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Abstract 

 
Basically keywords are used to index and retrieve the documents for the user query in a 

conventional information retrieval systems. When more than one keywords are used for 

defining the single concept in the documents and in the queries, inaccurate and incomplete 

results were produced by keyword based retrieval systems. Additionally, manual interventions 

are required for determining the relationship between the related keywords in terms of 

semantics to produce the accurate results which have paved the way for semantic search. 

Various research work has been carried out on concept based information retrieval to tackle 

the difficulties that are caused by the conventional keyword search and the semantic search 

systems. This paper aims at elucidating various representation of text that is responsible for 

retrieving relevant search results, approaches along with the evaluation that are carried out in 

conceptual information retrieval, the challenges faced by the existing research to expatiate 

requirements of future research. In addition, the conceptual information that are extracted 

from the different sources for utilizing the semantic representation by the existing systems 

have been discussed. 
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Introduction 

 

One of the main issue in a normal keyword based search is that searching for documents 

in the huge amount of information. The aspect that need to be considered for keyword 

based search is either capturing the user need or the meaning of words or phrases (or the 

context) confined in the documents. 
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Most probably the word used in search are of one or few related terms that lead to 

exponential increase in the resultant web pages. Thus initiating ambiguity that has been 

occurred due to multiple meanings of query terms leading to retrieval of mismatch web 

pages. The keyword search systems are less equipped in handling with word-based 

linguistic occurrences, for instance polysemy or synonymy, and avoid the interpretation of 

relations that exists between the search terms. 

 

Search engines explores innovative features that would enhance the representation of both 

the documents and the query. This paved the research gap to redirect the keyword based 

models, to the notion of search by meaning known to be conceptual search. This can be 

obtained by the semantic exploration of documents and queries given to the search 

system.  

 

In this, sentence level semantic has been determined and its associated concept that 

represents the information acquired by the sentences are used to index the documents and 

expand the given user queries. The textual representations varied from the normal 

keyword scenario to the semantic approach thus acquiring the statistical information 

pertaining towards the retrieval of documents. 

 

The other major challenge is the ambiguity nature of the word that exists as a query term, 

usually term to be polysemy and synonymy problem produces irrelevant results (Egozi et 

al., 2011). In addition, insufficient of terminologies and the coarse granularity of concepts 

are the issues relating to the concept based information retrieval systems.  

 

The polysemy and synonymy problem can be solved by using word disambiguation 

method (Voorhees 1994, Agirre et al., 2014), latent semantic analysis (LSA) (Deerwester 

et al., George et al., 2017) and local document analysis (Xu and croft).  

 

The disambiguation of the words in the input query has been determined by expanding the 

query with similar words, and thus improves the recall of the information retrieval (IR) 

system. The query has been disambiguated using Machine Readable Dictionaries, 

semantically disambiguated (tagged) training corpus, contextual information from raw 

corpora in related to machine learning techniques. The LSA approach extracts and 

represents the contextual implication of words using statistical computations applied to 

the corpus.  

 

The local document analysis determines the top ranked documents produced by the query 

thus providing contextual information for the given query. Latent Semantic Analysis is a 
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theory and method for extracting and representing the contextual-usage meaning of words 

by statistical computations applied to a large corpus of text ”Latent Semantic Analysis is a 

theory and method for extracting and representing the contextual-usage meaning of words 

by statistical computations applied to a large corpus of text” Latent Semantic Analysis is a 

theory and method for extracting and representing the contextual-usage meaning of words 

by statistical computations applied to a large corpus of text” 

 

The issues related to insufficient terminologies and the coarse granularity can be tackled 

by modifying the explicit semantic analysis (ESA), thus obtaining concept that are not 

available in the knowledge source (Liu et al., 2017). The ESA approach computes the 

semantic relatedness of the given query with the web repository (Wikipedia) thus 

identifying the added terminologies to the query. 

 

This paper investigates existing research on various ways in which semantics incorporated 

with the retrieval aspects. Some of these strategies include – representation of concepts 

that have been used by the search systems, approaches that are used in conceptual based 

information retrieval systems using text mining and machine learning techniques to 

retrieve the search results, evaluation criteria of the existing systems, the semantic 

information that has been utilized from the various sources for the existing systems.  

