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Abstract 

This thesis represents the ontological model for the Time Aspects for a 

Healthcare Organization. It provides information about activities which take 

place at different interval of time at Ryhov Hospital. These activities are series 

of actions which may be happen in predefined sequence and at predefined 

times or may be happen at any time in a General ward or in Emergency ward of 

a Ryhov Hospital. 

For achieving above mentioned objective, our supervisor conducts a workshop 

at the start of thesis. In this workshop, the domain experts explain the main idea 

of ward activities. From this workshop; the author got a lot of knowledge about 

activities and time aspects. After this, the author start literature review for 

achieving valuable knowledge about ward activities, time aspects and also 

methodology steps which are essentials for ontological model. After 

developing ontological model for Time Aspects, our supervisor also conducts a 

second workshop. In this workshop, the author presents the model for 

evaluation purpose.  

No doubt several activities at Ryhov Hospital have fixed timing and these 

always take place at that time and some activities are always part of interval 

and these take place with in specific interval of times and do not have a specific 

stating point and end point. This model provides information about all types of 

activities and their sequence of take place with time. 

 According to time points there are four types of activities, Exact Time Point 

Activities, Proper Interval Activities, Fussy Time Point Activities and Instant 

Activities at Ryhov Hospital. Exact Time Point Activities are routine activities 

of the ward at hospital and these take place for a very short time. Second type is 

Proper Interval Activities and these activities have a specific starting point and 

end point.  

Third type of activities is Fussy Time Point Activities. These activities are part 

of interval and always take place within a specific interval. The last type of 

activities with respect to time point is Instant Time Point activities and these 

activities take place at any time on any day of week. For these activities the 

length of the interval is zero. It has only starting point or end point. 

To capture information for these different types of activities there are different 

properties of the activities to take into account. These properties help to show 

the Time Aspects for different activities along with major concepts of a 

healthcare organization. As the author discuss above that there are four major 

types of activities and so the properties for these activities are also different.   
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Sammanfattning 

Denna avhandling handlar om en ontologisk modell för tidsaspekter för en 

sjukvårdorganisation. Modellen innehåller information om aktiviteter som äger 

rum vid olika tidsintervall på Länssjukhuset Ryhov i Jönköping. Dessa 

aktiviteter är åtgärder som kan hända i fördefinierad sekvens och vid 

fördefinierade tidpunkter eller kan hända när som helst i en vanlig avdelning 

eller akutmottagningen på Länssjukhuset Ryhov.  

För att uppnå ovannämnda målet, genomförde vår handledare ett seminarium i 

början av arbetet. Under denna workshop, domänexperterna förklarade 

grundläggande vårdverksamheten. Från denna workshop, författaren fick 

mycket kunskap om aktiviteter och tidsaspekter. Efter detta, författaren började 

litteraturstudie för att få värdefull kunskap om avdelningens verksamhet, 

tidsaspekter och även metodikåtgärder som är väsentliga för ontologiska 

modellen. Efter att ha utvecklat ontologiska modellen för tidsaspekten, 

genönförde vår handledare också annan workshop. Under detta seminarium 

presenterade författaren  modellen för utvärderingssyfte.  

Det är ingen tvekan att flera aktiviteter på Ryhov sjukhus har fasta tidpunkter 

och dessa alltid äger rum vid den tid. Andra aktiviteter är alltid en del av ett 

intervall och dessa sker i vissa tidsintervaller och har ingen specifik start- och 

slutpunkt. Denna modell innehåller information om alla typer av verksamheter 

och deras ordningsföljd angående tiden.  

 Enligt tidpunkter finns det fyra typer av aktiviteter, exakt tidpunkts Aktiviteter, 

verklig Intervalls Aktiviteter, ‖luddig‖ tidpunkts Aktiviteter och ögonblickliga 

händelser på Länssjukhuset Ryhov. Exakt tidpunkts aktiviteter är rutinbaserade 

en avdelning på sjukhuset och dessa äger rum under en mycket kort tid. Andra 

typen är verklig Intervalls Aktiviteter och en sådan aktivitet har en specifik 

startpunkt och slutpunkt.  

Tredje typen är ‖luddig‖ tidpunkts aktiviteter. Dessa aktiviteter är en del av ett 

intervall och alltid sker i en viss intervall. Den sista typen av aktiviteter 

avseende tidpunkter är ögonblicklig tidpunkts händelser och en sådan äger rum 

när som helst på någon veckodag. För dessa händelser är längden av intervallet 

noll. Den har bara startpunkt eller slutpunkt.  

Att samla in information för dessa olika typer av aktiviteter finns det olika 

egenskaper att ta hänsyn till. Dessa egenskaper hjälper till att visa tidsaspekter 

för olika aktiviteter tillsammans med huvudsakliga begrepp i en 

sjukvårdsorganisation. Som författare diskuterar ovan finns det fyra typer av 

aktiviteter och egenskaperna för dessa aktiviteter är olika också. 

http://www.lj.se/index.jsf?nodeId=24807&nodeType=12
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1 Introduction  

In this chapter, the author has explained the background and problem in a 

healthcare organization according to time aspects for different activities in a 

ward. The author also mentions the purpose of thesis which helps for the 

ongoing work on the domain. The activities in the hospital is a series of action 

which may be happen in a predefined time or may be happen at any time of 

day/night. In this thesis, the author is going to develop an ontological model for 

the time aspects for different activities. This model gives information that what 

activity takes place when at a Ryhov Hospital. This model may be applicable 

for all medical wards of a healthcare organization.  

In any healthcare organization ward is a cornerstone because all activities are 

evolves around it. Some activities are routine part of daily hospital life and 

some of them are in emergency which happen at any time. Activities in hospital 

are of two types, some in a team and some are individual activities. These 

activities are performed at different intervals of daily hospital life. For example 

a team of doctor, nurse, assistant nurse and a senior doctor round the ward for a 

specific period from bed to bed and decide about ongoing treatment of a 

patient. In individual activities only nurse, doctor or specialist doctor round the 

ward. Mostly activities of a ward are in the form of a team. The domain of 

activities is not only general ward but it also contains activities which happen at 

emergency ward.  

1.1 Background 

No doubt that information technology has a vital role in daily routine and social 

life of every person. Especially in healthcare organization fast flow of 

information within organization or with other healthcare organizations through 

Internet have the high importance. It is only possible when we manage a 

healthcare organization through information system. Through information 

system any related person with in or outside an organization can get any 

information at any time when they need. According to domain of this thesis, 

event management in ward round with respect to time have a vital role in 

treatment of patients because during ward round every patient is examined and 

discussed detail wise.   

Activities in a healthcare organization have central perspective and these 

activities may be individual work activities or as a team. In healthcare domain 

most activities are individual work activity but during ward round these 

activities are in a team. There are many examples of activities in healthcare 

domain; some of them are individual activities and some of them are in a team. 

Examples of activities in healthcare is giving medicine, enrolling a patient, 

prescribing medicine, conferring with a specialist on a certain treatment, 

viewing and examining lab results for a patient, ward round, discussion at 

different intervals, etc.  
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All these activities are performed directly by the staff members of the Hospital. 

In some situation, due to interruption these activities are resumed/postponed for 

some time and then resumed activities are carrying on by the same person or 

another person of the same expertise. [13] 

 Due to ward round, every inpatient have a clear plan about care of patient that 

leads to successful treatment. So ward round has the high importance in 

treatment of patient and planning of discharge. The ward round is the only way 

to observe the health progress of patient to the discharge from the hospital. The 

main goal of ward round is to understand of problems through communication 

and provide an evaluated treatment. [15] 

 For enhance the quality of healthcare organization ward round is cornerstone. 

The ward round not only is important with respect to patient, it has the high 

importance for Trainee doctors because they got the skill through high 

specialist doctors during ward round. According to domain of this thesis, 

different doctors and different specialist round the ward in different days of a 

week. After ward round they briefly discuss to each patient at discussion room 

and important decision is taken about further treatment of a patient.  All 

discussion about patient is immediately updated in the database of hospital. 

[15][13] 

1.2 Problem 

A healthcare organization has a big domain, so the information gathering from 

different sources and information sharing and integration at specific time for 

decision making is a major issue. The problem for this thesis is that to represent 

time aspects in ontological models of a healthcare organization. Basically time 

dimension, that is a series of actions/events happening in the predefined 

sequence and at predefined times or may be happen at any time in medical 
ward or in an emergency ward.  

Medical treatment of a patient with in a hospital poses many challenges. For 

the treatment of a patient many actors are involved e.g., specialist doctors, 

doctors, laboratory assistants, nurses, assistant nurses. These persons belong to 

different departments and information flows among these actors at different 

time. So time management and information among different actors and 

department is the big issue. There is need for integrating of a system for 

decision making during ward round and further this system should contain 

information about patient (diagnosis, planned treatment, condition, knowledge, 

medication, experiences, examination results and interval)  during treatment. 

[13]  
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1.3 Purpose/Objectives  

The main purpose of this thesis is to represent time aspect in ontological 

models of a healthcare organization. This ontological model provides 

information of all events with respect to time of a healthcare organization. The 

time dimension in healthcare organization is a series of events happening in the 

predefined sequence and at predefined times.  

There is no condition that these events take place only in predefined time, they 

can be happen at any time of the day or night in an emergency case. This thesis 

handles time aspects for different activities which take place during ward round 

in medical ward. These activities may be in a team or may be happens 

individually. 

1.4 Limitations  

The scope of this thesis is only event handling with time aspects in healthcare 

organization which mostly happens in predefined sequence at predefined time. 

1.5 Thesis outline 

The first chapter of thesis explains the background, domain, problem, purpose 

and limitations. Second chapter explains the theoretical background and review 

of literature for understanding the domain. In the third chapter, the author 

explains research methods which are suitable according to research domain, 

and the forth chapter presents results the proposed model for the solution of the 

problem. Then chapter five is about the final conclusion of the whole work.  
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2 Theoretical Background 

The theoretical background of thesis contains three main sections. Section 2.1 

explains the main concept of information logistic regarding to time aspects for 

ontological model.  The section 2.2 explains main activities of a healthcare 

organization. The last section of theoretical background describes the ontology 

development steps and methodology, which one is best regarding to the 

healthcare organization. 

2.1 THE INFORMATION LOGISTICS CONCEPT 

There is no doubt information and communication technology has major role in 

every field of life. The Internet has become popular and it totally changes the 

life of people because it provides information about every field of daily life. 

Now a day’s mostly healthcare organizations are introducing new way for 

communication and efficient work flow for making good relationship with 

patients and with other organizations of same domain. To achieve this, there is 

need of information system which focuses only on the main idea of information 

logistic i.e., right information at the right time and at right location. [21] 

According to [14] the Internet has become the major platform for getting of 

information about health and daily routine of life. We can get the information 

of every aspect of life even the particular information of diseases and other 

important information about health. For the healthcare point of view, there is 

need of mature information system that provides context sensitive and 

personalized information. The information provided by the system should be 

relevant to the need and in time. To achieve this there is need of intelligent 

information system. Any intelligent system must deal with content, time and 

communication management. Main role of information logistic that it creates a 

link among passive and active supply modes i.e., it push information according 

to user query. So for intelligent system, information logistic application is 

must. [14][21] 

2.1.1 Information logistic approach in healthcare 

According to main idea of Information Logistic is to provide the right 

information at the right time and at right location. This main concept leads to 

distribution of information to right user according to situation. This concept has 

high importance in healthcare domain. To provide right information at right 

time, there is need of sources a ―health database‖ which provide right 

information according to the situation and for location point of view where 

information need at ward or emergency ward. This information will be only 

valuable when it is on time. No doubt any information logistical application 

deal with a content, time and communication management. [14] 
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According to [16] if we explain some moments of ward then we can guess that 

what importance of information logistic in healthcare domain is. An early 

morning a short discussion takes place among day duty nurse and night duty 

nurse for some time, in this discussion night duty nurse tells about patient’s 

conditions during their duty. This discussion contains some contents which are 

important for further treatment.   [16][13] 

2.1.2 Personalize healthcare system 

There is need of information system which handles the all situation of 

healthcare e.g., before during and after medical treatment. There is need of 

patient information system based on main idea of information logistic. Any 

application related to patient contains different type of information. First of all 

information is collected, to achieve consistency this information is edited and 

then put this information into database. 

Secondly, there is need of filtering because patient profile contains different 

type of information e.g., diagnosis, planned treatment, condition, knowledge, 

medication and experiences. So any related person can check the information 

according to their relevancy from the database. If any person falls in a disease 

then at beginning he faces a lot of problem because he does not know basic 

information of disease and he also has to learn about new behaviour patterns of 

everyday life. After sometime mostly patients become expert about their 

disease which supports them in illness [14][15] 

2.2 HEALTHCARE ACTIVITIES 

Today there is big need to make the hospital efficient, for this there is a need of 

Hospital Information System which provides the necessary medical 

information about patient and basic treatment information about diseases. With 

the implementation of Information system, there is possibility of efficient 

treatment of patients with fewer budgets. For fast treatment of patients there is 

also need of time management system which would be part of above 

Information System and it provides the information about treatment plan 

according to time line. According to usability point of view the main user of 

this system is the doctors and nurses. [13] 

So the medical staff can get information about treatment and can give quick 

response to patient. No doubt in any Healthcare organization, there are lots of 

activities some are performed individually and some are in a medical team. For 

better care of patient there is need for close collaboration among medical staff 

and for this, medical ward is a basic component at which almost all activities 

are evolves. [15] 
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In any Healthcare, ward round is a main activity. During ward round 

collaboration among different actors are must because it is a central point in 

clinical healthcare. Most of decision about patient for further treatment, 

examinations and laboratory are made during or after the ward round. The ward 

round activities are vary according to country, hospital and even doctor. Ward 

round work flow and collaboration process totally depends on organization.   

