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 The amount of research papers published per year is phenomenally increasing and 
information extraction from the research paper is becoming increasingly difficult. A 

researcher looking to gain knowledge of a particular domain has to rely on text mining 

systems to retrieve content that would suit their needs. A literature survey on a specific 
topic can aid the researcher through the rest of his research. As writing a literature 

survey manually is a time-consuming task, a system that automatically extracts content 

necessary to write a literature survey is needed. Literature survey relies on the 
perceptions of previous researchers about a specific topic i.e citation context. This work 

analyses assessment of each author about a specific topic using a novel concept called 

Research relations which is further used to classify the citation context. The topics 
associated with citation context are identified using Hierarchical Latent tree analysis 

and based on the topics a survey template is generated. We evaluated our approach 
based on the ACL corpus. The evaluation results show that our work produces research 

relation classification accuracy of 83.2 % which helped to generate the survey template 

effectively 
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INTRODUCTION 
 

 Generally, researchers entering into a new domain will surf the web to gain knowledge. It is a painful job 

for a researcher to search required data from the enormous amount of information, available on the web. The 

researchers can be provided with certain amount of knowledge about the topic to help them to carry out the 

research. The inference on a specific topic differs between the researchers. A citation is the set of sentences 

where the author of a research paper refers to another research paper and infers some information out of it. In 

this work, a new concept called Research relations is introduced. Research relations focus on the authors 

inference about the research paper cited in a citation context i.e research relations give the reason for the author 

citing that particular work. A very common example of a research relation is when authors use citations to give 

a description of a cited paper in the related work section. For example, 

Smeaton and Berrut (1995) tried to expand the queries of the TREC- 4 collection. 

Richardson and Smeaton (1995) used WordNet to compute the semantic distance between concepts  

 The above examples fall under the Research relation Description. The other research relation categories are 

described in detail in methodology section. Using the research relations, a researcher can obtain in depth 

knowledge about a particular topic which can help in writing a literature survey. 

 

2. Related Work: 

 A research relation is a new concept that we have coined to describe the relation that could be found among 

the citations. Although the concept of research relations is something new, previous researchers have attempted 

at works similar to research relations. We primarily look at classifying citations into categories along different 

dimensions.  
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 (Weinstock, 2011) made an attempt at citation based sentence classification and identified 15 reasons for 

using citation indexing to identify the author’s reference to the earlier work. (Nanba et al., 2000) use a concept 

called citation types to identify the types of citation relationships that indicate the reasons for citation. Three 

categories of citation types namely Type B (citations showing other research methods), Type C (citations to 

point out problems and gaps) and Type O (citations other than types B and C) have been introduced to classify 

the citations using common word occurrence and bibliographic coupling. Even though the classification of 

citations is common to our approach, we have introduced more refined categories. (Pan, 2006) used machine 

learning algorithms and classified citations in bio medical text along five different dimensions The 

dimensionality of the categories is different from our work and is more suited to text belonging to biomedical 

domain.  

 Another important phase of our work is the classification of citation contexts into research relations. We 

used a set of patterns and matched against the citations. The motivation for this approach is the work done by 

(Agichtein and Gravano, 2000). They described patterns from structure data in HTML documents and explained 

how they can use these patterns to extract new tuples. We have improved in on this idea by defining a set of 

features for each pattern and used these patterns to match with this citation. This was further used to classify the 

citations into research relations. 

 Finally some of the researchers have attempted in creating a summary from the classified sentences (Kim 

and Zhai, 2009; Nanba et al., 2000; Ou et al., 2008). Since automatic generation of a literature survey would 

need Natural Language generation methods, we aim to generate content that would aid in forming the literature 

survey. This kind of attempt is different from that what has been attempted previously and hence will be of great 

use to researchers.  

 

2. Methodology: 

 This work aims to generate survey template automatically using new concept called research relations for a 

given user query. Research relations are identified from the extracted citation and classified into different 

categories using Bootstrapping algorithm. Using the identified research relations, topic associated with the 

citation are identified and generated as survey template using Hierarchical Latent tree analysis. This work is 

based on AAN dataset with nearly 18000 documents. This section describes in detail about the various steps 

involved in generating the survey template automatically. 

 

2.1 Document extraction: 

 In document extraction, the user query is obtained from the user through the user interface and the 

documents related to the user query are retrieved.  The documents retrieved in this module are research papers 

from AAN dataset. Information such as document ID, ACL-ID, title, author, year, and concepts are indexed 

using the open source search engine Lucene. 

 In order to retrieve the relevant documents of the user query, a concept map is created using the concepts 

from the title of all papers in the AAN dataset. The concepts which occur together more often are related and the 

similarity between the related concepts are computed. A concept map is constructed connecting the related 

concepts using the computed similarity value. The concept map is constructed once for the dataset and referred   

whenever a user query is given. Based on the user query given as input, the concept map is referred to get set of 

related concepts. Then the documents having the related concepts are retrieved .The top 10 most relevant 

documents (computed using similarity value) are selected and displayed to the user. For the query concept that 

is not found in the concept map, the documents are retrieved using Lucene.  

