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Abstract 

The more enhanced and reliable healthcare facilities, depend partly on accumulated 

organizational knowledge. Ontology and semantic web are the key factors in long-term 

sustainability towards the improvement of patient treatment process. Generally, 

researchers have the common consensus that knowledge is hard to capture due to its 

implicit nature, making it hard to manage.  Medical professionals spend more time on 

getting the right information at the right moment, which is already available on 

intranet/internet.   

 

Evaluating the literature is controversial but interesting debates on ontology and semantic 

web encouraged us to propose a method and 4-Tier Architecture for retrieving context-

based document according to user’s information in healthcare organization. Medical 

professionals are facing problems to access relevant information and documents for 

performing different tasks in the patient-treatment process. We have focused to provide 

context-based retrieval of documents for medical professionals by developing a semantic 

web solution. We also developed different OWL ontology models, which are mainly used 

for semantic tagging in web pages and generating context to retrieve the relevant web 

page documents. In addition, we developed a prototype to testify our findings in health 

care sector with the goal of retrieving relevant documents in a practical manner.
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Sammanfattning 

This is Abstract translated to Swedish. 

Bättre och pålitlig sjukvårdsinrättningar, beror delvis på ackumulerad organisatorisk 

kunskap. Ontologi och den semantiska webben är de viktigaste faktorerna för långsiktig 

hållbarhet mot förbättring av patienternas reningsprocessen. Generellt forskare har 

gemensamt överens om att kunskap är svår att fånga på grund av dess implicita karaktär 

och även svåra att hantera. 

 

Vårdpersonal tillbringar mer tid för att få rätt information i rätt tid, som redan finns på 

intranät / internet. Utvärdering av litteratur och kontroversiell men intressant debatt om 

ontologi och semantiska webben uppmuntrade mig att föreslå en 4-tier arkitektur för 

hämtning kontext-baserade dokument enligt användarens i vården organisation. 

 

Vi utvecklade olika modeller OWL ontologi, som främst används för semantisk märkning 

på webbsidor och skapa sammanhang för att hämta de relevanta handlingarna webbsida. 

Vi utvecklade också en prototyp att vittna våra fynd i Java för att hämta dokument 

praktiskt.
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1 Introduction 

Abstracting information and relevant data are the important factors for the completion of any 

task. Public knowledge is increasing rapidly. To access the relevant information within a very 

short timeframe is especially important in health care. An overload of information can be a 

problem, while a shortage of it can also bring obstacles. The information overload problem has 

quantity, time and characteristics aspects [1]. For the improvement of the information supply, it 

is compulsory to overcome these problems and reduce the information overload to the users. 

Accurate and relevant information is most important for the decision-making or problem solving.  

 

Information logistic plays a key role in the information supply, which means right information at 

the right time to the right person. Kurt [2] describes that “Information logistics aims at 

improving information flow, i.e. applying logistic principles to information supply” [2]. 

 

It is important to optimize the information and information flow that is received from 

information system or management software from any other resources. To understand the 

information logistics process, it is very important to know about the actor or user that is involved 

in the particular context [3].  

 

Information technology has a very important role and influences the daily life of many people 

and organizations. In recent years, everyone wants to access and obtain the right information 

according to their context within short time. Recent studies show that 39% of business 

executives spend more than 2 hours while practitioners spend just 10.7 minutes on a patient. 

Included in all this is examining, dialogue with patient, and locating accurate information [1][2]. 

 

Although information flow through the internet or intranet has a very important function within 

the healthcare organizations, it is only utilized through effective and efficient information system 

[4]. The other important aspect of information flow within the healthcare process is locating 

accurate and updated information about the patient in particular context.  

 

The problem of information overflow can be minimized by using a logistic approach in 

providing accurate information to the proper user at the right time and place.[5]. Manual 

infrastructure and human involvement can be a problem in the information flow and can cause 

the absence of correct information at times in the healthcare organizations. It is very important to 

know the right information demand and individual needs for their role, activities and context of 

the information and documents is very critical with regards to the health sector [3]. 

 

Based on literature review and experiments, medical documents are created and can used by 

medical professionals. These medical documents provide a reference and guidelines to medical 

professionals to perform different tasks in the patient treatment process. In Jönköping County, 

the medical documents that are used in the patient treatment process are called medical memos. 

Medical specialists create these medical memos and different medical professionals utilize the 

memos as a reference for the patient treatment process. Medical professionals cannot access 

these documents easily as needed.  
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In the healthcare sector, relevant information and documents that are used in the patient 

treatment process are important.  To improve information retrieval, getting information should be 

feasible and electronic resources must be semantically tagged and support the semantic queries 

[1].  In the healthcare sector, documents are not semantically tagged and do not support semantic 

query. In our case, we got some samples from Ryhov Hospital, Jönköping, Sweden and these 

sample documents do not have semantic tagging and are difficult to retrieve as per user context 

in Urology department. The medical documents (memo) are not well structured and therefore 

these documents are not easily accessible.  

 

Most context models and context aware systems are developed and used in pervasive computing 

[34], ubiquitous computer [35][36] and wearable computer [27] and are focused on the time and 

location and context linked to the searched information [37].  The collection of ontology models 

is used in pervasive computing to create context information and to define context in intelligent 

meeting room [34]. We have developed and used OWL ontologies for semantic tagging and 

creating context in healthcare sector.  OWL models can be helpful for semantic tagging for 

medical documents (memo) and for semantic query for retrieving relevant documents.  

 

Koch [1] proposed a process-oriented context model that supports information retrieval for only 

physicians. He implemented selective information space where physicians have to select pieces 

of information that they need and are more relevant [1]. For context-based retrieval in healthcare 

organizations, tagging, accessing and structure of supplied medical information are challenges 

[1]. We have proposed a method and developed architecture for relevant document retrieval in 

healthcare sector. We have focused on role and competencies of different medical professionals 

who perform different tasks in patient treatment process. Medical professionals select specific 

tasks or generate information demand as per their current requirement. System automatically 

generates context with help of OWL models and converts into semantic query for relevant 

document retrieval. This request is sent through HTTP and matches semantic tags that are RDFa 

in medical document (memo) repository. Most of the work is done by the system and less input 

from user is required. 

1.1 Problem: 

In the healthcare organizations, there are different activities performed by the actors. Most 

activities in healthcare are assigned to individuals and to different multidisciplinary teams. These 

activities are patient’s primary care treatment, booking time with medical practitioner for the 

diagnosis, examining the current patient, and referral to other department for quality treatment. 

Due to information sharing, users need relevant information and a systematic way to perform the 

certain activities in different tasks throughout healthcare process. Due to extensive information 

flow and accessing documents from different data repositories, it is important to access the 

optimal information according to the user’s role needs and demands.  

Our research focus is to target the problem that is the retrieval of existing documents (Memo) 

within healthcare organizations according to the user’s context. In the healthcare process, there 

are several steps involved to perform the task for the patient treatment. For example, to examine 

the patient’s current situation, examination through medical tests and follow up after medical 

treatment. There is a need of a number of documents and guidelines for performing these tasks in 
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different processes. These web-based documents can be assessable through intranet. These 

documents created by the medical professionals are  providing the quality healthcare to the 

patient because it is very difficult to memorize everything.  This makes it necessary to write 

down the information, steps or guidelines for  performing tasks, which it turn provides better 

healthcare and knowledge sharing.  

To observe it practically, we had a meeting with the medical professionals and they 

demonstrated to us the current system being used at the Ryhov Hospital. They tried to access the 

relevant documents (e.g. Kidney stone memo) according to particular context but were unable to 

find the correct documents because the current system was not supported by the semantic 

oriented retrieval.  

For the documents access is concerned, we faced certain problems: 

 Due to the complexity of systems, it is difficult to access relevant documents efficiently 

in the hospital sector (Urology), according to the particular tasks need in healthcare 

processes from existing sources, because the numbers of documents are high and it is 

difficult to search the relevant documents manually.  

 The existing IS in healthcare institution (Rhyov hospital), does not provide the context-

based retrieval of documents.  

 

1.2 Objective/Purpose 

 

This research work contributes in the healthcare industry and highlights the need of relevant 

information’s retrieval in various clinical processes in healthcare organizations. The objective of 

this research work is to emphasize, how we can retrieve the most relevant information from 

various defined sources that helps in quality patient treatment process. The existing situation in 

healthcare organizations is not very efficient to retrieve the required information according to the 

user’s needs and demands. Nowadays, in the healthcare domain, multidisciplinary professionals 

are facing problems to access the most relevant information according to the their needs in the 

specific context to perform certain activities in defined tasks during patient treatment process 

because one of the contribution of the this research work is to support and improve information 

flow in the patient treatment process.  

 

To provide the right information to the right healthcare personal is a bit difficult and impossible 

to memorize all the information related to the different healthcare roles in different tasks. So in 

the healthcare organizations, it is compulsory to write down maximum information and share 

knowledge of different multidisciplinary professionals with each other for providing better 

healthcare facilities in patient treatment process. Medical professionals are facing problems in 

retrieving most relevant information and medical documents that are used in the patient 

treatment process, even though these documents are available on internet or intranet of 
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organization. Medical documents should be semantically tagged and support the semantic 

queries for improving information retrieval in healthcare sector [1]. Most information resecourse 

in the form of medical documents do not support semantic queries because these are not 

semantically tagged.   

 

The existing system of the healthcare institution (Ryhov Hospital, Jönköping, Sweden) does not 

provide the information of specific documents (memos) in healthcare processes for efficient 

patient treatment. To address this problem in the current situation of Ryhov hospital, Jönköping, 

Sweden, we have proposed a method that helps to provide the relevant information and 

documents from the existing information resources according to the medical professional’s 

competency in different assigned roles need during the patient treatment process. The proposed 

work helps to investigate in relevance context based retrieval from disperse resources in 

healthcare unit. The retrieved information and documents are quite helpful for medical 

professionals to perform different tasks in patient treatment process.  

 

The objective of this research work is to focus some research issues in a systematic way.  

 

 How can semantic web solution retrieve the relevant documents (Memo) based on the 

context in the healthcare sector?  

 

To address above mentioned research question, our research work gives more relevance 

mechanism that helps to retrieve the information from different resources and different medical 

documents according to the healthcare professionals need and demand in various healthcare 

processes.  

