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PREFACE

DISISS (Design of- Informahon Sysrems in the Social Sciences) is a
research project based at the Umversrfy of Bath. The objective of the project
isto carry out research necessary for the effective design of informaticn systems i in
the social scrences, whether by the creation of new systems or the modification of
exrsrmg systems.  The project, which is funded by OS'[I, commenced in
Janvary 1971, ‘ SR '

Work on other “parts of the pro|ecr is being reported ina series of workmg

papers which are ||sfed in Appendrx C." These, together with an oi.line of work

camed out-in 1971 and 1972, can be obramed from the Lrbrary, Umversrry of Bafh
Claverl'on Down,” Borh BA2 7AY. 7 .
, The presenr workmg paper explores the methock avarlable for the groupmg

and |mkmg of journal arhcles by crrahom, and the use of rhese methods as a means

of information retrreval " The study is not only speculative but exploratory, as the

" data reported was derrved from pilot studies conducted on a very small scale.. If

the concepts’ expressed here are considered valrd and useful, large-scale tests need to
be carrled out, with machine-readable files. Such fesfs will not be possrble during
the DISISS pro|ecf, but they could well form part of further research.

Because, so'far os we know, the approach put forward here is new, comments
on this poper would be especially welcome. Although the data used relates to the
social sciences the method is of course applicable in any discipline.

Nof a|| of the uses of citation data concern retrreval and not all retrieval

by means of citation data involves networks.  This pope_r mentions some.of these

orher uses for the sake of complereness.

The ouﬂme of this paper was_prepared by Michael Brittain, but
' Borbara Skelron was largely responsrble for the drafﬂng. Drafts were read, and
" numerous contributions made, by,Maurrce Lire, Srephen Roberts and Robert Bradshaw.




1.0 INTRODUCTION

This working paper explores the potential uses of citation analyses for
the retrieval of information and in particular the yse of citation networks to identify

groups of journal articles, ,

-

Cnrohon data has been analysed since the 1920s as a gurde in the

selechon of |ournc||s for library co||echons, and to a lesser extent in detennlnlng the

- coverage of secondary services. These uses - will.probably increase as-optimisation

of information systems becomes more necessary. Users of information ,however, are

’ generolly concerned much more with’ retrieving relevant journal articles and are not

dnrecrly concerned with the selection pol icies, whether of libraries or secondary services.,

~In lrs slmplesf form, a crtcmon onolysrs rnvolves the co||echon and counﬂng

of citations ina ||m|ted number of |ourno|g (referred to os ‘source rfems'), this resulrs

ina list of cited journal mles, or outhors, occordlng to their frequency of citation.

Lists of cited journal articles have rarely been produced, because the small samples of

source fourmls‘rypi'colly used yield very few articles that are cited frequently, The
reloﬂonship between source ltems and cited i ltems] is not usuolly explored in studies
of ‘this kind.

By onalyslng the relationship berween source items ond clted items, it is
possible to-derive a structure of lrnkages, referred-to in this paper as a citation
network., A citation network reveols the inter-relationships of articless the frequency

.of citation of each article is shown and-also the actial source articles that make the

" citations. -

Consi’de;roble Work has -been done on the nature, value and use of citations.
A recenr review of- rhe hrerofure by Hall (1970) mdncates that the majority of the work
has been concerned with clrorlon counfs. A well-known work in this area is that of 4
Brown (!956), who reporfed lcsfs of. frequently crted journals in mathematics, physics,

kd LE, -7 - e R .

T A sowce Trem - is fhe source from whrch brblrogrophnc citations are taken;
"itcanbe iournol orhcle, monogroph or any orher work containing a hsr of
T peferances T s et
Accited-item is a work cifed (referred ro) by the outhor of an article or
»mom ’source ifem')
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chemlstry, geology, physiology, botany, zoology, and entomology.  These lists
have from time to time been used as a guide to the selectlon of journals by libraries.
Basically, the same principles are involved in using a frequency list of monographs,
; although rnonographs have received much less attention, largzly because the frequency
' with which most of them are cited is relatively low. Recently more refined measures
of journal citations have been attempted. For exampl‘e, the number of citations
received by a journal can be expressed as a ratio of the average number of
articles it publishes each yea‘r (Garfield 1971); Garfield has called this the 'impact
r factor's A further recent use of citation data has been the appllcatlon of clustering
techniques (Prlce and Scl\lmanVlcl'l 1968).  An lmportant part of DISISS research
is the clusterlng of journal titles to produce groups of. tltles related by their crtatlons.
: Thls work wrll be reported ina t'urther working paper.

