 

One example of software that was not designed to manage taxonomy but is frequently 

used for taxonomy management is spreadsheet software, e.g., Microsoft Excel [91] or 

generic database management systems, e.g., Microsoft Access [92]. A large amount of 

taxonomies is still created and managed by them. There are various reasons for that, but 

mostly because special taxonomy management systems are costly and complex. Users 

need to be trained in order to use these systems. With Excel or Access, most users already 

use them in the office, so it does not take much time, to begin with. Figure 2.22 displays 

a hierarchical taxonomy in Microsoft Excel.  
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Figure 2.22: A hierarchical taxonomy created by Excel [93] 

Column “A” contains the root of the taxonomy, column “B” contains the second level, 

and so on. Terms can be added by inserting new rows on the sheet after the parent but on 

the next column. Users move to the left for broader terms and to the right for the narrower 

terms. It is pretty straight forward, easy, and fast to create a taxonomy using spreadsheet 

software. Nevertheless, there are also some drawbacks. For example, Excel does not 

know if users put a term in the wrong column. If the taxonomy has thousands of nodes, 

users will have difficulty zooming in and out of the taxonomy. It is also inconvenient to 

move a node with its children to another position because users have to rearrange terms 

in the right column afterward. 

MultiTes 

MultiTes [94] is a collection of different software and services used to create and manage 

thesauri, taxonomies, and other types of controlled vocabularies. Two main products are 

MultiTes Pro, “a workstation / desktop-based Windows application to author and manage 

thesauri. Its ease of use, rich set of features and simple installation has made it the tool 

of choice of thesaurus builders all over the world for 3 decades” [95] and MultiTes 

Online, the web-based version of MultiTes Pro. Users can author a MultiTes Pro thesaurus 

online without having to worry about network administration, firewall settings, hacker 

intrusion, HTML programming, database administration, server maintenance, system 
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upgrades, or pre-generating their thesaurus web site every time they make an update [96]. 

Figure 2.23 presents the user interface of MultiTes Pro. 

 

Figure 2.23: Taxonomy's term being edited in MultiTes Pro [97] 

The application has limited support for W3C standards. The data can only be imported 

using a text file or from clipboards. The export formats are not popular formats such as 

RDF or OWL but simple text file, HTML page or XML. 

PoolParty Taxonomy and Thesaurus Manager  

The PoolParty Taxonomy and Thesaurus Manager [98] is a web-based application in the 

software package “PoolParty Semantic Suite” [99]. This tool enables users to build and 

maintain an information architecture. It differs from other market solutions for taxonomy 

management having powerful capabilities such as corpus analysis. Figure 2.24 presents 

the user interface of the software. 

PoolParty enables users to start their work with minimum training. Subject matter experts 

can model their fields of expertise without IT support. Applying W3C standards, such as 

SKOS and SKOS-WL, it ensures interoperability of users’ thesaurus with other 

taxonomies, knowledge graphs, and APIs. Finally, PoolParty lets users import existing 

taxonomies and thesauri from Excel or XML. Users can also export them to different 

standard formats [98]. 
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Figure 2.24: PoolParty 's Enterprise Taxonomy and Ontology Management 
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Figure 2.25: Synaptica KMS's split-screen display [100] 
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Synaptica KMS 

Synaptica KMS [100] is “an award-winning, robust, and highly scalable enterprise 

taxonomy management system. Benefits include: 

• Improve retrieval by mapping terms to alternative synonyms, aliases, and 

acronyms. 

• Improve precision by disambiguating concepts and names that have multiple 

meanings. 

• Improve discovery by providing navigational paths to find broader, narrower, and 

related content. 

• Enable query refinement via faceted search filters. Validate data using 

authoritative resources. 

• Reduce the time and money spent searching for information. 

• Reduce corporate risk by improving accuracy and completeness. 

• Improve customer satisfaction through enhanced user experiences.” [100] 

 

Figure 2.25 presents the user interface of Synaptica KMS. In this interface, the application 

window is split into 3 columns. The first column in the left side displays a completed 

hierarchical tree of the taxonomy. The middle column shows the metadata of the selected 

term. And the right column presents the relationships that associate with this particular 

term. 

TemaTres 

TemaTres [101] is “an open-source, web-based thesaurus management package. 

Features include a simple, functional user interface for editing and browsing keywords, 

sophisticated search capabilities, and the ability to import or export all or part of the 

thesaurus in a number of standardized forms. TemaTres features a rich set of web services 

that provide searching and retrieval capabilities for external programs. As a result, 

several tools such as "Visual Vocabulary", "ThesaurusWebPublishers" and "TemaTres 

View" use TemaTres as their backend. There are also capabilities for linking vocabularies 

in different languages to facilitate the creation of multilingual controlled vocabularies” 

[102]. Figure 2.26 presents the description of a term in the application. 

TemaTres allows the user to expose and publish a controlled vocabulary in many metadata 
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schemas, such as, e.g. SKOS, Dublin Core, IMS VDEX Schema, WXP WordPress XML, 

TXT, SQL. Being an open-source project, TemaTres’s source code can be downloaded, 

modified, and installed on any web server that supports PHP and MySQL. On the other 

hand, the application only provides a basic level of collaboration support. 

 

Figure 2.26: Term description displayed in TemaTres 

Topbraid EDG-Vocabulary Management (EDG-VM) 

TopBraid EDG–VM is a commercial product, aiming to “create a Knowledge Graph of 

user vocabularies and associated resources. A flexible, web-based system, it supports 

business stakeholders who need to collaborate on defining, linking and using enterprise 

vocabularies (such as taxonomies, thesauri, and ontologies) required to integrate content 
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sources, comply with regulations, enhance the navigation and search” [103].  

Figure 2.27: Vocabulary Management's user interface [103] 
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Taxonomies in EDG are based on SKOS, which is one of the W3C standard information 

models for taxonomies and thesauruses. Figure 2.27 illustrates the development of 

taxonomy using TopBraid EDG–VM. Some of the key features of the software include 

intuitive graphical user interface with auto-completion, drag and drop support; flexible 

data model with custom attributes and relationships; audit trails with logging and 

timestamped; process automation with pre-built and custom workflows to support review, 

approval, ingestion and enrichment processes; automation of linking with crosswalks 

between vocabularies to linked data sources [103]. 

Figure 2.28: Unilexicon Visual Taxonomy Editor 
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Unilexicon 

Unilexicon [104] is “a visual online thesaurus server, classification and taxonomy 

management software coupled with a website tagging tool and record tagging system” 

[104]. In this set, Unilexicon’s Visual Taxonomy Editor is “a web-based editor that allows 

the user to construct a controlled vocabulary as a visually-attractive hierarchical tree 

structure. It also provides a repository with sophisticated tools for management of the 

vocabularies, including the capability to import existing structures from Excel (.xls) or 

SKOS (.xml) files and to export SKOS. A quick search is also provided, allowing quick 

identification of concepts from vocabularies and allowing the user to locate the concepts 

visually within the vocabulary hierarchy” [105].  

 illustrates the Visual Taxonomy Editor’s homepage with some distinguished 

vocabularies. 

One of the disadvantages of this application is it does not support collaborative working 

between users. Everyone has one account and cannot touch other people’s work. 

Furthermore, there is no other attributes beside “name” and “description”, and also no 

support for multiple languages. 

WebProtégé 

WebProtégé [106] is a web-based lightweight ontology editor. According to Tudorache et 

al. (2013), the goal in developing WebProtégé was not to offer yet another ontology editor, 

but rather to fill a significant gap in the landscape of ontology tools. The developers 

wanted to provide an ontology tool that a large spectrum of users, ranging from ontology 

experts to domain experts, could use. Thus, the ability to customize the user interface for 

users with different levels of expertise was of utmost importance in its design [107].  

Furthermore, WebProtégé provides extensive collaboration support, including change 

tracking, contextualized threaded discussions, watches and notifications, an extensible 

access policy mechanism, and generation of statistics on the ontology-development 

process [107]. Figure 2.29 presents the user interface of WebProtégé. 
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Figure 2.29: A screenshot of the EPISECC taxonomy in WebProtégé [108] 
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The application is developed by the Protege team in the Biomedical Informatics Research 

Group (BMIR) at Stanford University, USA. It is an open-source project. That means the 

user can install it themselves by downloading the source code. The project also provides 

an online service that allows the user to access the software directly through their web 

browsers. As mentioned above, the primary focus of the application is ontology 

development. Nevertheless, the user can use it to create and manage a taxonomy. 

Worldmap 

Wordmap Taxonomy Management System [109] is “used by information professionals to 

develop the category and term sets that bring consistency, precision, and control to 

enterprise information management. Wordmap's broad feature set gives editors much 

greater control and productivity than they would enjoy in other applications. Yet 

Wordmap is outstandingly easy to set up and use” [110].  

 

Figure 2.30: Wordmap's user interface [111] 

Besides creating and managing terms, relationships, and attributes, the application can 

also manage synonyms and translations. The created taxonomy can be represented in a 

hierarchy or a poly-hierarchy. Custom associative relations and user-defined metadata 

attributes are also supported. The software allows collaborative working with permission 

control. Furthermore, taxonomies can be imported, and export in standard formats and 
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Java API is provided to support direct application access to taxonomies [111]. Figure 2.30 

describes the ability to support custom relationships of Worldmap. 

 Summary and Comparison 

In this section, the listed taxonomy management systems are revisited based on their 

support on import features, such as open-source, web-based, cost, collaboration, standard, 

localization, customization, graphic representation, and API support. From the result, an 

overview of the existing solutions on the market can be achieved. Furthermore, the 

advantages of good systems can be learnt and the mistakes of other systems can be 

avoided. Table 2.4 and Table 2.5 present the summary of the introduced taxonomy 

management systems.  

 Adaptive 

Business 

Glossary 

Manager 

Microsoft 

Excel 

MultiTes 

 

PoolParty 

Taxonomy 

and 

Thesaurus 

Manager 

Synaptica 

KMS 

 

Open Source      

Web-based ✓  ✓ ✓ ✓ 

Free      

Multi-user ✓   ✓ ✓ 

Versioning     ✓ 

Changed History ?   ✓ ✓ 

Support Standards ? XLS, CSV 

Text, 

HTML, 

XML 

RDF/XML, 

XLS 

HTML, 

DOC, XLS, 

RDF/XML, 

CSV 
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Multiple 

Languages Support 
?  ✓ ✓ ✓ 

Custom Attributes 

and Relationships 
  ✓ ✓ ✓ 

Graphic 

Representation 
     

API Support    ✓ ✓ 

?: unknown ✓: included 

Table 2.4: Summary of taxonomy management systems 

 

 TemaTres EDG-VM Unilexicon WebProtégé Worldmap 

Open Source ✓  ✓ ✓  

Web-based ✓ ✓ ✓ ✓ ✓ 

Free ✓  ✓ ✓  

Multi-user ✓ ✓ ✓ ✓ ✓ 

Versioning  ✓  ✓  

Changed History  ✓  ✓ ✓ 

Support Standards 
XML, 

JSON 

XLS, RDF, 

OWL 

XLS, HTML, 

JSON, 

RDF/XML, 

CSV 

RDF/XML, 

Turtle, 

OWL/XML, 

OBO 

XML, CSV, 

Excel 

Multiple 

Languages Support 
✓ ?  ✓ ✓ 
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Custom Attributes 

and Relationships 
 ✓  ✓ ✓ 

Graphic 

Representation 
 ✓ ✓   

API Support ✓ ✓   ✓ 

?: unknown ✓: included 

Table 2.5: Summary of taxonomy management systems (continued) 

From the result, WebProtégé came out as the best taxonomy management system. Not 

only does it support for many important features and standards, but it is also an open-

source project that enables developers to add new features on top of the current 

implementation. Nevertheless, one major problem that prevents adopting standalone 

taxonomy management systems is that they do not have synchronization with business 

application systems and actual user data. The taxonomy management system must be 

embedded in a range of other applications in the same platform to support a bigger data 

governance picture. Furthermore, WebProtégé is missing a voting and well-equipped 

version control system to support the collaborative development of taxonomies along 

with their evolution processes. Therefore, an integrated taxonomy manager, that supports 

important features and standards, and is fully integrated with the current platform, is 

needed. 

Regarding to the RG 2, RG3, and the derived objectives, this section provided a literature 

review in the area of taxonomy. Different types of taxonomy were also introduced. This 

pointed out the differences in the nature of taxonomies. Therefore, a model that is generic 

enough to support the different types of taxonomy is needed. To address the RQ 1, RQ 2 

and the derived challenges, the process of developing and managing a taxonomy was 

described. By investigating how a taxonomy is developed and managed, the challenges 

in these steps were identified. And by comparing relevant taxonomy management 

systems, the important features, functionalities, and user interface for a taxonomy 

management system were analyzed.  

2.4 Crowdsourcing  

“Under the right circumstances, groups are remarkably intelligent and are often smarter 
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than the smartest people in them. Groups do not need to be dominated by exceptionally 

intelligent people in order to be smart” wrote James Surowiecki in his book The Wisdom 

of Crowds. By putting together a big enough and diverse enough group of people, they 

can produce decisions better than experts. Therefore, chasing the expert for answers is a 

mistake. According to Surowiecki (2005), group's decisions will, over time, be 

intellectually superior to the isolated individual, no matter how smart or well-informed 

he is. Nevertheless, there is three conditions needed for crowdsourcing to work.  

The first condition is to have a diverse set of possible solutions. Diversity adds 

perspectives that would otherwise be absent or at least weak, which is a destructive 

characteristic of group decision making. It does not mean that the wisdom of a group of 

diverse but thoroughly uninformed people will be smarter than an expert.  But one is 

better off entrusting a diverse group of people, who possess varying degrees of knowledge 

and insight, with major decisions rather than leaving them in the hands of one or two 

people, no matter how smart those people are. 

Another condition of intelligent decision-making is independence. It keeps the errors in 

individual judgment from wrecking the group's collective judgment as long as those errors 

are not systematically pointing in the same direction. Furthermore, independent 

individuals are more likely to have new information compared to the same old data 

everyone is already familiar with. It can be biased or irrational but will not make the group 

dumber as long as it stays independent. 

The third condition of the wisdom of crowds is decentralization. It tends to make people 

more productive and efficient because it encourages independence and specialization on 

the one hand while still allowing people to coordinate their activities and solve difficult 

problems on the other. Furthermore, decentralization increases the scope of the diversity 

of opinions and information. Decentralization is also crucial to tacit knowledge, which 

cannot be easily summarized or conveyed to others because it is specific to a particular 

place or job or experience [112]. 

From 2006 to 2011, there are 40 definitions for the concepts of crowdsourcing that come 

from 32 distinct articles [113]. The term was created by Jeff Howe in his article The Rise 

of Crowdsourcing in 2006. It a combination of “crowd” and “outsourcing” and can be 

described as “the act of taking work once performed within an organization and 
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outsourcing it to the general public through an open call for participants” [114].  

Andro (2018) believes that, since the term was popularized by Jeff Howe in 2006, more 

and more users search for the word “crowdsourcing” on Google. By using service Google 

Trends, the increment in the popularity of this term can be observed [115]. Figure 2.31 

illustrates the change in the number of searches for the word for each country. 

 

Figure 2.31: User's interest in the term “crowdsourcing” over time [115] 

While Daren Brabham (2013) defined crowdsourcing as “an online, distributed problem-

solving and production model that leverages the collective intelligence of online 

communities to serve specific organizational goals. Online communities, also called 

crowds, are given the opportunity to respond to crowdsourcing activities promoted by the 

organization, and they are motivated to respond for a variety of reasons” [116], Mathieu 

Andro (2018) put it as “a form of outsourcing that allows the contribution of work, money 

(crowdfunding), skills, knowledge, intelligence, creativity or experience, through 

voluntary (explicit crowdsourcing) or involuntary (implicit crowdsourcing) engagement 

of Internet users. This outsourcing is carried out following an appeal to an individual, an 

institution, or an organization” [115]. 

Or as it stated in the book Crowdsourcing for Dummies as “a means of organizing and 

coordinating the labor of individual human beings. You use the Internet and computer 

software to contact individuals, offer them things to do, and collect the results of their 

work” [117]. Or “a set of tools, concepts, and methodologies that deal with the process of 

outsourcing work, including problem solving and idea generation to a community of 

potential solvers known as the ‘crowd’” in Electronic Commerce: A Managerial and 

Social Networks Perspective [118]. 

In the end, crowdsourcing can be understood as outsourcing tasks to many people, rather 

than giving the tasks to only an in-house employee or contractor [119]. Crowdsourcing is 

distinguished from other concepts, such as open-source, open innovation, peer 
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production, etc. Table 2.6 describes the main differences between them. 

 

 Open 
innovation 

Outsourcing Open-source Peer 
production 

Crowdsourcing 

Tasks Only 

innovation 

 Software Undefined 

tasks 

Varied types of 

tasks 

Predefined 

tasks 

Workforce Other firms 

and 

customers 

Supplier 

firms 

Software 

community 

Certain 

community 

Members of the 

crowd 

Participant 
motivation 

 Extrinsic 

motivations 

Intrinsic 

motivations 

 Intrinsic and 

extrinsic 

motivations 

Nature of 
management 
and 
engagement 

 Official 

contracts 

Workflows 

and quality 

control 

managed by 

community 

Collaborative 

Collaborative Open call 

Without 

official contract 

Workflows and 

quality control 

mainly 

managed by the 

organizations 

Collaborative 

and 

independent 

Control on IP   IP open  IP protected 

Table 2.6: Main differences between crowdsourcing and related concepts [120] 

On the other hand, crowdsourcing can be considered as a revised form of outsourcing, an 

innovative economic model, and an alternative to subcontracting. Furthermore, 

crowdsourcing could be considered the application of Open Source methods from other 

industries outside of software as shown in the figure below [115]. 
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Figure 2.32: Position of crowdsourcing among neighboring areas [121] 

“Once upon a time”, there were producers and consumers. Their roles were static and 

well defined. With the introduction of crowdsourcing, the line between them begun to 

blur. The term prosumers, which is the combination of two old terms producers and 

consumers [122], were used to describe the work produced by the crowd, also being 

consumed by them. Crowdsourcing democratized the means of production, makes it 

faster, cheaper, and easier [123]. 

 Typologies 

The most widely accepted and cited typologies of crowdsourcing have been presented by 

Brabham [116] and Estellés et al. [113]. In this section, categories of crowdsourcing are 

classified based on the work of Estellés and González. The categories can be described 

as follows: 

• Crowdcontest (Crowdcasting) 

In this type of crowdsourcing, the job is kept as an undivided, single task. It will 

be given to a single person to complete. That means you will rely heavily on that 

single person and therefore, want the best possible person to do the work.  In this 

case, you can create a contest and ask the crowd members to submit their best 

work [117]. The first person to find the solution or do it better will receive a prize. 

Typical examples for this category are Threadless for t-shirt designs or 

Innocentive to solve scientific problems [124]. 

• Crowdcollaboration (Crowdwisdom)  
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This category refers to instances in which individuals communicate freely with 

the crowd without the participation of the initiator [124]. People are solving 

problems and providing new insights and ideas leading to product, process, or 

service innovations [118]. There are two subtypes with different goals. 

Crowdstorming is a massive online brainstorming session, in which different ideas 

are raised, and the crowd can support those ideas with their comments and votes. 

One example of this subtype is IdeaJam. The other subtype is crowdsupport, 

where the customers themselves solve the doubts and problems of other customers 

without the need to contact the official customer support [125]. This subtype can 

be seen in many tech product forums where people come to ask questions about 

their products. 

• Crowdcreation (Crowdcontent, Crowdjobbing, Crowdproduction) 

According to Schall (2012), human creativity cannot be replaced by any 

technologies. The creative jobs, such as drawing, coding … can only be done by 

humans. Several companies have used crowdsourcing to tap into online 

communities of thousands of users to develop original products and concepts in 

areas such as photography, advertising, filming, video production, graphic design, 

and apparel design [126].  

This category is defined as cases in which the crowd uses their labor and 

knowledge to create different types of content and share it with others (paid or for 

free) [124]. The content may be used for problem-solving, advertising, or 

knowledge accumulation. This can be done by splitting large tasks into small 

segments [118].  

In the case of “Mechanical Turk”, a solution offered by Amazon, companies offer 

projects that can be broken down into simple tasks. The jobs then are taken by 

individuals who are anonymous and content to do work that is easy and low-paid 

[127]. Other examples are user-generated content platforms (e.g., YouTube), the 

‘make-to-stock’ production of digital content (e.g., stock photography), or 

knowledge aggregation (e.g., Wikipedia) [128]. 

• Crowdfunding 

This category of crowdsourcing does not employ the work of volunteers but 
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instead uses their money [115]. It allows a project initiator to obtain financing 

from Internet users [127]. Funding was raised by a lot of people in exchange for a 

reward [124].  

There are three participants in this kind of crowdsourcing: First is the persons or 

businesses explaining why they need the money. It can be a working project or 

just for personal need. The second participant is the Internet users (the crowd) that 

are willing to contribute a small amount of money into the project. Their 

motivation is varied and not only financial. Finally, the third participant is the 

platform between the fundraisers and the crowd. They offer a place where the 

crowd may look at potential projects and the fundraisers to describe their intention 

and update their progress for the fund [127]. Prime examples would be Kickstarter, 

Indigogo, or Gofundme [124]. In practice, there are several types of 

crowdfunding, as presented in Figure 2.33. 

Figure 2.33: Types of Crowdfunding [129] 

• Crowdvoting (Crowdrating, Crowdopinion)  

The objective is to know the opinions of the crowd regarding specific issues or 

products. Here, people are giving their opinions and vote on a certain topic [125] 

[124] [130] [118]. According to Geiger (2016), by aggregating a sufficient number 

of these votes, crowd rating systems deduce a collective response. Typically, the 

larger and more diverse a crowd that rating systems can assemble, the more 

accurate the results become. This is the diversity Surowiecki mentioned as a 

requirement for the “The Wisdoms of Crowds” [128]. An example would be 

people voting for performers on American Idol, products on Amazon or locations 

on Yelp. 
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 Examples 

There are many examples of crowdsourcing as it becomes popular nowadays. One of the 

most famous stories would be Oculus Rift, a crowdfunding project on Kickstarter in 

20121. The target of the fundraising campaign is to raise money for the developer kit for 

the new virtual reality headset Oculus Rift. This headset is worn on the head by gamers. 

With a small high-resolution display for each eye, it displays computer-generated imagery 

to the user. Therefore, allow a truly immersive 3D gaming experience. With this 

campaign, the company hoped to acquire the necessary capital for building development 

kits of the Rift and delivery them to the hand of developers faster. Figure 2.34 presents 

the product “Oculus Rift”. 

 

Figure 2.34: Oculus Rift VR Development Kit 22 

Each person can donate from 10 US Dollar to 5000+ US Dollar on Kickstarter. With 10 

USD, the donor (backer) will receive a thank you from the Oculus team and be kept 

updated on all of their progress developing the product. If user donates 5000 USD or 

more, they can visit the company for a day and receive all the gifts, such as a developer 

kit, a copy of the game Doom 3, t-shirt, etc. In the end, the campaign received 2.4 million 

USD from 9522 backers compared to their original goal, which is 250,000 USD. This 

helped the company to produce two pre-production models for the developers, and later 

 
1 https://www.kickstarter.com/projects/1523379957/oculus-rift-step-into-the-game 
2 https://www.amazon.de/Oculus-Rift-VR-Development-Kit/dp/B00JJ2FRTO 
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on March 2016, the consumer product was released. In 2014, the company was acquired 

by Facebook for 2.3 billion USD.  

The second example for the success of crowdsourcing is the story of McDonald’s 

campaign “Mein Burger” in 2011. The principal is very simple, customers were invited 

to create their own burger from a list of ingredients. With the tools provided by 

McDonald, users can label their burger, personalize offline flyer, and advertising video 

for the burger, and then share them across social media. In the next step, all burgers were 

available for public voting. In order to win, the burger creator must promote their burger 

and hence, McDonald’s itself [131]. The 20 most-voted burgers went into a shortlist, and 

the five best burgers went on sale across all McDonalds outlets in Germany and 

Luxembourg [132]. Figure 2.35 presents the campaign advertisement on the McDonalds 

website. 

Figure 2.35: Advertisement on McDonalds’ homepage [133] 

The winner of the 2011 competition had their burgers eaten by millions across Germany, 

and each got their own TV commercial [132]. The created buzz of this crowdsourcing 

concept and the participation of the crowd made this project to the most successful 
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campaign by then [131]. 116,000 burgers were created, 1.5 million votes were cast and 7 

million page impressions in this campaign. At the end of the year 2011, McDonalds’ 

visitors increased 2,7%, and their revenue increased by 5,9% [133].  

Those were two success stories of crowdsourcing. The first one is about using 

crowdfunding in business development, and the second story is about the other two 

categories, crowdcontest, and crowdvoting, in the advertisement. 

 Benefits 

The stories above are just two from many successful examples of crowdsourcing. The 

concept has shown many positive aspects. Some of them are: 

Crowdsourcing is a distributed problem-solving enabler. According to Turban (2015), 

crowdsourcing uses proven techniques to focus on the crowd’s innovation, creativity, and 

problem-solving capacity on topics of vital interest to the host organization. Furthermore, 

crowdsourcing has the potential to be a problem-solving mechanism for governments and 

nonprofit use via community participation. Urban and transit planning are prime areas for 

crowdsourcing [118]. 

By using the power of the crowd, one can achieve things that no person or organization 

alone can achieve. One example is Wikipedia, which is considered as the world’s largest 

crowdsourcing project. It was initially an English-language encyclopedia. Today, 

Wikipedia has more than 40 million articles in 301 different languages. All of them were 

written by the crowd through a model of content edit by web-based applications, call wiki 

[134]. 

Andro (2018) believes that, with crowdsourcing, the workers only need to work when 

they want, when they need to, as much as they need to and for whomever they like, and 

to choose the activities that they will do. This makes them happier compare to the 

traditional type of job. Moreover, people’s goods can be shared to lower their expenses 

and avoid waste due to collaborative consumption [115]. 

On the company’s point of view, by applying crowdsourcing, they receive work in much 

higher quality and quantity, argued Andro (2018). The work is done for free the hope of 

being compensated by the crowds in crowdcontest who in the end have little chance of 

being to be paid. The company benefits from a large number of proposals while having 
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only a few individuals to compensate for a much lower overall cost than that of traditional 

agencies [115]. 

 Challenges 

While having many advantages, crowdsourcing also has its issues. The following section 

describes some of them. 

One primary problem of crowdsourcing is how to move the crowd. Each individual 

engaged in crowdsourcing has their motivation. The motivation to participate in 

crowdsourcing is not very different from the motivation to participate in blogging, 

creating open-source software [116]. Some do it for fun and recognition. Some do it for 

financial reward. The problem is not every organization have the ability to provide all 

these incentives to the crowd. 

The second problem is the quality of the crowd. Although one requirement for “the 

wisdom of crowd” is diversity, there is always unskilled, unrelated, insufficient people in 

the crowd. Compared to experts, cheap (sometimes, free) labor is likely to produce lower 

quality work. Either the complexity of the task needs to be lower or a skilled crowd is 

required, which is not always easy [135]. 

Crowdsourcing is difficult to manage. Not only does it need more resources for 

management but it also includes challenges on security and privacy. It is hard to keep a 

project secret when it involves many people working on it from everywhere. Furthermore, 

collaboration generates personal data, which needs to be secured carefully. All of this 

adds more problems to the management process, which is already difficult [136]. 

According to Eskenazi el at. (2013), another problem is to balance the amount of 

information given to the crowd. They should only receive enough information to be able 

to complete the task. Too much information can influence their decisions. One example 

is a translation task. If the creator of the task asks for a translation that is as literal and 

close to the original text as possible, he might lose some answers from the crowd that 

have better meaning but not literal close to the original text [135]. 
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 Applications 

Two major types of tasks, which can be carried out by crowdsourcing, are content 

generation and content selection. Nevertheless, the crowd is not necessarily involved in 

all of these tasks [127]. Figure 2.36 illustrates the involvement of the crowd and experts 

in content generation and selection. 

Figure 2.36: Tasks and choice between crowd and expert [127] 

There are four types of activities described in the figure, reported Lebraty (2013). The 

first arrow suggests the activity where the crowd undertakes both content generation and 

content selection. The second arrow is the activity where the crowd suggests the content, 

but a group of experts selects the content that best corresponds to their expectations. The 

third arrow represents the activity where the experts suggest the content that will be 

selected by the crowd via the voting system. And the fourth arrow describes the activity 

that does not involve the crowd and therefore, is not considered as a crowdsourcing 

operation [127].  

Furthermore, a different type of crowd has a different type of motivation and therefore, 

needs a different type of incentive. This needs to be considered in the taxonomy 

development process. The passionate crowd will likely produce authentic work but not 

necessarily an innovative one because they have intrinsic motivation, and for that, fun 

and cool work might be rewarding enough. The skilled crowd, on the other hand, can 

produce innovative work because they have extrinsic motivation. For them, the reward 

should be financed. Figure 2.37 summarizes the connection between the type of value, 

type of crowd, crowd motivations, and types of incentive. 
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Figure 2.37: Connecting crowd and company objectives [127] 

 Summary 

Regarding to the RG 3 and the derived objectives, this section introduced the concept of 

crowdsourcing and its typologies. Furthermore, some successful examples along with 

benefits and challenges of crowdsourcing were mentioned. Finally, applications of 

crowdsourcing in content generation and selection were discussed. The section pointed 

out that different kinds of crowdsourcing can be used to outsource tasks to many people. 

The crowd in large quantity will eventually produce better quality works than an 

individual. Regarding to RQ 2 and the derived challenges, this section shows that 

crowdsourcing can potentially be used to lower the cost of developing, managing, and 

validating of taxonomy, therefore potentially increases the effectiveness of collaborative 

taxonomy generation, management, and evolution. The model of the McDonalds example 

can be applied in the taxonomy development and management process by providing users 

with tools that enable them to create their own taxonomies. Furthermore, the created 

taxonomies can be rated by other members of the crowd to find out which one is the best. 

Crowdsourcing can replace experts and knowledge workers in the task of maintaining a 

taxonomy, which furthermore potentially reduces the cost of a taxonomy and its 

management. 
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2.5 Crowdsourcing a Taxonomy 

The concept of crowdsourcing is fairly new. Nevertheless, the idea of crowdsourcing a 

taxonomy development and evolution was already applied in several scientific 

publications. Different approaches to this matter were introduced. One example is to use 

tags, keywords of documents, or words that are used frequently to form a corpus. Then, 

using crowdsourcing or machine learning to organize this corpus into a hierarchical 

categorization has been described. The following section describes some of the relevant 

methods. 

 Social Tagging 

With the growth of social media and social network, tags became popular. Tags can be 

understood as self-assigned “labels” that authors use to describe and categorize their 

content [137]. For example, if a blog article is about “travel tips for the family”, the author 

might use the tag “travel” and/or “family” to describe as well as categorize it. (Social) 

tagging or collaborative tagging is a process where users assign a tag to an object [138]. 

On social networks, such as Facebook [139] or Instagram [140], users can use the symbol 

“@” to tag a person or group to a picture or a conversion. Furthermore, the symbol “#” 

can be used to refer to a topic [141]. Figure 2.38 presents tags in an Instagram post. On 

Delicious [142], a social bookmarking system, a user can assign tags to a particular 

bookmarked URL, while on Digg [143], a social news site, users can attach tags to news 

stories [138]. Tags can be created by the authors of the tagged content or the people who 

re-use that content, then later used by the people who read the content and by machines 

that process it [144]. Everybody can be a tagger. They do not have to obey and rules or 

bound to a controlled vocabulary [145].  