 

 How is ontology helpful for defining the context in hospital unit according to their 

professional’s role and task that they performed? 

 

This research work also contributes in the field of ontology engineering and explains in detail, 

how ontology development has become the tool which helps to define context and provide 

semantic information related to medical documents for relevance context-based information 

retrieval from various sources to fulfills the needs of healthcare professionals in various contexts 

of clinical process in healthcare organizations. 

1.3 Limitation 

There are some limitations in thesis work during implementation of this work. These are as 

follows 

 The tagging in the documents should be RDFa (Resource Description Framework-in-

attributes) tagging.  

 Task ontologies should be presented in OWL (Web ontology language). 
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 For the development of prototype in Java language should be used for the compatibility 

and easiness with already existing application and tools in healthcare processes.  

 Due to the time limitation, we focused and developed only one role competency model. 

1.4 Thesis Outlines 

Our thesis is divided into different chapters/sections. First chapter explain the introduction, 

background, objective and purpose of thesis. It also describes the limitation of thesis work. 

Second chapter explain and about the literature review and existing work about the domain and 

define the concepts related to the thesis work. In third chapter, different methodologies explained 

related to the work and which methodologies used by the groups during the thesis work. Forth 

chapter consist the realization details of the thesis work. Next chapter explain the implementation 

of ontology and prototype. After that, we discuss the results and future work.  
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2 Theoretical Background 

In this section, we will give an overview and explain different concept through theoretical 

background. It helps to understand the different concept, importance of the different concepts 

and clear understanding to the users. In this section, we will discuss about the information 

logistic, information demand context, ontology development, information retrieval, information 

filtering and semantic web. 

2.1 Information Logistics 
Information logistics focus on the providing and improving information flow in the information 

supply process by using logistics principals [2]. Information logistics provide the timely 

distribution of the information in a given condition to the right user according to his/her demand 

[6]. 

Information logistics is define by Kurt S. in [2] “The main objective of Information Logistics is 

optimized information provision and information flow. This is based on demands with respect to 

the content, the time of delivery, the location, the presentation and the quality of information. 

The scope can be a single person, a target group, a machine/facility or any kind of networked 

organization. The research field Information Logistics explores, develops and implements 

concepts, methods, technologies and solutions for the above mentioned purpose.” 

Information logistics supports different dimension such as content, time, quality, location and 

representation [2]. 

 Content: content is the information that is delivering to the user [2]. In health care 

process the content can be patient history, treatment process, test guidelines and so on. 

 Time: information should be deliver/retrieve at the right time to user when he/she 

needed. In healthcare sector, the timely information is very important and plays a key role 

in the healthcare process. Information deliver earlier is not good as information deliver 

late.  

 Location: location shows that where information is needed to the user. For example, 

weather or traffic information should be available for user where currently he or she is 

[2]. 

 Representation: representation of information should presented be according to the 

channels that are using for the communication for the clearly understandable for the user. 

The information that is send by email is different as compared to sending with fax in 

representation [2]. “The representation of the same information into different form is 

helpful for understanding the context knowledge” [3]. 

 Quality: information which is sent to the user should be accurate, reliable, confidential 

and costless while selecting and transmitting [2].   
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Application that follow the information logistics principals know the content sources, location of 

the user, information demand and provide the information to the user which he/she needed. In 

health care sector, content source can be health databases; information demand can be patient 

record or test guidelines and may be user required information at clinic or home. These 

applications manage the time, content and communication. These application can be passive or 

active i.e. user queries for information or information send by the system to the user. The 

usability of such application can increase with correct and easily understandable representation 

of the information to the user [6].   

2.2 Information Demand 
The providing right information to the user it is very necessary to capture the needs and 

preferences of the users to get complete and clear picture of the user’s information demand [2]. 

In order to get, capture, and model the information demand, different dimension must be 

consider [7]. Information Demand define by Magnus et al. in [7] “Information Demand is the 

constantly changing need for current, accurate, and integrated information to support (business) 

activities, whenever and where ever it is needed.” 

 

 While analyzing the information demand, the several aspects that are used in the definition have 

to be considered. The changes in information demand should updated be according to the current 

situations, accurate and relevance to the user demands. Information that is not relevant to the 

information needs or user requirements that information is out of value [7,8].Information demand 

is important concept in information logistics but it is uncompleted without contents and 

distribution prospective of information logistics [2]. 

 

There are different approaches to capture the information demand: user profiles, situation-based 

and context based demands 

 

 User Profile: This approach is use to create functionality provided by the applications. It 

has been subject more than 20 years in the information system and computer sciences to 

research. This approach is based on the pre define functionality, attributes and activities 

which usually created in the beginning or creating time [2, 7]. Profile should cover 

information logistics prospective such as time, content, location and quality when these 

profiles are use to represent information demand [2]. 

 Situation-based: This approach was proposed in information logistics field to supply the 

message according to the information demand. The basic theme of this approach to divide 

the daily routines into different situation and supply messages to the users that are most 

appropriate and relevant to the current situation based on information value 

[7].“Information value is a relation between a message and a situation, which is based 

on relevance of the topics of a message for the situation, utility of the message in specific 

situations and acceptance by the user”[2]. As compared to user profile, this approach is 

more sophisticated in capturing user demands. Situation capture the time, content and 

location aspects of information demands and information value add acceptance and offers 

the way to supply information to the user when it needed [2]. 

 Context-based: This approach supports the business activities within enterprises and 

network organization by providing the information relevant to these activities according 
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to the information demand [7, 2]. The information demand in the enterprise to large 

extend depend on the business processes, products, services and co-workers of users in 

which he/she is responsible and involve [2]. 

2.3 Information demand context 

The term context is widely used in computer science to get information for the user that what 

he/she want to access or get help when they use different systems and these systems provide help 

according to user needs. The context defined by Dey Anand et al. in [9] “Any information that 

can be used to characterize the situation of an entity. An entity is a person, place, or object that 

is considered relevant to the interaction between a user and an application, including the user 

and application themselves” [9].  

Information demand context can defined in different way. According to [7] “An Information 

Demand Context is the formalized representation of information about the setting in which 

information demands exist and comprises the organizational role of the party having the 

demand, work activities related, and any resources and informal information exchange channels 

available, to that role.” 

 

 
Figure 1: Information Demand dimensions [7] 

There are several important concept from information demand perspective but most important 

from all them is role, thus context is consider to be context of particular role.  There are different 

resources are used to perform the different activities. It doesn’t matter which person is 

performing these activities but still role concept is interconnected with all activities [5].  

It is also important to notice that it is not necessary that every user has exactly one context. In 

fact, may be one user have different context, between he/she can switch to perform different task 

[5]. Different role with in different organizations, association with their different information 

demands can be different contexts [5].  

2.4 Information Retrieval 
Information retrieval is concern with the finding the relevant information and represent to the 

user in understandable format form the large collection of data or metadata [12].  There are 

number of systems that are using the information retrieval service for the finding information in 

education, business and other domain to facilitate the users[12]. Today mostly users are 
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dependent on these systems. In web search engines, Google, yahoo and Bing are most popular 

search engines that are using information retrieval services [12]. In the health care, sector the 

information retrieval also very important to access the relevant information from the bench of 

stored information. With the development of the internet, web, GUI and different store devices, 

information retrieval has changed in last few years [13]. 

“Information retrieval deals with the representation, storage, organization of; and access to 

information items such as documents, web pages, online catalogs, structured and semi-

structured records, multimedia objects. The representation and organization of the information 

items should be such as to provide the users with easy access to information of their interest” 

[13]. 

Web searching is most use in these days and regular users want and expected the accurate and 

most relevant information and documents with in short time. Web searching is the best part of 

information system but web searching very different then information retrieval. Some web 

engines are effective with some context to provide the relevant information according to the 

information demand but the normally user need to do more and make more specific the search 

query to retrieve the relevant information according to his/her demand because web searching 

don’t represent all information [14]. The Information retrieval system can contain content for the 

retrieving information, hardware to store and find the information and documents and software to 

process the user query and represent the information/document to the user [14]. 

In health sector, web searching is also widely used in these days. Mostly people search 

information about the healthcare on the web. In America, more than 80% web user search health 

care information about themselves and their families [14]. More than 150 million Americans 

search the information online in healthcare sector. Medically staffs such as physician, nurses and 

junior practitioner also search online health information and literature [14]. 

2.5 Semantic web 
In these days, almost everyone is using internet and Web. It is a magical place where everyone 

can access the information and documents through internet by posting someone on the web 

server. Moreover, it does not matter for users, who create and upload from which part of the 

world [25]. We can say that mainly reason for using web for searching data and information on 

internet. Many search engines used for retrieving information over internet. The most popular 

search engine is Google. Web also mostly used for integration and Web Data Mining [25].   

“The Internet is constructed in such a way that its documents only contain enough information 

for the computers to present them, not to understand them”[25]. 

Currently computers can only display information to users but they don’t know the meaning of 

information and don’t provide the relevant information according to the user needs and data most 

appropriate in user context. It is important to make computer intelligent and understand the 

information and filter the information according to users need and present only relevant data and 
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information [25].  Semantic web is an approach to make computer system intelligent and for 

retrieving data as per user demand. Tim Berners-Lee describe “The Semantic Web is not a 

separate web but extension of current one, in which information is given well-defined meaning, 

better enabling computer and people to work in cooperation ” [26].  

“The Semantic Web provides a common framework that allows data to be shared and reused 

across application, enterprise, and community boundaries. [27] 

Semantic web perform different web activities such as searching, integration and data mining 

much easier than simple web. We can make modification in current web pages by adding extra 

data and set of inference rules for computer understanding. For semantic web in function, this 

extra information and data must by accessible for computer which helps to enable the computer 

understanding [25][26].   We can develop Smart tools or agent for processing these new semantic 

web pages [25]. 

2.6 Ontology Development 
In our thesis, to learn about the ontology development is also very important to get the 

information and build the competence model for the different roles. Ontology is the way to 

represent knowledge, specification of terms in domain and show the relation between these terms 

[10].  Ontology is widely used in artificial intelligent and in these day ontology become very 

popular and common in semantic web. In semantic web, the ontology is playing a key role. 