[16] [15] 

2.2.1 Ward round 

The ward round is main component of any healthcare organization. This is only 

event when doctor meet the patient face to face for treatment purpose. 

Everyday a team of one doctor and two nurses round the ward for patient 

treatment. This ward round take place in two ways, a team visits the ward and 

another way is, a team sits in the discussion room and patient comes one by 

one. This discussion with patient is about recent treatment against illness and 

also about future treatment. This is the time when doctor take important 

decision about patient treatment plan. [13] 

 Normally ward round scenario mainly depend on the organization and it 

almost vary country to country, hospital to hospital and even doctor to doctor. 

So work flow of ward round totally relies on individual style.  Once the doctor 

writes prescription about patient, then it is duty of nurse, to give the medicine 

to patient at right time according to prescription content in a proper way. [17]  

2.2.1.1 work flow in ward round 

According to [16] before start the ward round, nurses make sure that all related 

document must be collected about examinations and laboratory. During ward 

round doctor asks different questions from the nurses for getting information 

about status and examinations about patient. When doctor visits the patient, 

first doctor asks the status of patient from the nurse, if patient is unknown then 

visiting doctor views the whole file to acquire information about patient. If the 

patient is known, then doctor only views recent report and findings. New 

information about patient is always created during the ward. If there is need of 

new examination or laboratory test, it is always decided during the ward round. 

During ward round the nurse note the information through hand writing notes. 

After ward round, this information is entered in the database. Mostly the 

information of examinations and X-ray is entered by the specialist doctors. [18] 
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2.2.1.2 Problem in ward rounds 

The time and content are two important issues in any healthcare organization. 

According to information logistic these two issues have high importance. In 

term of time, the ward round and future treatment plan is closely optimized 

with time. There is no doubt, entering data into database before and after ward 

round have high importance, and time is required for these activities. [14]  

Normally highly sensible data is entered by responsible doctor. If the 

responsible doctor delays to enter the data into database system then nurses 

have to wait until doctor does not do that. Due to this delay there are so many 

negative affects about treatment of patient. So the information should be on 

time and must be accurate. [16]  

To achieve the accuracy, the information entering process must be fault 

smooth. First there is always a reliable method to identifying the patient. So the 

entered information must be relative to related patient. Secondly doctor must 

enforce to nurse for write information on paper sheet about patient during ward 

round and further entered the computer. Before entering data into database, the 

nurses make ensure the information is correct. [14] 

Finally there must be an authorize regulations on database with respect to 

nurses, doctors and specialist doctors. If anybody put the wrong information 

into database about treatment plan or result of examination then its 

consequence may be a death of the patient. So the right information at right 

time may be alive of any patient and wrong information on any result into 

death of patient. [18] [16] 

2.2.1.3 Benefits of a time management  

Best time management in any hospital provides a better solution of above 

problems which provide better identification of patient and easy way to enter 

information into system. According to [16] a computer system provides a 

solution of problem which is mention above. It also provide an easy 

collaboration way.  According to new solution all document for any patients are 

kept electronically so doctor can view any information at any time. Also new 

information created during ward round is also entered database directly. This 

information is pet because it is entered with the collaboration of nurses and 

doctors. Due to this facility, there is no need to make notes during the ward 

round. [18]   

According to [16] we have to design actual work flow in ward round with 

respect to different situations. Then efficient collaboration among doctors and 

nurses are required. To gain above discussed issue, there is need to focus on 

these activities: getting access patient data, reaching individual findings, 

organizing a laboratory analysis and organizing an examination. No doubt, 

there are other activities in the ward round but above mentioned activities are 

main activities and others are related to these. [15] 
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2.3 ONTOLOGY DEVELOPMENT 

This section of theoretical background explains methodology for ontology 

development. Basically this thesis is related to time aspects, so it explains the 

time ontology and also important ontology development steps which we used 

for producing result. 

2.3.1 Methontology 

This method of ontology development was developed at the Polytechnic 

University of Madrid. Basically this methodology has frame work which 

enables the development of ontology at knowledge level. It contains the 

ontology development process, a complete life cycle for prototypes, and 

specific way to carry out each activity.  

This methodology is best for the ontology development and it is suitable for 

this thesis domain. According to this approach, author follows the complete 

cycle of ontology development process and specific way to carry out each 

activity. [2] This methodology frame contains following process:  

2.3.1.1 Ontology Development Process (ODP) 

The main aim of this ODP is to tell us that which activity performs at which 

time and about its outcomes during the process. It is essential to identify these 

activities when you doing ontology development. You should arrange a correct 

and complete team with full reliability. There are three essential activities 

categories, which are as below. [3] [2] 

 

Figure 1: Activities Proposed by Methontology [3] 
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Project Management Activities (PMA) 

This main category contains sub activities which are essential for management 

point of view. According to above figure-1, it contains planning, control and 

quality assurance. Planning identifies when we start the tasks for development, 

how much time is required for the completion, how to arrange these task and 

what resources are required for the completion of tasks. This activity is very 

basic but it is essential activity for ontologies and for those ontologies which 

required level of abstraction and generality. The second activity of management 

is control. The basic aim of this activity is to check that all planned tasks are 

completed in the same ways that have to be performed. Quality assurance is 

the third activity of management. Through this activity, we assure that the 

quality of each output is satisfactory. [3] [2] 

Development Oriented Activities (DOA) 

Development activities are one of the three basic activities of technical part of 

ODP that include specification, conceptualization, formalization, 

implementation and maintenance. Specification describes the purpose of the 

ontology. It also describes, the degree of formality required who the end users 

are and what its future uses are. [3] 

Second activity is the Conceptualization. It structures the domain knowledge 

into important models at the knowledge level and these conceptual models in 

the form of lists, tables and diagrams. The conceptualization describes the 

terms and identified terms according to domain as concepts, properties, 

instances and verb relations. These terms are represented with applicable 

informal representation. [2][3] 

Third activity of development is Formalization. It transforms the conceptual 

model into a formal or semi-computable model. It is a description of model in a 

semi formal language. [8] In implementation we build computable models in a 

computational language. It is basically a machine understandable representation 

in an ontology language. Finally, Maintenance is used for updating and 

correction of ontology.   [2] [3] [4] 

Support Activities  

Contain a series of activities which are performed during the development-

oriented activities. It is impossible to build the ontology without development 

oriented activities. So supporting activities have high importance for ontology 

development point of view because these support in every activity of 

development oriented phase. They include knowledge acquisition, evaluation, 

integration, documentation and configuration management. According to this 

thesis some supporting activities are out of scope, so author will skip those 

activities. Knowledge Acquisition acquires knowledge of a given domain e.g.  

According to domain of this thesis author required a complete knowledge of 

ward round. For getting the acquired knowledge there are several ways to 

achieve this e.g. brainstorming, structured and unstructured interviews, formal 

and informal analysis of texts.[4][8] 
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Evaluation makes a technical judgment of the ontologies. For this we judge 

according to domain and application. According to domain point of view how 

much knowledge is formalized.  For application point of view how much our 

application is efficient for answering the competency question. Integration is a 

very important activity for ontology development. According to this activity, 

we build a new ontology from the existing ontologies which are already in 

used. There is a new concept for ontology reuse point of view is called 

merging. For this a new ontology is built from the existing ontologies but 

domain of reusing must be same. But for integration there is no restriction for 

ontologies of the same domain.  In alignment case several ontologies are taken 

as an input but there is no new ontology. In this case only mapping is done 

between reuse ontologies.  

Documentation is an essential activity for every phase of the generated product. 

We can also say that it is a collation of documents which is basically results 

from other activities. It must be in details and clear, so everyone can easily read 

and understand. 

 Configuration Management contains all information about versions of the 

documentation, software and ontology code to control the changes.  Basically 

documentation Outputted is discussed as part of the description of each 

activity.        [1 ] [2] [3] 

2.3.1.2 Ontology Life Cycle (OLC) 

It indicates the set of stages through which the ontology moves during its life 

time. It is based on the refinement of a prototype. It has a role at each stage of 

life cycle that what ever activity to be performed. There is no doubt that 

ontology life cycle should be based on evolving prototypes. At the end, 

ontology enters into maintenance phase. There are some activities e.g., 

Knowledge acquisition, evaluation and documentation are carried during the 

entire life cycle of ontology development for any domain.      [1][2] 

2.3.2 Importance of an ontology development 

Nowadays ontologies have become very popular for the World-Wide Web 

point of view. For big sites such as yahoo.com ontology is the best for 

categorizing the products. Brickley and Guha developed a frame work which 

provides a language for encoding knowledge on Web pages to make it 

understandable to electronic agents searching for the information. In 1993 

Gruber developed a new definition that ―is formal specifications of the terms in 

the domain and relations among them‖. More development and less strict 

definition of ontology is a formal, explicit description of concepts, properties of 

each concept, relations between concepts and constraints on concepts and 

relations. According to [8] Ontologies contain inheritance of object Oriented 

programming languages. In object oriented programming main focus is to 

design operational properties and in ontology development based on the 

structural properties.  
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The peoples who want to share information in specific domain, the ontology 

create a common vocabulary for them. Through this common vocabulary 

machine interpretation of concepts and relations between them is possible.  

There are some reasons why people would like to develop ontology. 

To share information between people or software agents 

To make possible reuse of knowledge within domain or out of domain 

To make domain suppositions Clear 

To separate domain knowledge from the operational knowledge 

To analyze domain knowledge   

Share information between people or software agents is a very common goal 

which is achieved through developing ontologies. For example there are 

different websites which contains information about medical field especially 

about ward round. If all websites share information then it is possible for the 

agent to extract and can be used in another applications for answering the user 

quires or as an input data to other applications. [5] 

Reuse of knowledge within domain or out of domain is best approach in recent 

ontology research. For example, notion of time is represented in different 

domains. There are different notions for time e.g. relative time, exact time, time 

interval and so on.  If any research group model the ontology for time then any 

one can used in same domain or in different domain to represent the notion of 

time. Except this if any body want to develop a big ontology, it can be done 

with the use of exiting ontologies with in the same domain. [9] 

 For make domain suppositions clear an implementation makes it possible that 

assumptions can easily be change according to the change in domain of 

ontology.  Because to finding assumption in hard coding is so difficult in a 

domain. Separating the domain knowledge from the operational knowledge is 

an efficient use of ontology. In which we can describe an individual 

configuration of product according to the specification. This configuration is 

independent from products and its components. Analyzing domain knowledge is 

another use of ontology, which is achievable only when specifications of the 

terms are available. When we reuse existing ontologies then this property of 

ontology is extremely valuable. [5 ] [9] 

2.3.3 Steps of ontology development 

There are most common steps which are required for develop an ontology, as 

shown below,  

2.3.3.1  Specify domain and scope of ontology 

The very basic and starting point of ontology is to define the domain and scope. 

According to [10] in scope we collect concepts of our domain and these are 

collected through different ways e.g. through brain storming or interviews.  
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Then next step after collection of concepts, we do clustering of the concepts 

and at the end we  refine the concepts by investigating what concepts are basic 

mean generic and what are specific  concepts.  There are different basic 

competency questions of the domain which have to be answered. If we make 

ontology of time aspect of healthcare, then our ontology must satisfy all 

questions of time dimension and a series of events happening in the predefined 

sequence. [5] [9]  

2.3.3.2 Reusing of Ontologies 

It is a best way to introduce new ontologies on the base of exiting ontologies in 

particular domain. Some time reusing ontologies are the requirement of a new 

ontology. Many ontologies are available in the electronic form, so we can 

import easily in a new ontology. There are different ways for reusing the 

ontologies; we can use whole ontology or only some part of ontology in a new 

ontology. For example if we make an ontology in healthcare for time aspects 

then there are some ontologies already available in electronic form which we 

can easily import in the new ontology for time. [5] [9] 

2.3.3.3 Terms uses in ontology 

We write a list of all useful terms and their definitions which are essential to 

explain ontology. These terms contain concepts and properties for the concepts. 

Initially it is important to get a comprehensive list of concepts and properties 

without worrying that these lists are right or wrong. In the next steps we make 

class hierarch of these concepts and also define the properties of these 

concepts. These two terms are closely related to each other. These steps have 

high importance in ontology design process.  [5] 

2.3.3.4  Classes and the class hierarchy 

After defining terms of domain then we define classes and its hierarchy. For 

doing this there are different ways e.g. a top down, a bottom up and 

combination. In top down development process, we start from the most general 

and goes to subsequent specialise concept. In bottom up development process, 

we start from most specific concept i.e. from the leaves and go to the most 

general concepts. Combination approach is a mix of top down and bottom up 

approach. In this approach some time we start from the most general and go 

towards specific concept and vice versa. [5] 

After defining classes and its hierarchy we must ensure that class hierarchy is 

correct. For this class hierarchy must have ―is-a‖ relation. For example consider 

a class A and B is a subclass of A. If every instance of A is an instance of B 

then relation is ok and our hierarchy is correct. [9] 
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The second property to ensure the class hierarchy is Transitive. For example 

there are three classes X, Y and Z in any domain. If Y is a subclass of X and Z 

is a subclass of B, then obviously Z is also subclass of A. Then transitive 

property exists in our class hierarchy and so our taxonomy is correct. At the last 

we evaluate our class hierarchy for maintaining consistency and it is only 

possible when our taxonomy is well formalized. [5 ] [9] 

2.3.3.5 Define the properties of classes 

The basic main of defining the classes and its hierarchy is to answer the 

competency questions of the domain. For this purpose classes does not provide 

enough information without properties. In the above step we make class 

hierarchy, so still there is one thing remaining in the terms i.e. called properties 

of these classes. [5] 

For each property we must describe what is its domain and range. Properties 

are used to create a binary relation between individuals. There are two basic 

types of the properties, object properties and data properties. For each type, we 

must set the domain and rage. For each object properties, we can set limitations 

through different characteristic e.g. Functional, Inverse Functional, Symmetric, 

Reflexive etc. These properties are known as relations in UML and other object 

oriented notions. [11] [5] 

2.3.3.6 Defining restrictions on properties  

There are different types of restrictions for the properties and all these 

restrictions are applied on classes. All individuals of these classes must satisfy 

the restriction. Basically these restrictions are the constraints on the relationship 

for the individuals which are part of properties. First type of restriction for 

properties is called quantifier restrictions. It consists of three parts; first one is 

existential quantifier (some), or the universal quantifier (only), second is a 

property through which we implement the restriction and third is filler which 

contains explanation of class. If quantifier implement the restriction on the 

relation then there is at least one kind of relation for individuals must exist 

which satisfy if exist or only restriction. [5] 

Second type of restriction for properties is has value which is explains through 

specific properties between individuals of different classes. Third and final 

restriction for properties is cardinality restriction. It is tells us how many 

relationship participate for a given property. There are three types of 

cardinality: minimum cardinality restrictions, maximum cardinality restrictions 

and cardinality restrictions. [11][5] 
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2.3.3.7   Create instances 

In this step of ontology development, we create individual instances of classes 

in the hierarchy. For these instances following requirements are needed (1) 

choose a class, (2) creating an instance of the class, and (3) fill the frame with 

proper values. Creating instance of classes is basically evaluation of our 

ontology and this is only to makes a technical judgment of the ontologies. 

