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Abstract 

Ontology integration is a process of matching and merging two ontologies for reasons such as for 

generating a new ontology, thus creating digital services and products. Current techniques for 

ontology integration, used for information and knowledge integration, are not powerful enough to 

handle the semantic and pragmatic heterogeneities. Because of the heterogeneities, the ontology 

matching and integration have shown to be a complex problem, especially when the intention is to 

make the process automatic. 

 

This thesis addresses the problem of integrating heterogeneous ontologies, first, by exploring the 

context of ontology integration, secondly, by building a context knowledge base, and thirdly, by 

applying the context knowledge base. More specifically, the thesis contributes a context knowledge 

base method for ontology integration, CKB-OI method, which contains: 

 

1) A method of building a context knowledge base by extracting context and contextual information 

from ontologies in an ontology repository to improve ontology integration. 

2) A method of refining the result of ontology integration with the help of the context knowledge base 

and expanding the context rules in the context knowledge base. 

 

In the first method, the context of the ontology integration is identified by examining the content and 

metadata of the integrated ontologies. The context of an ontology integration contains the information 

describing the integration, such as the domain of ontology, the purpose of ontology, and the ontology 

elements involved. Context criteria, such as the metadata of ontologies and the element of ontologies 

in the repository, are used to model the context. The contextual information is extracted and 

integrated from ontologies in an ontology repository, using an ontology integration process with non-

violation check. With the context and the contextual information, a context knowledge base is built. 

Since this is built by reusing ontologies to provide extra information for new ontology integration in 

the same context, it is quite possible that the context knowledge base will improve the earlier 

ontology integration result. 

A method for identifying the domain of an ontology is also proposed to help in building and using the 

context knowledge base. Since the method considers the semantic and pragmatic heterogeneities of 

ontologies, and uses a light-weight ontology representing a domain, this work increases the semantic 

value of the context knowledge base. 

 

In the second method, the context knowledge base is applied to the result of an ontology integration 

process with a non-violation check, which in turn results in an ontology intersection. The contextual 

information is searched for and extracted from the context knowledge base and then applied on the 

ontology intersection to improve the integration result. The ontology non-violation check integration 

process is adjusted and adopted in the method. Moreover, the context knowledge base is expanded 

with perspective rules, with which the different views of ontologies in a context are preserved, and 

reused in future ontology integration.  

The results of the CKB-OI methods are: 1) a context knowledge base with rules that consider 

semantic and pragmatic knowledge for ontology integration; 2) contextual ontology intersection 

(COI) with the refining result compared to the ontology intersection (OI), and 3) an extended context 

knowledge base with the different views of both ontologies. For evaluation, ontologies from the 

Ontology Alignment Evaluation Initiative (OAEI) and from ontology search engines Swoogle and 

Watson have been used for testing the proposed methods. The results show that the context 

knowledge base can be used for improving heterogeneous ontologies integration, hence, the context 

knowledge base provides semantic and pragmatic knowledge to integrate ontologies. Also, the results 

demonstrate that ontology integration, refined with the context knowledge base, contains more 

knowledge without contradicting the ontologies involved in our examples. 

 

Keywords: Ontology integration, semantic integration, pragmatic integration, 

context, knowledge base and rules      

  



Sammanfattning 

Ontologi-integration är en process för att matcha och sammanfoga två ontologier för att t.ex. generera 

en ny ontologi, och därmed skapa digitala tjänster och produkter. Aktuella tekniker för ontologi- 

integration, som används för information och kunskapsintegration, är inte tillräckligt kraftfulla för att 

hantera semantiska och pragmatiska heterogeniteter. På grund av heterogeniteter, har ontologi- 

matchning och -integration visat sig utgöra ett komplext problem, särskilt när avsikten är att göra 

processen automatisk. 

 

Denna avhandling behandlar problemet med att integrera heterogena ontologier; för det första genom 

att undersöka kontexten för ontologi-integrationen, för det andra genom att bygga en kunskapsbas för 

kontexten, och för det tredje genom att tillämpa denna kunskapsbas. Mer specifikt bidrar avhandlingen 

med CKB-OI-metoden för ontologi-integration, vilken innehåller: 

1) En metod för att bygga en kontextkunskapsbas, genom att extrahera sammanhang och kontextuell 

information från ontologier i ett ontologi-förvar för att förbättra ontologi-integrationen. 

2) En metod för att förfina resultatet av ontologi-integration med hjälp av kontextkunskapsbasen och för 

att utöka kontextreglerna i kunskapsbasen. 

 

I metod nr. 1 identifieras kontexten genom att undersöka innehållet och metadata för de ontologier, 

som ska integrereras. Kontexten innehåller information som beskriver integrationen, till exempel 

domän och syfte för varje ontologi, samt element som ingår i respektive ontologi. Kontexten  

modelleras med kriterier, såsom metadata och element för ontologierna i förvaret. Den kontextuella 

informationen extraheras och integreras med användning av en integrationsprocess med icke-

överträdelsekontroll. Kontextkunskapsbasen byggs utav kontext samt kontextuell information. 

Eftersom kunskapsbasen är byggd av återanvända ontologier för att ge ytterligare information till 

ontologi-integrationen inom samma kontext, så är det mycket möjligt att kontextkunskapsbasen 

kommer att förbättra det tidigare integrationsresultatet. 

En metod för att identifiera domänen för en ontologi föreslås också, för att hjälpa till att bygga och 

använda kontextkunskapsbasen. Eftersom metoden tar hänsyn till de semantiska och pragmatiska 

heterogeniteterna hos ontologier, och använder en enkel ontologi för att representera en domän, så 

ökar detta arbete det semantiska värdet av kontextkunskapsbasen. 

I metod nr. 2 tillämpas kontextkunskapsbasen på resultatet av en ontologi-integrationsprocess med 

icke-överträdelsekontroll, vilket i sin tur resulterar i ett ontologisnitt. Den kontextuella informationen 

extraheras från kontextkunskapsbasen och appliceras sedan på ontologisnittet för att förbättra 

integrationsresultatet. Icke-överträdelsekontrollen i integrationsprocessen justeras och används på nytt. 

Dessutom utökas kontextkunskapsbasen med perspektivregler, med vilka de olika vyerna av 

ontologier i en gemensam kontext bevaras och återanvänds i framtida ontologi-integrationer. 

Resultaten av CKB-OI metoden är: 1) en kontextkunskapsbas med regler som avser semantiska och 

pragmatiska kunskaper om en ontologi-integration; 2) ett kontextuellt ontologisnitt (COI) med ett 

förfinat resultat jämfört med ontologisnittet (OI) och 3) en utökad kontextkunskapsbas med olika vyer 

av båda ontologier. För utvärderingen har ontologier från Ontology Alignment Evaluation Initiative 

(OAEI) samt ontologisökmotorerna Swoogle och Watson använts för att testa de föreslagna 

metoderna. Resultaten visar att kontextkunskapsbasen kan användas för förbättring av heterogena 

ontologi-integrationer. Följaktligen tillhandahåller kontextkunskapsbasen semantiska och pragmatiska 

kunskaper för att integrera ontologier. Dessutom visar resultaten att ontologi-integrationer, utökade 

med kontextkunskapsbaser, innehåller mer kunskap, utan att motsäga de ontologier som ingår i våra 

exempel. 

 

Nyckelord: Ontologi-integration, semantisk integration, pragmatisk integration, sammanhang, 

                      kontextkunskapsbas, regler. 
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PhD Thesis 

  



Chapter 1 Introduction 
 

With the increased use of ontologies in knowledge systems and the Semantic Web, 

techniques of ontology matching and integration have been developed to improve the data 

and system interoperability. Moreover, digital products and services can be developed by 

applying ontology matching and integration techniques. Hence, the technique of ontology 

matching and integration is becoming more important.  

An ontology defines a set of “representational primitives” to model “a domain of 

knowledge or discourse” (Gruber, 2009). Ontology matching is done to identify the 

correspondences and relations of entities in ontologies (Euzenat and Shvaiko, 2007), and 

the results are used, among others, in an ontology integration. Ontology integration is a 

process of matching two input ontologies to create a new non-contradictory ontology 

intersection that contains the maximal entities of the input ontologies (Wu, 2013). 

1.1 Background 

Ontology matching and integration is a necessary technique for developing products and 

services in distributed system areas like the Semantic Web, peer-to-peer systems and agent 

systems (Euzenat and Shvaiko, 2007; Håkansson et al., 2010). The difficulties of this task 

arise in the complexity of the real world and the knowledge representation, which can be 

called the “knowledge soup”, rather than the knowledge base (Sowa, 1999). Although an 

ontology is a formal representation of knowledge for a domain, when multiple ontologies 

are involved, they cannot resolve the semantic heterogeneities by themselves. The 

ontology heterogeneities depend on the complex reality and the diverse perspectives of 

ontology developers of both the domain and the purpose of developing ontologies 

(Håkansson and Wu, 2013). Moreover, the developers have different background 

knowledge and individual experiences that influence their choices during the development 

of ontologies.  

It is not enough to only match the syntax, the terminologies of ontologies, and the 

structures of ontologies, to overcome these heterogeneities of ontologies. Information, 

such as the relationships of the terms, the domain knowledge and the background 

knowledge, needs to be considered to improve the semantic matching. The lack of 

background knowledge is actually the real problem for semantic matching (Giunchiglia et 

al., 2011). Background knowledge should be large on the one hand, and context-sensitive 

on the other hand (Giunchiglia et al., 2011).  

With context, words and representations can express not only linguistic (syntax) 

meaning, but also non-linguistic (semantic and pragmatic meanings). Building a context 

knowledge base for ontology integration is an approach to construct the knowledge to 

provide better related information supporting ontology integrations. Exploring the 

meaning of context for ontology integration and developing methods for building, 

improving and expanding a context knowledge base for ontology integration are very 

important for the research. 

Approaches to exploring background knowledge are several, e.g., using upper domain 

ontologies (Mascardi et al., 2010), reusing previous alignment (Do and Rahm, 2002; 

Aumueller et al., 2005), and applying metadata in a repository (Rahm et al., 2004), as well 

as using linguistic resources like WordNet (Princeton University, 2013).  

Existing research on ontology matching and integration adopts various approaches for 

identifying context and uses them for improvement. For example, context can be variable 

information in a scenario where it is defined with a context ontology defined by the user 

(Lin et al., 2010). Another example by Noy and Musen (2001) defines local context and 



non-local context in an algorithm, Anchor-Prompt. Local context means the information 

of the elements being compared in ontologies; non-local context is the information 

between the two related anchor elements in ontology structures (Noy and Musen, 2001). 

In the framework for contextual specific integration of biomedical ontologies, context is a 

term in an ontology (Marwah et al., 2012). They use a large amount of literature data to 

calculate co-occurring ontology terms from which context-dependent functional links are 

derived. These links are then used for merging the ontologies. Context is a category in the 

mathematical theory with defined concepts and relations in a context-based formalism 

(Xiao and Tang, 2007). With the context defined according to the category theory, multi-

context reasoning is conducted with proposed default reasoning (ibid.). 

Context has also been studied carefully for a long time in areas like knowledge-based 

systems and ubiquitous systems, either for handling the complex knowledge in a dynamic 

manner (McCarthy, 1993; Sowa, 1995; Giunchiglia et al., 2011) or to provide smarter 

human interfaces (Deys et al., 2001). However, there is no agreement on a concise 

definition of context in these areas. Bazire and Brézillon (2005) reviewed several 

hundreds of works on context and proposed the components of context as the user and the 

observer involved, as well as the items, the environment, and other related contexts 

(Porzel, 2011). Examining the use of context in all areas, context helps when detecting 

semantic relations to provide extra information and correct interpretations for applications.  

Many artificial intelligence (AI) techniques have been applied for reasoning, such as 

neural networks (Mao et al., 2009), multi-agent and knowledge bases (Håkansson et al., 

2010), semantic networks (Fürst and Trichet, 2009), rules and statistical measures (Jérôme 

et al., 2007) and description logics with rules (Xiao and Tang, 2001), to name just a few. 

1.2 Problem 

Despite great efforts and achievements, current methods of ontology integration are not 

yet satisfactory, especially on the semantic and pragmatic level. For example, in the area 

of applying context for ontology matching and integration, building a context ontology for 

every scenario is neither economic nor efficient. Moreover, providing a context formalism 

according to a mathematical model does not tackle the semantic issues that are currently 

presenting in the content of ontologies. It is not enough only to examine the integrated 

ontologies, and additional information needs to be explored to help the ontologies 

integration. Further work on discerning and applying context for ontology integration is 

needed.  

1.3 Research question 

Exploring context for ontology integration to provide additional context-related 

information to improve the semantic and pragmatic ontology integration is the focus in our 

research, and hence a question is identified: how to improve ontology integration through 

the creation and application of a context knowledge base? Following this main question, 

two sub-questions are tackled in the research. 

 

1. How to develop a context knowledge base by extracting context and 

contextual information using ontologies in an ontology repository? 

2. How to refine the result of an ontology integration by using the context 

knowledge base and expanding the content of the context knowledge base?  

 



The first question is to examine and design an innovative artefact for providing the 

context and the contextual information for ontology integration. The second question is to 

find an artefact that applies efficiently the result of the first question, the context 

knowledge base, to improve the ontology integration result; and to explore an extended 

artefact of the first. These reflect a refined iterative process of design. 

1.4 Purpose 

he purpose of this thesis is to explore innovative ideas of context for ontology 

integration, and therefore to identify novel and relevant contextual background 

information for improving the ontology integration at the semantic level and the pragmatic 

level. Moreover, the information should be additional information to the integrating 

ontologies. The artefacts presented from the research enrich the knowledge and 

understanding in the research area. 

The goal is to integrate heterogeneous ontologies using contextual information to 

improve the result at the semantic and the pragmatic levels by providing: 

 1) A method for building a context knowledge base for ontology integration based on an 

ontology repository; 

 2) A method for using the context knowledge base to refine the results of ontology 

integrations and expand the context knowledge base. 

This thesis also discusses the research method applied in the research so that the result 

can be justified from a scientific viewpoint. Also, the thesis summarizes the research so 

that the result can more easily be accessed by the public, which makes it possible to 

benefit interested companies that wish to develop and apply the artefacts. 

Ontologies that are created for a domain, by an author, for specific users or using 

certain terminologies share the same context regarding the aspect of the domain, author, 

users, or terminologies used. Hence, criteria like the domain of the ontology and the 

author of the ontology can be used to describe the context of an ontology and an ontology 

integration.  

Since it is too expensive to build a huge background knowledge base from scratch, it is 

useful to reuse knowledge, e.g., an ontology repository, where multiple ontologies are 

stored and managed. In an ontology repository, metadata and metaknowledge for 

managing the ontologies, including functions of querying and categorizing ontologies, are 

available. An artefact that reuses knowledge is not only economic, but also able to replace 

ad hoc approaches with a more consistent and systematic solution. 

Since the matching and integrating of ontologies is a complex work that requires the 

combination of many techniques in different areas of artificial intelligence, the proposed 

artefact should be independent of other systems such that it can be adopted independently 

or be a part of other systems. The proposed artefacts do not exclude other methods in the 

area, but on the contrary they should apply standard technologies and open source 

technologies that are easy to integrate. 

The ambition is to explore the context of an ontology integration and to build artefacts 

upon the related and existing knowledge to improve the semantic ontology integration at 

the semantic and pragmatic levels. The proposed artefacts should be able to be used 

independently and applied in other approaches. 

1.5 Contribution 

In this research, a context knowledge base for ontology integration, the so-called CKB-OI 

method, is developed. The CKB-OI method includes two parts: one method is for 



extracting context and contextual information by matching and integrating ontologies in 

an ontology repository to create a context knowledge base; the other method is for using 

that context knowledge base to refine the ontology integration results, as well as to expand 

the context knowledge base with increasing ontologies in the repository. More 

specifically, the contribution of the first method is: 

 A process of ontology integration with a non-violation check. This process takes 

two ontologies as input, compares their entities, identifies entity candidates for the 

string-identical and synonymic entities, and joins ontologies according to the 

candidates by using an ontology reasoner and the integrating rules developed. 

After a two-direction comparison, an ontology intersection is generated, which 

contains as many as possible of the entities involved in the input ontologies and 

non-contradicting axioms about the entities under an open world assumption. 

 Context criteria and contextual information are defined, thus providing the related 

information at the syntactic, semantic and pragmatic levels. Context components of 

an ontology and an ontology integration are defined, i.e., the terminological 

relations and the descriptive data of the ontologies involved. To represent a 

context, context criteria are used, which are the components of ontologies, domain, 

author, user, location, creation date and ontology task. With the context definition 

and the context criteria, the ontologies in the repository can be integrated and 

organized in rules with perspectives of authors, domains and other context criteria. 

Moreover, a process of extracting dynamic rules for building the contextual 

ontology intersections, and, hence toward building a context knowledge base of 

ontologies is proposed. The context criteria and the contextual information are 

built into the context rules, with which the context knowledge base can be 

constructed.  

 A method of identifying the domain of an ontology with the consideration of 

semantic and pragmatic heterogeneities of ontologies. When the domain, as an 

important context criterion, is discerned automatically with this method, the 

context of the ontology can be treated semantically. 

