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1 Introduction archives, which provide over 16,000 electronic re-
) ) ) ) search documents as well as bibliographic data for
This proposal is submitted to the Library and Infory, 5qgitional 60,000 printed documents. After the
mation Commission as a response 10 its Digital Liyxiy org collection based at Los Alamos National
braries Research Call. The proposal is available O”I'Eﬁboratory RePEc is the second largest collection of
at http:/openlib.org/home/krichel/CitEc.html. We argee electronic research documents in the world. The
grateful to Nir Dagan for comments on an earlier drafly cja| difference with arXiv.org is that the collec-
We welcome more feedback. _ _ tion is sustainable without external funding, because
The broad purpose of the proposal is to build 38¢pE archives update the data themselves. The total
autonomous citation index for a large collection Qf,qt of the collection is sufficiently well spread as to
scientific documents. This collection is the RePEg,q re that it can be absorbed within each institution.
dataset of Economics research papers coordinated byropEc has been adopted by four of the five most
the first applicant. In Section 2, we introduce that colx,ential providers of working papers. These are
lection. The autonomous citation index will be preg o National Bureau of Economic Research (NBER)
pared by the CiteSeer software, written by the secogfly ihe Federal Reserve System in the US, the Cen-
applicant, as introduced in Section 3. Section 4 detajlg tor Economic Policy Research (CEPR) in the UK,
the aims of the applicants. In Section 5 deals with t%d the OECD. The last of the five major providers,
management of the project. Section 6 describes theg?e- International Monetary Fund, are working on an
liverables and sets out the timetable to achieve thefd hive  Since the leading providers have adopted
Section 7 concludes the application. RePEc, many small departments have. They all view
RePEc as an important tool for the dissemination of
information about their work.
2 RePEc The data held in the RePEc archive are simple

RePEc is a decentralized collection of metadata ab&fCll templates following a format called “ReDIF”.
research in Economics. At the time of writing, thes€he end user does not access the data in that form.
metadata main|y refer to Working papers, i.e., to aRePEc relies on outside contributors to use the data for
counts of recent research results prior to formal pudser services. User services operate on computer sys-
lication. These bibliographic data are held on digiems that maintain regularly updated copies of remote
tal archives based on public access computer systef@PEC archives. This process is known as “mirroring”
They are produced by academics for academics; sii@éhe Internet jargon. A central archive provides free
academic economists do not usually conduct metadgttroring software that makes this process technically
collection, RePEc relies on two principles to lightefuite straightforward. The RePEc data are therefore
the burden of effort and obviate the need for staff detgadily available to any third party who wishes to im-
icated to maintenance of the metadata. First, the ddement and offer new user services.
centralization of RePEc’s archival materials implies Shortly after the foundation of RePEc in May
that the collaboration of many academics and maA{97, several user services appeared. “IDEAS” is a set
support staff in university departments and researéhweb pages for all documents and software compo-
institutions allows the workload to be spread widelyients in the RePEc dataset, updated daily and search-
and minimized for each collaborator. Second, a hea@}le with eXcite. “NEP: New Economics Papers” is
reliance on intelligent technology transforms bibliod current awareness service. It is operated by volun-
graphic information produced at a wide number deers who filter data on new additions to RePEc into
sites (“RePEC archives") into a Sing|e, searchable, viver 40 Subject-based reports that are distributed via
tual collection of metadata, automatically performinglectronic mail. The “DECOMATE Working Papers
the syntactical analysis, merging, indexing, and vafk Research Memoranda” provide a Z39.50 service for
dation needed to update the collection on a daily baske electronic papers in the collection.

In October 1999, there are over 100 RePEc The oldest user services using RePEc data are



BibEc and WoPEc. They offer web sites with static  may be of interest,
pages of the printed papers and the electronic papers
contained in RePEc, respectivélfBibEc and WoPEc ~ ® the context of citations in citing publications may
offer a WAIS full text index, ROADS whois++ servers ~ be helpful in judging the important contributions
and an mySQL database. Both projects were founding ©f a cited paper and the usefulness of a paper for
fathers of RePEc. They still contribute to RePEc by @ given query (Garfield 1994a) and (Salton 1971)
running RePEc archives, and they use the data that is o -
provided by other archives. e acitation erx allows fm_dmg out_where_and how
BibEc and WoPEc are parts of NetEc. NetEc, often a pgrpcular paper 1S cited |n.the literature,
founded by Thomas Krichel in 1993, is a collection of thus providing an indication of the importance of
free online services for economists, offered simulta- the paper,

neously on sites in the United States, the United King-. a citation index can provide detailed analyses of

dom, and Qapan. The;e NetEc web sites are already research trends and identify emerging areas of
well established and widely used. science. (Garfield 1994b).

