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Abstract— Medical data is one of the most crucial data to be processed for decision making. A slight mistake in deriving the decision from the data 
may cause death of the patient. Patients inside the hospitals are treated by doctors based on medical data associated with their ailment. Decisions are 
taken by the doctors based on the knowledge that they have for curing the patients. Level of expertise vary from one doctor to another doctor.          
Analysis of data and its processing with the inherent knowledge of doctor lead a decision making in which there is an involvement of human being. 
In this paper a model of automatic decision making based on the data and knowledge engineering has been proposed which may be helpful in      
development of health care service portal.  
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1 INTRODUCTION                                                                     
The essence of medical practice is decision making whether it 
is just symptom based decision making in which symptoms 
described by patients prompt doctors to take a decision and 
prescribe appropriate medications or report based decision 
making in which data inside the clinical reports prompt      
doctors to focus towards one decision or critical care based 
decision making in which patients  may be struggling for their 
lives on bed in which fluctuating data  under which they are 
going to be supervised prompt health professional to take 
quick decisions to safe patients life. In all such cases of        
decision making, knowledge of the health professional plays 
very important role. There is a wealth of data available within 
the healthcare systems but they lack effective analysis tools to 
discover hidden relationships and trends in data. Ontologies 
enable high scalability in searching, extracting, maintaining 
and generating information. Medical ontologies are developed 
to solve problems such as the demand for reusing and sharing 
patient data or the transmission of these data. [1] The      
emerging technologies in IT sector have opened exceptional 
opportunities in delivering the health care services well on 
time effectively. This has resulted in demand for intelligent 
and knowledge based systems which are enabled with         
advanced medical practices globally [3]. Health professionals 
make clinical decisions by applying healthcare knowledge that 
includes their experiential knowledge and explicit knowledge 
‘artifacts’, such as clinical practice guidelines, best evidence, 
clinical pathways and so on [10]. Knowledge comes from ex-
perience therefore patients always prefer experienced doctors  

 
 

for  consultation. The complete medical practice of this kind in 
which besides the knowledge, human cognitive ability of    
human being is also involved can be made automatic to      
develop intelligent systems of next generation by using the 
rule extraction and knowledge engineering techniques.   
 
Rules are extracted from the clinical data in this way so that 
automatic processing can be done. KDRuleEx [4] extracts rule 
from the data set and put it in to decision table that has the 
processing capability. Automation system of this kind may 
help doctors, specially   those who are less experienced, in 
curing the patients with minimum risk.  
 
While patients are going to be cured, clinical data associated 
with them plays central role in decision making. This          
translation of decision from data is known as data driven    
decision making.  Data-driven decision making is seen as a 
continuum in which data must be transformed into              
information and, ultimately, actionable knowledge through a 
set of cognitive skills and processes [12]. Data-driven decision 
making is a systematic process of collecting, analyzing, and 
synthesizing data; making a judgment about the data based on 
knowledge base; and then making a decision based on the 
knowledge derived from knowledge base in order to improve 
patient outcomes  [16].  

 
Decision making systems of such kind is fully automatic and 
take the benefit of knowledge engineering-based architectures.  
The accuracy of decision making depends upon the        
knowledge bases. Knowledge bases based data-driven          
decision making is action oriented and may involve making a 
decision for tomorrow based on today's outcomes. Action 
knowledge informs different types of decisions, which may 
include appraising goal setting, progress, or accomplishment; 
assessing whether individual or group needs are met;            
determining whether resources need to be allocated and/or 
reallocated; and evaluating the effectiveness of processes and 
practices. 
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Fig 1: Model for data driven decision making 

 
The patient ontology is used to enumerates the information 
that each patient requires for a decision support session.  The 
disease ontology is used to enumerates the therapy options 
and expected health states for each disease.  The decision   
support ontology stores a set of analytic methods for         sim-
ulation and modeling of a disease process to determine ex-
pected outcomes across a series of health states.   [20] 
 