And the contribution of the second method is: 

 A method of using the context knowledge base to refine integrations of multiple 

ontologies under an open world assumption. The assumption means that when two 

ontologies are integrated into a new ontology, information in ontologies is 

incomplete; the absence of information in one ontology does not falsify 

propositions in the other ontology; however, the integration of the two ontologies 

should not introduce explicit conflicts in the new ontology. Compared with an 

ontology integration without applying the context knowledge base, the result after 

the refinement contains more relations of the integrated ontologies.  

 Expanding the context knowledge base with perspective rules and increased 

ontologies provides a refined knowledge base and information for ontology 

integration. For ontology integrations, corresponding context rules are searched for 

in the context knowledge base. The contextual information is then aggregated and 

applied to improve the ontology integration. Therefore the contextual information 

is used as related but extra information referring to the integrated ontologies. The 

context knowledge base, therefore, expands the ordinary approaches of finding 

information for ontology matching and integration, such as building upper 

ontologies, bridge axioms and dictionaries, to improve the ontology integration. 

The context knowledge base is improved by increasing the quality and quantity of 

the ontologies in the repository and the perspectives of the context rules. With the 

perspective rules, and the different views of authors, domains are recorded and 



used for improving ontology integration. Therefore, the context knowledge base 

includes not only the consistent ontologies according to the context criteria, but 

different views according to the context criteria. 

1.6 Research methodology and approach 

When carrying out research, philosophical assumptions provide the foundation and the 

background for methods. There are at least four ordinary assumptions: positivism, realism, 

interpretivism and criticalism (Trochim, 2006). Positivism is adopted in the traditional 

natural science where reality is assumed to be objective and independent of the observers 

(Håkansson, 2013; Saunders et al., 2009). Realism takes the existence of objects as 

independent of the human mind and, therefore, the truth is in the minds corresponding to 

reality. Realism underpins the collection of data and understanding of the data, and can be 

used in interdisciplinary research on information and communication (ibid.). 

Interpretivism assumes that reality is only accessed via human and social actors. Opposite 

to positivism, which only acknowledges the deductive approach, the inductive approach is 

taken by interpretivists to explore social phenomena (ibid.). Criticalism assumes that 

reality is produced by humans, often socially, historically or cultural influenced 

(Håkansson, 2013). Entities exist independently of how they are perceived. The critical 

assumption commonly focuses on oppositions, conflicts and contradictions in the 

environment.  

eveloped from positivism, the post-positivist critical realist view is that reality is 

unknown; science is to achieve the goal of getting the right description of reality 

(Trochim, 2006). Post-positivists emphasize multiple measures and observations and, with 

triangulation across the multiple results, we may find it possible to come closer to reality 

(ibid.). The acceptance of a theory comes in degrees, like strong or weak, or somewhere in 

between (Curd and Cover, 1998).  

With various philosophical assumptions, research can be carried out with qualitative 

methods (Myers and Avison, 2002; Prasad, 2005; Marshall and Rossman, 2011), 

quantitative methods (Creswell, 2009), or a combination of both, otherwise known as 

triangulation (Creswell, 2009).  

The quantitative research method is inline of positivism and realism. The deductive 

approach is often taken in quantitative research methods, where experiments or surveys 

are designed from theories, large amounts of quantitative data are collected and analysed 

to answer often close-ended questions; and hypotheses and theories are proved or falsified 

with the experiments (Creswell, 2009).  

The qualitative method often follows interpretivism and criticalism. An inductive 

approach is often adopted in such a method, where the research is designed with 

qualitative design paradigms such as action research, grounded theory and case study 

(Creswell, 2009); and then qualitative data from different sources, such as documents, 

texts and interviews, are collected and analysed with qualitative methods to reach a 

tentative hypothesis, or a theory or an artefact (Håkansson, 2013).  

For developing artefacts, design science (DS) is commonly used in computer science. 

Instead of exact measures and formally expressed relations between variables as in the 

quantitative research method, the qualitative research method help to achieve deeper 

understanding with researchers’ interpretations and reflections. To collect qualitative data, 

in verbal or written forms, the questions in the qualitative research method are open-ended 

with a context focus. 

A mixed method of quantitative and qualitative research can provide the strengths of 

both. They can be combined in sequential, concurrent and transformative procedures 



(Creswell, 2009). In the sequential procedure, the researcher may start with a qualitative 

method for exploratory purposes and follow up with a quantitative method for analysis. Or 

researchers can start the other way around, with a quantitative method to test theories and 

concepts followed by a qualitative method involving detailed exploration with a few 

classes (ibid.). In the concurrent procedure, researchers collect both quantitative and 

qualitative data to provide a comprehensive analysis (ibid.). In the transformative 

procedure, researchers apply a theoretical lens to build up a framework for topics, data 

collection methods and anticipated outcomes. Qualitative and quantitative data are then 

collected by involving either a sequential procedure or a concurrent procedure (ibid.). 

This research adopted post-positivism, so a qualitative research method with an 

inductive approach is applied. This choice is partly dependent on the processed data are 

ontologies. Both the input data and the output data are ontologies. The contextual 

information is also presented with ontologies. It is possible to describe an ontology with 

numeric data, such as number of included axioms and classes, and the percentage of the 

integrating classes. The numeric data are used in some cases. However, the focus of the 

study is about the contents of the ontologies and the consistencies of the integrated 

ontologies. 

Another reason for choosing the qualitative method is that the research question 

requires a qualitative artefact as answer. There are many researchers that suggest methods 

and systems in the area without solving a problem with pleased results. One experience 

from the existing research is that a combination of several methods solves the problem 

with the research in this thesis in a better way. Hence, the intention is to enrich the 

knowledge with an innovating approach with deep understanding of the effects of using 

context. The focus on the context and the relevance of contextual information strengthens 

the choice of the qualitative method. A context-based research does not lend itself to use 

only the quantitative data. 

An inductive research approach is chosen for the work of the work of this thesis in 

general since the purpose is to produce an innovative artefact to solve a practical problem. 

The existing research is used as the background knowledge to explicate the problem, to 

create the artefact and to evaluate the result. However, no intention of proving or 

falsifying hypotheses has been in mind. Abductive approach is adopted for cases, i.e., the 

best explanations at hand are used during the creation of the artefacts (Håkansson 2013).  

1.7 Social impacts, ethics and sustainability issues 

The ontology integration technology can support the creation of advanced digital services 

and products, which benefit three target groups. The first target group is individuals in 

general. The technology help individuals to become more efficient and effective. In a 

distributed system environment, e.g., the Internet of things, information is integrated and 

new knowledge can be drawn from the integrated information to provide digital products 

for specific groups, e.g., disabled people who require particular services and products. 

The second target group is the industry. Today, not only are more and more ontologies 

applied in systems but also knowledge and information are being constantly updated. 

Ontology integration technology helps the industry to reuse knowledge to adapt to new 

situations and to expand the business by integrating with other systems. 

The third target group is researchers. The technology of applying context to improve 

ontology integration on the semantic and pragmatic level contributes new ideas and 

methods for problem solving in the complex research area and helps researchers to 

improve their work together. 



Ontology integration techniques can be used, for example, to analyse the Semantic 

Web, and therefore to manipulate and spy on Internet users. Ethical aspects need to be 

considered seriously when using the technology. Ontology matching and integrating 

technology will provide powerful means to analyse heterogeneous information, and hence 

to detect individual behaviour patterns on the Internet or to invade privacy and breach 

ethical standards. For users of evil intent, not only can privacy be invaded but also major 

damage can be done to society. 

The sustainability issue includes three assessment pillars: environment, social and 

society and economics. Software techniques relate more closely and broadly to society and 

economics assessment. Semantic matching techniques can help in reusing, integrating and 

accumulating knowledge so that the system can be in use for a longer period and be 

adapted for users. System has algorithms to integrate new knowledge and is therefore able 

to process huge amounts of information in heterogeneities. The systems become more 

powerful, user-friendly and resource-efficient. In this sense, the systems are more 

sustainable for society and for mankind. On the other hand, we did not consider the energy 

consumption of systems, and more work needs to be done to improve the sustainability in 

that sense. 

1.8 Delimitation 

The semantic matching of ontologies and the context for knowledge systems are two 

broad and complex problems in computer science. The definitions of ontology, and the 

context and the representation of ontologies, vary widely in research. In this research, one 

ontology representation, OWL 2 ontologies based on description logics, is studied. The 

semantic heterogeneities are limited to the conceptual definition heterogeneities among 

OWL 2 ontologies. The reasoning is limited also on the conceptual definitions 

(terminologies). Information on individuals is not considered in our research. The 

matching and integrating techniques stretch over the whole of artificial intelligence, such 

as rules, Bayesian networks, machine learning and so on. We focused on rules and 

description logics.  

The context in our research relates closely with the metadata of an ontology repository. 

Since context, in the English dictionary, can be any information on linguistic and 

nonlinguistic connected items, we focused on a small portion of context that can possibly 

be used for ontology integration.  

1.9 Outline of the thesis 

The outline of the thesis is structured in sex chapters, with a collection of publications 

from 2013 to 2014:  

Chapter two presents the theory of using context in computer science and related work, 

including the definitions of context in various areas of computer science. This chapter also 

presents the context of ontology and ontology integration in other research that is related 

to ours, and ontology heterogeneities. 

Chapter three gives a description of design science method applied in the research. 

Chapter four summarizes the contributions made by this research and presents the main 

proposed methods as a whole. 

Chapter five summarizes the publications from the perspectives of the related work, the 

main results and discussions of each paper. 

Chapter six concludes the research work, as well as presenting a summary of the 

evaluation of the contribution, and finally points to future work. 



1.10 Publication list 

There are five publications are used for this thesis: 

1. Wu, D., (2013). “Ontology integration with non-violation check and context 

extraction”, KTH Royal Institute of Technology, Licentiate thesis in information 

and communication technology, Stockholm. 

2. Håkansson, A. and Wu, D., (2013). “Conceptual ontology intersection for mapping 

and alignment of ontologies”, I: Agent and Multi-Agent Systems in Distributed 

Systems – Digital Economy and E-Commerce, eds. Anne Håkansson, Ronald 

Hartung, Springer Berlin Heidelberg pp 105-124. 

3. Wu, D., (2014). “Ontology integration with contextual information”, poster paper 

at 6
th

 International Conference on Agent and Artificial Intelligence, Angers, 

France. 

4. Wu, D. and Håkansson, A., (2014). “A method of identifying ontology domain”, 

2014, paper at 18
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 International Conference in Knowledge Based and Intelligent 

Information and Engineering Systems, Gdynia, Poland. 

5. Wu, D. and Håkansson, A., (2014). “A method for creating and using a context 

knowledge base for ontology integration”, 2014, paper submitted to Information 

Sciences of Elsevier. 

The ideas of the publications come from the Ph.D candidate Dan Wu and all the 

publications are written under the supervision of supervisor Anne Håkansson. Dan Wu is 

the main author of all the publications, except the book chapter, whose main author is 

Anne Håkansson. Also, the architecture design and the figures in the book chapter (paper 

2) were designed by Anne Håkansson.  

Two conference papers and one journal paper were produced after the licentiate thesis. 

With these works, a complete method of building the context knowledge base is proposed; 

a method of applying the context knowledge base is also proposed and the experiments 

show that the context knowledge base does indeed improve the ontology integration 

results compared with ontology integration without using the context knowledge base. 

Other publications not used in this thesis  

6. Dan Wu, Anne Håkansson: Ontology Integration by Using Context and Ontology 

Violation Check. KES 2012:pp. 450-459 

7. Dan Wu, Anne Håkansson: An Approach to Match and Integrate Ontology using 
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8. Dan Wu, Anne Håkansson: Applying a Knowledge Based System for Metadata 

Integration for Data Warehouses. KES (4) 2010: pp. 60-69 
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Chapter 2 Context and Ontology Integration 

 
Context is the circumstances that help something to be fully understood (Oxford 

Dictionary
1
). In computer science, context has been explored to simulate human context 

reasoning. Some of the areas where context has played an important role are knowledge 

systems, natural language processing and ubiquitous computing.  

2.1 Context in computer science 

In English dictionaries, context contains a linguistic sense, referring to the surrounding 

text and words, and a non-linguistic sense, referring to the meaning derived from the text 

and words (Sowa, 1999; Porzel, 2011). In order to handle the ambiguity about context, 

three functions of context are suggested: syntax, semantics and pragmatics. With the 

syntax function, texts are grouped in contexts; with the semantics function, a real world or 

hypothetical situation may be referred to; with the pragmatic function, contexts can 

distinguish the purposes or interests behind the grouping of texts and the situations (Sowa, 

1999). With the help of the syntactic function of context, words and text are grouped and 

delimited. At the semantic level, the divisions and the chunks of information depend on 

semantic relations, e.g., situations and events. A situation may link people, things or 

objects in a bounded region of space and time. Often a situation reflects a meaningful real 

world situation. At the pragmatic level, the problem is about classifying and reasoning 

with intentional contexts, e.g., the intentional verbs like hope, fear and believe. These 

functions reflect how human beings use contexts, but meanwhile imply that it is extremely 

difficult to apply context in knowledge representation.  

The difficulty with using the semantic function of context lies in the representation of a 

real world. Applying the pragmatic function of context is more difficult than handling the 

semantic function. The difficulty is the possibility of representing the intangible concepts 

“purpose” and “interest” with tangible words and phrases in advance. A conceptual graph 

(Sowa, 1999) is a proposed knowledge representation with adopted features of natural 

language with the consideration of context. A conceptual graph has two kinds of nodes, 

concepts and conceptual relations. In each conceptual graph, arcs link some conceptual 

relations to some concepts. Context is a concept with a nested conceptual graph that 

describes concepts (ibid.). Since context is a concept, it can have a type label, co-reference 

links and attached conceptual relations. 

Instead of regarding context as a representation issue, McCarthy (1993) tackles the 

issue as a reasoning problem. Context is not defined strictly, but is represented as abstract 

mathematical entities with properties. The goal of introducing contexts into reasoning is to 

utilize their properties to allow daily phenomena, e.g., axioms that are defined in one 

context can be moved, and to know how to transform them into other contexts by means 

of e.g., rules. With context introduced into the knowledge system, McCarthy and his 

students developed a universal mechanism in first-order object language supplemented 

with a first-order metalanguage that could support different modal, temporal, default and 

higher-order reasoning (Sowa, 1999). 

McCarthy (1993) uses the basic form of context, ist(c, p), which means proposition p is 

true in context c. In other words, propositions are true only in a particular context, which 

is self-included in another context c’, presenting as ist(c’, ist(c, p)). Relations among 

contexts are, for example, concerned with time and places, which means that the 

                                                 
1 http://www.oxforddictionaries.com/definition/english/context 



propositions in contexts can be transformed from a specific time or place to no specific 

time or place.  

Cyc, a common-sense knowledge base, is built up based on McCarthy’s context theory 

(Lennart, 1998). At the beginning, each context in Cyc has assumptions and content, and 

gradually the context has been developed into 12 independent dimensional variables. 

These 12 dimensional variables are: absolute time, TypeofTime, absolute place, 

TypeofPlace, Culture, Sophistication/Security, Topic, Granularity, 

Modality/Disposition/Epistemology, Argument-Preference, Justification and Anthropacity 

(Let’s). Each region of the space consisting of the 12 dimensions implies a context, where 

each assertion is true in such a region. Inside each dimension, there is a finer-grained 

structure; for example, the Epistemology dimension contains related dimensions modality 

(including belief, expectation, desirability, intention, and knowledge). This context theory 

is complex since it is used for a big common sense knowledge base; however, the theory 

does reveal the inner structure of context and the reasoning with contexts. 

Another theory of context is called Local Models Semantics (Ghidini and Giunchglia, 

2001), which captures principles of locality and compatibility of the reasoning of context. 

Context is the part, information and inference procedures, used for reasoning, which is 

called the locality principle of context. The compatibility principle is to reason among 

contexts according to their relations. These relations are very different and the different 

compatibility relations model different situations, e.g., chain model and chain relations. 

This model formalizes contexts into a set of heterogeneous objects and applies bridge 

rules to infer among contexts. Therefore, the model reflects the reasoning with partial 

knowledge. Each knowledge base, in its formalism, is called a context and among 

contexts, the inter-context reasoning depends on the building of bridge rules. This Local 

Models Semantics allows a broad definition of context and focuses on the reasoning and 

the building of bridge rules. This leaves the definition of context as an unclear term and 

the content of bridge rules non-defined. 

In the area of context-aware applications, a broadly used definition of context is “any 

information that characterizes a situation related to the interaction between human beings, 

applications and the surrounding environment” (Dey et al., 2001). Along with the 

definition, four types of context are given: identity, location, status and time. Identity 

refers to a piece of context information that can be inferred from other context 

information, e.g., the identity of a person can be inferred from his/her address or phone 

number. Location is information that relates to orientation, elevation and relationships 

about places. Status, including activity, is about information that catches the intrinsic 

characteristics of a place, like level of temperature, light or noise. The status context 

information is also about characters of a group or the activities of groups. Time is 

information that helps to recognize a situation, e.g., using the historical information or 

combining time with other context information to infer other information. Many systems 

and applications are developed to provide context-aware services or improve applications 

and services with context information (Ngai et al., 2012; Hong et al., 2009; Sánchez-Pi et 

al., 2012). 

No matter in which application areas, simple or advanced models or inference 

developed for context computing, the representational approach of context is taken in 

general (Dey et al., 2001; Porzel, 2011). The representational approach contains four 

assumptions of context (Dourish, 2004; Porzel, 2011): 

 Context can be represented and modelled in software systems 

 The content of a context can be defined in advance 

 The context model is stable for a certain application 



 Context and activity are separable, i.e., context describes features in an 

environment in which activities happen and the elements of the activities are not 

regarded as contexts. 