 

Figure 2.38: (Hash)tags in an Instagram's post [146] 
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 Folksonomy 

The term “folksonomy”, as a combination of “folk” and “taxonomy”, was introduced by 

Thomas Vander Wal in 2004 [147]. He defined folksonomy as the result of personal 

freetagging of information and objects for one’s own retrieval [148]. Jennifer Trant (2009) 

thinks folksonomy as the collective assemblage of tags assigned by many users [149], 

while David Sturtz (2004) summarizes folksonomy as “the complete set of tags - one or 

two keywords - that users of a shared content management system apply to individual 

pieces of content in order to group or classify those pieces for retrieval” [150] [149].  

Figure 2.39: An example of a broad folksonomy [151] 

A folksonomy is created in an environment where, although people may not actively 

collaborate in their creation and assignation of tags, they may access and use tags assigned 

by others. Therefore, folksonomies enable the use of shared tags [152]. Unlike a 

taxonomy, where terms have hierarchical relationships, a folksonomy has no explicitly 
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defined relationships between terms. All of them belong to a flat namespace [138].  

According to Wal [151], there are two types of folksonomies: a broad folksonomy and a 

narrow folksonomy. In broad folksonomy, users freely tag an object in their own 

vocabulary and later find the same object using their terms or other terms that other users 

used to tag this object. In this type of folksonomy, a term can be used many times by 

different users to tag the same object. By counting how many times a term was used to 

tag an object, the trends of this term can be verified. Furthermore, the terms that were not 

used by many users are also useful as they allow a small minority of people with a similar 

vocabulary mindset to find the object. Figure 2.39 illustrated the broad folksonomy. 

Figure 2.40: An example of a narrow folksonomy [151] 

The second type of folksonomy is a narrow folksonomy. This type of folksonomy only 

allows users to tag the terms that have not been used to tag the same object. According to 

Peters et al. (2007), the object creator is the one that provides the tags, but occasionally 
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other users are also allowed to add tags. Because a term can only be used once to tag an 

object, there is no tag distribution in narrow folksonomy, but users can still find the 

document using its tags. Furthermore, a ranking of search-tags retrieving the document 

can be created. Compared to a broad folksonomy, a narrow one has fewer tags assigned 

to each object [147]. Figure 2.40 illustrates the narrow folksonomy. 

 Relevant Approaches 

In this section, different approaches that are using crowdsourcing in the development of 

taxonomy are discussed. There are two steps involving in this process: forming a term 

corpus and creating the hierarchical relationships between terms. Crowdsourcing can be 

used in either one of these steps or in both of them. 

The work of forming a term corpus using crowdsourcing in the first step was introduced 

by means of social tagging and folksonomy. Popular tagging systems, which were 

mentioned the most in scientific publications, are the social bookmarking website 

Delicious and the photo-sharing site Flickr [153].  They have features that allow the user 

to add tags to existing content, in contrast to stricter systems like libraries where a book 

will have exactly one proper call number based on content [154]. These tags together 

form a folksonomy and can be used as terms for the developing taxonomy.  

Compared to current classification systems, folksonomies are more attractive because 

they (1) represent collective agreements of many individuals; (2) are relatively 

inexpensive to obtain; (3) can adapt to evolving vocabularies and community’s 

information needs; and (4) they are directly tied to the annotated content [155]. 

Nevertheless, a folksonomy has its disadvantages. According to Peters et al. (2007), there 

is no control of synonymy and homonymy, there are many formats for dates and a lot of 

typing and orthographic errors. Tags can also contain words from different languages or 

even compound words consisting of more than two words or a mixture of languages. 

Furthermore, there is a significant amount of tagging, if not all, is done for personal use 

rather than public benefit. Part of them do not describe the document, but give a judgment 

(“stupid”), or describe or evaluate a document only from the user’s very own perspective, 

which is virtually meaningless to anybody except their creators. And last but not least, 

combining all tags from a system, many words that have the same meaning or same words 

but in different forms can be found, e.g. “bag” vs “bags”, “computer science” vs 



 

 

 

79 

 

“computer_science” and “computer-science” [147]. Besides the approach of using a 

folksonomy, there are other methods to create a term corpus for a taxonomy without using 

crowdsourcing, such as extracting words with top term frequency - inverse document 

frequency score [156] or get words or phrases in the top-ranked documents that 

commonly co-occur with each other across many of the passages [157]. 

From the terms’ corpus created in the first step, the creators form hierarchical 

relationships between terms and get the final result as a new taxonomy in the second step. 

One method is to apply an algorithm to grow deeper, bushier tree by merging saplings 

created by different users, called SAP [155]. According to Plangprasopchok (2010), the 

algorithm works as follows: 

1. The creator starts with a seed term, which is the name of the concept. The seed 

will be the root of the taxonomy. The algorithm cluster individual saplings whose 

roots have the same name as the seed by using the similarity measures to identify 

similar saplings. Saplings within the same cluster are merged into a bigger sapling. 

Each merged sapling corresponds to a different sense of the seed term.  

2. One of the merged saplings is selected as the starting point for growing the 

folksonomy. For each leaf of the initial sapling, the algorithm uses the leaf name 

to retrieve all other saplings whose roots are similar to the name, then merge 

saplings corresponding to different senses of this term as described above. The 

merged sapling whose root is most similar to the leaf is linked to the leaf. If several 

saplings match the leaf, they will be merged together before linking. Clustering 

saplings into different senses, and then merging relevant saplings to the leaves of 

the taxonomy tree proceeds incrementally until some threshold is reached. [155] 

Another method was introduced by Heymann and Garcia-Molina (2006). Their idea is to 

convert tags into tag vectors and calculate the similarity between tags using the cosine 

similarity between tag vectors. The end product is a tag similarity graph where each tag 

is represented by a vertex, and two vertices are connected by an edge if the similarity of 

the nodes they represent is above some set threshold [154]. After some limited success 

using hierarchical clustering, an algorithm was developed and worked according to 

Heymann et al. (2006) as follows: 

1. The algorithm starts with a single node tree whose only node is the “root" node 
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representing the top of the taxonomy tree.  

2. Each tag in the corpus is added to the taxonomy tree in decreasing order of how 

central the tag is to the similarity graph described above. 

3. The algorithm computes the similarity of the candidate tags to every node 

currently present in the tree and keeps tracks of the most similar node. 

4. The candidate tag is added to the most similar node as a child or to the root if there 

is not a good parent. [154] 

Liu et al. (2010) computes a generality score for each tag, then use agglomerative 

hierarchical clustering approach to generate the concept hierarchy. Their algorithm has 

the same principle as Heymann’s. Tags are sorted by their score in descending order. In 

this case, it is the generality score. Then the algorithm tries to find the parent node in the 

taxonomy tree for each tag. If it cannot be found, the tag is added as a child of the root 

[158].  

Agglomerative Hierarchical Clustering (AHC) is frequently used to build the hierarchy 

of tags. It relies on how similar / distant two nodes are in building a hierarchy [159]. Li 

et al. (2010) proposed an enhance AHC framework by skipping the error-prone step of 

calculating each tag’s generality and integrating a topic model to capture thematic 

correlations among tags [159]. 

One interesting approach was introduced by Karampinas and Triantafillou (2012). Rather 

than calculating the similarity score between two tags, they use the crowd to annotate 

parent-children relationships between tags. An algorithm, called “CrowdTaxonomy”, was 

introduced to grow the taxonomy tree based on the crowd’s annotations [160]. The 

algorithm is called on every vote and according to Karampinas et al. (2012) works as 

follows: 

1. The algorithm identifies if the pair of tags are new to the system, or they are 

already part of the tree.  

2. If both tags already exist, a Lowest Common Ancestor (LCA) routine is called and 

returns the LCA node w. 

a. If w = null, there is no common ancestor and nodes u and v belong to 

different trees. 
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b. If node w is the parent tag in the voted pair, the voted pair is already 

correct. 

c. If node w is the child tag in the voted pair, there is a conflict, and a 

modification is needed. 

d. If node w is separated from the tree, the new relation forms a crosslink. 

[160] 

This method includes the crowd in both steps of the taxonomy development process. The 

crowd is used to form a terms corpus by means of social tagging, and they vote to annotate 

pairs between two terms. Hierarchical relationships are built based on their annotations. 

The work of Karampinas and Triantafillou showed that the crowd could provide high-

quality input in terms of completeness and correctness that leads to the emerging of good 

quality taxonomies [160]. 

 Summary 

Regarding to the RG 3 and the derived objectives, this section presented current 

approaches to crowdsource taxonomy. It is clear that the existing approaches are only 

possible if the system already had a large number of tags. Furthermore, the existing tags 

also needed to cover the topic of the developing taxonomy. If there is a mistake or missing 

terms, users have to inform administrators to get it fixed. To make the correct decision, 

administrators will need to consult experts, which is missing the point of replacing the 

work of experts in the development of a taxonomy. Our final goal is to support a taxonomy 

development without involving experts, which are costly and time-consuming, as 

discussed in previous chapters. Therefore, to addresses RQ 2 and the derived challenges, 

crowdsourcing is applied in the whole taxonomy development process. Users form their 

term corpus and build relationships between the terms. They can modify the terms and 

relationships in the taxonomy anytime they want. If there is a mistake in a taxonomy or 

the taxonomy is incomplete, users can choose to clone the taxonomy and correct the 

problems. With this method, taxonomies in the system can always be maintained and 

updated without the need of experts and knowledge workers. Therefore, the challenges of 

collaboration, maintenance, and evolution of a taxonomy can be solved. 

2.6 Version Control Systems 

The evolution of the taxonomy is similar to other kinds of evolution in nature, such as 
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animal or human evolution. A simple taxonomy grows into a complex one. From a single 

root, the evolution tree grows into different branches and leaves. Figure 2.41 displays a 

simplified family tree of life, which describes the evolution of life on earth.  

 

Figure 2.41: A Simplified Family Tree of Life [161] 

All living things came from Protists. From here, they split into different paths, which are 

different branches of the tree. The branches continue to split along the way into smaller 

branches. We, as humans, are one of the branches that came from Mammals. This 

evolution process lasts millions of years through natural selection. In this dissertation, a 

new process that supports the evolution of a taxonomy is introduced. To do it, a 

mechanism with the following features is needed:  

• Save the state of the taxonomy every time there is a change. In this way, users can 

review the development process. 

• Create a new branch from the current version, in case that there are different ideas 

on how to develop the current taxonomy. 

• Rollback the taxonomy to a chosen version in case there is a mistake. 

• Create a new taxonomy from a taxonomy snapshot. So, every user can join the 

development process of a taxonomy. 



 

 

 

83 

 

These requirements are similar in software development where they were solved by using 

a version control system.  

 Definitions 

According to O'Sullivan (2009), version control (or revision control) is a process of 

managing multiple versions of information. The simplest form is using the file name to 

keep track of changes. Every time a file is modified, users save it in a new name that 

contains modified date and time, name of the editor, etc [162].  

A version control system (VCS) is a system that keeps track of changes in files or 

directory over time [163] and allows multiple people to work on a project at the same 

time [164]. The best known of the “old-time” version control systems is SCCS (Source 

Code Control System). It was developed by Marc Rochkind at Bell Labs in the early 

1970s. At that time, only one person could modify a file at any time. The file is locked 

before being worked on, and sometimes, people forget to unlock them [162]. Today, 

version control systems are much more advanced than 50 years ago. There are several 

existing solutions in the market, such as Subversion (SVN), Git, Mercurial, CVS, etc.  

In version control systems, a commit is a set of changes with some extra information. 

Depending on the system, a commit can contain information, such as changes, committer 

name and email, commit date, commit message, commit hash [165]. 

 Subversion 

According to Fitzpatrick et al. (2009), Subversion (SVN) [166] is an open-source version 

control system that is used to manages files and directories, and the changes made to 

them, over time. Subversion was developed by CollabNet, Inc including Karl Fogel, the 

author of Open Source Development with CVS and Jim Blandy, who came up with the 

name and the basic design of the data store, in early 2000. Its goal is to fix the CVS’s 

bugs and misfeatures without breaking new ground in version control methodology. 

Although the project was started and funded by CollabNet, it runs like an open-source 

project. As a result, in early 2010, Subversion was fully adopted into the Apache Software 

Foundation as Apache Subversion [163].  

Like other VCS, the system allows the user to recover an older version of data or examine 

the history of how your data changed. Subversion can be operated by people on different 
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computers across networks. That means various people can modify and manage the same 

set of data anywhere. Therefore, SVN fosters collaboration [163]. Each time the user 

commits a snapshot in Subversion, a new state of a filesystem tree is created and called a 

revision [167]. Figure 2.42 illustrates the repository changes over time as data is stored 

as changes to a base version. It is worth to mention that although the revision numbers 

apply to entire trees, not individual files, but Subversion only saves the changes made to 

each file over time [168]. 

 

Figure 2.42: The repository over time [168] 

 Git 

Git [169] was written by Linus Torvalds in 2005 for the Linux kernel development. In the 

beginning, Linux Kernel Community used a mix of BitKeeper and Concurrent Revisions 

System (CVS). But in early 2005, Larry McBoy, the copyright holder of BitKeeper [170], 

announced that BitKeeper is no longer free to use. Linus Torvalds, the creator of the 

operating system Linux, started to work on creating a new version control system after 

finding no free options that had the performance or the features that would meet their 

needs. Three key features of Git were stressed: safeguards against content corruption, 

high performance, and distributed development workflows [164] [171]. Since the takeoff 

GitHub, a web-based hosting service for version control using Git, it has gained a lot of 

momentum and support [172].  

Because Git was born to support the development of Linux kernel, the design of a Git 

repository in many ways mirrors the structure of a UNIX filesystem, which begins with 

a root directory, which consists of other directories, most of which have files that contain 

data. In Git, the file’s content are represented in blobs, and the tree is similar to a directory 
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[173]. Figure 2.43 presents the repository data of a commit. 

Figure 2.43: Repository data of a commit [168] 

When a user creates a commit, Git checksums each subdirectory and stores those in the 

tree objects. Git then creates a commit object that has the metadata and points to the root 

project tree. Each tree object contains the name of each file in the directory and points to 

blob objects, which store the content and size of the files.  

 Mercurial 

In 2001, while Jim Blandy and Karl Fogel were working on Subversion project to replace 

CVS, Graydon Hoare began working on an ambitious distributed revision control system 

called Monotone [174]. The system had many innovative features, such as cryptographic 

hashes as identifiers and the integral notion of “trust” for code from different sources 

[162]. Mercurial was introduced by Mackall in 2005 to replace BitKeeper as the version 

control system for Linux kernel project. Mercurial’s design is influenced by Monotone, 

and it was built on top of the Revlog scheme as a fully distributed version control system 

[175]. In the end, Mercurial was not chosen to manage the Linux kernel source code, but 

many other organizations adopted it for the revision management of their software and 

Mercurial became popular in the open-source community.  

Mercurial uses the same principle as Subversion for storing a snapshot of a file. Instead 

of storing a complete copy of it for each revision, the system stores only the changes 

(deltas) between the older and new revision [162]. Figure 2.44 illustrates the snapshot of 

a revlog. 
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Figure 2.44: Snapshot of a revlog with incremental deltas [162] 

According to O'Sullivan (2009), one different between Mercurial and Subversion, which 

is also an innovation of Mercurial, is how it fixed the problem of inefficient retrieval. 

Most version control systems, such as Subversion, store revisions as an incremental series 

of modifications against a “snapshot”. Therefore, to reconstruct a revision, the system 

must read the first snapshot and all the deltas from it to the target revision. It results in a 

long processing time and more computing resource. With Mercurial, once the amount of 

delta information exceeds a fixed threshold, it creates a new snapshot instead of another 

delta, resulting in a better reconstruction speed of any revision of a file [162]. 

 Summary and Comparison 

A summary table for the three most popular version control systems: Subversion (SVN), 

Git and Mercurial is created to decide which one should be used in the concept of this 

dissertation in order to support the evolution of the taxonomy. 

 Subversion Git Mercurial 

Features Central, authoritative 

repository. 

All changes saved in 

one single location. 

Everyone has their 

own repository. 

Changes will be 

local unless they 

Extremely similar to 

Git. 

There is a repository 

on every computer. 
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Client-Server 

approach. 

Changeset as a 

storage method. 

Sequential commits. 

synchronize with 

someone else. 

Revisions as 

completed 

snapshots. 

Non-sequential 

commits. 

Changeset as a 

storage method. 

 

Advantages Simple usability. 

Help is more 

organized. 

Partially checkout is 

possible. 

Binary files handled 

efficiently. 

Wide variety of 

plugins for IDEs. 

Allow offline work. 

Easy collaboration 

model. 

A complete copy of 

the repository in 

each machine. 

Easy to install. 

Extremely fast 

because almost 

every operation is 

local. 

Fewer storage 

spaces. 

Simple and easy to 

use branch and 

merge. 

An unlimited 

number of parents. 

Easy to migrate as 

terminology and 

commands are closer 

to SVN. 

Clean windows 

support and official 

runs under Windows. 

No maintenance 

needed. 

Immutable history. 

Require a smaller 

number of client-

server calls. 

Disadvantages Cannot commit 

offline. 

Difficult to 

Difficult to learn 

with more 

commands and 

If a branch is in the 

local repository, then 

all of its revisions 
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collaborate if the 

team is large. 

Encouraged to avoid 

branches as they are 

complex and 

difficult to use. 

Longer time to store 

due to a centralized 

repository. 

More storage spaces. 

Contains bugs 

relating to renaming 

files and directories. 

options. 

Only allow full 

checkout. 

Suffers irregular 

heavy performance 

drops. 

Require periodic 

maintenance. 

Need numerous 

synchronous round-

trip requests. 

Limited support for 

Windows. 

must also be present. 

Slightly slow 

branching. 

A limited number of 

parents. 

Extension-based 

rather than 

scriptability. 

Less out of the box 

power. 

Table 2.7: Comparison between SVN, Git, and Mercurial [176] [177] [178] [179] 

In general, Git is very efficiently with image files compare to SVN. For example, a 300 

GB SVN snapshot only takes 30GB in Git [172]. Both Git and Mercurial have very good 

performance but compare to Mercurial, Git is slightly faster [180].  

Regarding to the RG 4 and the derived objectives, this section introduced the concept of 

version control and existing version control systems. Furthermore, the section compares 

the described systems in order to find a suitable solution for version control in taxonomy 

management system. Regarding to RQ 3 and the derived challenges, the section showed 

that, the version control methods and systems for software can potentially be used to 

reflect the changing in taxonomy and provide necessary tools to persist, branch, and revert 

the changes made. After comparing different systems based on their performance and 

features, Git was chosen to support the taxonomy evolution process. 

2.7 Relevant Technologies 

In this section, some of the relevant and important technologies that are needed for 

taxonomy representation and management is described. Furthermore, faceted search will 

be mentioned regarding taxonomy support in content classification, search filtering, and 
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system navigation. 

 Hierarchical Data Persistence 

Hierarchical representation is the most popular representation method of a taxonomy. 

When talking about a taxonomy, tree structures always come to mind. Nevertheless, 

achieving hierarchical data persistence is not easy as traditional database management 

systems are usually in a relational model. “In simplest terms, a relational database is one 

that presents information in tables with rows and columns. A table is referred to as a 

relation in the sense that it is a collection of objects of the same type (rows)” [181]. How 

to persist and manage hierarchical data in relational database is an age-old problem in 

computer science. Two common solutions are adjacency lists and nested set models [182]. 

 

Figure 2.45: Data and graph of an adjacency list [183] 

In the adjacency list model, each node has a pointer that points to its parent while the root 

has a NULL value for the parent property. Figure 2.45 presents the hierarchical data and 

accordingly graph of an adjacency list. This model is the simplest solution for storing a 

hierarchical taxonomy in the database as it is easy to understand and maintain [184]. 

Moreover, the adjacency list takes less space in the database and can be reconstructed 

using native SQL queries. Some actions such as move a subtree to a new parent or find 
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the path from a node to the root can be done with just a query. Nevertheless, the adjacency 

list has poor performance in some tasks, such as finding all descendants of a given node 

[185] or rebuilt the whole tree in general. 

Unlike adjacency list, a nested set uses left and right to “encode the hierarchical ordering 

of the organizational entity in the whole hierarchy in a way that can be used in set 

queries” [186]. One can think about it as a worm crawling along the tree. The worm starts 

at the top of the tree (the root) and makes a trip around the tree from the left. It puts a 

number on the side of the node that it is visiting and increases its counter. Each node will 

get two numbers on the left and right [187]. Figure 2.46 presents the tree with left and 

right number on each side of its nodes. 

 

Figure 2.46: The numbering assigned by tree traversal [188] 

By using the nested set model, the performance was increased. It was a faster option, 

especially for the databases, which lack native recursive query constructs, such as MySQL 

[189]. However, the model was complex to implement, and not all actions had better 

improvement. For example, the insert action in the nested set model was very slow 

compared to the adjacency list. Furthermore, both adjacency list and nested set can only 

represent parent-children relationships. Therefore, a new model based on adjacency lists 

is still needed to represent different types of relationship between two terms in taxonomy. 

 Object Caching Systems 

Caching is the first thing people think about when they want to improve performance of 

their application. There are three types of caching systems on the server side: memory 

code caching, memory object caching, and disk file caching [190]. Figure 2.47 illustrates 

different levels of web caching. 
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Figure 2.47: 9 levels of web caching [190] 

Since this dissertation focuses on the technologies that can be applied on application level, 

object caching, which is the third level, is discussed. There are some popular solutions in 

this area, such as, e.g. Memcached [191], Redis [192], which can be applied in the 

development of a new taxonomy management system due to their extreme simplicity and 

effectivity [193]. The caching server usually works as follows: 

1. The client requests a piece of data, which the server checks to see if it exists in 

cache. 

2. If the data is stored there, the server returns it. Otherwise, the client queries the 

database, retrieves the data and stores it in the server. 

3. Whenever information is changed or the value of an item has expired, the server 

updates its cache [194]. 

Memcached is an open source distributed memory caching system built to ease database 

load, thus speeding up dynamic web applications [195]. It has been originally invented 

for LiveJournal by Brad Fitzpatrick in 2003 [196]. Now Memcached is used by Facebook, 

Twitter, YouTube, Wikipedia, and many other web applications [195]. Figure 2.48 

illustrates the functionality of Memcached. 
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Figure 2.48: Caching data with Memcached [197] 

Redis is an open-source, networked, in-memory, and stores keys with optional durability 

[198]. It was created by Salvatore Sanfilippo in 2009 in response to lessons learned from 

using Memcached [199]. Since 2015, the development of Redis has been sponsored by 

Redis Labs; before that, it was sponsored by VMware, then Pivotal Software, a VMware 

spin-off [200] [201]. Redis has more features than Memcached and is, thus, more 

powerful and flexible [193]. Figure 2.49 illustrates the role of Redis in a microservices 

architecture. 

 

Figure 2.49: Redis in a microservices architecture [202] 

According to Vimal (2017), both Memcached and Redis serve as in-memory, key-value 

data store. Therefore, they are sharing many similarities, such as: 
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• Both belongs to the NoSQL family of data management solutions. 

• Both is based on a key-value data model. 

• Both keeps all data in RAM, which makes them supremely useful as a caching 

layer. [203] 

On the other hand, Memcached and Redis also have their differences, argues Kumar 

(2018). Memcached supports only a string data type which is ideal for storing read-only 

data because it’s not easy to modify the string value. Nevertheless, if you need to serialize 

data when storing an array of objects. On the contrary, Redis supports almost all types of 

data, such as array, string, integer etc. Furthermore, Redis support for master-slave 

replication, where the slave server is the exact copy of the replication providing scalability 

and availability, while Memcached does not support it. For simple key-value pairs, 

Memcached is more memory efficient than Redis. Redis is only memory efficient when 

you are using hashes. Finally, Redis persist the in-memory data to a file system on regular 

intervals. During the failure, the data can be restored from the file. Data on Memcached 

stays only in the memory, which will be cleaned up when the system is rebooted [204]. 

After comparing two caching systems, Redis came out as the better system with its 

flexibility and fault tolerance. As a result, Redis can be used to cache the taxonomy tree, 

so the system does not need to rebuild them every time a user browses the taxonomy. 

 Faceted Search and Navigation 

According to Okoli (2017), faceted search was introduced by the Indian mathematician 

and librarian S. R. Ranganathan as he felt that a more advanced classification system was 

needed to accommodate the rapid expansion of multi-dimensional information. He 

though a new classification should be as modular and easy to use as the Meccano toy 

construction game he had seen on a trip to London. There are different pieces in a 

Meccano box. They could be combined freely to construct a different toy each time 

according to the kid’s imagination. This game led Ranganathan to develop the 

groundbreaking Colon Classification in 1933 which later became the basis for faceted 

classification [205]. 

Today, faceted search, also known as guided navigation or faceted navigation, is mostly 

used in websites as a way to add specific, relevant options to the results pages, so that 

when users search for a content or product, they can see where in the catalogue they've 
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ended up. With faceted search, searchers quickly refine their options without losing their 

way or ending up scrolling through page after page of ten thousand spoons when what 

they need is a knife [206]. Figure 2.50 illustrates the differences between unfiltered search 

results and faceted results. 

Figure 2.50: Unfiltered search results vs faceted results [207] 

In order to use faceted search, all content and products of the website need to be indexed 

to a search server. Modern search servers, such as Apache Solr [208] or Elasticsearch 

[209], support this feature automatically. Programmers define facets in their searching 

pages. Figure 2.51 describes a facet. Each facet summarizes the navigation results for 

content or product attributes, such as brand, color, size … as in the figure. Furthermore, 

the facets show what values of the attribute are presented in the current result (Blue, Red, 

Black, S, M, L, …), as well as the number of individual products (23 products in Blue, 9 

in Red, …) that correspond to each value. Therefore, facet values allow visitors to easily 

apply a facet filter, so that they can limit results to the products which have the selected 

attribute values [210]. 

A taxonomy can be used to support faceted search, where a term becomes a faceted name 

and its children become faceted values. Content, after were classified by the terms and its 

children, can be searched and filtered using faceted search. Users only need to select the 

faceted values to get the content that were classified to those terms. Furthermore, by 

classifying web pages using terms, a taxonomy can also be used to navigate in the system. 
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Figure 2.51: Anatomy of a facet [179] 

 Summary 

Regarding to RG 3, RG 5, and the derived objectives, this section discussed different 

technologies used in the persistence of hierarchical data and speeding up application using 

object caching systems. Furthermore, faceted search and browsing were introduced as a 

method for refining search results based on content or on a product’s attributes. 

Addressing RQ 4, RQ 5, and the derived challenges, this section showed adjacency list 

and nested set as two methods to persist hierarchical data in a relational database. 

However, both methods have their own disadvantages and can only present parent-

children relationships. Therefore, a new scalable model is still needed to describe a 

taxonomy’s terms and their relationships. Furthermore, two caching systems Memcached 

and Redis were compared in order to provide a caching system for improving the 

processing time and decreasing needed computing resource. Redis stands out as a better 

solution due to its flexibility and fault tolerance. Finally, with support of a taxonomy, 

faceted search and browsing can be used to search and browse faceted content and 

navigate similarly in any web-based system. 

2.8 Discussion and Identification of Remaining Challenges 

In section 2.1, the concept of knowledge was introduced. The section pointed out that, 

taxonomy is also a form of knowledge and can be used for knowledge organization. The 
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process of creating and managing content and knowledge was described along with the 

concept of a CKMS and an exemplar system like the KM-EP. The KM-EP as a common 

platform for research works can provide us many advantages in the development of a 

taxonomy management system. Nevertheless, the technologies and components in the 

KM-EP need to be fully analyzed in order to develop a new system and connect it to 

existing content in the KM-EP. The Semantic Web, in which a taxonomy is a layer, was 

presented in section 2.2. By using SKOS, new taxonomies can be represented better and 

understood by other knowledge management systems. However, some unnecessary 

classes and properties need to be stripped down to avoid confusion and learning curve for 

the users. Popular standards such as RDF and OWL can also be used to export a taxonomy 

to other applications. In section 2.3, fundamental concepts related to taxonomy concepts 

and taxonomy development were introduced. The importance of a taxonomy and the 

process of developing one were analyzed. Furthermore, existing systems used to maintain 

the taxonomy after creation were also presented. From that, the challenges as well as the 

existing approaches to combat these problems have been investigated and identified. 

Nevertheless, the current methods have disadvantages, and none of them can be applied 

successfully in the concept of this dissertation. With the knowledge gathered in the 

chapter, a new approach aiming at applying crowdsourcing into the development, 

evolution, and management of a taxonomy was introduced in section 2.4. Crowdsourcing 

will potentially lower the cost needed to develop and maintain taxonomies by involving 

the capacity and knowledge of the crowd. By giving the tasks to a larger group of people, 

the same tasks can potentially be completed in a shorter time. In section 2.5, similar 

approaches of crowdsourcing a taxonomy done by other researchers were described and 

evaluated. After pointing out the disadvantages of these methods, a new method was 

introduced. In this method, the crowd takes responsibility in both content generation and 

content selection. They will create and manage their taxonomy by their own and suggest 

the content via a voting system, which was introduced as crowdvoting. The crowd here 

should be a hybrid between passionate users and people with skill. Therefore, one target 

of the thesis is to create a system that is not only fast and easy to use but also provides 

powerful functionalities for the users to achieve their goals. Nevertheless, the needed 

features and functionalities for the tool, which will support the crowd to complete such 

as tasks, need to be analyzed. In section 2.6, the concept of version control was presented 

along with comparison of different solutions. In the end, Git was chosen to support the 



 

 

 

97 

 

evolution process of a taxonomy. However, Git is only working with files and directories. 

Therefore, a new system based on Git concept but working with taxonomy terms and 

relationships is still needed. In section 2.7, other relevant technologies related to 

persistence of hierarchical data were investigated. Both introduced technologies have 

their advantages but can only represent one parent-children relationship type. Therefore, 

a new persistence solution is needed to represent different relationships between terms in 

a taxonomy. Two popular caching systems were also introduced in 2.7.2. Redis was 

chosen because of its flexibility and fault tolerance. Finally, faceted search and browsing 

was described as an application of a taxonomy for a system’s classification, searching, 

browsing, and navigation.   

From the discussion above, the remaining challenges that need to be considered in the 

development of the new approach can be summarized as follows:  

Remaining Challenge 1 (RC 1): Investigate and identify the use case scenarios for actors 

and functionalities in each components of the system. This challenge addresses RQ 1 and 

RG 3. 

Remaining Challenge 2 (RC 2): Investigate and identify selection of the important 

classes and properties of SKOS that are needed for the representation of a taxonomy. 

Furthermore, provide a concept and corresponding model to describe a taxonomy in 

selected classes and properties. This remaining challenge is from section 2.2, and 

addresses RQ 1, RG 1, and RG 2. 

Remaining Challenge 3 (RC 3): Provide a conceptual architectures and models to 

represent a taxonomy, so it can be processed effectively and efficiently in the relational 

database without losing any of the properties and relationships. This remaining challenge 

is from section 2.7, and addresses RQ 1, RQ 2, RQ 4, RQ 5, RG 2, and RG 5.  

