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Advanced scientometritmols aremoving fromthe realm ofthe privilegedfew with access
to mainframeand minicomputers tahe desktop of researchers qiped with personal
computersThis shift isnot only due to the decreasingpstand technological advances in
PCs but the readsvailability of apowerful multitasking operating system, a versdtbet
processing language and easy acceskednternet. Furthermore, the latest releases of PC
software, such as Microsoft Excel, makeatsible to develop graphiaager interfaces into
complex bibliometricdata for a wide spectrum of researchand policy analystRecent
developments in digital communication, in particutagls to access the Internet the
World Wide Web will provide give evegreaterflexibility to those researchergishing to
make their scientometridata available to a diverse internationalidience. Thigpaper
examineshow the BESST project developed a Desk8gientometric environmentsing
public domain,hardware independent softwagaototyped agraphicaluser interface to
provide easy access to W€ctorallevel bibliometricdata and gives alimpse intofuture
developments.

1. Introduction

Scientometrics is a unique research area and scientometrari@na unique breed of
scientistwho endeavour tguantify national and international systems of innovatioheip
policy shapers weave thpolitical and economic climate required tmrture an R&D
community inhopes ofderiving longterm economic and social benefitshiallfocus on the
bibliometric aspects of scientometricBibliometrics, in general, ithe art of exploring
publication databases in search of indicatbegreflect research productivity and quality as
well as the interactions between individuals, groups, institutions, sectors and nations.

In 1993 SPRUnitiated the Bibliometric Evaluation of Sectoral Scientific Trenbstter
known as the BESST ProjdctThis project explores theublicationtrends fromsix UK

institutionalsectors and the collaboration patterns between themdathesource iarticle,

note and review publication types indexedtive 1981-19945cience Citation Indéx and
extractedfrom tapes purchased from the Institute Swientific Information. Ishall explain
how we used thart of Desktop Scientometrid® manipulate, unify, analysand display
publication and collaboratiodynamics in the UK science system using gesktop PC



equipped with threpublic domainsoftware toolsLinux (a Unixoperating system), Perl (a
powerful text processing language) and emacs (a programmablediter). Also, |will
explain aprototypeScientometric Graphical Interfacgesigned to provide researchers and
analysts with an easy-to-use tool to explore secteval dat. Finally, 1 will explore the
expanding boundaries afesktopcomputing - Internet, WorldVide Web, JAVA and
distributed databases - amdplain how these willfundamentally changéhe nature of
scientometrics and further drive new developments in desktop scientometrics.

Until recently, the manipulation of large bibliographic databases, that is more than a few tens
of thousands of publications, wast of reach of most scientometricians tbireeprimary
reasons:

1. the high cost of the data;

2. the need to have access tmainframe or minicomputewith a large complement of
main memory and hard disk space; and

3. a limitedselection of programming languages suitdbleprocessingext quickly and
efficiently.

Recently,data costs have droppe&dth the availability of publicationdata on CD-ROM.
However, direct access to the CD-ROM datarishibited and access usitige vendor's
bibliographic interface can be slow and cumbersdfuethermore, in some instances the
format and amount of the data on CD-R@Mers markedly fronthat the on tape On the
other hand, the new generation of personal computers and recent developmes in
processing languages can bring scientometrics to most desktops. Let me explain further.



2. The BESST Project

In the Phase I, th&ESST Project explored theelationships withinthe UK scientific
community using publication indicators derived fridme 1981-1995Cl More specifically,
the objectives were

1. to determine the share of national scientific output in various scientific fields contributed
by different institutional sectors ( e.g. education, medical, industry, research council,
government and non-profit);

2. to map the changes in patterns of inter- and intra-sectoral collaboration in different
scientific fields;

3. to investigate changes in the patterns of international collaboration with UK sectors, and;

4. to use the data to investigate policy-relevant questions.

These objectivesvere met in June 1995 and Phase Il stmtedwith the following
objectives:

1. extend the database coverage to 1994
2. develop a graphical interface to provide user-friendly access to sectoral level data, and;
3. explore in detail the publication and collaboration activity of UK industry.

