Automatic extraction of citation data in a large academic digital library November 3, 2001

e started to work in the reference linking of documents available on RePEc last year. In this paper we are going to present our preliminary findings and The remainder of this paper is organized as follows. Section 2 describes the RePEc digital library that is used in this . Readers that are familiar with RePEc may skip that section. Section 3 is main section where we describe the process we follow to extract the Section 4

describes the how the results of the process are distributed to the services that will be in cof using them to add value to their Ð Section 5 concludes the pap2 RePEc: a digital library for Economics

RePEc (Research Papers in Economics) the largest decentralized non-commercial academic digital library in the wIts homepage lives at http://www.repec.org. A gateway that is compatible with the Open Archives Initiative is aailable at http://oai.repeopenlib.org. RePEc describes more than 55,000 full-text documents. RePEc is based a distributed architecture where research institutions worldwide share information abdocuments they publish. architecture is based on two the Guildford

Protocol (?) and ReDIF (Research Documents Information Format) (?The Guildford Protocol (GP), named after the town where it was created, is a set of technical

requirements that an institution should accomplish to become a member of the RePEc community. It covers only institutional collaboration. Athe time of writing, individual scientists do not contribute to there is no chance for an individual to become a member. There are two ways for an institution to participate in They can archives or

Archives collaborate by providing bibliographic information about the documenthe institution publish. They may also provide the full-text of these papTechnically

an archive is a space in the hard disk of an HTTP or FTP server where files containing information are stored. The structure of this space is fixed and clearly in the GP.

RePEc was created in 1997 from a collaboration of several jects working on electronic documendissemination in the discipline. then the number of institutions collabÐ as archives has been At the time of writing, in November 2001, there are NNNNN archivfor YYYY different countries. number of documents by archive Ðends on the kind of institution it bÐ to. For example the prestigious NBER (National Bureau of Economic Research, USA) provides a very big archive holding all the XXXXX it has while smaller institutions like the HHHHH provide only JJJJJJJ papers.

RePEc describes two types of documents: wpapers and articles published in previewed journals. In November 2001 there were 18903 articles and 32033 working papers.

Metadata is of little utility for the user such as it appears in the archives. Further processing required to take the information and present it in a human readable format. is the objective of the user services. Services are the main user entry in RePEc and They add value to the data provided by the archives in several Ð

• They can take out the data and create an awareness system to announce new inclusions

in the • They can create a searchable database of papers.

• can create some type of filtering service to help the user in the selection of most relevant documenJosé Manuel Barrueco Cruz and Thomas Krichel 2

Automatic extraction of citation data in a large academic digital ∗

preliminary and November 3, 2001

Manuel Barrueco Cruz Thomas KricBiblioteca de Ciències SoPalmer School of Library and Information Sciences

Universitat de VLong Island University Campus dels arrongers 720, Northern Boulev46071 València BroNY 11548–1300

España States of America krichel@openlib.org Ð http://openlib.org/home/krichel

The RePEc academic documentation for Economics is the contains the largest tributed digital library in the wIt indexes over 35,000 freely accessible electronic

papers is the field of academic Economics. This paper is an intermediate work report on our ongoing efforts to develop an autonomous citations index for this proÐ We discuss both technical issues of the construction of the index as well as conceptual issues of its This paper is avonlineathttp://openlib.org/home/krichel/ciudadreal.pdf.

∗ Some of the wÐ discussed here has received financial support from the Joint Information Committee of the UK Higher Education unding Councils through its Electronic Library Programme. We

are grateful to Kathryn P. Read and Emily Walshe for comments on an earlier version of this paper.

Automatic extraction of citation data in a large academic digital library November 3, 2001

Introduction

A characteristic that differentiates the scientific literature of Ð literary representations is the relationship between documents. The scientific document can not exist by its oIt must always be related to other Ðcuments published earlier on. In this waÐ we can see the literary corpus as a complex network. This network is expressed through established where documents are represented by nodes. arrows between documents are made of citations and references. are referrals that a scientific work receivÐ from other documents published later References are referrals that one document makes to other works published in ance.