Ontologies provide the different and useful terms in artificial intelligence systems and useful for 

knowledge sharing, knowledge representation and engineering process [10]. There are different 

vocabularies are used in real life such as controlled vocabulary[10] such as catalog, glossary 

vocabulary[10] which provide the meaning in natural language and difficult to interpret in 

different people and thesaurus vocabulary[10]provide semantic which reduce uncertainty [10]. 

The major purpose is to use ontology knowledge sharing and knowledge reuse and vocabularies 

are used to enhance and provide to understand the knowledge with in the domain [10].  

2.7 Ontology development in Healthcare 
The emerging technologies allow automating business processes that can be used in different 

enterprise application to provide the services. Healthcare systems can use these technologies for 

the serving patient better and make the system more intelligent [11]. Ontologies provide and can 

be utilize to make machine intelligent. Ontologies used in healthcare in patient treatment process 

to make it more effective and provide the best services in patient treatment process [11, 3].  

2.7.1 Adaptive medical workflow system (AWS) 

The medical workflow system proposed in research article [11]. This system based on the 

ontological knowledge framework that covers medical and administrative tasks, hospital assets, 

medical insurance, patient record, rule and regulation, manage different tasks and process, create 

context-aware workflow in healthcare domain [11]. 
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Figure 2: Healthcare Process Reference House [11] 

In healthcare process for the patient, the building process model is important to develop the 

adaptive workflow in healthcare domain [11].Adaptive workflow system can help to make 

knowledge and information flow understandable in following manner [11]. 

 It arranges and manages the information and workflow dynamically in healthcare domain 

[11]. 

 Make possible automatic execution of the workflow [11]. 

 Monitor the performance of system to provide the effective and efficient service in 

patient treatment process [11]. 

2.7.2 Workflow and data exchange in healthcare 

Adaptive workflow management systems are useful to exchange the data for the doctors and 

healthcare professional to provide the quality health services during the healthcare process 

activities [3]. Business Process Execution Language (BPEL), ontology and semantic web 

services can be used in healthcare system to deal with the workflow in healthcare sector [11]. 

Ontology Web Language (OWL) is used to give ontology description and relation between 

different and complex concepts [3]. Semantic web services are used in healthcare system to 

exchange the data, make the system more efficient and improve the system performance 

according to the domain context [3]. 

2.8 Previous work in Context Retrieval  

2.8.1 Improve Information supply by using Context 

The context-based search in medical sector from the different resource can help to provide the 

relevant knowledge and information for the medical staff to provide better services in healthcare 

sector and better search in heterogeneous resources [1]. To improve the context-based search [1] 
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provides comprehensive context-model using information logistics approach. The main model is 

divided into another sub models.  

 

Figure 3: Context Model of IR at Medical Workplace [1] 

The application is based on the context middleware and some problems and challenges faced 

during the accessing the resources in context-based supply [1]. The semantic tagging, 

availability/accessing of the information and documents and structure of the information in the 

medical sector were the key challenges [1]. Middleware based on the SOA and provide service 

personnel client to access the resources. The request processed through the web service or HTTP 

request [1]. 

 

Figure 4: Middleware Component [1] 

2.8.2 Context-Based retrieval of document in DL 

Digital libraries has also same problem in retrieving documents as enterprises resources and web 

document [15]. The contents are increasing day by day in the digital libraries and it required 

support to retrieve and access the documents/information according to the user demand [15]. In 

the technological approach for the accessing document from the digital libraries, represent the 

user demand by creating the profile and use ontology matching to fulfill the information demand 

of the user by identifying and accessing the relevant documents using context from the resources 
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[15]. Ontology models describe the user interest in the user profile and the available resources 

and documents in digital libraries [15]. 

 

 

Figure 5: Conceptual framework of context-driven retrieval in DL [15] 

 

Abstract context [15] describes the preferences of the user in the ontology model and Operation 

Context [15] based on the abstract model that describes the information need of the user. 

Operational context used for the ontology matching to extract the relevant documents from the 

digital resources [15]. In the ontology matching process, the WordNet and Wiktionary algorithm 

used to improve the semantic similarity to retrieve the document from digital library resources 

[15].  

2.8.3 Implementation of Ontology for Intelligent Hospital wards 

Hospital software, information system and computing application deal with huge amount of 

information and data stored in a variety of forms [24]. Hospital operational activities, it is 

essential to the share knowledge, collaboration among different specialist, their expertise to 

perform task effectively, and efficiently [24]. The main purpose of this ontology implementation 

to address issue by building software application that based on Hospital Intelligent Ward 

Ontology (HIWO) and deals with: 

i. Data sharing between wards and other department with in hospital [24].  

ii. Improving the interoperability problems which arise from semantic heterogeneities [24]. 

iii. Capturing context awareness which affect software behavior through usage of embedded 

devices [24].   
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Figure 6: Scenario of the intelligent hospital wards [24] 

Hospital Ward Ontology (HIWO) is a formal description of hospital domain that provide 

common understanding for users [24]. The application run on network and access any existing 

departmental database (WARD, DEPT., ADMIN) as shown in figure above. Every department is 

responsible for its local database [24].  In this developed prototype the WARD and DEPT 

relation schema used for semantic heterogeneity of patient record and ontology classes, 

relationship represent the semantic stored in these databases. “An EJB application is build upon 

both: the HIWO database and its underlying databases” [24]. JSP, servlets and sessions are 

different component that used for the developing prototype. Eclipse and TopBraid are used to 

developed prototype and ontology respectively. The compatibility of tools and their plug in was 

issue while deploying the application components [24].
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3 Methods 
In this section, we describe research approaches and strategies that we used for supporting our 

research process. We provide concrete argumentation based on literature review.  

3.1 Design Science Research (DSR) 
 Hevner and Chatterjee [29] defines that design science research is a paradigm in which 

designers create innovative IT artifacts to solve the human problems and answers the questions 

related the problems. These design artifacts provide a basic understanding about the problems 

and useful to solve the problem as well. Hervner et al. [28] describes that IT artifacts are 

constructed to provide vocabulary and symbols, models, methods that can be considered as 

algorithm or any solution in practice and present a concrete concept by implementation or 

prototype of the system. Design science is research cycle in information system that used to 

create, evaluate the IT artifacts to solve problems with in any organization [28].   

Our research problem directly address to the health care industry and we are going to identify 

problem and build a solution for Jönköping Ryhov hospital so this encourages us to adopt the 

DSR for clearly understanding about the problem which exist in the Hospital for retrieving 

relevant information for the medical personnel.  The design science is more relevant in IS and 

focus on IT artifact on relevance in application domain [29]. Hevner and chatterjee [29] lay 

down a principle of DSR: 

“The fundamental principle of design science research is that knowledge and understanding of a 

design problem and its solution are acquired in the building and application of an artifact” 

Today almost everyone is interacting and facilitating with technology and suddenly IT users 

have been increasing rapidly in current arena. The influence of IT and digital revolution has been 

changed the life style, working patterns tremendously in our daily routines [29]. Designing the 

IT-based products is one of the challenging tasks for designers and the designers must ensure 

that their designs provide relevant and useful information to the users. In this research work, we 

are focusing on real-time problem in healthcare organization and trying to provide the IT-based 

solution to address problem in Ryhov hospital context.  

Design-Science Research Guideline 

Guideline 1: Design as an Artifact Design-science research must produce a viable artifact in the 

form of a construct, a model, a method, or an instantiation. 

Guideline 2: Problem Relevance The objective of design-science research is to develop 

technology-based solutions to important and relevant business 

problems. 

Guideline 3: Design Evaluation The utility, quality, and efficacy of a design artifact must be 

rigorously demonstrated via well-executed evaluation methods. 

Guideline 4: Research Contributions Effective design-science research must provide clear and 

verifiable contributions in the areas of the design artifact, 
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design foundations, and/or design methodologies. 

Guideline 5: Research Rigor Design-science research relies upon the application of rigorous 

methods in both the construction and evaluation of the design 

artifact. 

Guideline 6: Design as a Search 

Process 

The search for an effective artifact requires utilizing available 

means to reach desired ends while satisfying laws in the 

problem environment. 

Guideline7: Communication of 

Research 

Design-science research must be presented effectively both to 

technology-oriented as well as management-oriented audiences. 

 
Table 1: Design Science Research guideline [28] 

We explained the seven principles design science research (DSR) guideline for better 

understating but we have taken some key guideline steps to customize in our research work. We 

have chosen three guidelines steps from the DSR research methodology to implement in our 

development. First, design as an Artifact, here we have presented a construct in the form of 4-tier 

architecture (see section 4.3) and defined the method (see section 4.2) for context based 

information retrieval by using semantic web technologies from the different sources in the 

medical unit in the healthcare organization. Second. Problem relevance, our research work 

depicts problem relevance guideline because we have proposed the semantic web solution which 

contributes to retrieved more relevant information from data sources in specific context of 

healthcare. Third, Research contribution , our research work also gives emphasizes on some 

novel contribution in the area of information logistics, how we can improve the information flow 

problem in various context of healthcare processes e.g patient treatment process in healthcare 

domain. 

Today design science is one of the promising approaches used in information system research.  

The usage of Information systems is to achieve proposed objectives, address specific problems 

and improve the efficiency and effectiveness within organization [28].  Information system 

define by Ken Pefferts et al. [31] as “is an applied research discipline, in the sense that we 

frequently apply theory from other disciplines, such as economics, computer science, and the 

social sciences, to solve problems at the intersection of information technology (IT) and 

organizations.  From the literature review about DSR, we used DSR in our research work and we 

believe that DSR is appropriate approach for our work because it supports tasks that we have to 

perform in thesis work. 

3.2 Research Strategy-Case Study 
There are mainly three type of studies called descriptive, exploratory and explanatory. Each 

study is unique in nature and each lead the researchers to different kind of research.  Case study 

is often related with the descriptive or exploratory study [32].  According to Ghauri, P. and 

Gronhaug, K [32] “a case study is to be con-ducted if we want to follow a theory that specifies a 

particular set of outcomes in some particular situation, and if we find a firm which finds itself in 

that particular situation”  
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 A research strategy is selected based on the nature of current research and research questions. If 

research is going to answer the how research question , than according to Yin [33] research 

strategy could be a case study in particular research investigation done against the problem in 

real life context. 

