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Abstract Interpretation of medical document requires descriptors to define
semantically meaningful relations but due to the ever changing demands in
healthcare environment such information sources can be highly dynamic. In these
situations the most challenging problem is frequent ontology search keeping with
user’s interest. To manage this problem efficiently the paper suggests an ontology
model using context aware properties of the system to facilitate the search process
and allow dynamic ontology modification. The proposed method has been evalu-
ated on Cancer datasets collected from publicly accessible sites and the results
confirm its superiority over well known semantic similarity measures.
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1 Introduction

Most Healthcare systems contain a large collection of related documents which
necessitates a semantic search system to swiftly and accurately identify documents
which satisfy user’s needs. It has been found that keyword based search engines
most often fail to give the expected results relevant to the query context. One of the
key factors for personalized information access is the user context [1]. Context can
be defined as the user’s objective for seeking information [2]. In this paper, context
is defined through the notion of ontological profiles which are updated over time to
reflect changes in user interests. Ontology consists of a formal conceptualization in
a particular field of interest that can be easily visualized or can be considered as a
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description of the elements it contains and when aligned with other ontologies it can
help in forming a community of such elements or concepts [3, 4].

The major contributions suggested in this paper is mentioned as follows: (1) It
provides an ontology for cancer patients containing both medical and socio eco-
nomic conditions (2) to search for an optimal treatment plan suited to the patient
(3) The ontology can be extended by healthcare experts based on changing treat-
ment options, different disease symptoms and missing information with minimum
involvement from external sources. (4) An ontology mapping strategy has been
suggested that exploits contextual information of source ontology and supplements
it in linguistic and structural similarity to enhance the strength of match with the
target ontology.

2 Related Work

Most retrieval systems suffer from keyword barrier phenomenon which refers to the
inability of information retrieval systems to convey semantic context of documents
[5]. Related work developed a framework for Formal Concept Analysis which
extended the Tf-Idf weighting model by introducing ontology dependent concepts
[6]. Most search engines do not include user preferences and search context but
provide users with a generalized search facility [7]. A related study shows that little
work has been done on contextual retrieval to combine search technologies and
ontology alignment using context in a single framework to provide the most
accurate response for a user’s information requirement [8].

A popular method to facilitate information access is through the use of ontology.
Researchers have attempted to utilize ontology for improving navigation effec-
tiveness as well as personalized Web search and browsing for generating user
profiles [9]. An innovative approach for Ontology based on Concept merging was
suggested were first the horizontal technique checks all relationships between
concepts at the same level of two ontologies and merges them as defined by
WordNet, then the vertical approach completes the merging of concepts at different
levels but placed on same branch of the tree [10].

The notion of concept similarity calculation using ontology is that two concepts
have a semantic correlation, and there exists a path in class hierarchy diagram. In a
pioneering work, Resnik measures the semantic similarity of two words according
to the maximum amount of information of their common ancestor node [11].
Leacock and Chodorow proposed a semantic similarity model based on distance
which is an easy and natural approach but is heavily dependent on the ontology
hierarchy already established [12]. Study of related work shows the use of RIMOM:
a dynamic multi strategy ontology alignment framework which uses both linguistic
and structural similarity to map source and target ontologies but it is suitable for
only for 1:1 mapping [13]. The ontologies can be expressed in various ways. The
most common language used to model ontologies is the Web Ontology Language
(OWL), which is a form of RDF and is written using a subset of XML [14].
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Unfortunately, most of these systems can provide little support in support for
knowledge sharing and context reasoning because of their lack of ontology. Recent
study focus on the use ontology based personalization system for assisting
healthcare industry in patient diagnosis and intervention plans [15].

3 Methodology

In this work ontology has been developed to organize the terms of cancer disease,
its symptoms, diagnosis, treatment options, intervention plans, patient condition
and other social issues related to disease. On top of this a search algorithm based on
context information stored in Ontology has been suggested which extracts all
correlated words of the search string and can map from one ontology to another
(Figs. 1 and 2).

Fig. 1 Flowchart of context matching using an ontology framework
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4 Ontology Used

There are many existing ontology, but since critically ill patients need accurate and
urgent medical intervention we have developed Cancer related Ontology containing
medical and social concepts to assist in searching information and decision making.

5 Explanation of Proposed Algorithms

5.1 Context Search Technique

Step 1 Perform linguistic match between search string and the one present in
target ontology based on Word Net. If direct match is found then display
output and exit.
If no direct match found then based on the similarity results the pairs are
sorted into three buckets: (a) above the upper threshold—provisionally
similar (b) between the upper and lower threshold—uncertain bucket and
(c) below the lower threshold—no match. Add all composite matches to
the “uncertain bucket” along with the concepts between the upper and
lower threshold (selected based on experimentation).