Data-driven decision making is seen as a continuum in which 
data must be transformed into information and, ultimately, 
actionable knowledge through a set of cognitive skills and 
processes [12]. This actionable knowledge base representing 
some kind of a domain description has the description of   
entities, concepts and terms designed for the specific domain. 
Ontology is a good way for building the domain descriptions 
[5]. For each medical domain one has to specify the scope of 
the ontology, acquire medical knowledge, select a tool and 
ontology language, design the ontology and present it in    
appropriate fashion. Connection of an ontology with a rule 
base as a part of decision support system is established. A long 
term goal is representation of this knowledge in a form that 
can be used by system supporting medical decision making. In 
medical diagnosis, a domain expert who can be asked sophis-
ticated questions can be simulated by expert systems       in-
corporating thoroughly developed domain ontology that for-
malizes expert knowledge.  Healthcare  decision making is an 
un-structured problem. Diagnoses differ from person to per-
son.  The steps of solving the diagnostic problem can be divid-
ed into the subproblems.  Generally doctors break the diag-
nostic problem into a series of well-defined subproblems  for 
decision making. [6] 
 

Healthcare decision making during the diagnostic treatment 
cycle is a complex Activity  [9]. In this paper we have          
proposed the model for decision making for patient oriented           
systems based on electronic medical data/records and           
knowledge repositories. For diagnosis various decision tables 
can be extracted from the medical datasets.  Decision tables 
would then be capable of providing the decision rules.  Set of 
all such kind of decision tables generate the rule base of          
proposed model 
 
General patient oriented systems like CHESS [21] having no 
ontology has already been developed  providing information 
services, communication services and decision support to  
patients and their peers in different domain.[19] 

2 ONTOLOGY AND KNOWLEDGE ENGINEERING 
CONCEPTS 
Ontology is the term referring to the shared understanding of 
some domains of interest, which is often conceived as a set of 
classes (concepts), relations, functions, axioms and instances, 
providing a shared framework of common understanding of 
specific domains that can be communicated between people 
and application systems [2]. The most cited definition of        
ontology given by Gruber is as follows. 
 
 “An ontology is a formal explicit specification of a shared 
conceptualization of a domain of interest [11]” is one of the 
most cited definition of ontology [2]. 
  
Ontologies play an vital role in the Semantic Web as well as in 
Knowledge Management.  The creation of ontologies require 
background knowledge, analysis of domain sources and        
obtaining consensus among the users of the ontologies. [16] 
 
The term “ontology” in the computer and information science 
literature appeared for the first time in 1967, in a work on the 
foundations of data modeling by S. H. Mealy, in a passage 
where he distinguishes three distinct realms in the field of da-
ta processing, namely: (i) “the real world itself”; (ii) “ideas 
about it existing in the minds of men”; (iii) “symbols on paper 
or some other storage medium”.  [22] 
 
When developing systems of artificial intelligence like expert 
systems, Ontologies can be used to facilitate “knowledge      
sharing” among agents. A broader perspective of all             
individual characteristics of ontology like formality, explicit-
ness, being shared, conceptualization and domain specificity   
has been described below. 
 

2.1  Formality 
The formality word in definition represent that domain 
knowledge in an ontology is represented in such a way so that 
it can be processed by computer and interpreted in well          
defined fashion. The ontology language like OWL is used for 
representation of domain knowledge. OWL is capable to         

1.  Collect the Data 

2. Analyze the Data 

3. Synthesize the data 

4. Judgment about the data based on 
knowledge base (Ontology) 

5. Decision Making based on the      
knowledge derived (Decision Ontology) 

from the knowledge base 
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define all the semantics associated with domain knowledge. 
 
 
2.2  Explicitness 
All the notions that exists in ontology are explicit to make the 
knowledge representation computational. Non explicit notions 
in the ontology are not machine interpretable. 
2.3 Being shared 
The concepts that are going to be used in domain ontology 
must be sharable. Shared can be understood here as there 
must be an agreement on a domain conceptualization among 
people and application systems.  
2.4 Conceptuality 
An ontology specifies knowledge in a conceptual way in terms 
of symbols that represent concepts and their relations.            
Conceptualization represents an intentional semantic structure 
that encodes implicit knowledge constraining the structure of 
a piece of a domain[17]. Concepts originates from human 
mind. Entire domain containing set of concepts are nothing 
but the different set of instances of abstractions. These                 
concepts can be documented, analyzed and communicated 
[13]. Representation of these concepts in form of some con-
crete artifacts can be done by some modeling language L. 
 
