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Abstract 

Use of knowledge-based decision support systems in medicine 
may improve the quality of medical care. We have executed 
several projects at UIA involving semantic web technologies 
like OWL, SPARQL and Jena; the application area has often 
been E-health; among these projects are two recent master 
student projects investigating the use of OWL and SPARQL to 
realize two different decision support systems. One project 
concerned monitoring vital signs of a patient estimating the 
state of the patient using a score system; recommendations 
based on score and additional rules were given. The other 
project defined an ontology storing medical patient infor-
mation, with focus on diabetes and recommendations for dia-
betes patients; recommendations could be retrieved by query-
ing the ontology. The projects used the Protégé framework 
when doing the development; this implied limitations that 
made the development cumbersome. The paper proposes an-
other approach based on the Jena framework. The projects 
are analyzed in regard to technology; extensions and alterna-
tive solutions are discussed and proposed. The paper de-
scribes and recommends technology that may be used to build 
an advance medical knowledge-based decision support sys-
tem.       

Keywords:  eHealth, knowledge-based decision support sys-
tem, Ontology, OWL, SPARQL, Jena 

Introduction 

Decision support should be available to health care profes-
sionals (e.g. stated in report to Stortinget: St. meld.nr.9, 2012-
2013, Én innbygger – én journal) and it may also play a role in 
supporting patients at home. Spring 2014 two master thesis 
projects [1,2] have targeted this research field. The focus of 
this paper has been on technological aspects and we place the 
students work in a wider context together with recommenda-
tions for further work.  

The work of Tian Zhao was associated to a project at 
Sørlandet Sykehus Kristiansand, a Norwegian hospital. The 
project is called Tidlig Identifisering av Livstruende Tilstander 
(TILT) (some related work: [3]). In English this would be 
something like: Early Identification of Life-Threatening 
Conditions. By continuasly monitoring vital signs of a patient, 
together with application of rules, a state is “calculated” and 
interventions proposed. The task was then to propose a 
software solution (or parts of a solution) to this. 

The work of Angelique Mukasine was the making of  ontology 
for supporting patients at home, with focus on diabetes. 

The remainder of the paper is structured as follows: The 
Method section briefly outlines description logic and the use 
of ontologies to represent knowledge; a general overview of a 
knowledge-based decision support system is delineated; some 
ontology technologies are also presented. The Result section 
presents the two master projects. The section called Discussion 
and Some Conclusions sees the projects in light of the greater 
picture presented in the Method section; limitations and prob-
lems are discussed; some conclusions are drawn. Section Rec-
ommendations for Further Work advocates some technologies 
and solutions. 

Methods 

Creation of fully envisioned systems was not within reach for 
the two master projects. Simplifications, focusing on only 
some technology and “a proof of concept approach” have been 
necessary. Figure 1 gives a general picture of our wider vision 
where the reported projects considered only a few compo-
nents.  

We will first describe the parts of the general picture. We ap-
ply description logic [4] where the knowledge base is com-
posed of a terminology part defining concepts (also called 
classes) like vital sign, blood pressure, and patient. Descrip-
tions of individual patients, etc., are found in the assertion 
part. Correspondingly, properties (also called roles) are de-
scribed in the terminology part and applied in the assertion 
part, e.g., property has blood pressure relates patient with 
blood pressure; the assertion part may contain information 
about the blood pressure of some specific patient.  This is the 
classical model (terminology) and model instance (assertions) 
separation. However, not all entities in the assertion part may 
have been classified and this differs from ordinary object-
oriented program development. 

The concepts can be categorized as atomic or complex; com-
plex concepts are (unlike atomic concepts) built with the help 
of description logic constructors and atomic concepts. E.g., 
the following is the definition of a complex concept: Potential 
diabetic ketoacidosis is equivalent to a patient with excessive 
thirst and frequent urination and confusion and, etc. Here 
Potential diabetic ketoacidosis is the complex concept being 
defined; is equivalent and also and illustrate description logic 
constructs.  