We do not believe that applying context in computer science can escape the 

representational approach. The key issue is how to model the context and how to apply 

context information to reason considering the semantic and pragmatic relations.  

The context model should cover the component of relevant items. After reviewing 

hundreds of context definitions in various areas, Bazire and Brézillon (2005) suggested a 

context model, as presented in Figure 2-1. The main components of the model are: Item, 

User, Observer, Environment, and other contexts that relate to them. A context should 

cover at least parts of these components. 

 
Figure 2-1: A context model (Bazire and Brézillon, 2005) 

 

This context model is complete and can be used as a help for modelling context for 

computing. However, to achieve the three functions of context, i.e., syntax, semantic and 

pragmatic function, the context model may need to consider representing these 

components semantically and pragmatically. 

2.2 Related Work 

Work related to this thesis concerns how context is used for ontology matching and 

integration. The work that claims explicitly to use context for ontology matching and 

integration is collected here.  

2.2.1 Work on context for ontology matching and integration 

Ontology matching is to identify the corresponding entities of two compared ontologies 

(Euzenat and Shvaiko, 2007). Ontology integration uses the result of ontology matching to 

build a new ontology or to build applications and services. Ontology integrating or 

merging is especially needed and offers useful techniques for reasoning with 

heterogeneous ontologies and applications that build on multiple ontologies (ibid).  

The challenges for these tasks are not only the heterogeneities of the ontologies, but 

also the lack of complete knowledge for the situation, e.g., the domain knowledge, the 

purposes of integration and the background knowledge about the ontologies can be 

missing (Giunchiglia et al., 2011). Context is introduced into the research to help in 

interpreting entities and improving the matching and the integration results of earlier 



integrated ontologies. To our best knowledge, definitions of context for ontology matching 

and integration vary just as in other research areas. Often the context definitions relate 

closely to the applications and specific scenarios. Two main groups of context approach 

exist: one is to extract context from the compared ontologies; the other is to extract 

context from sources other than the compared and integrated ontologies. Human 

involvement may be needed in some of the approaches. 

Context is the path information around the anchor entities in the compared ontologies 

(Noy and Musen, 2001), which is called non-local context. The proposed Anchor-

PROMPT algorithm takes a set of pairs of related terms, anchors, and then compares the 

information along these anchors to identify more similar terms in ontologies. This 

algorithm is based on the assumption that similar terms in ontologies are similarly linked 

although they may contain different names. From the experiments they conducted, the 

path length should be longer than one step, but not too long to receive an improved result 

compared with other methods. 

Ehrig (2007) proposed a framework for ontology alignment. In the framework, three 

layers, i.e., data, ontology and context, are designed in order to achieve a comprehensive 

comparison of ontologies. On the data layer, comparison is made between data values and 

types. On the ontology layer, the graph structures of ontologies are compared to determine 

the similarity. Heuristics are used to interpret specific relations such as subsumed 

hierarchy. On the context layer, the use of ontology entities is considered when comparing 

the entities. Assuming that similar entities have similar usage patterns and vice versa, the 

similarities of entities are explored by checking, e.g., the usage of bibliographic metadata, 

such as the user’s local knowledge base of his/her recent queries and publications (Ehrig et 

al., 2005).  

Context is the co-occurring ontology terms derived from other literature using free-text 

literature analysis (Marwah et al., 2012). The proposed algorithm uses the co-occurrence 

of terms to infer the relationship between two terms, i.e., the relationship between the 

terms A and B in the context of ontology term C. From the literature, the statistics of co-

occurrence of terms A and B are collected, where numbers show the quantity of co-

occurrences, i.e. n++ (the number of papers in literature in which both terms appear in the 

context of term C), n+- (the number of papers in which A appears but B does not), n-+ 

(the number of papers in which B appears but A does not) and n— (the number of papers 

in which neither appears in the context of term C). Then, the dependence relations and 

independence relations between A and B are calculated. The final score is the difference 

between the score of dependence relations and the score of independence relations. This 

final score estimates the likelihood of how many times A and B are linked in the context 

of C than A and B are not related in the context of C.  

Extracting context from previous matching results and previous ontologies is proposed 

in COMA++ (Aumueller et al., 2005). COMA++ is an ontology and schema matching tool 

that enables large matching problems to be solved with various combinations of matching 

algorithms and strategies. There are five main parts of COMA++: a Repository that 

permanently stores all match-related data, a Model and Mapping Pool to manage schemas, 

a Match Customizer to configure matchers and matching strategies, an Execution Engine 

to perform match operations, and Ontologies and mappings in memory (ibid.). In order to 

reuse the matching results, a corpus-based matching method (Madhavan et al., 2005) is 

proposed. The corpus contains multiple schemas of a single domain and mappings 

between schema pairs. Since the corpus contains alternative representations of an entity, it 

can enrich the element with definitions from other schemas and thereby improve the 

matching result. With the corpus, the statistics of the comparing elements are collected 

and used to design constraints to prune candidate mappings. For example, the frequencies 



of tables in the schemas tell the importance of the tables, while the relations between 

objects help to identify possible relations that an object might be connected to.  

Apart from these approaches of gleaning context and contextual information from 

external resources, users can be involved in creating context ontology to help the ontology 

matching. A context ontology is a task-oriented ontology that helps the matching process 

(Lin et al., 2010). The context ontology is a two-level modelled ontology, with an abstract 

level and an operational level. The abstract level ontology contains integration information 

about the task and the role of the person who is performing the task. The operational level 

context ontology contains the instances of the abstract ontology. Part of the context 

ontology may come from the source ontology, which makes the intersection of the source 

ontology and the context ontology known. The context ontology is then compared with the 

target ontology and identifies the intersection part. The source ontology is also compared 

with the target ontology to identify their intersection. Based on the comparison result of 

the three ontologies, instance level matching is conducted to reach the final result. 

Instances, matched into different areas of the concept comparison of the ontologies, 

receive different credits. The concepts that appear in all three ontologies receive the 

highest credits. The credits are used for weighting the concepts or to adjust the matching 

algorithms. The final result is shown to users according to their requirements. Details 

about how to adjust the algorithms are not clear and the work of the two-level modelled 

ontology is not evaluated (Lin et al., 2010). 

2.2.2 Relations to our work 

The focus here is to show how they define context for different projects. None of the 

approaches consider the context of an ontology and ontology integration as we do in our 

research. COMA++ applies also a repository, which is similar to our proposal. The 

metadata and metaknowledge of the repository is different. COMA++ considers mainly 

the name, the sources and the syntactic links in the repository, while we apply context 

criteria. Our context criteria consider the semantic links between ontologies.  

The stored ontologies that share a context form the contextual information, which can 

be used in future integration of ontologies. The approach of gathering extra information in 

addition to the integrated ontologies is the same as other approaches, except for Noy and 

Musen (2001).  

Ehrig et al. (2007) and Marwah et al. (2012) use a very specific definition of context 

considering the applications they develop. We take a general approach to define the 

context of an ontology and ontology integration. There were no specific applications and 

services in mind when we developed our context. The definition of the context criteria 

adopts metadata from a general defined ontology repository vocabulary.  

Some approaches of the related work need the involvement of users, which is the same 

as our work, although, with the help of the ontology repository, our context knowledge 

base can be built automatically. However, in the process of integration, human interactions 

are needed, e.g., to choose the perspective views or confirm certain integration choices.  

The technologies and tools of the related work show great diversity, covering all areas 

in artificial technologies. In our work, we use only rules and the description logics.  

2.3 Ontology heterogeneities and ontology integration 

Bouquet et al. (2005) describe four levels of ontology heterogeneities: syntactic, 

terminological, conceptual and semiotic/pragmatic level. At the syntactic level, the 

heterogeneities are among the ontology representation formats, e.g., OWL (W3C, 2012) 



and KIF (Genesereth and Fikes, 1992). At the terminological level, mismatches concern 

the comparison of matching entities of ontologies, e.g., synonyms, polysemy and different 

languages. At the conceptual level, mismatches arise from the comparison of the content 

of ontologies. The heterogeneities, at this conceptual level, cause variation in the ontology 

domain coverage, granularity and perspective diversities (Bouquet et al., 2005). The 

coverage differences arise from modelling ontologies in different areas of a domain or of 

overlapped domains. The granularity diversities are the differences in details of the 

descriptions. The perspective diversities are differing viewpoints of a domain, e.g., in time 

and space (ibid.). At the semiotic and pragmatic level, the heterogeneities are caused by 

specific interpretations made by individuals and organizations according to their contexts 

and backgrounds.  

There are many research groups applying various technologies for ontology matching
2
 

and integration (Mascardi et al., 2010; Fürst & Trichet, 2009; Mao & Peng, 2009; Jérôme 

et al., 2007; Tang et al., 2006; Noy and Musen, 2001). The experience of these researchers 

is that the approach of combining various techniques is better than using one technique 

(Madhavan et al., 2005; Euzenat and Shvaiko, 2007). This means that many basic 

techniques like string-based comparison
3
, language-based comparison

4
, and structure-

based comparison
5
 are required.  

More extended background information on ontology heterogeneities and ontology 

integration is presented in the second and third chapters of the first paper included, the 

licentiate thesis. 

  

                                                 
2 The technologies of ontology matching, alignment or mapping are interpreted in the same meaning 
and purpose in choosing references, and they are needed in the process of ontology integration.  
3 The technique considers the compared entities as strings, i.e. series of letters. In general, these 
techniques are useful only when the strings used are similar. 
4 This technique considers the entities as text containing words with grammatical structures. Often 
Natural Language Processing methods are used for comparison. 
5 This kind of technique considers the internal and external structures of an entity and compares them. 
The internal structure is e.g. the data-type, the range of the entity and so on. The external structure is 
e.g. the hierarchical relations between entities or graph structures. 



Chapter 3 Applied Design Science method for the Research 
 

The research strategies and methods are critical for designing and driving a research to 

provide creditable knowledge. In the introduction, a general discussion of the 

methodology and the research approaches of this work have been given. Here, a complete 

description of the applied strategies and the methods for data collection is presented using 

the framework of design science (DS). 

3.1 Design Science for the research 

A design science method (Johannesson and Perjons, 2012) is applied as the framework for 

developing the artefacts, and the CKB-OI method for creating and applying a context 

knowledge base to improve ontology integration. Design science provides logical 

connected activities for the complete process of problem solving and artefact 

development. In the framework, there are flexibilities to choose and combine the 

strategies, the data collection and data analysis methods, during the different phases of the 

artefact development.  

Overall, a design science method is carried out for the entail studies. A design science 

method applies the strategies, the data collection methods and the data analysis methods 

during different activities for suitable purposes. It supports explication of the research 

question, the creation of the artefacts, the presentation of the research results and the 

evaluation of the results (Johannesson and Perjons 2012). The method also provides a 

systematic framework to produce credible knowledge that is related to the existing 

knowledge. 

The research strategies provide guidelines including organizing, planning, designing 

and conducting research (Håkansson 2013), and the strategies used in this work are 

survey, experiments and grounded theory. The survey generates data by using a 

questionnaire among a sample group and, then, applies an analysis of the data to reach an 

answer. Experiments generate and analysis data in a controlled environment to study the 

relations of variables. Grounded theory is often applied for building a tentative hypothesis 

and a theory from collected data by following data analysis principles. These strategies are 

applied in the different activities of the design science method. 

3.2. Activities in the design science method 

Five activities are involved in the development of the CKB-OI method: 1) problem 

explication; 2) the CKB-OI method outline and definition of the requirement; 3) design 

and development of the CKB-OI method; 4) demonstration of the CKB-OI method; 5) 

evaluation of the CKB-OI method. The five activities are implemented in an iterative 

process in five publications. This means that each publication defines a problem, then 

describes the design requirements, and then designs the artefact to solve the problem, and 

also provides a demonstration of the artefact. In each publication, there is also discussion 

of the proposed artefact. 

 

 

 

3.2.1 The problem explication 



The problem explication activity is to investigate and understand the problem in 

the study. Literature studies and a survey study (appendix 2) were carried out for 

this activity, which is mainly presented in licentiate thesis, title and Wu, Year. The 

outcome of this activity is the research question for this thesis and sub-questions, 

solved in published papers, and their related work and background. 

The literature study in the beginning was done in broad research areas of the 

artificial intelligence. To find relevant literature, the search engines, used for the 

research in this thesis, are Google and KTH primo. (The keywords are among 

others data fusion, system integration, information integration, the semantic web, 

description logic for ontology integration, ontologies, semantic matching, context, 

repository, database systems. The broad review work provides firm background 

knowledge and technologies in different application areas. We can, for instance, 

apply the database techniques for knowledge representation and reasoning. In the 

later stage of the research, the keywords are narrowed down to context for 

ontology matching and integration.  

In order to study the semantic matching problem in an organization, in the 

early stage of the research, a survey was conducted; see the report presented in 

Appendix 2. The purpose is to investigate the current situation of information and 

system integration among the Swedish municipalities. A questionnaire was sent to 

73 persons that are responsible for information integration or system integration, 

in Swedish municipalities over the country. From the answers, received from six 

persons, it shows that the information and system integration tools are actual 

needs, but none of municipality achieved the desired information and system 

integration level. After analysing the data from the questionnaire, two additional 

individual interviews were arranged to enrich the data and verify the result of the 

questionnaire. Semi-structured and unstructured methods were applied during the 

interviews. For the semi-structured interview, questions were addressed before the 

meeting but the discussion did not strictly follow the questions as posed from the 

beginning, and other questions were asked. For the unstructured interview, no 

questions were sent to the interviewee in beforehand. The results of the interviews 

confirmed the result from the survey. A detailed report is attached in Appendix 2. 

3.2.2 The outline and the requirement definition of the artefacts 

The activity of the artefact outline and the requirement definition is important for 

designing an artefact that solves the problem explicated. This activity is conducted 

through theoretical analysis on the related literature and the analysis of the 

problem, used for defining requirements for the method of using context 

knowledge base for ontology integration. For designing the process of the 

ontology integration (Wu, 2013), ontology integration with non-violation check, 

the ontology integration result should contain as many axioms and classes as 

possible, which is a requirement for obtaining a relevant integration. The more 

axioms and classes an ontology intersection contains, the higher chance it has for 

covering gaps for the integrated ontologies as well as for future ontology 

integrations. Each publication includes an iteration of the refining of the artefact 

requirements. 

3.2.3 The design of the artefacts 



The third activity is the artefact design. In this activity, procedures, processes and 

methods are proposed, and each component is explained. Following the artefact 

outline and the requirement, methods and processes developed at each stage are 

proposed. The main artefact is the method for building and using a context 

knowledge base for improving ontology integration results.  

3.2.4 The demonstration of the artefacts 

The fourth activity is artefact demonstration. To demonstrate the artefacts, 

ontologies from the Semantic Web are chosen, and the proposed method is 

applied on the data in several experiments. The reason for choosing the online 

ontologies is to test our design within a real situation, which increases the 

evaluation strength of the experiments. Wu (2014), ontology integration with 

contextual information, showed that by integrating ontologies, a context rule can 

be built and used for improving another ontology integration, and the result of 

using the context rule is improved compared to the ontology integration without 

using the context rule. Wu and Håkansson (2014), a method for identifying 

ontology domain, demonstrates that our proposed domain identification method is 

able to correctly record the domain from ten different ontologies not only from the 

same domain but also from several other domains with 80% correctness. 

3.2.5 The evaluation of the artefacts 

The evaluation of the artefact activity is to determine how well the artefact fulfills 

the requirements and if the artefact solve the research question (Johannesson and 

Perjons 2012).  

OAEI (Annon, 2004-2014) is a coordinated international initiative to evaluate 

ontology matching systems. We did not choose their standard. The result of an 

ontology matching is different from an ontology integration in the sense that the 

ontology matching generates a list of correspondent entities from the compared 

ontologies, with additional information about the correspondent relations and the 

confidence level of the matching. An ontology integration in this research is 

producing a new ontology. It is, therefore, impossible to apply the same standard 

for evaluation for the artefact of our research. 

Precision and recall are commonly used in many areas including the ontology 

matching and the information retrieval. Precision measures the proportion of the 

accurately retrieved relevant instances to the whole result set, and recall measures 

the proportion of the retrieved accurately relevant to the total relevant instances 

(Russell and Norvig, 2013). Such numeric information is used in our research in 

some cases, e.g. measuring the domain identification method. The data are not 

used alone since the data tested in the experiments are not enough to be 

generalized. The focus is on the quality discussion on the proposed artefacts and 

the comparison with the related work. 

For quality assurance of research, features for qualitative research to be 

discussed are, i.e., validity, dependability, confirmability and transferability 

(Håkansson 2013, Trochim 2006). Since the artefacts proposed are in prototypes, 

only internal validity is considered, for which coherence and consistency are 

discussed. Coherence is the degree of logically related parts of an artefact 



(Johannesson and Perjons 2012). Consistency is the degree of freedom from 

conflict of an artefact (ibid.).  

Dependability is to emphasize the researcher’s responsibility for describing the 

context of the research and the process of drawing conclusions (Trochim 2006). 