Knowledge representation is key to knowledge based              
intelligent systems. The process of knowledge representations 
can be viewed as the design and assembly of domain            
ontologies, the knowledge bases that instantiate those           
ontologies, and domain independent problem-solving meth-
ods. [14] 
 
Every domain has certain concepts that are used to articulate 
abstractions of certain state of affairs. It is necessary to          
represent the concepts in concise, complete and in                 
unambiguous way by using language. Figure 2 shows 
Ullmann’s triangle  [24] that represents the relationship be-
tween a language, a conceptualization and the portion of reali-
ty that this conceptualization abstracts. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2:  Ullmann’s Triangle: The relationship between a thing in 
reality, its conceptualization and symbolic representation of 

this conceptualization 
 
 
 
The dotted line between Symbol (language) and Thing          
(reality) is always intermediated by certain conceptualization.  
 

2.5 Domain specificity 
 
The specifications in an ontology are limited to knowledge 
about a particular domain of interest. In this paper we are 
concerned to health care domain. Health care domain is very 
vast integrating various sub-domains (like heart care, fever 
etc). To develop ontology for such a huge domain requires 
grouping of domain specific multiple sub ontologies. Based on 
this a framework  K-MORPH of knowledge representation of 
health care domain proposed by S. Hussain and S.S.R. Abidi 
has been shown in figure 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2.1 Review Stage 

Fig 3: Healthcare Knowledge Morphing  [9] 
 

Fig 3: Healthcare Knowledge Morphing  [9] 
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K-Morph basically follows the semantic web approach. 
Fundamental steps of K-MORPH are (a) Developing 
Knowledge Artifact ontologies to represent knowledge (b) 
specifying the clinical context of the knowledge morphing 
activity through a rich morphing construct (c) finally 
generating the morphed knowledge artifacts are by selecting a 
contextualized sub-ontologies, corresponding to the clinical 
context and then merging the selected contextualized                 
sub-ontologies using reasoning algorithms applied to a set of 
domain specific context-specific axioms. 
 
This is the task of ontology engineer to axiomatize the details 
of this domain besides covering the details of the domain. By 
axiomatizing the explicit specification of domain knowledge 
by using different ontologies can be modulerized.  
 
Process of development of ontology  require all the associated 
domain knowlegde concepts, relations, and instances to be 
constituted. In semantic network representation of ontology 
concepts map to generic nodes in semantic network. Concepts 
are represented using uniary predicates in logic, or in 
description logic. Concepts represent the ontological 
categories. All these categories are relevant to some domain of 
interest. Arc in semantic network represent the relationship. 
Binary predicates in logic and roles in description logic 
represent relationship. This is the relationship arc that cause 
connection between concepts ad instances semantically. 
Instances are represented by individual nodes in semantic 
networks or  concepts in logic. 
 
Axioms in ontology plays very important role. An ontology is 
represented by a set of axioms. Axioms are set of statements 
expressed in terms of ontological vocabulary. Ontology       
vocabulary contains named and identifiable concrete objects in 
domain of interest.  
 
The task of conceptual modeling is quite similar to the object 
oriented software development or designing entity-
relationship diagrams for database schemas and having the 
differences in the sense of purpose in which it will be used 
and specification of semantically rich axiomatisation of do-
main knowledge. Ontology captures domain knowledge in the 
way so that it can allow the task of reasoning. Although ontol-
ogy that is going to be used in some information system is 
conceptual but it is also executable model of application do-
main. Knowledge based decision making systems can use on-
tology as base and knowledge representation techniques make 
the components of ontology machine interpretable. By reason-
ing about domain knowledge decisions can be taken by such 
system. Such systems can be helpful in health care for curing 
patients specially those who need complete logical reasoning 
[23].  

3.   MEDICAL ONTOLOGIES AND PROPOSED MODEL OF 
DECISION MAKING 

 

Medical ontology contains all the relevant concepts related to 
the diagnostics, treatment, clinical procedures and patient data  
[15].  Ontologies are designed in such a way that allow 
knowledge inference and reasoning. One of the most popular 
example of medical ontology is GALEN. GALEN ontology is 
an axiomatized taxonomy  [18] and has been in development 
since 1990. Now GALEN is used as a commercial product. The 
proposed model for decision oriented system for health care 
practice benefitting clinical/medical practice has been shown 
in figure 4. 
 