The complex concept may be used by a reasoner to classify 
individuals by inference. I.e., individuals satisfying the follow-
ing belong to this complex concept: Must be of type patient, 
have excessive thirst, etc. Reasoners can also be used to check  
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the soundness of the classification hierarchies, e.g., decided if 
it is impossible for a concept to have individuals.  

The knowledge base, often called ontology, can be described 
in many ontology languages. We have chosen a Semantic Web 
[5] approach and selected The Web Ontology Language 
(OWL) [6]. One argument for this is the already existing med-
ical ontologies in this language, e.g., a version of Systematized 
Nomenclature of Medicine - Clinical Terms (SNOMED CT) 
[7] and International Classification for Nursing Practice 
(ICNP) [8]. The most used ontology editor and knowledge 
acquisition system [9], Protégé [10], also supports OWL. 
There is also a Java Semantic Web framework, Jena [11,12,13, 
14], which supports an API for OWL (and other Semantic 
Web technologies).   

Complex concepts (see Figure 1) can be seen as rules, but 
there may be additional rules specified in some other language. 
SPARQL Protocol and RDF Query Language (SPARQL) [15] 
is a part of the Semantic Web technology. The use of 
SPARQL has, out of interest, been a requirement for the stu-
dent projects. SPARQL can be used to query and gather new 
information given some OWL ontology (see Rules and Query 
Engine in Figure 1). There are examples of OWL/SPARQL 
being used in medical informatics [16,17].  

Protégé and Jena both support several reasoners like Pellet 
[18] and FaCT [19].  

Sensors for measuring vital signs, etc., and actuators for medi-
cations, etc., could be applicable in a practical situation. Fur-
thermore, application software tying the components together 
and a user interface is needed. 

From before we had some experience with both Protégé and 
Jena; they could both be used separately or together as de-
scribed later. Experience indicated that making a Java applica-
tion utilizing Jena could be very time consuming if lacking 
previous experience; Protégé was consequently proposed as a 
tool for the projects. A shift of technology from Protégé to 
Jena would still allow the results to be utilized; the ontology 
language used in Protégé would be OWL which is also under-
stood by Jena software; the same goes for SPARQL state-

ments. However, it turned out that the Protégé environment 
had some unforeseen limitations, more on this later. 

 

The Master Theses 

To sum up the previous given information, both student pro-
jects were developed in Protégé, which supplied a user inter-
face, application software, reasoners, OWL, SPARQL and 
visualization. Actuators were not involved. Sensors/sensor 
handlers were simulated by manually inserting sensor data in 
the form of OWL statements. Also input about users and their 
states were manually inserted with OWL statements in Proté-
gé; a fully developed application would have a tailored user 
interface to handle the human machine communication instead 
of using the generic Protégé user interface. This gave a set up 
that was manageable in the limited time frame and it gave the 
possibility to focus on defining the OWL ontology and the 
SPARQL rules, i.e., the kernel of an ontology based decision 
system as we envisioned it.     

An Ontology-Based Decision Support System for 
Interventions based on Monitoring Medical Conditions on 
Patients in Hospital Wards 

This project is a first start making  the TILT system as a 
software system. The main intention with TILT is to give an 
early identification of life-threatening conditions based on  
parameters like measurements of respiration frequency, pulse 
oximetry, blood pressure, etc.. The parameters are measured 
regularly, how regularly should be given by the decision 
support system. The different parameters are given score, e.g., 
respiration frequency between 9 and 14 (i.e., normal frequen-
cy) is given 0, below 9 give 2, between 15 and 20 gives a 
score of 1. In essence 0 indicates a normal state, while a higher 
score indicates something that may be abnormal or a risk. The 
scores at one point in time are inserted into a table where they 
are summed. A high sum indicates a high risk and 
consequently: The higher sum the more frequent a new table 
should be assembled based on new measurements. 