Case study quite often used when we want to study a particular organization and we want to 

identify the specific problems in particular organization to solve the problem [32].   According to 

our research question and from literature review, we got clear picture and motivation case study 

as research strategy and chose Jönköping Ryhov Hospital as case study. In our study that how 

ontology help to define context and how can context based document retrieve, We chose Ryhov 

hospital, Jönköping  Sweden specifically urology department as case study which categorizes in 

descriptive studies because medical personal has problem to find relevant documents to perform 

different task in patient treatment process. 

3.3 Data collection  
There are two different way to collect the data and information for the understanding and solving 

specific problem. Qualitative and quantitative approaches can be use for the data collection. 

Qualitative data is form of text, collected through interviews, discussions, workshops and 

observations while Quantitative data is form of numbers, and collected through questionnaires 

[8].  In our thesis, we choose the qualitative method because this thesis is not involved testing of 

any hypothesis and quantification. We also had discussions and workshop that is part of 

qualitative data collection method.  

There are mainly two data sources used by almost every researcher for their research namely 

primary data and secondary data. Researchers should look on different data sources available in 

particular fields in which they are going to research or going to answer specific research question 

[32]. The data that we collect through directly interaction such as interview or survey is known 

as primary data. Primary data collection takes much time as compared to the secondary data.   

Secondary data is not only for problem solution but it also provide a clear understanding about 

the research problem. Secondary data is mostly used for the answering research questions. 

Sometime secondary data is not enough to solve the problem and primary data must be needed 

for sufficient empirical finding [32]. There are two types of secondary data, namely internal and 

external secondary data. Internal secondary data is collection of information from employee with 

on organization.  

In Ryhov hospital, different medical personnel required and used the medical reports and 

information from other medical staffs to solve problem and perform the task in patient treatment 

process.  We collected the data from Ryhov hospital for clearly understanding and good idea 

about the operation and procedure for solving the problem with in Ryhov Hospital.  
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3.3.1 Modeling workshop 

Modeling workshop is the way / method to get the relevant information about the specific 

domain during the modeling sessions. In the modeling workshop, the main sources of 

information are knowledge and domain experts. The main purpose of this workshop is to get 

clear understanding about the problem in the specific domain. The domain experts explain the 

different aspects that helpful and motivate the researcher to investigate, analyze and write the 

actual case study in specific domain.  

3.3.2 Discussion 

Discussion is another method to collect the information and understand the actual problem. This 

method is more useful to understand the real scenario and actual domain’s problem. We have 

conducted the discussion with different domain experts, knowledge experts for the collection of 

relevant information. We also conducted the meeting with end user to understand the actual 

problem and requirements that what type of problem he/she has and how this research can help 

him/her to solve problem. We had discussion at Ryhov hospital with Dr. David Robinsson, 

Medical Professional, Ringius Cecilia, Head Nurse in Urology Department, and Caroline 

Farburg. 

3.3.3 Literature Review 

Literature review is secondary data source in which we study the previous research, articles, 

conference papers and relevant data to understand the research problem and get solution for 

specific problem. We study different books, journal and conference paper in the field context 

based information retrieval and related fields to clarify the problem and get solution for specific 

problem. In addition, there is one of main reason to do literature review to keep update about 

relevant research about this field and specially in our healthcare sector in which we perform 

research study.  Ghuari et al. [32] describe three main purposes to support the literature study 

that are: 

1. Properly frame the problem and  research question which in under research 

2. Identify relevant concept, methods and techniques to solve the problem 

3. Position of study in the specific research field  

3.4 Prototyping development Method 
For the prototype development method, we followed the different steps to develop the context-

based retrieval of document in healthcare organization to testify our thesis work.   

These steps are as follows: 

1. Develop ontology as input  

2. Develop context functionality 

3. Construct context matching process 

4. Ensure the tagging document and deployed on web server 

5. Ontology Alignment 
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6. Shows result to the user 

3.4.1 Develop context functionality 

Context functionality is the way to get the user input to retrieve the relevant document in the 

current context.  

3.4.2 Construct context-matching process 

Context matching is processes that match the different context and tagged documents to retrieve 

the relevant document to the medical professionals as result.  

3.4.3 Ensure the tagging documents and deployed on web server 

Tagged documents are web pages/documents that contain the information/guidelines for the 

performing different tasks. These documents contain the semantic tagging (RDFa tagging) about 

the relevant tasks and should be available on the web server (Ryhov Intranet). 

3.4.4 Ontology Alignment 

Ontology alignment is connection between different ontology and match the different ontology. 

In our case, ontology alignment is connection between two ontology that are competency profile 

ontology and task ontology.  

3.4.5 Show result to the user 

Result in our case, the memo documents that retrieved from the web server according to medical 

professional’s context.  
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Figure 7: Prototyping development method 
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4 Realization 
In this section, firstly we describe that existing step which involved in patient treatment process. 

It shows that how patients come and get appointment and treatment in medical unit.  Secondly, 

we have proposed a method, how user can retrieve context-based document from available 

resources. In our case, medical professionals can retrieve medical memo as per their competency 

and information demand within patient treatment process. We have also built 4-Tier framework 

for relevant document retrieval in semantic web that based on proposed method. These are web 

documents embedded with semantic tagging by using Resource Description framework-attribute 

(RDFa). 

In our thesis work, we have discussed and got information about the problem from different 

domain experts, conducted workshops and we have discussed with the end user to provide 

solution for more relevant document retrieval within healthcare sector. We also tried to get less 

input from users for searching required relevant documents to perform different tasks in patient 

treatment process.  

4.1 Existing Patient Treatment Process 
 

PatientPatient

Primary Care

Book time 
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doctor

Oral and physical 
Examination

DoctorDoctor
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and Radiology 
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Urology Process

Health information(Cosmic)
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Competency 
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NurseNurse

 

Figure 8: Existing Patient Treatment Model 
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The model (Extract from model provided by Caroline Fruberg, Ryhov Hospital, Jönköping, 

Sweden) depicts clearly that first patient book the time for checkup then doctor examines the 

patient and prescribe the medicine on basis of his/her expertise and previous knowledge. 

Moreover doctor updates the information about the patient in COSMIC (APOTAK is 

automatically updated reason being it has connected with COSMIC). After examining, testing 

and prescribing the patient, furthermore doctor refers the patient to other related/required tests 

taken by other doctors. In routine checkup, the nurse can also access and being facilitated with 

the help of this updated COSMIC which guides much about the medicines related to the specific 

disease/s. nursing staff also use the Memos documents that are helpful for the staff other than 

COSMIC.  During the treatment process, medical staffs mostly use the COSMIC as the main 

information system to retrieve the information and record about the whole process. In simple 

word, COSMIC is the primary resource for the information retrieval in the patient treatment 

process. Medical staffs also use the experience and competency to perform the activities in the 

treatment process. Memos documents are rarely use for the getting information and guidelines 

for performing the different activities.  

4.2 Context-based retrieval in Semantic Web 
 

 

Figure 9: Context based retrieval in Semantic Web 
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The figure 9 explains the holistic view of semantic web context based retrieval in healthcare 

processes in healthcare organizations. Here, multidisciplinary end-users define information 

demands according to their assigned roles in various contexts to perform different activities to 

initiates different processes in patient treatment care delivery process. The information demands 

helps to generate context generation of specific users based on their competency and current 

tasks that they are going to perform e.g. medical nurse in urology department to perform 

camotherapy task in Ryhov hospital, Jönköping, Sweden. The proposed method gives one of the 

solutions to achieve the objectives of this research work in terms of improved information flow, 

context generation of end-users according to their competency, assigned tasks, and provides the 

systematic way to provide semantic information for medical documents. 

The proposed method helps to improve information flow problem in the current situation in 

Ryhov hospital medical unit (urology) with the help of improved information structure of 

medical documents by using semantic information. The proposed method also highlights the way 

of systematically context generation with the help of user information demands, assigned roles 

competency profile and current task description. The proposed method gives semantic 

information using semantic technologies as tagging the documents, which gives the information 

of required documents that are used to perform various task in specific healthcare process in 

medical unit.  

This method helps medical professionals to retrieve the relevant documents in patient treatment 

process as per their information demand. Information demand is constantly changing needs for 

current information to support different activities in any process, whenever and wherever it is 

needed [7]. In patient treatment process, medical professionals require different documents for 

performing different activities in healthcare organizations.  Information demand of the medical 

professionals refers to task or activity they are going to perform.  

Context is the information about any person, place or object that is relevant to the interaction 

between users and applications, including users and applications themselves [9]. Context 

generation is process to get current information demand from the users and it helps to 

communicate with application to fulfill user’s needs. It generate context according to current task 

that is performed by the medical professional, profile competency and information demand that 

is current requirement of medical professional. Koch [1] proposed a process-oriented context 

model and implemented selective information space for the physicians. Selective information 

space contained the more precise and relevant information that covered and mapped physician’s 

information need. Then physicians can select pieces of information that is more accurate and 

relevant from this information space [1].  

Users generate information demand according to their requirements. Information demand can be 

task information that is currently under process by medical professionals or can be documents 

required by medical professionals to perform any activity in patient treatment process. System 

generates the context with the help of information demand, role competency and task 
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description. Role competency has details about different role within organization performed by 

different users. Task description has details about different tasks within organization. Users need 

different documents that help and provide relevant information to perform these tasks.  We have 

built OWL ontology models for role competency and task description. These ontology models 

are helpful to create context and semantic tags for embedding in medical documents.  

RDFa is a W3C standard for embedding semantic tags in existing HTML pages and make a web 

as semantic web. RDFa is information about the web pages to provide semantic information and 

make machine understandable. RDFa is semantic tagging which support semantic query to 

access relevant information. For context-based retrieval in healthcare organization, tagging, 

accessing and structure of supplied medical information are challenges [1]. We have used RDFa 

tags in medical documents that help to get relevant information for medical professionals. We 

have generated RDFa semantic tags from OWL ontology models. RDFa tags contain semantic 

information about the medical documents that specific documents can be use in particular tasks 

or in particular situation.  We have generated RDFa tags to keep semantic information in medical 

documents that particular document can be use to perform particular task in patient treatment 

process.  