[5][8] 

2.3.3.8 Evaluation 

This is the last step of ontology development, in which we evaluate our 

ontological model. For evaluating the model we mostly discuss with domain 

experts and evaluate the model and improve the model to make efficient. 

Another way for evaluation is SPARQL query. Through this we also check that 

how much our model is efficient to answering the competency question and it 

is only possible if we create instances of classes. [5] 

2.3.4 Temporal Ontology and Pattern 

For large scale knowledge system especially in web service time information is 

so common nowadays. Almost every web service contains information of time.  

For example a car reservation site must contain information of time because 

without time it is impossible that which person serve the car for which specific 

interval. Then according to this need time ontology, OWL-Time has been 

developed which satisfy time requirement of web services. Nowadays this time 

ontology is used mostly in web development for capturing the knowledge of 

events for any domain. This time ontology describes both time points and time 

intervals for any domain.  [6] 

For example in any healthcare a series of events happening in the predefined 

sequence at predefined times. These series of events may be dynamic or static. 

For the dynamic events there is a concept ‖Interval‖ in OWL-Time ontology 

which covers all actions at predefined time and for the single/exact time points 

there is a concept ‖Instant‖ which covers action for the exact points. [6][12] 

2.3.4.1 Instants 

are those activities which have no interior points. Instant are those events which 

have zero interval length, in other words it can be explained that it have same 

start and end point for any interval. There are two relations hasEnd and 

habeginning are used for creating the relations between temporal entity and 

instant. For infinite interval two words are used, a positively infinite interval 

has no end, and a negative infinite interval has no beginning. [6][7]  

2.3.4.2 Interval  

is main concept of time ontology. Interval always have two properties has 

beginning and has end. It means that any interval which is started after specific 

time goes to end. There is a before important relation for temporal entity. This 
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relation gives directionality to time. Allen and Furgerson have developed 

binary relations on intervals. The relations between intervals are defined in 

terms of before and identity on the beginning and end points. These intervals 

are proper. Basically proper interval has start point and end point and also 

these two points are different to each other. [6][7] 

There are different types of relations which are used to create a relation 

between different entities. These relations are intervalEquals, intervalBefore, 

intervalMeets, intervalOverlaps, intervalStarts, intervalDuring, and 

intervalFinishes. [6] 

2.3.4.3 Duration Description 

Duration is a main concept of time ontology and used for an interval which has 

different descriptions. In healthcare different actions are performed in different 

intervals. These intervals have different durations. Then according to [6] if we 

make property durationof  then it will contains eight arguments one for a 

temporal thing, and one each for years, months, weeks, days, hours, minutes, 

and seconds and if we make individual called duration description  then we 

have to make eight binary relations  for each arguments. This is a best than to 

define the 8-ary predicates. So for defining individuals, there must be a concept 

such as Duration Description for events. [12][6] 

2.3.4.4 DateTime Description 

According to [6] we handle the intervals with the properties for example for 

each individual of duration description we make eight relations. Then 

obviously for the date time description, we required more than eight properties. 

There is no doubt that the time is differ with respect to zone so for complete 

description of date and time we required another property timezone along with 

basic properties of interval. 

For handle the week days and for the days of year there are additional 

properties: dayofweek and dayofyear, for the description. So for week days, we 

make another concept DayOfWeek which contains the individuals ―SUN, 

MON, TUE, WED, THR, FRI, SAT‖. So datetime description is used only for 

explaining date time intervals. [12][6] 

2.3.4.5 Interval Pattern 

There are different patterns for time but Time Interval pattern is mostly used 

for Intervals. Interval always has two points starting point and end point. This 

pattern has properties hasIntervalStartDate and hasIntervalEndDate which are 

used for capturing Interval dates. It also has third property which is used only 

for that situation if user wants to mention only date. This property is used for 

that events which have only take place date. [22]  
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3 Methods 

The main purpose of this thesis is to develop an ontological model of the time 

aspects for different activities of a healthcare organization. There are different 

research methods which help to achieve the required task but constructive 

method is best for achieving the required ontological model. Along with this 

method, the other suitable method is to achieve this result is qualitative 

research approach and some low level methods. 

3.1 QUALITATIVE RESEARCH  

No doubt today society has complex problems and it is impossible to solve the 

all problem with one research approach. In some situation qualitative is best 

and in another situation may be quantitative is best. Both qualitative and 

quantitative methods have their strengths and weaknesses. Qualitative approach 

is an exploratory and less standardize as compared to quantitative approach. 

One important benefit of this approach is the deep understanding of the 

problem/object which is under observation. [19] 

Both research approaches follow the four main activities i.e. problem, research 

design, data collection and analysis but applied at different situation. If the 

problem is clearly understood then quantitative research is best because it 

follows the fix design and we can’t change the work plan during the research. If 

the domain of our problem is not so clear then we follow the qualitative 

research. Qualitative research supports the flexible design and work plan and it 

can be changed during the whole research as shown in figure-2. 

Problem

Analysis

Data collection

Research design

 

Figure 2:―Qualitative Research Approach‖ 

                     
No doubt qualitative research has roots from the social life. It totally rely on the 

why people do this and what are the reasons behind this. If the author takes an 
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example from our domain hospital that some people don’t like to take medicine 

in time according to prescription. The answer of this question is not easy and 

for this we must follow the qualitative research. The answer of this question is 

much richer because this research method views insight which is skipped by 

the other method.  

There are three main methods for collecting data in qualitative research. The 

methods for collection of data are: Direct observation, Focus groups and In-

depth interviews. Other methods for example Diary method, Role play and 

simulation and case study can also be used in qualitative research.  

3.2 CONSTRUCTIVE RESEARCH METHOD 

This is very popular and most common used method in the field of computer 

science. This method is relying on exploratory research because exploratory 

mostly uses the secondary resources for research. According to domain of this 

thesis, we mostly rely on the secondary resources for the research. Normally 

this method is used to construct new model, theory, algorithm and software. 

 

Figure 3: ―Constructive research method [20]‖ 

This method relies on solving a problem through step by step procedure. The 

major elements for this method are Problem relevant, Theoretical body of 

knowledge, Solution, Practical relevance, and Theoretical relevancy. 

Theoretical knowledge can be gets from many sources for example workshop, 

literature, articles and working experience.   

 In solution phase, we mostly used tool for problem solving. The practical 

relevance or scope model refers to knowledge which has some benefits for the 

user because it is proved through scientific way. So we can say that scope 

model is an empirical knowledge which is applicable in the domain. 

Theoretical relevance/connection shows relation between result and literature. 

It gives new idea/knowledge which is further approved scientifically. 

There are different phases in the constructive method as shown in figure-3 

which help us to solve the problem of a healthcare domain. According to 

figure-3 the main flow of this model contains the following activities. 
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 Relevant problem 

 Theoretical knowledge 

o Identify objective and task  

o Collect relevant information 

o Understand problem and task 

o Design plan 

 Construct a solution or design 

 Testing/Evaluation 

 Show theoretical connections and research contribution. 

 Examine the scope of applicability. 

The description of each step according to domain of this thesis is given below. 

3.2.1 Relevant problem 

There is need to represent time aspect in ontological models of healthcare. 

These time aspects for events may dynamic or static. The problem is how to 

represent this aspect in ontology-based models which are quite static in nature. 

3.2.2 Theoretical knowledge 

This is the main activity of the constructive model. Its main focus is to 

understand the problem that leads to design plan against the problem. Because 

if researcher has good understanding of the problem, then at the end he will 

shows good result. 

3.2.2.1 Identify objective and task  

Here we define the research objective which we achieve at the end of this 

thesis. In this research, we have to develop an ontological model of time 

aspects for the healthcare organization and this is our main objective. 

3.2.2.2  Collect relevant information 

For collecting relevant information there are different ways, for example it can 

be collected through interview, workshop, group discussion and literature 

review. On the base of this information we make a plan of design which is 

implemented through tool. 

3.2.2.3  Understand problem and task 

Through literature review, workshop, discussion with domain expert and 

interview. We able to identify what is actual problem of the domain and what 

we have to do to achieve the task. 

3.2.2.4  Design plan 

When we able to achieve a good command on the relevant information and 

understanding of the problem then we make plan for the solution against the 

problem. 
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3.2.3 Construct a solution or design 

This is the main and crucial step of the method in which we construct a solution 

against the problem. Here we make basic model of the time aspect for 

healthcare organization. The main idea of these concepts for this model is got 

through theoretical knowledge. 

3.2.4 Testing/Evaluation 

In this step we evaluate the solution with the discussion of expert of the 

domain. If there are mistakes in the ontological model, then we improve the 

model until we are able to achieve the good results against problem.  

3.2.5 Show theoretical connections and research contribution 

After refining the model, then we show the relation between result and 

literature. It also introduces new idea/knowledge which is further approved 

scientifically. 

3.2.6 Examine the scope of applicability 

The scope model refers to knowledge which has some benefits for the user. For 

example if we make time aspect model then we show how much this model is 

applicable in the domain of healthcare because it is proved through scientific 

way. 

3.3 BASIC RESEARCH MODELS 

Every model in research field has own importance. We can’t say that this 

model is best. There are two basic research models which author used along 

with constructive model for research purpose. 

3.3.1 Workshop 

At the start of the thesis, our supervisor conduct a workshop with domain 

experts, the main aim of this workshop is to understand the problem and 

specifying the scope for this thesis. Before this workshop the author does not 

know the working of hospital. 

According to task of this thesis, there is need of an ontological model for the 

time aspects for healthcare organization. Due to this workshop the author able 

to understand what the time aspects in the healthcare organization are and what 

is daily working of the hospital. In this workshop domain expert explain that 

how the day started and what are the main activities and sequence of these 

activities.  
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If we have a clear understanding of activities and respective time interval for all 

activities which may happen in predefined interval in healthcare organization 

then it will be helpful to produce a better model for the medical ward.  Over all 

it is really helpful for producing good result at the end because if you have a 

good grip at the problem then obviously result of problem is good.  

3.3.2 Interview 

Every model in research field have own importance, we can’t say that this 

method is best because in some situation one research method help the 

researchers and in other situation other method is best.  No doubt we mostly get 

information from the literature review but only literature review in some 

situation is not enough. So for gaining correct information, the author conduct 

interview and arranged discussion. 

In this research author mostly rely on the literature review.  But also conduct 

interviews with people who are working in the hospital. They give lot of 

information about daily work flow in the ward and also in emergency ward. 

This information really helps, the author for making successful ontological 

model of time aspects for different activities in the hospital.  

For a successful research in a real word domain, interviews and discussion with 

domain experts have high importance. If anybody has a clear and good 

understanding of the domain then he will produce good result. No doubt 

through interview and workshop, the author gain lot of information about 

activities which perform at predefined interval and may be happen any time of 

day/night. 

3.4 ANALYSIS FOR DEVELOPMENT METHOD 

Before interview, brainstorming and workshop the author is not much clear 

about the activities of wards of a Ryhov Hospital. But after interview, 

workshop and brainstorming the author has understanding about activities and 

now he can decides about ontology development method and essential steps for 

it which are explained in section 3.5.  

3.5 ONTOLOGY DEVELOPMENT METHOD  

There are different methodologies for ontology development. But for 

developing the ontology of a healthcare organization for time aspects for 

different activities, we follow some important steps of ontology development.  

Here are some steps which author follows for developing the ontology. These 

steps are 



Methods  

21 

3.5.1 Specify domain and scope of ontology 

This is very basic point for the ontology development in which we define the 

scope of our ontology. For specify domain and scope of our ontology, we used 

different ways to collect information e.g., interview, workshop and 

brainstorming.  

3.5.2 Reusing of Ontologies 

Here we used different existing ontologies to produce new ontology. For 

healthcare domain there are different ontologies are already exists.  Our basic 

aim is that we want to develop ontological model for time aspects for different 

activities.  For achieving this goal, we use some exiting ontologies of the same 

domain and also in different domain. 

3.5.3 Terms uses in Ontology 

On the base of brainstorming, interview and workshop we able to make list of 

useful terms and their definitions which are must for the explanation of the 

ontology. These terms may be properties, individuals, concepts of a healthcare 

organization according to our specific problem. This list of terms further helps 

to make class hierarchy of our domain. 