thtle work has been- carrled out-with journal. artlcles (as opposed to journal
titles) Kessler (1963) analysed the relatlonshlp between articles: by grouping together
articlesrwlth citations in common; he calls thls»'blbllographlcal coupling'. Garfield
(1963 and l970) , Garfield, Sher and Torpie (1964) and Price (1965) have used
citation, data to trace the structure of ltnowledge and the flow of lnformatlon. All of
these studles have necessitated the constructlon of citation networks in one form or
another, but they have been mainly concerned with the interpretation of the network
rather than with the method of its construction.

o= -

There have been a few evaluative studles on the use of crtatlon indexes for

lnfojrnatlon retrleval. ‘The best known citation index is Science Citation Index
(SC)), Which has been used as a data base for the corstruction of networks described
in this paper. Waldhart (1964) compared the compilation of a bibliography on

lasers l"rom SCl and from five coriventional mdexlng and abstracting services,
Aconcluding that SCI. produced more unique reférences than the other services.
—Spencer (1967) conducted a similar test whilst compiling a bibliography. on the drug

t ,thalrdomrde, agaln, scl produoed more Unique references. - Martyn (1965) conducted

~a small test on. scr traclng the sub|ect of gallium as a semi-conductor; he found that

B for every two relevant artrcles he retrieved five irrelevant articles. The 'noise’ in

the system ls theret'ore qulte hlgh but Martyn concluded that if he ‘had searched

: using artlcle trtles, rather than all the cltations from each artlcle, the number of

ln:ele\(ant references: mlght haye been well reduced. The§eg§tudrers examine
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specifically the use of citation indexes, not the use of citation networks, with
which this paper is mainly concerned; but evaluative studies on the use of networks

cannot of course be carried out until networks have been covstructed and tested.

e/ o o

- The main objective of this paper is to examine the method and procedures for *
the construction of citation networks in order to identify groups of articles.  Several

pilot studies were undertaken to examine first the method for construction of citation

networks,. and recor\dly to evaluate the effectiveness of generating groups of articles.
~ The networks in rﬁese studies were compiled by hand.  If articles are to be retrieved -
on a large scale, the methods mwt be suitable for machine handling,  This working
7 paper does not aﬂempf to cover the details of the file structure for machine handling,
. although some unpllcahors for machine requuremenfs are mentioned.  The methods
- and procedures described in vhis paper are based on *hand=drawn’ networks once
- A the merhods have been explored large-scale rests can then be undertaken. However,
. " these tests cannot be carrled out durmg the present DISISS project.

The working paper is arranged in the following manner. Section 2 corsiders .
- the “analysis of data for citation networks and describes methods for construction.’ ;
 Three methods have been developed; they are described in this paper as CITED search,
SOURCE search and DUAL search. - Section 737'd‘fscusses briefly some applications of
citation networks for irformaﬂon services. - The networking technique allows great
, 7_f|exibility forthe retrieval of .information,and in particular DISISS has"considered the
o packaging of information based on citation networks.  The pulor studies are reported
in section 4. Two groups of studies were conducted; i) those to idenﬁfy groups of
_ articles within a sub|ect, and if) those to identify groups of articles that deal with new
__concepts and trends. The latter was felt to be importanf for any information system in

the social sciences must deal adequafely with the 'soft! terminology « Finally, in
~ section$, brlef deralls are glven of further work D|SISS hopes to zarry out on citation
networks.