Remaining Challenge 4 (RC 4): Provide a concept for creating, editing, importing, 

exporting, and storing taxonomy. The concept also needs to support the collaboration and 

evolution process of a taxonomy. This remaining challenge is from section 2.3, and 

addresses RQ 2 and RG 3. 

Remaining Challenge 5 (RC 5): Investigate and identify the functionalities needed for 

the crowd to collaborate, develop, maintain, and validate a taxonomy. This remaining 

challenge is from section 2.4, and addresses RQ 1, RQ 2, and RG 3.  
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Remaining Challenge 6 (RC 6): Provide a concept and corresponding model that enables 

users to rate taxonomies. Crowdvoting was mentioned as a process for the crowd to vote 

for taxonomies in the new approach. Therefore, their functionalities and models need to 

be identified as well. Furthermore, the integration of the process as part of the new 

approach has to be planned. This remaining challenge is from section 2.5, and addresses 

RQ 2 and RG 3.  

Remaining Challenge 7 (RC 7): Provide a concept and corresponding model for 

managing versions in a taxonomy management system. Instead of files and directories, 

the version control system, which was chosen to support the evolution of taxonomy, needs 

to work with terms, its properties, and relations. How to upgrade or re-implement the 

system is a challenge that needs to be addressed. This remaining challenge is from section 

2.6, and addresses RQ 3 and RG 4.  

Remaining Challenge 8 (RC 8): Provide a concept and corresponding model that enables 

user to classify content using the created taxonomies. As a result, the classifications can 

be used for faceted search and browsing, which enable users to filter out search results 

based on their categories. Furthermore, the classification should also support navigation 

in the system. This remaining challenge is from section 2.7, and addresses RQ 5 and RG 

5.  

Remaining Challenge 9 (RC 9): Investigate and identify the starting point for integration 

of taxonomy into a Content and Knowledge Management System (CKMS). In order to 

do it, the architecture as well as technologies of the target CKMS need to be analyzed. In 

this dissertation, KM-EP is chosen as an exemplar CKMS because it enables the prototype 

to access to existing content in the system and the common features can be reused without 

being developed again. This remaining challenge is from section 2.1, and addresses all 

RQs, and RG 6. 

Remaining Challenge 10 (RC 10): Implement the prototype and integrate it into the KM-

EP based on the analysis done above. This challenge addresses RQ 2, RQ 3, RQ 4, RQ 5, 

and RG 5. 

Remaining Challenge 11 (RC 11): Evaluate the approach and the implemented 

prototype. This challenge addresses all RQs and RG6. 
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With the remaining challenges in mind, the modelling approach for the conceptual design 

and modelling of the new system is introduced. First, a use context, which describe a 

vision of how users will use the system along with an example, is provided. From the use 

context, different user requirements can be identified. Finally, an overall design and 

modelling of the overall conceptual architecture is introduced. In the next step, the 

introduced use case diagrams are split into smaller use cases. These use cases will be 

further analyzed to develop corresponding information models and schemata for system 

components. Based on these models, a prototype will be implemented and integrated into 

a CKMS. Finally, the implemented prototype will be evaluated to validate if it achieved 

the targets of the dissertation. 
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3 CONCEPTUAL MODELLING AND DESIGN 

 

In the last chapter, the concept of taxonomy, other relevant state-of-the-arts concepts, and 

starting points for the new system were summarized. The remaining challenges that need 

to be solved were also identified. Based on these challenges, their corresponding 

requirements, and according to the RG 3, RG 4, and RG 5, a conceptual user-centric 

modeling and design for the system is introduced in this chapter. This system will enable 

the crowd to create and manage their own taxonomies in an easy-to-use but still effective 

and efficient manner.  

In the first section, the overall modelling approach will be described. The user-centered 

design is applied as the modelling methodology to solve the remaining challenges 

introduced in last chapter. The methodology has four distinct phases, which are used to 

clarify use context and identify user requirements. As a result, a solution design in form 

of use case diagrams and a conceptual architecture model for the development of the 

taxonomy management system is introduced in the first section. 

In the second section, each component design will be described in detail. First, the use 

case for each component, which indicates its functionalities and behaviors, is presented. 

The use case also defines the requirements for the implementation. Then, the initial 

conceptual component model, and information model and schema design for each 

component is introduced. Technical specifications for the target system’s service and the 

system integration are also described in this chapter. These conceptual component designs 

and system specifications will be realized by programming in the next chapter.   

In the third section, the conceptual modelling and design process is summarized. 

Contributions of this chapter in solving remaining challenges and research goals are also 

discussed.  

3.1 Modelling Approach 

In this chapter, the User-centered Design (UCD) is applied to design a user-centric system 

that lets the crowd create and modify their own taxonomies in a very easy to use but still 

effective and efficient way. With the support of crowd sourcing, not only the experts or 

administrators can build taxonomies, but everyone can now join and build their own.  
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The origin of user-centered system design is the work of Norman and Draper [211]. The 

methods are considered to have improved product usefulness and usability [212]. 

According to the Interaction Design Foundation, User-centered design is “an iterative 

design process in which designers and other stakeholders focus on the users and their 

needs in each phase of the design process” [213]. UCD starts by identifying the target 

end users of the product and specifying the context of use. It is important to know the 

requirements and user goals that must be met. Therefore, areas, such as persona, scenario, 

and use case, needs to be analyzed in order to get better idea of what the target users want 

[214]. 

The UCD approach involves four distinct phases. First, the context of use is introduced, 

which answers the question of how users may use the system. Then, users’ requirements 

are identified and specified in the second phase. In the third phase, the design solutions 

are described. Finally, the design is evaluated against users’ context and requirements in 

the fourth phase [213]. Figure 3.1 presents the four phases of the UCD process. 

 

Figure 3.1: Four phases of the UCD approach [213] 

In this section, UCD is described as the chosen modelling approach for the system. In the 

first phase, a vision of how users will use the system along with an example is described. 

From this description, the requirements for the system are summarized in the second 

phase. As a result, a solution design in form of Use Case diagrams, which is a behavioral 

Unified Modeling Language (UML) diagram type used to visualize the different types of 

roles in a system and how those roles interact with the system [215], are provided. Finally, 

a conceptual architecture model is introduced to describe how components of the 

introduced system are related to each other and their corresponding information models 

and schemata. The design will be evaluated as part of the completed system in chapter 5. 
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 Use Context 

In the target system, users start with a blank or seed taxonomy. With the support of the 

system, they build their taxonomy by adding terms, renaming them, deleting them, and 

organizing them into a hierarchical structure. Taxonomies created by the crowd will be 

voted for by the same members of the crowd. The taxonomy that has the highest score 

(highest rated) will replace the current seed to be used for classification, searching, 

browsing, and navigation in the system. Furthermore, it will be the seed for further 

expansion of the taxonomy’s evolution tree in the next working round. Figure 3.2 presents 

an example of the evolution of a taxonomy following the approach.   

Figure 3.2: An example of the taxonomy evolution with support of crowdsourcing 

The example from the figure above describes the case where a simple Taxonomy A is the 

seed taxonomy. From this taxonomy, different taxonomies (Taxonomy A1, Taxonomy A2, 

Taxonomy A3, and Taxonomy A4) were created by different users using crowdsourcing. 

These taxonomies were rated by the system’s users (crowdvoting). Taxonomy A1 had the 

highest score and became the next seed taxonomy. Taxonomy A1 was used for content 
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classification, searching, and navigation in the system until the next evolution round. In 

the next evolution round, users clone Taxonomy A1 to Taxonomy A1A, Taxonomy A1B, 

and Taxonomy A1C. The created taxonomies are then edited by users using the tools 

provided by the targeted new system. After the working round is completed, the created 

taxonomies get voted again by the crowd and the taxonomy that had the highest score 

(Taxonomy A1C) becomes the next seed. The process repeats until there is no significant 

improvement or the system administrators decided to stop. 

 User Requirements 

Support of version control is needed for the changing and change management of a 

taxonomy (i.e. for the management of taxonomy evolution). This means, that such 

taxonomy builds should be kept track by being able to identify which version is currently 

in development, what are the changes, etc. A complete history of changes for every 

taxonomy is needed to support such a taxonomy evolution. In such a support, users are 

enabled to compare different versions of a taxonomy, see which parts were changed, etc. 

They should also able to rollback to an earlier version at will. This is a crucial feature for 

the taxonomy evolution debugging process, which is often needed in the development of 

taxonomies, and will help to find and correct mistakes easier. 

Branching and merging features should be added to allow supporting multiple streams of 

work independent of each other. In this way, this approach avoids conflicts when different 

persons working on the same taxonomy. And later their works can be merged back to the 

main branch and become the next seed. 

Furthermore, the evolution of the taxonomy should not affect the classification of 

resources. A random string that acts as a persistent identifier (PID) for taxonomy and its 

terms is needed. PID is a long-lasting reference to a document, file, web page, or other 

object [216]. By attaching a PID marker to the information, sustained access to the data 

is ensured, even if they are relocated [217]. The cloned taxonomy will have the same PID 

as its origin while a new taxonomy that was created from scratch has a unique identifier 

that was never used before. The system uses these PID to detect cloned versions of a seed 

taxonomy and to maintain the persistence of the classification during the evolution of a 

taxonomy. Even in the case when a term’s properties are changed completely, the 

classification of content using the term should not be lost. 
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Users should be able to rate taxonomies in the system using crowd voting. The best 

taxonomy should be used for a system’s classification, searching, browsing, and 

navigation. Therefore, the process of taxonomy evolution can be supported. The rating 

functionality should also be applied for other types of content in the CKMS. This will 

help users to find content with good quality much faster and authors to improve their 

content quality. 

Fast and efficient algorithms are needed to speed up the managing process and require 

fewer resources. Furthermore, object caching systems, such as Memcached and Redis, 

need to be applied, so thousands of terms can be retrieved in a matter of milliseconds.  

 Overall Solution Design 

From the identified conceptual modelling requirements, a Use Case diagram [215] 

describing the process of taxonomy development, management, evolution, and validation 

is provided in Figure 3.3. 

The diagram introduces the interaction between different user roles and the system. The 

user roles are described as follows:  

• Visitors: Persons or machines who access the system but have not registered an 

account. 

• Users: Visitors to the system that are already registered and logged in their 

account. 

• Administrators: Users who can access all system functionalities and data. 

There are three main actions in the use case: 

• View taxonomies: users and visitors can browse a taxonomy and see details related 

to this taxonomy including its rating and version history. Furthermore, they can 

export the chosen taxonomy to an external file. Finally, the browsing taxonomy 

can be rated by visitors and existed rating can be deleted. 

• Manage own taxonomies: users can create, edit, or delete their taxonomies. This 

action includes term modification, version control, importing and exporting 

taxonomies. 

• Manage all taxonomies: system administrators can not only manage their 
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taxonomies but also all taxonomies in the system. From these taxonomies, they 

can also choose some of them to become the system’s base taxonomies. 

 

Figure 3.3: Use Case diagram for taxonomy development, management, and 

collaboration 
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Furthermore, another use case diagram describing the process of content classification is 

provided in Figure 3.4. In this diagram, there are three main actions: 

• Edit content: When users edit their content, they have the options to view the 

categorizations of the content and further categorize it to different taxonomy 

terms.  

• View content: Both users and visitors can browse a content. Here they will see the 

details of the content including it categorizations.  

• Search content: Both users and visitors can search for content in the system. The 

results can be filtered using the categorizations. Users can select the categories 

related to the searching content to reduce the amount of results. Furthermore, they 

can select a content in the search result to view it. 

 

Figure 3.4: Use case diagram for content classification, taxonomy evolution, and 

taxonomy validation. 

After conceptual modelling user requirements and corresponding use cases were 

provided, a conceptual model for a taxonomy management system is introduced. This 

will support the remaining challenges and the use case scenarios. The new system is 

named “Collaborative Crowdsourcing Taxonomy Manager” (C2TM).  
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From the introduced use cases, the system can be split into 5 different components. The 

first component is the Taxonomy Editor, where taxonomies are created, managed, 

imported, and exported. The second component is the Category Manager, where the 

structure of a taxonomy is managed. The third component is the Version Control, where 

versioning of taxonomies is controlled. The fourth component is the Categorization, 

where content is classified to taxonomy terms. The fifth component is the Taxonomy 

Rating, where content is rated. A conceptual architecture model is presented in Figure 3.5 

to describes how components of the introduced system are connected to each other and 

how their corresponding classes are related.  

 

Figure 3.5: Conceptual architecture model of the C2TM 

In this section, the use context and conceptual modelling of user requirements were 

introduced. To support all introduced scenarios, two use case diagrams were presented 

and described. The use cases are broken down into smaller use cases and explained further 

in the design of system components in the next section. 

3.2 Conceptual Component Design and Initial System 

Specification 

In the previous section, the user requirements and the overall solution design for the new 



 

 

 

108 

 

system were introduced. In this section, the technical detail of each component is 

described. First, a conceptual introduction for the component is provided. Then, the use 

case, which describes how users interact with the component, is presented. Based on the 

use case, a conceptual component model, and information model and schema design of 

the component is introduced. Furthermore, the initial specification of system services is 

identified. Finally, the conceptual design and initial specification of the system integration 

is discussed. 

 Taxonomy Editor Component 

The first component of the C2TM is the Taxonomy Editor. This component lets users 

manage their taxonomies. Users can interact with the user interface to create, edit, delete, 

import, and export their taxonomies. The following figure presents the use case of the 

component. 

 

Figure 3.6: Use case of the component Taxonomy Editor 

Administrators can modify all taxonomies in the system. Only they can set a taxonomy 

to become the system’s seed (main) taxonomy, which can be used for classification and 

browsing of content. Visitors to the portal can see the metadata of a taxonomy and have 

the ability to export the taxonomy to different formats. 
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The first design of the component Taxonomy Editor is very simple. In this version, only 

administrators can create a new taxonomy, and all created taxonomies were used for the 

classification and searching of content. The Delphi method is applied to create and 

maintain a taxonomy. Only experts could modify taxonomies. Normal users have no 

access to the component. Therefore, they cannot create a new taxonomy by themselves. 

There is also no information about the author of the taxonomy, no additional properties 

such as description or keywords. Figure 3.7 presents the conceptual component model, 

and information model and schema design of the first version of the component 

Taxonomy Editor. 

 

Figure 3.7: First design of the Taxonomy Editor component 

With the introduction of crowdsourcing, the Taxonomy Editor needs to be accessed by 

the normal users and users should have the ability to create taxonomies themselves. The 

Taxonomy Editor is upgraded with additional properties such as description, keyword, 

author to serve the whole community rather than only the experts.  

The new Taxonomy Editor consists of one controller Taxonomy Editor and one 

information model and schema Taxonomy. The information model and schema describes 

the taxonomy by its metadata, such as title, description, authors, etc. The controller 

Taxonomy Editor creates a new taxonomy and calls the Taxonomy Service to create a 

new record in the information model Taxonomy. Figure 3.8 describes the new conceptual 

component model, and information model and schema design of the component 

Taxonomy Editor. 
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Figure 3.8: New design of the Taxonomy Editor component 

Data from information model Taxonomy is indexed by a high-performance search server. 

Users’ search requests are sent to this server to be processed, and the results are returned 

and displayed to the users.  

 Category Manager Component 

The second component of the C2TM is the Category Manager. The component lets users 

manage the structure of a taxonomy. Users can create, edit, delete terms in a taxonomy 

and their relationships. Figure 3.9 presents the use case of the component. 

 

Figure 3.9: The Category Manager component's use case 

The first design of the component Category Manager was introduced as an early solution. 

Figure 3.10 presents the first version of conceptual component model, and information 

model and schema design of the component Category Manager. Each category represents 

a term of the taxonomy. Each term only has a property label that stores its title and one 
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relation parent that points to its parent in the taxonomy tree.  

 

Figure 3.10: First design of the Category Manager component 

The first design of Category Manager is based on the adjacency list model, where each 

node has a pointer that points to its parent. Although adjacency lists are easy to implement 

and maintain, they have a poor performance. To solve this problem, a nested set model 

was applied in the design of the information model and schema Category. The parent 

relationship was replaced by left and right position. Figure 3.11 describes the second 

version of the conceptual component model, and information model and schema design 

of the component Category Manager. 

Figure 3.11: Second design of the Category Manager component 

Nevertheless, the new information model and schema is complex to implement, and not 

all actions will have the necessary performance improvement. For example, inserting a 

new term into an existing taxonomy using nested set model is very slow compared to the 

adjacency lists. But most importantly, both of the designs are limiting the terms of a 

taxonomy to a single label property and no relationship besides parent and children. 

In the last chapter, the definition as well as types of taxonomy were introduced. To cover 

different kinds of taxonomy, a new design, where a term can have properties of their own 
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as well as the relationships with each other, is needed. Figure 3.12 describes how 

taxonomy is newly modeled.  

 

Figure 3.12: Conceptual component model, and information model and schema design 

of the Taxonomy Editor and Category Manager components 

A taxonomy has at least one term. The information model and schema Category describes 

a term of a taxonomy. A term, depending on the current representation standard, can have 

properties, e.g., skos:prefLabel, which describes the preferred label of this term in SKOS. 

The information model and schema Property stores all properties of each term. The field 

name stores the name of the property and the field value stores its value. A term also has 

relationships with other terms. The information model and schema Relation describes the 

relationship between terms in this taxonomy. The field name stores the name of the 

relationship, e.g., skos:broader which describes the term “A” as a broad term of term “B”.  

These information models and schemata belong to the second component Category 

Manager of the C2TM. This component manages the structure of the taxonomy. It consists 

of terms of the taxonomy, their properties, and relations. With the support of Taxonomy 

Service, the component can represent the taxonomy based on different Semantic Web 

standards.  

 Version Control Component 

The Version Control component needs be implemented to support the evolution process 

of the taxonomy. This component lets users save a current state of a taxonomy, merge a 

current taxonomy into its origin, view the change history, and rollback to a chosen state. 

Visitors can also view the change history of a taxonomy while they browse its content 
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display page. The following figure illustrates the use case of the Version Control. 

Figure 3.13: The use case of the Version Control component 

In this dissertation, a solution based on the principle of distributed version control system 

Git is chosen [169]. Nevertheless, the system do not deal with directories and files like in 

Git but it works with taxonomies, their categories, and the categories’ properties and 

relationships. Therefore, an adaptation is needed to reflect these differences. The commit 

object is stored in the information model and schema Version with its metadata. Tree and 

blob objects are stored in the same information model and schema Blob, because a 

taxonomy only contains one kind of content, which is the categories. It is different in case 

of Git, where a repository stores both directories and files. Each record in the information 

model and schema Blob contains both the metadata of the category, its content, and the 

checksum (e.g. a hash). Figure 3.14 presents the conceptual component model, and 

information model and schema design of the component Version Control. 
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Figure 3.14: Conceptual component model, and information model and schema design 

of the Version Control component 

Similar to Git, when users decide to save (commit) the current state of a taxonomy, the 

checksum (hash) of the data on each term is first calculated. This checksum then is 

compared with the checksum of the same term but at the last changed version. If the two 

checksums are the same, that means this term was not changed since that version. 

Therefore, the Blob record only needs to point to the last changed version and does not 

have to store the data again. The checksum, in this case, is also saved, so there is no need 

to get it from the last changed version next time. In another case, where two checksums 

are different, it means this term has changed. In this case, the term’s data and its checksum 

are saved with the commit. Figure 3.15 presents the content of a taxonomy versioning by 

several commits over time in Git as well as in the Version Control component. A, B, and 

C are three terms of the taxonomy. Every time a term is changed, a new version of the 

term is created, e.g. A1 and A2 are a newer version of the term A. B1 and B2 are a newer 

version of the term B. And C1 is a newer version of the term C. In versions 2, 3, and 4 

there is no change in the term A1. Therefore, its content was not stored and the pointer 

points to the last changed version, which is A1. The same principal is applied to the term 

B, where there is no change in the term B in versions 1, 2, and 3. Therefore, versions 2 

and 3 do not stored the content of the term B but only points to B in version 1.  
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Figure 3.15: Different versions of a taxonomy created by commits over time 

In the Version Control component, a commit (or a snapshot) is a set of changes of terms 

properties and relationships of a taxonomy with extra information such as action date, 

version number, and comment. It is created when users save the current state of a 

taxonomy. Each taxonomy has a history of commits. Users can review this history to see 

the list of commits when it was taken, and the changes made with each commit. If there 

is a mistake or if users just want to reset a taxonomy to a certain version, there is a 

Rollback feature available. With this feature, a snapshot data of the taxonomy is read, 

reconstructed, and then replaced in the current taxonomy. The Version Control component 

reads every node that belongs to the snapshot of the version, which users want to rollback 

to. The data of the node is retrieved and used to reconstruct the node. If a node was not 

changed since the previous versions, the algorithm reads the value of the field lastChange 

to detect when it was changed for the last time and jumps directly there to retrieve the 

data. Figure 3.16 describes how the system performs a rollback from the latest version to 

version 1. The red arrows show how versions of a term can be retrieved by following the 

pointer that points to the last changed version. In case of the term A in version 4, there 

was no change in the term A since version 2. Rather than querying the term A in every  

versions 4, 3, and 2 of the taxonomy, the algorithm only needs to follow the pointer to 

version 2 and retrieve the content of A there. 
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Figure 3.16: Rollback action from version 5 to version 1 

The Version Control component has to be implemented in such a way that not only the 

Taxonomy Management can use it to support the evolution of the taxonomy, but any 

component of the CKMS can access and take advantage of it.  

 Taxonomy Rating Component 

The Delphi method is now replaced by crowdsourcing and crowd voting, where users 

have the ability to vote for each taxonomy. The Taxonomy Rating component is 

implemented to support crowdvoting. The following figure presents the use case of this 

component. 

Figure 3.17: The use case of the Taxonomy Rating component 

When users rate a taxonomy, an entry is inserted into the information model and schema 
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Rating with the score, the ID of the user that rated the content, and the ID of the taxonomy,  

which points to the taxonomy in the information model and schema Taxonomy. The 

average score of the content is re-calculated each time a new user rates it or a user changes 

his rating for the taxonomy. Figure 3.18 presents the conceptual component model, and 

information model and schema design of the Taxonomy Rating component. 

 

Figure 3.18: Conceptual component model, and information model and schema design 

of the Taxonomy Rating component 

 Categorization Component 

The Categorization component is the fourth component of the C2TM. The component lets 

users assign content to a taxonomy’s categories. Figure 3.19 presents the use case of the 

component. 

 

Figure 3.19: The Categorization component's use case 
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When users edit their content, a list of the CKMS’s seed taxonomies is displayed on the 

left side of the page. After the user selects a taxonomy from the list, the taxonomy tree 

with its terms as tree’s nodes is loaded. Users can then choose terms, which are related to 

the current content, and can click Assign to save the categorization. These assignments 

are indexed along the content metadata to the search server. The indexed data is later 

retrieved when users search for content using the Information Retrieval Subsystem. 

 

Figure 3.20: Conceptual component model, and information model and schema design 

of the Categorization component 

The component Categorization introduces a new information model and schema 

Categorization. This information model and schema stores the ID of the content that was 

categorized, along with the IDs of the list of taxonomy categories, which the content was 

categorized to. The conceptual component model, and information model and schema 

design of the component was illustrated in the Figure 3.20. The categorization is indexed 

by the search server and later can be retrieved using the CKMS’s Information Retrieval 

Subsystem.  

 System Service Specification 

The Taxonomy Service supports the C2TM in the process of understanding Semantic Web 

standards. It is implemented to give the system information about the standards such as a 

list of classes and properties, their descriptions and restrictions. The service also provides 

the necessary information for representing the taxonomy in a tree format. Because 

humans know that a “Car” is “skos:narrower” of “Motor Vehicle”, a “Car” is the child of 

a “Motor Vehicle” in the taxonomy tree. This does not mean that the computer 

understands it too. Therefore, if a taxonomy is needed to be represented in a graphical 

interface, the Taxonomy Service needs to send the graph configuration to the drawing 

function. The system cannot automatically detect which formatting standard is being 
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processed. It needs the guidance of the Taxonomy Service. In this dissertation, the 

structure of the supporting formatting standards for the taxonomy is predefined by the 

service, but the goal is to have a management system that lets users choose an existing 

formatting standard on the market or allow them to create a new one. The chosen 

standards need to be imported dynamically by the Taxonomy Service rather than fixed in 

the implementation. 

The Simple Knowledge Organisation System (SKOS) was introduced in the last chapter 

as a supporting formatting standard. Its purpose is to give the taxonomy the possibility to 

be communicated to other applications and the flexibility to add more information into 

the terms. As mentioned, not all classes and properties of SKOS will be used in the 

representation of a taxonomy. Only two classes and nine properties, which are divided 

into four datatype properties and five object properties, are chosen to be adopt. Table 3.1 

presents the overview of SKOS classes that are being used. 

skos:ConceptScheme 

URI http://www.w3.org/2004/02/skos/core#ConceptScheme 

Label Concept Scheme (represent the root of the taxonomy) 

Example <ACM 2012> rdf:type skos:ConceptScheme . 

skos:Concept 

URI http://www.w3.org/2004/02/skos/core#Concept 

Label Concept (represent terms in taxonomy) 

Example <Network> rdf:type skos:Concept . 

Table 3.1: SKOS’s classes used in the taxonomy representation [218] 

The datatype property is the property for which the value is a data literal while object 

property is the property for which the value is an individual [219]. Table 3.2 describes the 

datatype properties that are being used. 

skos:prefLabel 

URI http://www.w3.org/2004/02/skos/core#prefLabel 

Label preferred label 
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Super-

properties 
http://www.w3.org/2000/01/rdf-schema#label 

Example <Mobile> skos:prefLabel "Mobile Phone"@en . 

skos:altLabel 

URI http://www.w3.org/2004/02/skos/core#altLabel 

Label alternative label 

Super-

properties 
http://www.w3.org/2000/01/rdf-schema#label 

Example <Mobile> skos:altLabel "handy"@de . 

skos:hiddenLabel 

URI http://www.w3.org/2004/02/skos/core#hiddenLabel 

Label hidden label 

Super-

properties 
http://www.w3.org/2000/01/rdf-schema#label 

Example <Mobile> skos: hiddenLabel "携帯電話"@jp . 

skos:note 

URI http://www.w3.org/2004/02/skos/core#note 

Label note 

Example <Mobile> skos:note "this is a note"@en . 

Table 3.2: SKOS’s datatype properties used in the taxonomy representation [218] 

And Table 3.3 introduces the object properties. 

skos:topConceptOf 

URI http://www.w3.org/2004/02/skos/core#topConceptOf 

Label is a top concept in the scheme 

Inverse of skos:hasTopConcept 

Example < ACM 2012> skos:hasTopConcept <Education> . 

skos:hasTopConcept 
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URI http://www.w3.org/2004/02/skos/core#hasTopConcept 

Label label 

Domain skos:ConceptScheme 

Range skos:Concept 

Inverse of skos:topConceptOf 

Example <Education> skos:topConceptOf <ACM 2012> . 

skos:broader 

URI http://www.w3.org/2004/02/skos/core#broader 

Label has broader 

Inverse of skos:narrower 

Example <E-learning> skos:broader <Education>. 

skos:narrower 

URI http://www.w3.org/2004/02/skos/core#narrower 

Label has narrower 

Inverse of skos:broader 

Example <Education> skos: narrower <E-learning>. 

skos:related 

URI http://www.w3.org/2004/02/skos/core#related 

Label has related 

Example <Cyber-physical networks> skos: related <Cyber-physical systems>. 

Table 3.3: SKOS's object properties used in the taxonomy representation [218] 

 System Architecture Design and Integration Specification 

Christopher Alexander (1978) described “design pattern” as an entity that “describes a 

problem that occurs over and over again in our environment, and then describes the core 

of the solution to that problem, in such a way that you can use this solution a million times 

over, without ever doing it the same way twice” [220]. The Model View Controller (MVC) 
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paradigm is a common architecture design pattern that is being used in software 

development. In this dissertation, MVC is used as the architecture modelling paradigm. 

The design pattern separates any application solution’s architecture into 3 different layers: 

Model, View, and Controller with the purpose of increasing flexibility, modularity, and 

reusability. The figure below presents the general life cycle on an MVC-based 

application. 

Figure 3.21: General architecture paradigm of an MVC-based application [221] 

The Model layer defines the information model and its schemata at the persistence layer 

of the application. If the state of this data is changed, it will notify the view. The View 

layer represents the User Interface (UI) of the application. It receives data from the model 

layer and builds the UI accordingly. The Controller layer stays between the model layer 

and the view layer. It receives requests from users and manipulates the data using the 

models. The Controller layer later sends the modified data to the view to render the 

frontend for the user.  

Based on the MVC paradigm, the five components Taxonomy Editor, Category Manager, 

Version Control, Taxonomy Rating, and Categorization of the C2TM can be structured 

into four different layers: view, controller, model, and service. In the first layer, the C2TM 

has 3 views, which provide information to users and send user’s requests to the controller. 

The second layer containers 5 controllers. Each controller belongs to a component of the 
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C2TM. The controller connects to its models in the third layer, and the models also 

connect to each other. A model (entity) is the representation of e.g. a table in the database, 

where the model’s properties are mapped to the fields of the table. The services in the 

fourth layer provide frequently used functions for the controllers. Figure 3.22 describes 

the conceptual architecture design of the C2TM. 

 

Figure 3.22: Conceptual architecture design of the C2TM 
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Each component of the C2TM is built from controllers and models as follows: 

• The Version Control component consist of the Controller Version Control and the 

Models Version and Blob. 

• The Taxonomy Edit component consist of the Controller Taxonomy Editor and the 

Model Taxonomy. 

• The Category Manager component consist of the Controller Category Manager 

and the Models Category, Property, and Relation. 

• The Categorization component consist of the Controller Categorization and the 

Model Categorization. 

• The Taxonomy Rating component consist of the Controller Taxonomy Rating and 

the Model Rating 

From the introduction of the concept of a Content and Knowledge Management System 

in chapter 2, a CKMS can be accordingly organized into five layers: view, controller, 

model, service, and supporting system. In a CKMS, the services also are gateways to the 

external systems, such as search servers and caching systems. The supporting system 

layer is the last layer of the CKMS, which provides standalone, high-performance 

services that the system can immediately use. Although a CKMS can have many features 

and functionalities, only some basic functionalities for content management, such as 

content displaying, content editing, searching, and caching, are described in this section. 

Figure 3.23 presents the conceptual architecture design for the content management 

functionalities of a CKMS. 

In a CKMS, users can create and manage content through a Content Editor component. 

Content, after it has been created, will be indexed into a search server using a search 

service. Visitors can later search for content on the CKMS. Furthermore, a cache server 

allows content to be cached and accessed faster. It also reduces the resource usage of the 

system. In this dissertation, the C2TM will be implemented and integrated as a new 

component of any existing CKMS as a CKMS provides many basic functionalities that 

can be reused. Figure 3.24 presents the reference integration architecture of the C2TM 

and any kind of CKMS. 
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Figure 3.23: Conceptual architecture design for any content management of a CKMS 
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Figure 3.24: Integration architecture of the C2TM and a CKMS 

In order for a content to be categorized and the categorizations to be listed when users 

access the content, the View Content and Edit Content interface of the CKMS connects to 

the Categorization controller. Furthermore, the information schema Categorization of the 

C2TM also needs to link to the information schema Content of the CKMS. The 

categorizations along with the rating entries can also be indexed to the search server with 

support of the CKMS’s Search Service. This helps to enable the faceted search and 

browsing features of the CKMS and display the taxonomy rating in the search results. 