 

Moreover this paper emphasis the challenges that have been tackled by the existing 

systems and the research directions in conceptual based information retrieval have been 

discussed.  

 

Outline of the Review on Conceptual Information Retrieval 

 

 
Figure 1 Outline of the survey on Conceptual Information Retrieval  
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Representation of Text 

 

Though the search results are obtained by acquiring the concepts that are associated with 

the query in the documents, text has been considered as different views among the search 

systems. 

 

Fernandez et. al., [2011] proposed semantically enhanced information retrieval that makes 

use of documents annotated as concepts. Through SPARQL, query is given by the user 

that process on semantic index to produces results, based on the semantic entities along 

with the weighted semantic annotations. Thus enriches the retrieval by bridging the gap 

between the user query, semantic information about the query and the unstructured textual 

documents available on the web. 

 

Hsien-Tang Lin et. al., (2012) and Egozi et. al., (2011) used paragraph based features for 

the search systems. These conceptual retrieval systems make use of documents and the 

passage set comprising of 50 words to be indexed as concept representation. This 

emphasizes that the set of concepts present in the passage associates with the query term 

forms the unique terminologies in retrieving the relevant documents. Light weight 

ontologies have been considered for representing the documents and the queries as 

concepts in the retrieval system (Dragoni et al. 2012).This redefines the representation on 

the recognised machine-readable dictionary (MRD) that moderates the repetition of text 

commonly confined in a concept-based document representation. 

 

The other view of the text has been considered through semantic network. It is also 

defined to be associative network that acquires knowledge representation exploring the 

associated semantic relations between concepts in definite domain of knowledge. This is 

achieved by edge labeled directed graphs where concepts are represented as vertices and 

relations are represented as edges. A semantic network is a structural form of predicate 

logic that acquires information for its representation. Thereby exploiting the relations 

between the concepts of a domain ontology that has been considered in scoring the 

relevancy of the document (Gyeong June Hahm et al., 2015). Thus document relevance 

score has been computed by the domain ontology, the semantics of a document conveyed 

by a graph (called Document Semantic Network) and, relation-based weighting schemes 

emphasising the retrieval results.  

 

In another approach search has been implement through the conceptual graphs (SSCGs) 

(Zhangjie Fu et al., 2017), extracting the predominant and simplified topic sentences from 

documents and converted to conceptual graphs (CGs). The obtained CGs are mapped CGs 
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to vectors and ranked the returned results based on “text summarization score”. The 

enhancement in dynamic semantic network and prolonged semantic net based on 

WordNet has been proposed by Jiang (2020) for semantic information retrieval. The 

weighted dynamic semantic network (WDSN) has been constructed with the labeled 

dynamic semantic network (LDSN) for computing the semantic relatedness of the 

concepts.  

 

Approaches in Concept based Information Retrieval 

 

The concept based information retrieval has evolved using various statistical approaches 

involving vector space model (Salton 1983) and probabilistic model (Belkin and Croft 

1992). The statistical information relates to the term frequency for finding the relevance 

of document for the given query (Zhangjie Fu et al 2016, 2017), (Gyeong June Hahm et al 

2014, 2015), (Francesco Colace et. al., 2015). Latent Semantic Indexing reduces the 

dimension of index in terms of query and documents used for search systems (Deerwester 

et al., 1990). 

 

In addition to the concepts, the relation associated with the concepts influences the effect 

of results produced in the search systems. Fabrizio Lamberti et. al., (2009) explores that 

the relations among concept in a semantic annotations defined in ranking strategy 

produces the effective results in semantic web search engines. The underlying 

assumptions made to the semantic annotations is that “for each concept specified in the 

query, should have to be characterized by relations with at least another concept”. The 

relation based page rank algorithm estimates the ranking criterion by the probability, that 

measures between the graph based description of the user query using ontology and the 

tagged page enclosing queried concepts. The relation based page rank relies on the 

knowledge of the user query, the pages that are to be ranked and the underlying ontology. 

Dragoni et al., signifies the representation of terms in the documents computes the 

appropriate weight to the terms that were indexed and estimates the concepts available in 

the document and the query. If the concept is not exist in the ontology then the 

information in the document representation search result would be left out. 