Confirmability is the good faith of a researcher for confirming his/her objective 

assessments (Håkansson 2013), also through the document of the research, it can 

be confirmed by others (Trochim 2006). These two features are assured by 

following the activities of the design science framework, and by documenting the 

findings in the published papers and this thesis. Transferablity refers to the degree 

of generalizing ability of the research and if the research can be transferred into 

another context. In this research, the transferability is done by discussing in ex 

ante method but it has not been tested in another context. 

The artefact contributed, CKB-OI method, contains two methods concerning 

the construction of context knowledge base to integrate ontologies but they are not 

implemented in systems, yet. Ex ante evaluation strategy is hence chosen 

(Johannesson and Perjons 2012).  

A comparison with the related work is presented in chapter six, as well. One 

evaluation is the argument informed in the discussions of each publication. At the 

end of the thesis, the theoretical analysis of the contribution is presented to discuss 

the coherence and consistency of our contribution and to the existing research. 

Also, an evaluation model will be used to compare our methods with related work 

to explicitly present the advantages and disadvantages. The coherence and the 

consistency of the artefact are carried out with the discussions of the validity of 

the research in a general meaning. 

Threats to the validity of this study are the bias of the researcher, who is the 

main contributor for the research. The limitation of understanding the researcher’s 

work and his/her knowledge threats the quality of the research. To attend 

conferences and discuss concerning questions with researchers mitigate the 

threats. Experiments and discussions about the research results are also conducted 

and presented in the papers, and in the thesis. 

 

  



Chapter 4 Contributions 
 

The contribution of this research is to build context for ontology integration and to use the 

contextual information to improve the ontology integration result by proposing two 

methods. One method is the construction of a context knowledge base by setting up a 

context and extracting contextual information from ontologies in an ontology repository, 

by reusing ontologies and their metadata. The other method is to use the context 

knowledge base for refining integrated ontologies and expanding the context knowledge 

base. The purpose of the contribution is to provide an alternative method to supply extra 

information that is context-related for ontology integration, which often suffers from a 

lack of information at the semantic and the pragmatic level. The proposed methods make 

it possible to tackle ontology matching and integration problems at these levels, which are 

beyond the syntactic, the terminological and the conceptual levels. 

4.1 Method of building a context knowledge base 

The method develops a context knowledge base by extracting context and contextual 

information from ontologies in an ontology repository that can be matched and integrated. 

Context and the “implied” contextual information help to fully understand the 

terminologies and axioms when ontologies are integrated. “Implied” means that the 

information is going to be used as the implied information for future ontology integrations 

of the same context, although, the contextual information generated is contained in other 

ontologies. 

The context of an ontology is composed of the axioms of the ontology and the metadata 

of the ontology. The context of an ontology integration is composed of the context data of 

the involved ontologies. Context criteria are variables that are used to describe the context 

of an ontology and an ontology integration. By examining the metadata and the content of 

ontologies, i.e., the context criteria of ontologies, in an ontology repository, the stored 

ontologies can be grouped according to the context criteria. Each combination of the 

context criteria describes a kind of context. The contextual information is then extracted 

by integrating the qualified ontologies that share the same context criteria values. The 

integrating process follows the non-violation check process (Wu, 2013). This process 

compares ontologies two by two in both directions; the entities are compared and the 

synonyms are checked by searching on the Wordnet. Ontologies are integrated by using 

the string-identical entities and their synonyms. Integration rules are applied to produce a 

non-violation ontology intersection. The corresponding context and the contextual 

information produced are saved in rules as if context() then contextualinformation(). More 

specifically, the method is composed of three parts, presented below: 

1) The first part of this contribution is a process of ontology integration with a non-

violation check. This process takes two ontologies of a similar domain and returns an 

ontology intersection that contains as many of the involved entities and axioms about them 

as possible without causing contradictions with the input ontologies under the open world 

assumption. 

2) The second part of the contribution is a method for building a context knowledge 

base of ontologies. Context is represented by using the context criteria, i.e., classes and 

object properties describing the terminologies and the relations, and the metadata of the 

involved ontologies. According to the context, the ontologies in the repository are 

integrated by the non-violation check process to generate the contextual information. 

Context criteria, such as perspectives of authors, domains and ontology creating time, and 

the corresponding contextual information are saved in context rules for future ontology 



integrations. Such context rules provide the possibility to use the contextual information at 

the semantic and the pragmatic level.  

3) The third part of the contribution is a method for identifying domain of an ontology 

considering the semantic and the pragmatic heterogeneities of ontologies. When the 

domain, as an important context criterion, is automatically discerned with this method, the 

context of the ontology, which include the domain of the ontology, is treated with 

increased semantic value. 

4.1.1 A process of ontology integration by non-violation check 

The process includes four steps: ontology signature extraction, the syntax comparison, the 

synonym comparison and the ontology concept non-violation check. The process 

compares only the classes and object properties in an ontology, while the individual data 

are not yet considered. Two ontologies are put into the process and four sets of classes and 

object properties are extracted from the input ontologies. The classes are compared and the 

object properties are compared with each other. Both the string-identical entities and the 

synonyms are identified and will be used as joints of the two input ontologies. When 

identifying the string-identical and synonymic entities, the comparison direction is two-

way, from ontology O1 to O2 and from O2 to O1. Because the goal of the process is to 

reach the maximal non-contradiction axioms of entities from both ontologies, there is not a 

source and a target ontology as in many other proposed methods for ontology matching 

and integration. These string-identical and synonymic entities become candidates and are 

used to join the ontologies one by one and test the contradiction of the jointed ontology. 

Integration rules are used to join them and to resolve conflicts that arise in the conceptual 

violation check. If no rules are matched to resolve the conflict, the contradicting axiom 

will be deleted. After the testing of each candidate, the result will be aggregated and tested 

again with an ontology reasoner to detect the conflicts and resolve them. The final result is 

the so-called ontology intersection, which is a new independent ontology that contains the 

maximum entities and axioms of the input ontologies without introducing conflicting 

statements. The result is a new ontology that stands alone from the input ontologies but 

contains more ontological definitions in an open world assumption. We claim that the 

resulting ontology intersection contains more knowledge than each of the input ontologies. 

This result is a new complete ontology and is treated as an ontology just like any other 

ontology. 

The price of keeping the non-violation feature with the input ontologies is the deletion 

of the conflicting statements in the intersection, which means that the intersection is not 

always broader than the aggregation of the input ontologies. With the integration rules, 

new knowledge may be added into the intersection, which is why the integration rules 

have an important role in the process. 

4.1.2 A method of building a context knowledge base 

The context knowledge base can be built upon an ontology repository with the proposed 

method. The knowledge base consists of context rules that describe both the contexts of 

ontology integrations and the contextual information that is valid in the context. The 

contexts of ontology integrations are described with context criteria, and the contextual 

information is created by integrating the ontologies in the same context. We assume that 

the ontology repository is able to store and manage the ontologies and, with the proposed 

context criteria and the non-violation check integration process, the context rules can be 

produced automatically.  



Context criteria are used for describing the context variables with which the context of 

an ontology integration is outlined. The choice of the context criteria depends on the 

content of the integrating ontologies involved and the metadata describing them. The 

contents of the ontologies involved reflect the linguistic sense of the context in which 

entities and ontology axioms are used; the metadata of ontologies as the context criteria 

reflect the non-linguistic sense context of an ontology integration. These context criteria 

are the domain, author, user, ontology task, creation date and location of the 

ontologies. The contextual information is a conceptual ontology intersection of the 

integrating ontologies, which contains the bridge axioms and the maximal non-violating 

axioms of the ontologies.  

By combining different context criteria and their values, different contexts are 

represented and the contextual information is then produced. With the context criteria and 

the contextual information, context rules are produced. Since the metadata used for the 

context criteria can be built in hierarchies representing the domain of the ontology, the 

contextual information within the hierarchy is related as well and can be transformed and 

reused. For example, the contextual information of a domain in the higher hierarchy can 

be reused for reasoning for ontologies in the domain on the lower level of the hierarchy. In 

the same way, the location, the author and the user of ontologies can be built in hierarchies 

and the contextual information in these contexts can then be transformed and reused on a 

similar principle to that for the ontology domain, as described above.  

The context knowledge base is an independent knowledge base that can be used to 

improve an integration result of any ontology integration process by providing extra 

contextual information. The proposed context knowledge base is not intended to replace or 

constrict other ontology integration methods, but is a refinement method for other 

methods. 

The quality of the context knowledge base is also quite dependent on the way in which 

the contextual information is produced, i.e., which ontology integration method is used. 

We use the non-violation check ontology integration method under an open world 

assumption. The open world assumption means that when two ontologies are integrated 

into a new ontology, information in the ontologies is incomplete; the absence of 

information in one ontology does not falsify propositions in the other ontology; however, 

the integration of the two ontologies should not introduce explicit conflicts in the new 

ontology. The non-violation check integration process has been developed in a previous 

stage of the research. The better the method used for the integration process, the more 

bridge axioms and integration results are saved in the contextual information and therefore 

reused for future integrations. Moreover, for this method user involvement during the 

ontology integration is necessary, since semantic matching is a very complex problem. 

The key is to develop processes to support the human interaction and save the interactions 

into knowledge that can be reused for future interactions. The set of integration rules used 

in the non-violation check process is a suggested method to save the human knowledge for 

semantic matching. 

When integrating ontologies, conceptual ontology integrations are produced to form the 

contextual information. The conceptual ontology intersection is a conceptual ontology 

bridge between ontologies, including the syntax mapping results of concepts and the 

synonym links of the alignment results. Ontologies are integrated and metamodels are 

generated and extended during the process. A metamodel refers to the integrating results 

of ontologies during the process of generating the final conceptual ontology intersection. 

Dynamic rules are expanding metamodels and are saved in the conceptual ontology 

intersections. Rules in the rule base handle the expansion of the metamodel, in other words 

integrating ontologies, handling the syntax mapping, the synonym alignment and the 



axiom violation check. The conceptual ontology intersection provides context for 

ontologies. 

Ontologies and the generated conceptual ontology intersection are managed in an 

ontology repository to provide an environment in which the contexts of ontologies can be 

managed. Different ontologies can give different definitions of an entity, and these 

different ontological definitions can be combined in perspectives and for future ontology 

integrations. The idea is then demonstrated in an agent system and tested for building the 

contextual ontology intersection to help mapping and aligning of ontologies. 

4.1.3 A method for ontology domain identification 

The domain, as metadata of an ontology, is often absent in the Semantic Web 

environment. At the same time, it is extremely important to discern the domain of an 

ontology. Hence, a method of ontology domain identification is proposed.  

The method uses a core domain ontology to define a domain. To discern an ontology 

with an unknown domain, the core domain ontology is used for comparison with the 

domain unknown ontology. If the core domain ontology is not found to contradict the 

domain unknown ontology, this ontology is classified as the same domain as the core 

domain ontology. If the core domain ontology is found to contradict the ontology, another 

core domain ontology is used to compare with the ontology until a core domain ontology 

is found that does not contradict it, i.e., the ontology shares the same domain as the core 

domain ontology.  

Each domain is represented with a core domain ontology. The core domain ontology is 

a light-weight ontology that covers the main classes and the important relations between 

the classes in a domain. The main classes in a domain should be the essential ones that are 

used by most of the ontologies in a domain. It should not be complete, since we simply do 

not believe the complete domain ontology in a distributed system like the Internet.  

In the comparison of a core domain ontology with the domain unknown ontology, 

entities of the two ontologies are compared, hypotheses are then generated accordingly 

and the hypotheses are tested with an ontology reasoner to determine whether the two 

ontologies are contradictory or not. If the core domain ontology does not contradict the 

domain unknown ontology, they share the same domain; otherwise, the domain unknown 

ontology will be compared with another core domain ontology. 

Using ontology comparison to discern the domain of an ontology has the advantage of 

ontology description for a domain, which is very different from other methods of using 

domain keywords. The ontology comparison also uses the process of ontology integration, 

i.e., the core domain ontology is the source ontology and the domain unknown ontology is 

the target ontology.  

The content of the core domain ontology itself is an important issue. In our method, it 

is proposed to extend the core domain ontology with the correctly classified domain 

ontologies according to rules. Again, the non-violation check ontology integration process, 

as mentioned in the second contribution method, is used, with the domain ontology as the 

source ontology and the core domain ontology as the target ontology.  

This work improves the semantic value of defining the context criteria and hence 

increases the semantic knowledge in the context knowledge base. 

4.2 Method for refining the integrated ontologies results, as well as expanding 

the context knowledge base 



The method is developed to refine the result of the integrated ontologies with the rules in 

the context knowledge base. Also, the content of the context knowledge base is expanded 

and refined. This method includes the following two parts: a process and a method.  

1) The process is developed to use the context knowledge base to refine integrations of 

multiple ontologies. This method includes how context rules are searched for and 

triggered according to the situation of an ontology integration. The aggregated contextual 

information is considered as an ontology input to the integration. Compared with an 

ontology integration without applying the context knowledge base, the result after the 

refinement contains more relations of the integrated ontologies.  

2) A method is developed for using perspective rules, as well as expanding the context 

knowledge base with additional and polished context rules.  

4.2.1 A method for using a context knowledge base to refine the ontology integration 

results 

In the method, corresponding context rules are searched for in the context knowledge 

base. The contexts of the integrating ontologies involved are checked and compared with 

the context criteria in rules of the context knowledge base. The qualified context rules are 

triggered. The contextual information is then aggregated and applied to improve the 

ontology integration. Therefore, the contextual information is used as related but extra 

information referring to the integrated ontologies. The context knowledge base therefore 

expands the ordinary approaches of finding information for ontology matching and 

integration, such as building upper ontologies, bridge axioms and dictionaries, to improve 

the ontology integration.  

The context of an ontology integration is an aggregation of the ontologies that share the 

same context criteria as the integrated ontologies. If the integrating ontologies are of the 

same domain, which is the context of the ontology integration, the contextual information 

extracted for the domain is used as the background information for the ontology 

integration. If the domains of the integrating ontologies are different, the contextual 

information of both domains is used for the ontology integration. If there is a hierarchy 

relation of the integrating ontologies domains, their common ancestor domain is also used 

for identifying the contextual information. In this way, other ontologies in a repository can 

be reused to extend the contextual information to improve the results of any ontology 

integration. 

The contextual information is a collection of available information that, when extracted 

from the stored ontologies in a repository according to the context criteria, is identified to 

the ontology integration at hand. The integration process is the integration of the 

contextual information with the integrated ontologies, which is developed from the non-

violation check integration process. In other words, the contextual information is used for 

integration with the integrated ontology. The relations handled between entities are mainly 

equivalent relations, but in the integration rules, other semantic relations are included. 

Some properties’ relations are also covered in our work. The reasoning is performed on 

the terminology definitions of ontologies and, the individual data are not considered.  

The process compares the entities of ontologies, and generates hypotheses based on the 

entity comparison result and integrates ontologies based on these hypotheses. Then, the 

integrated ontologies are tested with an ontology reasoner to handle the contradictions 

using rules and, finally, the consistent parts of the ontologies are saved and cleaned to 

produce the final result of ontology integration with the help of the context knowledge 

base. The strategy of generating hypotheses is to identify intuitive relations, such as 



synonyms from sets of ontologies’ elements. This strategy tackles the conceptual 

heterogeneity that is represented in various granularities in ontologies. 

The equivalent hypotheses are formed from the synonyms. By testing the hypothesis 

against the original ontologies, a non-contradiction intersection is generated. Moreover, 

integrating rules are developed to resolve conflicts in the test and to clarify the purposes of 

the domain knowledge expert. The principle of non-contradiction is to guarantee that the 

concepts satisfy both the result of the integration and the ontologies. If conflicts are 

identified by an ontology reasoner under the open world assumption, the axioms are 

deleted from the integration. Also, integration rules are developed for resolving certain 

conflicts. These rules have higher priority than the ontology definitions.  

The cleaning process at the end of the integration process serves to clear unnecessary 

information from the contextual information to ensure the relevance of the final result to 

the involved ontologies. There are two main functions that we expect to see from the 

context knowledge base: one is the bridge axioms, the other is the extra information for 

triggering the integration rules. With small examples, the two functions are shown to be 

useful for improving the result. However, it is not guaranteed that the contextual 

information always shows these two expected functions. There are cases in which the 

expected functions do not appear and the result is not improved. By improving the quality 

and quantity of the ontologies in the repository, these problems are expected to decrease. 

Indeed, the heterogeneities of ontologies, i.e., different interpretations for different 

purposes of different situations, cannot be avoided. Therefore, the reasoning process of 

using the context knowledge base should be stricter, i.e., whenever the contextual 

information introduces inconsistency in the ontology integration, the contextual 

information should not be applied and, hence, the result should be deleted from the 

ontology intersection.  

 

 

 

4.2.2 Perspective rules as well as expanding the context knowledge base 

Perspective rules are developed to extend the context knowledge base. After the adoption 

of the non-violation check process, only consistent ontological information is generated 

and saved in the context rules in the part of the contextual information. However, in the 

real world, logically conflicting views commonly exist. For example, a student may be 

included as a Ph.D. student in an ontology of a university domain, but in another ontology 

of the same domain, the Ph.D. student may be included in the class of employees. Both 

definitions are reasonable depending on how the class of Ph.D. students relates to other 

classes and the real functions of the university. In perspective rules, these different views 

are saved as contextual information. Therefore, the context rules in the context knowledge 

base contain not only the consistent views of different ontologies, but also “conflicting” 

views. These rules are triggered at the right context of the ontology integrations, and 

perspective views are shown to users who are doing the integrating. It is up to the user to 

choose which view will be adopted in the integration. With the perspective rules and the 

different views of authors, domains are recorded and used for improving ontology 

integration. 