The Taxonomy Service is connected to the Cache Service of the CKMS for caching 
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support. As mentioned above, a caching mechanism helps to speed up the processing of 

the taxonomy. In this way, thousands of nodes can be retrieved, built, and served to users 

in the matter of milliseconds. The Cache Service is the gateway to caching servers as well 

as other caching methods.  

3.3 Summary and Discussion 

In this chapter, a modelling approach for the conceptual modelling and design of the new 

system was provided. Based on the approach, an overall conceptual design and 

architecture for the C2TM prototype was introduced. Furthermore, from the overall 

system design, a conceptual component model, and information schema design for each 

component of the C2TM was identified. These information schemata will be used to 

develop the C2TM prototype in the next chapter. This chapter is the result of the theory 

work that tries to solve the remaining challenges and achieve the research goals in chapter 

1.  

With the developed information schemata of the components Taxonomy Editor and 

Category Manager in section 3.2, the third research goal (RG 3) was achieved. The 

information schemata were developed based on research, analyses, and comparisons done 

in chapter 2. These information schemata enable users to create and manage taxonomies 

and their structure with the support of crowdsourcing. Furthermore, users can import and 

export their taxonomies in and into different machine-readable formats. By using a 

caching mechanism, the processing time of the taxonomy will be significantly improved 

while the computing resources needed to perform actions on the taxonomy tree will be 

decreased. 

The fourth research goal (RG 4) is to provide an information model and schema to support 

taxonomy evolution. This goal was achieved with the developed information model and 

schema of the Version Control component in section 3.2.3. Based on the version control 

system Git, an information model and schema that supports the evolution of the taxonomy 

was introduced. The solution is the result of theory work in chapter 2, where some popular 

version control systems on the market were listed and compared in order to choose the 

best solution that fulfills the requirement of the research goal. The developed information 

models and schemata enable users to save the current state of a taxonomy, check its 

history with details about commits, reset a taxonomy to a previous state, or replace a 
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taxonomy with one of its clones. A caching mechanism is also applied in the process to 

increase the processing speed and reduce the resource needed.  

In section 3.2.4, the information model and schema for the Taxonomy Rating component 

was introduced. It applied the concept of crowdvoting, which was mentioned in the last 

chapter, the information model and schema enables users to give a score for each 

taxonomy in the system based on its quality. The average score is calculated to determine 

which taxonomy has the highest rating and therefore, has the best quality in users’ 

opinion. The developed information model and schema helps to achieve the third research 

goal (RG 3) in this dissertation, which is to provide an information model and its schemata 

for the crowdvoting process in order to support the evolution of the taxonomy. 

The fifth research goal (RG 5) of this dissertation was also achieved with the introduction 

of the conceptual component model, and information model and schema design for the 

Categorization component. This design allows users to categorize the content of a CKMS 

to terms from different taxonomies. As identified in the last chapter, the taxonomy can be 

used in faceted search, browsing, and page navigation. By creating categorizations, 

faceted search and browsing based on taxonomies are possible. Furthermore, by gathering 

content based on preselected categories, the target of using a created taxonomy for system 

navigation has been achieved. 

Following our methodology, a conceptual component model, and information model and 

schema design for each component of the system were introduced. Furthermore, the 

conceptual architecture for the whole system was also presented. While doing it, the RC 

1 and the RC 5 were addressed in section 3.1. The RC 2 was addressed in section 3.2.6. 

The RC 3 was addressed in section 3.2.2. The RC 4 was addressed in section 3.2.1. The 

RC 6 was addressed in section 3.2.4. The RC 7 was addressed in section 3.2.3. And the 

RC 8 was addressed in section 3.2.5. The rest of the remaining challenges, which is RC 

9, RC 10, and RC 11, will be addressed in the following chapters. 

In the next chapter, a proof-of-concept prototype based on the conceptual information 

model and overall system design introduced in this chapter will be developed. This 

belongs to the phase “System Development”, which is the fifth phase in the research 

methodology. By doing it, the sixth research goal (RG 6) of this dissertation is achieved. 

After the prototype is implemented, it will be evaluated in some real-life scenarios to 
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make sure it is fully integrated and works seamlessly. This will also verify if the developed 

prototype meets users’ expectations, and if there is any needed improvement that should 

be scheduled in the future work.    
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4 IMPLEMENTATION OF THE COLLABORATIVE 

CROWDSOURCING TAXONOMY MANAGER 

 

In the previous chapter, design concepts and conceptual information models and schemata 

of the prototype were defined according to the theory building phase of the research 

methodology. Based on these design concepts and conceptual information models and 

schemata, a proof-of-concept prototype of the Collaborative Crowdsourcing Taxonomy 

Manager is now implemented and integrated as a component in a Content and Knowledge 

Management System. The prototype should provide support for the development, 

collaboration, management, and evolution of a taxonomy. Furthermore, it will also 

provide the proof that such a taxonomy management system can be realized. The result 

of this chapter addresses the sixth research goal (RG 6) of the system’s development 

phase.  

In this chapter, the technologies and the implementation used in the development of the 

prototype are described. In section 4.1, the overall architecture is specified. It justifies the 

decisions regarding the technical system architecture and its concrete implementation 

approach. The selected base technologies involved in the development of the prototype 

are introduced in section 4.1. Then, the proof-of-concept implementation of each 

component of the prototype, which is based on conceptual design and information 

modelling in the previous chapter, are described in detail in section 4.2. Furthermore, a 

starting point for the integration of the prototype into a CKMS is also identified. Finally, 

the development process is summarized and discussed in the last section of the chapter. 

4.1 Overall Technical Architecture Specification 

The proof-of-concept prototype will be implemented based on a Client-Server 

architecture, which is a sort of distributed application deployment infrastructure pattern 

that is used by almost all web-based development environments and their scripting 

languages [222]. As suggested in its name, the architecture shares the data processing 

chores between a server, typically a high-end workstation and clients, which are usually 

PCs with less processing power [223]. The client requests specific services or resources 

and the server fulfills such requests by responding with requested services or resources 

[224]. In a Client-Server architecture, all data is stored in a server. This make data backup 
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and restoration much faster and easier. The networks are also more secure as all shared 

resources are centrally administered. Furthermore, dedicated servers have better 

performance than local PCs. The infrastructure can be scaled up by adding more servers 

[225]. These advantages make a Client-Server architecture a good choice for application 

solution development. Figure 4.1 presents the Client-Server architecture.  

 

Figure 4.1: Client Server architecture [226] 

As stated in the figure, requests are sent by the client to the server over the internet. At 

the server, computation is preformed and data can be stored or retrieved. The results are 

sent back from the server to the client. On the client, returned data is visualized in a user 

interface and displayed to the user. In the past, clients and servers were usually near each 

other and messages were exchanged over a local network. With the growth of the internet, 

clients and servers can be deployed at different locations and messages can be exchanged 

over the web. 

A web-based application development environment is chosen instead of conventional 

desktop application to implement the prototype. A web-based application does not require 

any installation and has no need for maintenance in the user side. Once deployed on the 

server, users can access the application from everywhere without spending time to install 

it on their computer. The application is maintained and upgraded by the owners and 

requires no further actions from the users. Furthermore, web-based applications have a 

lower development cost because they require less system tests and are easier to 

troubleshoot. Finally, the capacity of the application can be increased on demand by 

adding more servers to the system. Figure 4.2 illustrates how a web application can be 

implemented based on the introduced Client-Server architecture. 
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Figure 4.2: Client-Server architecture for Web applications [227] 

The technical architecture can be categorized into three layers: (1) User Interface, (2) 

Business or Application Logic, and (3) Data Management [227]. This also corresponds to 

the three layers View, Controller, and Model of the MVC paradigm, where a User 

Interface provides users means to interact with the application while the Application 

Logic performs all required calculations, validations, and manages workflows as well as 

data access. Data Management deals with the data storage and retrieval [228]. The 

maturing of web browsers allows much more comprehensive client-side user interface 

implementations. The UI can now have views, controllers, and models of its own, which 

enables shifting some UI-related features from the server to the client. This allows, e.g., 

immediate user responses [227]. 

4.2 Base Technologies 

Open source software is chosen to support the implementation approach for the prototype. 

It is not only lowering the cost of developing new software, but also provides the 

interoperability, which is important for our scientific technical works. It enables scientists 

to develop their research based on the work results of people that have worked before 

them. Finally, open source is much more flexible, and its vibrant communities provide 

better support.  
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Based on the overall architecture specification, an appropriate set of base technologies is 

selected. In this selection, the relational database management system MySQL [229] is 

used to persist data. The web programing language PHP [230] and its open source 

frameworks, such as Typo3 [231] and Symfony [52], are used to implement the 

components. The web programming language JavaScript [232],  its libraries (jQuery 

[233], jsTree [234]), tool-kits (Bootstrap [235]) and frameworks (AngularJS [236]) are 

used for building the web-based User Interface. The web technology AJAX [237] 

supports communication between the view and controller layers. Finally, the open-source 

search platform Apache Solr [208] is deployed as a support system. These systems are 

introduced as follows: 

MySQL is “a database management system. A database is a structured collection of data. 

It may be anything from a simple shopping list to a picture gallery or the vast amounts of 

information in a corporate network. To add, access, and process data stored in a computer 

database, you need a database management system such as MySQL Server. Since 

computers are very good at handling large amounts of data, database management 

systems play a central role in computing, as standalone utilities, or as parts of other 

applications” [238]. 

PHP  stands for Hypertext Preprocessor, which is “a widely-used open source general-

purpose scripting language that is especially suited for web development and can be 

embedded into HTML” [239]. PHP can do anything related to server-side scripting, known 

as the backend of a website, such as, e.g. receiving data from forms, generating page 

content, working with databases, sending emails. Furthermore, PHP can run on all major 

operating systems. Almost all the major server providers support for PHP. And most 

importantly, it is free to use [240]. 

TYPO3 is “a content management system (CMS) that is used to create and edit web pages 

without knowing HTML or CSS programming. Initially, it was focused only on editing 

websites, but now the system is able to control the Web, content, functionality, and design. 

TYPO3 is easy to use and a very effective tool for small sites as well as multilingual sites 

of large corporations” [241]. 

The Symfony Framework [52] is currently one of the leading PHP frameworks 

supporting the creation of web applications. It has a large community, many reusable 



 

 

 

134 

 

components, and high-quality documentation. The Symfony Framework is built on top of 

the Symfony Components, which are sets of decoupled and reusable components on 

which the best PHP applications are built, such as Drupal, phpBB, and eZ Publish [53]. 

JavaScript is “a scripting or programming language that allows you to implement 

complex things on web pages — every time a web page does more than just sit there and 

display static information for you to look at — displaying timely content updates, 

interactive maps, animated 2D/3D graphics, scrolling video jukeboxes, etc. — you can 

bet that JavaScript is probably involved. It is the third layer of the layer cake of standard 

web technologies” [232]. 

Asynchronous JavaScript And XML (AJAX) is “a combination of a browser built-in 

XMLHttpRequest object (to request data from a web server), JavaScript and HTML DOM 

(to display or use the data).  AJAX allows web pages to be updated asynchronously by 

exchanging data with a web server behind the scenes. This means that it is possible to 

update parts of a web page, without reloading the whole page” [242]. 

jQuery is “a lightweight, write-less-do-more, JavaScript library. The purpose of jQuery 

is to make it much easier to use JavaScript on your website. jQuery takes a lot of common 

tasks that require many lines of JavaScript code to accomplish and wraps them into 

methods that you can call with a single line of code. jQuery also simplifies a lot of the 

complicated things from JavaScript, like AJAX calls and DOM manipulation” [243]. 

jsTree is a “jQuery plugin that provides interactive trees. It is absolutely free, open-

source, and distributed under the MIT license. jsTree is easily extendable, themable and 

configurable, it supports HTML & JSON data sources and AJAX loading” [234]. 

AngularJS is “a structural framework for dynamic web apps. It lets you use HTML as 

your template language and lets you extend HTML's syntax to express your application's 

components clearly and succinctly. AngularJS's data binding and dependency injection 

eliminate much of the code you would otherwise have to write. And it all happens within 

the browser, making it an ideal partner with any server technology” [244]. 

Bootstrap is “an open-source toolkit for developing with HTML, CSS, and JS. Quickly 

prototype your ideas or build your entire app with our Sass variables and mixins, 

responsive grid system, extensive prebuilt components, and powerful plugins built on 

jQuery” [235]. 
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Apache Solr [208] is a highly scalable and fault-tolerant open-source search platform 

[208]. The platform enables many powerful matching capabilities, which help to search 

for content more effective and efficient. Documents can be indexed into Solr by sending 

JSON, XML, CSV or binary over HTTP. They can be lately searched by querying via 

HTTP GET and clients will receive the results in JSON, XML, CSV or binary [245].  

The KM-EP is a content and knowledge management ecosystem [11]. Its development 

is based on the Symfony Framework. The ecosystem provides a powerful framework for 

managing knowledge and many types of content. The KM-EP is also a platform for 

researchers and software developers to deploy their works without spending time 

reimplementing basic features and functionalities, such as user management, job 

scheduler, etc. Furthermore, the systems developed based on the KM-EP are able to access 

existing content and knowledge managed in the ecosystem. In turn, these systems help to 

extend the KM-EP further with more advanced features. 

After the prototype was developed, a content and knowledge management system is 

needed for the integration of the prototype. Due to the described advantages, the KM-EP 

is chosen as the exemplar CKMS integration platform in this dissertation. 

4.3 Technical Specification and Implementation 

The prototype is developed following the implementation approaches. PHP is used as the 

application programming language. The Symfony Framework is applied to support the 

MVC architecture of the application. The relational database system MySQL is used for 

storing taxonomy metadata, properties, relationships as well as version metadata and 

commits. On the frontend, the taxonomy tree is built with the support of JavaScript 

libraries jsTree and jQuery. JavaScript’s framework AngularJS is used to create a 

seamlessly experience for users. Data is sent to the backend using AJAX calls, which 

enables users to interactively modify data without reloading the web page. 

 Taxonomy Editor Component 

The first component of the C2TM to be implemented is the Taxonomy Editor. The 

component lets users manage their taxonomies. Users interact with the User Interface to 

create, edit, delete, import, and export their own taxonomies. The following figure 

describes the architecture distribution and functional relationships of the component. 
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Figure 4.3: The architecture distribution and functional relationships of the components 

and services of the Taxonomy Editor 

The activity flow of the Taxonomy Editor can be described as follows: When a user 

creates or edits a taxonomy, the Display Controller in AngularJS will call API “load” in 

the backend to gather the metadata of the current taxonomy such as title, keywords, 

description, author information, and displays them in the user interface. The Taxonomy 

Editor reads this information from the table “taxonomy” in the database and returns a 

JSON array to the request. When a user updates the metadata, the frontend calls the API 

update and sends the new metadata to the backend. The Taxonomy Editor tries to persist 

this data and answers the frontend if it can be done or not. It is worth mentioning that the 

Taxonomy Editor component only manage the metadata of the taxonomy. The content of 

the taxonomy such as terms and their relationships, are managed by Category Manager 

component, which will be introduced in the next section. 

The Taxonomy Editor also provides users with the ability to import a taxonomy from a 

file and insert it into the chosen taxonomy. The frontend would send the uploaded file’s 

content to the backend and receive an answer if the action was successful or not. Users 

can also export a taxonomy or a part of it to a file and download it to their computer. The 

work of parsing the upload file into a taxonomy or exporting a taxonomy into a file is 
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done by an external server, called the “Taxonomy Server”. The Taxonomy Editor receives 

the result from the server and passes it along to the frontend. Details about these steps 

will be described in section 4.4.3. 

Figure 4.4: Information of a taxonomy displayed in the RAGE KM-EP 

After users completed their work with a taxonomy, details about it such as, e.g. metadata, 

structure, version history, are published. Visitors can access all of this information, export 

the taxonomy to an external file, and rate the taxonomy themselves. Figure 4.4 presents 

the content display page of an exemplar RAGE taxonomy. This demonstrates that the 

C2TM, or more precisely, the Taxonomy Editor component, is being exemplarily used in 

the RAGE project to develop a new taxonomy. The current rating of the taxonomy can be 
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found at the top of the figure. Users click on the stars to rate the content. Below the rating 

area is the metadata of the taxonomy. Here visitors can find information such as title, 

authors, keywords, … of the taxonomy. They also have to possibility to share the 

taxonomy on the social networks by clicking on the symbols of these services. In the 

bottom half of the page, visitors browse the structure of the taxonomy by clicking on the 

terms in a taxonomy tree. Information related to the term such as a persistent ID, class 

name, labels, and relationships are presented on the UI.  

 Category Manager Component 

The second component of the C2TM is the Category Manager. This component lets users 

manage the structure of taxonomies. Users create, edit, delete terms of taxonomies and 

their relationships. It was implemented based on the information models and schemata 

introduced in chapter 3. The following figure describes the architecture distribution and 

functional relationships of the components and services of the Category Manager. 

 

Figure 4.5: The architecture distribution and functional relationships of the components 

and services of the Category Manager  

The Category Manager component splits up into the backend and the frontend. The 

frontend is implemented based on AngularJS Framework due to its ability to update the 

view automatically whenever the data, which is binding to it, changes. The frontend also 

uses the JavaScript library jsTree to display taxonomies in tree format. The backend is 

implemented based on the chosen Symfony Framework. The activity flow of the Category 
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Manager can be described as follows: When users edit a taxonomy, the Display Controller 

in AngularJS calls API load in the backend. The component Category Manager reads the 

taxonomy from the two tables category and category_relation in the database for the 

taxonomy’s terms and their relationships. Because the taxonomy is by default represented 

in a tree format, a taxonomy tree is built and cached using the caching system Redis. The 

following code extract describes the recursive process of building the taxonomy tree from 

the queried records of category and their relationships, which are described by object 

properties.  

/** 
 * Build tree from a list of categories 
 * 
 * @param string $uid 
 * @param array $cache 
 * @param string $path 
 * @param int $level 
 * @return array|null 
 */ 
private function traverseTree($uid, &$cache, $path = '0', $level = 0) { 
    if (!isset($this->categories[$uid])) { 
        return NULL; 
    } 
 
    $node = $this->categories[$uid]; 
 
    // Prepare for jsTree 
    $path .= '_'. $uid; 
    $result = [ 
        'id' => $path, 
        'data' => $node, 
        'children' => [], 
    ]; 
 
    foreach ($this->classes[$node['class']] as $type => $properties) { 
        foreach ($properties as $property) { 
            if (!isset($result['data'][$type][$property])) { 
                $result['data'][$type][$property] = []; 
            } 
        } 
    } 
    $result['text'] = $this->taxonomyService->getDefaultValue($node); 
 
    $payload = $node; 
    if (isset($this->objectProperties[$uid])) { 
        foreach ($this->objectProperties[$uid] as $relation) { 
            if (array_key_exists($relation['destination'], $this->categories)) { 
                // only traverse to 'children'-alike nodes 
                if (isset($this->directionSetting[$relation['name']]) 
                    && $this->directionSetting[$relation['name']] == 'isParentOf') { 
                    $result['children'][] = $this-
>traverseTree($relation['destination'], $cache, $path, $level + 1); 
                } 
 
                $title = $this->taxonomyService->getDefaultValue($this-
>categories[$relation['destination']]); 
                $result['data']['objectProperty'][$relation['name']][] = [ 
                    'id' => $relation['id'], 
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                    'dest' => $relation['destination'], 
                    'title' => $title, 
                ]; 
 
                $relation['destination'] = $this-
>categories[$relation['destination']]['uuid']; 
                foreach (['id', 'source'] as $key) { 
                    unset($relation[$key]); 
                } 
                $payload['objectProperty'][] = $relation; 
            } 
        } 
    } 
    // Cache for commit 
    if (isset($cache)) { 
        foreach (['id', 'uuid'] as $key) { 
            unset($payload[$key]); 
        } 
 
        $cache[$node['uuid']] = [ 
            'metadata' => NULL, 
            'data' => $payload, 
            'hash' => md5(json_encode($payload)), 
        ]; 
    } 
 
    return $this->addJsTreeType($result, $level); 
} 

Code Extract 1: Building a taxonomy tree from queried records 

The purpose of caching the built tree is to reduce the time and resources needed from the 

server. Next time when users access this taxonomy again, the data can be read directly 

from the cache. 

After the taxonomy tree was built, it is sent to the frontend as a JSON array. The jsTree 

library receives this data and displays it on the user interface in tree format. Each term is 

a node of the tree. When users click on a term, all information related this term will be 

displayed on a panel. User can then choose to add, edit, or delete properties as well as 

relationships of the term. 

The Category Manager is exemplarily used to manage the structure of the ACM 

Taxonomy in the RAGE project. Figure 4.6 shows an example where the term “Electronic 

commerce” is being selected and information about it is shown on the UI. When users 

update the data property of a term, an updateProperty request is sent to the backend. The 

according controller will try to update the term’s entry in table “category” and return the 

result to the frontend, so the information displayed to users can be updated too. The same 

applies when users update the relationship (object property) between two terms. A 

updateRelation request is sent to the accordingly controller in the backend. The controller 
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will try to update the entry in the table category_relation and answer the frontend with 

succeeded or failed. The frontend updates the user interface if succeeded was returned. 

 

Figure 4.6: User interface of the Category Manager in the RAGE KM-EP 

 Taxonomy System Service  

The Taxonomy System Service or Taxonomy Service enables components of the C2TM 

to understand Semantic Web standards such as SKOS, RDF, and OWL by providing them 

information in the formats, models, and schemas of the standards such as, a list of classes 

and properties, their descriptions and restrictions. Based on the specification of SKOS in 

the previous chapter, the Taxonomy System Service is implemented to support the 

selected classes and properties. Code Extract 2 describes chosen SKOS data and object 

properties is specified in the service. 

/** 

 * TaxonomyService 
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 */ 

class Taxonomy { 

 

    const IS_CHILD_OF = 'isChildOf'; 

 

    const IS_PARENT_OF = 'isParentOf'; 

 

     

    private $skosDataProperties = [ 

        'skos:prefLabel' => [ 

            'title' => 'Preferred Labels', 

            'class' => 'skos:Concept', 

        ], 

        'skos:altLabel' => [ 

            'title' => 'Alternative Labels', 

            'class' => 'skos:Concept', 

        ], 

        'skos:hiddenLabel' => [ 

            'title' => 'Hidden Labels', 

            'class' => 'skos:Concept', 

        ], 

        'skos:note' => [ 

            'title' => 'Notes', 

            'class' => 'skos:Concept', 

        ], 

        'dc:title' => [ 

            'title' => 'Title', 

            'class' => 'skos:ConceptScheme', 

        ], 

        'dc:date' => [ 

            'title' => 'Date', 

            'class' => 'skos:ConceptScheme', 

        ], 

        'dc:contributor' => [ 

            'title' => 'Contributor', 

            'class' => 'skos:ConceptScheme', 

        ], 

    ]; 

 

    private $skosObjectProperties = [ 

        'skos:topConceptOf' => [ 

            'title' => 'Is top Concept of', 

            'inverse' => 'skos:hasTopConcept', 

            'domain' => 'skos:Concept', 

            'range' => 'skos:ConceptScheme', 

        ], 

        'skos:hasTopConcept' => [ 

            'title' => 'Has top Concepts', 

            'inverse' => 'skos:topConceptOf', 

            'domain' => 'skos:ConceptScheme', 

            'range' => 'skos:Concept', 

        ], 

        'skos:broader' => [ 

            'title' => 'Broader Terms', 

            'inverse' => 'skos:narrower', 

            'domain' => 'skos:Concept', 

            'range' => 'skos:Concept', 

        ], 

        'skos:narrower' => [ 

            'title' => 'Narrower Terms', 

            'inverse' => 'skos:broader', 

            'domain' => 'skos:Concept', 

            'range' => 'skos:Concept', 

        ], 

        'skos:related' => [ 

            'title' => 'Related Terms', 

            'inverse' => '', 
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            'domain' => 'skos:Concept', 

            'range' => 'skos:Concept', 

        ], 

    ]; 

 

Code Extract 2: Data and Object Properties of SKOS defined in the Taxonomy Service 

Furthermore, the Taxonomy System Service also provides necessary information for 

representing the taxonomy in a tree format. The system needs to know which class should 

be chosen to be the root of the taxonomy tree and which property specifies a parent of a 

term. Code Extract 3 describes the graph configuration in the service. It tells other 

components information, e.g. the term with class skos:ConceptScheme should be 

represented as the root of the tree or property skos:broader points to children terms of the 

current one. 

private $skosGraphSetting = [ 

    'root' => 'skos:ConceptScheme',  

     

    'default' => [ 

        'dataProperty' => [ 

            'skos:ConceptScheme' => 'dc:title', 

            'skos:Concept' => 'skos:prefLabel', 

        ], 

        'objectProperty' => [ 

            'skos:ConceptScheme' => [ 

                'skos:Concept' => [ 

                    'name' => 'skos:hasTopConcept', 

                    'default' => TRUE, 

                ], 

            ], 

            'skos:Concept' => [ 

                'skos:Concept' => [ 

                    'name' => 'skos:narrower', 

                    'default' => TRUE, 

                ], 

            ], 

        ] 

    ], 

     

    'direction' => [ 

        'skos:hasTopConcept' => self::IS_PARENT_OF, 

        'skos:narrower' => self::IS_PARENT_OF, 

        'skos:topConceptOf' => self::IS_CHILD_OF, 

        'skos:broader' => self::IS_CHILD_OF, 

    ], 

]; 

Code Extract 3: Graph configuration defined in the Taxonomy Service 

To extend the ability of the C2TM, an external server was implemented. The server, which 

will be introduced in the next section, supports the task of importing and exporting 

taxonomies to external files in Semantic Web standards. Nevertheless, the server alone 

cannot interpret these standards but needs the support of the Taxonomy Service. The 

service sends information related to the importing or exporting formats to the server along 
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with the processing taxonomy and the server returns the processed data to the service. 

Figure 4.7 presents the process of importing a taxonomy file into the Taxonomy Editor 

using the Taxonomy Service. 

 

Figure 4.7: Import an external file into the Taxonomy Editor 

When users need to import a taxonomy from a file, the frontend sends the import request 

along with the file’s content to the Taxonomy Editor controller in the backend. The 

controller forwards the file content to Taxonomy Service and it sends a POST request 

with the file content and system’s configuration as payload to the Taxonomy Server. The 

server processes these data and sends the returned taxonomy from the file back as a JSON 

array to the service, which forwards it to the controller. The Taxonomy Editor then lets 

users download the file through their web browser. The following code extract describes 

the process of sending file content along with configuration to the Taxonomy Server and 

receiving a parsed taxonomy as result. 

/** 
 * Send file content to TaxonomyServer and receive taxonomy 
 * 
 * @param $file 
 * @return bool|array 
 */ 
public function parse($file) { 
    $result = FALSE; 
 
    if (file_exists($file)) { 
        $setting = [ 
            'objectProperty' => array_keys($this->getObjectProperties()), 
            'dataProperty' => array_keys($this->getDataProperties()), 
            'direction' => $this->getDirectionSetting(), 
            'default' => $this->getDefaultDataProperties(), 
        ]; 
        $content = file_get_contents($file); 
 
        $url = $this->serverBase. '/parse'; 
 
        $curl = new CURLWrapper(); 
        $resp = $curl->post($url, array( 
            'setting' => json_encode($setting), 
            'data' => $content, 
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        )); 
 
        return json_decode($resp, TRUE); 
    } 
 
    return $result; 
} 

Code Extract 4: Send file content for parsing to the Taxonomy Server  

With the same steps but in reverse operates the process of exporting a taxonomy to an 

external file. Users choose a taxonomy to export and send the request to the Taxonomy 

Editor. The Editor controller then passes along the taxonomy structure to the Taxonomy 

Service. The service then forwards it to the Taxonomy Server along with the standard’s 

configuration. The server processes the taxonomy and exports it into a file in the chosen 

Semantic Web standard. The following figure presents the process of exporting a 

taxonomy to an external file using the Taxonomy Server. 

 

Figure 4.8: Export a taxonomy to an external file 

The Taxonomy Server can work with different Semantic Web standards, such as 

RDF/XML, OWL2, LaTex, and Turtle. The following code extract describes the process 

of sending the taxonomy along with configuration to the Taxonomy Server and receiving 

exported file. 

/** 
 * Send taxonomy to TaxonomyServer and receive file content 
 * 
 * @param string $base 
 * @param string $type 
 * @param array $records 
 * @return bool|string 
 */ 
public function export($base, $type, $records) { 
    $result = FALSE; 
    $url = $this->serverBase. '/export'; 
 
    $curl = new CURLWrapper(); 
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    $resp = $curl->post($url, array( 
        'base' => $base, 
        'type' => $type, 
        'data' => json_encode($records), 
    )); 
 
    $response = json_decode($resp, TRUE); 
    if (empty($response['error'])) { 
        $result = $response['data']; 
    } 
    return $result; 
} 

Code Extract 5: Send taxonomy records to the Taxonomy Server for exporting 

 Taxonomy System Server 

The Taxonomy System Server (or Taxonomy Server) was implemented to support 

importing a taxonomy from different formats such as RDF/XML, OWL2, LaTex, … and 

exporting a taxonomy to a file in these formats. This is the case, where a set of features 

needs to be implemented in a different language because there is no existing library in 

current program language supporting it. In this case, there is no existing PHP library that 

supports parsing taxonomy in different formats. Library OWL API, an open-source 

library used to create, manipulate, and serialize OWL ontologies [246], will be used in 

the implementation of this server. There are different ways to implement these features 

and connect them to the C2TM. Table 4.1 compares the advantages, disadvantages, and 

risks of implementing the Taxonomy System Server as a REST server versus a standalone 

application. 

 REST Server Standalone Application 

Advantages Independent on other 

libraries (e.g., PHP/JAVA 

Bridge), which can be 

canceled without any 

further support or bug fix. 

Easy to implement, setup, 

and deploy (don’t need to 

install supported servlet 

engine or application 

server as in case of 

PHP/JAVA Bridge). 

The developer is free to do 

anything in Java without 

any constraint. 

Don’t need 3rd party libraries to run. 

Easy to implement. Don’t need Http 

Server to run a Java app. 

Easy to deploy. 



 

 

 

147 

 

Do not need to purify 

inputs. 

Can be accessed quickly 

because is always running. 

The Java app can be moved 

to a separated server if 

more resources are needed 

Disadvantages Have to check and restart 

the app if it is somehow 

stopped. 

Overhead because of 

running an Http server (?) 

Have to write Java and 

PHP separately in 2 apps 

The Java app needs to be on the same 

server 

Inputs need to be purified 

Still, need to write Java and PHP 

separately in 2 apps 

Initializing the JVM at each request 

takes up a lot of resources. 

Risks Not to be known. As it stated on PHP manual for ‘exec’ 

function, if inputs were not carefully 

purified, system calls can be injected 

and run. For example:  

public function test($input) { 

        exec("java -jar test.jar $input"); 

} 

 

Call:   

test(‘abc; cat /etc/passwd;’); 

 

Return:  

"solr:x:113:123::/home/solr:/bin/bash" 

Table 4.1: Comparison between REST Server and Standalone Application 

Based on the comparison in Table 4.1, a REST server is a better choice to implement the 

Taxonomy System Server. The REST interface, which acts as the gateway in the server, 

receives requests from the C2TM and passes along the parameters to an application, 

depending on the parameters. Figure 4.9 illustrates how the Taxonomy System Server 

works. It receives POST requests from the C2TM. Depending on the path of the request, 

the server detects if it is an export request or an import (parse) request and forward the 

requests to its handler accordingly.  The handler reads the parameters in the request then 

initializes the Parser in case of an import request or Exporter in case of an export request. 

