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[Tepiinyn

H eriopoon tov lotod (Web) éyer ws amotéiecuo vo, emitpémel 0o kol O€
TEPIOTOTEPOVS  YpHoTeS TOV A10OIKTOOD Vo EYOVV TIC EVKOIPIES OTOUAKPVOUEVHS
Tpoafaons, tov niekpovikod “Lepvidiouarog”, s avalntnons xoir g amevleiog
o160eans tekunpicov amd minpopopioxés mnyés. H eCéliln twv e-prints nlextpovikav
OPYEIWY  TOPEYEL VEES VTNPECIES OVOLNTNONS Y10, TOVG YPHOTES O QVTIYPAPO.
EPEVVTIKV EPYATIMV Y10, VO, EVIOTICOVY TIS TANPOPOPIES EVKOLOTEPQ, YPHYOPOTEPA KOLL
XWPIS KOOTOG.

Evo. kavotouo mopaodetyuo. e-print NAEKTpovikod opyeiov ivor to arXiv.org opyelo.
Topadooiaxd ypnoyomoleiton amd 1008 PLAIKOVS TOV EIVal TPMTOTOPOL TTOV TPOTO
niextpovikng emixovavias. o wepioootepa amd 13 Etn avialldooovy 1o, EpELVHTIKG
OTOTELETUATE, TODS NAEKTPOVIKG KO UTOPOVV VO EVHUEPDVOVTAL Y10, OTIONTOTE VEO
KUKAOQOpEL 1OV KAGDO TOVG GuETO.

27 oot ™ UEAETN TOPOLOLALOVTOL 01 TPOTOL AVAKTHONS TANPOPOPLOV TV PLOIKMV KOl
E1OIKOTEPO, ECETALETON TS O1 YPHOTES ETITVYYAVOLY THYV TPOGHOCH OTO. UEUOVOUEVA
EYYPOQPO. KOl OTO. GOVOAQ EYYPOPWYV GE OGOYKEKPIUEVES TEPIOOOVS OPAOTHPLOTHTWOV
"CepvAliouarog” kou "avalntnong”.

2ov pebodoloyiko epyoleio Exer ypnoyomoinbei éva mpotomo O1Gypouue. TAONYNONS
kabe opaotnprotntas wate va fonbnoer va ueietnOel n ovvolikn coumEPIPOPA. TWV
xpnotawv. Me 1o aroteAéouoata ovtng e ueAétng elaopalilovue v eykopotnTo. TS
APNOUOTHTOS TOV GUYKEKPLUEVODL arXiv nlektpovikod apyeiov kair emBopodue vo
TOPOKIVIGOVUE EPEVVITES ATO OLAPOPO. DIEOLAOPO VO, YpHEIULOTOIGODY Ta. 1010, TPOTOTC
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OVOKTNONG TANPOPOPIOYV ote Vo eVioylel 1 mopoxn GVOIKTHS TPOoHOcHS OTO
EPEVVTIKO EPYO TOVG.

AéEeic Khewdrnd: Pnoraxn BifrioOnkn, Hicktpovika apyeia, Avaxtnon minpopopicrv,
2OUTEPIPOPT, YPHOTOV

Abstract

The effect of the Web has been to increase the opportunities for access, allowing
copies of research papers to be downloaded across the Internet. The evolution of ‘e-
print archives’ introduces new search services for users to locate information easier,
faster and at no cost. Traditionally physicists have been innovators in methods of
scholarly communication by using preprints for over 30 years. The introduction of
arXiv.org e-print service has increasingly changed the conventional way of scientific
communication without usurping the role of traditional publications. ArXiv users are
an interesting group of people. For more than 13 years they exchange their research
results electronically and they can find what is new on the archive just as soon as
everyone does.

This paper identifies the physicists’ information retrieval patterns and in particular
examines how the users gain access to individual papers and sets of papers in their
periods of “browsing” and “searching” activity. As a methodological tool, a model
of a navigational diagram of each user activity has been applied to allow aggregate
behaviour of many hundreds of user sessions to be visually compared.