Step 2 Structural matching: For concepts whose similarity values are in uncertain
bucket, perform the following:

Fig. 2 Ontology hierarchy for cancer patients
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(a) for each pair of concept, compare their parent nodes (when matching is
between two ontology) to determine the total parental similarity for
updating the original pairs similarity value. If match is found incre-
ment the score by 0.1.

(b) for each pair of concepts, compare their grandparent nodes to deter-
mine the total similarity for updating the original pairs similarity value.
If match is found increment the score by 0.05.

Step 3 Use Word Sense disambiguation on the set of terms in ‘Uncertain’ and
‘Provisionally similar’ buckets to select the words actually representing the
given context. The WSD method used here takes average of similarity
values for each concept searched to show its relatedness to the ontology.

5.2 Ontology Modification

This procedure is called when the context is not found in the ontology tree but the
searched context has a comparable relation then the context is dynamically added as
a node in the ontology tree in appropriate location. Each ontology node is asso-
ciated with an Id for comparison.

Pseudo code:

Modify (Root,Id,mi,N,M,Left,Right,Par) 
Set Ptr = Root, Id= TRUE.
Apply Algorithm-2 to find the similarity or relevance of searched  area.
[If Node found] Set Ptr=Node. 

Else if [node was not found but has to be added based on relevance threshold of the 
domain set then check immediate ancestor. ]
{ Id[NodeO1]->Par=Id [NodeO2]->Par 

Add new node. 
If{ Id [NodeO1]<Id [NodeO1]->Par 
Set Left[Par]=New 
Else Set Right[Par]=New. 
Set Id of new node.} 
Print Updation Successful.
}} 
[Else Updation Not Possible. ]
} 
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6 Experiment

6.1 Data Set

The experimental data used in this work has been collected from different cancer
related websites which allows open access and made publicly available for research
and study purposes [16–21]. The training data set comprising of 2721 documents
was used for the representation of the cancer ontology indexing 204 concepts in the
hierarchy.

6.2 Experimental Metrics

To perform a comparison of the improvement of proposed method with other
established semantic search algorithms used in contemporary literature like k-NN,
Resnik similarity, Rocchio based methods [22, 23].

The similarity measure suggested by Resnik, gives the information content
(IC) of the Least Common Subsequence (LCS) for two concepts:

SimRes = IC(LCS) ð6Þ

where IC is defined as:

IC(c) = − log p(c) ð7Þ

here p(c) is the probability of encountering a context c in a corpus.
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Fig. 3 Comparison of F-measure with other similarity measures for five users
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The effectiveness of search was measured in terms of Top-n Recall and Top-n
Precision [24]. The F-measure defined as F = 2 * P * R/(P + R) is a balanced
mean between precision and recall metrics and was used for comparing searches
made by five different users.

6.3 Results

See Figs. 3, 4, 5 and 6.

F-
M

ea
su

re

Threshold 

Fig. 4 Comparison of F-measure with varying threshold
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Fig. 5 Variation of average top-n recall in top-n documents using overlap queries
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6.4 Discussion of Experimental Results

The comparison of F-measure with other semantic search techniques like k-NN,
Rocchio and Resnik methods is depicted in Fig. 3. For all such users there has been
improvement in F-measure values in case of our Context Aware Ontology model.
Since the value of similarity depends to some extent on the threshold considered in
the function so a variation of threshold with F-measure for different similarity
techniques have been studied for same set of five users. The highest F-measure
value was reached for a threshold of 0.6 in our context aware ontology model as
shown in Fig. 4. Figures 5 and 6 gives the comparison of precision and recall
values for top-n search results for all similarity techniques as shown above.

7 Conclusion

The work presents a framework for contextual information access using ontologies
and demonstrated that the semantic knowledge embedded in cancer ontology can
efficiently assist in search process and facilitate dynamic ontology modification.
A comparison with other semantic search techniques shows that if contextual
information present in ontology is retrieved effectively it can improve the search
results based on user’s requirements. This search technique can be extended to
compare two separate ontologies as well.

It may be noted that the experimental results reported here is based on usage of
randomly selected users, a few hundred queries, and a limited number of relevant
documents. Future research in this area will consists of much larger scale of
experiments and optimization parameters.

Documents

Top-n
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Fig. 6 Variation of average top-n precision in top-n documents using overlap queries
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