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Web Co-citation: Discovering Relatedness Between Scientific Papers

In this paper we review two well-known citation methods to find relatedness between scientific papers: co-citation and bibliographic coupling. We propose a practical method to estimate the co-citation relatedness using the Google search engine. We call this method Web co-citation. We conducted experiments on a collection of scientific papers to compare the performances of different methods. The experimental results show that our approach, despite its simplicity, is efficient in discovering the relatedness between scientific papers.

Introduction

For a long time, citation-based methods have been used to find relatedness between scientific papers beside content-based methods. In 1963 Kessler [START_REF] Kessler | Bibliographic coupling between scientific papers[END_REF] proposed the bibliographic coupling method. In this method, the similarity between two pap e r si sb a s e do nt h en u m b e ro ft h e i rco-references. He supposed that if two papers have common references in their bibliographies, they may focus (entirely or partially) on the same topic. In 1973 Marshakova [START_REF] Marshakova | System of document connections based on references[END_REF] and Small [START_REF] Small | Co-citation in the scientific literature: A new measure of the relationship between two documents[END_REF] independently proposed another method called "co-citation". In this method, the relatedness between two papers is based on their co-citation frequency. The co-citation frequency is the frequency that two papers are co-cited. Two papers are said to be co-cited if they appear together in the bibliography section of a third paper.

The two methods bibliographic coupling and co-citation have been used widely since about 40 years for different purposes. The digital library CiteSeer 1 uses these methods to find related papers. In [START_REF] Lai | Using the patent co-citation approach to establish a new patent classification system[END_REF] the co-citation method is used to create a patent classification system for conducting patent analysis and management. Recently, these methods are used in hyperlinked environments to find the relatedness between Web pages [START_REF] Pitkow | Life, death, and lawfulness on the electronic frontier[END_REF][START_REF] Dean | Finding related pages in the world wide web[END_REF] because of the similarity between the notion of "citations between scientific papers" and "links between Web pages". However, both of these methods have their limits. In the bibliographic coupling method, the relatedness between two papers is fixed since their publication date because they are based on the number of their co-references which is unchanged.

1 http://citeseer.ist.psu.edu/ 1

In the co-citation methods, with the time two related papers may receive more and more citations and their co-citation frequency can increase. However if we want to know this citation information, we have to extract from the citation graph of the actual library or read from a citation database2 which are usually limited; i.e. we can only know citing papers of a given paper if these citing papers exist within the same digital library or citation database. That is why in this paper we propose an approach to compute co-citation relatedness between scientific papers which can overcome this limit.

The rest of this paper is organized as follows. In Sec. 2 we describe two approaches to compute co-citation relatedness between scientific papers: traditional approach using the Web of Science citation database and our new approach using the Google search engine. Sec. 3 presents our experiments: simulation of personalized searching using different citation methods. The paper concludes in Sec. 4.

Methodology

Using Web of Science as Citation Database

Actually, there are many citation databases like Web of Science3 , Scopus4 and digital libraries like CiteSeer, ACM Digital Library which provide citation information about scientific papers. After regarding in detail these sources, we decided to choose Web of Science (WoS) as a citation database in our experiments. The Web of Science of Thomson ISI is an important citation database which is used widely for citation studies [START_REF] Jacso | As we may search : Comparison of major features of the web of science, scopus, and google scholar citation-based and citation-enhanced databases[END_REF]. Besides, it also provides an API which facilitates the access to its database without using an Web browser. Another important reason for using WoS is that it contains most of journals used in our experiments (see Sec. 3.)

In WoS, an article is represented by a primary key called UT. Its API supports many operations on its database. Thanks to the search service of ISI, if we know some information about a paper (like title, year of publication, journal etc.) we can use these information to find the UT primary key of this paper in WoS database by calling the searchRetrieve function. Then using this UT primary key we can find all papers that cite this paper with the citingArticles function. From these information we can know the number of times that a paper is cited or the frequency that two papers are co-cited in WoS database. More documentation about ISI search service could be found in its support site5 .

Web Co-citation Method

With the explosion of the World Wide Web, Web search engines have to be more and more complete in order to satisfy information needs of users and their databases become bigger with the time. With their huge databases, Web search engines could be a good source for many data mining tasks.

Recently, a new method for citation analysis called Web citation analysis begins attracting the research community. Web citation analysis finds citations to a scientific paper on the Web by sending the query containing the title of this paper (as phrase search using quotation marks) to a Web search engine and analyze returned pages [START_REF] Vaughan | Bibliographic and web citations: what is the difference?[END_REF]. Because a Web search engine can index many kinds of documents in many different formats, the notion of "citation" used here is a "relaxation" in comparison with traditional definition

In our Web co-citation method, we compute the co-citation similarity of two scientific papers by the frequency that they are "co-cited" on the Web; i.e. the frequency that they are mentioned by a Web page. The notion of "co-citation" used here is also a "relaxation" in comparison with the traditional definition. If the Web document that mentions two scientific papers is another scientific paper then these two papers are normally co-cited. However, if this is a table of content of a conference proceeding, we could also say that these two papers are co-cited and have a relation because a conference normally has a common general theme. If these two papers appear in the same conference, they may have the same general theme. Similarly, if two papers are in the reading list for a course, they may focus on the same topic of this course. In summary, if two papers appear in the same Web document, we can assume that they have a (strong or weak) relation. The search engine used in our experiment is the Google search engine. To find the number of times that two papers are "co-cited", we send the titles of these two papers (as phrase search and in the same query) to Google and note the number of hits returned. In our experiments, we use a script to automatically query Google instead of manually using a Web browser.