Having the results of a study is more useful than merely guessing what arXiv.org
users’ current behaviour is in publicising their work in electronic form and how they
search for academic papers in their community. Knowing that they make use of
certain information retrieval patterns is also useful in this context because
researchers from various backgrounds can be informed and get motivated to help
institutions provide open access to their own research output on a large scale by
setting up institutional digital archives of refereed research papers (e-prints).
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Introduction

Initially, information technology has been used by libraries to automate the processing
functions of the library, e.g. bibliographic services, inter-library lending and
document delivery. Over the past years, there is a trend towards using information
technology to enhance services to end-users. Issues involved here include: increased
speed of access and delivery, access to resources not contained in the library, and
distance access by the clients. For those particular reasons, a number of techniques
and related standards has been used which allow documents to be distributed in
electronic form.

There is a branch in the area of digital libraries (within the WWW) known as online
archiving which evolved from the practice of authors emailing pre-prints of their



papers to peers for informal feedback. With the online archives, authors can deposit
their pre-refereed work (pre-prints) and published work (post-prints) into an archive
for all to see. ArXiv.org is a digital archive that according to Luce (2001), “acts as a
repository for electronic versions of papers in physics and mathematics, providing a
rapid and convenient way for scientists to rapidly share their results with colleagues”.

Chronologically ordered, the archive started with the hep-th (High Energy Physics —
Theory) as a postal service supported with an email interface. In 1992, the FTP
interface was added and then hep-ph (High Energy Physics — Phenomenology) and
hep-lat (High Energy Physics — Lattice) were added locally and alg-geom (Algebraic
Geometry), astro-ph (Astrophysics) and cond-mat (Condensed Matter) were added
remotely. By December 1993, a web interface was added and in November of 1994,
data at some remote archives became mirrors. 1996 marked the growth of mirror
networks and in June the web upload facility for author submissions was added.
(Luce, 2001)

The arXiv and all the other e-print services “are seen as the catalyst for the scholarly
and scientific literature from the cost barriers imposed by access-tolls” (Pinfield et al.
2001). Along with new value added services such as Arc (http://arc.cs.odu.edu/),
OAlster (http://oaister.umdl.umich.edu/cgi/b/bib/bib-idx?c=oaister;page=simple), and
Citebase (http://citebase.eprints.org/cgi-bin/search), they have impacted in
researchers’ reading behaviour.

The research of users’ information seeking behaviour of this e-print service was
chosen because of its high visibility, use and impact. The physicists’ model of
scholarly communication via arXiv is formal. Although papers are unrefereed the
archives can be used by other services as the basis for refereeing papers (Taubes,
19996a), most obviously in the form of ‘overlay’ journals. Studies also show that the
level of arXiv’s usage is significant. Citations to electronic e-prints such as those
accessible from the physics archive “have nearly doubled every year since 1992~
(Youngen, 1998). A study of arXiv.org showed that in the case of highly cited papers
there is a significant positive correlation between how often a paper is cited and how
often is downloaded (Harnad et al. 2001), showing how access can enhance impact
for the best papers.

Traditionally, when people retrieve information in the arXiv.org their activities are
classified into two distinct patterns: searching and browsing (Pinfield, 2001).
Searching implies that the user knows exactly what to look for, while browsing
implies that the user can navigate among correlated searchable items to look for
something new or interesting. The thesis examines physicists’ use of arXiv.org, and in
particular how they gain access to individual papers and sets of papers in their periods
of “browsing” and “searching” activity.

The Study

As a methodological tool to help us gather detailed interaction data, we developed a
model of a navigational diagram that allowed us to aggregate the current information
seeking behaviour of 16 individual users. In summary the users came from the



University of Southampton in the Maths and Physics department respectively. They
were identified from the web logs of the UK arXiv.org mirror.