The latest contribution that NetEc has made to the
development of RePEc is the HOPEc project. This Cameron proposed a universal bibliographic and
project allows authors of papers in RePEc to regigitation database which would link every scholarly
ter. Once an author is registered, (s)he can declgigrk ever written (Cameron 1997). He describes a
which papers (s)he has written. It is then possiblesystem in which all published research would be avail-
for example—to link from a web page that describegple to and searchable by any scholar with Internet ac-
a paper to the homepage of its author, even though h&s. The database would include citation links and
location of that homepage may change over time. would be comprehensive and up-to-date. However his

HoPEc opened in October 1999 and for the m@roposal requires authors or institutions to provide ci-
ment only a few hundred authors are registered. Waion information in a specific format. This is costly
expect substantial growth in that area. An older seg do in the future and very difficult to do on past ma-
vice, the “Economics Departments, Institutes and Rerial. It is not surprising that his proposal has not yet
search Centers in the World” (EDIRC) project has regeen implemented.
istered over 4000 institutions. The hope is that even- Since 1997, Dr. Steve Lawrence and his team at
tually there will be a relational database that will comthe NEC Research Institute in Princeton (New Jersey,
prise all researchers, all research institutions they asgA) have been working on CiteSeer. CiteSeer is an
based at and all papers in the discipline. Clearly reacfitonomous citation indexing software. That means
ing this objective will require a lot of time and dedithat it can automatically deal with citations as they
cation from the community. But we are clearly on thgppear in electronic documents. It is not 100% re-

right path. liable, but neither are human-created indexes. Cite-
Seer can deal with PostSript and PDF files. These are
3 Autonomous citation indexing the most commonly used formats for Economics pa-

_ _ ) pers because these papers tend to make heavy use of
References contained in academic papers are Ugggthematical formulae that are difficult to encode in a

to give credit to previous work in the literature angyTpmL document.

provide a link between the “citing” and “cited” pa-  CijteSeer can identify citations within papers. That
pers. A citation index (Garfield 1979) indexes thgeans it can very reliably detect that two citations, of
citations that an paper makes. It links the papedgferent formats, refer to the same paper. This allows
with the cited works. Citation indexes were originally getailed listing of a cited paper to show all instances
designed mainly for information retrieval (Garfielghf the citation across multiple papers. From those list-
1994a). A citation index allows to navigate the litefings we can create statistics on citation frequency that
ature in unique ways. Papers can be located indepgliow for a rough estimate of the importance of a pa-
dent of language, words in the title, or keywords. Thgar,

index allows navigation backward in time (the list of  CiteSeer also looks at the citation tag. The citation
cited papers) and forward in time (which subsequeply is the information in the citation that is used to cite
papers c_ite the current paper?). Citation indexes 6@t paper in the body of the document (e.g. “[6]",
be used in many ways, e.qg. “[Giles97]”, “Marr 1982"). The citation tags are used

e citations can help to find other publications whickp find the locations in the document body where the
citations are actually made, allowing CiteSeer to ex-

1The division into electronic papers (WoPEc) and printed pap ot ;
(BibEc) has historical reasons: when these sites were founded,etg"u%ect the context of these citations. This context may

number of electronic papers was tiny and none would have beefntain a brief summary ofthe cited paper, another au-
found in most searches on the combined dataset. thor’s response to the cited paper, or subsequent work