Experiments

As stated above, in this work we conduct experiments for evaluating performance of two methods: bibliographic coupling and co-citation with Web of Science and Google. The experiments described here are simulations of personalized searching in a digital library using user profiles. Users of information retrieval systems generally use short queries to describe their information need. Because of the polysemy and synonym problems of natural language, these short queries become ambiguous and lead to wrong answers. However if the system knows about user, it can use these information to improve searching performance. The information about each user is called user profile. Generally, a user profile is a set of information that represent interests and preferences of a user.

Test Collection and Evaluation Procedure

The test collection that we use in our experiments is the collection used in INEX 2005 (version 1.9 6 ). In the first step we remove all elements that are not scientific papers. After this process, the collection contains 14237 documents. Then we extract all necessary information for our experiments from these documents (title, journal, publication year, bibliography etc.). There are also many topics with relevance assessments distributed with the collection. Each topic represents an information need and the relevance assessments were done by INEX participants. In our experiments we use only CO topics which do not contain structure of documents to create user queries. INEX uses a two-dimensional, multi-valued scale for relevance assessments of each topic. However in our experiments we use precision/recall metrics with binary scale relevant/non-relevant). Therefore we did a transformation on the relevance assessments of INEX: if a document has at least one element which is judged relevant (entirely or partially), this document will be considered as relevant; otherwise it will be considered as non-relevant. There are 29 original CO topics but only 20 topics that have more than 30 relevant documents will be used for experiments.

As mentioned above, our experiments are simulations of personalized searching using user profiles. In this case, 20 topics represent different information needs of 20 different people. For each topic, we choose some relevant papers as "pseudo user profile" of this person (5 in average in our experiments). (Please note that our goal is not to learn user profiles but to evaluate citation-based methods). The selected papers are chosen among the highly relevant papers to the correspondence topic and those that receive many citations from other documents. The papers which are included in these profiles are removed from the collection to avoid effect on the experimental results.

After the preparation step, we use the zettair7 search engine to index the INEX collection (the default model is Dirichlet-smoothed), then we send 20 queries (which are formed from above topics) to zettair;w i t he a c hq u e r yw e take the first 300 documents for re-ranking using "user profiles"of correspondence topic. The similarity between a document d and a user profile p is computed as:

similarity(p, d)= d ′ ∈p similarity(d ′ ,d)( 1 )
In Eq. 1, similarity(d ′ ,d) is the similarity (bibliographic coupling and cocitation) between a document d ′ in profile p and document d. The co-citation similarity between two papers is defined as:

cocitation similarity(d ′ ,d)=ln( cocitation(d ′ , d ) 2 citation(d ′ ) • citation(d) ) ( 2 ) 
In Eq. 2, cocitation(d ′ ,d ′ ) is the number of times that these two papers are co-cited, citation(d ′ )andcitation(d) are respectively the citation frequency that papers d ′ and d received. The bibliographic coupling similarity is computed by a similar formula. The final score of a document is obtained by combining its original score computed by zettair and the similarity document-profile. In our experiments we tried two combining functions: a linear function and a product function. However, in our experiments the product combination seems to be better than linear combination, thus it is used in final results which are presented in the next part.

Results and Discussion

The experimental results are presented in Fig. 1 (precision/recall) and Tab. 1 (precision at 5, 10, 20, 30 documents). The trec eval 8 program is used for evaluation. From the experimental results, we can see that the co-citation method using the WoS database does not bring any improvement, it even causes a slight performance decrease. The bibliographic coupling method performs better but not very clearly. The co-citation method using Google is the best, it brings 15.06% improvement for the precision at top 30 documents. Now we will analyze the experimental data to explain these results. To compute the similarity between documents and "profiles" for re-ranking, we have to compute the co-citation (or co-reference) frequency of 25497 pairs of documents (each pair consists of a document to be re-ranked and a document in a "user profile"). In the co-citation methods using Web of Science database, only 213 pairs are co-cited with the average co-citation frequency of each pair is 1.94. This small number of co-cited pairs is the reason why it could not bring any improvement and even becomes a noisy source which causes bad effect on the final result. In the bibliographic coupling method, there are 1126 pairs of documents which have co-references with the average number of co-references of each pair is 1.69. This is a little better than the first case and it is able to make some improvement. In the co-citation method using Google, there are 4845 pairs of documents which are "co-cited"with the average co-citation frequency of each pair is 4.84. This is much better than the first two cases. That is why it gains the best performance.

Conclusions and Future Work

In this paper we consider two famous citation-based methods: bibliographic coupling and co-citation. We propose new approach to compute co-citation relatedness between scientific papers using the Google search engine. Experimental results show that such approach could be more efficient than the traditional approach. We believe that this new approach could be successfully applied to other applications like classification, clustering of scientific papers, finding related papers etc. Another approach we are considering is to combine multiple different citation databases that could lead to better performance of co-citation method.
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 1 Fig. 1. Experimental results: re-ranking search results of zettair with different citationbased methods

Table 1 .

 1 Precision at 5, 10, 20, 30 documents

	Original Bibliographic Co-citation Co-citation
	Result coupling	using WoS using Google
	At 5 docs 0.6600	0.7300	0.6300	0.7100
	At 10 docs 0.6150	0.6050	0.5900	0.6800
	At 20 docs 0.5375	0.5600	0.5150	0.6025
	At 30 docs 0.4867	0.4883	0.4567	0.5600

A citation database is a system that can provide bibliographic/citation information of papers.
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