3.5.4 Classes and the class hierarchy 

This is the next step in which we defining the classes and its hierarchy. To 

make class hierarchy there are different ways e.g., top down, bottom up and 

combination.  Healthcare organization is totally new field for author, so he 

decides to use the top down approach for this thesis.  Some time author will use 

the combination approach.  

3.5.5   Define the properties of classes 

In list of term, we define two things one is classes and other is properties. 

These two things are closely related to each other.  Basic aim of our ontology is 

provide the information that what activities take place at which time. To 

achieve this, properties are the basic instinct. No doubt, some properties are the 

object properties and some of them are data type properties. 
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3.5.6 Defining restrictions on properties 

We apply different types of restriction on properties. Basically these 

restrictions are for the classes which are applied through the properties. Then 

according to this thesis, the author would apply different types of restrictions 

on properties e.g. cardinality restriction, has value and existential quantifier.    

3.5.7  Create instances 

This is very important step for ontology development in which we create 

instances of classes for evaluation of an ontology. When we able to make an 

overall structure of an ontology of time aspects for  activities of healthcare 

organization then after this we take an scenario of the domain and we shall 

create instances of classes and we check that who much our ontology is 

efficient according to scenario. 

3.5.8 Evaluation 

In this step we evaluate the solution of the problem with the help of expert’s 

discussion of healthcare domain and this evaluation is according to competency 

question. After developing ontology for the healthcare organization, the author 

will create instances of the classes for evaluating ontology according to 

problem. After this we also evaluate the ontological model through SPARQL 

query.  
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4 Results 

After literature review, workshop, interview and analysis, the author has 

enough information to make a basic model against thesis problem for a 

healthcare domain. First of all, the author likes to explain activities of the ward 

with respect to Time Points. These activities are about the daily routine of a 

healthcare organization. Section 4.2 contains different activity flow diagrams 

with time aspects and these activities about daily routine of the hospital.  & 

After this, section 4.4 explains basic steps of ontology development of 

healthcare organization and section 4.5 is about implementation and realization 

of model in this section several properties of the model are also discussed.  

4.1 Analysis of Modeling Workshop and Interview  

Basic aim of modeling workshop and interview are to clear understanding 

about the activities of a healthcare organization. According to the task of this 

thesis, the author is going to develop an ontological model for the time aspects, 

for healthcare organization. So on the base of this analysis, the author analyze 

that there are four types of activities with respect time aspects at Ryhov 

Hospital. First of all, the author makes different four categories of activities 

with respect to time and further explains why this activity belongs to this 

category of time. 

 Exact Time Point Activities 

 Whole Time Interval Activities 

 Fussy Time Point Activities 

 Instant Activities 

4.1.1 Exact Time Point Activities 

These are those activities which take place with in very short time and we can 

say that the length of the interval for these activities is almost zero. For 

example 

 If doctor fixed the time of medication for a specific patient then that 

time is a fixed or exact time. For example there is a patient who needs 

medication after each hour then specific time of each hour for the 

medication is an exact time. 

 The nurse checks the temperature of a patient at 7:30 O` clock then that 

time is called exact time. 
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  Temporary medication time at hospital is exact time points and length 

of interval for these activities is very short. 

 Assistant nurse changes bed sheet at 8:00 O` clock at every morning 

then that time is also an exact time. 

 Doctor order for X-ray to a specific patient then time for X-ray is also 

exact time. 

 Doctor order the nurse to takes blood sample for diseases diagnose 

purpose then order time is an exact time and after this nurse takes blood 

sample and send it to medical lab. It is also an exact time.   

 Patient demand for a specific diet, then that time is also an exact time. 

 Day shift temporary medication time at 12:00 O´ clock is an exact time. 

 Evening shift 1
st
 temporary medication time at 16:00 O` clock is an 

exact time. 

 Evening shift 2
nd

 temporary medication time at 18:00 O` clock is an 

exact time. 

  Night shift temporary medication time at 22:00 O` clock is an exact 

time. 

4.1.2 Whole Time Interval Activities 

No doubt interval is a main concept of our domain. The interval always 

contains two properties has beginning and has end. So we can say that every 

activity of interval always contains specific start time and end time. For 

example 

 Day shift is started at 6:45 O` clock and ended at 14:30 O` clock. 

 Evening shift is started at 14:00 O` clock and ended at 21:30 O` clock. 

 Night shift is started at 21:00 O` clock and ended at 7:00 O` clock. 

4.1.3 Fussy Time Point Activities 

Basically these activities are the part of an interval. We can say that this 

activity is always takes place with in this interval. For these we know the 

interval but we don’t know what the exact time points for activities are. For 

example 
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 Early morning short discussion takes place at any time between 6:45 O` 

clocks to 7:00 O` clock. 

 Evening short discussion takes place at any time between 14:00 O` 

clocks to 14:30 O` clock. 

 Night short discussion takes place at any time between 21:00 O` clocks 

to 21:30 O` clock. 

 Before ward round short discussion takes place at any time between 9:00 

O` clocks to 9:30 O` clock. 

 After ward round short discussion takes place at any time between 11:30 

O` clocks to 12:00 O` clock. 

 Second medication time is 14:00 O` clock to 15:00 O` clock. May be 

nurse gives medicine to patient ―Y‖ at 14:40 O` clock. 

 So evening medication time interval is also a part of fussy time points. 

 Causal ward round takes place at any time between 15:00 O` clocks to 

16:00 O` clock. 

 Saturday and Sunday ward round takes place at any times in day shift. 

 Nurse takes blood sample, if needed at any time between 7:00 O` clock 

to 9:00 O` clock. 

 X-ray activities take place between 8:00 O` clocks to 12:00 O` clock on 

Monday to Friday. 

 Under nurse gives breakfast to patients between 7:30 O` clock to 9:00 

O` clock. 

 Under nurse gives lunch to patients between 11:45 O` clock to 12:15 O` 

clock. 

 Under nurse gives dinner to patients between 16:45 O` clock to 17:15 O` 

clock. 

 Afternoon coffee/tea time for the interval is 14:00 O´ clock to 14:30 O` 

clock. 

 Evening coffee/tea time for the interval is 19:00 O` clock to 20:00 O` 

clock. 

 At early morning nurse gives medication to patient between 7:30 O` 

clock to 9:00 O` clock. 
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 Formal ward round take place between 9:15 O` clocks to 12:00 O` 

clock. 

4.1.4 Instant Activities 

These are those activities which happen immediately at general ward or at 

emergency ward. These activities have only starting point or ending point. For 

these activities length of interval is zero. For example 

 Patient comes in an emergency ward at any time of day/night. 

 Physician can checks him/her at any time of day/night. 

 Post round takes place at any time in an emergency ward. 

 Basic medical test takes place at any time in emergency ward. 

  X-ray doctor can take X- ray at any time of day/night in emergency 

ward. 

 Nurse can gives medicine to patient at any in emergency ward. 

 In general ward doctor can round the ward at any time in emergency 

situation. 

 Nurse and assistant nurse can visit the ward at any in an emergency 

situation. 

 Nurse can give the medicine to patient at any time in an emergency 

situation. 

 Nurse can takes blood sample at any time in an emergency situation. 

 Discussion between doctor and nurse takes place at any time in an 

emergency situation. 

 Ward round activity can be happen at any time in an emergency 

situation. 

 Head nurse can check the EBBA database at nay time. 

 Head nurse can barrow the bed at any time from the other wards if 

possible. 

 Patient can takes coffee/tea at any time 

 Medical staff can takes coffee at any time. 
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4.2 ACTIVITIES OF A WARD 

The result of this thesis is an ontological model for the time aspects for 

different activities of a healthcare organization. First of all, the author defines 

the activities of a ward which are the series of actions happens in a healthcare 

organization. The time aspects for these activities are may be static or dynamic 

because some activities are happen in a predefined interval and some have a 

dynamic nature. No doubt activities flow diagram tells about the time and 

sequence of activities which happen at predefined interval or at exact time 

points. 

4.2.1 Patient admitted activities  

In normal routine of the hospital, patient first takes appointment from the 

physician for treatment purpose. Then patient reaches at hospital for a specific 

time and waits in the waiting room.  The physician calls the patient in a 

consultation room for check up. Then physician checks the patient and gives 

medical prescription to him/her as shown in figure-4.  

Patient takes appointment form 

Physician for a specific time 

Patient come in hospital and wait 

for calling in a waiting room

Physician call the patient in consultation 

room at specific time for check up

Physician check the history of illness and 

current treatment plan from the database

Physician see patient and put new 

diagnoses information into database 

If patient is in 

serious condition

Physician place an order for 

the examination if required

Patient move to 

examination room

Result of examination display with in 

day or next depends on situation

Physician write the prescription 

according to examination and record is 

updated in the database

Consult the next visit date if 

required

Patient admitted In Emergency  ward  

at any time for basic observation

Post round  takes place in emergency ward with 

physician, nurse, and assistant nurse at any time

Basic examinations  take place 

at any time

For an emergency result of examinations and X-ray are 

uploaded in LABROSE database with in half an hour

Physician write prescription according to 

examination results at any time

In emergency case Patient 

checked by physician at any time 

Admitted Decision 

according to prescription

Patient admitted in general 

ward

Yes

no

yes

 

Figure 4: ―Patient Admitted Activities‖ 
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According to figure-4, in an emergency case the physician directly checks the 

patient. If patient is in serious condition then he/she directly admitted in an 

emergency ward. Before shifting to medical ward, a post ward round is takes 

place. In this post ward round doctor decided important management medical 

conditions. Different skill person take different examinations and X-rays. The 

reports of examinations are updated against the record of a patient in the 

LABROS database.  

If patient is in normal condition then physician writes the prescription and 

decide the proper time for next check up. If doctor recommends some 

examination then nurse takes the blood of his/her. In emergency case results of 

examination are updated within half an hour. In normal routine result of the 

examination are updated on next day. 

After this, patient moved to related medical ward. Before moving to specific 

ward, Head nurse checks the availability of beds from the database system 

EBBA. If bed is available then ok otherwise she borrows the bed from other 

medical ward and basic treatment is started according to post ward prescription. 

If we explain whole day of the ward then we can easily describe what activities 

are take place in a ward. 

4.2.2 Day shift 

According to figure-5 day shift is started at 6:45 O` clock and ended at 15:45 

O’clock. So we can say that day duty nurse start her work at 6:45 O` clock. 

First of all, the day shift nurse read the profile of those patients which are under 

her supervision. There is rule that each nurse has maximum eight patients under 

her supervision. There is also some discussion between 6:45 O` clock and 7:00 

O` clock on patients and this take place between day duty nurse and night duty 

nurse. The content of this discussion is recent condition of patients and this 

take place in discussion room of the hospital.  

After this, at 7:15 O` clock of every morning nurse and assistant nurse round 

the ward and gives medical treatment to patients according to medical 

prescription. At this time assistant nurse get busy in conversation with patient 

and nurse give medication treatment according to prescription of physician. In 

round only nurse give medicine to patient because she is responsible for each 

action in the ward during his duty. During early morning round nurse takes 

different blood sample for test and refer to other department for examination 

purpose as shown in figure-5. 

 Normally sample of blood are taking between 7:00 O` clock to 9:00 O` clock.  

Result of these blood tests immediately updated against patient profile. But the 

reports of these are updated in LABROS database only by physicians. Nurse 

and other staff can’t update the reports of these tests as shown in figure-5. 
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 After this there is small discussion between nurse and ward doctor. In this 

discussion some important decision are taken about patients which have high 

importance for the days Tuesday and Thursdays, because in these days 

specialist doctor does not round the ward. After the discussion the record is 

updated in COSMIC database. There is restriction that nurse have to complete 

his early morning visit before 9:00 O` clock. 

Head nurse assign the bed 

in Medical ward at any time

Routine Ward treatment  is started 

Borrow the bed from the 

other Ward at any time

At Early morning a Short meeting between 

night shift nurse and morning shift take place 

for interval 6:45 to 7:00 O`clock

Assistant nurse & nurse round for 

interval 7:15 to 9:00 O` clock & give 

treatment to patients

Nurse take different blood sample & 

send to other department for 

examinations at any time of interval 

7:00 to 9:00 O` clock

Before ward round nurse and 

Assistant nurse collect all treatment 

plan and examination info from the 

database

Special team with Specialist doctor, trainee doctor,  

nurse, two assistant nurse round the ward at 9:15 

O` clock to 12:00 O` clock (may be in one team or 

parallel team depends upon the number of 

patients )

Doctor with  nurse and 

assistant nurse round the 

ward at 9:15 O clock` to 

12:00 O`clock 

After ward round a discussion take place for 

an interval 11:30 to 12:00  O` clock about 

patient treatment and also about discharge

yes

If (day=Mon,Wed,Friday)

Yes

ter this  record is updated in the COSMIC database

Every related person is responsible for 

updating the results of all examinations 

and X-ray reports in the LAB ROS 

database

COSMIC DATABASE (it integrate 

all database of hospital) have 

treatment plan, observation info, 

and diagnose info of patient 

EBBA database

contains information of Beds

Of all wards in a hospital

 

Result of 

Examination & X-ray 

updated in the LAB 

ROS database

Patient is in condition of admitted

Head nurse cheek the availability 

of bed from the database EBBA 

If bed are not 

available

Nurse/doctor update treatment plan in the 

data base at end of discussion

Evening shift is started at 14:00 O` 

clock

Give explanation to patient of 

admission Confirm about fee

Nurse start treatment of patient 

immediately according to prescription

Place additional examination of 

patient if required at any time

 

Figure 5: ―Day Shift & Ward Round Activities‖ 
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Ward round 

According to figure-5 a special ward round is started at 9:15 O` clock which 

carry on at 12:00 O` clock. Whole treatment plan about patient evolve at this 

round because all important decision about patients taken during round of 

ward. These decisions are about future treatment plan and also about discharge 

of patients. 