The Parser will read the taxonomy file along with the configuration parameters sent by 
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the C2TM. By reading the configuration, it knows which kind of standard needs to be 

parsed. Furthermore, the configuration sent by the C2TM also tells the parser to store 

imported data in a certain type of array. Therefore, they can be sent back to the C2TM 

and extracted easier. 

 

Figure 4.9: Architecture of the Taxonomy System Server 

The Exporter works similar to the Parser. It reads the configuration parameters along 

with the taxonomy data sent by the C2TM. By reading the configuration, the Exporter 

knows how taxonomy data is stored in the array sent by C2TM, where properties are 

stored, etc. The Exporter then proceeds to export data to the chosen format. Code Extract 

6 presents the export function. 

public String export(String format) throws Exception { 
    OWLOntologyManager manager = OWLManager.createOWLOntologyManager();         
    OWLDataFactory factory = manager.getOWLDataFactory(); 
    OWLOntology ontology = manager.createOntology(IRI.create(this.base)); 
     
    for (Object key : nodes.keySet()) { 
     String uuid = (String) key; 
     JSONObject payload = (JSONObject) nodes.get(key); 
     JSONObject node = (JSONObject) payload.get("data"); 
      
     JSONObject dataProperty = (JSONObject) node.get("dataProperty"); 
     JSONArray objectProperty = (JSONArray) node.get("objectProperty"); 
      
     OWLClass concept = factory.getOWLClass((String) node.get("class"), pm); 
     OWLNamedIndividual current = factory.getOWLNamedIndividual(":" + uuid, pm); 
     OWLClassAssertionAxiom classAssertion = 
factory.getOWLClassAssertionAxiom(concept, current); 
     manager.addAxiom(ontology, classAssertion); 
      
     // dataProperty 
     if (null != dataProperty) { 
         for (Object abbreviatedIRI : dataProperty.keySet()) { 
          OWLDataProperty property = factory.getOWLDataProperty((String) 
abbreviatedIRI, pm);  
           
          JSONArray list = (JSONArray) dataProperty.get(abbreviatedIRI); 
          for (Object entry : list) { 
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           JSONObject obj = (JSONObject) entry; 
           String text = (String) obj.get("text"); 
              String lang = (String) obj.get("lang"); 
               
              OWLLiteral literal; 
              if (null != lang) { 
               literal = factory.getOWLLiteral(text, lang); 
              } else { 
               literal = factory.getOWLLiteral(text); 
              } 
                    OWLAxiom ax = factory.getOWLDataPropertyAssertionAxiom(property, 
current, literal);                 
                    manager.addAxiom(ontology, ax); 
          }   
         } 
     } 
      
     // objectProperty 
     if (null != objectProperty) { 
         for (Object entry : objectProperty) { 
          JSONObject obj = (JSONObject) entry; 
          String destination = (String) obj.get("destination"); 
          String name = (String) obj.get("name"); 
           
          if (null != nodes.get(destination)) { 
           OWLObjectProperty property = 
factory.getOWLObjectProperty(name, pm); 
           OWLNamedIndividual dest = 
factory.getOWLNamedIndividual(":" + destination, pm); 
                 OWLObjectPropertyAssertionAxiom propertyAssertion = 
factory.getOWLObjectPropertyAssertionAxiom(property, current, dest); 
                 manager.addAxiom(ontology, propertyAssertion); 
          } 
         } 
     } 
    } 
     
    ByteArrayOutputStream out = new ByteArrayOutputStream(); 
    OWLDocumentFormat owlFormat; 
    switch (format) { 
     case "rdf": 
      owlFormat = new RDFXMLDocumentFormat(); 
      break; 
      
     case "latex": 
      owlFormat = new LatexDocumentFormat(); 
         break; 
          
     case "turtle": 
      owlFormat = new TurtleDocumentFormat(); 
         break; 
      
     default: 
      owlFormat = new OWLXMLDocumentFormat(); 
    } 
     
    manager.saveOntology(ontology, owlFormat, out); 
    String result = new String(out.toByteArray(),"UTF-8"); 
    return result; 
}  

Code Extract 6: The export function of the Taxonomy System Server 
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 Version Control Component 

The next component of the C2TM is the Version Control. This component enables users 

to save (commit) the current state of a taxonomy, check the history of previous commits, 

reset (rollback) a taxonomy to a previously committed state or replace (merge) a 

taxonomy with one of its clones.  

/** 
 * Commit new snapshot 
 * 
 * @param string $asset 
 * @param string $comment 
 * @param array $cachedData 
 * @return bool 
 */ 
public function commit($asset, $comment, $cachedData) { 
    $blobs = array(); 
    $newestVersion = $this->em->getRepository('EcosystemBundle:Core\Version')-
>getNewest($asset); 
    if ($newestVersion) { 
        $blobs = $this->em->getRepository('EcosystemBundle:Core\Blob')-
>getBlobs($newestVersion->getId()); 
    } 
 
    $version = new VersionEntity($asset, $comment, $cachedData['history']); 
    $this->em->persist($version); 
    $this->em->flush(); 
 
    foreach ($cachedData['blobs'] as $key => $payload) { 
        $snapshot = new Blob($key, $payload['metadata'], $payload['hash'], $version); 
        if (!array_key_exists($key, $blobs) || $blobs[$key]['hash'] != 
$payload['hash']) { 
            $snapshot->setData($payload['data']); 
        } else { 
            $snapshot->setLastChange($blobs[$key]['lastChange']); 
        } 
    } 
 
    $this->em->flush(); 
    return TRUE; 
} 

Code Extract 7: Insert new taxonomy version to the database 

While building the taxonomy tree, a commit cache is being built. The process was 

described in Code Extract 1. The data related to each node in the taxonomy is stored. It 

can be the node’s unique identifier, metadata, data, such as properties and relations, and 

hash calculated from that data. All this data is collected in a so called Binary Large Object 

(BLOB). A snapshot is made of many blobs. The hash will be compared with the hash of 

the last commit of the same node to check if there is a change in this node since the last 

commit. If there is no change with the node, it is not necessary to store the data again 

since the same data from the last commit can always be retrieved. Users rarely make many 
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changes in one version. Therefore, this commit mechanism uses much less space 

compared to saving the whole taxonomy. Code Extract 7 presents the process of taking a 

snapshot of the current state of a taxonomy.  

 

Figure 4.10: User Interface of the Version Control in the RAGE KM-EP 

By checking if data was stored, the list of changes for each version can also be built as 

part of a commit’s history. Users can review the history to see the list of commits, when 

it was taken, and the changes made each snapshot. Figure 4.10 illustrates the UI of the 

Version Control component. In this figure, an exemplar RAGE taxonomy was being 

updated. There were a lot of changes. Therefore, the authors wanted to use the Version 
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Control to save the current state of the taxonomy in case they want to revert the changes 

in the future. 

If there is a mistake or if users just want to reset the taxonomy to a certain earlier version, 

there is a Rollback feature available. With this feature, data from a snapshot of the 

taxonomy is read, reconstructed, and then replaces the current taxonomy. The Version 

Control component reads every node that belongs to the snapshot of the chosen version. 

Data of the node is retrieved and used to reconstruct the node. If a node was not changed 

since a previous version, the script reads the flag last_change to detect when it was 

changed for the last time and goes there to retrieve the data. The work of component 

Version Control now is to rebuild the taxonomy from a set of blobs. It is not a 1:1 mapping 

since the taxonomy is made of two tables category and category_relation, and the blobs 

are stored in one table blob. The following code extract describes the process of 

converting the stored blobs back to a taxonomy’s categories and category relations. 

/** 
 * Recreate Category and CategoryRelations from Blob 
 * 
 * @param array $cache 
 * @param string $uuid 
 * @param array $nodes 
 * @param Taxonomy $taxonomy 
 */ 
public function createNodeFromBlob(&$cache, $uuid, $nodes, $taxonomy) { 
    $node = $nodes[$uuid]; 
    $category = new Category($node['class'], $taxonomy); 
    $category->fromArray($node); 
    $category->setUuid($uuid); 
    $this->em->persist($category); 
    $cache[$uuid] = $category; 
 
    foreach ($node['objectProperty'] as $relation) { 
        if (!array_key_exists($relation['destination'], $cache)) { 
            $this->createNodeFromBlob($cache, $relation['destination'], $nodes, 
$taxonomy); 
        } 
        $newRelation = new CategoryRelation($relation['name'], $category, 
$cache[$relation['destination']]); 
        $this->em->persist($newRelation); 
    } 
} 

Code Extract 8: Recreate category and its relationships from blob records 

The merge function supports the evolution of a taxonomy where users can replace a 

taxonomy with a better version. It is supporting that a taxonomy can be created by cloning 

from an existing taxonomy. Users can work with new taxonomy, change and improve it 

until it’s even better than its original version. The users then can decide if they want to 
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replace the old taxonomy with the improved one. Or this can be decided by the rating of 

the new version, which will be mentioned in the next section.  

 

Figure 4.11: User Interface of the merge feature of the RAGE KM-EP 

The tricky part is how to recognize which taxonomy is the source of the new taxonomy 

because users might change everything in the new taxonomy, and there is no way to know 

the source just by looking at the text. To solve this problem, a Persistent Identifier (PID) 

for each category was introduced in chapter 3. This PID is unique and will not change 

during the lifecycle of the category. The cloned categories will have the same PID as their 

source. In the process of merging a taxonomy, the component will search for other 

taxonomies that have the root with the same PID and sort them by rating. Users can then 

choose a taxonomy from the listed results for merging back. Figure 4.11 presents the user 
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interface of the merging function. In this figure, the exemplar Learning Goals taxonomy 

had a new version. This version was better than one that was being used by the system. 

Therefore, the new version needed to be merged back into the current version using 

Version Merge feature of the Version Control. The UI of the feature presents to users (1) 

the newest version of a taxonomy and (2) a list of taxonomies where the newest version 

can be merged into. 

 Taxonomy Rating Component 

The Taxonomy Rating component is implemented to serve the evolution process of 

taxonomies. The component enables users to rate a taxonomy by selecting a number of 

stars in the user interface. It also shows the current rating of a taxonomy by highlighting 

the stars and displaying the number of users who rated the taxonomy. Figure 4.12 

describes the architecture distribution and functional relationships of the components and 

services of the Taxonomy Rating. 

 

Figure 4.12: The architecture distribution and functional relationships of the 

components and services of the Taxonomy Rating 

Each time a visitor accesses a taxonomy, the AngularJS controller Rating Controller sends 

a load request to the backend. The Symfony controller Taxonomy Rating in the backend 

will search for all ratings of the taxonomy in table taxonomy_rating and calculate the 

average score based on the formula:  

average score = total score / number of ratings (1) 

The average score is returned to the frontend in JSON format. The AngularJS controller 
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then highlights the stars based on the score as well as showing the number of ratings of 

the taxonomy. The following figure displays the rating of the exemplar ACM taxonomy. 

The UI shows that one user has rated this taxonomy and the average score is 4.5 (stars). 

 

Figure 4.13: Rating of a taxonomy on the UI 

Users can rate a taxonomy by selecting how many stars they want. The frontend will send 

an update request with the selected score, user ID, and taxonomy ID to the backend. The 

Symfony controller Taxonomy Rating receives the request and tries to insert the record to 

the database. Furthermore, the controller also recalculates the average score of the 

taxonomy and send the new score to the search server. It helps to show the up-to-date 

average score of taxonomy in the search result. The search server in this case does not 

need to calculate the average score of each taxonomy that belongs to the result, which 

saves a lot of time and resources. The following code extract describes the process of 

updating Taxonomy Rating and indexing the new average score to the search server. 

/** 
 * action update 
 * 
 * @Route("/{registration}/{value}", name="rate_update", 
requirements={"registration": "\d+", "value": "\d+"}) 
 * @Method("GET") 
 */ 
public function updateAction(Registration $registration, $value) { 
    $userId = $this->getUser()->getId(); 
 
    if (!$userId) { 
        return $this->json('0'); 
    } 
 
    $rating = $this->getRepository()->findOneBy( 
        array('createdBy' => $userId, 'registration' => $registration) 
    ); 
 
    $em = $this->getDoctrine()->getManager(); 
    if ($rating) { 
        $rating->setRate($value); 
    } else { 
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        $rating = new Rating(); 
        $rating->setRegistration($registration); 
        $rating->setRate($value); 
        $em->persist($rating); 
    } 
    $em->flush(); 
 
    $stats = $this->getRepository()->getRatingByContentId($registration->getId()); 
    if (isset($stats['avg'])) { 
        $attributes = [ 
            'id' => $registration->getId(), 
            'rating' => $stats['avg'], 
        ]; 
 
        $this->get(Solr::class)->index($attributes, TRUE); 
    } 
 
    return $this->json('1'); 
} 

Code Extract 9: Update function for rating value of a taxonomy 

 Categorization Component 

Categorization is the fourth component of the prototype. The component lets users 

categorize content to categories, which are terms of one or different taxonomies.  

As mentioned above, an administrator can enable a taxonomy to be used for content 

classification and searching. The chosen taxonomies are called “seed taxonomy” or “base 

taxonomy”. The keyword “base taxonomy” is automatically added into the list of 

keywords of the taxonomies, so the user knows which taxonomies are being used for 

Figure 4.14: The architecture distribution and functional relationships of components 

and services of the Categorization 
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content classification and searching. Figure 4.14 describes the architecture distribution 

and functional relationships of components and services of the Categorization. 

When users edit their content, all main taxonomies are listed on the categorization panel. 

After the user selected a taxonomy, AngularJS controller Categorization calls API select 

in the backend. The Symfony controller Categorization uses a tree building function in 

the taxonomy service to process the input data for the jsTree library in the frontend and 

also search for existing assignments that belong to the same content and the selected 

taxonomy. With this information, a taxonomy tree can be built with preselected categories 

that the current content has been categorized with. The following code extract describes 

the process of building the taxonomy tree and preselecting the categories.  

/** 
 * Build preselected taxonomy tree 
 * 
 * @param TaxonomyEntity $taxonomy 
 * @param array $states 
 * @return array 
 */ 
public function preselectedTree(TaxonomyEntity $taxonomy, $states) { 
    //build tree 
    $jsTree = $this->buildNestedTree($taxonomy->getCategory()); 
    $this->selectNode($jsTree, $states); 
 
    if (isset($jsTree['children'])) { 
        $jsTree = $jsTree['children']; 
    } else { 
        $jsTree = []; 
    } 
 
    return array( 
        'success' => true, 
        'data' => $jsTree, 
    ); 
} 
 
/** 
 * Change the state of some categories based on the given list 
 * 
 * @param array $node 
 * @param array $states 
 */ 
private function selectNode(&$node, $states) { 
    if (array_key_exists($node['data']['uuid'], $states)) { 
        $node['state'][$states[$node['data']['uuid']]] = true; 
    } 
 
    foreach ($node['children'] as &$child) { 
        $this->selectNode($child, $states); 
    } 
} 

Code Extract 10: Build a taxonomy tree with pre-checked nodes 

The building function of the service returns the result as an array. The Symfony controller 
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wraps the array in JSON and gives it to the frontend. The AngularJS controller then 

decodes the JSON data and fetches it to the jsTree library. Finally, the taxonomy with its 

terms is presented in a tree format to the user. They can decide which terms are associated 

with the content and assign them to the content by selecting the terms and clicking on the 

Assign button. Figure 4.15 presents the user interface of the Categorization. In this figure, 

a user was trying to classify a content to several categories of the Learning Goals 

taxonomy using the Categorization component in the RAGE project.  

Figure 4.15: The Categorization component's user interface in the RAGE KM-EP 

When a user clicks on the Assign button, the frontend sends a request update to the 

backend with the payload, which are the list of selected categories, the ID of selected 

taxonomy and the ID of the editing content. The controller in the backend reads the 

parameters in the payload, tries to insert the new data to the database, and answers the 

frontend if it was successful or not. The backend controller also notifies the search server 

for this change in the categorization of the content. Therefore, indexed data can be 

updated immediately.  

When searching for content, users can select the terms of a category in the left panel to 

filter only the content that were categorized to these terms. The numbers in the right side 

of terms indicate the number of content items in the result list that were categorized to 
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those terms. With the faceted feature, the user can have an overview of the classification 

of content in real-time and quickly find the result by selecting only relevant categories. 

Furthermore, this enables navigation using the taxonomy’s hierarchical structure. When 

the website displays the categories in a hierarchical tree, like in the case of Amazon [247] 

and other online shopping websites, users can click on these categories to discover the 

products belonging to the categories and their sub-categories. By continuing to click on 

the sub-categories, users go deeper into a product category and only find the products that 

belong to that sub-category, which is a subset of the products belong to the category’s 

parent.  Figure 4.16 illustrates the user interface of an exemplar search page in the RAGE 

project. In this figure, a Categorization facet was created with the support of the 

Categorization component. This facet enables users to filter out and browse search results 

based on content categorizations. 

 

Figure 4.16: The indexed categorizations used for faceted search and browsing in the 

RAGE KM-EP 

When visitors browse content, they can see everything related to that content, such as its 
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title, authors, description, keywords, etc. The component Categorization is integrated into 

the page Content Display with the purpose of presenting the categories that the content 

was categorized to. For a better understanding of the categorization, the UI displays them 

as a list of terms. When users move their mouse over a term, the path from the root of the 

taxonomy to the term, including the name of all its ancestors, is shown. Figure 4.17 

displays part of the UI, where the categorizations of a content are shown. In this figure, 

an exemplar game component of the RAGE project was classified with several categories 

of the Learning Goals taxonomy. These categorizations illustrate which learning goals 

users will gain after using the component. This helps users to quickly find the correct 

components with the learning goals they are looking for.  

 

Figure 4.17: Categorization of a content displayed in the UI 

 KM-EP System Integration 

A content and knowledge management system is needed for the integration of the C2TM. 

Due to the KM-EP’s advantages, it was chosen to be the integration platform of the 

C2TM.  The newest version of the KM-EP is developed based on Symfony Framework. 
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MySQL is used to store data of the application in the model layer. jQuery, AngularJS, and 

Bootstrap helps to build and manipulate user interface in the view layer. As introduced in 

chapter 2, the KM-EP consists of many components, which have different functionalities 

and serve different purposes. Nevertheless, they were all developed following the same 

architecture, which consist of the following building blocks: 

• Controller: reads information from the Request object, creates and returns a 

Response object. The response could be an HTML page, JSON, XML, a file 

download, a redirect, a 404 error, etc. The controller executes the logic of the 

application and uses the result to render the content of a page [248]. The following 

code extract presents a simple controller class in the KM-EP: 

<?php 
 
/** 
 * Fixed Page controller. 
 * 
 */ 
class FixedPageController extends Controller { 
 
    /** 
     * Display Term of Service 
     * 
     * @Route("/terms-of-service", name="cms_fixed_terms") 
     * @Method("GET") 
     */ 
    public function termsAction() { 
        return $this->render('cms/fixed/terms.html.twig', array( 
            'url' => $this->container->get('request_stack')-
>getCurrentRequest()->getSchemeAndHttpHost(), 
        )); 
    } 
... 

Code Extract 11: A KM-EP controller 

• Entity: the framework lets applications fetch data from a table in the database to 

an object or persist data from an object to the database’s table. In order to do so, 

the “Entity”, acts as the map from the table on the database to the PHP class. The 

following code extract presents an example entity class in the KM-EP: 

<?php 
 
/** 
 * Element 
 * 
 * @ORM\Table(name="cms_element") 
 * 
@ORM\Entity(repositoryClass="EcosystemBundle\Repository\CMS\ElementRepository"
) 
 * @Gedmo\SoftDeleteable(fieldName="deletedAt") 
 */ 
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class Element extends BaseEntity { 
 
    /** 
     * @var string 
     * 
     * @Assert\NotBlank 
     * @ORM\Column(name="name", type="string", length=255) 
     */ 
    private $name;  
 
 
    /** 
     * Set name. 
     * 
     * @param string $name 
     * 
     * @return Element 
     */ 
    public function setName($name) 
    { 
        $this->name = $name; 
 
        return $this; 
    } 
 
    /** 
     * Get name. 
     * 
     * @return string 
     */ 
    public function getName() 
    { 
        return $this->name; 
    } 

Code Extract 12: A KM-EP Entity 

• Template: the controller can be used to generate a response to the user. In the sense 

of MVC, the work of the controller to different layers should be splitted, so the 

code can be tested and reused. That means, when a controller needs to generate 

HTML, CSS, or any other content, it hands the work off to the templating engine. 

A template is simply a text file that can generate any text-based format (HTML, 

XML, CSV, LaTeX ...) [249]. The following code extract presents an example 

template in the KM-EP: 

<!DOCTYPE html> 
<html> 
    <head> 
        <meta charset="UTF-8" /> 
        <title>Home</title> 
 
        {% block stylesheets %}{% endblock %} 
    </head> 
    <body> 
        <div id="content" ng-app="Ecosystem"> 
            {% block body %}{% endblock %} 
        </div> 
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        {% block javascripts %}{% endblock %} 
    </body> 
</html> 

Code Extract 13: A KM-EP Template 

• Service: a set of functions that are being used frequently by different components. 

Shared functions should be put into services, so that they are easier to find and to 

maintain. The following code extract presents an example service class in the KM-

EP: 

<?php 
 
/** 
 * ProxyService 
 */ 
class Proxy { 
     
    /** 
     * @var array 
     */ 
    private $config; 
 
 
    /** 
     * __construct 
     * 
     * @param array $config 
     */ 
    public function __construct($config) { 
        $this->config = $config; 
    } 
 
 
    /** 
     * Check if the proxy can be used 
     * 
     * @return bool 
     */ 
    public function isProxyReady() { 
        $json = file_get_contents($this->config['url']. '/ready'); 
        return $json == 1; 
    } 
… 

Code Extract 14: An exemplar KM-EP Service 

• Resource: JavaScript, CSS, images, fonts … that are needed to render a dynamical 

user interface for the KM-EP. 

Because both the KM-EP and the C2TM prototype were implemented based on the 

Symfony Framework, the prototype can be easily integrated into the KM-EP as a 

component. To do it, the source code in each folder of the prototype needs to be copied 

in the corresponding locations in the KM-EP.  Nevertheless, the prototype needs to 
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register taxonomy as a new content type of the KM-EP. As a result, taxonomies can be 

created by the C2TM prototype and indexed and searched by the ecosystem. Furthermore, 

a taxonomy can be used as learning materials in courses created by the KM-EP. To register 

taxonomy as a new content, the system’s configuration file needs to be changed as 

follows: 

content: 

    registration: 

        content/asset: 

            name:         'Component' 

            controller:   'EcosystemBundle:Content\Asset' 

            icon:         'glyphicon glyphicon-list-alt' 

            image:        '/images/content/asset.png' 

            entity:       'EcosystemBundle\Entity\Content\Asset' 

            form:         'EcosystemBundle\Form\Content\AssetType' 

        content/publication: 

            name:         'Document' 

            controller:   'EcosystemBundle:Content\Publication' 

            icon:         'glyphicon glyphicon-book' 

            image:        '/images/content/document.png' 

            entity:       'EcosystemBundle\Entity\Content\Publication' 

            form:         'EcosystemBundle\Form\Content\PublicationType' 

        content/multimedia: 

            name:         'Multimedia' 

            controller:   'EcosystemBundle:Content\Multimedia' 

            icon:         'glyphicon glyphicon-play' 

            image:        '/images/content/multimedia.png' 

            entity:       'EcosystemBundle\Entity\Content\Multimedia' 

            form:         'EcosystemBundle\Form\Content\MultimediaType' 

        content/software: 

            name:         'Software' 

            controller:   'EcosystemBundle:Content\Software' 

            icon:         'glyphicon glyphicon-hdd' 

            image:        '/images/content/software.png' 

            entity:       'EcosystemBundle\Entity\Content\Software' 

            form:         'EcosystemBundle\Form\Content\SoftwareType' 

        content/dialog: 

            name:         'Dialog' 

            controller:   'EcosystemBundle:Content\Dialog' 

            icon:         'glyphicon glyphicon-comment' 

            image:        '/images/content/dialog.png' 

            entity:       'EcosystemBundle\Entity\Content\Dialog' 

            form:         'EcosystemBundle\Form\Content\DialogType' 

        taxonomy: 

            name:         'Taxonomy' 

            controller:   'EcosystemBundle:Taxonomy\Editor' 

            icon:         'glyphicon glyphicon-tree-deciduous' 

            image:        '/images/content/taxonomy.png' 

            entity:       'EcosystemBundle\Entity\Taxonomy\Taxonomy' 

            form:         'EcosystemBundle\Form\Taxonomy\TaxonomyType' 

 

Code Extract 15: Content registration in config.yml 

The registration parameters inform the KM-EP about meta information related to a 

content, such as content name, which controller implements its interface, icon and default 

image for content display page, entity for new record, and property names. 

Furthermore, the user interface of the C2TM prototype needs to apply the KM-EP’s 
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overall design. Fortunately, the Symfony Framework allows inheritance in its templates. 

Therefore, the template files of the C2TM prototype only need to extend the KM-EP 

templates in order to get the same look and feel. Code Extract 16 illustrates how the proof-

of-concept prototype’s template inherits the KM-EP’s implemented design by using 

extends and block. 

{% extends 'grid/1col100.html.twig' %} 

 

{% block stylesheets %} 

    {{ parent() }} 

 

    ... 

{% endblock %} 

 

{% block javascripts %} 

    {{ parent() }} 

 

    ... 

{% endblock %} 

 

{% block title %}Taxonomy Manager{% endblock %} 

 

{% block mainCol %} 

    ... 

{% endblock %} 

 

Code Extract 16: The C2TM prototype’s template derived from the KM-EP 

Finally, using the autoload feature of the Symfony Framework, the Taxonomy Service 

can connect to and use other services of the KM-EP, such as Search Service and Cache 

Service. Code Extract 17 describes how KM-EP services can be initiated and used by the 

Taxonomy Service. In function indexCategorization, the Search Service is called at the 

end to index the categorizations of a content to the search server. 

 

/** 

 * TaxonomyService 

 */ 

class Taxonomy { 

 

    ... 

 

    public function __construct( 

        Search $searchService, 

        Cache $cacheService) 

    { 

        $this->searchService = $searchService; 

        $this->cacheService = $cacheService;  

    } 

 

    ... 

 

    /** 

     * indexing all categorizations of a single content 
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     * 

     * @param int $contentId 

     * @param bool $commit 

     * @return bool 

     */ 

    public function indexCategorization($contentId, $commit) { 

        $categorizations = $this->em-

>getRepository('EcosystemBundle:Taxonomy\Categorization')-

>findByRegistration($contentId); 

        $uuids = array(); 

        foreach ($categorizations as $categorization) { 

            foreach ($categorization->getSelected() as $uuid) { 

                $category = $this->em-

>getRepository('EcosystemBundle:Taxonomy\Category')->findOneBy( 

                    array('uuid' => $uuid, 'taxonomy' => 

$categorization->getTaxonomy()->getId()) 

                ); 

                if (!$category) { 

                    continue; 

                } 

                $paths = $this->findPathInDB($category); 

                $uuids = array_merge($uuids, $paths); 

            } 

        } 

 

        //build array of attributes with this array of categories 

        $attributes = [ 

            'id' => $contentId, 

            'category' => empty($uuids) ? '' : array_unique($uuids), 

        ]; 

 

        $result = $this->searchService->index($attributes, $commit); 

        return $result; 

    } 

Code Extract 17: KM-EP services are initiated and called by Taxonomy Service 

4.4 Summary 

This chapter described the implementation of the C2TM proof-of-concept prototype 

based on the conceptual information models and schemata designs that were introduced 

in chapter 3. The implementation of the prototype addresses the sixth research goal (RG 

6) of the system development phase of this dissertation including the RC 9 and the RC 

10.  

The prototype was developed and integrated as a component of the KM-EP to support the 

construction, collaboration, management, and evolution of a taxonomy. The prototype 

enables each member of the crowd to develop and manage their own taxonomies. With 

support of the version control system, users are enabled to manage the changes of their 

taxonomies. Every modification is being tracked and can be reverted. A complete history 

of changes helps users to compare different versions of a taxonomy. Furthermore, the 
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branching feature enables users to create multiple versions of a taxonomy.    

On the other hand, with support of the C2TM, the KM-EP is able to categorize content 

and use the categorizations for searching, browsing, and navigation. A persistent identifier 

introduced for each term in a taxonomy allows a taxonomy to be evolved without 

affecting the existing classifications. The Taxonomy Rating component was implemented 

based on crowd voting to support the evaluation of taxonomies in the ecosystem. Using 

it, authors can not only improve the accessibility of their taxonomies, but users can also 

choose the taxonomies that have the good relevance faster. Finally, the caching system 

allows thousands of taxonomies and terms to be retrieved and constructed in just a few 

milliseconds. 

In the next chapter, the proof-of-concept prototype will be evaluated in the context of 

different R&D projects. The target is for every aspect of the proof-of-concept 

implementation goals to be assessed and evaluated thoroughly by experts and users. The 

result of the evaluation will be the evidence of a successfully implementation. The chapter 

will address the last research goal (RG 7) of the experimentation phase in the research 

methodology and also the last remaining challenge (RC 12).  
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5 EVALUATION 

 

In the last chapter, the implementation of the C2TM proof-of-concept prototype was 

described. It was demonstrated that the concepts, models, designs, specifications, 

architectures, and technologies introduced in chapter 2 and 3 can be used to develop a 

working system prototype, in which the construction, collaboration, management, and 

evolution of taxonomies can be supported. Nevertheless, there is a lack of evidence that 

the developed solution is usable, useful, effective, efficient, etc. Therefore, the goal of 

this chapter is to conduct different evaluations on the implemented C2TM prototype in 

order to evaluate qualitative and quantitative aspects of the solution. 

There are different evaluation methods that can be used for software evaluation. In this 

chapter, a Controlled Experimental Study, which is a type of evaluation focusing on 

hypothesis testing [250], is conducted to validate the introduced approach of 

crowdsourcing taxonomy from a more effectiveness point of view. This type of 

experiment has been used for a long time in medical, psychological, and sociological 

research [251]. In this dissertation, the same methodology is applied for the evaluation of 

the C2TM software prototype. 

In the second type of evaluations, Surveys and Questionnaires are applied as the 

evaluation methodology. In many respects, questionnaires provide the easiest and least 

expensive method for obtaining measurement data on a system [250]. The goal is to 

evaluate the feasibility, usability, and efficiency of the implemented prototype based on 

users’ direct feedback after initially working with the prototype. In this way, it can be 

evaluated if the proof-of-concept can be applied successfully in reality.  

Finally, the application of the prototype in production environments is discussed in the 

third type of evaluations. The contributions of the prototype to different Research and 

Development projects are described. By reviewing the prototype in different knowledge 

and application domains, the adaptability and generality of the solution can be initially 

validated. With the results gathered from the three types of evaluations, the last research 

goal of the experimentation phase of the research methodology in this dissertation (RG 

7) will be achieved.  
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5.1 Qualitative Evaluation 

To achieve the first goal of evaluating the qualitative effectiveness of the tool in terms of 

the quality of the work on the taxonomy, an evaluation is now planned. The general 

concept of this evaluation is to let experts and the crowd do the same task, then compare 

the result to validate if the crowd has really done a similar good or even better job than 

the experts. 