Ontology models are used in pervasive computing to create and define context [34]. Mostly 

context aware systems are developed in pervasive computing [34], ubiquitous computing [35] 

and wearable computer [27] that focus on time, location and linked context to search information 

[37]. We have developed and used OWL ontology model in healthcare organization for semantic 

tagging and generating context. OWL ontology models can helpful for semantic tagging for 

medical documents, context generation and support semantic query to retrieve relevant 

information.  

We have developed a semantic web solution for relevant document retrieval in healthcare 

organization   Document Search mechanism looks into web resources to get required result and 

give relevant document. Medical professionals get more relevant information and medical 

documents. If there is no document available, users generate new information demand to get 

documents.  
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4.3 4-Tier Architecture for Document Retrieval in Semantic Web 
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Figure 10: Architecture for Document Retrieval in Semantic Web 

We proposed Architecture for context-based document retrieval within healthcare organization 

that shows that how medical professionals get relevant documents according to their competency 

profile and tasks that they perform within healthcare unit. We used ontology to generate 

semantic information and semantic queries to access relevant document in healthcare unit.  

 

The Architecture consists of different components that are as follow: 

 Medical professional 

 User Context Functionality interface 

 Context Matching process 

 Ontology Alignment 

 Ontology Model 

 Resources (Web Server) 

4.3.1 Medical Professional 

Medical professionals are agents/roles who perform different activities in the healthcare 

organization. In our case, the medical professionals are the doctors and nurses. 
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Figure 11: Role 

In the figure above, there are different roles that involve in healthcare process. These are basic 

and compulsory roles that categorized according to their nature of activities, role with 

competency and professional skills. These roles categorize in three main categories. These roles 

are doctor role, nurse role and patient role. Every category has different individual. For example, 

there are different role such as physician, consultant, surgeon under doctor’s role and assigned to 

person having basic competency requirement for each role. 

4.3.2 User context functionality interface 

User context functionality interface is the interface who communicates with the users (medical 

professionals) to get the relevant document as per their demand. It interface generate the 

information demand for the system and help to retrieve the relevant documents (Memos) from 

available resources within organization. User access required document through interface and  

4.3.3 Context Matching Process 

Context matching process is the number of steps to get the relevant documents according to the 

user demands. 

1. Get the information demand as the input from the user interface. 

2. Communicate with the ontology for the context according to the information demand.  

3. Communicate with the web server and find the relevant document (Memo) for the user 

(medical professional). 

4. Return the required document to the user interface.  

4.3.4 Ontology Alignment 

Ontology alignment is process to determine correspondence between different concepts. We 

aligned our ontology to generate common dictionary between Task Ontology and Profile 

Competency Ontology. In our case Task ontology has detail about tasks which performed within 

healthcare process and resources used to perform these tasks while Profile competency ontology 

has details about different role and competencies of different role. Ontology alignment is 

connection between these ontology and help to find different tasks which performed by different 

roles. Suppose, Primary care task performed by head nurse that has competency to perform this 

task in healthcare organization.  
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4.3.5 Task Ontology 

Task ontology has information about the tasks that perform by the users (medical professionals) 

in the patient healthcare process. It has knowledge about the resources which utilized by the 

users to perform the different tasks. In the task ontology, the detail related to the task, 

requirements and resources are necessary to perform the task are defined. Examination, 

treatment, test and patient follow up are different task in our case study. 

 

 

Figure 12: Task 

In figure above, there are different tasks that perform by different roles during the healthcare 

process. These tasks are primary care task, follow up, medical tests, patient treatment tasks. 

Different task perform by the different roles according to their competency and nature of the task. 

4.3.6 Profile competency ontology 

Profile competency model describe the ability, skills and experience that specific role has to 

perform the specific task in his/her relevant field [15]. Profile Competency ontology has detail 

about different roles, their competency and actors who performed these roles. Every role has 

different competency and competency level.  For performing different role within healthcare 

organization, the agent/actor must have specific competency level that required performing 

specific role. For example, head nurse role required 4-5 year experience, master in nursing and 

specialist in his/her field. 

 

 

Figure 13: Competency 
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Profile competency model shown in the figure above that is part of profile competency ontology. 

With the help of literature review, we divide the competency into three main categories. 

1. General Competency 

2. Culture Competency 

3. Occupation Competency 

 General competencies are those competencies that are common competencies that 

person can utilize in the different aspects. These can be communication, critical 

Thinking, problem solving, commitment competency, patience competency and skill 

competency. 

 Culture Competencies are the competencies that are react and can be utilize according 

to the situation and according to the culture. The most common culture competency is the 

language competency. In our case that how many languages a role can speak. 

 Occupational competencies are the most important in any field to perform the specific 

task, operation and activities in the specific domain. We divide the occupational 

competency into further categories that are 

o Educational Competency: Education competency shows that which degree or 

education a person has. In our case, nurse can have Bachelor in nursing and some 

has Master in nursing. 

o Educational Field: Educational Field shows the specific education in the specific 

field. In our case, different diploma and course that a nurse can has in the urology 

department. These can be nephro-Urology, Certified urologic registered nurse, 

LPV and LVN. 

o Specialist Area Competency shows that specific field competency and special 

skill in the field. In urology department, a nurse can be specialist in atleast on 

field. The specialist competency can be urology-oncology, resurin, urination, 

Catheter, Bladder-chemotherapy and so on. Nurse work with different diseases in 

the urology department. The disease can be prostate cancer, kidney stone, 

bladder cancer, nerve damage etc. 

4.3.7 Resource  

There are different resources that used within healthcare organization for information retrieval 

that used to perform different task in patient treatment process. In our case, we focus on 

treatment memos that medical professional used to perform different task.  

 

 

 
 

Figure 14: Resources 
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In figure above, there are different resources that are use and utilize for the retrieving 

information about different activities and patient information during the health process. There is 

different resources use in healthcare treatment process.  

 Information System: Information System is the main resource that is use for the 

accessing information about the patient in health care process in Jonkoping County. 

Information system is help for distributed information among the medical team and 

organization staff. These information systems are COSMIC, EBBA and so on. COSMIC 

is the primary information resource that currently used in the Ryhov hospital.  

 Patient Report: Patient Reports are other resource to get information about the patient 

and important resource for the analyzing about the patient illness and provide help to take 

decision about the patient treatment. Patient reports can be patient history detail, patient 

examination detail and patient current status report in the health treatment process.  

 Fakta document: Fakta documents are the guidelines, rules, policies, and routine 

procedures developed by the hospital on duty staff other than COSMIC. These 

aforementioned rules and guidelines are helpful for patient treatment. These days usage 

of Fakta documents are not merely use rather using rarely based on requirements or 

situations. Fakta documents can be treatment guidelines or training documents for the 

staff to help in the treatment process and give the information about the whole 

situation/scenario. 

 Treatment Memo: Treatment Memos are guideline and procedure about the different 

treatment process in the healthcare. The medical staff used these documents. Mostly 

doctors used these documents about the treatment process and patient information as 

well. These documents are available in the word format in the system. In future, they are 

going to put these documents on the intranet.   

 

These documents are related to the patient information and treatment guides as well. 

Suppose a patient has bladder cancer and he/she will operate for the treatment. So these 

documents can teach the patient about the activities he/she have to do before coming  for 

the operation or these guidelines used by the nurse for preparing the patient before 

sending the patient in the operation theatre.  

 

The numbers of documents are high so it is difficult to retrieve the relevant document 

from the collection of documents.  These documents are the additional information 

resource that is separate from the other information resources that are currently in use for 

the patient treatment process. In our case, documents are web pages and contain semantic 

tagging (RDFa tagging).  
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5 Results 
In this section, we discussed the implementation of our thesis work to testify out methods to 

retrieve context-based documents within Ryhov hospital. We divide the implementation into two 

main parts: ontology development and prototyping development. In ontology development, we 

developed ontology models in ontology based editors e.g. Topbraid composer to use as input for 

the retrieving documents from the web server. These models helped to create the context-based 

generation based on profile competency, role description and to get semantic tagging for the 

semantic web solution.  

The usage of ontology helps in our research work to provide the information about knowledge 

acquisition from the domain experts, knowledge sharing with semantic and contextual 

information described in section 4.2. 

In prototyping development, we implement the modeling scenario for the Ryhov hospital to test 

our proposed solution for the retrieving of documents according to the context. We used different 

technology (Jena API, Java) to build prototype to testify method. 

5.1 Modeling Workshops 
We have conducted modeling workshops for data acquisition from the domain experts to 

understand the domain’s problem to facilitate the end-users according to the assigned roles in 

different contextual tasks to ensure the quality of the work and applicability of models in this 

dissertation. We have also discussed models verification from the domain experts for getting 

confidence in implementation phase.  

5.1.1 Modeling Workshop Session (I) 

The main objective of the modeling workshop session is reserved for getting understanding of 

domain’ problem related to urology department in Ryhov hospital, Jonkoping, Sweden and 

receive some good suggestions through domain experts according to their tacit knowledge.   

5.1.2 Modeling Worship Session (II) 

The second modeling workshop had been conducted with domain experts for models 

authentication before going into the development phase. After receiving good suggestions and 

some motivation from experienced participants, we conducted interview sessions in structured 

and unstructured manner for data acquiring from the concerning medical personnel and end-

users. In modeling session, we presented some artifacts of different versions of ontology 

modeling designs and initially prototype in ontology editor like Top braid composer. These 

conceptual modeling artifacts depict different individual’s roles, different resources (tangible and 

non-tangible) that have been utilized in different tasks for performing different activities in the 

urology department in the Ryhov hospital, Jonkoping. We have focused different medical 

personnel roles but mostly emphasis on medical nurse role who is in involved in different 

activities to perform different tasks to improve the information flow in the hospital unit. 
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5.2 Ontology model in healthcare organization  
In this section, we defined the ontology development model for the patient treatment process in 

urology department. The main task to develop and explain the ontology model for the reader to 

understand the whole process and working flow between different entities such as role, process, 

organization, tasks and so on.  