The proposed model for decision oriented system for health 
care practice benefitting clinical/medical practice has been 
shown in figure 2. The ontologies which are the part of con-
ceptual schema can be reused for the development of new on-
tologies [8] and can be part of it and whenever new categorical 
structures are possible then they must be added to it. 
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Fig 4: Proposed model for Data Driven Decision Making for Electronic 
Patient Record 

 

4. ISSUES IN BINDING FORMAL KNOWLEDGE AND 
ELECTRONIC PATIENT RECORDS AND MEDICAL DATA 

 
Healthcare decision making demands the systematic integra-
tion of knowledge from multiple sources, such as clinical 
guidelines clinical pathways, knowledge of practitioners and 
so on.  [9] In this paper we highlight following research issues 
that will be considered in next series of papers under research 
work of data driven decision making using ontology engineer-
ing techniques developing decision making system when for-
mal knowledge, EPR’s and medical data has been  binded  
together :   

• How ontologies, conceptual models and medical vo-
cabularies will be used so that an automated procedure 
of diagnosing from EPRs can be established. 

• How techniques for simulating computerized guide-
lines against the content of EPRs will be developed. 

• How to evaluate the quality and safety of computerized 
guidelines in the light of EPRs data. 

• How to Check compliance with guidelines and proto-
cols against EPRs, including the use of quality indica-
tors. 

• How to establish interoperability of clinical guidelines 
for EPRs can be established. 

• How to develop knowledge representation and ontolo-
gies for health-care processes. 

• How to develop formalization of medical processes and 
knowledge-based health-care models. 

• How to use of ontologies, conceptual models and medi-
cal vocabularies so that descriptive and procedural 
medical knowledge can be represented. 

• How to combining medical guidelines with care path-
ways and the care delivery process. 

• How to perform knowledge extraction from health-care 
databases and electronic patient records. 

• How to perform temporal knowledge representations 
and exploitation. 

• How to combine, personalize, and adapt knowledge for 
health care process. 

• How to validated the knowledge. (checking compliance 
with guidelines and protocols against patient data, the 
use of quality indicators, or simulation of guideline 
against patient) 

• How the system will learn from knowledge-based 
learning of health-care processes.  

• How to link clinical care and clinical research. 

• How to use biomedical data for medical care. 
 
5. TOOLS REQUIRED 
 
Developing of intelligent health care system as proposed in 
this paper would require a set of tools to achieve complete 
objective. Some of already developed tools can be used while 
for some purposes tools may be required to be developed for 
this purpose. Tools that 1. completely develop the ontolo-
gy(Knowledge Base) as base for the information system like 
MATLAB, Protégé, 2. take care of version management of de-
scriptive and procedural medical knowledge, 3. tools that will 
take care of acquisition, refinement and exploration of the 
temporal aspect of guidelines of health care, 4. tools that will 
support entire life cycle of guidelines of protocols and 5. tools 
that can model the results in the format so that description as 
well as automation can be done easily.  
 
 
6. IMPLEMENTATION AND RESULT  
The ontology system are generated for malaria and common 
cold identification using neural network with 11 number of 
features. . The feature is as follows , 

1. Fever  
2. Cold stage  
3. Sweating 
4. Vomiting 
5. Headache 
6. Sneezing 
7. Runny nose 
8. Nuzzle congestion 
9. Cough 
10. Sore throat 
11. Itching in eyes, nose and throat 

 
 
The  database of features and target diseases  are used for 
training of neural network . The network are successfully 
trained  and classification accuracy 97% are achieved .The 
trained graph is shown below:  
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From the graph above shows the no overtraining has been 
performed which is necessary for ontology system. 
 
7. CONCLUSIONS  
 
Ontology learning is a challenging and exciting research field 
at the intersection of data, text mining, natural language pro-
cessing, machine learning, and knowledge representation. The 
present study is carried out with soft computing technique 
approach of analyze the issues and challenges arising in the 
field of medical science practices. Medical practice need sound 
and fair diagnosis of the problem so that the most suitable 
remedial action can be taken. 
 
 
A constant demand for the effective, reliable and error free 
medical system is always in demand, thus, the study presents 
the system which helps to acquire and implement effective 
medications for the present situation. The basic advantage of 
the present system is systematic and efficient medical proce-
dures by using ontology. Our proposed model for decision 
making can be the basis of the development of next generation 
e-health care systems.  
 
7. FUTURE WORK                                                    
 
The present study will further proceed for its evaluation by 
physicians taking part in an actual network (probably in      
Malaria, AIDS, Asthma, diabetes): it will probably lead to oth-
er improvements of the Virtual Staff interfaces so as to    ena-
ble friendly interactions between the end-user (a medical pro-
fessional) and the system, by taking into account the      con-
text of this user. 
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