 Ward round take place in a team, in which different actor’s exit e.g., Specialist 

doctors, doctors, internee doctors, nurse, and assistant nurse. In different days 

different teams round the ward. Monday, Wednesday and Friday a special team 

with specialist doctor round the ward. This team spends 10 to 15 minutes on 

each bed and examines the patient with different point of view e.g., with 

database history of patient and discussion with team member and also with 

patient as shown in figure-5.    

If no of patients are more than 8 than this round take place in two parallel 

teams, so each team can easily give the proper time to patient for examining the 

recent condition of him/her. Almost this activity completed at 12:00 O` clock. 

After this, at 12:00 O` clock there is a temporary medication time. In this time 

nurse only give pain killer to patients. After this they go to discussion room and 

discuss briefly about each patient and take important decision about patients. 

This discussion is about further treatment of each patient. All new instruction 

about each patient is updated in the database of hospital. At this, they also 

decide about patients who are in the condition of discharge. 

In normal days except Monday, Wednesday and Friday a normal team with 

trainee doctor, doctor, nurse and assistant nurse visit the ward in the same way 

and at the same time. If there are too many patients in the ward then two or 

more teams of doctors visit the ward in the same manner. After ward round, 

doctors are busy in other activities e.g. in patient checking according to 

appointment and also in emergency ward with newly admitted patients. Other 

staffs of the hospital is also busy in given basic treatment to patients according 

to basic requirement of patient and other different type of examination or X-ray 

service.  

4.2.3 Evening shift 

Evening shift is started at 14:00 O` clock and ended at 21:30 O` clock. First of 

all, evening duty nurse see the profile of eight patients then she discusses the 

patients for a short time with day duty nurse. This discussion takes place 

between 14:00 O` clock and 14:30 O` clock.  After discussion the 2nd 

medication time is started and it has the interval 14:10 O` clock to 15:00 O` 

clock as shown in figure-6. 
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Same procedure is followed by the staff i.e. nurse give all treatment to patient 

and assistant nurse support her during treatment. This treatment is according to 

prescription of the doctor. Before day ending, doctor round the ward in 

between 15:00 O` clock to 16:00 O` clock. At this round doctors only check the 

result of the examination. Then according to results of the examinations doctor 

suggest the prescription. This is not a big round it takes place only for a short 

time, so we can say that it is temporary ward round. 

At 16:00 O` clock nurse visit the ward and give very basic treatment to patient 

just as pain killer and temperature checking. This activity takes place with in a 

few time and we can say that this visit is an afternoon temporary visit for the 

nurse. At 18:00 O` clock of the evening nurse again visit the ward and just 

checks the temperature of patients as shown in figure-6.  

One thing which is important for any ward that there is minimum one doctor 

according to relative ward which is always present in a hospital. In any 

emergency, nurse can call him/her. The next medication time is 19:00 to 20:30 

O` clock.  At this time same procedure is followed by the staff. 

Nurse & assistant nurse round the ward for the interval 

14:10 to 15:00 O` clock & give treatment to patients

Before day end. specialist doctor round for short time  

between 15:00 to 16:00 O` clock 

A Short meeting between night shift nurse and 

evening duty take place for the interval 21:00 to 

21:30 O` clock

Evening shift is started for the interval 

14:00 to 21:30 O` clock

There is short discussion between day shift and Evening 

shift nurse  for the interval 14:00 to 14:30 O` clock

Night  shift is started for the interval 21:00 to 

07:00 O` clock

Assistant nurse & nurse round the ward for the interval 

19:00 to 20:30 O` clock & give treatment to patients

Night activities take place 

After day shift evening shift is started

Night shift rotate with day shift 

Afternoon temporary visit of ward by nurse at 16:00 

O` clock

Evening temporary visit of ward by nurse at 18:00 

O` clock   

Night temporary visit of ward by nurse at 22:00 O` 

clock

 

Figure 6: ―Evening & Night Shift Activities‖ 
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According to figure-6, Night shift is started at 21:00 O` clock and it ended at 

7:00 O` clock of morning. Same rules are applied for this shift that in an 

emergency case, doctor can take decision about patient. During night shift, 

there is one doctor, one nurse and two assistant nurses always on duty in any 

ward. In dynamic situation any one i.e. doctor, nurse, assistant nurse, or team 

can visit the ward. At 22:00 O` clock, nurse visit the ward and give basic 

treatment to patients. This activity takes place with in few minutes. For night 

shift, doctor mostly suggests the medications for the patients which take long 

time e.g. drip etc. 

4.2.4 Examination activities 

Doctor can suggest examination for the patient at any time. Then according to 

suggestion nurse take blood of a patient. If the patient is admitted in a ward 

then nurse take blood sample between 7:00 O` clock to 9:00 O` clock. This is 

not a hard and fast rule; she can take blood at any time in emergency. For 

outdoor patients, nurse can take blood sample at any time and send to lab for 

examination.  

Doctor suggest examination for 

the patient at any time

Nurse take blood sample of outdoor patient at any 

time and sends to lab for the diagonses  

Nurse take blood sample of ward patient mostly 7:00 

to 9:00 O` clock & sends to lab for the diagonses

Lab expert check the status of apparatus 

for the examination 

If 

emergency

Do examination immediately and 

result is updated in LABROS  

database with in half an hour

Do examination in a routine & result 

is updated in LABROS database 

next day 

Physician check the result of 

examination at any time

yes

For confirmation of results physician 

meet the patient at any time  

Physician update explanation of 

examination tests in COSMIC database 

at any time

Physician update treatment plan at 

any time

 

Figure 7: ―Examination Activities‖ 
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Then according to figure-7, in an emergency case lab expert updates the result 

with in half hour and in normal routine, he/she updates the result next day. 

After updating the result from the lab experts, physician meets the patient for 

confirming the result. Then after meeting physician updates the explanation of 

results on COSMIC database.  Physician also updates the treatment plan. 

4.2.5 Refreshment activities 

There are different refreshment activities at different time intervals for the staff 

and for patients in a Ryhov hospital. Some activities are happen in a predefine 

interval of time and some happen at any time in a hospital. At every early 

morning ward staff give breakfast to patient between 7:30 clock to 9:00 O` 

clock. After this assistant nurse give coffee/tea to patients and this activity 

takes place between 9:00 clock to 9:15 O` clock.  

Then between 9:30 to 10:00 O` clock assistant nurse gives milkshake to 

patients if any patient wants. Then after this a lunch time is started and assistant 

nurse gives lunch to patients between 11:45 O´ clock to 12:15 O` clock. After 

this coffee time is 14:00 to 14:30 O` clock. Then at evening assistant nurse give 

dinner to patient between 16:14 to 17:15 O` clocks as shown in figure-8.  

Break time for nurse and under nurse

Start time 12:00 & End time 12:40 AM

Coffee/Tea time interval at afternoon for patient

Start time 14:00 & End time 14:30 O` clock

Short break/Tea/Coffee time interval for Staff

Start time 21:00 & End time 21;15 O` clock

Milkshake time interval for patient

Start time 9.30 & End time 10:00 AM  

Lunch time interval for the patient

Start time 11:45 & End time 12:15 AM

Evening coffee time interval for patient

Start time 19:00 & End time 20:00 O` clock

Dinner time interval for the patient

Start time 16:45 & End time 17:15 O` clock

Patient can take coffee at any time

Breakfast fussy time points interval for patient

Start time 7:30 and End time 9:00 AM

Staff can take coffee at any time

Short Break/Tea/Coffee time interval for Nurse & 

Under nurse start time 9:00 to End time 9:15 AM

 

Figure 8: ―Refreshment Activities‖ 



Results 

34 

According to figure-8, there are different coffee times for the patient and for 

the staff. Normally staff take break for the in queue i.e. at specific time some 

person take break and at another time some other staff take break for the coffee 

but most probably time for early morning break is 9:00 O´ clock to 9:20 O` 

clock and for the evening is 21:00 O` clock to 21:15 O` clock. For patients 

evening coffee time is started at 19.00 O` clock to 20.00 O´ clock. There is no 

restriction for patients and staff, they can take coffee at any time if need.  

4.3 Analysis of the time ontology and time pattern 

Basic aim of this thesis is to handle the activities with respect to time for a 

healthcare organization. According to Time Ontology there are two main 

categories of activities i.e., Intervals and Instant. Interval contains all those 

activities which happen in a predefined time and Instant contains those 

activities which happen at any time of day/night.  

Time ontology provides guide line to handle time aspects for ontological 

model, for healthcare organization. It guides us how we handle the activities in 

ontological model and what are the main properties for the temporal entities. 

All these are discussed detail wise in section 2.3.3.  

No doubt time ontology guides us, for developing any website whose content 

contains information with respect to time. It provides complete information 

how we can make relation between temporal activities of healthcare with the 

duration and datetime concepts. Basically duration and datetime concepts help 

for capturing information for the activities which happen in a predefined 

interval of time or may be dynamic. 

Time ontology and patterns for the time interval tell about important properties 

of time which is really helpful in healthcare organization.  Time ontology also 

explains the Time zone ontology because there is lot of difference of time 

between different zones. But according to domain of the thesis, there is no need 

to handle the situation for different time zones.  

Ontology design pattern organization contains different patterns for time, 

which are really helpful for the author to create understanding who the time 

aspects can be handled in a healthcare organization. The time interval and time 

index person role pattern are most important for me but the author totally rely 

on Time Ontology for developing ontological model. 

According to requirement of the thesis, the author wants to develop an 

ontological model for the time aspects for a healthcare organization. So we 

totally depend on the time ontology to handle the time aspects for activities. 

Section 2.3.3 provides an absolute detail how we can handle the time aspects 

for the healthcare activities. 
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4.4 ONTOLOGY  DEVELOPMENT FOR HEALTHCARE  

4.4.1 Specification 

4.4.1.1  Domain and scope of ontology modeling  

The domain of the ontology is ward activities for a healthcare organization. 

This ontology will cover all activities of ward which may happen at predefined 

time or happen at any time of day/night. It will provide information that what 

activity takes place at which time interval at general ward/emergency ward. 

This ontological model provides information of all events with respect to time 

for a Ryhov hospital and it will be helpful for any healthcare organization. 

4.4.1.2 Purpose  

Is to develop an ontological model for time aspects for different activities of 

ward which provides information that what activity takes place at which time at 

Ryhov Hospital. This model also provides information for the activities of 

emergency ward. 

4.4.1.3  Users 

Doctor/ Specialist doctor 

Nurse/ Assistant Nurse 

Examination Staff 

4.4.1.4  Competency Questions 

i. What is time for early morning medication? 

ii. What time early morning discussion takes place? 

iii. What is time for afternoon medication? 

iv. What is time for evening medication? 

v. What is the time for ward round? 

vi. What days special ward round take place? 

vii. When patient admitted in the hospital? 

viii. What is time interval for day shift? 

ix. What is time interval for evening shift? 
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x. What is time interval for the night shift? 

xi. What is time for special ward round? 

xii. Which persons involves in the special ward round? 

xiii. Which persons involve in ward round? 

xiv. What is breakfast time in ward? 

xv. What is lunch time in ward? 

xvi. What is dinner time in ward? 

xvii. What is time for casual ward round? 

xviii. At what time blood sample taken for examination? 

xix. At what time post round take place in emergency ward for a specific 

patient? 

xx. At what time doctor visit the ward in emergency? 

xxi. At what time specialist doctor visit the ward in emergency? 

xxii. What is time for ward round at Saturday? 

xxiii. What is time for ward round at Sunday? 

xxiv. What is resources doctor use for getting information about patient? 

4.4.2 Ontology reuse 

Ontology reusing is an important feature for developing new ontology. This is 

an easy and time saving approach. For reusing ontology, there is not a single 

way, we can use domain knowledge, taxonomy, are some part of taxonomy or 

whole ontology which would be a part of ontology which we are going to 

develop. 

The domain of this is a healthcare organization. There are already Ontologies 

exist on the healthcare domain. So these Ontologies are really helpful for 

developing the new ontological model for the time aspects of different 

activities in the ward. Especially the ontological model [20] of competencies 

for a healthcare is really helpful for this thesis. The author would like to use the 

Role and Competence concepts in this thesis form the competency model of a 

healthcare.  
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In this thesis, the author wants to handle the time aspects for a healthcare 

activities which may be happen in predefine interval or happen at any time in 

general ward or in an emergency ward. The OWL-Time ontology which I 

explained in section 2.3.3 is really helpful to handle the time aspects of a 

healthcare organization. In OWL-Time ontology there different concepts are 

discussed detail wise but the author used only two concepts in this thesis; first 

one is the Interval and second is Instant. These two concepts of Time ontology 

are closely related to healthcare activities. Some activities of the ward always 

have starting point and end point and these always take place with in specifies 

interval and some take place instantly in a hospital. 

No doubt the ontology for Competencies in healthcare area is relevant to this 

thesis. This competence model also contains different roles for the persons, 

which are really helpful for this thesis in solving problem of a healthcare area 

because the author wants to develop an ontological model for the time aspects 

for different activities of a general ward or emergency ward. To perform 

activities of a healthcare organization, persons required competencies. So the 

author decides to reuse some component form ontological model [20] for the 

competencies of a healthcare organization. 

4.4.3 List of Terms of Time Apect Model 

 

Name  Synonyms  Description Type  

Hospital Ward ________ Main concept of a healthcare organization, 

where different staff perform role in 

different intervals of time.  

Concept  

General Ward _______ It is main concept which contain different 

ward of organization e.g. cardiology ward 

and surgery ward. 