 

2.2 Research relation classification: 

 From the retrieved top 10 documents, citations are extracted. The citation text is pre-processed to remove 

the stop words and the research relations are identified and classified. This subsection deals with the citation 

extraction and research relation classification.  

 

2.2.1 Citation extraction: 

 In each document, the authors cite others work using the citation sentences. The citations can be explicit or 

implicit and they are extracted using different techniques. 

 

2.2.1.1 Explicit Citation Extraction: 

 The explicit citations are extracted by matching the anchors in the sentences against regular expressions. 

The most common types of anchors used are: 

 [Any number] e.g:[12],[8] 

 (Author name/s,Year) e.g:( Tang and Chen,2013), (Liu,2014) 

The regular expressions that match above anchors are created and explicit citations sentences are extracted.  
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 2.2.1.2 Implicit Citation Extraction: 

 To extract implicit citations, Markov Random fields with the Belief propagation algorithm have been used 

(Qazvinian and Radev, 2010). A set of explicit citations are extracted from every document. For each citation, 5 

sentences above and below it are extracted and each sentence is assumed to be a node in a graph. Using the 

Belief propagation algorithm’s message update rule, the sentences that are relevant to the explicit citation 

sentences are identified as the citation context. 

 

2.2.2 Building Research Relations: 

 Research relations describe the authors view about the cited paper in the citing paper. There exists different 

perspectives among the authors. They refer to several other papers in which they might support the cited paper, 

or they contrast the ideas that have been proposed, or they might have used the base idea from that paper as 

such, or they might have extended some ideas etc., This illustrates that various research relation categories 

exists. In this work we have identified 12 such categories that occur often. 

 

2.2.3.1 Research Relation categories: 

 To identify the various research relation categories, we looked at several research papers and manually 

extracted the various citations. We then analysed each citation to look for the author inference i.e the author’s 

reason for citing the paper and information conveyed through the citation. After investigating several such 

citations, we found a pattern followed by the citations in every paper. The identified patterns helped to create 

new research relation categories. At the end of this task, we found that most of the identified research relations 

were similar to the 15 reasons for citing other work suggested by (Weinstock, 2011). The following were the 

identified research relation categories with an example for each category with the reason for the citation to fall 

under that research relation underlined. 

 

i. Explicit support: 

 The author may explicitly support the idea or approach used in the paper. 

e.g: Variants of the k-NN classifiers have shown very good performance in text ctegorization 

 

ii. Explicit weak: 

 The cited work is quoted as weak or not efficient. 

e.g The implementation of the approach performed by Zhang performed worse than traditional web based 

system. 

 

iii. Comparison of methods or goals: 

 The author compares methods between cited papers or with own paper and a cited paper. 

e.g The modified label propagation algorithm converges much faster 

 

iv. Usage: 

 The author or the cited author uses some method or techniques as it is without modification in his/her paper. 

e.g We present  results using the Conditional random fields 

 

v. Modified usage: 

 The author or the cited author uses an extended or improved version of the idea or method in the cited text. 

e.g This criterion is a formalization of the sentence ordering algorithm.. 

 

vi. Similarity: 

 The author quotes the similarity of approach to the cited work. 

e.g Similar to the label propagation algorithm, the propagation method proposed by Len at al (2005) is effective 

 

vii. Future work: 

 The author talks about possible future work with reference to the cited work. 

e.g We can extend the basic idea to other topic models lie “Pachinko allocation and mixtures of Hierarchical 

topics with Pachinko allocation” 

 

viii. Applications: 

 The applications of the cited work or any other method in the cited work are noted here. 

e.g  Eventhough LDA was meant as a text-topic model, it has found wide application in the field of image and 

video processing.  
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ix. General Agreement: 

 Many cited authors agree on one particular fact. 

e.g For instance several earlier studies found that negational citations are rare(Moravscisk and 

Murugesan,1975;Spiegel-Rusing,1977) 

 

x.Description of work: 

 The author gives a brief description of the work in the cited paper. 

e.g LDA is a generative probabilistic model for collection of discrete data such as text documents. 

 

xi.Quoting as an example: 

 The author quotes the cited paper as an example. 

e.g Nallapati[2009] ,for example   formalizes document retrieval as binary classification. 

 

xii. Neutral or Background reading: 

 In some cases, the author talks about a particular idea or method and cites a paper to get a more elaborate 

explanation. 

e.g A detailed tutorial of belief propagation may be found in work by Yedidia[2006]. 

 

2.2.3 Feature extraction: 

 For classifying the citation contexts into various research relation categories, 8 features have been identified 

from the citation contexts as shown in Table 1. A particular research relation may have only some of the eight 

features. 