In the figure below, detail ontology model that we developed after the different discussion with 

hospital staff and getting idea from the literature review.  The ontology model covers the three 

types of competency that are general, cultural and occupation competency. Role assigned to the 

different agents.  They utilize resources to perform different process, task and activities for 

achieving goals.  

 

 
 

Figure 15: overview of Ontology development model 

5.2.1 Modeling Scenario 

In this section, we explained the ontology model and modeling scenario for the clearly 

understanding for the readers. We gave ontology based example that how different roles involve 

in the different processes, task and using different information resources. We describe and show 

picture for our work in figure below.  

 

Example: Head Nurse Role is a nurse role that assigned to the Sandra. She is working in 

Urology department with in Ryhov Hospital.  She performs different activities and she is 

competent to perform different task and activities. She is part of medical team. She works with 

the bladder resources to get information about the patient. A competency profile for the head 

nurse role is shown in figure. She is specialist in the bladder chemotherapy, installation and 

cystoscopi.  She uses different resources to perform different tasks. 



Results 

 

31 

 

 
 

Figure 16: Nurse Competency Model 

 

5.3 Ontology Development Phases 
We have traced out different ontology development phases as following: 

5.3.1 Reusability of different ontology and pattern 

We have incorporated the concept of reusability of ontology and patterns in our ontology 

development work. We have taken some good examples, which are quite suitable for reusing 

ontologies and reused different concepts such as general competency, cultural competency, 

occupational competency, and competency proficiency level [38]. We have also included the 

ontology pattern for reusability is concerned from (www. ontolgoydesignspatterns.org).    
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5.3.2 Task Ontology in Practice 

 

Figure 17: Task ontology 

In above figure-17, the task ontology is based on different key concepts such as organization, 

department, activity, goal, process, resources, task place, patient treatment plan, which were 

extracted from the modeling workshop with domain experts. The main objective of these real 

time concepts taken is to map in ontology development so that domain users can easily recognize 

or familiar with the system. The functionality of the task ontology is to describe and recognize 

main tasks performed within an organization to achieve desired goals by using different 

resources in patient treatment process in urology department of Ryhov hospital, Jonkoping, 

Sweden.   

5.3.3 Profile Competency Ontology in practice 

The following figure-18, the profile competency ontology explains the main competency with 

respect to cultural competency, general competency, competence professional level, occupational 
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competency for different roles such as nurse role, doctor role and patient role. These roles 

assigned to different medical personnel like this that head nurse role is assigned to Sandra who is 

medical nurse in urology department of Ryhov hospital, Jönköping, Sweden.   

 

 

Figure 18: Profile Competency Ontology 

5.3.4 Middleware Ontology 

In figure-19, middleware ontology is the combination of task ontology and profile competency 

ontology.  This middleware ontology is served for communication between different roles and 

different tasks and elaborate that what task is assigned to what role at what context in 

collaborative environment for reusability and reliability.  
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Figure 19: Middleware Ontology 

 

5.3.5 Implementation of Modeling Scenario in Ontology 

Different personnel perform different role in the healthcare organization. The roles are assigned 

according to the competency level, skills and experience. In our case, we have different roles but 

we mainly focused on the head nurse role.  

Head nurse is a role in the Ryhov Hospital, Jönköping that assigned to Sandra. She involve in the 

different activities to perform the different task. She performed prepare the patient which is a 

activity to perform the task which is cystoscopi. She also takes the blood samples of patients to 

perform the blood test task. Head nurse role has different competency level such as general 

competency, occupational competency and education competency. Sandra, who has head nurse 

role use the resources to perform different task and get information from these resources. She get 

the information about the patient history from the HIS (COSMIC) and also access different 

memo and other relevant documents. She is certified urologic register nurse and hold diploma in 

urology. She has bachelor degree in nursing. She is specialist in installation, bladder 

chemotherapy and cystoscopi.   
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Figure 20: Head Nurse Role's Competency Profile 
 

5.3.6 Ontology Evaluation 

After developing the ontology and before going to use the ontology as main input for our system, 

we evaluate our ontology to assure that our ontologies fulfill all requirements that is more 

important for our system. We check the consistency of our domain’s knowledge and ontology 

process. We evaluate our ontology by different steps.  

5.3.6.1 Evaluation through SPARQL Query 

We have used SPARQL query to evaluate our ontology. We have written different SPARQL 

query in TopBraid and got satisfactory results.  

 

Sr. 

No. 

Competency 

Question 

SPARQL Query Result 

1. Which tasks 

perform in 

certain 

process? 

 

SELECT ?process ?task 

WHERE { 

    ?process :has_task ?task. 

} 

 

Process:  Task: 

 Patient treatment 

process 

 ECG  

 Cystoscopi 

 Blood Test 

 Bladder Chemothrapy 

 Installation 

2. What SELECT ?Task ?activity Task Activity 
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activities 

perform to 

complete a 

certain task? 

 

WHERE { 

    ?Task :has_activity 

?activity. 

} 

 

 Blood Test Take blood sample 

 Cystoscopi Prepare patient for 

cystoscopi 

3. Which 

resources are 

assign to 

perform 

certain task? 

 

SELECT ?Task ?Res 

WHERE { 

    ?Task :use_to_perform 

?Res. 

 } 

 

Task Resource 

 Bladder 

Chemothrapy 

 BCG memo 

 Kidny Stone  memo 

 Installation  BCG memo 

4. Which 

person 

performs 

certain role? 

 

SELECT ?objectrole ?person 

WHERE { 

    ?objectrole 

objectrole:hasRole ?person. 

} 

 

Person Role 

 David Physician 

 Sandra Head Nurse 

5. Which 

resources 

used by 

certain role 

to perform 

certain task? 

 

SELECT ?objectrole ?Res 

?Task 

WHERE { 

    ?objectrole :use_resource 

?Res. 

 ?Res 

taskOntology:use_to_perform 

?Task . 

} 

 

Role Task Resource 

 Head 

Nurse 

 Bladder 

chemothrapy 

 Installation 

 BCG memo 

 Kidney stone 

memo 

 Physician  Bladder 

chemothrapy 

 Kidney Stone 

memo 

6. Which 

competency 

has certain 

role? 

 

SELECT ?Role ?Competency 

WHERE { 

    ?Role :has_competency 

?Competency. 

} 

 

Role Competency 

 Head Nurse  Manage emergency 

situation 

 Certified urologic 

register nurse 

 Master in Nursing 

 Diploma in Urology 

 Experience 4-5 year 

etc 
 

Table 2: Ontology model evaluation through SPARQL Query 

5.3.6.2 Manual Assessment 

We evaluate and verify our ontology by executing pallet reasoner and through domain experts. 

We got result through pallet reasoner that ontologies are consistant. Domain experts give 

valuable feedback and comments to improve the ontologies.  
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5.4 Prototype Development for Context Based Retrieval 
In this section, we will describe the development of prototype to testify our method and get the 

desire result. In prototype developed ontology and used as main input to generate the RDFa tags 

and context based on user tasks. For the implementation of ontology we used java language and 

jena API to deal with ontology.  

5.4.1 RDFa Tagging  

RDFa tagging is a way to make a web as a semantic web. RDFa is W3C standard for the 

embedding semantic tags in existing HTML pages. We have generated RDFa tags for html pages 

using OWL ontologies that we have developed during thesis work.  RDFa tags contain semantic 

information about the medical documents. RDFa tags show that particular medical document can 

be use for the specific task in patient treatment process. Following is an example of RDFa 

tagging which we used in one of our web page.  
 

<html> 

<head> 

<link id="rdf1" rel="stylesheet" type="text/css" href="styles.css"> 

<link id="rdf2" rel="stylesheet" type="text/css" href="styles2.css"> 

 

<rdf:RDF  

 xmlns:place="http://www.ontologydesignpatterns.org/cp/owl/place.owl#" 

 xmlns:dc="http://purl.org/dc/elements/1.1/" 

 xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 

 xmlns:taskOntology="http://example.org/taskOntology#" 

 xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

 xmlns:owl="http://www.w3.org/2002/07/owl#" 

 xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 

  xml:base="http://example.org/taskOntology"> 

<rdf:Description rdf:about="#BCG_memo"> 

  <rdfs:label 

rdf:datatype="http://www.w3.org/2001/XMLSchema#string">BCG 

memo</rdfs:label> 

  <rdf:type> 

    <owl:Class rdf:about="#Treatment_Memo"> 

    </owl:Class> 

  </rdf:type> 

  <taskOntology:use_to_achieve 

rdf:resource="#quality_patient_treatment"/> 

  <taskOntology:use_to_perform rdf:resource="#bladder_chemothrapy"/> 

  <taskOntology:use_to_perform rdf:resource="#installation"/> 

</rdf:Description> 

</rdf:RDF> 

 

<title>BCG-behandling </title> 

</Head> 

<body> 

<h3>Carcinoma in situ</h3> 

<p> BCG-behandling påbörjas 2-3 veckor efter operation/biopsi. Vid 

behandling av carcinoma in situ ges 6 veckors behandling, med en dos 
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per vecka sedan utvärderas behandlingen efter 6 veckor med 

blåssköljvätska och mapping. 70 % har nu blivit av med sin carcinoma 

in situ. Om ej önskad effekt efter 6 veckor kan man ge ytterliggare 3-

6 behandlingar med en dos per vecka alternativt byta till intravesikal 

cytostatika eller överväga cystectomi. 

Man bör ge underhållsbehandling/boosterdoser en gång per månad under 

ett år.</p> 

<h3>T1G3</h3> 

<p> 

 Dessa tumörer har hög risk att recidivera, man kan ge 6 veckors BCG 

behandling och sedan utvärdering, 50 % kan behålla sin blåsa med denna 

regim. För alla dessa patienter skall man ha hög beredskap att göra 

cystectomi. Boosterdoser ges enlig ovanstående resonemang. </p> 

Installation 

</body> 

</html> 

 

In the above example, Semantic tags are used for treatment memo with name BCG memo. BCG 

memo is a resource that is used to perform installation and bladder chemotherapy task in patient 

treatment process. This memo is used to achieve the quality patient treatment goal.  We have 

used task ontology to generate the RDFa tag for BCG memo. This information and RDF 

description are given is extracted from the task ontology model. In the OWL ontology, different 

properties are used to connect and communicate between different classes. We have used OWL 

object properties to communicate between different objects.  