Concept 

Temporal Activity Ward 

activity 

It is a main concept which contains all 

activities which are strongly related to time 

aspects. 

Concept 

Discussion Activity  _________ Is a main concept which contains different 

discussion which takes place at different 

time of day/night. 

Concept 

General  Ward 

Activity 

______ It is main concept which contains different 

activities, which take place at any time of 

day and night. 

Concept 

Head Nurse Activity _______ This concept contains different activities of 

head nurse which take place at any time of 

day or night. 

Concept 

Patient Check Up In 

Emergency Case 

Activity 

______ It contains different activities of Physician 

during check up of patient. 

 

Concept 

Doctor Activity in ______ It contains activities of Doctor at emergency Concept 
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Emergency Ward Ward e.g. Profile check up, Post Ward 

round etc and these activities take place at 

any time of day or night.  

General Ward Activity ________ It contains activities of doctor and nurse and 

these activities take place at any time of day 

or night. 

Concept 

Duty Shift  Activity _________ It is main activity which contains different 

instances e.g. day shift, evening shift, and 

night shift In which different actors perform 

roles. 

Concept 

Patient Medication  

Activity 

-------------- Main concept which have different instance 

of medication activities in a whole day. 
Concept 

Ward Round Activity Ward 

round 

This is main activity in which doctor and 

patient meet face to face. 
Concept 

Special Ward Round 

Activity 

_________ In this activity specialist doctor are involved 

and meet with patient face to face. 
Concept 

Week End Ward 

Round Activity 

_________ This activity takes place at Saturday and 

Sunday and in this activity doctor round the 

ward at any time of day. 

Concept 

General Ward Round 

Activity 

_________ In this activity doctor round the ward and 

meet with patient face to face. 
Concept 

Emergency Ward 

Round Activity 

_________ This round takes place at any time in a 

critical situation in emergency ward. 
Concept 

Temporary 

Medication Activity 

________ It is main activity in which nurse give some 

basic medicine to patient e.g. painkiller 

tablets. 

Concept 

Coffee/Tea Activity _________ It is main concept which contains different 

activities of coffee during whole day and 

night. 

Concept 

Heavy Diet Activity _______ It contains different activities like dinner, 

lunch, breakfast etc.  
Concept 

Patient Refreshment 

Activity 

________ This activity about patient refreshment in a 

ward. 
Concept 

Temporal Info  This is main concept for the time interval 

which contains information about activity. 
Concept 

Instant Activity Info ________ It contains information of all instant 

activities. 
Concept 

Exact Time Point 

Activity Info 

 It contains information of all activities 

which take place at exact time. 
Concept 

Fussy point Activity 

Info 

_______ It contains information of all those activities 

which take place at any time between any 

interval. 

Concept 

Proper Interval 

Activity Info 

_______ It contains information of all those activities 

which have specific starting point and end 

point. 

Concept 
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Organization _________ It is a main concept e.g. Ryhov is an 

organization. 
Concept 

County Council _______ It is an organization which manages the 

resources of an organization. 
Concept 

Role _______ It is main concept which helps us to assign 

role to different persons. 
Concept 

Nurse Role ________ It is role of a person who is educated and 

trained to care for the sick or disabled. 
Concept 

Assistant Nurse Role _________ It is a role of a person who helps the nurse 

during medication time.  
Concept 

Doctor Role ________ It is a main role of a person who decides the 

treatment plan about patient. 
Concept 

Resource ________ It is main concept which contains different 

resources these resources are really helpful 

for the treatment purpose. 

Concept 

Information System ________ It is main resource which helps during 

treatment of a patient e.g. COSMIC system, 

EBBA system etc. 

Concept 

Digital Library _______ It contains the information about the 

diseases and other information related to 

healthcare. 

Concept 

Medical Staff        

Rule 

________ It is main concept which has some rules 

about duty.   
Concept 

Organization Rule ________ It contains instance about organization rule. 
Concept 

belongs To (Person, 

Organization ) 

_________ A person belongs to organization. 
Relation 

has Competence 

(Person, Competence ) 

_______ A person has competence e.g. skill 

competence, specialist doctor. 
Relation 

has Role ( Person, 

Role) 

_______ A person has role e.g. cardiologist, 

radiologist, dermatologist. 
Relation 

follow Rule (Person, 

Rule) 

________ A person follow rule e.g. medical staff, 

organization. 
Relation 

uses Resource 

(Person, Resources) 

________ Person always uses resources e.g. 

information system, digital library. 
Relation 

perform Role During  

(Person, Ward 

Activity) 

________ Person perform role during ward activities. 
Relation 

Works at (Person, 

Department) 

________ Person works at department e.g. cardiology 

department, dermatology department. 
Relation 

has Info (Temporal 

Activity, Temporal 

Info ) 

________ Temporal info has information about 

temporal activities. 
Relation  

has Specific Start 

Time (Proper Interval 

Activity Info, Time) 

_______ It contains information about starting time 

of activity for . 
Relation 
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has Specific End Time 

(Proper Interval 

Activity Info, Time) 

______ It contains information about end time of 

activity 
Relation  

Has Exact Time 

(Exact TimePoint 

Activity Info, Time ) 

_______ It contains information of exact time point 

activities. 
Relation 

Earl Morning 

Discussion Activity 

Early 

Morning 

discussion 

A discussion which takes place for a short 

time between day shift and night shift nurse. 
Instance 

Evening Shift 

Discussion Activity 

________ A discussion which take place for a short 

time between day shift and evening shift 

nurse. 

Instance 

Night Shift Discussion 

Activity 

________ A discussion which take place for a short 

time between night shift and evening shift 

nurse. 

Instance 

Pre Ward Round 

Discussion Activity 

_________ A discussion which take place for a short 

time between doctor and nurse before start 

of ward round in a discussion room. 

Instance 

Post Ward Round 

Discussion Activity 

_________ A discussion which take place for a short 

time between doctor and nurse after ward 

round in a discussion room. 

Instance 

Evening Shift Activity ________ It is main activity in which different actors 

perform role and this activity start and end 

at specific time of evening.  

Instance 

Day Shift  Activity _________ It is main activity in which different actors 

perform role and this activity start and end 

at specific time of day. 

Instance 

Night Shift Activity _________ It is main activity in which different actors 

perform role and this activity start and end 

at specific time of Night. 

Instance 

Early Morning 

Medication Activity 

_________ This activity takes place at early morning in 

which nurse give the medicine to patient. 
Instance 

Afternoon  Medication 

Activity 

_______ This activity takes place at afternoon in 

which nurse give the medicine to patient. 
Instance 

Evening Medication 

Activity 

_________ This activity takes place at evening in which 

nurse gives the medicine to patient. 
Instance 

Formal Ward Round 

Activity 

________ It is well managed ward round in which 

doctor and nurse briefly discuss each 

patient. 

Instance 

Causal Ward Round 

Activity 

_________ In this activity doctor and nurse temporary 

visit the ward just to checking the status of 

patient and medical reports. 

Instance 

Borrow Bed Activity -------------- This activity is performed when bed is not 

available in a related ward then head nurse 

borrow bed from the other wards. 

Instance 
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Data Checking 

Activity 

-------------- Head nurse can check data from the EEBA 

database at any time. 
Instance 

Post Ward Round 

Activity 

_________ This ward round take place in emergency 

ward at any time when new patient is 

admitted. 

Instance 

Post Medical 

Examination Activity 

_________ This activity performed at emergency ward 

at any time when new patient is admitted. 
Instance 

Day Shift Temporary 

Medication Activity 

________ It is temporary activity performed by nurse 

in which nurse give some basic treatment 

like painkiller and check temperature. 

Instance 

Pharmaceutical 

Department 

________ It is department of a hospital which deals 

with Medicine. 
Instance 

Cardiology 

Department 

________ It is sub concept of Department which deal 

the heart patients  
Instance 

COSMIC System _______ It is main database which contain the patient 

illness history and treatment plan of patient. 
Instance 

LABROS System ________ It is a database system which contains 

information of all examination results of a 

patient. 

Instance 

EBBA System ________ It is a database system which contain 

information of beds of all wards. 
Instance 

4.4.4 Taxonomies of the Time Apects for a Healthcare Organization   

4.4.4.1 Concepts and Instances of Temporal Activity 

 

Figure 9: ―Concepts & Instances of Temporal Activity‖ 
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Temporal Activity is the most important class of the Time Aspect Model of a 

Healthcare Organization which further subdivided into three major classes i.e., 

Interval Activity, Instant Activity and Exact Time Point Activity. This 

classification of ward activities is with respect to time points. Interval Activity 

class has two major subclasses Proper Interval Activity and Fussy Time Point 

Activity as shown in figure-9. 

 Proper Interval Activity contains all those instances which have specific 

starting time and end time. The 2
nd

 main class of the Interval Activity is Fussy 

Time Point Activity which contains all activities/individuals of the Ward, 

which take place in a routine and have a starting time and end time but these 

times are not specific. These activities always take place with in specific 

Interval. 

Concepts and Instances of Instant Activity 

 

 

Figure 10: ―Concepts & Instances of Instant Activity‖ 

According to figure-10, Instant Activity class contains all those activities which 

have only stating point or end point and these activities take place at any time 

and on any day of the week. These activities have interval length zero. 

According to figure-10, some activities are the part of General Ward and some 

belong to emergency ward of a hospital. The above mentioned activities can be 

take place at any time and on any day at the ward.  
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 Concepts and Instances of Fussy Time Point Activity 

 

 

Figure 11: ―Concepts & Instances of Fussy Time Point Activity‖ 

The 2
nd

 main class of the Interval Activity is Fussy Time Point Activity which 

contains all activities/individuals of the ward, which take place in a routine and 

have a starting time and end time but these times are not specific. In figure-11, 

there are different types of activities of a ward, basically these activities are 

always part of interval and always take place with in specify interval.  
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4.4.4.2 Concepts and Properties of Temporal Info 

 

 

Figure 12: ―Concepts and Properties of Temporal Info‖ 

According to figure-12, the author defined a key class Temporal Info for 

capturing information. This main class subdivided into three classes as shown 

in the figure-12. First subclass of Temporal Info is Instant Activity Info and 

this subclass has a property hasAnyTime for getting information. This property 

is used for those activities which take place at any time on any day. Mostly 

these activities take place at Emergency ward and some at general ward. The 

2nd subclass of Temporal Info is Exact Time Point Activity Info. This subclass 

has a property hasExactTime to store information.  

The 3rd subclass of main class is Interval Activity Info which has further two 

subclasses Proper Interval Activity Info and Fussy Point Activity Info. Proper 

Interval Activity Info has two properties hasSpecificStartTime and 

hasSpecificEndTime for capturing information. These two properties are used 

for all activities of Proper Interval Activity. Fussy Point Activity Info has two 

properties hasFussyStartTime and hasFussyEndTime for capturing information. 

These two properties are used for all activities which belong with Fussy Time 

Point Activity class. 

4.4.4.3 Concepts of Team 

 

 

Figure 13: ―Concepts of Team‖ 
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As we know that there are different types of activities at the hospital and all 

these activities are performed by some persons. Some activities of the ward are 

performed by individual and some are performed by a team. For different 

activities different team perform the role. So the above concepts help to make 

different teams which perform different activities.  

 

4.4.4.4 Concepts and Instances of Role 

 

 

Figure 14: ―Concepts & Instances of Role‖ 

To perform different activities of ward there are some person in hospital, which 

perform different roles. Role is also a major class which have different 

subclasses e.g., Medical Staff Role, Pharmaceutical Staff Role and County 

Council Role as shown in the figure-14. There are some roles in the Hospital, 

which are very important for the domain of thesis e.g., Nurse Role, Doctor 

Role, Specialist Doctor Role and Trainee Doctor Role. According to figure-14 

Certified Nurse, Head Nurse and Assistant Nurse Roles are the main 

individuals of the Nurse Role Concept. 
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4.4.4.5 Concepts of Rule 

 

 

Figure 15: ―Concepts of Rule‖ 

Each organization contains different types of rules. Some rules for the staff 

members and some for overall organization. 

4.4.4.6 Concepts of Competence 

   

 

Figure 16: ―Concepts of Competence‖ 

The person who’s playing some Role in Organization must have some 

Competence. No doubt every person has different Competencies as shown in 

figure-16. There are two major subclasses of Competence, which are General 

Competence and Occupational Competence.  Occupational Competence further 

subdivided into classes, Educational Competence and Experience Competence. 

Educational competence handles the competencies of different people with 

designations like Doctor, Specialist Doctor, Trainee Doctor, Certified Nurse, 

Assistant Nurse, and Head Nurse, and these designations have different 

experiences which are instances of Experience Competence. 
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4.4.4.7 Concepts Competency Level 

 

Figure 17: ―Concepts of Competence Level‖ 

Every Competence must have some level i.e., strong level, average level and 

weak level. There is another class Competence level in the main model of a 

Healthcare Organization which covers all level of the Competence. This main 

is further subdivided into four classes, Skill Level, Language Level, Education 

Level and General Competence Level as shown in figure-17. 

4.4.4.8 Concepts of Organization 

 

Figure 18: ―Concepts of Organization‖ 

According to figure-18, there are three organizations in a healthcare i.e. 

Pharmaceutical Company, Hospital and County Council. Every hospital has 

different wards and these wards are the part of a particular department of a 

hospital. 

4.4.4.9 Concepts and Instances of Department 

 

Figure 19: ―Concepts & Instances of Department‖ 
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Ryhov Hospital is big Organization which has different Departments e.g., 

Cardiology Department, Radiology Department and Microbiology Department. 

 Different persons who have different Competencies and Roles work in 

different Departments of a Ryhov Hospital. 