PR
-
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2,0 CITATION NETWORKS

2.1 W;-.ys of analysing citation ddra to show relationships.and to develop networks.

There are various methods for the analysis of citation data which are of

potential value for library and information system design. As already mentioned, the

simplest method and that most commOnly used, consists of counting crtoﬂons from
given source |oumcls, and constructing a frequency list of cited journals. "Such a
list may be used os a gurde for library holdrngs. In this type of analysis, the
relaﬂomhrp betwen source and cited journal is rgnored once the frequency list has
been compiled. The analysrs may be described as one=step process. Figure 1
illustrates -in dlogrammdrrc form the stages of the analysns. A, B and C are selected
source journals and the cited journals token from these are represented by D to K.
Source- |oumol A cites D, E F,J and K. Source journal B cites F, G, H and 1.
Sowrce |ournol C cites. ., J and K. Jowmls Dto K can be ordered into a ranked |rsr
according to citation frequency. ' '

An off-shoot of this analysis has been explored by, Kessler (1963). He hos

investigated the relationship of the number of citations in commOn between articles,
He has called the nloﬂonshrp 'bibl rographlcal couplmg and has related the strength

of the re!ofronshrp to the number of citations in common. The source articles related
in this manner are assumed o have a simildrity of content. In figure 1, A to K can
represenf;qrficles not journals. Asticle A cites article J and K which are also cited
by article C.  Article F is cited by both articles A and B and article | by articles B
andC, - There is therefore a relahonshrp between all three source articles but the one

- between A and C is strongest becouse rhey hcve two citations in common =~  articles
- Jand K. Arhcles B and C and articles A and B eaeh crtepnlx one article in common.

_ The third type of analysis may be described os o two-erep process, It involves
the opplicgﬁon of cluster techniques fo a frequency list of cited journals. This ty;;e
of analysis seeks to divide the set of cited journals into subject groupings. The
underlylng asurnpﬂons are that iourndls which deal with the some subject areas

" will cite one anothsr. This amlysrs depends upon the relative l‘requency of citation

of.each ]oumal in relcmon to the source journals. The basic-measure by which journal
cluters may be judged is the srmrlaﬂty between |ourndls in the some cluster. Cnce
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clusters have been identified, journals within a cluster may be arranged in a

ierarchy according to citation frequency. Narin(1972) hes applied cluster
analysis techniques to journals in the disciplines of physics, chemistry and moloculor
biology, and identified journal groups in subdiscipiinary subject ureas.

A fourth type of analysis involves the construction of citation networks and
may be described as a multistep process.  Citations are toke:: from source journals
and used as sources to generate more citations, The relationship between the source
and cited journal Is significant throughout the analysis.  One of the simplest ways of
com!dcrjng& citation network isby e sociometric diogfan.‘ In this type of diagrom,
relationships between a number of references, for example, ioumbl orticles, monograph
titles, loomal titles or authors, are Indicated by arre . io!ning points ropmcnﬁm )
the references as source ond cited Inms,z in this way, the distribution of citations and
the frequency of citation can be seen clearly.

The present poper, as explained above, is concerned only with groupings of
journal articles. A simple citotion network is illustrated in figure 2.

The interrelationship between seven reference points A, 8, C, D, E,Fand G _
is illustrated.  Each point represents a reference consisting of an author and article
title.  The citation linkoges are shown by lines joining the reference points and the

direction of the relationship is indicated 2y an orrow from the source to the cited point.

From the diogm, it can be seen that article E is in some way a crucial article because .
it has move incoming arrows; that is, it receives the greatest number of citations. It
represents o great oversimplification of the real situation, as is cleorly demonstrated

in the trial networks thot are reported in Section 3.0,

] Sociometric diugrame in the context of bibliographic citotions a diagrom
Indicating the Inhfnloﬂomhips between authors or their works.

2 See poge " fwm.
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A CITATION NETWORK
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There are two methods of establishing a network of journal articles.
Firstly, it is possible to start with a relatively old article, such as G, and by
using a citation index, identify the arficles that cite G.  This would identify
arficles Eanc F.  The network can be extended by using the citation index again
to find out the articles that cite E and F; this procedure would identify articles B,
Cand D. These three articles a:= then checked to see if they have been cited;
this produces articles A and articles B and E previously identified. Article A cites -
both B and C.  This method is called a CITED search because it corsists of identifying

articles that have been cited.  The method is described in detail in section 2.2.1.