which builds upon the cited paper. Any of these elURL of which will be circulated on the most important
ements is of crucial importance to evaluate the citdidts that are populated by economists. We believe that
paper. this is an important step. The publication of a ranking
CiteSeer can identify citations to the same paplkst of most cited papers will cause a sensation in the
and the context of the citation with a very high deEconomics profession. It will be excellent advertise-
gree of accuracy. But its work does not stop there. ritent for the RePEc dataset and CiteSeer.
also tries to identify subfields of the citation, e.g. the
author name, the title, the publication outlet etc. ThL{e2
heuristics used depart from an “invariants first” phi-’
losophy. That is, subfields of a citation which havghere are two ways in which the RePEc bibliogra-
relatively uniform syntactic indicators as to their posphy is useful to enhance an autonomous citation index.
tion and composition given all previous parsing, are &kirst it provides authoritative data on the citing paper.
ways parsed next. For example, the label of a citati@econd it provides for a list of candidate values that is
to mark itin context always exists at the beginning of@seful for the identification of subfields in the data.
citation and the format is uniform across all citations. The most important subfield for us is the author
Once the more regular features of a citation are idegubfield. In October 1999, the RePEc dataset covers
tified, trends in syntactic relationships between subver 120000 author names fields. These contain about
fields to be identified and those already identified at&000 author names. Not all of these author names
used to predict where the desired subfield exists (if @rrespond to physically different persons. Neverthe-
all). For example, author information almost alwayiess this is an important dataset that will be used to
precedes title information, and publisher almost alefine the identification of the author name subfield in
ways comes after the title. Using these heuristics Citgre citation. The project will deliver software that al-
Seer has been able to achieve reasonably good redolis to check a “usual suspects” list of authors when
for extracting certain subfields (Lawrence, Giles, antle CiteSeer tries to detect authors names within ci-
Bollacker 1999). tation fields. The way that such an author list should
When CiteSeer is launched on an individual do@e constructed for the author subfield detection to be
ument, the bibliographic data of thaiting paper to done in an efficient way is one of the research issues
be indexed (title, author, author affiliation, addressesf,the project.
publication details etc.) may not be easily identified. In the same way, we intend to use a well-know list
There just too many ways in which that informationf Economics journals and of course RePEc’s own list
is spelled out it the paper. Therefore it will be highlpf publication outlets—these are mainly working pa-
desirable to use CiteSeer on a collection of documeptsr series—to identify the publication channels. We
for which a large bibliographic data of which is alcan then compute the impact factor of each channels.
ready available. RePEc provides such a collection of When this software is written, we intend to pub-

“Usual suspects” extensions

documents. lish summary statistics of the cited authors and cited
publication channels. However, we will not release
4 Project aims the detailed data unless the author is registered with

. HoPEc or the publication channel is providing author-
We have a scenario where we possess three elemenigive data to RePEc. This should act as an incentive

1. alarge set of full text research papers in one suf8-r suppliers to deliver more data to RePEc.

ject area

o - 4.3 Internal citation
2. an authoritative bibliography of these papers

. In the first stage we have dealt with citations to exter-
3. awell used web service that allows to access g haners, i.e. papers that are not described in RePEc.

papers In a second stage we will seek to map citation data

We think that adding the citation information as Hternally. That means that we will seek to iden-
fourth component will allow to critically augment thdify which paper in RePEc cites which other paper in

services that we offer. RePEc. _ _
This problem is by no means straightforward. One

important research concern arises in the specific con-
text of a preprint collection. Since most of the papers
Clearly the first step is to perform a complete analydisat we hold are later on published in printed journals,
of the citations that are contained in the RePEc papes#ations of these papers are likely to go to the jour-
This will allow to find out which papers are the mosnhal version of the paper. We will have to consider that
cited. The results will be published on a web page tlige two papers are the same if there is a fuzzy match

4.1 Complete citation analysis



between author and title only, and that they are evgripes from people who could not access the full text
more the same if they are in the same publication owiver the network or who had questions about how to
let. This distinction is at the heart of debates in the digfint the file.
ital library community about the “sameness” of publi- Another possibility are download statistics. How-
cations in different channels (Krichel and Laypunosver these statistics do not measure the scientific im-
1999). portance of a paper as an intellectual contribution.
The internal citations will be represented in thMany of the users of WoPEc are students, and there-
ReDIF metadata format. The project will be workfore we expect a bias towards applied papers and to-
ing on extensions of the format to incorporate citationgards survey papers. In addition, there is a problem
and citation context. Some special software will beith authors potentially downloading their own papers
written to allow gather, for each paper, the papers thatiny times to improve their ratings.
it is citing and the papers that it is cited by. Special With the advent of autonomous citation indexing,
care will be taken to distinguish which type of maniwe have the possibility to include the citation context
festation (“working paper”, “conference paper”, “pubas a comment by the citing paper on the cited paper.
lished article”) the citation uses. How to make thdthis is a genuine instance of peer review. For each pa-
distinction clear to the user will be a matter to the usper within our system we will investigate if it cites an-
services. other paper within RePEc. If it does then we will add
the citation context to the metadata of the cited paper.
This will give the user valuable information about the
cited paper. In the metadata of the citing paper we will
The ReDIF citation data that is introduced in the previdd a link to the cited paper, but not list the citation
ous section will then be matched to the HoPEc autheentext.
database. The way that information will be encoded
in the RePEc dataset has yet to be worked out. W& Finding related papers