5.4.2 User Interaction with System Objects 

In the system, user can interact with system and search the document in two different ways.  

5.4.2.1 Interaction and searching in customization 

There are different objects that interact with each other to get desire results. In the sequence 

diagram, the behavior of the system is shown.  Following are the main systems objects.  

 User 

 User Interface 

 Control Model 

 XML 

 Ontology 

 Resource 
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XML Ontology ResourceUser Interface

matchCredentials

reply Credential

Query User Profile

Return User Tasks

Query Task's Resources

searchDocument()

return Resources

Fetch Documents

input(username, password)

Select Task

ControlModelUser

Process Query

User Verfication

Display User Tasks

Display Resources

Credential mismatchLogin failed

Display Error, Reset

Credential Match

Resources Request

Process Query

Select Resource

Document Request

Display Document List

Select Document

Display Document

 

Figure 21: customization search's Sequence diagram 

  

For the document retrieving the relevant document from document resources user interact with 

user interface. While users use the system, they must login with system by using their username 

and password.  Interface object send detail to the control model for verification. Control model is 

the main logic which deal with all back end object and perform different function according to 

user requirement. In user login process, control model deal with XML for data retrieving and 

match the user credential to allow/denied access to the system. 
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Figure 22: Login Screen 

After the successful login, control model load the user profile from the OWL ontology 

automatically. When user credential matched, control model extract the specific user profile  

from the ontology model and return to the interface. User profile contain the tasks which current 

user perform. Interface show his task detail to the users. 

 

Figure 23: User's Task 
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User select the task from the list of his/her task which performed by the logged user. After 

selecting the specific task, interface send the detail to the control model. Control model deal with 

ontology and return different type of resources which used to perform for the specific task. 

 

Figure 24: Different Resources for specific Task 

 After selecting the specific resource, control model generate the context from ontology based on 

user, task that he/she is performing and resource that is used for that specific task.  The control 

model search the document in the web resources for the available source documents. This search 

is semantic base and read the RDFa tags from the web pages and returns to available documents 

on the intranet to perform specific task. 
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Figure 25: Available Documents for specific Task 

For the viewing document, user select the specific document from the document list which return 

from the control model after searching in available web documents.  

 

Figure 26: view a specific document 
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5.4.2.2 Simple Semantic search 

In the simple semantic search user interact  and search the required document in simple way by 

entering the context search string in the search box. The main purpose to provide this semantic 

search to facilitate the users to search different documents. These documents may not be used for 

their user profile tasks. But still they can search these documents and can use as guidelines and 

helping material for different task and learning purpose.  In the figure below, a simple semantic 

search process are shown. 

XML ResourceUser Interface

matchCredentials

reply Credential

searchDocument()

Fetch Documents

input(username, password)

ControlModelUser

User Verfication

Credential mismatchLogin failed

Display Error, Reset

Credential Match

Document Request

Display Document List

Select Document

Display Document

Input search context

 

Figure 27: Simple Sementic Search 

 

In simple semantic search, user interact with the interface by providing login credentials. 

Interface send details to the control model for verification. Control model verified from the XML 

and allowed if credentials are correct and vice versa.  After the successful login, user will enter 

the search context in the given search box for searching required documents against specific 

tasks.  
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Figure 28: List of documents through Search box 

In the simple semantic search, users can perform task base search and resource base search. In 

search box, if user enter the task name, document search scanner read the sematic tagging from 

the web pages and return the relevant pages to users. If user enter the resource name, search 

scanner scan all documents and return the relevant document according to the user’s query.  For 

the viewing, user simply select the specific document and document will open in browser. 

 

Figure 29: view document through search List 
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6 Conclusion and discussion 

6.1 Conclusion 
The main purpose of this thesis work is to develop a method that provides a systematic way of 

retrieving more relevant document in healthcare organization. This thesis work has contribution 

in healthcare industry to retrieve relevant information as per medical professional’s context. 

Information flow is a key problem in the health care sector.  The important aspect of information 

flow within the healthcare process is to locate accurate and updated information about the patient 

in particular context. Information flow can be improved through effective and efficient 

information system in healthcare organization [4]. Medical professionals required relevant 

information to perform different activities in patient treatment process.   

Context base supply of documents in patient treatment process is a challenge in healthcare 

organization. In healthcare organizations, context base supply of documents is possible through 

semantic web technologies. We have proposed a method for context based information retrieval 

that helps to provide relevant information to medical professionals according to their current 

context. We have used semantic technology e.g. OWL ontology for semantic tagging and 

improve information flow in the healthcare organization. We have used semantic technology to 

create systematically context within healthcare organization and communicate with the system to 

get relevant documents in patient treatment process.  The proposed method gives semantic 

information to improve structure of medical documents and support the semantic queries to 

retrieve relevant document in healthcare organizations.  

We have conducted different modeling workshops with domain experts and discussed with the 

end users (Medical professionals) to get solid information to understand the problem, which 

helped us to provide a better solution for the existing problem in healthcare unit. In Ryhov 

Hospital, Jönköping, Sweden, medical professionals have problem to access treatment 

documents (memo documents) that are used in patient treatment process. We have proposed a 

method (Section 4.2) for context-based retrieval of documents according to role and competency 

of medical professionals who perform different tasks in patient treatment process.  

Medical professionals generate information demand while performing different tasks to get 

relevant documents that help them to give quality treatment. These different Medical documents 

are used in patient treatment process.  Medical professionals have problems to access theses 

medical documents and its takes time to get relevant documents. Medical literature and 

documents are not semantically tagged and do not support the semantic queries. For context-

based retrieval in healthcare organization, tagging, accessing and structure of supplied medical 

information are challenges [1]. Ontology enables the knowledge sharing and provides the 

semantic and contextual information [34]. We have developed ontology models for generating 

semantic tags for medical documents. We have used semantic query to access information from 
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the OWL ontology model and match semantic tag to access relevant treatment documents 

(Treatment Memos). 

 In our case, Medical memos are medical documents that are used in patient treatment process at 

Ryhov Hospital, Jönköping, Sweden. Different medical professionals for knowledge sharing 

purpose in Ryhov hospital generate these medical memos.  With in healthcare sector, different 

roles that are assigned to different medical professionals are involved to perform different tasks 

in patient treatment process. These roles have different competencies to perform task for patient 

treatment. We have used role competency and task description that generate context with 

information demand to get relevant document in healthcare industry.  

We have developed 4-Tier architecture for document retrieval in semantic web that is based on 

method that we built for relevant document retrieval. In 4-Tier, medical professionals 

communicate with user context interface which generates information demand. Context 

generation process in architecture deals with role competency and task description to generate 

context and search relevant document in web resources. We have developed OWL ontology 

models for profile competency that deals with user’s profile and competency that they have to 

perform different tasks and Task ontology that has details about all functions and operations 

performed in healthcare unit (Urology Department, Ryhov Hospital, Jönköping). We have used 

ontology model because Ontology provides a rich semantic and common vocabulary to define 

contextual information. We have used OWL ontology model as main input to develop prototype 

for relevant document retrieval in healthcare organization to testify our proposed method. OWL 

models also helped to generate the semantic tagging to build semantic web solution in healthcare 

organization.  

In our OWL ontology model, we have defined and used different concepts and associate by using 

different OWL object properties. Our OWL ontology models have used to create the context in 

health care organization, as context is information about person, role, place, object or any 

system. OWL ontology has information that which medical professionals perform which task. 

Ontology models are collection of dynamic information about different roles, profile 

competency, tasks and resources that are used to perform different tasks that are involved in 

patient treatment process. Knowledge and dynamic information from OWL models is used to 

generate context to retrieve the memo documents in healthcare Organization. We developed the 

Task Ontology (Section 5.3.2) which deals with the different tasks and resources that are used to 

perform these tasks. Profile Competency Ontology (Section 5.3.3) deals with the competency 

profiles of different roles.  

We have developed prototype to testify our methods for problem solving and relevant document 

retrieval in healthcare organization. We have developed a system that requires less input from 

the users. Our users are medical professionals. System loaded competency profile from ontology 

models and search relevant documents from document repository according to context.  
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 How can semantic web solution retrieve the relevant documents (Memo) based on the 

context in healthcare sector? 

Web is used mostly for searching data and information on internet. For the users, it does not 

matter who create, upload the data and information and where in the world [25].  Mostly data 

and information on internet have enough information to present them but do not have 

information to understand them [25]. Semantic web is extension of existing web and make 

system intelligent to understand data and information [26]. Semantic web used semantic tagging 

to provide semantic information about the web documents. In healthcare sector, medical data and 

information have not rich semantic to provide information about data and do not semantically 

tagged to access this information. It is difficult to retrieve relevant information in healthcare 

sector. 

For retrieving relevant documents (Memo), we have proposed a method (Section 4.2) and 

developed 4-tier Architecture (section 4.3) to retrieve the context-based documents from the web 

sources. Medical users interact with interface and generate information demand.  We developed 

OWL models that generate common vocabulary and semantic information to generate contextual 

information. Context matching process has search mechanism to match semantic information and 

semantic tags in web sources and return relevant document to medical users according to their 

information demand, task performed and competency they have to performed different tasks in 

patient treatment process.   

The interface developed by using Java Server Pages (JSP) in the Architecture deal with the logic 

layer, which is context-matching process. Context matching process is the main control model 

that generates context and search documents from web sources. We developed different Java 

classes and methods that deal with OWL ontology get context information and web server for 

searching context base documents. We used Profile ontology, which deals with user’s profile, 

and competencies that they have. Task Ontology has all details related to the operation and 

function that can be performed in the healthcare unit (Urology Department, Ryhov Hospital, 

Jönköping). For the searching relevant document, document scanner matches the semantic 

information that are RDFa tags in web pages. RDFa tags have semantic information about the 

pages and for what task these are used.  RDFa tags generate from the OWL ontology and embed 

in the web pages. After searching the relevant required document, control model send details to 

interface which display for the users.  

 How is ontology helpful for defining the context in hospital unit according to their 

professional’s role and task that they performed? 