The citation relationship betwÐ documents has been investigated from multiple disciplines like Scientometrics, Sociology of Science or Information The possibility of automatically obtaining the documents cited in a paper from its Ð

raphy section has been a dream for Ð time. Researchers have imagined the possibility of browsing the scientific literature using such relations. we have found a interesting doument it would be possible to use the references to reach similar documents that probably will be interesting too because there is a topic relationship between them. In order to such a dream to become reality we need to achieve two prerequisites:

1. documenshould be available in electronic 2. some type of system should be created to automatically extract the citation data Ð

of the documents full In the past few years the number of repositories and digital libraries holding electronic full

text documents has been Ð In the non-commercial sector, there are two important projects. are arXiv for Physics, Mathematics and Computing preprint, and RePEc a scholarly communication system for Economics. holds at the moment more 55,000 documents in electronic format, all of them available on the Internet although Ð necessarily free. The arXiv repository holds about 150,000 documents freely aailable. In the commercial world most publishers have already put their electronic journals in the net.

Since we have a considerable critical mass of electronic documents is the moment to go with the second step: the citation data extraction. This process is called reference linking. At the moment there are several projects worldwide working on this issue.

• CERN have linked their small collection of technical rep• The Cornell Digital Library Research Group is working in the reference linking of the

D-Lib magazine and the ACM digital library. • The JISC/NSF funded Op-Cit project at the University of Southampton have developed citation software for the arXiv repository that we mentioned previously.

CiteSeer have developed a software to create true citation indexes in a way, and run a very successful project for computer science papUnfortunately, much of the software produced by these proadaptstothecitationstyle

thatisusedintheparticularcommunitythatauthoredthedocumentsunderstudy.

ManuelBarruecoCruzandThomas1

Automatic extraction of citation data in a large academic digital library November 3, 2001

Collecting

Collecting involve downloading the documents’ full text and covÐ them to a parseable In order to be able to access the full text Ðe must first obtain all metadata aailable in

RePEc by creating a particular service following the instructions in the Guildford Protocol.

In this way we mirror all data to our hard We are working with a distributed library of just bibliographic records. There is no single place where all full text documents live. They are dispersed on multiple servers

from multiple Therefore the second step is to download to our hard disk those documenthat are available in full This is done by going through each archive, reading the bibliographic information and, if we find a field “File-URL”, getting Ð document. In October 2001 we found 45371 documents with full text aailable.

When the document is in our hard disk, we are ready to start the conversion process. First wcheck if the full text file is If that is the case, a decompression algorithm Ð used. Then we check the file format. Only PDF and PostScript documents are accepted at the moment. ortunately both are quite popular formats in Economics. Economists make heause of graphs and mathematical formulae, that are difficult to render in formats sucas html or plain text. than 95% of the RePEc documents are in either PostScript or

PDF The last step is to convert the document from PDF or PostScript to ASCII using the software

pstotextTo test our system we have applied our algorithms to a randomly selected arcÐe: RePEc:yor.

This archive is provided by the economics department of the University of York. In Octob2001, it contained 116 documenOnly 100 of them were After applying the first

of the process we found that only one papÐ was not available on the URL proÐ The remaining 99 were downloaded successfully. One of them was in a non accepted format (HTML) so it was discarded. The conversion to text failed for papers. 8 papers were verted but did not have a references section. Thus 58 were converted to ÐI and a section

containing references wÐ found.

3.2 Parsing is the most complicated step in the process. Authors cite documents in a ariety

of formats, even within the same paper. In addition disciplines ary with respect to the in the way citations are marked in the documents. For economics we did little research in order to know how the researcher reference documents and what types of

documents they articles or working papWe took a random sample of 36 documents out of RePEc and analyzed their section. We worked only with references to articles and working papers, other document

types were Under this restriction we obtained 399 Ð 82% of them were articles in journals while the remaining 18% were to working papers. Fthelatter group, we examined if they contained all the necessary elements to be able to identify the document, that’s if they contained title, author, publication year, name and number of the and institution where they pIn the 68% of the cases the reference wÐ complete enough to allow the correct identification of the document. the other cases

José Manuel Barrueco Cruz and Thomas Krichel 5

Automatic extraction of citation data in a large academic digital library November 3, 2001

At the moment the most known services are

• BibEc and WoPEc at http://netec.wustl.edu, IDEAS at http://ideas.repec.

org, and EconPapers at http://econpapers.hs.se provide access to the though static web pages that can be Ðhed. They differ in the type and quantity of

documents they include, as well as is in the search engines they offer, and some other aspects of the user interface.

• NEP at http://nep.repec.org is an alerting service through email discussion list.