When new ontologies are saved in the ontologies, the context knowledge base will be 

updated accordingly. The context knowledge base is improved by increasing the quality 

and quantity of the ontologies in the repository.  



The approach of using context criteria and reusing ontologies and ontology integration 

for extending related information to improve the semantic ontology matching and 

integration shows promising results. By improving the quality and quantity of ontologies 

in the repository, and building hierarchies of the context criteria, the contextual 

information is used for reasoning in the hierarchies. With the non-violation process, the 

consistent contextual information is saved in the context rules. With the perspective rules, 

different views are also saved in the rules to be used as the contextual information for 

future integrations. The perspective rules allow the context criteria to use different values 

to describe a context and save different views, according to the context criteria. For 

example, for the same domain and terminologies, different ontology developers can 

express different views, and these views are saved in the perspective rules. The views are 

triggered in the related context and, when used for integrations, the users can choose from 

different views and use the most desirable one for integration. In this sense, the context 

knowledge base expresses pragmatic views and thereby provides a means to tackle the 

pragmatic heterogeneities of ontologies.  

4.3 The connection of the contribution results to the papers 

The result of the method of building the context knowledge base is a set of context rules, 

which consist of contexts and the corresponding contextual information. The context is 

described with the context criteria and the contextual information is extracted and 

integrated with the ontology integration process with a non-violation check. The result of 

the ontology domain identification method is the domain value, which is needed for the 

context criteria when building the context knowledge base. The context knowledge base 

provides the semantic and pragmatic considerations to improve the result of ontology 

integrations.  

The result of the method for using the context knowledge base is a contextual ontology 

intersection (COI), which is the improved result of an ontology integration without 

applying the context knowledge base. Moreover, the result of the method of expanding the 

context knowledge base is a context knowledge base that contains views in a context; both 

of the consistent views form the ontology intersections and the conflicting views of the 

perspective rules. 

These results are generated and provided as contributions in the five papers. Figure 4-1 

clarifies how the papers contribute to the two methods. 



 
Figure 4-1 The connection of the contributions to the papers 

For the first method, the solutions of the methods and processes are published in papers 1, 

2 and 4. For the second method, the solutions of the methods are published in papers 1, 3 

and 5. 

  



Chapter 5 Survey of Papers 
 

This chapter summarizes each of the five publications that constitute the contribution of 

the research in this thesis. The first publication, in Section 5.1, handles the ontology 

matching and integration of heterogeneous ontologies at a semantic level by providing a 

non-violation check ontology integration process and the context criteria for describing an 

ontology integration, which contributes to the method of building the context knowledge 

base. The second publication, in Section 5.2, builds the context knowledge base in order to 

develop a service by semi-automatically combining ontologies using the non-violation 

check ontology integration process and extending the concept of the context of ontology 

integration with the perspectives of entities of ontology. Also, this contribution is a part of 

the method of building the context knowledge base with a desired context. The third 

publication, in Section 5.3, builds and expands the context knowledge base by developing 

a process to improve the ontology integration process using the context knowledge base 

for ontology integration, which complements the method of using the context knowledge 

base to improve the ontology integration result. The fourth publication, in Section 5.4, 

proposes a method of domain identification that can be used both in the method for 

building the context knowledge base and for using the context knowledge base. The fifth 

publication, in Section 5.5, improves and expands the context knowledge base, thus 

providing support for ontology integration at a semantic and pragmatic level. 

5.1 Ontology integration with non-violation check and context extraction 

The contribution of the licentiate thesis is integrating ontologies by the development of the 

non-violation ontology integration process, which considers ontology integration at the 

semantic level. With the proposed approach, a contextual ontology intersection can be 

created, which becomes the contextual information in context rules. Moreover, in the 

thesis, context criteria are proposed for representing context in context rules. This work is 

an important part of the accomplishment of the method of building a context knowledge 

base. 

Based on the non-violation ontology integration process, a method for domain 

identification and a process of using the context knowledge base are developed. This work 

is the fundamental part of the contribution of this thesis. 

Matching and integrating ontologies have been a technique for data fusion, knowledge 

integration and the Semantic Web to overcome the data heterogeneities. The licentiate 

thesis describes an approach to tackle the problem of ontology integration using 

description logics and rules. In this approach, two processes are described for ontology 

integration at the syntactic level and the semantic level. One process is an ontology 

integration process and the other is a concept non-violation check. Also context criteria 

and context rules are proposed to further improve the result of ontology integration at the 

semantic and pragmatic levels. Examples are used to illustrate and explain the approach. 

This approach is also implemented in the environment of a distributed system for metadata 

integration at the conceptual level.  

 

 

5.1.1 Results of the licentiate thesis 

An ontology integration process uses entities of two ontologies, and matches these to 

identify the string-identical entities and the synonyms of entities. On this result, the non-



violation check is applied to generate an ontology intersection that contains the maximal 

number of ontological and non-contradictory definitions of the two ontologies. The 

process of ontology matching and integration is illustrated in Figure 5-1 below: 

 
Figure 5-1 Ontology matching and integration process 

 

In the process illustrated in Figure 5-1, two OWL 2 ontologies, O to O´, are input and 

the result is an ontology intersection, which is an integrated ontology containing the 

maximal non-contradictory contents of the input ontologies and, hence, the integrated 

ontology is independent of the input ontologies. The process contains several steps. In the 

signature extraction step, four sets of ontology classes and object properties are extracted 

from the input ontologies. The signature of the ontology is the vocabulary of an OWL 

ontology, i.e., the set of names (literals) of entities used in the ontology. The step of syntax 

comparison and synonym comparison compares the classes of different ontologies and 

object properties of different ontologies in two directions, i.e., from ontology O to O´ and 

vice versa. Before the ontologies are compared, the ordinary techniques for string 

normalization are applied on the entities, which include case normalization, diacritics and 

digit suppression, bland normalization, link stripping and punctuation elimination, as 

defined by Euzenat and Shvaiko (2007). Synonyms of entities are identified with the 

WordNet as presented by Princeton University (2013). Nouns are used for identifying 

synonyms of classes and verbs and adjectives are used for identifying synonyms of object 

properties. Since the comparison is conducted in two directions, four sets of string-

identical and synonym entities are returned, called entity candidates. These entity 

candidates are then used in the next step, ontology concept comparison.  

For comparing a concept, for either a class or an object property, an ontology violation 

check process is proposed (see Figure 5-2). Candidate entities are used for assumption 

generation, while rules (integration rules) and an ontology reasoner are used to detect the 

conflicts of the entities. The principle of open world assumption is applied throughout the 

concept comparison, i.e., the lack of information in one ontology will not falsify the 

definition of the other ontology (Knorr et al., 2011). 



 
 

Figure 5-2 Ontology violation check process 

 

The ontology violation check process begins with accepting sets. From the element of 

“Sets C & OP” to the element of “O without contradiction of O´”, the figure shows the 

integration from ontology O to O´. And from the element of “Set C´& OP´” to the element 

of “O´ without contradiction of O”, the figure shows the integration from O´ to O. The 

final result, the ontology intersection, is the union of the integrated results of the two 

ontologies in two directions. In each direction, two sets of class candidates and object 

property candidates that are returned from the last step are used for generating an 

alignment assumption. For each pair of candidate entities, they are either string identical 

or synonyms. They are assumed to be similar, and hence the concept description in one 

ontology can be integrated into the other ontology, which is called the entities’ names 

swap. The candidate entity e´ in ontology O´ is swapped with the corresponding entity e in 

ontology O and the corresponding definitions of both ontologies are put into an ontology 

reasoner to check the concept contradiction. The contradiction test checks if the swapped 

entity of O contradicts the definition of O´. If the test is passed, the middle-stage result is 

saved and the process continues to the next assumption. Integration rules are applied to 

resolve conflicts, and for those conflicts that the integration rules do not handle, the 

contradictions are deleted from the result. In the last check, a consistency test, all the 

entity candidates have been tested and the returned middle-stage results are all put into an 

ontology reasoner to check that they satisfy the concepts.  

The final result is an ontology intersection that does not contradict the input ontologies 

O and O´. The ontology intersection contains the maximal possible entities without 

introducing conflicts, following the open world assumption. The design of the integration 

rules also follows the open world assumption.  

Three integration rules are developed. Rule 1 is the string-identical class rule, 

integrating two such classes of ontologies with respective subclasses. 

Rule 2 is the synonym-hierarchy rule, integrating a class c of ontology O with two 

synonym classes c1´ and c2´ of the other ontology O´; also, class d subsumes class c and d 

has a synonym class in O´, d´; also d´ is subsumed under class c1´, and finally property p 

of O is a synonym to property p´ of O´. 

Rule 3 is the synonym-class rule, which states that if two synonym classes m and n´ are 

identified in O and O´, and these classes have two string-identical ancestor classes c and 

c´, the synonym classes m and n´ are preserved as two subsumed classes to the union class 

of c and c´. 



Context and the context criteria are explored for ontologies and ontology integrations. 

Context criteria are proposed to describe a context of an ontology and an ontology 

integration. A good context criterion is able to separate a typical context from other 

contexts by using understandable semantic meanings that connect the context with the real 

world. The choice of the context criterion and the combination of the context criterion are 

used to describe the meaningful real world instead of an arbitrary figure or description. 

Three types of data are used for context criteria: ontology component data, ontology 

metadata and ontology repository data. The ontology component data are the entities and 

axioms defined in ontologies. The ontology metadata describes ontologies, i.e., domain of 

ontology, purpose of ontology, author of ontology, user of ontology and time. The 

ontology repository data are administrative data used in an ontology repository, i.e., 

ontology identification, context identification and name of context.  

By using combinations of context criteria, the context of an ontology integration is 

described. Context rules are generated by using context criteria and integrating ontologies 

that share the same context. The condition of a context rule describes the context criteria 

and the consequence part of a rule describes the integrated ontologies, i.e., the contextual 

information. In order to use the context rules to refine the result of ontology integrations, 

the architecture of an ontology repository is proposed (see Figure 5-3). 

In the centre of Figure 5-3, the Ontology Repository stores the metadata and 

metaknowledge of OWL 2 ontologies. OWL 2 ontologies are stored in a database and a 

file server. The Ontology LoadModule loads ontologies into metadata into the repository 

and data into the database and OWL files server. The ontology intersection module 

integrates two ontologies at a time according to the non-violation process, and the 

generated ontology intersection is handled by the ontology LoadModule, i.e., data and 

metadata are stored in the database and ontology repository. The Syntax Matcher and the 

Synonyms Matcher take care of entity matching during the integration process. The 

Synonyms Matcher uses WordNet to identify synonyms. The context rule Module controls 

the use of the context rules to improve the ontology integration results. Both Rule Engine 

and Ontology Reasoner are connected to the Context Rule Module for the task.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-3 Architecture of an ontology repository 

 



5.1.2 Evaluation and discussion 

An example is given to illustrate the non-violation integration process. The generated 

ontology intersection contains the maximal non-violated contents from the two input 

ontologies. The non-violation integration process is then tested with ontologies 

downloaded from OAEI (Ontology Alignment Evaluation Initiative
6
). Class Document 

and related definitions of the four ontologies are extracted and integrated with the non-

violation integration process. This test shows that the result contains an increased number 

of ontology axioms compared to the input ontologies. The reduction in the content in the 

ontology intersection depends on the principle of consistency of the non-violation 

integration process. This means that if the intersection contains contradictions between the 

input ontologies, the contradictory axioms can be deleted.  

The proposed approach is evaluated in the conceptual design of metadata integration in 

a data warehouse environment. A data warehouse is a central repository of data, gathered 

and consolidated from heterogeneous systems, to support data analysis and decision-

making (Rivero et al., 2005). Data integration is the central issue in a data warehouse. We 

implement the architecture described in Figure 4-3 for metadata integration in a data 

warehouse. A common warehouse metamodel (CWM) is transformed partially into an 

ontology. An instance model is also created. With the proposed non-violation process, the 

instance model is integrated into the CWM metamodel. 

The proposed ontology integration approach is built by assuming that a more complete 

view of a domain will be achieved by integrating different ontologies of the same domain. 

The adoption of the open world assumption at the conceptual level, i.e., that the lack of 

definition of one ontology does not falsify definitions of the other ontology, becomes the 

important strategy in the approach. The domain, the granularity and the perspective views 

of ontologies, denoted as the conceptual ontology heterogeneities, can be integrated into 

one ontology that provides a more complete view of the domain. The integration rules also 

are very important in the process, which should capture the isomorphic structures of 

concepts defined in various ontologies and then integrate them. The results of applying the 

integration rules are saved in the ontology intersections. The process is suitable for 

integrating ontologies of the same domain or of related domains, since the open world 

assumption allows non-violated concepts that are defined in two ontologies to be 

integrated. The control in the process is not enough to avoid absurd integrations, i.e., if 

ontology domains are not related and have no reasonable reason to be integrated. For 

                                                 
6 http://oaei.ontologymatching.org/2014/, accessed August 2014. 
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example, the domains of conference and law may both contain a definition of a class 

document, but the ontology intersection based on the class document is meaningless and 

has no use and may even be wrong. 

The result of an ontology integration, an ontology intersection, is always larger in size 

than the individual input ontology; however, it can be smaller than the aggregation of the 

input ontologies because of the effect of applying rules and the non-violation principle. 

The string-identical entities and synonyms of entities are handled in the non-violation 

process, which is effective for raising assumptions. However, many existing string-based 

and language-based techniques, as suggested by Euzenat and Shvaiko (2007), can be 

integrated into the non-violation process to increase the assumptions, which may lead to 

more possible matches and better integration.  

The context criteria proposed for representing the context of an ontology integration 

are sensible and reasonable since each criterion and the combination of criteria contains a 

meaningful relation to the real world. Such context and contextual information are 

reasonable for extracting knowledge from existing ontologies and reusing them for future 

ontology integration. However, this idea assumes that ontologies for extracting ontology 

are of good quality, which in many areas is not the case. The better the quality and 

quantity of the ontologies that can be used for context and contextual information, the 

better the result that the proposed approach can achieve. 

The proposed approach is technically sound, although it can be improved with other 

existing basic ontology matching techniques for a better result. The idea of combining the 

open world assumption and rules at the conceptual level is promising and the application 

of context and contextual information based on an ontology repository is encouraging too. 

5.1.3 Work related work to the licentiate thesis 

The research area of ontology matching and integration is active and there are therefore 

many approaches that address the problem from different perspectives with various 

techniques. We choose those approaches that resemble our approach at an abstract level, 

but are very different from our work in many ways.  

One approach to ontology translation by ontology merging and automated reasoning is 

proposed by Dou et al. (2005). The approach is conducted in the background, such that an 

agent queries another agent on the Semantic Web between two heterogeneous ontologies 

on similar domains. The approach merges the two related ontologies by first extracting 

definitions of concepts from both ontologies and then uniting them into one ontology. 

Bridging axioms that are created by knowledge (domain) experts are added for reasoning 

in the merged ontologies. This merged process is comparable with our approach, when it 

comes to the same input and output. However, Dou et al. (2005) developed a forward and 

backward chaining reasoning in first-order logic. In our approach, an ontology reasoner 

with the open world assumption is adopted for reasoning. Dou et al. (2005) also use 

experts to develop bridge axioms for merging. We develop integration rules, which can be 

reused by capturing patterns for integration. 

Biletskiy et al. (2010) tackle the conflicts caused by homonyms and synonyms in the 

ontology integrating process. With rules developed in SWRL (Semantic Web Rule 

Language), homonyms and synonyms are identified and resolved for integration 

ontologies. In our approach, WordNet is applied to identify synonyms, which we think is 

more effective. We did not handle homonyms, since we focus on ontologies of the same or 

similar domains, which is considered a rare problem with homonyms. However, we need 

to handle homonyms if our approach is to be applied in a general situation of ontology 

integration. 



Distributed Description Logics (DDL) is an extension of traditional description logics 

with mapping relations between terminologies. With this context, Meilicke et al. (2006) 

developed a process for semi-automatically debugging mappings and rules to resolve 

potential problems. The idea of checking the inconsistency of concepts and repairing the 

inconsistency with rules is very similar to our approach. But Meilicke et al. calculate 

irreducible conflict set in an iterative approach. We apply an ontology reasoner. Our rules 

focus on capturing ontology patterns to resolve conflicts. Rules in their approach express 

relationships between concepts. 

Applying domain and context to manage divergent knowledge is one approach to tackle 

semantic matching (Giunchiglia et al., 2011). It relates to our work by addressing domain 

and context in the knowledge base and applying the rules for semantic matching. Domain 

is a pure discipline or aggregated fields, which is defined in an ontology. In Giunchiglia et 

al. (2011), context is a set of local knowledge and implied assumptions defined with a 

local language with an identifier. Context is analysed with context algorithms to connect 

to the possible domain of the problem at hand, and the domain ontology is applied for 

solving the problem. This approach is similar to our context rules, but the definitions of 

context and context algorithms are different. 