 

In another approach of concept based information retrieval for a specific domain has been 

proposed by Hsien-Tang Lin et. al. (2012). The system uses Onto Passages for specific 

search engine. The methodologies of classical IR models have been used to construct their 

appropriate indices. The methodologies used are of vector space model, probabilistic 

model, and language model. The limitations of the model is when multi-topic assigned to 

the particular passage, this approach is inconceivable to produce a paragraph with 
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multiple topics or concepts. This approach is a time consuming and needs large space for 

storage. 

 

The usage of thesauri, local document analysis (co-occurrence of terms) and latent 

semantic analysis that are used to solve the issues related to keywords, by the conceptual 

information retrieval systems. Egozi et. al., (2011) introduced an Explicit Semantic 

Analysis (ESA) method for conceptual information retrieval that interprets the features of 

concepts from information sources. In this additional to conceptual index of a document, 

each passage has been represented as concept vectors are also indexed and ranked 

separately and hence differentiates the original document’s relevance.The query concepts 

has been optimized with the feature selection done in the selective-ESA approach. The 

selective-ESA approach uses the pseudo relevance feedback with selecting the features 

based on the Information Gain, Intelligent Information Gain and Rocchio Vector of the 

obtained candidate query concepts. Thus ESA approach enables the selection of features 

so as to produce more relevant search results. The modified ESA approach (Liu et. al., 

2017) uses concept expansion and reranking algorithm to retrieve the results efficiently.  

 

Binbin Yu proposed an ontology based information retrieval consisting of document 

processing and document retrieval with agent modules. In this, the genetic algorithm has 

been used for calculating the weighting factor thus enabling the optimum value produce to 

the concept occurred which intern determines the relevance of the document.Semantic 

similarity measures has been carried out between the query and the documents for 

effective retrieval of the results. In another approach of enhancing the information 

retrieval with different knowledge sources (Jiang, 2020) explores the semantic relatedness 

between the query and the documents to retrieve the results. Various knowledge sources 

for example, Wikipedia, Word Net, Description Logic (DL) Ontology have been used to 

compute the relatedness between the concepts.  

 

Sources of Knowledge Base 

 

Traditionally the concept based information retrieval rely on various sources to acquire 

information. Those information has been obtained through the following aspects: 

 

Wikipedia – general domain knowledge source. A wide range of topics in Wikipedia is a 

disadvantage for domain specific retrieval as it retrieves irrelevant topic.  

 

Word Net- semantic lexicon comprises of set of synonyms called syn sets. Word Net 

provides relations between synsets such as hypernymy, hyponymy, holonymy and 

meronymy. Ambiguous words produces multiple syn sets. 
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Ontology – domain specific concepts and relations are represented the hierarchical 

structure. Relevant documents pertaining to the concepts can be retrieved. The different 

forms used under ontology format are OWL (Ontology Web Language), RDF (Resource 

Description Framework), DL(Description Logic) Ontology. BabelNet, YAGO, DBpedia 

are some other knowledge sources. 

 

Evaluation Aspects of Concept based Information Retrieval 

 

Egozi et. al., (2011) framed out a MORAG system that highlights both Bag-of-Words and 

ESA method to perform the conceptual based information retrieval. Wikipedia as the 

knowledge source is used to represent the concept vectors of document for indexing and 

retrieval. The system has been tested with the datasets of TREC and Robust following the 

evaluation metric of MAP. Soner Kara et. al., (2012) proposed the ontology-based 

framework for the extraction and retrieval of semantic information in limited domains. 

The system consists of a crawler module, an automated information extraction module, an 

ontology population module, an inference module, and a keyword-based semantic query 

interface. The system has been tested for a tiny Knowledge base of soccer domain. The 

enhanced ESA approach(Liu et. al., 2017) has been implemented for Building Information 

Modelling (BIM) product model retrieval in construction industry and evaluated for the 

performance metric using MAP. 

 

The arithmetic mean of the average precision values over a set of n query topics (Beitzel 

et. al., 2009) is defined as the Mean Average Precision (MAP) and is given by  

 

  (1) 

  

 -AP denotes the average precision value for the given topic. MAP is most of the widely 

used metric for calculating the relevancy of the search results. 

F-measure determines the weighted harmonic mean of precision and recall.  

 
  

P denotes the precision conveying the number of documents retrieved. R denotes the 

recall conveying the number of relevant documents retrieved in the search results. 