will also have to develop a strategy if and how to in- ) )
volve the registered authors in the correction of thV0 papers that cite the same earlier work must be

citation data. Will registered authors be able to préelated. If two papers cite many papers in common,
vide us with data that they have been cited by anottBey must be strongly related. One of the aims of
author? Will they be able to remove citations data thg¥S Project is to find and calculate a measure of re-
they know/think is incorrect? These and other quetion that comes from citation. There are theoret-
tion will be an interesting challenge from a conceptut@@! foundations of these measures through the so-
as well as from a software engineering point of viewcalled Erdos numbers. However it would be beyond

For each author that is registered in the HoPEc sé€ Scope of this application to detail this background
vice, we have precise first and family name informdere. An important feature for the WoPEc user ser-
tion. This very important detail will make the iden-‘(ice that presents RePEc to th_e user will be to provide
tification of authors in the citations data much easidiks to related papers. We will use the full (internal
However, we will need to extend the CiteSeer softwafé!d external) citations data as a basis for calculating
so that it takes account of that extra information.  the relationships.

4.4 Citations of an author

4.5 Citation as a review 5 Project management

One of the main problems that we have is that tHd1€'€ are three parties to the project. These are
RePEc data is only very weakly peer reviewed. TﬁBe software contractor (to be nominated), the project

fact that the papers appear on institutional rather thdfjVisor (Steve Lawrence), and the project leader

personal or public archives imply a simple form off homas Krichel).

peer review. However if the papers that are cata-
logued by RePEc could be subjected to increased péér  The contractor

scrutiny, the incentives for authors and their InStItuI=he contractor will write the software that is required

Eg:ietg participate in the scheme will be much erE)'ythe project. H&will most likely be based in Russia,

because it is simply impossible to get the level of com-
in tJ:eZ?{S év)\(/orzggrsooargzizrtrf:]aéf\lv %ZrErCe\h/?e\\//S tgill(ﬁ?}ing expertise that is required for the project on the
P P P - ""Blitish labour market at anywhere near the cost that

WoPEC offered users the opportunity to comment e have budgeted. The budgeted cost is about the cost

the paper. This was an embarrassing failure. Ov a full time broarammer in Russia. We require the
two years, we had about 60 comments submitted, Ol’c]le prog ' q

one of them had any editorial value. The others were?2we use the male form only here for simplification.




programmer to spend 50% of his time on the projecintractor. He will own all copyright on all intellectual
That means that we are willing to offer twice the locgiroperty created by the project apart from the analysis
wage to hire somebody who is really competent.  software. He will write all project reports.

This scheme may seem adventurous, but it has The Department of Economics at the University of
worked out well in the past. Much of the software th&urrey has been supporting the activities of Thomas
is used by RePEc and its associated projects has bkenhel for the electronic dissemination of research re-
written in Russia and is maintained there. The onbults ever since he became involved in that activity in
problem is that supervision of such remote work 993. This application is particularly interesting be-
more time-intensive than the supervision of work thaguse it will deliver a public domain citation index.
is produced by a local contractor simply because dlhis index will allow for a quantifiable mapping of the
the communications have to be conducted via ematogress of the discipline through citation data. This
In the specific case of this project this is less of a protwll yield new insights into the way Economics works.
lem since one party is based in the United States any- The department will be releasing Thomas Krichel
way and there is no face to face meeting planned em his normal duties for 15% of his time to carry
tween any of the project partners. out the coordination of the project. The cost of this to

The software contractor will keep a small sampline department is £4127 in the first year and £4307 in
of the data on a local machine but the services will ke second year. It not costed in the funding applica-
produced on the machine that the project will own &bn. The Department will also donate the institutional
the University of Surrey. That machine will host theverheads to the project. These are 42% of total staff
deliverables. The contractor will operate this machim®st as central overheads and 34% of the total staff cost
over the Internet from Russia. For a whole host afs departmental overheads. Therefore the total contri-
technical and organisational reasons this is quite edmytion of the University to the project is £14843.84,
to do if, but only if, we have a dedicated machine thathich about 46% of the total cost.
produces the deliverable. We have therefore budgeted
for such a machine.