5.2 Conceptual ontology intersection for mapping and alignment of ontologies 

This book chapter focuses on developing a service of generating a conceptual ontology 

intersection that contains bridges between ontologies and parts from the involved 

ontologies. The chapter contributes to building a knowledge base by applying the 

approach of the non-violation integration process and strengthens the idea of enriching 

knowledge within a domain by combining ontologies. The dynamic rules are proposed to 

extract parts of related ontologies to produce the conceptual ontology intersection, which 

can be used to provide context services. The chapter also contributes with the perspective 

idea of the context, which is a completion of the context knowledge base. The perspective 

idea is further developed into perspective rules later in the research. 

The use of terminologies is different from the rest of the thesis. However, the different 

terminologies are aligned. Combining in this chapter is similar to integrating ontologies. 

Matching is the same in all material. Mapping and alignment have an almost identical 

meaning to matching, but in this chapter they receive the specific meaning. In this chapter, 

mapping is used mainly at the syntax level of comparison, and alignment is used at the 

stage of synonym comparison. The differences between these terminologies do not cause 

conflict, since mapping and alignment are rarely used in other parts of this thesis.  

 

5.2.1. Results of the book chapter 

An ontology repository is the background environment of the developed service. 

Ontologies are combined through the steps of syntactic mapping, synonym alignment and 

the violation check, and a conceptual ontology intersection is finally generated. The 

syntactic mapping compares words (names) of concepts with the help of a rules base. A 

metamodel is produced from the syntactic mapping. The synonym alignment continues to 

expand the metamodel with synonyms of concepts identified from WordNet. The violation 

check checks through the metamodel with the ontologies to eliminate conflicts with the 

help of developing rules. An agent system is designed to implement the service. 



A perspective property is proposed for entities in the conceptual ontology intersection 

to build up the context of the entity. Different ontology definitions can be preserved with 

the perspective views. 

5.2.2. Discussion 

The design is partially tested on small and medium-sized ontologies. It implements the 

approach of combining ontologies in the same domain to enrich knowledge, and develops 

the idea of a service that can help to build context for refining new ontology integration. 

The rules are presented with pseudo-code close to Prolog code and can be further 

developed into more specific code for a firmer evaluation of the service.  

5.2.3. Work related to the book chapter 

Both semi-automatic and automatic methods are developed for ontology merging and 

mapping (Håkansson, 2010; Kalfoglou and Schorlemmer, 2002, 2003; Stumme and 

Maedche, 2001; Scharffe and Euzenat, 2011, Dou et al., 2005; Euzenat and Valtchev, 

2004; Giunchiglia and Shvaiko, 2003). FCA-Merge (Stumme and Maedche, 2001) takes 

two documents as input. Natural language techniques are then applied to derive a lattice of 

concepts from the input documents. A knowledge engineer merges the two lattices by 

following the guidance of FCA-Merge. Scharffe and Euzenat (2011) studied data linking 

and ontology alignment and proposed that the results of the two tasks can be of mutual 

benefit, since data linking is matching at the schema level and ontology alignment is at the 

instance level. None of the related work is the same as our work in the perspective of 

building rules and a knowledge base for ontology integration. 

5.3 Ontology integration with contextual information 

This paper presents a process of using the contextual information from a context rule to 

improve the result of an ontology integration. Hence, it contributes to the method of using 

the context knowledge base to refine the ontology integration result. 

5.3.1 Results of the paper 

The paper proposes a process of using the contextual information to improve the result of 

an ontology integration. In order to use contextual information, two input ontologies are 

first integrated to generate an ontology intersection. The produced ontology intersection is 

an independent ontology by itself. Then, context rules are searched for in the context 

knowledge base according to the content and the metadata of the ontology intersection. 

The rules that correspond to the intersection are triggered and their contextual information 

in the rules is extracted and aggregated. The ontology intersection and the contextual 

information are seen as two different ontologies. On these ontologies, the non-violation 

integration process is applied to integrate them for a second time. Since the contextual 

information is extra information beyond the input ontologies, the possibility of refining the 

ontology intersection is high. To illustrate this process, an example is given. Five different 

conference ontologies, downloaded from OAEI, are used. In the paper it is shown that 

“cmt.owl”, “cocus.owl” and “conference.owl” are used to generate a rule about the classes 

“Author” and “Paper” in the domain of conference. Then, this rule is used to integrate two 

other conference ontologies “confious.owl” and “conof.owl”. These ontologies are all 

randomly chosen from the domain of conference ontologies to make sure that the result of 



the integration is not affected by any pre-selected ontologies. One of the integration rules 

used in the non-violation process is refined and a new integration rule is created. 

Moreover, the non-violation process is also refined, with user interaction suggested to 

improve the semantic matching. 

5.3.2 Discussion 

The example in the paper shows that the ontology intersection that uses the contextual 

information is improved both in breadth and in depth. In breadth, more axioms are 

included since the contextual information provides extra information that is related to the 

context of the ontology integration. Integration rules are used as bridge axioms between 

ontologies, and expand the ontology intersection in depth. 

Applying an ontology repository and reusing the stored ontologies and ontology 

intersections to build the context knowledge base is believed to be a more economical 

approach than the approaches of building a similar knowledge base from scratch. 

Moreover, the method of using the context knowledge base is independent from the 

integration method applied, although the non-violation process is applied in the example. 

Hence, the context knowledge base can potentially be combined with any ontology 

integration method and improve the integration result. 

Two difficulties remain: one is the representation of context and the other is the 

development of integration rules. Although context criteria are used to describe the 

context of an ontology integration, they are represented as variables. It is important to 

improve the quality of the context knowledge base if the methods of discerning the values 

contain more semantic values. For example, if the domain of an ontology is correctly 

given during its development, the value of the context criterion is able to catch the 

semantic value of an ontology correctly. However, in many environments, such as the 

Semantic Web, this is not the case, i.e., these important values are often missing. If the 

values of context criteria do not faithfully reflect the context, the context knowledge base 

and the use of the contextual information will be less accurate. 

5.3.3 Work related to the paper 

The proposed reasoning for integrating the contextual information and the ontology 

intersection resembles a method of applying logic constraints for ontology matching 

(Meilicke and Stuckenschmidt, 2007). Logical constraints of a preliminary matching of 

two ontologies are introduced into the union of the two compared ontologies. By 

comparing subsumption relations between the matched concepts of the ontologies, the 

consistency of the preliminary matching can be proved and the result can therefore be 

improved. Although the idea of a consistency check is similar to our process, the authors 

check against the correct matching result; we check against the input ontologies. Their 

algorithm for checking consistency is also different from ours. 

To match ontologies with poor semantics, Aleksovski et al. (2006 a, b) proposed to use 

a rich semantic background knowledge. Both the source ontology and the target ontology 

are compared with the background ontology, and matched with the rich semantics of the 

background ontology. The key of the method is to identify anchors for concepts defined in 

the source and target ontologies in the background ontology. This key issue is applied in 

our proposal, which is to provide a rich semantic ontology (the contextual information) for 

integrating two ontologies. Our proposal of applying the contextual information for 

refining the ontology intersection is more comprehensive, which means building up the 

contextual information by reusing the existing ontologies and using the contextual 



information. We assume that the integration of several domain ontologies will provide a 

more complete view of the domain. 

5.4 A method of identifying an ontology domain 

This paper presents a method of identifying an ontology domain, which in turn helps to 

build up the rules in a context knowledge base with semantics. When the ontology domain 

is unknown, a method of identifying the domain value with consideration of semantics 

will help to accurately capture the context of an ontology integration and, thus, more 

accurate contextual information can be provided. This method can also be used for using 

the context knowledge base to improve the ontology integration result, since it helps to 

discern the ontology domain at the semantic level, to refine the contents of the context 

knowledge base and to expand the context knowledge base with context rules handling 

semantics. 

5.4.1 Results of the paper 

The method is to use and compare a core domain ontology with an unknown domain 

ontology to examine if the two ontologies contradict each other. If the core domain 

ontology contradicts the domain unknown ontology, the method returns a false result, i.e., 

the unknown domain ontology does not share the same domain as the core domain 

ontology. If so, other core domain ontologies will be compared with the unknown domain 

ontology until one core domain ontology is found to be consistent with the unknown 

domain ontology. Thus, the unknown domain ontology is declared to share the same 

domain as the core domain ontology. If the method returns false after comparing with all 

the core domain ontologies, the unknown domain ontology does not share a domain with 

any of the described domains in the repository. 

The core domain ontologies are light-weight ontologies that represent the most 

essential classes and relations among classes. Each domain is represented by exactly one 

core domain ontology. At the beginning, the core domain ontologies can be defined very 

simply, and they can then be extended with the confirmed domain ontologies. 

The process of comparing a core domain ontology with the unknown domain ontology 

consists of four steps: identifying entity candidates, a similarity test, forming hypotheses 

and a contradiction test. In general, this process is a one direction non-violation integration 

test, i.e., the principle of the open world assumption and integration rules are reused. For 

identifying entity candidates, entities in the unknown domain ontology are identified. In 

the similarity test, a threshold for the similar entities is set. If the threshold, set by a user, 

is not reached at this step, the process will stop and return the information that the domain 

unknown ontology does not share in the same domain as the core domain ontology. If the 

number of similar entities passes the threshold, these are used to generate hypotheses, i.e., 

similar entities are set as equal. The hypotheses are tested by rules in the contradiction 

test, one by one, until all hypotheses have been tested. If the test is passed, it means that 

the core domain ontology does not contradict the domain unknown ontology, and the 

method will return the value true, which means that they share the same domain.  

5.4.2 Discussion 

To test the method, a core domain ontology of the conference domain was created and ten 

ontologies were downloaded from the Semantic Web. The proposed method shows that 

80% of the ontologies are correctly identified. 



The size of the core domain ontology should be proportional to the unknown domain 

ontology. If the core domain ontology contains too few classes compared with the 

unknown domain ontology, there is a big risk that the similar classes will exceed the 

threshold without the unknown domain ontology sharing the domain of the core domain 

ontology. 

The threshold can be adjusted according to the user’s requirements. If the threshold is 

set to a high value, the test will be stricter. In our experiment, the threshold was set to 50% 

and it worked well for the ten ontologies in the test.  

5.4.3 Work related to the paper 

In the area of ontology reuse, algorithms have been developed for extracting metadata 

including the domain of an ontology. OMEGA is proposed for automatic metadata 

acquisition including the domain (Simperl et al., 2011). First, keywords and key classes 

are extracted from an ontology. These are then compared with the DMOZ web category. 

The weight of the keyword depends on the highest level of a hierarchy in which the 

keyword appears and the frequency with which the keyword appears as a category name. 

If one keyword appears in several subcategories, a maximum likelihood algorithm is 

applied. Full category paths of the subcategories and the number of distinct top categories 

are calculated and the highest likely top category based on all keywords will represent the 

domain. DMOZ is a large and comprehensive human edited directory on the web. 

Our method uses the core domain ontologies to represent different domains, while 

OMEGA uses the DMOZ web directory. In our method, ontology contradictions are tested 

with an ontology reasoner and rules to check the consistency of the core domain ontology 

with the unknown domain ontology. OMEGA calculates the weight of ontology keywords 

and key classes and identifies the maximum likelihood category as the domain. 

5.5 A method for creating and using a context knowledge base for ontology 

integration 

This paper contributes to the method of building, improving and expanding a context 

knowledge base by completing the automatic process of building the context rules based 

on the ontologies in an ontology repository. The context knowledge base is expanded with 

the perspective rules where conflicting views of ontologies can be stored. Thus, a 

complete method of building a context knowledge base is proposed. The paper also 

presents a method of using the context knowledge base by analysing the expected effects 

of using the context knowledge base and discusses the assistance the context knowledge 

base may provide. 

5.5.1 Results of the paper 

A method of building a context knowledge base by using an ontology repository is 

presented. The context rules describe the contextual information in the corresponding 

contexts. The context is identified by context criteria, which include the content of 

ontologies and chosen metadata of ontologies, i.e., domain, author, ontology task, creation 

date and location. The choice of ontology metadata follows the ontology repository 

standard. With the non-violation ontology integration method (Wu, 2013), the contextual 

information is automatically generated according to the desired context. The contextual 

information is the integration of those ontologies stored in the ontology repository that 

satisfy the values, have corresponding values, of the context criteria.  



With the non-violation integration process, the consistent ontology intersection of the 

ontologies is produced. However, the different perspective views of similar concepts are 

neglected. The context rule is then extended with the perspective rules, where the different 

perspectives of ontology concepts are stored and reused for future integrations.  

The context knowledge base is an independent knowledge base that can be applied to 

refine any ontology integration result. This means that the ontologies are integrated first 

and the ontology intersection is then examined for extracting context. The context rules 

are searched for, according to the context, and the contextual information is then used to 

integrate the ontology intersection for the second time.   

Two functions are useful for the refinement of the ontology intersection that is 

produced from the first ontology integration. One is the bridge axiom. Since the contextual 

information contains an integrated and consistent intersection of multiple previous 

ontologies, the chance of finding bridge axioms for the integrated ontology is high. The 

bridge axioms can connect the concepts defined in the different ontologies and thereby 

improve the ontology integration result. The other function is providing information 

required to trigger integration rules. Since the contextual information is extracted from 

other ontologies, this contextual information provides much more information than the 

original two integrated ontologies. The extra information increases the chance of 

triggering the integration rules. 

In general, the process of using the context knowledge base is an improved version of 

the non-violation process. Axioms in the final result that do not concern the original 

integrated ontologies are removed. 

 

5.5.2 Discussion 

The paper presents the building and use of a context knowledge base to improve the 

ontology integration at the conceptual level. The advantage of the context knowledge base 

is reusing ontologies. The context criteria follow a metadata standard for an ontology 

repository, which means that the metadata is commonly available for ontology 

repositories. Therefore, the context knowledge base for ontology integration, in general, 

can be built upon any repository. However, this requires the quality and quantity of 

ontologies, which will play a main role in the quality of the context knowledge base.  

The use of the context knowledge base requires that the context criteria data are 

available. If they are not available, manual work is required to identify these metadata and 

make them available for the repository.  

The choice of the ontology integration method used in the repository may also 

determine the quality of the context knowledge base and its use for improving the 

ontology integration result. This means that the results differ according to the different 

ontology integration methods applied. 

5.5.3 Work related to the paper 

Three representations of context exist in different research areas. McCarthy (1993) uses a 

term c representing context, and the formal representation of a proposition p are true in the 

context of c, which is represented as ist(c, p). Dey et al. (2001) define context as “any 

information that characterizes a situation” for context-aware applications. Porzel (2011) 

refers to a context work (Bazire and Brézillon, 2005), where a model of context contains 

components and the different relations of the components. The components are the user, 

an item, and the observer in the environment. Relations here include not only the relations 



between the components, but also the relations to other contexts. Our representation of 

context is composed of contents of involved ontologies and some metadata of ontology, 

which covers part of the context model proposed by Bazire and Brézillon (2005). We also 

follow the approach of representing data terms. In general, the representation of context 

follows a common approach to that used by others, but we adopt the metadata that can 

represent the semantics of the situation of an ontology integration. 

The use of context data for ontology matching and integration has been explored in 

Anchor-PROMPT (Noy et al., 2001), a three-layer framework of ontology alignment 

(Ehrig, 2007), context ontology for matching (Lin et al., 2010) and COM++ (Aumueller et 

al.,, 2005). Each approach extracts different information as context, either from existing 

resources or newly created. The inference with context for matching or integrating 

ontologies is also different. We provide a method of building a context knowledge base by 

using existing ontologies in an ontology repository and reason with rules to improve the 

ontology integration result. 

Summary 

The five publications constitute the contribution of the research by joining different parts 

of research together to provide two methods for integrating heterogeneous ontologies 

using contextual information to improve the ontology matching and integration at the 

semantic and pragmatic levels.  

The construction of a context knowledge base, with consideration of context, provides 

an improvement of identifying related external information for semantic ontology 

matching and integration. With the context, words and representations can express syntax 

meaning and semantic but also pragmatic meanings. Then, the application of the context 

knowledge base can improve the ontology integration at both the semantic level and the 

pragmatic level, and refine and expand the context knowledge base for further ontology 

integrations. 

  



Chapter 6 Conclusion and Future Work 
 

This thesis addresses the problem of how to improve semantic ontology integration 

through the creation and application of a context knowledge base. Two methods, i.e., the 

method of constructing a context knowledge base and the method of applying the context 

knowledge base to refine ontology integration and extend the context knowledge base, are 

proposed to solve the problem. However, this does not bring an end to the complex 

problem, and evaluation and discussion of our solutions help to understand the meaning of 

our contribution in a broader view, so as to be able to continue the work in interesting and 

important directions. 

6.1 Conclusion 

The contribution of this thesis is to integrate ontologies using a context knowledge base, 

including contextual information and context, to improve the ontology matching and 

integration at semantic and pragmatic levels. Two main methods with step-wise processes 

and methods are developed: a method for constructing a context knowledge base to 

integrate ontologies; and a method for using the context knowledge base to refine the 

integrated ontology, pragmatically, and to expand the context knowledge base with more 

rules. 

More specifically, the method of building a context knowledge base for ontology 

integration based on an ontology repository includes: 

 

- a process of using a non-violation check ontology integration to generate an 

ontology intersection (OI) 

- the method of defining context with context criteria, and generating the contextual 

information by using the non-violation check ontology integration process, and 

hence building a context knowledge base with the context and the contextual 

information 

- a method of discerning the domain of an ontology by comparing with a core 

domain ontology that represents the domain. 