Weekly a report with the new papers included in RePEc is sent to the editors of more than 40 thematic reports. They select the relevanpapersfortheirtopicandthem in their lists.

HoPEc at http://hopec.repec.orprovides personal information and data abÐ the documents each author has It is a special service for people to register and associate their name with Ð papers they have wrote. EDIRat http://hopec.

repec.org provides institutional data that is used in The second pillar of RePEc is ReDIF. The information transmitted between archives Ð

services is encoded in a specific bibliographic format named ReDIF. ReDIF was created to meet the RePEc needs and therefore, it Ð not aimed to become a widely used format interchange of bibliographic Its main characteristic is that is that it is simple enough

to be used by non-technical people outside the library wMost of the time, archives maintained by administrative staff or academics without knowledge of library proReDIF allows to describe working papers, articles in journals, physical persons and softÐare

components. Each ject is described by a template made up of several fields like a tional database record. They use an attibute: value synFields can be mandatory or

The main mandatory field is the Its content is a code that identifies the object within the RePEc Here is an example of a paper Template-Type: ReDIF-Paper Title: A Discussion of the of Results Obtained with

Long-Run Identifying Restrictions Author-Name: St-Amant, Author-Email: St-Amant@uv.es

Keywords: CENTRAL BANKS ; MONETARY POLICY ; Length: 14 pages

Classification-JEL: C1 ; E27 Creation-Date: File-URL: http://www.nber.org/papers/w6490.pdf

File-Format: File-Restriction: Access to the full text is restricted. Look

up http://www.nber.org/wpfaq.html for details, or write feenberg@nber.org. If you have no access to the full text you will be

shown an abstract page instead. Anyone browsing the NBER working paper database from a site with a TLD in a non-OECD, non-OPEC country will be offered full text downloads for any paper for which full text is available online, but only if their DNS does reverse name

Handle: RePEc:nbr:nberwo:649José Manuel Barrueco Cruz and Thomas Krichel 3

Automatic extraction of citation data in a large academic digital library November 3, 2001

How to extract references from the documenÐ full text

In the previous section we have described the data set we use to test our reference linking system. Nowe are going to describe the process to Ðe out the references from a document. The reference linking process could be divided in three different lev• collecting metadata and documents full text on which to w• parsing of documents in order to find the references section,

• identifying each reference and extract the elements (author, title, • linking references with the documents full text if available on RePEc in electronic

format

The linking of documents out of our data set, using technologies based in DOI identifiers likCrossRef for instance, is in our to-do These steps are analyzed in more depth ovÐ the next subsections. To know at whicÐ step

a particular document is at, we associate a status code with the documenThe different status 1. undownloaded. This is the initial state for all documents. system only knows its

bibliographic information. The quality of such metadata aries from archives.

downloaded. The document full text is already available on our hard 3. downerror. The download process exited with error. Mainly it will be a 404, “File

not found” but other codes are also possible, for instance when the document is aailable only to subscribers. e associate to each file an update time so we can check in the future Ð the problem persist or no.

incompatibleformat. The document Ð neither in PDF nor in PostScript It is

not possible to continue processing it. ReDIF does allow to specify the format of a file.

But that information is not available for each papThus so we need to download full-text files and check their 5. converted. The PDF or PostScript file has been converted to ASCII successfully.

6. noreferences. The document has been converted to ASCII but a References section

could not be found. It is not possible to continue processing it.

7. noenglish. The document converted is not in Ð English language. All documenin a different language are 8. pdftotexterror. The convÐ PDF to ASCII had problems and the result is Ð a

text file. It is not possible Ð continue processing it.

pstotexterror. The conversion of PostScript to ASCII had problems and the is not a text file. It is not possible to continue processing 10. ready. The ASCII file contains a bibliographic section and it is ready to be analyzed

to find out each 11. processed. The bibliographic section has been processed and its references parsed.

12. linked. found in the previous section are linked with Ð documents availonRePEcispossible. The process José Manuel Barrueco Cruz and Thomas Krichel 4

Automatic extraction of citation data in a large academic digital library November 3, 2001

They could also be separated out, but that requires the referring text to be given an unique idenÐ Identifying the same texts from different citation strings is, of course, one of main challenges of autonomous citation With all this data service providers should be able to add some kind of new alue to their

applications. simplest way would be to link documents to from all referenced works the system but the way is open for more sophisticated services like citation analysis to find out the most cited works, authors Ð series.