The software written for the project will be of
two types. There will be enhancements and bgthere are 24 months in total that are allocated for
fixes on the current CiteSeer software (‘analysis sofhe project. The project will consist out of 7 stages.
ware”) and there will be software to make the analysig most stages, a short report will be written by the
software interoperate with the ReDIF bibliographicgroject leader. At the end all these reports will be com-
dataset (“gateway software”). We will come back tpined into a larger report. All reports will be circulated

6 Deliverables and timetable

this distinction in the following. on the WWW and be available as a file to print, just
like this application document.
52 The advisor In month 1-4 we will calculate the complete initial

citation analysis, with the current version of CiteSeer,

Dr. Steve Lawrence will advise the project. He willvithout any enhancements. We will publish a league
not receive any financial reward for this activity. Hisable of the most heavily cited papers.
participation will be rewarded in kind by the enhance- In month 5, we will publish the enhancement to
ments that the contractor makes to the analysis safie ReDIF metadata format that takes account of the
ware. The enhancements to the analysis software willations.
be the intellectual property of NEC Research Institute. In months 6-10 we will work on the enhance-
However, NEC Research Institute will grant a royaltyments of the citation matching algorithms of Cite-
free licence to Thomas Krichel to use the software f@eer through the bibliographic data in the database.
non-commercial purposes. We will write a report on the perceived accuracy im-

Clearly, the division of the contractor’s labour beprovements, in particular for the author name subfield
tween the writing of analysis and gateway software isatching. We will publish league tables for authors
a decision that will have to be reviewed from time tand for publication channels.
time. The applicants are hopeful that the split will be In month 10-13, we will complete the internal

about 50% on each of the two components. citation data in citation templates, and enhance the
WoPECc user service through citation linking. There
53 The leader will be no report needed at that stage because the meta-

data format of citation is already known since month
Dr. Thomas Krichel will be leading the project. Héb, and the main calculations will have been done in the
will have sole responsibility to the funders for the reprevious months.
ceipt and distribution of funds and the execution of In month 14-15, we will publish an intermediate
the project according to the timetable. He will hire theeport that will outline the work in the second part of



the project. In particular we will set out how exactly This does not mean that we are not interested in
we are going to estimate the closeness of papers.clitural change in the user and contributor community.
particular the report will survey the literature that ihis application strikes at the very heart of the aca-
relevant to the theory of this problem. We will alsalemic business: the recognition by peers. Citations
document the enhancements that we made to CiteSpkay a crucial réle there. If we can build citation in-
In month 15-21, we will work on the relationshipslexes on the bibliographic data we have a chance to
between papers. By this time the RePEc dataset vallen further expand a system that is already very suc-
have easily accumulated 30000 papers. That meaessful. We can expand it from critical mass gathering
there are potentially30000 x 29999) /2 relationships to substantial coverage. This will make Economics a
to calculate. Even with an intelligent way to reducmodel for other disciplines.
these calculations, this will mean a very large com- An old joke informs us about the difference be-
putational job. In computing, size matters a lot. Thwveen the mafioso and the economist. The mafioso
larger the amount of calculations the more likely it imakes you an offer you can not refuse. The economist
that a software is running into problems. Thereforaakes you an offer that you can not understand. Eco-
we are accounting an important chunk of time to thisomics research has the reputation to be pretty esoteric
problem. 1t is likely that we will have to revise ourstuff. That is only partly true. Yes there are a lot of pa-
calculation strategy a few times. pers written by academics for other academics only.
The last three months will be spent on includinBut from the experience that we have in dealing with
the citation data into the WoPEc user service. Thegers, our data is also heavily used by financial insti-
will also be spent on documenting both software andtions and consultancy companies. The financial ser-
procedures and on compiling the final report. vice sector is very important in the UK economy both
internationally and with respect to other domestic sec-
) tor. Therefore doing work for economists will help to
7 Conclusions enhance the competitive advantage that the UK has in

We fully understand that many a reviewer of this préhe sector.

posal, while appreciating the technical competence of
the contents, may wonder: Why bother with all this?References
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