 

Figure 1 - Envisioned knowledge-based decision support system  
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Suggestions when it comes to symptomes were decided with 
help of additional rules, e.g., resparation frequency score 3 and 
pulse oximetry score less than 2 and blood pressure score less 
than 2  gives suggesition: Hyperventilation.   

An ontology modelling the following was sucessfully made: 

• Classes Patient, VitalSign, TILTTable, Suggestion, etc. 

• Relation types  hasVitalSign, hasSuggestion, etc. 

• Test data in the form of individuals of type Patient, Vi-
talSign, etc. 

• Test data in the form of application of the relation types 
(i.e., properties) hasVitalSign, hasSuggestion, etc. 

SPARQL was used to define rules that gave the sum of the 
scores of a filled TILT table. Also suggestions were produced 
by applying SPAQL queries.   

Ontology-Based Personalized System to Support Patients 
at Home 

The proposed ontology model concepts like Patient, Disease, 
Examination, Medication, GlucoseLevel; and, properties like 
hasMedication, hasDiet, hasInsulinIntake. Individuals of the 
concepts and application of the property types were used to 
model specific patients with special medical conditions. The 
ontology focused on diabetes patient data and the modelling of 
examination results concerning diabetes. Predefined recom-
mendations were inserted into the ontology, e.g., recommenda-
tions concerning insulin intake were connected to specific glu-
cose levels. In this way a lot of information was modelled; 
SPARQL queries were given to show how the stored infor-
mation could be retrieved.  

An existing ontology for modelling questionnaire was inte-
grated and exploited (this ontology had been made by both the 
mentioned students in an earlier project). 

Discussion and Some Conclusions 

OWL is a powerful language and the ontologies were ex-
pressed by utilizing only a small subset of the language. Proté-
gé is well suited for manually defining the terminology and the 
assertional part of the ontology.  

SPARQL can be used as a rule language as demonstrated in 
[17] and discussed in [20]. Protégé seems to give full support 
for SPARQL 1.1 which includes the construct query. The con-
struct query allows a graph to be constructed based on a given 
query; the graph is composed of statements that can easily be 
inserted back into the ontology. However, the insertion is not 
done automatically by the construct query, implying that an 
insertion has to be done manually in Protégé.    

SPARQL 1.1 Update [21] provides update, create, and remove 
operations on ontologies. In SPARQL 1.1 Update insertions 
can be done automatically with help of its insert operation. 
SPARQL 1.1 Update is not supported by a Protégé plugin.   

And also, the SPARQL plugin found in Protégé did not allow 
a sequence of SPARQL statements to be run automatically 
(which after all is not that meaningful when insertions are not 
done automatically).  

Using SPARQL as a rule languages were demonstrated in the 
project concerning TILT tables. However, using Protégé to-
gether with the SPARQL plugin, to simulate a system having 
rules changing the ontology, seems extremely unpractical. 
Such a system may run in cycles, where several rules are exe-
cuted in a sequence, allowing the changes to the ontology by 
one rule to be used by the next. The amounts of manual work 

(i.e., run a rule and copy the changes to the ontology, run next 
rule copy changes to ontology, etc.) would be somewhat over-
whelming. In other words, Protégé does not seem like well 
suited for this kind of experiments. 

One may consider several different types of TILT tables; the 
proposed solution defined only one and it did not define con-
cepts for defining TILT tables in general. To achieve this a 
metamodel approach seems natural; this approach foresees 3 
levels (these levels are conceptual and just meant to help un-
derstand this way of thinking); one level, defined in advance, 
defines concepts to be used when defining one type of TILT 
table; the second level “uses” the concepts of the first level 
defining a special type of TILT table; filled in tables reside on 
the last level. To implement something like this demands pro-
gramming (or some tools specifically designed for doing meta-
modelling) and it seems impractical to use Protégé for some-
thing like this. This approach defines two types of user roles, 
one defining tables and one filling tables. The same type of 
thinking may apply to rules, since rules also could be supplied 
by some user, i.e., users that were not IT personnel knowing 
SPARQL. However, making such a system is not trivial.  