 

2.2.4 Research relation patterns: 

 For each research relation category, patterns are described using the features. To accomplish this task, 

nearly 200 citation contexts have been collected and classified into one of the research relation categories using 

the features. The citations are grouped according to the research relation label and common features are 

identified among the citations of one category. In few cases, for one research relation needed two different 

patterns and in others one pattern was sufficient. Around 15 patterns were identified. In each pattern, one or 

more features are fixed as mandatory(M) and few as optional(O). Table II depicts the research relation patterns 

for different kind of research relations. 

 
Table 1: Features for Research relation classification. 

Features Description 

Cue words Set of words/phrases that help in identifying research relation 

category 

Lexical terms Aid a cue word(easily noted verbs) 

Anchor location Location of the anchor 

Concept word relation Concept words of citation context to the title of the cited paper 

Number of anchors Indicate the agreement with cited work 

Dependency Grammatical dependency of the sentences 

Anchor  match with references Citations should have match with anchors 

 
Table 2: Research relation patterns. 
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Similarity O - - M - - - - 

Modified Usage M O - O O - - - 

Usage pattern - M O O - - - - 

Comparison M - - O M - - - 

Support M - - O - - M - 

Application M - - O - - M - 

Agreement - - - O - M - - 

Example M - - - - - - O 
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2.2.5 Research relation classification: 

 The citation contexts obtained after citation extraction and pre-processing are classified into research 

relations using Bootstrapping, a semi-supervised machine learning technique from (Agichtein and Gravano, 

2000). 

 

2.3 Content extraction: 

 The content that would provide the background knowledge of the user query is extracted by identifying the 

topics associated with the citation using Hierarchical Latent tree analysis. 

 

2.3.1 Topic detection: 

2.3.1.2 Hierarchical Latent tree analysis (HLTA): 

 Latent tree models are tree-structured probabilistic graphical models. Tengfei et al (2014) introduced a new 

method, HLTA for topic detection that models word co-occurrence patterns using a latent variables hierarchy. 

The topic is detected by identifying words with high frequency in particular topic and with low frequency in 

other topics.  

 

2.3.2 Topic hierarchy: 

 In the hierarchy, user query is considered as the main topic. The topics from each citation are detected using 

HLTA and put under the main topic of the hierarchy. The generated hierarchy acts as the survey template and 

provides background knowledge for the researcher entering into new domain. 

 

RESULTS AND DISCUSSION 

 

 We evaluated our system with AAN dataset. The results obtained from our system are explained in this 

section. 

 

3.1 Topic coverage: 

 For a given user query, the related documents are retrieved using the concept map. In order to perform this 

evaluation, we divided our dataset into 5 smaller datasets chronologically, with each dataset having 2800 to 

3500 documents. The division is shown in Table 3. For each dataset, the same query is given and the numbers of 

concepts covered by our system are compared against Lucene. The results are depicted in Figure 1.  

  
Table 3: Chronological division of dataset. 

 

Year Range No. of Documents 

2001-2005 3053 

2005-2007 3389 

2008-2011 2802 

2012-2014 3503 

 

 
 

Fig. 1: Topic coverage for the Query ‘Natural Language processing’. 

 

3.2 Research relation classifier accuracy: 

 We evaluated the accuracy of research relation classification using the manually annotated and machine 

generated research relation categories under four different trials. On an average, our system achieved the 

classifier accuracy as 83.2% as shown in Figure 2. 

 

3.3 Significance of Research relations: 

 The claim that research relations based system is helpful for writing the literature survey is shown in Figure 

3.We manually extracted the citations, identified the research relations, and the sub-topics from the manually 

written literature survey and performed the same process with our automated system. We proved in the Figure 3 

that for a particular sub-topic, the research relation category identified with the manual survey had the same 
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category determined using automated system. This illustrates that research relation classification is useful for 

writing a literature survey. 

 
 

 

Fig. 2: Accuracy of the research relation classifier. 

 

 
 

  

Fig. 3: Significance of research relation for sub-topic ‘Wordnet’. 

 

3.4 Topic detection: 

 Our system used HLTA for topic detection. To evaluate the quality of topics determined by HLTA, we used 

topic coherence scores (Mimno et al., 2011) as shown in Table 4.The result shows that quality of topics 

identified by HLTA is high when compared to LDA.  

 
Table 4: Average Topic coherence Scores. 

 Top‘M’ words No.of.Topics Avg.Coherence scores 

LDA 7 10 -25.67 

HLTA 7 10 -22.34 

 

4. Conclusion: 

 Our work developed a system that generates literature survey template automatically using the new concept 

called research relations. The system proved that research relations are useful for writing a literature survey. The 

system used a static concept map for citation extraction and can be further enhanced to handle dynamicity of the 

dataset and build a dynamic concept map for identifying research relations. As an extension, research relations 

can be used for mining the research gap.  
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