Presently, we have met objectives 1 and 2 and we have almost completed 3. Beghtam |
how wemanipulated and analysélte data, let me ask you tloink about themagnitude of
the tasks we faced. In general, weheid to explore fourteen years €| datacontaining
thenames ofibout 600Qunique UK institutiongabout 50,00@ariants) eaclelassifiedinto

one of six institutional sectors. Furthermore eagublication wasclassified intoone of
seventeen science fields and foreign collaborators into one of eight international regions.

Recall, wewant toexamine publication timgends by sector irach scientifidield and to
explore changingatterns in intra-sectoral, inter-sectoral antkrnational collaboration.
Now, let me ask “how many tables and graphs daedké toreasonablyportraypublication

and collaboratiordynamics inthe UK science system?” Rememb#rat each table can be
normalised in a number of different waysor example we may want texpress the
publicationtrends by sector in sciencefield as apercent of UKpublications or simply as a
percentage of publications ihe field. Or wemay wish toexpress theumber of industry-
education collaborative papers (i.e. pafbgetlist institutions inthe education anchdustry
sectors) as a percentage iofdustry's papers or percentage of education's domestic
collaborations.



There are thousands of such tables and eacleti@story. However, there a@nly two

of us, Diana andmyself, currently exploringghe BESST databasend between us we can
only tell a few of them. We want to maker dataavailable toother researchers gloey can

tell their own stories or to analysts whash to answerspecific questions about the UK
science base. We decidedpgmtotype an easy-to-uggaphical interface intthe BESST
sectoral data completeith on-line documentation using Exc®l0. | shall describe the
graphical interface and databasgkich allowsthe user to explore about 2,000 graphs and
tables before describintpe details ofthe methodology we used to produce the database.
Our long term objective is to makie tables and graplecessibleover the nefrom an
interactive World Wide Web server that interrogates an Oracle database.

In more detaithe BESST Database whsilt in Excel5.0 and is composed of @atabase
workbook, atemplatesworkbook and agraphical interfacewritten in Visual Basic for
Applications and supplied as an Excel Add-ImThe database is read-only and the templates
workbookwhich contains table layodemplate but no data is passwagmetected.This has
been done tonaintainthe theintegrity of the workbooks. The Add-lean not beopened
because it contains the compiledrsion ofthe software for thegraphical interface. The
graphical interface is supplied with a complete on-line help system.

4. Desktop Scientometric Tool Kit

Now, | shall explain irhow weunified, manipulated and analyseé SCI data. First, ldtle
background. Before the project wiadtiated SPRU hadalready purchasethe 1981-1989
SCI on tapdrom ISI. We obtained funds tapdate the data through 1991Rhase | and to
1994 in Phase I, pay the salaries of 1.5 person for 2 years and purchase a PC.

In summary, we needed &xtract about 500,008rticle, note and reviewSClI publication
types from600 MB of tape dataisolate thenames of institutions listing a UKddress,
manually unifythem to aset of standarshames andink the standardames back to the
original dataset. However, wéced a demma. About the time the projectbegan the
University of Sussex computing servicetarted toexperience a tremendous increase
demand on itsfaciliies so large computing resources were scarce. Furthermore,
considerable experience had showntlat although Microsoft productsunning under
Windows wasadequate fomanalysingpaper, citation and collaboration counts it was not
suitable for manipulating large textdatabase. So we decided twilt a Desktop
Scientometric ToolKibn a personal computérat consisted of three main components: a
multitasking operating system, a text processing language and a programmaddédind
shall briefly describe each of these in turn.



Linux Operating System

Linux# is an independent implementation oP®SIX compliant386 based Unix operating
system freelydistributed under the GNBublic Licens€. Furthermoremuch ofthe GNU

project Unix freeware has bedmndled in withthe Linux distribution. We gambled on
Linux since it contained most of the standard string manipulation tools need to manage large
datasets. We purchased aMbz 486 with 32 MB RAM, a 1 GB SCSI hadisk withtape

drive and installed Linux. This is a slow asmiall machine itompared to today's 150 MHz
Pentium. Recently we installed a new versiorLiotix from CD-ROM in less than a day.