From the literature review, we know that context  is any information that can describe the 

situation of a person, place, software agents, devices or any object that is relevant to interaction 

between user and application.   Context can also contain information about the system 

performance, personal skills, task and different activities performed by the different role with in 
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 any situation/organization.  According to (Chen & Kotz 2000), context-aware computer system 

can provide relevant service and information to users by developing context. 

Ontology is main source and key element to define context and play a key role to develop 

context-aware computer systems.  Ontology provides a rich semantic, which used to make 

machine intelligence and well-defined semantics provide contextual information. According to 

(Peters & Shrobe, 2003), ontology enables knowledge sharing in open and dynamic distributed 

systems.  

In our thesis work, we have built different ontologies and used ontologies pattern for building 

these models, which help to create context. In our case, context is a certain professional role in 

healthcare, which is performing certain task. For creating our context, OWL helps us to define 

and create context with the association of different concepts such as “tasks” which is part of 

Task Ontology and “roles” which is part of Profile Competency Ontology. We use different 

object properties for association of different classes, which are used to define the context in 

healthcare organization.  In our thesis work, “HeadNurseperformtaskInstallation”, 

“PhysicianperformtaskChemothrapy” and “headnurseperformtaskCystorscopi” are few 

examples of context. 

6.2 Generalizability  
About the solution generalization, we need to talk and discussed that our proposed Architecture 

and semantic solution is how general and compatible with already existing system in any 

organization. There are different aspects to discuss but main aspect is that can we use this 

Architecture and solution in any organization? Second, does solution depends on specific 

technology for execution? 

As per technical aspect, we believe that our proposed Architecture is very general. Our solution 

does not need any technical specification for the execution. Only web server (e.g. tomcat, 

glassfish, jBoss…) is required where the solution will be deployed. At the client side, any web 

browser can be used to access the application.  Our proposed solution is compatible with any 

browser as well.  

For applying our proposed method and  4-Tier Architecture in any other industry except Health 

care, we believe that it can be easily used and helpful for the semantic solution to any 

organization.  

6.3 Future Work 

This thesis work can help in health care organization to research in different areas. This is also 

being helpful to do research in the field of ontology to improve the semantic web solution for 

different areas. Behind the building of different ontologies in this thesis work, the main idea was 

about component base ontologies and part of ontologies can be used in different fields and 

prospective. The component base ontology cans one field in which further research can be done. 
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8 Appendix 
 

8.1 Competency Question 

 Which tasks perform in certain process? 

 What activities perform to complete a certain task? 

 Which resources are assign to perform certain task? 

 Which person performs certain role? 

 Which resources used by certain role to perform certain task? 

 Which competency has certain role? 

 Who is performing head nurse role? 

 Who is performing Physician role? 

 What type of resources are used to perform bladder chemotherapy? 

8.2 Taxonomy 

8.2.1 Task Ontology Taxonomy 

Name: Description Type 

Activity It contain the activities which  different role 

perform during the different tasks 

Concept 

Department Different departments are working and involve in 

the performing different task such as urology and 

radiology department details with the urology and 

radiology activity respectively.  

Concept 

Disease These are different categories of disease. Concept  

Blood_Disease Blood diseases are those diseases that related to 

the human being bloods. Blood cancer, blood 

pressure are example of blood disease. 

Concept  

Heart_Disease Heart disease affects the human heart.  Concept  

Skin_Disease Skin diseases damage the skin of the patient. Skin 

Itching is example of skin disease 

Concept  

Urology_Disease  Concept  

Urine_Disease  Concept  

Goal Goal is any objective or targets that have to fulfill 

or get by individual or team.  

Concept 

Organization Organization is the entity of group of people who 

are organized to carry out common goals in any 

domain.. 

Concept 

Hospital  Hospital is the place where multidisciplinary 

professional of medicine serve to patient and 

provide medical facilities. 

Cocept 

County Council County council is an organization who performs Concept 
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activities within certain area.  

Patient_Treatment_Plan Patient treatment plan is the way or defined 

number of step to perform for the patient 

treatment.  

Concept 

Place Place is entity to tell about any location. e.g. 

Jonkoping,  Sweden etc. 

Concept 

Process Processes are set of task for specific goals. 

Suppose patient examination is a process. this 

process has different task i.e. medical test, oral 

examination etc. 

Concept 

Resource Different resources use for getting information 

about the patient and for the performing different 

activities and tasks.  

Concept 

Facta Document   

Information System   

Task There are different tasks which perform by the 

different roles during the health care process.  

Concept 

 

8.2.2 Profile Competency Taxonomy 

   

Objectrole:Role These are different roles that involve in the model 

perform the activities, task and involve in the 

different processes. 

Concept 

Competency_Professional_Level Competency levels are the unit to measure the 

competency of the specific role. 

Concept 

Competency These the different type of competencies that a 

role has for performing activities and tasks. These 

help them to perform different activities smoothly. 

Concept 

Cultural Competency These are different competencies that roles has 

related to culture. Suppose a person can speak 

different languages. 

Concept 

General Competency General competency are common competency in 

daily routine task. Suppose  handling different 

situation, communication competency and so on 

Concept 

Occupational Competency Occupation competencies are relevant to 

occupation. If a person a doctor or physician so 

what competency he/she has related to his field. It 

has different competency such educational 

competency, education field competency etc. 

Concept 

Agentrole:Agent These different agents has different role. Suppose 

Sandra is a medical nurse and she has head nurse 

role.  

Concept 

Team Team is group of persons to perform 

same/different task with in any organization for 

achieving desire goals and outcomes.  

Concept 
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8.3 Semantic Web Tools 
There are different tools and APIs available for the developing Semantic web applications that 

provide the appropriate helps to develop and build different web application. We used different 

API and tools for the development of Ontology and Prototype for retrieving relevant document in 

healthcare organization for providing better healthcare facilities to the patient.  

8.3.1 Jena 

Jena is a Java framework for building semantic web.  It provide the number of APIs an tools to 

work with semantic web. Jena are most popular and well know Java APIs for working with RDF 

and ontology models. These APIs written for Java Programmer who want to work with RDF and 

OWL models to develop semantic web application. It also help to work with SPARQL query for 

retrieving data and information from owl models. Jena is open source project developed by HP 

researchers in 2000. We mainly used Jena API to read the OWL models and execute SPARQL 

query for getting data from these OWL models. (For more information about Jena, 

http://incubator.apache.org/jena/index.html latest visit on 10 Feb 2012 ) 

8.3.2 TopBraid Composer 

TopBraid composer is a modeling tool for building OWL ontology and semantic web 

application. It is most popular  Editor for RDF, Ontolgy and SPARQL  in the market. There are 

different edition are available of TopBraid composer. We used Standard edition for building our 

ontology models during our thesis work. The other two versions are Free and Maestro Version. 

(For further information, http://www.topquadrant.com/products/TB_Composer.html latest visit 

on 13 Feb 2012 ) 

8.4 Description of some methods from code 
Here, we would like to explain our function and methods which we used in prototype 

development for the understanding of reader who may want to use or get help to developing 

application related to this work or scenario. We used different function but we explained only 

some function we are related to semantic web and searching documents.  

 Load ontology:  load ontology is our class which deal with OWL ontology file. We used 

Jena OWL APIs for reading owl model in our prototype.  For this purpose we created 

code as fellow: 

public static OntModel getModel(HttpServletRequest request) 

{ 

String ontologyFilesPath = request.getRealPath("\\WEB-

INF\\classes\\resources\\ontologyFiles"); 

//ontologyFilesPath = "file:\\" +ontologyFilesPath; 

OntModel model = ModelFactory.createOntologyModel(); 

//we have a local copy of the wine ontology 

http://incubator.apache.org/jena/index.html
http://www.topquadrant.com/products/TB_Composer.html
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model.getDocumentManager().addAltEntry( "http://example.org/profileComptency", 

"file:\\" + ontologyFilesPath + "\\profileComptency.owl" ); 

model.getDocumentManager().addAltEntry( "http://example.org/taskOntology", 

"file:\\" + ontologyFilesPath+ "\\taskOntology.owl" ); 

 

String uri = "file:\\" + ontologyFilesPath + "\\middleWare.owl"; 

System.out.println(uri + "---URI"); 

model.read(uri); 

 

return model; 

 

} 

 

 SPARQL Query: For the execution of SPARQL query, Jena provide functionality. The 

simple way to execute the SPARQL Query to store in String and read the ontology model 

as we mention in function Load ontology.  For this we used , following code. 

      

//Here who we used and execute the SPARQL Query    

    OntModel model = getModel(request); 

        String queryString = "SELECT DISTINCT ?Task " + 

           "WHERE {" + 

           "    ?objectrole <http://example.org/middleWare#perform_task> ?Task. " + 

           " ?name <http://www.ontologydesignpatterns.org/cp/owl/objectrole.owl#hasRole> 

?objectrole" +  

           " FILTER regex(str(?name),\""+userName+"\")" + 

            

             "}"; 

        Query query = QueryFactory.create(queryString); 

        QueryExecution qexec = QueryExecutionFactory.create(query, model); 

        ResultSet results = qexec.execSelect(); 

 

 Searching Document through RDFa: For searching document and reading RDFa, we 

used external jar file with name of Jsoup which deal with tagging. We used and read the 

tagging and get our required documents.  

 

 

public static boolean searchResourceDocument(File file, String searchContext) throws 

IOException 
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    { 

   

                                              Document doc = Jsoup.parse(file, "UTF-8"); 

                                          boolean isFound = false; 

                                 Iterator<Element> it = doc.getElementsByTag("taskOntology:use_to_perform").iterator(); 

                                 Element link = null; 

  //String searchContextUpdate = "#"+searchContext; 

  while(it.hasNext()) 

                        { 

                                             link = it.next(); 

                                            String text = doc.body().text(); // "An example link" 

                                            String linkHref = link.attr("rdf:resource"); // "http://example.com/" 

                                          String linkText = link.text(); // "example"" 

 

                                  String linkOuterH = link.outerHtml();  

                     // "<a href="http://example.com"><b>example</b></a>" 

                         String linkInnerH = link.html(); // "<b>example</b>" 

                if(linkHref.toUpperCase().indexOf(searchContext.toUpperCase().replace(" ", "_")) > 0) 

                          { 

                                   isFound = true; 

                           } 

    

        } 

  return isFound 

  } 