 Target Participants 

The evaluation was completed with the help of two exemplar user groups. The first group 

contains 17 members with different backgrounds and educations. It is worth to mention 

that the participants are not experts in the application and knowledge domain that this 

evaluation was covering. Their job is to complete the first two tasks of the evaluation. 

The second group has 16 members, also with different backgrounds. 14 of them are 

normal users, one of them is an expert in the domain of automotive, and another one is 

an expert in the domain of travel. Their task is to rate the result produced by members of 

the first group. 

 Evaluation Setup 

For the evaluation, an experiment guideline for the participants is prepared. The guideline 

and the tasks can be found in the appendix A and B. In this guideline, information related 

to the experiment is described as follows: 

• Introduction of the concept of a taxonomy: the concept of a taxonomy is described 

in simple sentences along with a simple example of a taxonomy in hierarchical 

form as well as in a list structure. 

• Goals: the purpose of this evaluation, which is to evaluate the crowd’s qualitative 

performance against the expert’s taxonomy evolution, is presented. 

• Experiment: the steps of the experiment are described as well as the learning phase 

and doing phase which these steps belong to. 

• Experiment taxonomies: the taxonomies, which will be used as templates in the 

evaluation, is introduced. Figures of these taxonomies are also included. 

• Tasks: three tasks in this evaluation are step-by-step described to the participants. 

With each task, an example of how they need to be done is also presented.  
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Figure 5.1: A part of the IAB’s Quality Assurance Guidelines Taxonomy [254] 
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• Questions: at the end of the learning phase, each participant has the opportunity 

to ask questions if there is something that they do not understand.  

The evaluation until now is also considered as a pre-test. This methodology is 

described by Uta Stürmer in her thesis “Pretesting: A Necessary Step Towards 

Evaluating Interactive IR User Interfaces” [252]. This step validates if the 

information was clear enough for the participant to understand and able to do the 

evaluation. 

• Result: Finally, information on how to report the result is presented in the 

guideline. 

In this evaluation, IAB’s Quality Assurance Guidelines (QAG) Taxonomy is chosen as 

the initial expert taxonomy. According to Filippis (2018), the Interactive Advertising 

Bureau (IAB) is one of the most influential organizations in the online advertising 

business and currently, brings together more than 650 leading companies in the industry 

that control 86% of the U.S. market. Today, IAB has become a standard for content 

classification, especially in fields with strong ties to the digital economy and new social 

media. The Quality Assurance Guidelines Taxonomy was created in 2011 by IAB 

Networks and Exchanges Committee as part of the Quality Assurance Guidelines (QAG) 

Program. This taxonomy has two tiers. The first tier is made of 24 categories, and the 

second tier has 361 sub-categories [253]. Figure 5.1 presents a part of the IAB’s Quality 

Assurance Guidelines Taxonomy. 

Since then, IAB’s Taxonomy and Mapping Working Group have been working on the 

QAG Taxonomy with the goal of to create an enhanced and more powerful taxonomy, 

enabling content creators to more accurately and consistently describe content, 

facilitating more relevant advertising and providing a higher quality and more granular 

foundation for data analysis [254]. As a result, a new version of the QAG Taxonomy was 

introduced in 2017 called “IAB Tech Lab Content Taxonomy”. The new Content 

Taxonomy has more than 400 new site content classifications across 29 tier 1 categories 

[255]. Figure 5.2 illustrates a part of the new Content Taxonomy. This taxonomy is chosen 

to be evaluated as the new version of the expert taxonomy. 
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Figure 5.2: A part of the IAB’s Content Taxonomy 

To support users in the modification and rating of a taxonomy, a web-based tool was 

implemented to support this evaluation. This tool lets users create and edit a taxonomy 

using tree structures and simple interactions such as drag-and-drop, right-click-menu, etc. 

Furthermore, users can rate for taxonomies by just selecting the stars under them. The 

tool distinguishes taxonomies that are being rated by highlighting the differences between 

them with different colors. This enables users to skip similar parts and quickly compare 

the structure of the taxonomies. Figure 5.3 presents the interface of the implemented tool 

that lets people vote for new taxonomies created by the crowd.  

The purpose of this evaluation is to validate the introduced approach of crowdsourcing 

taxonomy from a more effectiveness point of view. This can be done with or without 

using the C2TM. By letting participants use a simple version of the C2TM, factors, such 

as, e.g. learning curve of the system, user motivation, quality of the tutorial, are prevented 

to interfere with the result of the evaluation. Furthermore, users need time to learn how 
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to use the C2TM properly and the C2TM prototype also needs time to be deployed. By 

using a simple version of the C2TM, participants can save time and avoid confusion. 

 

Figure 5.3: A web-based tool implemented to support the evaluation 

 Procedure 

In this evaluation, deliberate participants from the crowd are given three tasks. In the first 

task, all the changes that the experts made to upgrade the initial expert taxonomy (Quality 

Assurance Guidelines Taxonomy) to the new version of the expert taxonomy (IAB Tech 

Lab Content Taxonomy), such as adding new terms, renaming terms, deleting terms and 

moving terms into groups, … are given as a task to each member of the crowd. They are 

asked to redo each change at a position they find comfort in the initial taxonomy and see 

if they can re-create the same new taxonomy as the experts did. The purpose of this task 
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is to evaluate the crowd’s qualitative performance against the expert taxonomy evolution. 

This can be considered as a benchmark against the global “expert-based truth”. 

After the experiment, the result is collected and analyzed. The similarity between the 

taxonomy created by the crowd and the new version of the expert taxonomy is compared 

[160]. Let S1 be the set of all parent-children pairs in the expert taxonomy and S2 be the 

set of all parent-children pairs in the crowd taxonomy. Then, precision, recall, and F-score 

can be calculated as follows: 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
|𝑆1⋂𝑆2|

|𝑆2|
 (2),   𝑅𝑒𝑐𝑎𝑙𝑙 =

|𝑆1⋂𝑆2|

|𝑆1|
  (3), 

 

𝐹 = 2 ∗
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ∗ 𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑅𝑒𝑐𝑎𝑙𝑙
  (4) 

In the formulae, precision measures the exactness of the crowd taxonomy evolution, and 

where recall is a measure of the completeness of the crowd taxonomy evolution while F-

score measures the accuracy of the evaluation. The result leads to the answer to the 

question “Are the crowd’s taxonomy evolution actions as good as those of the experts?” 

In the second task, both the initial taxonomy and the new taxonomy of the expert are 

shown to each member of the crowd and ask them to answer some questions, such as 

“what has been changed”, “do you agree”, “if not, what would you change and why”. By 

changing the new expert’s taxonomy, the participant creates a new taxonomy. By the end 

of the second task, a list of new taxonomies is collected as the final result.  

In the last task, the list of taxonomies that the crowd made in the last question is given to 

the second group of users and experts along with the new taxonomy created by the IAB’s 

experts. Each taxonomy is rated on the scale from 1 to 10 by the group, 1 if they think the 

taxonomy does not represent the topic and 10 if they think it is the best taxonomy to 

represent the current topic. In the end, it is important to know if the taxonomy, which has 

the highest score, is the one created by the crowd or the experts. With this task, it is 

possible to show which group provided a better taxonomy and to validate if the crowd is 

truly better than the experts. 

 Evaluation Results 
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As part of the pre-test, before participants started to do their tasks, they are asked if they 

understand what they need to do and is there anything that is hard to understand, or do 

they have any question. The result is 14 participants have no questions. Two participants 

have the same question if all the terms needed to be organized into categories, or they can 
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Table 5.1: Precision, recall, and F-score calculated for each participant's result in task 1. 
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stand alone. A participant asked how deep the taxonomy should be. Overall, the 

introduction and the task were clearly explained, and the participants could proceed with 

the evaluation. 

After the participants completed the first task, all parent-children set in each taxonomy 

made by the crowd and in the new version of the expert taxonomy are counted. Using the 

equation (2), (3), and (4), the precision, recall, and F-score of each participant in the first 

task are calculated. Table 5.1 presents the statistic of the result in the first task.  

The best result for category “Automotive” is from participant 7 with a precision of 90% 

and a recall of 95%, which means he or she has performed nearly identical as the experts. 

Nevertheless, the best result for the category “Hobbies & Interests” is lower with a 

precision of 89% and a recall of 91%. The category “Travel” has the best result with a 

precision of 100% and a recall of 95%, which means the participant has created the 

category exactly like the experts and only missed one term. 

Figure 5.4: Precision statistic of the result in task 1 

As shown in Figure 5.4, the participants have achieved a good result in the category 

“Travel” as many people have knowledge about travelling. None of the created 

taxonomies in this category has a precision below 0,6. The next category that has a good 

result is “Automotive”. More than 88% of the taxonomies in this category has a precision 

above 0,6. Nevertheless, 6% of the taxonomies of this category has a precision below 0,4. 
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This might due to the fact that “automotive” is a common topic, but not everyone knows 

or cares about it. The last category, “Hobbies and Interests” has the worst result, where 

the number of taxonomies, which has a precision higher than 0,62, dropped to 47%.  There 

are still several taxonomies that have precision higher than 80%. Nevertheless, this shows 

that in some topics, people can have diverse opinions.  

Figure 5.5: Recall statistic of the result in task 1 

Figure 5.5 illustrates the statistic of recall calculated in Table 5.1. This measures the 

completeness of the taxonomies created by the crowd. The result of the category “Travel” 

is still the best of three categories. None of the taxonomies in this category has recall 

below 0,6. One of the taxonomies even reaches 0,96, where it only missed one term 

compared to the expert taxonomy. The category “Automotive” is in the second place, 

where 94% of its taxonomies have at least a recall of 0,55, which means 55% of the terms 

in the created taxonomy are correct. The category “Hobbies & Interests” is at last position, 

but its taxonomies still reached 90% recall like other categories. 

In task 2, 5 in 17 participants agreed with the experts’ version of category “Automotive” 

while only one participant agreed with the experts’ version of the category “Hobby & 

Interest”. Furthermore, 8 in 17 participants agreed with the experts in the category 

“Travel”. Therefore, there are 12 new taxonomies suggested by the crowd for the category 

“Automotive”, 16 new taxonomies for the category “Hobby & Interest”, and 9 for the 

category “Travel”. Table 5.2 presents the statistic of the outcome of this task. 
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 Automotive Hobby & Interest Travel 

Agreed 5 (29,4 %) 1 (5,9 %) 8 (47,1 %) 

Disagreed 12 (70,6 %) 16 (94,1 %) 9 (52,9 %) 

Total 17 (100 %) 17 (100 %) 17 (100 %) 

Table 5.2: Agree and disagree statistic of task 2 

The agreement rate partly shows users’ opinion about the experts’ work on these 3 

categories. They value the work of an expert in the category “Travel” the best, as nearly 

half of them agreed with the experts’ version. Participants value experts’ work the least 

in category “Hobby & Interest” as only one of them agreed with the experts. Most of them 

came up with a new taxonomy that they think represent the topic better than the one from 

the experts. That leads to task 3, where another group of the crowd, which consist of both 

normal users and experts, rates these new taxonomies.  

In task 3, 14 participants and 2 experts rated new taxonomies created by the crowd in task 

2. One in two experts rated the taxonomies in category “Automotive” and another one 

rated the taxonomies in category “Travel”.  The scale is from 1 to 10, 1 if the user thinks 

the rated taxonomy is the worst taxonomy to represent the category and 10 if they think 

it is the best taxonomy to represent the current category. Table 5.3 presents the result of 

the ratings in category “Automotive”. In this category, there are 12 new taxonomies 

created by the crowd and one taxonomy from the expert, which was introduced in section 

5.1.2 (#2 marked with red color). Together, there are 13 taxonomies from #1 to #13 that 

were rated by 14 participants from #1 to #14 as well as one expert (result in the last row). 

As shown in the table, the average rating of each taxonomy was calculated in the row 

“Average”. Taxonomy #11 has an average score of 8,79 and is the highest-rated taxonomy. 

It was confirmed as the expert in this domain also rated it with the highest score. As shown 

in the result table, taxonomy #11 was given a score of 10 by 8 in 14 participants. 

Furthermore, 3 other participants gave it a score of 9. Meanwhile, taxonomy #2, which is 

the new version of the expert taxonomy, only has an average score of 5,79. This score 

also was confirmed as the expert in this domain gave it a score of 6, which is very close 

to the average score. No participant gave it a maximum score. The highest score that this 

taxonomy received is 8. Fortunately, this taxonomy was not the one with the lowest rating. 

Taxonomy #3 was rated the lowest with an average score of 4,43. This was also confirmed 

by the domain expert when he rated it with a score of 2, which is also the lowest score 
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that the domain expert rated a taxonomy with. 

The next result belongs to the category “Hobbies & Interests”. Table 5.4 summarizes the 

result of this category. There are 16 new taxonomies created by the crowd in this category 

and one taxonomy #10 from the expert, which was marked in color red. All 17 taxonomies 

were voted by 14 participants. Unfortunately, there is no domain expert in this category 

since it is difficult to find an expert in the area of “Hobbies and Interests”. The result of 

the rating was gathered, and the average score for each taxonomy was calculated.  
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Table 5.3: Rating result of category "Automotive" 
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The highest average score belongs to taxonomy #14, with the value of 7,57. While this 

average score is lower than the highest average score in category “Automotive”, no 
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Table 5.4: Rating result of category "Hobbies & Interests" 
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participant rated this taxonomy lower than 6, compare to taxonomy #11, where one 

participant rated it with a score of 3.  

The expert taxonomy #10 in this category received an average score of 6,36. That means 

the participants also do not think this taxonomy is the best in the category. The same 

situation happened in the previous category, where the expert taxonomy has an even lower 

average score of 5,79. The lowest average score belongs to taxonomy #3 in this category. 

It has the score of 4,71, which also higher than the lowest average score in category 

“Automotive”. 

Table 5.5 presents the rating result of the category “Travel”. There are 10 taxonomies 

listed for a rating in this category. 9 of them was created by the crowd in task 2, and one 

taxonomy is the new version of the expert taxonomy, which was introduced and used in 

the second task. There are 14 participants voted in this task along with one domain expert 

in the area of “Travel”. The expert’s rating will be used to compare and verify with the 

P
articip

an
t 

N
ew

 Taxo
n

o
m

y 

 
#1

 
#2

 
#3

 
#4

 
#5

 
#6

 
#7

 
#8

 
#9

 
#1

0
 

#1
 

7
 

7
 

9
 

7
 

1
0

 
7

 
1

0
 

7
 

1
0

 
8

 

#2
 

7
 

7
 

6
 

6
 

7
 

6
 

5
 

6
 

7
 

7
 

#3
 

7
 

6
 

8
 

6
 

8
 

8
 

7
 

8
 

1
0

 
8

 

#4
 

4
 

7
 

2
 

5
 

6
 

2
 

1
 

5
 

7
 

6
 

#5
 

6
 

5
 

6
 

5
 

9
 

6
 

7
 

7
 

7
 

6
 

#6
 

9
 

6
 

6
 

8
 

8
 

9
 

2
 

6
 

8
 

8
 

#7
 

6
 

1
0

 
8

 
8

 
9

 
6

 
6

 
6

 
9

 
6

 

#8
 

4
 

6
 

5
 

6
 

8
 

4
 

3
 

4
 

6
 

6
 

#9
 

8
 

5
 

8
 

7
 

7
 

8
 

7
 

7
 

8
 

9
 

#1
0

 
8

 
9

 
6

 
9

 
9

 
8

 
6

 
8

 
1

0
 

9
 

#1
1

 
7

 
1

0
 

1
0

 
3

 
8

 
9

 
7

 
1

0
 

1
0

 
8

 

#1
2

 
1

0
 

7
 

8
 

7
 

9
 

8
 

6
 

8
 

8
 

1
0

 

#1
3

 
6

 
4

 
8

 
2

 
4

 
6

 
4

 
6

 
8

 
6

 

#1
4

 
8

 
9

 
7

 
6

 
6

 
7

 
3

 
7

 
8

 
6

 

A
verage

 
6

,9
3 

7
,0

0 
6

,9
3 

6
,0

7 
7

,7
1 

6
,7

1 
5

,2
9 

6
,7

9 
8

,2
9 

7
,3

6 

Exp
ert 

8
 

6
 

6
 

4
 

9
 

7
 

8
 

7
 

8
 

8
 

 

Table 5.5: Rating result of category "Travel" 
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average rating of other participants. The highest average score belongs to taxonomy #5. 

The taxonomy was rated with an average score of 8,29, which is lower than the highest 

average score in category “Automotive” but higher than the highest average score in 

category “Hobbies and Interests”. Same as category “Hobbies and Interests”, while this 

average score is lower than the highest average score in category “Automotive”, no 

participant rated this taxonomy lower than 6, compare to taxonomy #11 in this category, 

where 8 participants gave it a score of 10, but one also gave it a score of 3. One interesting 

thing is the taxonomy was not rated with the highest score by the domain expert. It was 

only received a score of 8 while the taxonomy #5, which has the average score of 7,71, 

got a score of 9 from the domain expert. The new version of the expert taxonomy, which 

was marked in color red, was rated with an average score of 6,93. Once again, the new 

version of the expert taxonomy did not have the highest average score, and this was 

confirmed by the domain expert. The expert rated this taxonomy with a score of 6, which 

is very close with the average score. The lowest average score belongs to taxonomy #7. 

Similar to taxonomy #9, the expert did not rate the taxonomy with the score close to the 

participants. He gave this taxonomy a score of 8 while other participants voted this 

taxonomy with an average score of 5,29. 

 Summary and Discussion 

Two groups of crowds participated the evaluation doing three tasks. The first task was to 

apply the changes, such as create a new term, rename term, delete term and organize terms 

into different categories, to the initial expert taxonomies in three topics “Automotive”, 

“Hobbies and Interests”, and “Travel”. In the second task, participants have been 

presented two taxonomies from each topic: the initial expert taxonomy and the new 

version of the expert taxonomy. They were asked if they agree with the new version of 

the expert taxonomy. If not, how would they change it. By changing the new version of 

the expert taxonomy, participants produced new taxonomies. In task 3, the participants of 

this task were asked to rate each new taxonomy created in the second task by the scale 

from 1 to 10.  

17 participants from the first group did the task 1 and task 2. Figure 5.6 presents the 

average precision obtained from the first task. The category “Travel” has the highest 

average precision with the value of 0,83. This means the taxonomies created by the 

participants in the first task are averagely 83% similar to the new version of the expert 



 

 

 

183 

 

taxonomy. This category also has the highest precision value, where one participant 

received the precision of 100%. Furthermore, the worst precision value in this category 

(0,62) also higher than in other categories. Overall, participants did the evaluation in this 

category better than the other two. This might due to the fact that everyone is familiar 

with the topic, and there are only 2 terms in this category have narrower terms. The 

category “Automotive” has slightly better average precision (0,72) than the category 

“Hobbies & Interests” (0,68). It also has better maximum precision (0,9) than category 

“Hobbies and Interests” (0,89). Nevertheless, the category has a lower value (0,38) in 

minimum precision. People tend to know more about automotive in general since almost 

everyone has a car or motorbike. But there is still someone who does not. In contradiction, 

everyone has a hobby or interest, but they do not have the knowledge across the whole 

domain. That is why no participant did bad in this category, but the average precision is 

not the highest. From the result above, it is possible to say that the crowd can perform 

close or even similar to the experts. One advantage of the crowd is that not everyone but 

only a few members are needed to have a good performance.  Their result can be used as 

a steppingstone for other members in the next rounds. 

Figure 5.6: Average precision of the result in task 1 

14 participants and 2 domain experts from the second group have completed the last task. 

Figure 5.7 illustrates the performance of the group compares to the automotive domain 

expert in category “Automotive”. As shown in the figure, the automotive expert has a 
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similar rating as the average rating of the crowd as the distance between the average score 

and the expert’s score is very short. Furthermore, the automotive expert agreed with the 

crowd by choosing taxonomy #11 to be the best taxonomy and taxonomy #3 to be the 

worst. This verified the fact that the crowd, although has different opinions or 

background, in large number they can perform at least similar as the domain expert.

 

Figure 5.7: Rating of the crowd and the domain expert in category "Automotive" 

In this category, taxonomy #2, which was created by IAB’s experts, was not rated the best 

by the crowd, and the automotive expert agreed with them. In fact, the average score is at 

nearly an identical position (5,79) as the automotive expert’s (6). The best taxonomy in 

this category belongs to #11. This provides a conclusion that the work of the crowd can 

outperform the experts’ and lead to a better result. 

Figure 5.8 presents the performance of the crowd compared to the travel domain expert 

in the category “Travel”. In this category, the travel expert has similar opinions as to the 

crowd as the distances between the average score of the participants and the domain 

experts are very short. Nevertheless, the opinions on which taxonomies represent the topic 

the best and the worst are different between the crowd and the travel expert. The crowd 

rated taxonomy #9 the highest with an average score of 8,29. Although the travel expert 

rated very close to the crowd with a score of 8, he rated taxonomy #5 the highest with a 

score of 9. In the case of the taxonomy that has the worst rating, the travel expert gave 
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taxonomy #4 a score of 4, while taxonomy #7 has the lowest average score of 5,29. It 

shows that it is not always easy for an expert to distinguish the quality of the taxonomy 

when there are many similar versions. In this situation, it is best to ask for the opinions of 

the crowd. 

 

Figure 5.8: Rating of the crowd and the domain expert in category "Travel" 

To summarize, the result of three tasks done by different groups of the crowd and experts 

showed that the taxonomy evolution actions performed by the crowd could be close or 

similar good as performed by the experts. Furthermore, the crowd can even provide 

taxonomy with better quality than the experts. And this is the proof-of-concept, which 

was hoped to be achieved in this section. 

5.2 Quantitative Evaluation 

In the context of the EU-funded R&D project RAGE, a second type of evaluations is 

organized. The goal of this evaluation is to evaluate the feasibility, usability, and 

efficiency of the prototype itself by gathering feedbacks on initial features and 

functionality. The Surveys and Questionnaires method is applied in this evaluation. From 

the answers gathered from the participants, the quantitative factors of the prototype, such 

as, e.g. the usefulness, usability, can be determined. Parts of this section was published in 

First RAGE Evaluation Report [256]. 
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 Target Participants 

The prototype was analyzed in detail and with different user groups. The involvement of 

stakeholders is considered critical for the success of the implemented prototype. Users’ 

attitudes and the actual usage of the prototype should be evaluated to be attractive to 

relevant stakeholder groups. To make sure that the evaluation covers both, internal and 

external opinions and ratings, the target participants consisted of two groups: “internal” 

participants from the consortium and “external” participants, which are game developers 

or target group with a similar focus, students-potential users. 10 members from different 

consortium partner institutions and 10 external participants took part in this evaluation of 

the prototype and provided their feedback. 

 Evaluation Setup 

A test environment was set up for the evaluation. Data was cloned from the RAGE KM-

EP, including 17 publications, 10 assets, 9 software, 3 multimedia, and 4 taxonomies. All 

content was categorized using the 4 taxonomies. 10 user accounts and 1 admin account 

were created. Each user account has 4 taxonomies, which were cloned from the 

ecosystem’s base taxonomies. 

 Goals and Instruments 

As evaluation techniques, a combination of questions/items from standardized 

questionnaires UMUX [257], USE [258], Münsteraner Fragebogen zur Evaluation – 

Zusatzmodul Diskussion [259], questionnaire items used by Papadakis, Andreou, and 

Chrissikopoulos [260], and open questions concerning the functionality of some features 

were used. The survey largely covered questions to be answered on a 7-point-likert-scale 

from strongly disagree (1) to strongly agree (7) and contained the category “no answer” 

as well. At the end of the survey, three open questions concerning the improvement of the 

prototype and the tutorial were asked as well. Overall, there were seven evaluation 

categories: Usability, Usefulness, User Interface, Tutorial Quality, Experience with 

taxonomies and taxonomy management systems, Version Control, Export and Import 

Features, and improvements concerning the C2TM. Data on the evaluation categories 

were collected as follows: 

Usability: To assess the usability of the so-called UMUX questionnaire, the usability 

metric for user experience [257] was used. This questionnaire consisted of 4 items to be 
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answered on a 7-point rating scale.  

Item ID Text 

Usab1 This tool’s capabilities meet my requirements.  

Usab2 Using this tool is a frustrating experience.  

Usab3 This tool is easy to use.  

Usab4 I have to spend too much time correcting things with this 

tool.  

Table 5.6: Questions about the usability 

Usefulness: One scale with 8 items from the USE (usefulness, satisfaction, ease of use; 

[258] was adopted. Responses were given on the same 7-point rating scale as for the 

UMUX. 

Item ID Text 

Usef1 It helps me be more effective. 

Usef2 It helps me be more productive. 

Usef3 It is useful. 

Usef4 It gives me more control over the activities in my work. 

Usef5 It makes the things I want to accomplish easier to get 

done.  

Usef6 It saves me time when I use it 

Usef7 It meets my needs. 

Usef8 It does everything I would expect it to do. 

Table 5.7: Questions about the usefulness 

User Interface: Information about how fast the C2TM works and how the user interface 

feels, was gathered in the context of the online survey. Questions concerning the buttons, 
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icons, images, and texts were also included in the questionnaire. In order to ensure good 

compatibility with the other scales/categories, the 4 items affecting the user interface were 

answered on a 7-point rating scale.  

Item ID Text 

UI1 The C2TM works fast. 

UI2 The user interface feels good.  

UI3 Buttons, images, and texts are in the right position. 

UI4 Enough information and explanations are presented. 

UI5 The images and icons look good. 

Table 5.8: Questions about the user interface 

Tutorial Quality: The general assessment of the quality and “usefulness” of the provided 

written tutorial was gathered by 6 items in the survey, based on the questionnaire 

“Münsteraner Fragebogen zur Evaluation - Zusatzmodul Basistexte” [259].  

Item ID Text 

Tut1 The tutorial is well written. 

Tut2 The tutorial helps me to know how to use the C2TM. 

Tut3 I spent a lot of time reading the tutorial. 

Tut4 I don’t need the tutorial. 

Tut5 I only use the tutorial when I had trouble with the C2TM. 

Tut6 I needed to learn a lot of things before I could get going 

with the C2TM 

Table 5.9: Questions about the tutorial 

Experience with Taxonomies and Taxonomy Management Systems: The category 

demographics contained items concerning the experience with taxonomies or other 
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taxonomy managers and compared the functions of the RAGE taxonomy manger to other 

systems. This category consisted of 3 items, and the responses were given on a 7-point 

rating scale. 

Item ID Text 

D1 I have experience with/knowledge about Taxonomy. 

D2 I have used Taxonomy systems before. 

D3 This system has the same quality and functionalities as the 

system I have used. 

Table 5.10: Questions about the experience with the taxonomy concept 

Taxonomy Editor: Like the category above, this category consisted of 3 items answered 

on a 7-point-rating scale and dealt with the taxonomies as a term and the visualization 

and the metadata as well. 

Item ID Text 

T1 I spent a lot of time testing the Taxonomy Editor. 

T2 The tree representations help me to visualize the 

relationship between nodes in the taxonomy. 

T3 I need more input fields to put more detail/metadata about 

the taxonomy. 

Table 5.11: Questions about features of the Taxonomy Editor 

Version Control: To assess the quality of management of changes to the built taxonomies, 

6 items were selected. They affected the speed of the commit, rollbacks, and the version 

control itself. The questions were phrased based on the questionnaire items used by [260]. 

The questions were, as in all categories, answered on a 7-point rating scale. 

Item ID Text 

VC1 Version Control is very useful and needed. 



 

 

 

190 

 

VC2 The speed of the commit is fast. 

VC3 I sometimes need rollback 

VC4 I roll back to the previous version because I’ve made a 

mistake. 

VC5 Rollback feature is necessary. 

VC6 The color and icons for the text in the commit page, 

which provides info about changes of the taxonomy 

before committing, is useful. 

Table 5.12: Questions about the Version Control 

Export and Import Quality: This category was operationalized in terms of users’ 

perception of the import and export function, and questions about the options for 

exporting types. Therefore 4 items with answering possibilities from strongly agree to 

strongly disagree (7-point rating scale) were included in the survey.  

Item ID Text 

EI1 Import/Export feature is easy to use. 

EI2 Import/Export speed is fast. 

EI3 The number of options for exporting file type is enough. 

EI4 I have exported files on other taxonomy manager systems. 

Table 5.13: Questions about import and export functions 

Improvements: Besides the questions with answers on a 7-point rating scale, there were 

3 open questions at the end of the survey, concerning improvements of the C2TM and the 

tutorial as well. The answers were interpreted separately. 

Item ID Text 

S1 Which functions or aspects are lacking in the current 

solution in your opinion? Do you have ideas for 
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improvements or alterations of the C2TM? 

S2 Do you think the support materials (manuals, tutorials, 

etc.) are sufficient? 

S2b b If no: What is lacking? 

Table 5.14: Questions about the improvement 

 Procedure 

Teams from Work Package 6 (WP6) Ecosystem Development and Work Package 8 (WP8) 

Evaluation of the project RAGE were working together under supervision of the author 

of this thesis to create access to the prototype and to develop the evaluation questionnaire. 

Members of the consortium and external game developers as well were contacted by WP8 

members to participate in the evaluation of the C2TM prototype.  

To prepare the participants for the evaluation, a test environment was setup. A tutorial for 

the C2TM, prepared by members of WP6, was also sent out. The tutorial can be found in 

appendix C. To get familiar with the C2TM, a specific task was prepared, to make sure 

that all the participants work with the C2TM prototype in a comparable way in a 

comparable timeframe. Processing the task took approximately around half an hour (up 

to 45 minutes for unexperienced users), including the time to go through the provided 

tutorial. The survey itself was carried out via the Lime Survey3 and took about 15 minutes. 

 Evaluation Results 

All statistical analyses were conducted using the software IBM SPSS Statistics4 version 

23. The general level of significance was fixed at p < .05 (two-tailed) for all analyses. For 

further analysis and to have a look if there is a difference between the stakeholder-groups, 

the participants were divided into two groups – external and internal participants.  A series 

of one-way analyses of variance (ANOVA) on each of the dependent variables (evaluation 

categories) were conducted. Prior to that, the homogeneity of variance assumption was 

tested and considered satisfied. Although three of the eight Levene´s F tests were 

statistically significant, we, therefore, considered the ANOVAs to be sufficiently robust 

 
3 https://www.limesurvey.org/de/ 
4 https://www.ibm.com/de-de/products/spss-statistics 
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against this violation. Nevertheless, the conservative Pillai´s Trace was used to derive p-

values. The ANOVA’s revealed significant differences between internal and external 

participants in the evaluation categories Tutorial, User Interface, and Export/Import 

Features and slightly significant differences in Usability. Table 5.15 illustrates the statistic 

of the evaluation result. Note that data are given as mean (M) and standard deviations 

(SD). ~ = slightly significant α < .10; *= significant α < .05. 