The documentation is better than older versibuosit is still requiresthat the usehave

some hardware and Unix system administration knowledge.

Perl Language

Most bibliometricianghat workwith the ISI tape data writéheir text processing software
either usingthe built-in string manipulation functions in their relatiorddtabase ousing
conventional programming languages likertan, Pascal and C. Database languages
although ideal for simple text processing tasks can bdifficult to use for certain
mathematical problems:or example, it is difficult towrite a routineusing a relational
database's SQL to produce co-occurence matridesventional languagesre ideal for
handle mathematical processes but have poor string handling ability.

However, in the late 1980s Larry Wall at tRASA Jet Propulsion Laboratory developed a
script writing language fosystem administrators called Herthe Practical Extraction and
ReportLanguage. This language weaseatedspecifically for manipulating largdiles and
makes extensive use thfe string routineshat areinherent inthe Unixenvironment. Perl is
now considered to be a 'must know' language téxt manipulators and Web site
maintainers and developers. Perl is a 'glue’ langulgejs itcan be used as a stand alone
programming language or to gltlee power oprogramming languages like C Bortran to

a database like Oracle or Microsoft Access. It is also distributed free underPGblid
Licence.

Perl has a rich collection dafext handling, pattern matching and array and database
manipulation functionsWithout gettingtoo technical let me illustrate its versatility for
bibliometric analysis. | will briefly describe two functions that were invaluable for
constructing the BESST database.



Splitting and joining strings is a commext processing function. Assume we havéne bf
text, perhaps arSCI corporate address, that is composedfieé primary fields each
separated by slash ( / ).For example, considethe corporate address from &gl record

that has been assigned to the variable $ISI_line (note the $ which commonly usefitsts the

character in a Perl variable):

$ISI_line ="QUEENS UNIV BELFASTCTR MED BIOLDEPT PHARM,97
LISBURN RD/BELFAST BT9 7BLUANTRIM/NORTH
IRELAND/"

SPLIT, a Perl function, divides a string into an array of strings delimited gsttarn of
characters and has the form

@array = SPLIT(/pattern/, expr)
Thus, the Perl command

@ISI_field = SPLIT(/, $ISI_line)

splits the stringstored inexpression $ISI_line into pieces separated Isfash (/) and
stores the result in the array @ISI_field as follows:

$ISI_field0] = "QUEENS UNIV BELFAST,CTR MED BIOL,DEPT
PHARM,97 LISBURN RD"

$ISI_field[1] = "BELFAST BT9 7BL"

$ISI_field[2] = "ANTRIM"

$ISI_field[3] = "NORTH IRELAND"

JOIN , theinverse of split, can be used to join an array of stringsdnestring . It is a
laborious and time-consumirigsk to writegeneral functions like these using conventional
programming languages. Fortunately, Perl has a rich set of functions of this type.

Associative arrays ihe mostvaluabledata structures in Petlinlike a conventional array
which is indexed by a number, an associative array is indexedstiing. Forexample an
associative array might look like the following:



$array{"UNIV SUSSX"} = "UNIV SUSSEX"
$array{"IMPERIA COLL"} = "UNIV LONDON,IMPERIAL COLL"
$array{"SUSSEX UNIV"} = "UNIV SUSSEX"

Theindexinto the secon@lement of this associative arraythe string "IMPERIACOLL"
which containghe string "UNIV LONDON,IMPERIAL COLL". The latest release @érl
allows arrays with multiple associative indices. An associative array is @isefublding a
thesaurus of variant and standard institutional names in order to protfiee bibliometric
data.