Jiang (2020) defined macro averaging and micro averaging metric for testing the search 

results. Macro averaging defined to be the un weighted mean across the queries which is 

known to be query centric measure. Micro averaging calculated from the sum of per-

query contingency tables and is known as document centric measure. 
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Various Aspects of Conceptual based Information Retrieval 

 

Table 1 Different strategies on Conceptual based Information Retrieval 

 Different means of Conceptual based Information Retrieval 

Representation 

of text 

Concepts Semantic 

Network 

Conceptual 

Graphs 

weighted 

dynamic semantic 

network 

Approaches Statistical methods                    

(vector space model and 

probabilistic model) 

Language 

Model 

Explicit 

Semantic 

Analysis 

Genetic 

Algorithm 

Sources Wikipedia WordNet Domain 

Ontology 

DBpedia 

Evaluation MAP f-measure Macro 

averaging 

Micro averaging 

  

Table 1 illustrates the different strategies involving in the conceptual based information 

retrieval. The text have been used in the form of concepts, conceptual graphs and 

weighted dynamic semantic network. Considering graph model for a data mining 

application seems to be time consuming. The approaches used for the information 

retrieval model are statistical based methods, language model, explicit semantic analysis 

and genetic algorithm. The challenges faced by the existing conceptual based information 

model to be rectified by using recent model in machine learning algorithm in retrieving 

the relevant documents. Due to the increase in the web content, the information regarding 

to the particular domain to be complete so that in sufficient terminology issue can be 

overwhelmed. The conceptual based retrieval system with the outcomes have to be 

evaluated in identifying the relevant documents. 

 

 Discussion 

 

The basic flow of a traditional conceptual based information retrieval system is depicted 

in figure 2. The documents are collected from the web and are processed. The peculiar 

document processing involves semantic annotation, concept (feature) extraction or 

contextual graph representation based on the knowledge base. The extracted concepts are 

indexed using inverted index technique. The document collection, document processing 

and indexing are carried out as offline process. When the user enters the query for the 

search, the query is processed resulting in query expansion. The expanded query is given 

to the index and produces the document. The similarity of query and the returned 

document results in the appropriate position of the document in the ranked documents. 
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The query process and finding the similarity between the query and the indexed document 

are carried out as online process. 

 

 
Figure 2 General flow of conceptual based Information retrieval 

 

In concept based information retrieval system, the primary challenge is of collecting the 

documents from the web as the documents can be of any form. The collected document 

has to be processed in terms of document processing that acquires the knowledge base 

information. The knowledge base must able to have the wide range of information related 

to the concept and also it must be an up-to date resource. To have an up-to date concepts 

the knowledge base has to be enhanced with the concepts and the associated relation 

pertaining to the domain. Through the acquired information the documents have to 

represent either through concept vectors or contextual semantic network that can rely on 

the retrieval system. The represented concepts have to be indexed providing additional 

information about the concepts. The index should able to provide a more refined 

information about the documents. The query given by the user has to be expanded with 

the additional information acquired from the knowledge base source. The expanded query 

concept has to be searched in the index that can able to provide the set of documents. The 

similarity measure or any other approaches have to be applied to yield the relevant 

documents at the search results. The ranking algorithm should able to determine the 

similar set of documents to the query and have to locate at the appropriate position in the 

search results. The whole concept based information retrieval system has to be automated 

with the advance machine learning techniques to produce the relevant search results. 

 

Conclusion 

 

The survey on concept based information retrieval has been analysed under several 

aspects of the retrieval system related to the representation of the documents, availability 

of knowledge sources, approaches that are handled to retrieve the results and the 

evaluation measures used in the retrieval system. The major criteria behind the conceptual 

based information retrieval will be of the knowledge sources where in the information 
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regarding to the particular domain is obtained. The knowledge sources should be of 

complete and to be up-to date which could be challenge for having domain knowledge. In 

addition, the issues related to the conceptual based information retrieval system has been 

discussed. This paper lay out the future direction of the research where the up-to date 

knowledge base is required and advanced machine learning techniques that have to be 

adapted for the retrieval system. The process of extracting concepts and relations have to 

be automated to enhance the knowledge base by adapting machine learning techniques. 

The validation of the knowledge base have to be done ensuring the appropriate concepts 

and relations are added to the domain. The constructed knowledge base can be used in 

data mining applications, emphasizing more on concepts.  
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