 

Besides constructing the context knowledge base, the method of using the context 

knowledge base to improve the ontology integration result and expand the context 

knowledge base is proposed, which includes: 

- a process of using the context knowledge base to refine the integration of multiple 

ontologies 

- a method of automating the process of building the context rule with ontologies in 

an ontology repository; and to extend the context of ontology integration with 

perspectives of ontology entities, so as to build a context knowledge base with both 

consistent and conflicting views of ontologies in a repository. 

 

The methods provide an alternative way to supply extra and contextual related 

information for ontology integration, which often suffers from a lack of information for 

semantic and pragmatic matching. The proposed methods provide a way of tackling 

ontology matching and integration problems at the semantic and pragmatic levels, which 

is beyond the syntactic, the terminological and the conceptual levels. Our arguments are as 

follows: 

 the non-violation check ontology integration process considers the semantic 

heterogeneities by comparing entity types and identifying synonyms; the 



integration rules developed for the process consider the open world assumption; 

and the final result, an ontology intersection, is tested with an ontology reasoner to 

delete explicit conflicts introduced from the input ontologies; 

 using context criteria to describe the context of an ontology integration makes it 

possible to store and use the contextual information at the semantic and pragmatic 

levels;  

 developing a method of discerning the domain of an ontology with an unknown 

domain contributes more semantic values to the context knowledge base, since 

using a light-weight ontology domain representing a domain has pragmatic value, 

and adopting the adjusted non-violation check ontology integration process also 

adds more semantic value to the whole method; 

 the ontology intersection generated by the non-violation ontology integration 

process maintains consistent views of ontologies, while inconsistent views exist 

and are also saved in the context knowledge base, which again adds more semantic 

and pragmatic value to the context knowledge base; 

 creating hierarchy relations between the context criteria and the use of the context 

rules add metaknowledge to the context knowledge base, which, to a degree, adds 

some semantic value to the context knowledge base 

6.2 Discussion 

In the method of building a context knowledge base, the context criteria are described and 

the non-violation ontology integration process is then applied to the ontologies that qualify 

the context criteria to generate the ontology intersection to form the contextual 

information for the corresponding context.  

Context criteria are variables that represent the contents of ontologies and metadata of 

ontologies, which describe the context of an ontology integration. The contextual 

information is produced by integrating all the ontologies that share the context criteria. In 

the context knowledge base, context rules store the context and the corresponding 

contextual information. The context knowledge base can be generated automatically upon 

an ontology repository using the metadata of ontologies, stored ontologies and search 

query functions provided by the repository. 

Integrating ontologies with the non-violation check process can provide the maximal 

non-contradicting ontology intersection, which can be reused as consistent contextual 

information for new ontology integration. To preserve the different ontological definitions 

of ontology that share the same context, we extend the context knowledge base with 

perspective rules. In the context part of the rule, the sharing context criteria are defined, 

and in the contextual information part of the rule, the perspective views are preserved.  

For new ontology integration, all the qualified context rules are searched for and 

triggered. Then, the contextual information is extracted and aggregated. This provides 

extra information, which is contextual related information for ontology integration. Hence, 

the context knowledge base has a strong possibility of improving the ontology integration. 

In our demonstration experiments, we showed the improvement of the ontology 

integration result by using the context knowledge base. 

A method of discerning the domain of an ontology can be applied in both processes, 

i.e., constructing and applying the context knowledge base. This method considers the 

semantic and the pragmatic differences of ontologies in ontology comparison.  

The semantic and pragmatic ontology heterogeneities of ontologies are also considered 

in the proposed context criteria and the contextual information. When applying the 

contextual information for new ontology integrations, the related ontologies are searched 



for according to the ontology author´s view, the domain, the creation date of the ontology 

and so on, which is also a method of applying the information at the semantic and 

pragmatic levels, to improve ontology integration. Examples are applied on these methods 

and they show the soundness of the proposed techniques.  

The refined result contains more concise context rules that can be used without causing 

conflict between the integrated ontologies. The contextual information is external 

information in the repository, identified from similar contexts, to enrich the semantic 

ontology integration. The ontology repository and the context rules provide a contextual 

ontology integration service that produces a refined integration with contextual 

information. With the increase of ontologies in the repository, the number of context rules 

also increases. The stored ontologies and the contextual ontology integration are then used 

to improve the context knowledge base. 

6.3 Evaluation and results 

n each publication, the discussion and evaluation section provides an informed argument 

for each part of the artefact. In this section, a theoretical analysis of context and the 

methods of building and using the context knowledge base are presented, with the 

coherence and consistency of the artefact. In the Oxford Dictionary
7
, coherence is about 

“the quality of being logical and consistent and the quality of forming a united whole”; 

and consistency concerns “the quality of achieving a level of performance”. To apply these 

meanings to the evaluation of our artefact, the following points will be discussed: 

 Context and context criteria versus the context functions and components of 

context 

 Contextual information generation 

 The context knowledge base on an ontology repository 

The syntactic function of context can delimit a group of text in a situation. The context 

criteria, in our context representation, contain the content of ontologies, which means a 

context can be identified from a group of classes and object properties. This is the 

application of the syntactic context function. The semantic function of context can relate 

some text to a real world or a specific situation and the pragmatic function of context 

relates to a special interest or an intention of a person or a group of persons. The context 

criteria, domain of ontology, author of ontology, task of ontology, creation data of 

ontology and location of ontology, make it possible to give context in the context 

knowledge base the semantic and pragmatic functions. By combining these context criteria 

in the context, it is possible to apply the three functions of context in the context 

knowledge base.  

The context criteria also match the model of the context components (Bazire and 

Brézillon, 2005). The item in the model is represented by the ontology axioms and 

definitions, which are always in the centre of a context. The observer in the model is the 

author of the ontology, who creates the ontology with his understanding and observations. 

The user in the context model is represented by the user in the context criteria. The 

environment in the model means the physical world, which is represented with the domain 

of ontology, task of ontology and the creation date and location of the ontology of the 

context criteria. This match means that our context criteria have covered all the 

components of context. What are missing in our context criteria are the relations between 

the components and relations with other contexts. In our context, the context criteria can 

                                                 
7 http://www.oxforddictionaries.com/definition/english/coherence, accessed on 20 August, 2014. 

http://www.oxforddictionaries.com/definition/english/coherence


only have the relation of conjunction. However, it is not clear how these relations should 

work in the model.   

The contextual information is the valid information in the corresponding context. There 

are both consistent views and perspective views in the contextual information. The non-

violation check ontology integration is applied for drawing the consistent views, which is 

under the open world assumption at the conceptual level. The coherence and the 

consistency of the processes have been mainly discussed in the licentiate thesis (Wu, 

2013) and the book chapter (Håkansson and Wu, 2013). 

The methods of the construction and the application of the context knowledge base 

assume that what others describe as a domain, although with all kinds of heterogeneities, 

might be reused as the contextual information as long as they share some the same context 

criteria. By integrating ontologies with the same criteria, the chance of the ontology 

intersection covering some of the integrating ontologies’ classes and object properties is 

high. However, there is no guarantee for the function. This brings an insight that the 

quality and quantity of ontologies in the repository should be high. If the stored ontologies 

contain a semantically rich description of a domain with a correct definition and the 

quantity of ontology is large, the quality of the context knowledge base is high in 

consequence. The idea behind the proposed methods is coherent and consistent. However, 

the examples in Wu (2013) and Wu and Håkansson (2014) show only the fragmental 

functions the context knowledge base might provide in ontology integrations. 

The comparison of our work with the related work has been discussed in Chapter 2. 

Here, from an evaluation perspective, we will provide a comparison model and discuss the 

advantages and disadvantages of each work according to the required attributes presented. 

For each work, three issues are discussed: the definition of context, the method of context 

presentation and the methods of using the contextual information. And the concluding 

discussion is about how these issues contribute to the semantic ontology matching and 

integration. 

Work Context definition Method of 

context 

presentation 

Using-the 

contextual 

information 

Lin et al. Role information An ontology Instance level 

Ehrig Usage of entity values Weight system 

Marwah et 

al. 

Any term term  

COMA++
8
 Corpus of known 

schemas and 

mappings 

Loosely related 

schemas 

Machine 

learning, 

statistics 

The Thesis Context criteria Multiple values Ontology 

integration 

Lin et al. (2010) separate an enterprise ontology and a context ontology in an industry 

scenario. Context is the information for a role that is clearly defined in a large 

organization. The context ontology is developed when it is needed and can be built upon 

part of the enterprise ontology. The advantage of the method is dividing the enterprise and 

the context ontology so that long-lasting knowledge can be saved without changes and 

role information can be altered with time and situations. However, there is not any help or 

guidelines for generating the context ontology, except that it can be developed from the 

enterprise ontology. There is no guarantee that the context ontology works with the three 

functions of the context and includes the components of context. The quality of the 

                                                 
8 There are a series of publications of this project, but those used for comparison are Aumueller et al. (2005) and 
Madhavan et al. (2005). 



context ontology is therefore unclear. The concepts of the target ontology are compared 

with those of the enterprise ontology and the context ontology, and the instances are 

matched to the concepts and receive different weights, depending on which overlapping 

area they fall into. The work provides no direct evaluation, so it is difficult to tell if the 

context ontology improves the ontology matching or not. From the above analysis, the 

work does not show clear improvement for the semantic matching of ontologies. 

Ehrig (2007) proposes a three-layer alignment framework, i.e. data, ontology and 

context layer. On each layer, similarities of entities are calculated with corresponding 

information. For the bibliographic metadata, the contextual information is, for example, 

publications in users’ knowledge base and recent enquiries. The similarity with the context 

consideration gives different weights to the similarity based on data and ontology 

calculation and gives a good result for a recommending function. Although not explicitly 

claimed, this definition of context considers the components of context, the item, user and 

the environment, which makes for a quite complete definition. The use of context gives 

more semantic values for ontology matching, shown in their evaluation. 

Marwah et al. (2012) use a term as context and calculate the relation of two terms in 

the context of another term. The disadvantage of this context definition is the narrowness. 

It is difficult to argue why the context term is so important for the relations of the two 

desired terms. Moreover, there are so many terms that can be used for context; it is 

difficult to know which is the best term to use. 

COMA++ (2005) is the most advanced work, because it combines many techniques of 

machine learning and statistics. It also uses conceptual and instance data for comparison. 

The definition of the context is similar to ours. However, the identification of similarity 

depends on machine methods. From their evaluation, the result has improved the semantic 

matching for schema matching.  

We use metadata and the contents of ontologies representing context of ontology 

integration. The metadata describe the ontology with important meanings. By developing 

a method for detecting the metadata, semantic values are added into the contextual 

information. The non-violation check method has considered the matching of ontologies at 

the semantic level. At the conceptual level, our methods contribute to the semantic 

matching of ontologies. All of the related works are on ontology matching, while we 

undertake ontology integration, which means that the end results are different. The results 

show that both the repository and the rules can be used to provide a reasoning service for 

heterogeneous ontologies and, hence contextual information can be used to integrate 

ontologies on a semantic level. 

6.4 Future work 

The technique of ontology matching and integrating at the semantic and pragmatic levels 

is a very active and interesting research area, since it can be used for producing 

information and knowledge integration products and services. It will be interesting to 

continue our research, in three directions. One direction is to combine our methods with 

mature methods of string and language matching strategy. There are many situations we 

have not addressed, such as combined phrases and homonyms. This direction can help to 

identify potential matching and integrating candidates and to develop rules to integrate 

ontologies with more complex relations. 

The second direction is the attempt to vary the integrating process to determine if the 

integrating order can improve the result. For example, when two ontologies are integrated, 

each one can be used for integration with the help of the context knowledge base to 

integrate the contextual ontology intersections.  



The third direction is to improve the context criteria and the method of extracting those 

metadata. If the method of extracting metadata contains more semantic values, the context 

could be presented at a higher abstract level of semantics, which, in turn, will improve the 

semantic value of the context knowledge base for connecting the ontologies. For example, 

if the context criterion, author, is not identified only through a term or identification, 

which can be missing in certain cases, the method of identifying the author may consider 

views representing the author. Then, the context criteria would connect the accurate 

ontologies and provide better contextual relations and contextual information. Because of 

the lack of ontologies, we cannot test all the combinations of context criteria and how they 

represent real world ontologies.  
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Appendix 

1. Terminology glossary 

 

An ontology defines a set of representational primitives for modelling a domain of 

knowledge or discourse. The representational primitives are typically classes (or sets), 

attributes (or properties) and relationships (or relations). The definitions of the 

representational primitives include information about their meaning and constraints on 

their logically consistent application (Gruber, 2009). 

An OWL 2 Ontology is a formal description of a domain of interest (W3C, 2009). The 

component of an ontology is a set of axioms. Entities are the fundamental building blocks 

of OWL 2 ontologies. There are seven entities in the specification (W3C, 2009). However, 

this research focuses on only two entities, class and object property. 

Signature of an OWL 2 ontology is a set of entities of an OWL 2 ontology. 

Ontology integration is a process of uniting two ontologies, O1 and O2, into a new 

ontology. Two directions are considered during the integration process, from O1 to O2 and 

from O2 to O1. The integrating rules and an ontology reasoner are used in the process to 

produce the result, called the ontology intersection.  

Ontology intersection is the result of an integration of two OWL 2 ontologies, which 

takes the form of OWL 2 ontology. The signature of the ontology intersection is not bigger 

than the entity union of O1 and O2, however, covers as many as the entities of the two 

ontologies under the non-contradiction (non-violation) constraint. 

Conceptual ontology intersection is a specific term of ontology intersection. Since our 

work handles only class and object properties without considering the individual data, the 

conceptual ontology integration is explicitly telling that the result of the intersection 

contains only information about classes and properties. 

Context of an ontology integration describes a runtime situation that is identified by the 

specified context criteria and the implied contextual information. It is presented in the 

form of a rule if context() then contextual information, the context criteria are used in the 

if-part and the contextual information is used in the then-part. 

Context criteria are variables for identifying and describing a context of an ontology and 

an ontology integration situation. 

Contextual information is a set of axioms that are true in the corresponding context and 

can be applied in the corresponding context. 

Context rule is composed of the context criteria and the implied contextual information in 

the form of a rule if - then-, which is interpreted as the contextual information applied for 

the criteria specified ontology integration. 

Context knowledge base is a collection of rules in the form of if context() then contextual 

information.   

Contextual ontology intersection is an ontology intersection produced with consideration 

of the context of ontology integration. Two ontologies O1 and O2 are first integrated to 

produce an ontology intersection. The ontology intersection is then refined with the 

context knowledge base to generate a refined ontology intersection. This final result is 

called the contextual ontology intersection.  

A method is a carefully designed artefact according to the design requirements for a 

purpose. A method includes definitions, procedures, algorithms and descriptions and 

produces the desired output. 

A process defines serious steps for achieving a desired result. 
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Abstract 

Information integration has been an interesting topic in computer science 

for a long time. From research in the area, many solutions have been 

proposed and commercial systems for information integration developed. 

However, the semantic matching of information integration is still an 

open question. In the investigation presented in this report, Swedish 

municipalities experience and handling of their information integration 

are explored. An inductive qualitative inquiry strategy with 

questionnaires and interviews has been applied. The results show that 

problems of information integration, in general are common in various 

projects and their daily work, both at the leadership level and the 

administrative level. In information integration projects like data 

warehouses and decision support systems, the problem with semantic 

matching is handled with functions at the development level. Still better 

tools, e.g. the method of semantic integration of concepts, are needed for 

information integration. The problem of using the same term for a 

different definition is shown to be a common problem. 

 

1. Introduction 

More and more information is collected and processed by increasing numbers of 

independent systems. To integrate the heterogeneous information, information 

integration, or fusion, is used to draw added values or new knowledge of the 

heterogeneous information. There are many situations, e.g., organizations’ merging or 

building more advanced services, which are costly and need the techniques of 

information integration. Nine thousand millions of Swedish kronor were reported to 

invest for system integration
9
.  

 

1.1 Background 

The demand for information integration creates the need for efficient solutions of 

information integration, especially for the semantic matching of heterogeneous 

information. The research of information integration draws attentions in areas of 

systems, e.g., complex systems [1], the semantic web [2], decision support systems 

[3] and database systems [4]. The approach for information integration, discussed 

here, includes manually, semi-automatic, and automatic integration on both syntactic 

level and semantic level. Techniques are, therefore, covering a broad spectrum of 

technologies, such as artificial intelligence [5][1], probabilistic approaches [6], and 

semantic technology with ontologies [7].  

Data warehouses and decision support systems are examples of systems where the 

information integration is applied to generate analysis functions on heterogeneous 

information sources. SAP and Microsoft SharePoint are commercial systems that help 

to achieve information integration. Moreover, Oracle Enterprise Repository adopted 
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the Service Oriented Architecture (SOA) to govern the information integration. In 

addition, IBM provides InfoSphere information server that manages data integration. 

With such a background, from the commercial world and the academic world it is 

interesting to investigate the effects of these available techniques used in real 

organizations. Swedish municipalities own information systems that perform daily 

work and they are relative open with their information and work. Therefore, they are 

chosen as the study object.  

 

1.2 Problem 

Information integration technologies intend to help the organizations efficiently 

handle information to give better and more advanced services. However, the 

information integration may not be efficient and, also, there might be a lot of 

problems while carrying out the integration.  

For the investigation in this report, following questions are interesting to investigate: 

"How is current the situation of information integration in an organization?" For the 

main question, some sub-questions arise and are formed, accordingly: "Do Swedish 

municipalities experience problem of information integration?" and, "What problems 

of information integration over heterogeneous systems do exist?" 