Emacs Programmable Line-Editor

In order toassign each UK institution listed orpaper to an institutionaector wehad to
unify institutional names to aet of standardisenhstitutional names. This is a laborious
manualprocessUsing a well-definedset ofrules’ and simple Perl programs, Worporate
nameswere extractedrbm the SCI data. Waeeded a tool to use fananually assigning
each of the approximate 50,000 variargmes a standardise nant&r example, the
following list some ofthe varianthamesthat wefound for theBethlem Royal Hospital &
Maudsley HospitalandUniversity of London, Imperial College

# LONDON

% BETHLEM ROYAL HOSP & MAUDSLEY HOSP:S
BETHLEHEM ROYAL HOSP
BETHLEM MAUDSLEY HOSP
MAUDSLEY & BETHLEM ROYAL HOSP
BETHLEM ROYAL & MAUDSLEY HOSP
MAUDSLEY HOSP & INST PSYCHIAT
BETHLEM ROYAL HOSP & MAUDSLEY HOSP

% UNIV LONDON,IMPERIAL COLL:U
IMP COLL
IMPERIA COLL
IMPERIAL COLL
IMPERIAL COLL CTR ENVIRONM TECHNOL
IMPERIAL COLL SCI & MED
IMPERIAL COLL SCI & TECHNOL & MED
IMPERIAL COLL SCI MED & TECHNOL
UNIV LONDON,IMPERIAL COLL
UNIV LONDON,IMPERIAL COLL SCI TECHNOL & MED
UNIV LONDON IMPERIAL COLL SCI & TECHNOL
IMPERIAL COLL SCI TECHNOL & MED
IMPERIAL COLL SCI TECHNOL & MED
UNIV LONDON IMPERIAL COLL SCI & TECHNOL



At first glanceone might consider using word processor tonanipulatethe list of names

but experience has demonstratibat althoughword processors alideal for manipulating

text in documents, line editors are better suited for manipulating lists. Emacs, also free under
GNU Public Licence, is a programmable lieelito. The programmability was useful
because we could tailor it tour specificneeds. Foexamplethe city name is prefaced by a

# symbol and each standard institutioinaine with a % symbol. W@rogrammed Emacs to
recognise thessymbolsand automaticallylisplaythe cityname inone color, the standard
name in a second color and the variant names in a third 8aigple, things like this greatly

assist the data cleaner to discriminate between various elements in the list.

Essentially,our toolkit is complete. Using Linux, Perl and emacs on a persmmaputer
we wereable to manipulateynify andanalyse500,000publications(about 8% of the SCI
data) published over fourteen years so that we could derive the BESST sectoral level data.



BESST Project Unification and Analysis Scheme

S cience Citation Index (1981-94)
(UK articles, notes & reviews)

Intermediate Data Set |

Institutional thes aurus
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Bibliometric Studies

Geographical S ectoral
Citation Ins titutional

Figure 1

5. Overview

Figure 1 gives a schematic overviewtloé general processes we followesingour tool kit
to produce theunderlying master database fromvhich we derivedour sectoral data.
Basically, weextracted the corporate addresses from &@tles, notes andeviews to
produce anintermediatedata set.From this weextracted UKinstitutional names and
manually unifiedhem toproduce a theasurus of standaagnesFinally, the theasurus was
used to produce a reduced database for bibliometric studies.
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The reducedibliometric database was designed faisyuse and to be imported into a
relational database. Each publicaticecord in the database Ieg with a unique six
charactetSl article identifier which links it back to the origirfaCldata set. In addition, the
number of citations fronthe publication year to 1994 has bemworporated tdfacilitate

citation analysis. The format of a unified publication record is as follows:

ISl code:Journal name:number institutions:number authors:tape
year:publication type:volume:start page

ISI code:Annual citation counts from current year to 1994
ISI code:Country list, number of institutional address in each country
ISI code:Unified UK Institutional name:Sector:City:Postcode

The following example listed two publications extracted from the 1981 data set:

NFO9SEO:CARIES RES:3:1:81:81:N:0015:0070
NF9SEO:0:5:7:5:3:6:2:3:2:4:0:2:1:1
NFOSEO:UK,1

NFOSEO:UNIV LEEDS:U.LEEDS:LS2 9JT

NK1K1A:BR J HAEM:11:5:81:81:A:0047:0133
NK1K1A:2:12:17:11:9:13:10:9:10:4:6:5:3:4

NK1K1A:UK,4:USA,1

NK1K1A:ROYAL FREE HOSP:H:LONDON:NW3 2QG
NK1K1A:UNIV COLL & MIDDLESEX HOSP:H:LONDON:WC1E 6JJ
NK1K1A:WESTERN INFIRM:H:GLASGOW:G11 6NT
NK1K1A:UNIV COLL & MIDDLESEX HOSP:H:LONDON:N18 1QX

year:source

One year of bibliometridata inthis reduced form occupiedbout 4megabytegor lessthan
1 megabyte in compressed format). Althoutitere is a fair amount of redundancytfiis

data structure it can be eliminated when imported into a relational database.