 Internal 
n = 10 

External  
n = 10 

F p ηp² 

Usability 
86.81 

(12.75) 
70.83 

(17.35) 
3.83 .071~ .214 

Usefulness 4.11 (1.14) 3.19 (1.14) 2.69 .122 .152 

User Interface 4.95 (1.06) 3.58 (0.78) 9.92 .006 .383 

Tutorial 4.00 (0.51) 3.20 (0.38) 12.20 .004* .484 

Experience 5.11 (1.44) 5.04 (0.73) .017 .897 .001 

Taxonomy Editor 3.78 (0.69) 3.50 (0.45) .964 .343 .064 

Version Control 4.58 (1.38) 4.27 (1.07) .216 .651 .018 

Export 
Import Features 

5.50 (1.19) 4.00 (0.42) 13.13 .003* .522 

Table 5.15: Descriptive statistics (Estimates, Standard Error in brackets), one-way 

analyses of variance of evaluation categories 

Usability 

To verify if there was a difference between internal and external participants and their 

rating of usability of the C2TM, a mean score of usability has been conducted and 

univariate analysis of variance (ANOVA) was computed. The results showed a slightly 

significant effect of group (internal vs. external) with a comparably moderate effect size 

(F[1, 18] = 3.83, p = .071, ηp² = .214), suggesting higher usability scores (M=86.81; 

SD=12.75) in the internal group compared to the external group (M=70.83; SD=17.35). 

Figure 5.9 shows the assigned items and the mean scores for the external and internal 

participants.
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Figure 5.9: Mean scores for Usability (4 items) 

User Interface 

 

Figure 5.10: Mean scores for User Interface (5 items) 

The mean score of the quality of the user interface-rating was compared between the two 

groups using an ANOVA. The analysis showed a significant difference between both 

groups for the mean score. External participants showed a significantly lower score (M = 

3.58, SD = 0.78; F[1, 18] = 9.92, p = .006, ηp² = .383) as compared to the internal 

participants, (M = 4.95, SD = 1.06). As one can see in Figure 5.10, all ratings of the 5 
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items were higher in the internal group compared to the external group.  

Tutorial Quality 

To examine if there was a difference between the ratings of internal and external 

participants concerning the quality of the provided tutorial, a further ANOVA was 

conducted. There was a significant effect (F[1, 18] = 12.20, p = .004, ηp² = .484). The 

Tutorial Quality was rated significantly better/higher in the internal group (M = 4.00, SD 

= 0.51) as compared to the external group (M = 3.20, SD = 0.38), thus suggesting that 

internal participants were more familiar with the C2TM from the beginning compared to 

the external participants. As one can see in Figure 5.11, the main differences in the ratings 

between the internal and external participants were in the preparation of the tutorial (“The 

tutorial is well written”) and the general need for a tutorial (“I don’t need the tutorial”). 

 

Figure 5.11: Mean scores for Tutorial Quality (6 items) 

The results of the additional question at the end of the survey, “Do you think the support 

materials (manuals, tutorials, etc.) are sufficient?” are presented in Figure 5.12. 
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Figure 5.12: Answers concerning the support material 

Experience 

 

Figure 5.13: Mean scores for Experience (3 items) 

A MANOVA [261] was conducted in order to compare the experience with taxonomies 

between the two sample groups (internal vs. external). There were no significant group 

differences for the mean score (F[1, 18] = .017, p = .897, ηp²  = .001), although a closer 
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look suggests that there is a difference between the general experience with taxonomies 

by taking a look at the item “I have experience with/knowledge about Taxonomy” (see 

Figure 5.13). According to that, external participants had more experience with 

taxonomies than internal participants.  

Taxonomy Editor 

 

Figure 5.14: Mean scores for features of Taxonomy Editor (3 items) 

There were no significant differences in the mean score (F[1, 18] = .964, p = .343, ηp²  = 

.064) of taxonomy manager between internal and external groups. Nevertheless, the 

internal group though the taxonomy tree helps to visualize the relations between nodes.  

Version Control  

No significant difference in the mean score of version control was found between the two 

groups as revealed by an ANOVA [262] (F[1, 18] = .216, p = .651, ηp² = .018). The data 

revealed that there still differences between the groups. For example, the internal group 

rated the version control itself as more useful (M = 4.58, SD = 1.38) than the external 

participants (M = 4.27, SD = 1.07) and the speed of the commit higher too (M = 6.57, SD 

= 0.79), compared to the external group. On the other hand, rollbacks are rated higher/are 

needed more often by the external group (M = 4.60, SD = 1.43) than the internal 

participants (M = 4.00, SD = 2.19). Detailed item-based outcomes can be found in Figure 

5.15. 
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Figure 5.15: Mean scores for Version Control (6 items) 

Import/Export  

 

Figure 5.16: Mean scores for Import and Export (4 items) 

The mean score of the ratings of the Import/Export features was compared between the 

groups using an ANOVA. The analysis showed a significant difference between both 

groups. Internal participants showed a significantly higher mean score (M = 5.50, SD = 
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1.19; F[1, 18] = 13.13, p = .003, ηp² = .522) as compared to the external group of 

participants (M = 4.00, SD = 0.42). As shown in Figure 5.16, the rating of the question 

“Import/Export feature is easy to use” differed between the two groups. External 

participants rated the feature to be easier to use (M = 5.67, SD = 1.21) compared to the 

internal group of participants (M = 3.20, SD = 1.40).  

Open Feedback 

Additional to the ratings through the items of the questionnaire, the feedback was 

collected via open questions. Feedback was provided by external and internal participants 

and could be separated into two main questions. One concerning the taxonomy 

management system itself and what is lacking or which improvements the participants 

suggest. The other one is related to the provided support material like the tutorial. 

 Summary and Discussion 

20 participants, 10 internals and 10 externals, took part in the evaluation of the prototype 

and provided their feedback. Most of them tested the system in about 45 minutes, all of 

them had to edit a task to get to know the prototype and all its’ features in a similar way. 

Figure 5.17 provides an overview of the results obtained from the evaluation categories.  

Figure 5.17: Mean scores of all evaluation categories. 

The usability of the prototype was in general assessed as rather moderate to good 

(M=3.92; SD=0.60), indicating that there is still room for improvements, like the results 

from the open question concerning personal feedback showed. Usefulness was assessed 
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as also rather moderate to good (M=3.57; SD=1.20) but based on the quite high standard 

deviation, it must be assumed that the rating was quite diversely. The rating concerning 

the user interface was assessed as good (M=4.19; SD=1.13), but again with a high 

standard deviation which allows the same conclusion as before. The quality of the tutorial 

was evaluated the worst, with a mean of 3.52 and a standard deviation of 0.58. That 

suggested that the tutorial need a revision. The evaluation of the participants’ experience 

showed that all participants had a rather solid experience and knowledge about 

taxonomies in general (M=5.07; SD=1.02). The experience with the C2TM or a similar 

system was rated moderately in general (M=3.60; SD=0.54). Version control (M=4.36; 

SD=1.12), and the export and import features (M=4.43; SD=0.97) as well were perceived 

as moderate to good. 

Overall, the feedback gathered showed that participants, in general, appreciate the C2TM 

prototype and its features, but there are some improvements to make. In particular, 

usability issues were reported concerning the adding of terms, export and import features, 

and the saving-function. The moderate usability assessed via questionnaire is mirrored by 

the statements the participants made to the open questions. In conclusion, ratings from 

internal participants were higher than ratings from the external group, maybe due to the 

fact that internal participants were more familiar with the C2TM prototype or because 

they have more experience with taxonomy management systems in general. This, of 

course, leads to the point where they find the system is easy to use and need less time 

reading the tutorial. The external participants are likely to make a mistake and need more 

time for the evaluation. There are some interesting remarks, such as the external 

participants need more time for the tutorial but find it unnecessary. In the end, it is very 

important to note, that despite this, internal ratings were gathered too to make sure that 

the results were presented without bias and that there is some objectivity in the evaluation. 

With the completion of the evaluation, the last research goal of this dissertation has been 

achieved. 

5.3 Application in Different Production Environments and 

Application Domains 

After two evaluations were conducted to validate the feasibility, usability, and efficiency 

of the implemented prototype, the implemented C2TM prototype was deployed 

productively in several R&D projects. The result of these deployments will demonstrate 
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the generality and adaptability of the developed system to new application domains and 

to new domains of knowledge. 

 EDISON 

In EDISON, the taxonomy management system was implemented as a component of the 

first version of the EDISON KM-EP, which was developed based on Typo3 Framework. 

Using the C2TM prototype developed in this dissertation, scientists were able to develop 

a new data-science-oriented taxonomy, called “EDISON Taxonomy of Data Science 

Disciplines and Knowledge Areas”. This taxonomy was based on the ACM 2012 

taxonomy, which was also imported into the e-learning portal by the C2TM.  

 

Using the editing tools provided by the developed taxonomy management system, domain 

experts were able to remove unrelated categories from the ACM taxonomy and add new 

terms focused on data science into the developing taxonomy. The collaboration process 

between the experts and the evolution process of the developing taxonomy were 

supported with version control system built inside the C2TM. In the end, the completed 

Figure 5.18: Content of the EDISON Taxonomy 
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EDISON Taxonomy of Data Science Disciplines and Knowledge Areas along with the 

ACM 2012 Taxonomy were published on the EDISON KM-EP [263]. Figure 5.18 

illustrates the content of EDISON Taxonomy of Data Science Disciplines and Knowledge 

Areas.  

With support of this taxonomy, data science courses created in the project could be 

organized into different topics. They were later searched and accessed by the users inside 

the e-learning portal. As a result, users could quickly find a course that focuses on the 

area that is relevant. Figure 5.19 presents a data science course that was classified using 

the EDISON Taxonomy developed by the C2TM prototype. 

 

Figure 5.19: A data science course classified using the EDISON Taxonomy 

Furthermore, to calculate the performance gain of using a caching system, a test was 

performed. The 2012 ACM Computing Classification System was imported into the 

Taxonomy Editor. The ACM taxonomy tree with 2300 nodes then was loaded and 

constructed several times from both database and cache. The result shows the construction 
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time reduces nearly 20 times from an average of 0.13 second with the database to an 

average of 0.069 seconds with Redis. Figure 5.20 shows the loading time of the taxonomy 

from the database and the cache. 

 

Figure 5.20: Loading times of the ACM taxonomy from the database and caching 

system 

 SenseCare 

While several well-known taxonomy management systems exist in the state of the art, 

they do not have the synchronization with the SenseCare platforms and its data. 

Furthermore, these systems are missing a voting and well-equipped version control 

mechanism to support the collaborative development of psychologically-oriented 

emotion taxonomies along with their evolution processes. Therefore, in the course of the 

SenseCare project runtime a taxonomy management system based on the C2TM 

prototype has been enhanced. 

In terms of supporting the complex and interdisciplinary knowledge domain of Affective 

Computing in SenseCare, the C2TM prototype achieved three goals. (1) The first goal is 

the development and management of initial emotion taxonomies are supported by the 

implemented C2TM prototype. Several such taxonomies were imported to the C2TM or 

created for SenseCare. Examples are the Sentient 26 Emotional Taxonomy [264], which 

is an emotional motivation framework for understanding consumer behavior, and parts of 

the WHO’s ICD-10 classification [265], which classify mental disorders. Figure 5.21 

illustrates the SenseCare Taxonomy, which was extracted from the WHO’s ICD-10 

classification. 
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Figure 5.21: Content of the SenseCare Taxonomy 

Common taxonomies like these two exemplar ones would allow sharing and comparing 

information easier by offering standard vocabularies and formats. Furthermore, these two 

taxonomies along with others from different knowledge domains are used to classify 

scientific content of the SenseCare Affective Computing domain stored in the SenseCare 

KM-EP’s digital library, such as e.g. publications, multimedia, person with dementia 

records. As a result, the content can easily be managed and found, which is the second 

goal of the C2TM in the SenseCare KM-EP. Finally, the analysis results produced by the 

emotion detection platform [18] will also be indexed using similar taxonomies from the 

C2TM. Figure 5.22 presents the SenseCare KM-EP’s scientific content classified using 
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the taxonomies developed and managed by the C2TM prototype in the SenseCare KM-

EP. 

 

Figure 5.22: Scientific contents classified and searched using the Sentient 26 Emotional 

Taxonomy 

 MetaPlat 

In the Metagenomic Content and Knowledge Classification system of the project 

MetaPlat, the KM-EP’s component C2TM is used to support the development of genomic 

taxonomies. This type of taxonomy normally contains a huge number of terms. Working 

on a big tree of thousands of nodes needs a lot of resources, such as computing time, 

memory, and disk space. With fast and efficient algorithms, the KM-EP’s C2TM helps to 

speed up the management process while require fewer resources. Combining with caching 

mechanisms, the component enables users to work on extremely big genomic taxonomies.  

The Categorization component of the C2TM prototype is also used in the MetaPlat KM-

EP to classify metagenomic content and knowledge to different categories. By breaking 
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a large set of documents into smaller subsets, classification makes them easier to manage 

and sort. In MetaPlat, Categorization component supports classification of scientific 

content in the Metagenomic Digital Library and genomic packages managed by 

component Asset Manager using genomic taxonomies and scientific content taxonomies 

developed by the C2TM prototype. Furthermore, metagenomic analysis results produced 

by Docker swarm [266] and Hadoop clusters [267] are also classified using genomic 

taxonomies in order to support easy access and better study. Figure 5.23 presents the 

architecture of the MetaPlat infrastructure, in which the C2TM is a part of. 

 

Figure 5.23: Architecture of the Metagenomic Content and Knowledge Management 

infrastructure 
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 Summary and Discussion 

In the project EDISON, the C2TM prototype enabled experts to collaboratively work on 

the development of a new data science taxonomy. The developed EDISON taxonomy, 

which was based on two taxonomies ACM 2012 and ESCO, was used for the 

classifications of training courses created in the context of the project. This proofs the 

applicability of the qualitative properly of the C2TM prototype to enable users to 

combinate taxonomies in different knowledge domains and areas.  

In project SenseCare, the C2TM prototype has shown that it not only can be used to 

collect, classify, and provide access to video materials of the initial emotion analysis and 

its results but also supports the work of psychology experts in a follow up study aiming 

at training machine learning components to classify personality traits from vectors of 

initial emotion classification features. This work would have been much more costly 

without the classification, annotation, and access support of the C2TM prototype in the 

SenseCare KM-EP supporting scientific research in the domain of Affective Computing. 

This proofs the applicability of qualitative property of the C2TM prototype and that, the 

prototype is not only able to work with scientific publication content but also other types 

of data. 

Furthermore, the C2TM prototype was deployed in MetaPlat project to support the 

development of genomic taxonomies, which is the type of taxonomy that normally 

contains a huge number of terms. With support of the C2TM prototype, genomic sequence 

data, scientific publication content, and metagenomic analysis results could be combined 

and classified inside a Genomic Asset Management Package (GAMP) using the 

developed genomic, scientific content, and other types of taxonomies. This shows that the 

interoperability and scalability of the C2TM prototype and that, it can work with 

enormous volumes of genomic data. 

By applying the C2TM in different production environments, the generality and 

adaptability of the developed system to new application domains of knowledge have been 

demonstrated. Furthermore, the qualitative and quantitative properties, as well as, the 

interoperability and the scalability of the C2TM prototype were once again presented.  
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6 CONCLUSION AND FUTURE WORK 

 

Taxonomy is an old science that has been existed for thousands of years. In modern 

technology, taxonomy introduced as a way to fight information overload by the means of 

classifying knowledge. Nevertheless, developing and maintaining a taxonomy is not an 

easy task. It was usually done by knowledge workers and experts, which is prone to error 

and costly. The objective of this dissertation is to find a solution to overcome these 

problems and support the development, evolution, and management of taxonomy.   

The previous chapter has addressed the last research goal (RG 7) of the experimentation 

phase in the research methodology and also the last remaining challenge (RC 12) of this 

dissertation. In this chapter, the contributions and the structured results of the dissertation 

are summarized. A research summary and conclusion is also presented. Furthermore, the 

answers for research questions at the beginning of the dissertation are provided. Finally, 

the remaining questions and future works, which can improve the work after this 

dissertation, is discussed. 

6.1 Scientific Contributions 

The scientific contributions of this dissertation can be summarized as follows: 

• Introduction, investigation, identification of challenges in taxonomy 

development, collaboration, evolution and management. Introduction and 

identification of research approach and research methodology. Organization of 

research questions and research goals. 

• Introduction, description, and analyzation of the state of the art in science and 

technology in order to address research questions and research goals. 

Identification and discussion of remaining challenges. 

• Introduction and identification of a modelling approach to archive research goals 

and solve remaining challenges. Identification and introduction of an overall 

solution design as well as component design and system specification for a new 

taxonomy management system.  

• Introduction and identification of an implementation approach in order to realize 

the introduced models, designs, specifications, and architectures. Identification 
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and introduction of base technologies based on the implementation approach. 

Implementation and Integration of a prototype to demonstrate that such a system 

can be developed. 

• Introduction and identification of an evaluation methodology. Evaluation of 

developed prototype in a qualitative evaluation, a quantitative evaluation, and 

production environments. 

6.2 Summary of Dissertation 

In the first chapter, an introduction to the dissertation was presented. Following the 

motivation of the dissertation is the introduction of the EU-funded R&D project RAGE. 

This project was used to evaluate the result of the dissertation. In the next section, the 

existing challenges in the development of the taxonomy were described along with the 

research questions. To solve these challenges, a research methodology was proposed. 

Based on the research questions and chosen approach, the research goals for this 

dissertation were identified. The last section introduced the structure of the dissertation. 

The second chapter described the most important fundamental concepts in this 

dissertation, including the definition of knowledge, the process of creating and managing 

knowledge, as well as the KM-EP as an example of a knowledge management system. 

The semantic web was described in the next section along with its relevant standards. 

Furthermore, the concept of taxonomy, its types, as well as taxonomy development and 

management process, were presented. The importance of crowdsourcing and why it is 

needed were also identified. Some of the approaches to crowdsource taxonomy, followed 

by their advantages and disadvantages, were introduced. The version control system was 

analyzed to support the evolution of taxonomy. Finally, the remaining challenges were 

identified and discussed. In this chapter, the RG 1, and 2 were achieved.  

In chapter 3, a solution was proposed. By combining crowdsourcing, crowd voting, and 

version control, an approach that solves the existing problems of taxonomy development, 

evolution, and management were introduced. An overall architecture, along with 

information model and schema design for each component of the prototype, was 

presented. In the end, the chapter was summarized and the achieved research goals were 

discussed. In this chapter, the RG 3, 4, and 5 were achieved and the RC 1, 2, 3, 4, 5, 6, 7, 

and 8 were addressed. 
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A proof-of-concept  prototype was implemented as a component of the KM-EP to support 

users to develop and manage taxonomies during their evolution in chapter 4. The tool 

enables users to keep track of the development process. Users have full power to browse, 

compare, merge, or rollback to a commit. Users being prosumers of taxonomies 

themselves will later also be the people that vote for the best taxonomies to become the 

next base taxonomies. The chapter not only gave an overview of the technologies used in 

the development of the prototype but also explained the implementation of each 

component in great detail. In this chapter, the RG 6 was achieved and the RC 9 and 10 

were also addressed. 

An evaluation aiming at a qualitative comparison of expert-based taxonomy evolution 

with crowd-based taxonomy solution was organized in the concept of chapter 5. The 

outcome showed that the crowd could develop and manage a taxonomy similarly good or 

even better than the experts. Due to time limitation, only a small set of the crowd could 

be organized, but a big enough and diverse enough crowd can be gathered in the near 

future for a better evaluation result. Another evaluation was conducted in the scope of the 

EU-funded project RAGE to validate if the C2TM fulfills all the requirements and how 

well it performs. The result proved the adequacy of the C2TM. The scores show the 

system has a good performance, user interface, and functionality. In general, the 

participants appreciate the C2TM system prototype. In this chapter, the last RG 7 and the 

RC 11 were addressed. 

Finally, the dissertation was summarized in the last chapter. In the next section, the 

answers for the research questions introduced in chapter 1 are provided and some ideas 

about what can be done to improve the current result in the future, are presented. 

6.3 Answers to Research Questions 

In this section, once again the research questions of this dissertation are presented and 

answered with support of the information, which was collected, analyzed, and 

summarized in previous chapters. 

Research Question 1 (RQ1): What are the challenges in developing and managing 

taxonomy in a web-based knowledge management system? 

There are several challenges regarding taxonomy development and management. 

Collaboration between parties involving in the process might generate problems. Not only 
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that it takes more time to communicate in a group and for everyone to agree on decisions, 

but also individuals in a group tend to hide personal opinions. Taxonomy construction 

requires a lot of time and knowledge from the authors. After construction, it also needs to 

be maintained and governed frequently to remain relevant. Furthermore, the development 

and management of taxonomy have a high demand for computing resource and storage 

space. Last but not least, the construction approach and knowledge organization of a 

taxonomy needed to be considered, so it goes in the right direction and does not cause 

excessive rigidity.  

Research Question 2 (RQ2): How can the challenges in taxonomy development and 

management be solved? 

There are different methods using crowdsourcing in the development and management of 

taxonomy. Crowdsource can be applied in one or both steps of the development process, 

which are forming a corpus and creating hierarchical relationships between a term in the 

corpus. The introduced approach let the crowd creating each taxonomy of their own from 

blank or a seed taxonomy. The crowd will rate these created taxonomies. The highest-

rated taxonomy will become the seed for the next round, and it will also be used for 

content classification and navigation in the system. This process will be repeated until 

there is no improvement to be made. By using crowdsourcing, users do not have to work 

in a group and collaborate with other members. The knowledge needed to construct 

taxonomy is provided by the wisdom of the crowd. Crowdsourcing is always cheaper than 

experts. Therefore, the created taxonomies can be maintained and governed frequently by 

the crowd. 

Research Question 3 (RQ3): How can the evolution of a taxonomy be supported to 

reflect the changing in information and knowledge? 

The evolution of taxonomy is supported by a version control system, similar to the 

evolution in software development. With version control, the changes in taxonomy are 

kept track. Users are able to identify which version of the taxonomy is currently in 

development and what are the changes. In case, these changes are not correct, version 

control lets users rollback the taxonomy to an earlier version, so they will not need to 

recreate the taxonomy from the beginning. Furthermore, a taxonomy version can be split 
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into different branches, in case everyone has different opinions on how to further develop 

the taxonomy. And later, merged back together when the development was completed. 

Research Question 4 (RQ4): How can a suitable model design for the taxonomy 

representation be developed to improve the processing time and require less computing 

resource? 

The design for the taxonomy model consists of 3 information models and schemata: 

“Category”, “Property” and “Relation”. Information model and schema “Category” 

represents a term with some of its metadata such as ID, class, timestamp, owner, etc. Data 

properties of a term are stored by information model and schema “Property”. Each entity 

of the information model and schema is a pair of property name and value. The last 

information model and schema “Relation” describes the relationship (object property) 

between terms. Here information, such as the name of the property, the ID of the source 

term and ID of the target term, is stored. Using this design, the taxonomy can be 

represented using a relational database, such as MySQL or MSSQL, despite the fact that 

it has a hierarchical structure. Together with caching mechanisms, thousands of terms can 

be retrieved in a matter of milliseconds. 

Research Question 5 (RQ5): How can an existing taxonomy be used for content 

classification, faceted search and browsing, as well as system navigation? 

Each term and the taxonomy itself have a persistent identifier, which helps to distinguish 

them with each other. The system uses this PID to detect cloned versions of a base 

taxonomy and to maintain the persistence of the classification during the evolution of a 

taxonomy. Even in the case when a term’s content was changed completely, the 

classification using this term will not be lost. Furthermore, information of categories in 

the taxonomy, such as their PID and path, are indexed by the search server along with the 

classification and categorization of content. By collecting this information, the taxonomy 

can be used to filter search results. In the case of system navigation, after pages were 

classified by categories in taxonomy, users can navigate to the web page by filtering the 

categories, which is similar to what they have done while searching for content.  

6.4 Future Research Directions 

In the scope of this dissertation, only SKOS was implemented to support the 

representation of taxonomy. In general, any Semantic Web standard can be used in the 
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C2TM system. The taxonomy information model and schema was designed with this 

requirement in mind. An ontology management system can be developed in the near 

future to support more taxonomy representations and import/export formats. 

Furthermore, due to the fact that a taxonomy can contain a lot of information, i.e. many 

terms and relationships, a graphical representation of taxonomy is needed. Modeling a 

taxonomy as a graph is an excellent method to present large quantities of information. It 

can act as a visual guide to the information being delivered and improve usability. 

Besides the additional futures mentioned above, future researches, which are going to 

improve the current process of developing, managing, and validating a taxonomy, are 

discussed in this section. They are new challenges that appeared while the exiting 

challenges were being solved in the course of the dissertation. 

Evaluation with a large group of the crowd 

In this dissertation, the first evaluation was conducted as a controlled experiment with 

two small groups of a total of 31 participants while in reality, the crowd is usually much 

bigger. Our goal is to do an evaluation with a bigger group of the crowd. The group should 

have more than 100 people. In order to do it, the C2TM system needs to be applied in an 

on-going project and require users to actively contribute to the development as well as 

management of the taxonomies. Using the implemented prototype, the crowd will create 

and rate a taxonomy in several working rounds. A round lasts until there is an actual 

improvement and there is an unlimited number of rounds. Because as mentioned before, 

a taxonomy needs to be maintained and governed frequently to remain relevant. With a 

big enough group of crowds, the true “wisdom of crowds” can be analyzed and validated, 

and the progress made by the crowd can be compared with the experts in a deeper 

evaluation. 

Auto term suggestion based on content’s keywords (tags) and frequently used words 

By letting users create and organize terms in their taxonomies, the step of creating term 

corpus used in other approaches is skipped. By doing it, the disadvantages of tags, such 

as, e.g. inconsistency in format and form, typing errors, a mixture of languages, are 

avoided. Furthermore, a big collection of tags is need in order to use them to form a 

corpus. Nevertheless, tags provide a rich collection of terms that can be used to support 

users in the process of development and management of a taxonomy. 
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The prototype can be extended to collect keywords (tags) and frequently used words from 

content in the system. These words can be trained to detect if they have similar meaning 

with or related to each other. Moreover, the system can detect these relationships with 

terms that the user is working on while creating a taxonomy or maintaining one, in real-

time. The system then suggests to the user that there are some terms that can be used as 

children or as alternative labels of the current term.  

With this feature, the created taxonomies will not miss important terms that were pointed 

out as the keywords of the content or frequently used in the content in the system. 

Furthermore, by only suggesting to the user, the system gives the terms an opportunity to 

be corrected by the users. Therefore, problems such as typing errors, languages mixture, 

the incorrect format can be fixed before terms inserted to the taxonomy. Nevertheless, 

how to train these terms using machine learning is a challenge to be solved and opened 

for research in the future. 

Autonomous taxonomy development using the crowd’s term corpus 

In the last section, the use of content keywords or frequently used words in content was 

suggested to improve the quality of a taxonomy. The goal of this section is to find a way 

to build hierarchical relationships between terms based on methods used in other 

approaches. As mentioned in section 2.5, the Agglomerative Hierarchical Clustering 

(AHC) is frequently used to build the hierarchy relationships between tags. The algorithm 

relies on how similar (distant) two nodes are in building a hierarchy. The problem stays 

on the step where a term corpus is needed. When the number of content in the system is 

low, it is difficult to gather enough keywords or frequently used terms to form a corpus. 

This can be solved by letting the users create their taxonomies, then use the terms from 

the created taxonomies as input for the AHC algorithm. 

The outcome can be used as one of the “demo” taxonomies. Users can choose to clone 

from these “demo” taxonomies and refine them by adding new terms or removing 

incorrect terms and relationships. In order to apply this feature, future research needs to 

answer the question such as how to calculate the distance between two terms and how to 

detect if two terms have the same meaning.  

Maintain and increase the crowd’s motivation 



 

 

 

214 

 

One primary problem of crowdsourcing is how to move the crowd. Each participant joins 

the process of creating and maintaining taxonomy for different purposes. Some of them 

want to improve the quality of the content and the classification in the system. Others 

want to practice working with taxonomy and get feedback for their work in the form of 

rating. This is the driving force that makes the users spend their time and effort on the 

C2TM.  

Therefore, a method is needed to keep users working on the development and 

management of a taxonomy. In this dissertation, it is proofed that, the taxonomy created 

by the crowd has quality at least as good as the taxonomy created by the experts. A 

prototype has also been implemented to provide the necessary tool for the crowd to create 

and govern taxonomy. The last thing needed is a crowd that uses this tool to produce 

quality work. Without the crowd, there will be no taxonomy or the created one will not 

good enough to be used in the system. Therefore, how to maintain and increase user’s 

motivation is an important challenge that needs further research. 
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APPENDICES 

 

Appendix A: Evaluation 1 – Task 1 

 

General Introduction 

Taxonomy 

Taxonomy is a controlled vocabulary, which each term has hierarchical and equivalent 

relationship.  

Hierarchical relationship means each term has broader and narrower terms. For example, 

the term “cellphone” has broader term “telephone” and narrower term “smartphone”.  The 

user can move up or down on the hierarchy to retrieve more or less specify information.  

Equivalent relationship means each term has its synonyms. For example, “cellphone” 

with “mobile” and “mobile phone”. 

The following tree presents an example taxonomy. 

 

A taxonomy can be presented as a tree like in the figure above or as a list as following: 

 

Geography 

America  

• Peru  

• USA 

Geography

America

USA Peru

Europe

UK Germany

Asia

China Japan

A geography taxonomy 
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Europe 

• Germany  

• UK 

Asia 

• China 

• Japan 

 

 

 

Goals 

In this evaluation, we want to focus into the taxonomy that is created by: 

• A large group of normal users, who might or might not has knowledge about the 

area that is related to the taxonomy (the crowd) 

• And a group of skillful people, who is very knowledgeable about the particular 

area that is related to the taxonomy (the expert). 

The purpose of this evaluation is to evaluate the crowd’s qualitative performance against 

the expert’s taxonomy evolution. This can be considered as a benchmark against the 

global “expert-based truth”. The result will lead to the answer to the question “are the 

crowd’s taxonomy evolution actions as good as those of the experts?”. 
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Experiment Introduction 

The experiment has 4 steps, splitting into 2 phases. The first 3 steps belong to the learning 

phase and the last step is the doing phase. 

1. Introduction of the taxonomy that is used in this experiment. 

2. Introduction of the task. 

3. An example of how to complete the task. 

4. The categories, on which the task need to be completed. 

 

 

Chosen Taxonomy 

The Interactive Advertising Bureau (IAB) is the most influential organization in the 

online advertising business and, currently, brings together more than 650 leading 

companies in the industry that control 86% of the U.S. market. With a strong presence in 

the rest of the industrialized world as well, today IAB has become a standard for content 

classification, especially in fields with strong ties to the digital economy and new social 

media. 

The IAB’s Quality Assurance Guidelines (QAG) Taxonomy is the one that is used in this 

evaluation. It was created in 2011 by the IAB Networks and Exchanges Committee. The 

taxonomy is the organization’s first taxonomy as part of a more extensive project, the 

Quality Assurance Guidelines (QAG) Program. This two-tiers taxonomy is made up of 

24 first level (Tier 1) categories and 361 second level (Tier 2) categories (aka. sub-

categories or terms), thus forming a total of 385 classification possibilities. Nevertheless, 

we only choose to use 3 categories “Automotive”, “Hobbies & Interests” and “Travel” 

for this evaluation. 

The following figures present the QAG Taxonomy. 
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Task 

In this task, we have a table with 4 columns. First column with label “Original” contains 

an original category from the expert’s taxonomy. And 3 columns “Add”, “Rename To” 

and “Delete” contains terms that need to be worked on. Please change the original 

category in the first column with the following steps:  

1. (Adding)  Add terms in column “Add” to the original category in the first 

column. 