5 José Manuel Barrueco Cruz and Thomas Krichel 8

Automatic extraction of citation data in a large academic digital library November 3, 2001

would be difficult—even for a human—to access to the document because the poor qualitof the references.

Another question to analyze is the references format. we found that references are homogeneous because 77% of them follow the format: Author + Date + Title + Journal Ð source data.

Due to the importance of the parsing process we decided to use algorithms that have been tested rather than to create a new Therefore we used ResearchIndex (RI) by S. Lawrence, Kurt Bollacker and C. Lee Giles, described in papers like (?). RI is a autonomous citation index builder that proÐ much more functionalities that we Algorithms extracted out of RI work pretty well but we are confident some modifications

are needed to adapt them to the particular case of economics.

The results of our preliminary test are as follo11 out of 58 documents were because the system detected too many references. We understand that there must have been an error occurring in the process. We say a paper has a correct number of when it contains between XX and YY. 47 documents were successfully processed and Ð references in total were 742 references were successfully The remaining 272 had parsing In 204 cases the CiteSeer software failed to find the title. In 68 cases failed to find the author in The publication date was correctly found in all citations.

3.3 Once we have parsed the documents, the next stage is to look if some of the references

successfully identified go to documents available on If so, a link between bdocuments should be In this process we look reference by reference, taking the title and converting it to a normalized version where all multiple spaces are removed, are also removed and upper case are converted to lower case. This version of Ð title which we call key title, is compared with the rest of key titles of documents in RePEc. All documenthat contain in their title all words of the reference key title are selected. we compute the edit distance of each title selected with the title of the reference, rejecting all of them that have an indicators higher than 10. The remaining doÐts are checked by date, rejecting all documents that have different publication years.

At the moment we have found no necessary to continue Ð both objects. This conditions are enough to create links between documents. 68 (9%) references of Ð analyzed were to one of the 45.000 documents available in This step is the most one because all link established using the algorithm above have been We tested all references by hand and here there are the results:

4 Distributing results

ReDIF metadata format was adopted by the RePEc project in 1997 when XML wnot around. Clearly toda, an XML based solution will help interoperabilty. Fortunately, generalization of ReDIF is avthoughtheAcademicMetadataF(AMF).Work

on AMF was suppÐ by the Open Archives Initiative (OÐ It is specifically designed interoperate with the OAI’s metadata harvesting protocol. The format is not definite, ?) is the official specification document. ?) giva broader introduction into the José Manuel Barrueco Cruz and Thomas Krichel 6

Automatic extraction of citation data in a large academic digital library November 3, 2001

The way we are distributing the results of our reference linking work makes for an importandifference between RePEc and other jects. Most previous efforts worked with their own

documents. are therefore able to modify the original PDF or HTML files to insert some type of Ðecial markup. This markup allows to click on a reference in the documenand get the cited document . Since our raw material are not documents but

their bibliographic representations, we are not able to modify the files, so we need to work at the metadata levIt should be noted that we are not the only ones doing that, the project are in a similar They also have adopted AM as the encoding format for

the encoding of document Ð citation information.

The citation data uses the AMF “text” noun.

ref=paper_id> <text>

<citation>full text of citation<hasauthor>

<person ref=p> <name> parsed author name </name> </person> . . .

<status>

<serial> container for parsed serial access information <journaltitle></journaltitle> <journalshorttitle></journalshortitle> <issuedate></issuedate> <volume></volume> <part> <issue></issue>

<quarter></quarter>

<startpage></startpage> <endpage></endpage> <articlenumber>in the absence of pagination</articlenumberÐ </serial> </text> <reference>a container for a reference made</reference>

<literal>text of reference</literal> <context><contex</reference>

</text>

illustrated here, a reference that a text makes on can be viewed as a property of text, through the </reference> But if a more complete data can be parsed out of

the text, a new text noun can be generated. If the referencing text or the cited text are in RePEc, the ref attribute can be used to point to the cited text. The of the cited text can have the complete citation data in unparsed form, or can have citation

elements like author names etc, parsed. The simultaneous presences of unparsed and parsed data is important in our context where the parsing of a citation into its components is made by a computer and subject to error. We have represented a nested structure of both José Manuel Barrueco Cruz and Thomas Krichel 7