 

4.4.4.10 Concepts Person 

 

Figure 20: ―Concepts of Person‖ 

Person is also a very basic class of the Time Aspect Model of a Healthcare 

Organization because each activity of the ward is performed by some person. 

There are different persons with different designation in a Hospital but 

following the designations Certified Nurse, Assistant Nurse, Doctor, Specialist 

Doctor and Trainee Doctor is really important for this Model. These people 

perform different activities in a Ward at different intervals of time. Some time 

these activities are performed by a team and some time individually.  

4.4.4.11 Concepts and Instances of Hospital Resource 

 

 

Figure 21: ―Concepts of Hospital Resource‖ 
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Each Healthcare Organization must have some Resources which are used 

during ward round activities. Different persons use different Resources of the 

hospital. But most important Resources of the Hospital are EBBA system, 

COSMIC system and LABROS system, which are instances of Information 

System class which is sub class of the Hospital Resource class as shown in 

figure-21.  

4.4.4.12 Concepts and Instances of Hospital Ward 

 

 

Figure 22: ―Concepts & Instances of Hospital Ward‖ 

At Ryhov Hospital there are different wards as shown in figure-22. Each 

hospital contains different wards and these wards are dedicated for a particular 

department. 

4.4.4.13 Functionality of Taxonomies with respect to General Requirement 

 

Purpose 

 

The Main purpose of this section is that, the author wants to explain 

functionality of the Time Aspects Model with different examples so that any 

reader can easily understand the different time aspects whatever he belongs to 

any field. Second main purpose of these examples is that the author wants to 

explain the time aspects with domain experts with these examples he can do in 

a better way. 
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Functionality of Taxonomies with Examples 

Formal ward round takes place between 9:15 O` clock to 12:00 O` clock, on 

every Monday, Wednesday and Friday. A special team with specialist doctor 

round the cardiology ward as shown in figure-23. 

 

 

Figure 23: ―Formal Ward Round Activity‖ 

The head nurse checks availability of bed from EBBA at any time on any day 

as shown in figure-24. 

 

 

Figure 24: ―Data Checking Activity‖ 



Results 

51 

The nurse checks the temperature of the patient at 7:30 O` clock on every day 

as shown in figure-25. 

 

 

Figure 25: ―Temperature Checking Activity‖ 

 

Early morning short discussion takes place between 6:45 O` clock to 7:00 O`  

clock on every day as shown in figure-26. 

 

 

Figure 26: ―Early Morning Short Discussion Activity‖ 
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Day shift is started at 6:45 O` clock and end at 15:45 O’clock. In this interval 

different persons perform his role at cardiology ward as shown in figure- 27. 

 

Figure 27: ―Day Shift Activity‖ 

Assistant nurse gives breakfast to patients between 7:30 O` clock to 9:00 O` 

clock on every day and this activity is performed at Cardiology ward as shown 

in figure-28. 

 

Figure 28: ―Breakfast Activity‖ 
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Post doctor ward round takes place at any time on any day in emergency ward 

as shown in figure-29. 

 

Figure 29: ―Post Doctor Ward Round Activity‖ 

In emergency case, a general team visit the General ward at any time on any 

day as shown in figure-30 

 

Figure 30:  ―Doctor Ward Round Activity‖ 



Results 

54 

 

4.5 Implementation / Realization of model in Ontology 

This is the main task of the ontology development in which we implement all 

concepts with instances by using Protégé 4.0.1. In this phase, the author 

focused on the Cardiology department and especially Cardiology ward of 

Ryhov Hospital, which is situated in Jonkoping city of Sweden. 

 

Figure 31: ―Main and Subclasses of the Healthcare Organization‖ 

Figure-31 shows the view of main classes of the time aspects model along with 

main classes of Healthcare Organization. In the above model, we have 15 main 

classes which directly inherit from the main class THING of Protégé. These 

main classes further subdivided into different classes and this model contains 

total 96 classes. For property point of view this model contains total 53 

properties to create relations between classes. In which 45 properties are object 

properties and remaining 8 are data type properties. All these properties are 

asymmetric and irreflexsive.  
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In this model, there are total 15 functional properties in which 8 are object 

properties and 7 are data type properties. There are total 147 individuals of 

different classes for describing Time Aspects along with basic individuals of 

healthcare organization. For realization purpose, we take example of activities 

which takes place at Cardiology ward in which different person have different 

competencies perform different role in different interval of time. Before this, 

the author would like to explain different classes of main model.  

Temporal Activity is the most important class of the Time Aspect Model of a 

Healthcare Organization which further subdivided into three major classes i.e., 

Interval Activity, Instant Activity and Exact Time Point Activity. The author 

differentiates activities of ward into three major classes with respect to time 

points. Interval Activity class has two major subclasses Proper Interval Activity 

and Fussy Time Point Activity as shown in figure-31. 

 

Figure 32: ―View of Classes Description‖ 

According to figure-32, Proper Interval Activity contains all those instances 

which have specific starting time and end time. The 2
nd

 main class of the 

Interval Activity is Fussy Time Point Activity which contains all 

activities/individuals of the Ward, which take place in a routine and have a 

starting time and end time but these times are not specific.  

Fussy Time Point activities are always part of Interval and always take place 

within specific interval. Instant Activity class contains those activities which 

have only stating point or end point and these activities take place at any time 

and any day of the week. Exact Time Point Activity is also a main subclass of 

Temporal Activity. This class contains all those activities which take place for 

a very short time. Basically these activities take place in a routine and always 

on a pet time.     
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Temporal Info is a key class which is used for Time Aspects for different 

activities. This class has four basic classes which are Fussy Point Activity Info, 

Proper Interval Activity Info, Instant Activity Info and Exact Time Point 

Activity Info. These four classes have different properties which are used to 

capture information for different activities.   

Person is also a very basic class of the Time Aspect Model of a Healthcare 

Organization because each activity is performed by some person. There are 

different persons with different designation in the Hospital but following the 

designations Certified Nurse, Assistant Nurse, Doctor, Specialist Doctor and 

Trainee Doctor is really important for this Model. People with these 

designations are instances of the main class Staff Member which is a subclass 

of the Person. These people perform different activities in Ward at different 

intervals of time. Some time these activities are performed by a team and some 

times by individuals as shown in figure-33. 

 

Figure 33: ―View of Class Description‖ 

According to figure-33, Staff member must be a citizen of the only one 

country. No doubt different persons in a healthcare organization perform 

different roles during ward round activities and these roles are according to 

competency of the person. Each Healthcare Organization must have some 

Resources which are used during ward round activities. Different persons use 

different Resources of the hospital. But most important Resources of the 

Hospital are EBBA system, COSMIC system and LABROS system, which are 

instances of Information System class which is sub class of the Hospital 

Resource class. Ryhov Hospital is big Organization which has different 

Departments e.g., Cardiology Department, Neurology Department and 

Dermatology Department.  Different persons who have different Competencies 

and Roles work in different Departments of a Ryhov Hospital. 
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To perform different activities of ward there are some person in hospital, which 

perform different roles. Role is also a major class which have different 

subclasses e.g., Medical Staff Role, Pharmaceutical Staff Role and County 

Council Role as shown in the figure-31. There are some roles in the Hospital, 

which are very important for the domain of thesis e.g., Certified Nurse Role, 

Doctor Role, Specialist Doctor Role, Trainee Doctor Role and Head Nurse 

Role. These roles are individuals of the Nurse Role and Doctor Role classes.  

The person who’s playing some Role in Organization must have some 

Competence. No doubt every person has different Competencies as shown in 

figure-32. There are two major subclasses of Competence, which are General 

Competence and Occupational Competence.  Occupational Competence further 

subdivided into classes, Educational Competence and Experience Competence. 

Educational competence handles the competencies of different people with 

designations like Doctor, Specialist Doctor, Trainee Doctor, Certified Nurse, 

Assistant Nurse, and Head Nurse, and these designations have different 

experiences which are instances of Experience Competence.  

Every Competence must have some level i.e., strong level, average level and 

weak level. There is another class Competence level in the main model of a 

Healthcare Organization which covers all level of the Competence. This main 

is further subdivided into four classes, Skill Level, Language Level, Education 

Level and General Competence Level. 

4.5.1 Classes and Disjoint Classes for Healthcare Organization 

Main Class Disjoint Classes Main Class Disjoint Classes 

THING City 

Competence 

Competence Level 

Country 

Week Day 

Department 

Hospital Ward 

Organization 

Person 

Hospital Ward General Ward 

Emergency Ward 

Staff Member Female Staff Member 

Male Staff Member 

Hospital Resource Information System 

Digital Library 

Medical Journal 

Role County Council Role 

Medical Staff Role 
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Hospital Resource 

Rule 

Role 

Temporal Activity 

Temporal Info 

 

Pharmacutical Role 

Medical Staff 

Role 

Doctor Role 

Nurse Role 

Competence 

 

General Competence 

Occupatioal Competence 

Doctor Role Specialist Doctor Role 

Medical Doctor Role 

Trainee Doctor Role 

General 

Competence 

 

Planning Ability 

Creative Ability 

Sensitive Ability 

Information Ability 

Rule Oganizational Rule 

Staff Rule 

Occupatioal 

Competence 

Educational Competence 

Experience Competence 

Team  DoctorTeam 

Specialist Doctor Team 

Discussion Team 

Medication Team 

Department County Council 

Department 

Pharmacutical 

Department 

Hospital Department 

Temporal Info  Instant Activity Info 

Exact Time Point 

Activity Info 

Interval Activity Info 

Temporal 

Activity 

Instant Activity 

Exact Time Point 

Activity 

Interval Activity 

Interval Activity 

Info 

Proper Interval Activity 

Info 

Fussy  Point Activity 

Info 
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Interval 

Activity 

Proper Interval Activity 

Fussy Time Point 

Activity 

Patient 

Refreshment 

Activity 

 

Beverage Activity 

Heavy Diet Activity 

Fussy Time 

Point Activity 

Discussion Activity 

Patient Medication 

Activity 

Patient Refreshment 

Activity 

Patient Profile View 

Activity 

Ward Round Activity 

Ward Round 

Activity 

Special Ward Round 

Activity 

General Ward Round 

Activity 

WeekEnd WardRound 

Activity 

 ―Classes & Their Disjoint subclasses‖ 

The table above shows different main classes and their disjoint subclasses. The 

explanations of these main classes exist in section 4.3. The author also explains 

several main classes in the implementation and realization phase but detail 

explanation of each concept exits in list of terms. 

4.5.2 Explanation of Ontological Model of Time Aspects 

Example-1  

A special team  consists of Specialist Doctor, Doctor, Trainee Doctor, Certified 

Nurse,  and Assistant Nurse round the ward between 9:15 O` clock to 12:00 O´ 

clock. This special ward round take place on every Monday, Wednesday and 

Friday at  Cardiology ward of a Ryhov Hospital. 

Explanation 

We assume a special team consists of Andrea Wagner, Kurt, Kristofer, Sara 

and Kareena have designations Specialist Doctor, Doctor, Trainee Doctor, 

Certified Nurse, and Assistant Nurse respectively as shown in figure-37. Role 

of different persons which are members of a special Team are explained in 

section 4.5.3. This team performs activity Formal Ward Round_Activity which 

take place on every Monday, Wednesday and Friday at Cardiology ward 

between 9:15 O` clock to 12:00 O` clock as shown in the figure-34. 
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Figure 34: ―View of Activity & Its Time Info‖ 

Example-2 

At early morning Nurse view the profile of related patients. Then after this 

activity, she makes a short discussion with night duty Nurse and this activity 

takes place between 6:45 O` clock and 7:00 O` clock and this activity takes 

place on every day of week. After this Nurse and Assistant Nurse gets busy in 

the early morning medication activity and it takes place between 7:15 O` clock 

to 9:00 O` clock on daily basis.  

Explanation 

For example Sara is certified Nurse which joins the early morning duty at 

Ryhov Hospital. First of all, she performs the Early Morning Profile View 

Activity as shown in figure-38.  After this she gets busy in a short discussion 

with night duty Nurse Linda Lindberg and this activity takes place on every day 

of week  between 6:45 O` clock and 7:00 O` clock as shown in figure-35.  
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Figure 35: ―View of Activity & Its Time Info‖ 

The early morning short discussion is about patient profile. After this 

discussion Sara and Kareena are perform activity Early Morning Medication 

between 7:15 O` clock to 9:00 O` clock as shown in figure-36. Kareena is an 

assistant nurse which helps during early morning medication activity and 

certified Nurse gives medicine to patient. These activities are routine activities 

of a Ryhov hospital, which take place every day at Cardiology Ward as shown 

in figure-36.  

All the activities of ward are performed by different persons who have specific 

competencies and perform different roles at different interval of time as shown 

in figure-35&36. Some important role of a Ryhove Hospital discussed in 

section 4.5.3 which are essential to discuss the Time Aspects of the model. 

 

Figure 36: ―View of Activity & Its Time Info‖ 



Results 

62 

4.5.3 Important Roles of a Healthcare Organization 

Ryhov Hospital is a big organization in which different person performs 

different roles in different interval of time at different departments. In figure-

37, we consider two persons Andrea Wagner and Kurt which have Roles 

Specialist Doctor Role and Doctor Role respectively. These persons live in 

Jönköping city of Sweden and have different competencies and works at 

cardiology ward of Ryhov hospital as shown in figure-37.   

 

Figure 37: ―View of Specialist Doctor & Doctor Role‖ 

These two roles perform different activities in Cardiology ward and also in 

Emergency ward. During ward activities they use different resources of the 

hospital for example LABROS system and COSMIC system. Doctor use 

LABROS system to update the result of lab examinations and this updating of 

results will be done by a doctor or specialist doctor only. The COSMIC system 

is used by doctor, just to view the history of illness of patients. 