6. The Expanding Boundaries of Desktop Scientometrics

The Internet, the WorldVide Web, Java and distributethtabases arexpanding our
desktop(Figure2). A few of monthsago wecopied the BESST databaaedour ToolKit
to a Cray Supersenmt theUniversity of Manchester. Everything we develop on one
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machineruns smoothly orthe other. Forexample, a Perprogram developed biick
Winters, my researcher assistant, running on a new Pentiunproainice aseries of
snapshots of collaborative relationships between 40 UK indusé&@brs and 166p UK
research institutions bgxamining jointinstitutional authorship othe 40,000 papers that a
UK participated in between 1981 and 19%94king as input the reduc&ESST database it
produces as outpdburteen 200 x 200 co-occurence matritlest capture thelynamic
evolution of research co-operation betw@sfustrialsectors andkey research institutions
and between théndustrial sectorsthemselves. Thidakes less than 3finutes on the
Pentium. On th&€ray Superserver we cgmoduce snapshots of the co-operative research
activity between6,000 UK institutions inrany one orall of seventeen sciendeelds in a
couple of hours.

Also we have established a new relationship wishi@er computingroup at théJniversity
of SouthamptonThey have an 28ode machine, each node composed of an RS&400
128 Mbytes DRAM. Thismachine has 4 Gbyte bfrd disk andperates at 25Mflops/s
performance (double precision, peak). It rungeesion of Unix optimisedor a parallel
machine and it has DB2 IBM's new parallel relational database. We hope to usadise
in co-operation with some Southampton researchers to explodyriaenicsembedded in
citation networks.

Finally, we are adding two new tools to our ToolKit: a relational database and an interactive
WWW database server. To do this we purchased a d3H€it AlphaStation with 256 MB

RAM and 2 x 5 GB fast wide SCSI hard drives. \fe installing the Oraclerelational
database with Web server access. This machine will provide greater speettendilies

for explore the BESST datand allow us toprototype aWeb-based graphical user
interfaces.

As you can see froraur desktop we havaccess to an arsenal of computers and so far our

ToolKit functions on most ofthe machines weuse. The boundaries of Dasp
Scientometrics have expanded.
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Scientom etric Desktop

Dec AlphaStation
Unix, Perl, Emacs
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486 & Pentium
Linux, Perl, Emacs ’
Microsoft

Y

SP2
Parallel Unix & DB2

Figure 2

7. The Future of Desktop Scientometrics
“And what”, you may ask “are our aspirations?”

We dream otwo things. First, we dream difuilding aninteractive graphical interface to

assist social scientist and policy analysts fadhdisciplines toprobe thedynamicsignature

of national systems of innovation as reflected in publicag@words.This dream is rich with
interesting research problentsor example,how does oneisualiseresearch co-operation
dynamics between 6000 institutions? We are not sure but we have some ideas for techniques
for visualisingthe collaboratiordynamicsbetweensix UK institutional sectors.Exploring
collaboration networks isot asdifficult a problem as examiningjitation networks bugven

this may challengehe frontiers of dataisualisation andlatamining techniques. We realise
thatthis is an ambitious dreabut webelieve it is achievable. To accomplish tiieam we

will need help from people skilled in the computing and mathematical methods.

Our seconddream is grander. We dream efpandingthe BESST database to explore as
many national systems of innovation system as possible startintheiBuropean Union. A
project ofthis nature would require pan European co-operaitiwolving the whole of the
Europeanbibliometric community. Calyou imagethe possibilities? Wecould explore the
various Europeamational systems of innovation in a comparative manner. We could
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examine the dynamic patterns of interaction between thesgstems ashe European
Community evolved through the 1980s and 1990s. However, themegaaggeomplex issues
that would surround a project diis kind such as Intellectu&roperty Rights,quality
control anddatasecurity. Webelieve hat with a good measure of cooperative effort, a
reasonabldevel of fundingand a lot of hardvork from thetalented resources in the
Europearbibliometric community &uroBESST could be constructedhin three tofive
years. Ah, but that is just a dream and Desktop Scientometrics is a virtual reality!
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Notes and References
1 J S Katz, D M Hicks, M Sharp & B R Martifhe Changing Shape of British Science
STEEP report, SPRU, 1995.