2. (Renaming)  Find a suitable term from the updated category from step 1 and 

rename it to the new term in column “Rename To” 

3. (Deleting)  Find and remove terms 

a) in column “Delete”, 

b) have the same meaning with an existing term (double 

terms), 

c) do not belong to the category (irrelevant terms), 

 from the updated category from step 2. 

4. (Grouping)  Find (children) terms that can be grouped under a (parent) term 

from updated category from step 3, then move them to become sub-categories of 

their parent. 

5. Finally, put the final updated category into the result table at the end of this 

document. 

 

 

 

Do this task without searching for the final result on the internet.  

However, searching for definition, translation of the terms is allowed. 
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Example - Geography 

 

Original Add  Rename To Delete  

Asia 

Europe 

Moscow 

Japan 

London 

Mexico 

Peru 

United Kingdom 

United State of 

America 

 

America 

China 

Germany 

USA 

UK 

Mexico 

 

1. (Adding) Add terms in the column into the original category in the first column and 

we have a new category: 

Asia 

America 

China 

Europe 

Germany 

Japan 

London 

Mexico 

Moscow 

Peru 

United Kingdom 

United State of America 

 

2. (Renaming) We search for term that can be renamed to “USA” and found “United 

State of America”. Therefore, we renamed this term to “USA”. 

The same applied to “UK”. We found “United Kingdom” and rename it to “UK”. In 

the end, the updated category looks like this: 

 

Asia 

America 
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China 

Europe 

Germany 

Japan 

London 

Mexico 

Moscow 

Peru 

UK 

USA 

 

3. (Deleting)  

a. We delete term “Mexico” from the updated category from step 2.  

b. Delete term “London” because we already have “UK” (double terms) 

c. We delete “Moscow” because this category is only listed countries 

(irrelevant terms) 

The result is: 

Asia 

America 

China 

Europe 

Germany 

Japan 

Peru 

UK 

USA 

 

4. (Grouping) We can see that “USA” and “Peru” can be grouped under term “America”, 

“Germany” and “UK” belong to “Europe”, and “China” and “Japan” are sub-

categories of “Asia”. So, we move these terms into its group. The final result should 

look like: 

America  

• Peru  

• USA 

Europe 

• Germany  

• UK 

Asia 

• China 

• Japan 

 

5. Put the final category into the result table. 
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Geography … … 

America  

• Peru  

• USA 

Europe 

• Germany  

• UK 

Asia 

• China 

• Japan 

 

  

 

 

This is the end of the learning phase. 

 

 

Question? 

 

 

Were the task’s introduction and explanation understandable to you? 

 

 

 

What was difficult to understand? 
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Doing Phase 

 

In the learning phase above, we have learnt how to do this experiment. Now we will start 

the doing phase by completing the given task on the following categories.  

Task 1.1 - Automotive 

Original Add  Rename To Delete  

Auto Parts 

Auto Repair 

Buying/Selling Cars 

Car Culture 

Certified Pre-Owned 

Convertible 

Coupe 

Crossover 

Diesel 

Electric Vehicle 

Hatchback 

Hybrid 

Luxury 

MiniVan 

Mororcycles 

Off-Road Vehicles 

Performance Vehicles 

Pickup 

Road-Side Assistance 

Sedan 

Trucks & 

Accessories 

Vintage Cars 

Wagon 

 

Auto Body Styles 

Auto Infotainment 

Technologies  

Auto Insurance 

Auto Navigation 

Systems 

Auto Recalls 

Auto Rentals 

Auto Safety 

Auto Safety 

Technologies 

Auto Shows  

Auto Technology 

Auto Type  

Budget Cars 

Classic Cars 

Concept Cars 

Dash Cam Videos 

Driverless Cars 

Scooters 

Microcar 

SUV 

Van 

Auto Buying and 

Selling 

Commercial Trucks 

Station Wagon 

Pickup Trucks 

Certified Pre-

Owned Cars 

Luxury Cars 

Performance Cars 

Green Vehicles 

Hybrid 
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Task 1.2 - Hobbies & Interests 

 

Original Add  Rename To Delete  

Art/Technology 

Arts & Crafts 

Beadwork 

Birdwatching 

Board Games/Puzzles 

Candle & Soap Making 

Card Games 

Chess 

Cigars 

Collecting 

Comic Books 

Drawing/Sketching 

Freelance Writing 

Genealogy 

Getting Published 

Guitar 

Home Recording 

Investors & Patents 

Jewelry Making 

Magic & Illusion 

Needlework 

Painting 

Photography 

Radio 

Roleplaying Games 

Sci-Fi & Fantasy 

Scrapbooking 

Screenwriting 

Antiquing and 

Antiques 

Audio Production 

Beekeeping 

Content 

Production 

Games and 

Puzzles 

Model Toys 

Musical 

Instruments 

Paranormal 

Phenomena 

Video Production 

Workshops and 

Classes 

 

Drawing and 

Sketching 

Board Games and 

Puzzles 

Candle and Soap 

Making 

Genealogy and 

Ancestry 

Magic and 

Illusion 

Radio Control 

Sci-fi and Fantasy 

Stamps & Coins 

 

Chess 

Guitar 

Home Recording 

Video & 

Computer  
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Stamps & Coins 

Video & Computer 

Games 

Woodworking  
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Task 1.3 – Travel 

 

Original Add  Rename To Delete  

Adventure Travel 

Africa 

Air Travel 

Australia & New Zealand 

Bed & Breakfasts 

Budget Travel 

Business Travel 

By US Locale 

Camping 

Canada 

Caribbean 

Cruises 

Eastern Europe 

Europe 

France 

Greece 

Honeymoons/Getaways 

Hotels 

Italy 

Japan 

Mexico & Central 

America 

National Parks 

South America 

Spas 

Theme Parks 

Traveling with Kids 

United Kingdom 

Asia Travel 

Beach Travel 

Day Trips 

North America 

Travel 

Polar Travel 

Rail Travel 

Road Trips 

Travel 

Accessories 

Travel Locations 

Travel 

Preparation and 

Advice 

Travel Type 

Africa Travel 

Australia and 

Oceania Travel 

Europe Travel 

Family Travel 

Honeymoons and 

Getaways 

Hotels and Motels 

South America 

Travel 

By US Locale 

Canada 

Caribbean 

Eastern Europe 

National Parks 

Theme Parks 

United 

Kingdom 
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Result 

 

 

Automotive Hobbies & Interests Travel 
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Appendix B: Evaluation 1 – Task 2 

 

Introduction 

In the first task, we wanted to validate if the taxonomy created by the crowd can be 

equivalent good as the taxonomy created by the expert. In this task, we want to go further 

by testing if the crowd can create a taxonomy that is even better than the taxonomy created 

by the expert. 

 

Goals 

The purpose of this task is to show which group provided a better taxonomy and validate 

if the crowd is truly better than the experts. 

 

Overview 

The second task has 3 steps, splitting into 2 phases. The first 2 steps belong to the learning 

phase and the last step is the doing phase. 

5. Introduction of the task. 

6. An example of how to complete the task. 

7. The chosen categories of the expert’s taxonomy, on which the task need to be 

completed. 

Similar to the first task, the IAB’s QAG Taxonomy was chosen to be the evaluating 

taxonomy. The taxonomy was introduced in the first task and don’t need to be repeated. 

 

Task  

In this task, each category has a table with 2 columns. The first column with label “Old” 

contains the older version of the category and the second column with label “New” 

contains the newer version of the category. Please have a look at both versions and answer 

the questions: 

1. Do you agree with the changes in new version? 

 (Yes / No) 

 

2. If not, what would you change? And why? (Please put the completed tree and 

mark the changes as following: 

• New Term 

• Renamed Term 
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• Deleted Term 

• Moved Term 

and an explanation beside the changed term. Example: 

• Coffee  ( Coffee is also a drink ) 

) 

 

Example – Geography 

 

Old New 

Asia 

Europe 

Ireland 

Japan 

Mexico 

Peru 

United Kingdom 

United State of America 

America  

• Peru  

• USA 

Europe 

• Germany  

• UK 

Asia 

• China 

• Japan 

 

 

1. Do you agree with the changes in new version? 

No 

 

2. If not, what would you change? And why? 

America  

• Peru  ( I don’t like Peru ) 

• Mexico  ( Mexico is also an American country and shouldn’t be 

deleted ) 

• USA 

Europe 

• Germany  

• Great Britain ( UK is only a part of Great Britain ) 

Asia 

• China 

• Japan 

 

 

This is the end of the learning phase. 
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Question? 

 

 

Were the task’s introduction and explanation understandable to you? 

 

 

 

What was difficult to understand? 
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Doing Phase 

 

In the learning phase above, we have learnt how to do this experiment. Now we will start 

the doing phase by completing the given task on the following categories.  

 

Task 2.1 - Automotive 

Old New 

Auto Parts 

Auto Repair 

Buying/Selling Cars 

Car Culture 

Certified Pre-Owned 

Convertible 

Coupe 

Crossover 

Diesel 

Electric Vehicle 

Hatchback 

Hybrid 

Luxury 

MiniVan 

Mororcycles 

Off-Road Vehicles 

Performance Vehicles 

Pickup 

Road-Side Assistance 

Sedan 

Trucks & Accessories 

Vintage Cars 

Wagon 

Auto Body Styles 

• Commercial Trucks 

• Convertible 

• Coupe 

• Crossover 

• Hatchback 

• Microcar 

• Minivan 

• Off-Road Vehicles 

• Pickup Trucks 

• Sedan 

• Station Wagon 

• SUV 

• Van 

Auto Buying and Selling 

Auto Insurance 

Auto Parts 

Auto Recalls 

Auto Rentals  

Auto Repair 

Auto Safety 

Auto Shows 

Auto Technology 

• Auto Infotainment Technologies 

• Auto Navigation Systems 

• Auto Safety Technologies 

Auto Type 

• Budget Cars 

• Certified Pre-Owned Cars 

• Classic Cars 

• Concept Cars 

• Driverless Cars 

• Green Vehicles 

• Luxury Cars 

• Performance Cars 

Car Culture 

Dash Cam Videos 
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Motorcycles 

Road-Side Assistance 

Scooters 

 

 

1. Do you agree with the changes in new version? 

 

 

2. If not, what would you change? And why? 
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Task 2.2 - Hobbies & Interests 

 

Old New 

Art/Technology 

Arts & Crafts 

Beadwork 

Birdwatching 

Board Games/Puzzles 

Candle & Soap Making 

Card Games 

Chess 

Cigars 

Collecting 

Comic Books 

Drawing/Sketching 

Freelance Writing 

Genealogy 

Getting Published 

Guitar 

Home Recording 

Investors & Patents 

Jewelry Making 

Magic & Illusion 

Needlework 

Painting 

Photography 

Radio 

Roleplaying Games 

Sci-Fi & Fantasy 

Scrapbooking 

Screenwriting 

Stamps & Coins 

Video & Computer Games 

Woodworking 

Antiquing and Antiques 

Arts and Crafts 

• Beadwork 

• Candle and Soap Making 

• Drawing and Sketching 

• Jewelry Making 

• Needlework 

• Painting 

• Photography 

• Scrapbooking 

• Woodworking 

Beekeeping 

Birdwatching 

Cigars 

Collecting 

• Comic Books  

• Stamps and Coins 

Content Production 

• Audio Production 

• Freelance Writing 

• Screenwriting 

• Video Production 

Games and Puzzles 

• Board Games and Puzzles 

• Card Games 

• Roleplaying Games 

Genealogy and Ancestry 

Magic and Illusion 

Model Toys 

Musical Instruments 

Paranormal Phenomena 

Radio Control 

Sci-fi and Fantasy 

Workshops and Classes 

 

 

1. Do you agree with the changes in new version? 

 

 

2. If not, what would you change? And why? 
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Task 2.3 - Travel 

 

Old New 

Adventure Travel 

Africa 

Air Travel 

Australia & New Zealand 

Bed & Breakfasts 

Budget Travel 

Business Travel 

By US Locale 

Camping 

Canada 

Caribbean 

Cruises 

Eastern Europe 

Europe 

France 

Greece 

Honeymoons/Getaways 

Hotels 

Italy 

Japan 

Mexico & Central America 

National Parks 

South America 

Spas 

Theme Parks 

Traveling with Kids 

United Kingdom 

Travel Accessories 

Travel Locations 

• Africa Travel 

• Asia Travel 

• Australia and Oceania Travel 

• Europe Travel 

• North America Travel 

• Polar Travel 

• South America Travel 

Travel Preparation and Advice 

Travel Type 

• Adventure Travel 

• Air Travel 

• Beach Travel 

• Bed & Breakfasts 

• Budget Travel 

• Business Travel 

• Camping 

• Cruises 

• Day Trips 

• Family Travel 

• Honeymoons and Getaways 

• Hotels and Motels 

• Rail Travel 

• Road Trips 

• Spas 

 

 

 

1. Do you agree with the changes in new version? 

 

 

2. If not, what would you change? And why? 
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Appendix C: Evaluation 2 – Taxonomy Tutorial 

 

In the RAGE project assets are advanced game technology modules (software), enriched 

and transformed to support applied games development. The project needs taxonomies 

for asset classification. These taxonomies will help the process of enriching and 

transforming advanced gaming technologies into self-contained assets for applied gaming 

that facilitate essential pedagogical functions, that can be linked together into higher level 

aggregates and that can be easily integrated in existing game platforms. 

This tutorial provides an illustrated walkthrough to create and manage taxonomies. 

Target Audience 

The stakeholders of the Ecosystem are different user groups and communities who will 

be affected by and will be using the services and possibilities of the system developed 

and provided during the project. The main Ecosystem related target groups are given by: 

• researcher (groups) and experts, 

• asset developers. 

While researchers and experts can provide the first important input on Applied Gaming 

taxonomy, game and asset developers represent the game development and industrial 

perspective on Applied Games and provide information related to assets and their 

categorizations. 

Prerequisites 

• Recent web browser – Mozilla Firefox, Google Chrome, ... (Microsoft Edge 

currently not supported) 

• Ecosystem Portal account (please send E-Mail to jbecker@ftk.de) 

• Ecosystem Portal URL (Test Environment): http://rage.deploy.ftk.de/ 

Contact 

Please contact ragesupport@ftk.de for bug reports and support. 
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 Login 

 

Point your web browser to the RAGE Ecosystem Portal URL http://rage.deploy.ftk.de/ 

and click “Login” in the upper right hand corner. 

 

Please enter the RAGE credentials provided (login, password) in the corresponding form 

fields and press the “Login” button below. 

 

 

 

 

 

The Ecosystem Portal dashboard should then look similar to the following screenshot. 
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You will find a menu bar with the functions Explore, to search and browse the Ecosystem. 

Import, to import external data from BibTex, OAI-PMH, Mendeley and SlideShare into 

the Repository. Content Manager, to manage your own content, create Assets, 

Publications, Presentations, Software and Taxonomies and assign material to asset 

collections. My Account, to edit your account data, and Logout. 

This tutorial will concentrate on the management of taxonomy. We will show you how to 

create a new taxonomy and how to maintain it. 
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Create new Taxonomy 

 

To create a new taxonomy, select “Content Manager » Taxonomy” from the dashboard 

menu. 
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In the following screen, please select “+ New Taxonomy” for creating a new taxonomy. 
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Consequently, the metadata for the taxonomy can be entered in the forms depicted below. 

The forms in the “Subject” tab correspond to the “Title” of the taxonomy, a short 

“Description” of the asset, a set of free “Keywords” and two select boxes “Hidden”, which 

only lets the creator to see the taxonomy and “Root Taxonomy”, which indicates that this 

taxonomy is one of the Ecosystem’s root taxonomies. This select box only shows up if 

the creator is an Ecosystem admin. 
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Selecting the “Authors” tab now enables the assignment of “Authors” to the taxonomy. 

More than one author can be assigned to a particular taxonomy. Click “New Author” to 

begin inputting a new author. 
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In the following, new author “Tobias Swoboda” is created. Author’s organization can be 

typed into the “Organisation” input box. 

• If the organization hasn’t existed, option “Add … “ will show up on the dropdown. 

In this case, clicks on this option to add it to the organization list. 

 

• If the organization is already existed, it can be selected from the list. 
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Click “Save” to add the author to the author list. New added author will be added to the 

list of taxonomy‘s authors. 

 

 

Next in tab “Structure”, we will have to choose if we want to create a completely blank 

taxonomy or we want to make a copy from an existing root taxonomy. 

• Choose option “New Blank Taxonomy” from the select box to create a completely 

new taxonomy. 
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• Or choose a root taxonomy and a version of it to clone from. 
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Please click “Create new” to complete creating the taxonomy. The newly created 

taxonomy is now listed (Menu “Content Manager » Taxonomy”). Yellow line indicates 

that these taxonomies are root taxonomies of the Ecosystem. 
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Construction of Taxonomy 

 

Taxonomy can be continuously upgraded. From the taxonomy list, click on “Edit” button 

of a taxonomy to go to Editing page. From there we can go to tab “Structure” to work on 

the structure of the taxonomy. 
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From here, we can: 

• Add more terms to the taxonomy. 

• Delete terms from the taxonomy. 

• Add, edit or delete term’s properties. 

• Import or export the taxonomy or only a part of it from/to different formats. 

 

We import the RAGCS taxonomy from a RDF/XML file. This file was generated by 

another application. We do it by choosing the root “RAGCS Practitioner” and clicking on 

“Import” button. The “Browser” dialog will pop up and lets user choose import file from 

local computer. 

Tip: we can import not only a completely taxonomy but only a part of it. First, we choose 

the term we want to import to, then click on “Import” button. 
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In next step, we can preview the importing structure, choose if we want to completely 

replace selecting category with importing data. Each term has a unique identifier. These 

ID help the Ecosystem to detect if the importing taxonomy is developed from scratch or 

it is a clone of an existing taxonomy. We can either choose to import these IDs or leave 

them out. 

 

 

Last step, click on “Import” and wait for the taxonomy to be imported. 

 



 

 

 

271 

 

 After the structure was successfully imported, success message and new structure. 

  

 

Each term has data properties and object properties. By clicking on the term, we can view 

and edit their properties. 
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We can see in the image above term “end-users” has an identifier of “583f0f4f445a8”. It 

is a skos:Concept class and the term has a preferred label “end-users”. In the image 

bellow, the term “end- users” has a broader term “demand side” and 4 narrower terms 

“seniors”, “children”, “adults” and “other user groups”, which also show as 4 

subcategories of node “end-users” on the tree. 
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We can leave them be or click on “plus” icon to add a property to the taxonomy, “pen” 

icon to edit the property or “trash” icon to delete it. 

After clicking on “plus” icon, a small dialog will show up with text box to input value of 

the new property and a select box to select property’s language. 

For editing property, the same dialog will show up but with prefilled value of the property. 

We type in the new value. 

  

 

 



 

 

 

274 

 

 

 

 

After done editing, click on “check” icon to save or “cross” icon to cancel. 
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We have different procedure for adding object properties. There are no editing object 

properties because we can just delete the old property and add a new one to replace it. 

 

Click on “plus” icon to begin adding new property. 
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Type in a term you want to add. The tree will automatically highlight the nodes that have 

the same name. Please note that the nodes are only highlight after we input more than 2 

characters into the input box. 
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Click on a node (highlight or not) to choose it as the value of the new property. 
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There is a special case with “Narrower Terms” where we don’t have to choose a node 

from the tree. In this case, a new node with the value we typed will be created and selected 

as the value of the new property. 

 

 

 

Finally, click on “check” icon to save or “cross” icon to cancel. 
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Whole taxonomy or just a term can be exported and saved in different file formats. To 

export a term and its children, please select the term and click on “Export” button on the 

left. 
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 Export dialog will show up with export options. Different file formats such as 

OWL/XML, RDF/XML, … can be chosen at “File Type” select box. Please select “Yes” 

under “Export UUID” if you want to export the unique identifier of the terms. Please 

notice that these IDs are locally, so it can only be used by the Ecosystem. 

 

 

Please click Export to start exporting process. After the file was generated, it will be 

automatically downloaded to the local machine. 

 

 

 

 

 

 

 



 

 

 

281 

 

Version Control of Taxonomy 

 

Changes of taxonomy can be managed by version control. To use its features, please go 

to tab “Version Control”. 

History of the taxonomy with detail about each commit is shown. Select a version on 

“Select Version” selection, changes, which happened in that version, will be listed. 

• “plus” icon with text in green means those terms were newly added. 

• “asterisk” icon with text in yellow means those terms were modified. 

• “square” icon with text in black means those terms were unchanged. 

• “minus” icon with text in red means those terms were deleted. 
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Please click on “Commit” button to commit (save) all changes that are made. Changes 

can be previewed in tree format in tab “Taxonomy Tree” or list format in tab “Updated 

Files”. The color of the text presents the status “added”, “modified”, “unchanged” and 

“deleted” of the terms. Enter comment into the comment box and click on “Commit” to 

complete the process. 
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A new version (checkpoint) will be created. Please click “Back” to go back to “Version 

Control” tab. 

 

If a mistake is made on constructing the taxonomy, we can always go back to a version 

in the past. To do so, we need to select version we want to go back in “Select Version” 

selection and click on “Rollback”. A dialog will appear, warn us the current taxonomy 

will be replaced by the chosen version. Please click on “Continue” to complete the 

rollback. 
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A root taxonomy can be branched many times for users to work on. The branched 

taxonomies are improved from time to time. One of them later on was voted as the best 

updated version of the root taxonomy that it was cloned from. We can replace the current 

root taxonomy by this new updated branch. Please click on “Merge” button to start 

merging the current taxonomy to one of its branches. Please note that only the Ecosystem 

admins can see this button. 
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The system can use UUID to automatically find all the branches of the current taxonomy. 

They will be listed in order most rated first in tab “Only Relevant Taxonomies”. If the 

system cannot find the branches or we want to merge to another non-related taxonomy in 

the Ecosystem, go to tab “All Taxonomies” to see all the taxonomies of the Ecosystem, 

also in order most rated first. Choose a taxonomy and click on “Merge” button to begin 

the merging process. 

 

To preview the taxonomy, please click on “down” arrow on the right of the “Save” button 

and choose “View Content”. 
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A new tab will open and show the information of the taxonomy, such as title, description, 

authors, keywords, posted date, rating, structure, version control and related articles. 
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Tab “Structure” displays a complete tree of the taxonomy. Select a term to view its 

properties. 

 

 

Logout 

Finally, a logout can be performed with the Logout button. 
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Appendix D: Evaluation 2 – Assignment 

1. Create a blank taxonomy with name “City – [your username]”. Feel free to input 

some keywords and a short description. Add your name as an author. 

2. Create new terms following these descriptions: 

• The root “City” has “Has top Concepts”: “USA”, “UK”, “France” and 

“Netherlands”. 

• “USA” has “alternative labels”: “United States of America” (English), 

“United States” (English), US (English) and “Vereinigte Staaten von 

Amerika” (German). 

• “UK” has “alternative labels”: “United Kingdom” (English), “United 

Kingdom of Great Britain and Northern Ireland” (English), “Britain” 

(English) and “Vereinigtes Königreich” (German). 

• “France” has “alternative labels”: “French Republic” (English) and 

“Frankreich” (German). 

• “Netherlands” has “alternative labels”: “Kingdom of the Netherlands” 

(English) and “Niederlande” (German). 

• “USA” has “narrower terms”: “New York” and “New Orleans”. 

• “UK” has “narrower terms”: “York”. 

• “France” has “narrower terms”: “Orléans”. 

• “Netherlands” has “narrower terms”: “Amsterdam”. 

• “New York” has “alternative labels”: “Big Apple” (English), “New 

Amsterdam” (English). 

• The term also has “related terms”: “York” and “Amsterdam”. 

• “New Orleans” has related terms”: “Orlesans” 

3. Commit your taxonomy. Feel free to leave some comments in the “comment” 

field. 
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4. After committing the taxonomy, add a “top Concepts” to root “City” call 

“Switzerland”. 

• “Switzerland” has “alternative labels”: “Swiss Confederation” (English) and 

“Schweiz” (German). 

• “Switzerland” has “narrower terms”: “Bern”. 

5. Commit your taxonomy again.  Feel free to leave some comments in the 

“comment” field. 

6. Export taxonomy “City” to an XML file in RDF/XML format. 

7. Rollback taxonomy “City” to the commit in question 3. 

 

 

Answer (hide from student): 

 

 

 

City

USA

New York

New 
Orleans

UK York

France Orléans

Netherlands Amsterdam

Switzerland Bern
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Appendix E: Evaluation 2 – Result Statistic 

 

Descriptive Statistics of the evaluation categories - Internal 

 

Minimum Maximum Mean SD 

Usability         

This tool’s capabilities meet my 

requirements. 
3.00 6.00 4.83 1.17 

Using this tool is a frustrating 

experience. 
2.00 6.00 3.38 1.60 

This tool is easy to use. 4.00 6.00 5.38 0.74 

I have to spend too much time 

correcting things with this tool. 
1.00 6.00 3.13 1.55 

Usefulness 

    
It helps me be more effective. 2.00 6.00 3.86 1.46 

It helps me be more productive. 2.00 6.00 4.14 1.35 

It is useful. 4.00 6.00 5.00 1.07 

It gives me more control over the 

activities in my work. 
1.00 6.00 3.86 1.95 

It makes the things I want to 

accomplish easier to get done.  
1.00 6.00 3.75 1.83 

It saves me time when I use it 2.00 5.00 4.00 1.31 

It meets my needs. 2.00 7.00 4.38 1.85 

It does everything I would expect 

it to do. 
2.00 5.00 4.13 1.13 

User Interface         
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The C2TM works fast. 5.00 7.00 6.13 0.64 

The user interface feels good. 2.00 7.00 4.88 1.55 

Buttons. images and texts are in 

the right position. 
3.00 7.00 5.00 1.31 

Enough information and 

explanations are presented. 
1.00 6.00 3.88 1.81 

The images and icons look good. 2.00 6.00 4.88 1.46 

Tutorial         

The tutorial is well written. 3.00 6.00 4.71 1.11 

The tutorial helps me to know 

how to use the C2TM. 
5.00 7.00 5.43 0.79 

I spent a lot of time reading the 

tutorial. 
1.00 6.00 3.00 1.73 

I don’t need the tutorial. 1.00 6.00 3.71 2.14 

I only use the tutorial when I had 

trouble with the C2TM. 
1.00 7.00 4.00 2.19 

I needed to learn a lot of things 

before I could get going with the 

C2TM 

1.00 6.00 3.14 1.95 

Experience         

I have experience 

with/knowledge about 

Taxonomy. 

2.00 4.00 3.38 0.74 

I have used Taxonomy systems 

before. 
3.00 7.00 5.25 1.28 

This system has the same quality 

and functionalities as the system I 

1.00 7.00 3.00 2.28 
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have used. 

Taxonomy          

I spent a lot of time testing the 

Taxonomy Editor. 
2.00 4.00 3.38 0.74 

The tree representations help me 

to visualize the relation between 

nodes in the taxonomy. 

3.00 7.00 5.25 1.28 

I need more input fields to put 

more detail/metadata about the 

taxonomy. 

1.00 7.00 3.00 2.28 

Version Control         

Version Control is very useful 

and needed. 
2.00 7.00 5.75 1.75 

The speed of the commit is fast. 5.00 7.00 6.57 0.79 

I sometimes need rollback 1.00 7.00 4.00 2.19 

I rollback to previous version 

because I’ve made a mistake. 
1.00 6.00 2.80 2.17 

Rollback feature is necessary. 1.00 7.00 5.43 2.23 

The colour and icons for the text 

in the commit page. which 

provides info about changes of 

the taxonomy before committing. 

is useful. 

3.00 6.00 4.67 1.03 

Import/Export         

Import/Export feature is easy to 

use. 
4.00 7.00 5.67 1.21 
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Import/Export speed is fast. 5.00 7.00 5.80 0.84 

The number of options for 

exporting file type are enough. 
6.00 7.00 6.40 0.55 

I have exported files on other 

Taxonomy Manager Systems. 
1.00 7.00 3.80 3.03 

 

Descriptive Statistics of the evaluation categories – External 

 

Minimum Maximum Mean 

Std. 

Deviation 

Usability         

This tool’s capabilities meet my 

requirements. 
3.00 7.00 4.20 1.23 

Using this tool is a frustrating 

experience. 
2.00 5.00 3.50 1.27 

This tool is easy to use. 3.00 7.00 4.20 1.23 

I have to spend too much time 

correcting things with this tool. 
2.00 6.00 3.90 1.45 

Usefulness         

It helps me be more effective. 2.00 6.00 3.20 1.23 

It helps me be more productive. 2.00 6.00 3.40 1.26 

It is useful. 2.00 7.00 3.70 1.49 

It gives me more control over the 

activities in my work. 
2.00 5.00 3.20 0.92 

It makes the things I want to 

accomplish easier to get done.  
2.00 6.00 3.20 1.23 

It saves me time when I use it 2.00 5.00 3.10 1.10 
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It meets my needs. 1.00 5.00 3.10 1.37 

It does everything I would expect 

it to do. 
1.00 5.00 2.70 1.25 

User Interface         

The C2TM works fast. 2.00 6.00 4.30 1.42 

The user interface feels good. 2.00 5.00 3.80 0.79 

Buttons. images and texts are in 

the right position. 
2.00 5.00 3.20 1.14 

Enough information and 

explanations are presented. 
1.00 4.00 2.90 1.29 

The images and icons look good. 2.00 6.00 3.70 1.42 

Tutorial         

The tutorial is well written. 1.00 3.00 2.20 0.63 

The tutorial helps me to know 

how to use the C2TM. 
2.00 6.00 3.80 1.40 

I spent a lot of time reading the 

tutorial. 
2.00 5.00 4.11 0.93 

I don’t need the tutorial. 1.00 4.00 2.10 1.20 

I only use the tutorial when I had 

trouble with the C2TM. 
2.00 7.00 4.30 1.95 

I needed to learn a lot of things 

before I could get going with the 

C2TM 

1.00 5.00 2.70 1.49 

Experience         

I have experience 

with/knowledge about 

5.00 7.00 5.89 0.60 
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Taxonomy. 

I have used Taxonomy systems 

before. 
5.00 7.00 6.20 0.79 

This system has the same quality 

and functionalities as the system I 

have used. 

2.00 6.00 3.20 1.32 

Taxonomy          

I spent a lot of time testing the 

Taxonomy Editor. 
3.00 6.00 4.20 1.14 

The tree representations help me 

to visualize the relation between 

nodes in the taxonomy. 

3.00 5.00 3.50 0.71 

I need more input fields to put 

more detail/metadata about the 

taxonomy. 

2.00 3.00 2.80 0.42 

Version Control         

Version Control is very useful 

and needed. 
3.00 6.00 4.40 1.07 

The speed of the commit is fast. 3.00 6.00 4.20 1.23 

I sometimes need rollback 3.00 7.00 4.60 1.43 

I rollback to previous version 

because I’ve made a mistake. 
3.00 7.00 4.50 1.43 

Rollback feature is necessary. 3.00 7.00 4.70 1.34 

The colour and icons for the text 

in the commit page. which 

provides info about changes of 

the taxonomy before committing. 

2.00 4.00 3.20 0.79 
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is useful. 

Import/Export         

Import/Export feature is easy to 

use. 
2.00 5.00 3.20 1.40 

Import/Export speed is fast. 4.00 6.00 5.00 0.67 

The number of options for 

exporting file type are enough. 
4.00 7.00 4.60 0.97 

I have exported files on other 

Taxonomy Manager Systems. 
1.00 6.00 3.20 1.69 
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