Third major role at a hospital for ward round activities is a Certified Nurse. We 

assume Sara is a certified nurse at Ryhov Hospital and works at the Cardiology 

department. Sara performs role during different ward round activities e.g., a 

special team round the Cardiology Ward between 9:15 O` clock to 12:00 O´ 

clock on every Monday, Wednesday and Friday Sara is a member of that team 

as shown in figure-34. According to figure-38, she also a member of other 

teams which perform different activities at ward likes  Early Morning 

Discussion Team, Early Morning Medication Team and Medical Team. 
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Figure 38: ―View of Nurse Role‖ 

She uses resources of the hospital during ward activities. Some activities in a 

hospital is performed in a team and some are performed individually. So some 

time a team performs activity, and Sara is a member of that team as shown in 

figure-38  

Eva Karlsson is another member of the Ryhov hospital which has the role of 

Head nurse at Cardiology ward. She also use resources of the hospital during 

her duty. Whenever a new patient come at hospital, she performs activity Data 

Checking From EBBA system. If bed is not available in the ward for a new 

patient then she performs activity Borrow Bed as shown in figure-39.          

 

Figure 39: ―View of Head Nurse Role‖ 

She also has different competencies. Most of time she performs the 

management activities at Cardiology ward and mostly activities are performed 

individually.  
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4.5.4 Properties of Ontological Model of Time Aspects 

Property Domain Cardinality Range Characteristic 

hasDepartment Organization hasDepartment 1..* Department Non-Functional 

isDepartmentOf Department isDepartmentOf 1..1 Organization Functioal 

hasInfo Temporal-

Activity 

hasInfo 1..1 TemporalInfo Functional 

isInfoOf TemporalInfo isInfoOf  1..1 Temporal-

Activity 

Functional 

citizenOf Person citizenOf 1..1 Country Functional 

teamPerform-

Activity 

Team teamPerformActivity 

1..* 

Temporal-

Activity 

Non-Functional 

activityPerform-

edByTeam 

Temporal-

Activity 

activityPerformedBy-

Team 1..* 

Team Non Functioal 

belongTo Person belongTo 1..1 Organization Functional 

livingIn Person livingIn 1..1 City Functional 

activityTake-

PlaceAt 

Temporal-

Activity 

activityTakePlaceAt 

1..1 

HospitalWard Functional 

wardHave HospitalWard wardHave  1..* Temporal-

Activity 

Non Functional 

consistsOf Team consistsOf 2..* Person Non-Functional 

isMemberOf-

Team 

Person isMemberOfTeam 0..* Team Non Functional 

hasWard Organization hasWard 1..* HospitalWard Non-Functioal 

isWardOf HospitalWard isWardOf 1..1 Organization Functional 

worksInOther-

Ward 

Person worksInOtherWard 

0..* 

HospitalWard Non-Functioal 

hasEducation-

Competence 

Level 

Education-

Field 

Competence 

hasEducationCompete

nceLevel  1..1 

Education-

Level 

Functional 
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hasEducation-

FieldCompetece 

Person hasEducationField-

Competece 1..* 

EducationFie-

ldCompetence 

Non-Functional 

hasGeneral-

Competence 

Person hasGeneral-

Competence 1..* 

General-

Competence 

Non-Functional 

hasExperience-

Competence 

Person hasExperienceCompe-

tence 0..* 

Experience-

Competence 

Non-Functional 

hasGeneralCom

petenceLevel 

GereralCom-

petence 

hasGeneralCompet-

enceLevel 1..1 

GeneralComp-

etenceLevel 

Functioal 

hasDepartment Organization hasDepartment 1..* Department Non-Functional 

isDepartmentOf Department isDepartmentOf 1..1 Organization Functional 

hasRole Person hasRole 1..* Role Non-Functional 

isRoleOf Role isRoleOf 1..* Person Functional 

performActivity Person performActivity 1..* Temporal-

Activity 

Non-Functional 

activityPerfor-

medByPerson 

Temporal 

Activity 

activityPerformedBy-

Person 1..* 

Person Non Functional 

takePlaceAt Temporal 

Activity 

takePlaceAt 1..* WeekDay Non Functional 

useResource Person useResource 1..* Resource Non Functional 

resourceUsedBy Resource resourceUsedBy 1..* Person Non Functional 

worksAt Person worksAt 1..* Department Non Functional 

hasFussyStart 

Time 

FussyPoint 

ActivityInfo 

hasFussyStartTime 

1..1  

Time Functional 

hasFussyEnd 

Time 

FussyPoint 

ActivityInfo 

hasFussyEndTime 1..1 Time Functional 

hasSpecificStart 

Time 

ProperInterva

lActivityInfo 

hasSpecificStart 

Time1..1 

Time Functional 

hasSpecificEnd 

Time 

ProperInterva

lActivityInfo 

hasSpecificEnd 

Time1..1 

Time Functional 
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hasExactTime ExactTime-

PointActivity 

hasExactTime 1..1 Time Functional 

hasAnyTime Instant-

Activity 

hasAnyTime 1..1 Time Functional 

hasSpecificStart

&EndTime 

ProperInterva

lActivityInfo 

hasSpecificStart&End

Time 

Time Functional 

hasFussyStart&

EndTime 

FussyPoint 

ActivityInfo 

hasFussyStart&End-

Time 

Time Non-Functioal 

There are some other characteristics of the object properties except Functional, 

for example Symmetric, Asymmetric, Reflexive and Irreflexive. All above 

stated properties for healthcare domain are Asymmetric and irreflexive. 

4.5.5 Evaluation of Time Aspect Model 

The evaluation is the last step of our purpose method for the ontological model 

of time aspects. In this step the author evaluates the model of Time Aspects 

against competency question. There are different ways of the evaluation of the 

ontological model e.g., discussion with domain experts, SPARQL query, DL 

query and manually checking of the ontological model against competency 

questions. 

Due to some restriction of protégé tool, the author relies on three method of 

evaluation i.e., discussion with domain expert, DL-Query and manually 

checking of ontological model against competency questions. The author 

makes discussion weekly with supervisor and always tries to improve the 

ontological model of the Time Aspects according to instructions.   

According to manual evaluation, the author also checks the ontology against 

competency question. The author checks all competency questions against the 

model one by one manually. He assures that Time Aspect model is proper and 

well managed with respect to different activities of the hospital. The model 

always shows the time aspects for different activities. The author is fully 

satisfied from the ontological model of the Time Aspects for a healthcare 

organization.   

The author also evaluates the ontology through DL-query in protégé 4.0.2 

editor. For this evaluation, the author considers competency questions one by 

one of the healthcare domain and check the authenticity of the query’s results 

against competencies questions. Due to some restriction on data type, the 

author is not able to present the time aspects for different activities. The 

protégé editor 4.0.2 does not run query with data type properties has range as 

Time.  
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We have already discussed that the whole time aspects of this model are 

attached with specific data type properties. So eventually the author runs 

different queries for evaluation purpose and tries to show some suitable results 

of different competences questions as shown in below table. 

   

Competency Question DL-Query Result 

On what days Formal ward round 

take place? 

WeekDay and isDayOf value 

FormalWardRound_Activity 

Monday, 

Wednesday, Friday 

What’s team performing the Formal 

Ward Round? 

Team and teamPerformActivity 

value 

FormalWardRound_Activity 

Special Team 

What are the persons who use the 

EBBA information system 

Person and useResource value 

EBBA_System 

Eva_Karlsson 

What are the persons who used the 

COSMIC information system 

Person and useResource value 

COSMIC_System 

Sara, Kurt and 

Andrea_Wagnera 

On what days, Head Nurse checks 

the data from EBBA system? 

WeekDay and isDayOf value 

CheckDataFromEBBA_Activity 

Any_ DayOfThe 

Week 

On what days, Head Nurse Borrow 

Bed from the other wards? 

WeekDay and isDayOf value 

BorrowBed_Activity 

Any_ DayOfThe 

Week 

On what days, the Breakfast activity 

is performed? 

WeekDay and isDayOf value 

Breakfast_Activity 

Daily_ Basis 

On what days, Early morning profile 

view activity takes place? 

WeekDay and isDayOf value 

EarlyMorningProfileView_Activi

ty 

Daily_ Basis 

What are members of the special 

team 

Person and isMemberOfTeam 

value Special Team 

Sara, Kurt, 

Kareena, Kristofer, 

Andrea_Wagner 

What are the person who use the 

COSMIC system. 

Person and useResource value 

COSMIC_System 

Kurt,  Sare,  

Andre_Wagner 

On what days, Pre ward round 

discussion takes place? 

WeekDay and isDayOf value 

PreWardRoundDiscussion_Activi

ty 

Daily_ Basis 

On what days, Plan blood sample 

activity takes place? 

WeekDay and isDayOf value 

TakingBloodSample_Activity 

Daily_ Basis 
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On what days, Night medication 

activity takes place? 

WeekDay and isDayOf value 

Night Medication_Activity 

Daily_ Basis 

On what days, Evening shift 

discussion activity takes place? 

WeekDay and isDayOf value 

EveningShiftDiscussion_Activity 

Daily_ Basis 

  

The author takes more competency questions, what’s team perform the formal 

ward round activity and what are the days for which formal ward round take 

place in the hospital. The explanation of these competency questions exists in 

the figure-40. 

                                        

 

Figure 40: "Results of Competency Question" 

In first competency question, the author writes DL query as shown in figure-40 

and after the query execution, he gets result as Special Team and for second 

query, the author receive the result Wednesday, Friday and Monday.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
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5 Conclusion and Future Work 

5.1 Conclusion 

This thesis is about the time aspects of a healthcare organization. There are two 

basic types of the activities one is dynamic and other is static. Mostly activities 

of the hospital are static in nature. During my whole thesis work, my objective 

is to develop an ontological model of time aspects for different activities. This 

model of healthcare activities also fully covers the objective of this thesis. In 

realization phase the author focuses on the Cardiology ward but this model also 

satisfies the Time Aspects for different wards of the Ryhov hospital. 

Through evaluation, the author assures that the model for time aspect is well 

managed and so enough for the healthcare activities. This Time Aspect model 

is not only helpful for healthcare organization but it can also be implemented 

for the other organizations for different activities. Almost the natures of 

activities in different organizations are same, so this model provides a solution 

for the activities because it is so general for activity point of view. 

No doubt the OWL-Time ontology is very helpful for time management in 

every field of life and it is also a desire of fast growing world. OWL-Time 

ontology is really helpful for our application which handles the event with 

respect to time, and these events may be instant and interval. For a Healthcare 

Organization, the existing OWL-Time ontology is helpful to some extent for 

ward round activities. In the existing time ontology there are two categories for 

the activities, one is Interval which covers all activities which take place in 

predefined interval of time and have some starting time and end time. The other 

one is instant which covers all those activities which take place at any time on 

any day of week. 

Our proposed ontological model of Healthcare, for Time Aspects contain four 

major classes of ward round activities as shown in figure-31. Temporal 

Activity is the main class for ward activities. This main class further subdivided 

into three classes i.e., Instant Activity, Exact Time Point Activity and Interval 

Activity.  Instant Activity class cover all those activities which take place at 

any time on any day and Exact Time. Point Activity class cover all activities 

which take place at exact time in a routine.  

The 3rd subclass of Temporal Activity is Interval Activity. This is a main class 

for interval activities which is further subdivided into two classes: Proper 

Interval Activity and Fussy Time Point Activity. The Proper Interval Activity 

class covers all activities which always take place on schedule and have a 

specific starting time and end time. Fussy Time Point Activity class covers all 

those activities which have starting time and end time but it is not specific time 

for activities. Basically these activities are always part of interval and take 

place with in specify interval.  

The Above mentioned classes of Temporal Activity are part of our ontological 

model of time aspects and these classes have no implementation in any paper. 

These categories of classes make it significant as compared to OWL-Time 

ontology because OWL-Time ontology contains only two classes: Interval and 
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Instant. Our propose model is really helpful to capturing information not only 

for a healthcare organization but it is helpful for any organization.  

For capturing information, the author defined a key class Temporal Info. This 

main class is subdivided into three classes as shown in the figure-31. These 

different classes of Temporal Info contain different individuals which contains 

information of activities. Each individual of Temporal Info contains 

information of exactly one activity. For capturing information, the different 

classes of Temporal Info use different properties which are discussed detail 

wise in section 4.4.  In existing Time Ontology there is no concept of Temporal 

Info, so this concept is also make it significant as compared to existing 

ontology.   

For achieving the above goal against time aspect problem, the author used the 

method which he discusses in section 3.5. In realization phase author focused 

only on Cardiology and Emergency ward of the Hospital but it can be 

implemented for any Ward of the hospital. Through analysis and discussion 

with domain experts, the author assure that the above mentioned classes of 

Temporal Aspects are enough to capture any information about activities of 

ward. Whatever the nature of activities the main classes of the time aspect 

model support to capturing the information with different properties which are 

mentioned in section 4.7.  

The above mentioned classes of Temporal Activity and temporal Info support 

the main functionality of Time Aspect model for healthcare and make it 

significant as compared to existing OWL-Time ontology. Through analysis   

Ontological model for Time Aspect is so generic that it not only applicable for 

a healthcare organization but also applicable for the other organizations as well.    

 

5.2 Future Work 

This thesis provides a base for future work for healthcare domain. The author 

implemented this model for a Cardiology ward only; in future it can be 

implements for other ward of a Ryhov Hospital. There is need of intelligent 

system for taking quick decision about patient’s treatment. This intelligent 

system helps the doctors for taking decision and it provide right information to 

right person at right time. There is also need of an information selection 

constraint for getting right information from the system for right person. There 

must be proper rules for staff member and these rules must be followed by the 

staff member. 
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7 Appendix 