The web logs were analysed and broken down by time and IP address into individual
user sessions (http://data.archive.ecs.soton.ac.uk/export/raid/lac/georgia).

Each user session which is visualised by a navigational diagram is comprised of a
sequence of downloads that describes the information process activity of each user.

Characterizing arXiv.org user sessions

The general rule to understand the meaning of the navigational diagrams is that time
progresses depth-first down the diagram and across from left to right. According to
the graph layout program, each page is categorized (browse, search, abstract, full-text
document, bibliography) and labeled according to its category. For example:
[SEARCH (find), BROWSE (recent, new), ABSTRACT (abs), DOCUMENT (ps,
pdf, html, format), BIB (citation, reference)) EXTERNAL SOURCE (SPIRES or
ADS link, personal web-pages, universities web sites)].

BROWSING & SEARCHING SESSIONS

The Browsing and Searching sessions derive from the archives’ interface.

Figure 1: A browse/abs/doc session

Figure 1 shows a typical browse/abs/doc (BAD) session, where the user starts from a
browse page [actually the list of HEP-TH (=high energy physics theory category in
the archive) papers in June 1999, the session taking place on Dec 1% 2000]. From the
browse page, the user clicks on a particular abstract and from there extracts the paper
itself (making several attempts to get two formats, .ps and. tar.gz). The user then
returns to the browse page and clicks on another abstract (this time the full paper is
not requested). Finally the user returns to the browse page, chooses another abstract
and this time fetches the full text of the article (the unknown box indicates a browser
retry while waiting for the PostScript to be regenerated from the original TeX source
and is an artifact of the web logs).

Another typical session of information seeking can be seen in figure 2. In a search
/document (SD) session, four specific searches lead directly to the downloads of a
number of full text documents respectively. Note that this user did not download the
abstracts first.
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Figure 2: A search/doc session

Following on from this, it is easy to describe other session types:
1. SAD, where the search results cause the user to read the abstracts before
downloading the documents.
2. BD, where a browse leads directly to documents, ignoring the abstracts.
3. BA and SA where only the abstracts are read.

A different kind of activity is seen in figure 3, where bibliography links are followed
to determine the next most relevant article to read. In the specific case of this session,
the ‘bibliography’ links are provided by SPIRES* and are to documents which have
cited the current document. Therefore, we can tell that DOC4 (had it been
downloaded) was cited by DOCS5 (which was downloaded).

BROWSEI @
BIB4

Figure 3: Search/Abstract/Bibliography/Abstract/Document session

* SPIRES is a service generated from Stanford Linear Accelerator Centre
(SLAC), and is heavily used by theoretician physicists. SPIRES HEP literature
database contains more than 500,000 high-energy-physics-related articles including
journal papers, preprints, e-prints, technical reports, conference papers and theses
http://www-library.desy.de/spires/hep/

COLLEAGUE RECOMMENDATION SESSIONS

Figure 4: Abs/doc session

The retrieval pattern in Figure 4 derives from the users’ knowledge of a specific
number of an article that is entered in the arXiv.org. This usually happens for older



papers that exist in the archive and they are well known around the research
community. The archive web interface allows users to cite references by archive
number and take them first to abstracts and then to documents. Colleague
recommendations or explicit citations result a lot in this specific retrieval pattern.

FIXED EXTERNAL SESSIONS

Figure 5 shows users who enter the archive from external web pages and services.
The most common can be personal web pages, SPIRES, ADS* and various
universities web sites (e.g. theoretical research groups of UK Universities at Imperial
College, Southampton, and Cambridge etc.). Frequently these external web pages are
external searches (e.g. at a SPIRES site).
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Figure 5: Fixed external session

*ADS (Astrophysics Data System). It is a NASA funded project which maintains
four bibliographic databases containing more than 3.2 million records: Astronomy,
and Astrophysics, Instrumentation, Physics and Geophysics and pre-prints in
Astronomy. http://adswww.harvard.edu/