2 A demonstration of the BESST databasel graphical interface was presented at the

conference. A copy of the database and interface can be obtained from the authors.

3 Forexampletheunique article numberthat aresupplied onSl tapeversion ofSCl are
not available onthe CD-ROM version. Thus, there is epasy way to link asubset of
papers derived from CD-ROM to the original CD-ROM articles.

4  Linux runs on an IBM PC compatible with an ISA BISA bus and a 386 drigher
processorApple Macintosh, AmigaMIPS, Sun workstations and DEA&lphaStations.
The Linux kernelwas written bylLinus Torvalds fromFinlandand byother volunteers.
Most of the programsunning underLinux are genericUNIX freeware,many of them
from the GNU project.

Linux is available from the following anonymous FTP sites:

Site numeric address Linux directory
tsx-11.mit.edu 18.172.1.2 /pub/linux
sunsite.unc.edu 152.2.22.81 /pub/Linux
nic.funet.fi 128.214.6.100 /pub/OS/Linux
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Linux is also distributed ormphysical media, including floppie§D-ROM andtape, by
several commercialendors. Please read the distribution HOWawilablefor FTP at
sunsite.unc.edu as /pub/Linux/docs/HOWTO/distribution-HOWTO. fipecal cost is
$50-100 (US)nd includes various compileegitors, X windows, TCPIP antumerous
other utilities.

Project GNU is organized gsart of theFree Software Foundation, Inc. The Free
Software Foundation haghe following goals: 1) to create GNU as afull
development/operating system. 2) to distribute GNU atter useful software with
source code and permission to copy and redistribute.

PERL was written by Larry Wall at thdASA Jet Propulsion Laboratories. uisually
bundled in with most Linux distributions and is available for anonymous FTP from

Site numeric address
ftp.uu.net 137.39.1.9
archive.cis.ohio-state.edu 128.39.1.9
jpl-devvax.jpl.nasa.gov 128.149.1.143

There argwo excellent referencbooks: Wall L and Schwartz RIBrogramming Petl

O'Reilly & Associates, Inc (Sebastopol, USA), 1991, and Schawartz RL and Wall L,

Learning Per] O'Reilly & Associates, Inc (Sebastopol, USA), 1993.

The corporate address list was generated using the following criteria:

a. only corporate addresses from article, note and review publication types containing the
keywordsEngland Scotland Walesor North Irelandin the country field were
selected.

b. the county field was not used

c. the city name was extracted from the city-postcode field where possible.

d. in general only the first, or the first and second sub-field from the first field was used.
However, if certain keywords such & C, AFRC,NERG or SERC(or a variation of
a keyword) appeareshywherewithin the first field, all four sub-fields were used when
possible.
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8

In 1975,Richard Stallman developdte first Emacs, an extensible, customizable real-
time display editor & computing environment. GNU Emadsssecondmplementation.

It offers true Lisp--smoothly integrated into the editor-veiting extensions & provides
an interface tahe X -Window System. It runs donix, MS-DOS, &WindowsNT. In
addition to its powerful native commaseét, Emacs has extensions which emulate the
editors vi & EDT(Digital's VMS editor). Emacs hasnanyother featureswhich make it

a full computing support environment. Source for the "”GNU Emacs Manual' & a reference
card comes with the software. Sources for the "GNU ErmsgsReference Manual' &
"Programming in Emacs Lisp: An Introductiom’e distributed in separate packages.
Emacs can be ftped fromnany international sitesjncluding unix.hensa.ac.und is
included in many Linux distributions.

This is a powerful multiprocessorachine running 13uperSPARC processors eadth

2 megabytes cache. It ha88 megabyte of memory arkB9 gigabytes of fast accedssc
space.
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