 

1.3 Purpose 

For the study, the problem of information integration is explored in the context of the 

studied organization. The report presents information integration situations found in 

Swedish municipalities and how the information integration is handled there. Hence, 

the problem of information integration in the real world is investigated and presented. 

From the study, interesting research problems can be developed based on the result of 

the investigation. 

 

1.4. Goal 

This study is to identify some of the practical problems of information integration in 

Swedish municipalities, i.e., if there are any. Moreover, new research directions of 

information integration can be identified. 

 

2. Method 

 

A research method design includes the choices of philosophical assumptions, 

strategies and the specific data collection and data analysis method [9]. The 

philosophical assumptions ground the design.  Interpretativism, often combined with 

constructivism, is adopted. This philosophical view is used when the access to the 

knowledge is through social constructions such as language, consciousness and shared 

meanings [10], which is the case in this study. Other philosophical assumptions like 

positivism and critical are not suitable with the design of this study.  

 

The qualitative method is often used in the study of real world situations or very 

complex phenomena [9]. In a quantitative method, numeric data analysis is done to 

answer a close-ended question [9]. Since the nature of the problem is about the 

investigation of how the problem is handled in the real world, a qualitative method 

and an interpretative philosophical view are taken in this study. 

A phenomennological strategy [9] is a research strategy that is  applied depending on 

the study purpose, the problem and the time frame of the study. With the 

phenomenological strategy, human experiences described by participants are studied 



by the researcher [9]. Other strategies like ethnography, case studies and narrative 

research are not applicable because of the purpose of the study.  

 

Deductive research approach works from the general to the particular [8]. A specific 

hypothesis is often built from general theories. The data are then collected and 

analysed in order to approve or reject the hypotheses [8]. The deductive research 

approach is often referred to as a top-down approach. On the contrary, a bottom-up 

approach, is where the observations are made and are then generalized in order to 

build up a theory, so called an inductive approach [8]. This study adopted an inductive 

approach since the goal is to understand the practical situation of information 

integration in organizations. Literatures studies are conducted, and theories are used 

as a lens to form the study and the questions. 

 

Qualitative data collection methods, such as texts and documents, interviews or 

observations of participants, are used in order to perform the study. Qualitative 

methods are suitable for answering open-ended question, where interpretation of data 

is used. Then a question is handled as an open-ended question and, hence, answered 

with qualitative data. The participants are expected to provide related information 

concerning information integration, where either the integration is handled by systems 

or by meetings and documents. The nature of the questions and the purpose of the 

investigation decide the use of an inductive qualitative inquiry strategy.  

 

Constructivists contribute their subjective studies to provide complexity of views 

rather than narrowed ideas. Although the study is subjective, and the qualitative data 

are collected and analysed, the validity of the study can be achieved by taking care of 

the internal validity [11]. The internal validity means a sound inference between the 

data and the generated theory [11]. The internal validity can be seen in a reliable 

procedure that gives qualitative validity [9]. This study focuses on the exploring of the 

situation to draw conclusions from the survey, and not for the theory generalization. 

The internal validity is considered by the design of questions, which decide the data 

collected and the analysis of the obtained data and the process from data to 

conclusions. The validity is strengthened by collecting data from different sources [9]. 

In this study, both qualitative survey and interviews are used as data collection 

methods. 

 

The reliability is the "consistency" or "repeatability" of the measurement in a research 

[8]. If the objective and the condition of the measurement will not change, a reliable 

research will always produce the same result [8]. In qualitative research, reliability is 

the consistency of the method applied [9], which is the way reliability is applied in 

this research. 

 

Ethics is how individuals are protected in the survey, with no harm done and no 

pressure to attend. In this survey… http://srmo.sagepub.com/view/encyclopedia-of-

survey-research-methods/n565.xml 

 

2.1 Data collection for the investigation 

For the investigation, questionnaires are used to collect data. These questionnaires are 

distributed by emails to those responsible for information integration and work in IT 

departments of local Swedish municipalities. In the questionnaire, nine questions are 

designed as open questions, providing spaces for comments and four choices of 



answers. The questions are divided into two parts: the questions one to four regard 

what information integration problem the individuals’ experience and problems; the 

questions five to nine concern how do they tackle these problems. The complete 

questionnaire and the answers are attached in Appendix 1. A number of 73 

questionnaires were sent out, only 6 answered.   

Two interviews are made. One interviewee, referred to as interviewee 1, is the chief of 

IT-Forum for Stockholm's county. The other interviewee, referred to as interview 2, is 

a database administrator in Uppsala municipality. The questions were sent to the 

interviewee 1 before interviews, see appendix 2. This first interview is semi-

structured; discussions are not only about the prepared questions, but other related 

questions. The interviewee 2 did not get the questions in before hand. This second 

interview is unstructured. Both interviews lasted for about 40 minutes and they took 

place at the workplace of the interviewees. 

 

2.2 Data analysis 

The data collected from questionnaires, and the interviews are analysed, separately. 

The results of the questions one to four are shown in Table 1 below. In the column of 

"Answers", the figures in the brackets after each answer are numbers of answers. 

Although the space for comments was left for questions, no comments were received 

for these questions. 

 

 
Table 1. Questions and answers concerning the problem of information integration 

Questions Answers 

1. Do you think the 

information at your work is 

overwhelming? 

Very much (0); Yes (4); Yes, a 

little bit (2); Not at all (0) 

2. Are there many terms 

used in various reports (or 

systems) the same, but with 

different definitions? 

A lot of (2); Yes, sometimes (4); 

Only a few (0); Not at all (0) 

 3. How often do you need to 

check the source of the data? 

Often (0); Sometimes (2); 

Several times (3); Not at all (1) 

4.  If you answer "Often" 

and "Sometimes" in the 

previous question, do you 

think it is difficult to search 

the source? 

Much difficult (0); Difficult (2); 

Not difficult (2); Easy (0) 

 

From the answers on the first question, 4 answered “Yes” to that the information is 

overwhelming and 2 answered “Yes, a little bit”. No one answered “very much” and 

“not at all”. On the second question about many terms used in reports with different 

definitions, 2 answered “A lot of” and 4 answered “Yes, sometimes”. No one 

answered “Only a few” and “Not at all”.  

 However with these given answers, it is clear that the terms “with the same labels but 

different definitions” cause problems for information integration. A more specific 

question concerning the usage of similar terms should be asked. Such as "How do you 

solve the problem caused in question 2?" or "What kind of problems are caused by the 

situation of question 2?". Without these questions, the possibility of understanding the 

problem more accurately lost.  



 

The results of question five to nine are given in Table 2 below. One comment is given 

in question 5. 

 

Table 2 Questions and answers concerning the handling of information integration 

Questions Answers 

5. Do you have a project for 

information integration or are 

you starting similar projects? 

Yes (3); No (0); Do not know 

(3) 

6. If you answered "No" in 

question 5, do you think you 

need such an information 

integration project? 

Yes (1); No (0); Do not know 

(2) 

 7. If answer is "Yes" in 

question 6, what benefits do 

you expect from an information 

integration project? 

Improved efficiency (0);  New 

inferred knowledge (0); New 

perspectives (0); Improved 

services (4); Improved decision 

support (1); Improved 

productivity (0) 

8. Comments: We use a web-based self-

developed support for the 

analysis of economic data, 

coupled with our accounting 

and our scanned invoices. 

9. Are you satisfied with the 

chosen technology? 

Yes, very much (0); OK (0); It 

is mixed (1); Not satisfied (0) 

Following as "a more general decision-making, monitoring and goal-support system 

may be introduced in the coming year". One comment is given on question 6, which 

points out that "The quality can be achieved in such work”; “may be needed if some 

information is exchanged between the county (Landsting) and the municipality 

(Kommun)". One comment is given on question 7, “Should be able to tick more 

answers”. Obviously, there is not only the desired effect. “Improve services” may 

summarize all of the other choices. Question 8 leaves only spaces for comments and 

no choices of answers are given. One answer is collected from question 8: "We use a 

web-based self-developed support for the analysis of economic data, coupled with our 

accounting and our scanned invoices."  

The answers for question 7 and 8 show decision support or similar systems are needed 

to better follow organization goals, and for better information exchanges between 

organizations. The benefits of such systems are obvious. 

Two interviews are analysed separately since the interviewee 1 discussed the problem 

as a project leader and the interviewee 2 focused more on the technology problems of 

data warehouse projects. Interviewee 1 mentioned that many integration projects are 

underegoing because of the goal of establishing the eSociety (eSamhället) in 

Stockholm region. The first thing they need to tackle in each project is reaching the 

same definitions of the concepts, used in various organizations, since it is a crucial 

and time-consuming process. The information integration is about the process 

integration concerning several organizations but for the leadership, there are no 



computer tools for the integration task and such tools would be appreciated. For 

technique support, Visuera
10

 is delegated for the integration work.  

In the second interview with interviewee 2, the technique problems in the data 

warehouse (DWs) were discussed. Data integration in DWs is handled on the function 

level. Therefore, it is imperative to discuss data integration with every concerning 

user of DWs to collect their requirements in the early stage. When the functions are 

programmed, it is difficult to modify, add or delete these functions. The process of 

collecting requirements with every concerned user in DWs can also support building 

up a common understanding and provide definitions of all the concepts used by 

different partners. A concept dictionary, or similar lexicon, is built at the late phase of 

the development of DW systems. Therefore, the usage of the dictionary is not 

automatic applied in the integration functions. It is a continuous human administrating 

work to maintain data warehouse systems. The findings from both interviews show 

that information integration is required at the leadership level and the administrative 

level. Tools for concept integration, especially on the semi-automatic and automatic 

level are needed. The information integration becomes more common since more 

advanced systems or services by combining the information from various systems are 

needed. 

 

3. Results 

Although the data collected from the questionnaire are limited, the findings of the 

questionnaire confirm with the results of the two interviews. That is information 

integration, especially for providing more advanced and better services, is in need by 

organizations for information integration. Information integration is mainly handled 

by data warehouse systems and decision support systems. Information integration is 

needed primarily for several organizations that are involved in the process. Available 

tools are most data warehouse systems for process integration and other reporting and 

analysis functions. More efficient methods for semi-automatic and automatic 

information integration, e.g., concept integration, need to be developed to support the 

work. The problem of using synonyms, or identical terms, for different definitions is 

typical problem.  

 

3.1 Discussion 

The choice of qualitative method is reasonable. Semi-structured and unstructured 

interviews may generate bias in the findings; however, this is compensated by 

questionnaires. Findings of interviews and questionnaires are in consensus about the 

problems of information integration and the need for developing a new efficient 

method. The advantage of the interview is that questions are varied according to 

different interviewees, so that information can be collected more efficiently and 

context-based. From the answers of those participants of the questionnaire survey, the 

problem of difficultly to understand the questions appeared. Some participants had to 

answer "Do not know", which make the information collection less efficient. 

The results are not repeatable by other researchers because of the nature of the 

qualitative method with the interview process and the qualitative questions in the 

questionnaire. For the same reason, the results cannot be generalized without further 

study. However, it provides a deeper understanding of the problem experienced in 

Swedish municipalities and shows an interesting and relevant research question, i.e., 

to develop more efficient semantic method for concept integration. The validity of the 
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result lies on the systematically planning of the questions in the questionnaire and the 

interviews, which are logically drawn from the problem statement. The conclusion 

logically drawn from the data collected strengthen the validity of the study. The result 

of a literature review confirms the results of the study in this report, and that the 

problem of information integration is active and need further development.  

 

4.  Conclusion and future work 

The purpose of the study is to explore how problems of information integration are 

experienced in organizations. The result of the questionnaire shows that people work 

in Swedish municipalities experience information integration problems, e.g., terms 

with different definitions in various reports. Information integration projects, such as 

decision support systems are needed since they can improve services. The results of 

the interviews confirm the existence of the problem of information integration and 

information integration is handled by process integration projects and data warehouse 

systems. The handling process is not efficient, and they need improved tools. Swedish 

municipalities experience lack of tools for concept integration. Tools for semantically 

support concept integration are needed.  

The future work is to start to design more efficient way to solve the concept 

integration problem at the semantic level. Instead of staying at the functional solution 

level, semantic analysis method of the concepts that can give semi-automatic or 

automatic interpretation service need to be studied. Another future work is to continue 

explore the concept mismatch problem in other organizations so that a deeper, more 

general and structured descriptions of the information integration problems can be 

explored and identified.   
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Appendix 

1. Answers of questionnaire in Swedish. 

1. Tycker du att informationen, producerad i din kommun, är 

överväldigande? 
 besvarad fråga 6 

 skippad fråga 0 

 Svarsprocent Antal svar 
mycket överväldigande 0,0% 0 
överväldigande 66,7% 4 
lite överväldigande 33,3% 2 
inte alls 0,0% 0 

 

2. Är det vanligt att många termer är använda i olika rapporter 

(eller system), dock med olika definitioner? 
 besvarad fråga 6 

 skippad fråga 0 

 Svarsprocent Antal svar 
Ja, många. 33,3% 2 
Ja, ibland 66,7% 4 
Enbart få 0,0% 0 
Nej 0,0% 0 
Beskiver problem gärna 

1. Begreppsförvirring kan uppstå                                      1 
 

3. Hur ofta behöver du söka källan till data i rapporter? 
 besvarad fråga 6 

 skippad fråga 0 

 Svarsprocent Antal svar 
Ofta 0,0% 0 
Ibland 33,3% 2 
Ett antal gånger 50,0% 3 
Nej, jag behöver inte 16,7% 1 

 

4. Om svaret är 'Ofta' eller 'Ibland' på fråga 4 (ovanstående), 

anser du att det är svårt att hitta källan till din data? 
 besvarad fråga 4 

 skippad fråga 2 

 Svarsprocent Antal svar 
Mycket svårt 0,0% 0 
Svårt 50,0% 2 
Inte så svårt 50,0% 2 
Lätt 0,0% 0 

Kommentarar                                 0,0%                                         0 

 

5. Driver ni eller kommer ni starta ett information-integrations-

http://www.qual.auckland.ac.nz/


projekt? 
 besvarad fråga 4 

 skippad fråga 2 

 Svarsprocent Antal svar 
Ja 50,0% 3 
Nej 50,0% 0 
Vet ej 50,0% 3 

Kommentarar: 1. Ett mer generellt besluts-, uppföljnings- och målstyrningsstöd 

kan komma att införas under de närmaste åren. 

2. Om beslutsstöd är en form av informationsintegration så kommer vi att 

starta ett sånt projekt framöver                                                2 

 

6. Om svaret är 'Nej' på fråga 6, tycker du att ni behöver ett 
sådant projekt (för definition se beskrivning ovan) eller av andra 

skäl? 
 besvarad fråga 3 

 skippad fråga 3 

 Svarsprocent Antal svar 
Ja 33,3% 1 
Nej 0,0% 0 
Vet ej 66,7% 2 

Kommentarar: 1. Mitt svar är Kanske. Det beror på kvaliteten som kan uppnås i 

ett sådant arbete.2. Kan vara aktuellt vid information som ska gå mellan 

landsting och kommun.                                                    2 

 

7. Om svaret är 'Ja' på fråga 6, vilka nytta förväntar du dig av 
information-integrations-projekt? 
 besvarad fråga 5 

 skippad fråga 1 

 Svarsprocent Antal svar 
Förbättra effektevitet 0,0% 0 
Finna nya kunskaper 0,0% 0 
Finna nya insikter 0,0% 0 
Förbättra tjänster 80,0% 4 
Förbättra beslut 20% 1 
Förbättra produktivitet 0,0% 0 

Annat: Borde gå att kryssa i flera svar. Självfallet finns inte bara en önskad 

effekt. Förbättra tjänster får sammanfatta alla de övrigas 

sluteffekt.                                                                      .2 

 

8. Om svaret är 'Ja' på fråga 6, vilka tekniker änvänder ni? 
 besvarad fråga 2 

 skippad fråga 4 

Kommentarar: 1. Vi använder ett webbaserat egenutvecklat stöd för analys av 

ekonomiska data, kopplat till vårt redovisningssystem och våra skannade 

fakturor. 

I HR-systemet finns goda möjligheter att analysera personalkostnader och 

resursutnyttjande. 

I flera andra system finns inbyggda system för statistik och uppföljning.  



2. vet ej                                                                                             2 

 

9. Är ni nöjda med den valda tekniken? 
 besvarad fråga 1 

 skippad fråga 5 

 Svarsprocent Antal svar 
Ja, mycket nöjda 0,0% 0 
Ja, det är OK 0,0% 0 
Det är blandad 100,0% 1 
Nej, inte nöjda 0,0% 0 

Kan du förklara: 1.Personec P skulle kunna vara mycket bättre på utdata som 

man kan vrida och vända på och borra sig djupare ner i. Uppföljning = 

sammanställning av data är bara ett steg i beslutsstödet. Måluppfyllelse, analys 

mm får göras utanför systemen.                                     1 

 

2. Questions used in the semi-structured interview 
 
1, Hur fungerar IT froum för att påskynda införandet av en modern e-
förvaltning i stockholmslän? 
2, Kan du beskriva ett eller flera projekt där informations utbyte är 
nödvändigt mellan system för att bygga en modern e-förvaltning? 
3, Hur det går till med informations utbyte? Använder ni standard termer, 
system eller integrerar ni befinntliga system? 

 