The project concerning personalized system to support pa-
tients at home supplied a rather big ontology, where different 
types of tables were represented, e.g., information relating 
glucose levels with recommendation of insulin intake. No 
functions or rules were supplied; all information was coded 
into the ontology. This kind of approach works well for small 
and uncomplicated cases, but will break down when the com-
plexity grows – it will not be practical to (manually) insert all 
possibilities into the ontology.  

We consider both the projects helpful and successful taking 
the limited time into account.  

Recommendations for Further Work 

The high number of medical ontologies and the rather mature 
semantic web technologies fuel our interest in the knowledge-
based decision support system approach. Central to this ap-
proach is an explicitly represented knowledge base, defined in 
some ontology language. The Ontology Users’ Survey [22] 
indicates that OWL is by far the most used ontology language 
in 2013. Adding our good experience from other projects [23] 
makes OWL a natural choice.  

One of the purposes of using ontologies is to establish com-
mon languages and facilitate unambiguous communication in 
single system and among different systems; at a practical level 
it allows interoperability between existing applications; the 
ontologies are believed to be long lasting valuable assets.  

We already have some experience [23] with The International 
Classification for Nursing Practice (ICNP®) [24]. ICNP aims 
at improving communication among nurses, and between nurs-
es and other health care professionals. ICNP already contains 
concepts like Diabetes, Blood Glucose and Effective Blood 
Glucose Level; reusing these concepts in the aforementioned 
ontology would be an improvement. Another often mentioned 
medical ontology is SNOMED CT.  

Ontologies like SNOMED CT function as standards defining 
medical concepts; before defining your own “new” concepts 
the most common medical ontologies should be checked to see 
if they already contain a representation of the concept. There 
has are also been done some work on defining sensor ontolo-
gies [25].  
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The two projects reported in this paper did not utilize the pos-
sibility to define complex concepts. This option is very power-
ful; to give an example: Alarms are common in the surveil-
lance of health conditions; the following setup may be imple-
mented: 

• The conditions identifiying the triggering of alarms 
may be defined in advance as a complex concept, i.e., 
the definition of different types of alarms. 

• One execution activity may continuously input sensor 
data into the knowledge base (in accordance with some 
defined sensor ontology). At some point in time the 
sensor data may satisfy the conditions for triggering an 
alarm (this could be the combination of data from mul-
tiple sensors); however, the duty of this execution ac-
tivity is only to insert the sensor data.  

• There are several reasoners available. One reasoner 
may be set to run continuously to infer individuals of 
complex concepts. In our case such individuals would 
correspond to alarms. 

• One execution activity may continuously query the 
knowledge base for individuals of alarms, and if found 
then give a corresponding alarm. 

Analyzing the proposed handling of alarms makes it clear that 
handling of time is essential when dealing with the sensory 
data. In general, treating of patients typically involves patient 
history; consequently the handling of time is important when it 
comes to medical informatics, and high priority should be giv-
en to doing this in an intelligent way.  

There are ways to adapt Protégé and make some suitable user 
interface and also make plugins; however, as already men-
tioned the SPARQL 1.1 Update is not supported.  

We have good experience with the Jena framework which also 
supports SPARQL 1.1 Update, reasoners, etc.; it seems to 
cover what we need. Using Jena means to develop a Java ap-
plication and utilize the rich set of semantic web support given 
by existing Java libraries.  

OWL ontology can be seen as a graph; the graph is broken up 
into triples when stored; a special database technology called 
triple store [26] has been developed for efficient storage and 
retrieval of triples. Jena gives close to transparent support for 
this kind of storage. The knowledge base may be distributed 
through different SPARQL endpoints; an SPARQL endpoint is 
conformant to the SPARQL protocol service (i.e., supporting 
queries and updates); a SPARQL endpoint may be offered at a 
server deploying a triple store.  
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