MIXED SESSIONS
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@ @

Figures 6: A Mixed session

Mixed sessions derive from the combination of two or more types of sessions
described above. Figure 6 shows a mixed session: the user takes one document from
each of two browse pages and then issues a search which results in a single abstract
being downloaded. Mixed sessions can be multimodal, long and sometimes complex
depending on the user’s strategy of surveying the literature in the archive. The
example given in Figure 7 illustrates such a session.
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Figure 7: A multimodal long mixed session

Information Seeking Activities

The web logs observations show that article downloads in arXiv can happen in any of
the following ways: searching, browsing, recommendations by people, from external
links, SPIRES, and using a combination of all (mixed sessions).

Mixed sessions
18%

Information Seeking Activities

SPIRES

19%

External links

11%

Recommend

Search
28%

Browse
23%

1%

O Search

B Browse
ORecommend

O External links
B Mixed sessions
OSPIRES

Table 1. Information Seeking Activities

An interesting finding that is apparent from Table 1 is that physicists use SPIRES as
well as arXiv. This is very useful because we can figure out that not all publications
of physicists go into arXiv. This piece of evidence gives the opportunity to new
additional spaces (e.g. e-print institutional archives) to be created, which either by
themselves or in conjunction can give a complete picture of research output from an
individual, school or a university. But the question is why should the researchers be
persuaded to publicise their work in electronic form, since they have a strong

alternative system that works for them?




Having the results of an interview study is more useful than merely guessing what
arXiv.org users’ current behaviour is in publicising their work in electronic form and
how they search for academic papers in their community.

Users’ current behaviour

e Most researchers consult the archive to see what is new rather look up new
articles in journals

e The archive constitutes a quick way of finding an article one wants to read,
even if it is already published in paper form

e The archive is the main source of their work

e [t provides faster awareness of other authors, much easier to track the work
done by a researcher and others through the archive

e Immediate communication, ease of retrieval

e [t attracts attention and makes it easy for people to access

When they are working in a hot topic this is the best way to give to the others

information about their work

ArXiv preprints are read daily by everyone

New results can be made public very quickly

It helps making papers more known

Instant distribution of work carried out, easy accessibility of past papers

The article reaches the readers much faster than it would be in a journal.

Conclusions

Researchers who contribute to arXiv now consider it to have a central place in their
work. They use it to disseminate both pre-prints and post-prints refereed articles.
Interestingly, they still wish to have their work accepted by journals but do not see
journals as the only means of distributing their work. In other words self — archiving
is not seen as a substitute for publishing in peer-reviewed journals, but rather a useful
supplement to the journal publishing process that makes research output widely
available.

Looking at how arXiv is used was very helpful for us. It has helped us identify some
of the things that are most important to researchers and to consider how these might
be of practical significance in running similar e-print services.

The conclusion of this project is that ArXiv is a program that must be continued and
become an exemplar for other disciplines to establish their own e-print services.

The fact that they use Spires as well as arXiv is very useful finding because it gives an
incentive to researchers to provide services where they could deposit their research
output and disseminate their results as quick as physicists do.



Also the piece of evidence proven by the web logs analyses and the interview study
that the information seeking process is straight forward it could attract the attention by
other researchers and make them change their culture in searching for academic
papers in their community.

ArXiv is not just an archive that exists on the web. ArXiv preprints are read daily by
everyone. Knowing that they use it persistently it is also important because it could
persuade other scholars to might think of establishing an e-print service as well as
having the traditional system of publishing their work.

Finally, the fact that users have immediate access through the archive’s interface
means that the archive constitutes an effective way of locating an article that someone
wants to read. Researchers from other disciplines having this in mind they should start
aiming of freeing up research output and thereby improving research communication
by introducing similar e-print services. Within this context projects such as TARDIS
(http://tardis.eprints.org) is exploring ways to influence the growth of institutional
archives as the subject areas embracing electronic open archiving become broader.
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