'I'he second method of constructing a citation network is to start wuth a relcmvely

. recent article and to locate all fhe relevant citations it contains. These references

are then used as sources to genercte more. cltcmons. This method has been called a
SOURCE search and is described in detail in secﬂon 2,2.2, In Figure 2 the
stamng orhcle would be A.  Adicle A makes citations to B and C.  Articles B and C

 are then located and the relevant citations they ake are noted. Asticle B cites

D, Eand F, arﬂcle C makes only one relevant citationto E.  Article D makes only
orne relevant citation, which is also to E. Asticle E cites article G and article F
also cites G.  The principle behind this method is that a cited reference is treated

as a source reference, and as such it will contain other relevant references, enabling

thenetwork to be extended.

The procedure fc- beth SOURCE and CITED searches is repefitive.  The

iterntion is known as "cycling'; once a source or cited item is located, the procedure

s repeated to provide other citation links from the article.

The basic process underlying network construction is the selection of suitable
citation linkages that lead to producing the types of network configurations noted above.

" In making a network of realistic dimensions (in terms of search period, number of

references, etc.) it is essential to ensuie that the references considered relevant are
restricted to those which further the concentration of the network.  If every citation
was followed up, many *dead ends' would result.  The effort involved in searching all
rhese irrelevant references would be wasted and would not help towards concentrating the
cmmon Imkoge ot particular points in the network. In practice, networks rarely

"~ evolve towards such tight concentrations as portrayed in the theoretical cases given,

a




and where concentration can be developed this is often due to the application of

I T e 4 Ty B W R

quite rigid cut-offs on the data, e.g. choosing only certain words in-an article title,
key authors, etc.  Determination of the relevance of articlesfor a network is of
great importance and is discussed further in section 2.2.4,

e %

A recently reported study of network construction (Garfield, 1972) on the
subject of ‘explosive welding® illustrates how citation networks can be used in a search
strategy.  Although Garfield successfully identifies the key articles in the field he
does not state cafggprically the criteria for choosing citations from source articles
whipﬁ would ensure that the propgrffon of relevant articles was maximised.

Onnce a full network has been establlshed, it is relatively easy to see where the
concentration of citations takes. place and which arhcles are penpheral, etc., but to
begin with it is very dlfflcult to decide suitable cut-off points.  For instance, during
the construction of a network there m&y occur many single citations. It is difficult
to know whether all of these should be omitted from the final network on the grounds
that they do not allow the articles to be grouped, or whetherrecently published articles
should be kept as a separate group, to be further studied, because they may not have had

time to be heavily cited. A further problem concerns the relevance of articles in the

network. In the cose of Figure&;} article C makes a citation to E, but it may contain,
: sc);, twelve citations . ltis difficult to know beforehand whether journal article C is
going to fall in a network thal' is related to the sub|ecf matter at hand. It would be |
very difficult indeed to establish a network by taking ot random any journal article. |
Some prellmmury restriction in the number of cited items, preferably bounded by a
subject area, is requnred. If the search subject is one such as the example given
later in this paper (‘short-term memory') then iburnal article C cites E, which .

is relevant, andmay also cite several others not relevant to the network.

In theory the ideal method would be to chart the entire network of citations,

‘ with the result that infrequently cited mterlal would not produce concentrations, and -
, could ulﬁmafely be dlscarded If the dafa base was extremely large, covering for
example all fhe social sciences or all the physical sciences, then networks would be

' - establlshed in whlch fhere were from time to timie great concentrations of citations, |

Ay




The coricentrations would represent groupings of articles, where the

interrelationship between articles in the groups was strong.  These groups

may also be weakly related to other groups by infrequently cited articles. A
good deal of trial and error is necessary in the first place to ensure that the
citations, as they are traced, converge upon a grouping of articles rather than
diverge in all directions to produce very weak Ilnkages with an enormous number

of articles » perhaps across many subject fields.

2.2 Procedures for retrieval of information using citation data.
_ There are three methods of constructing citation networks. These have
been discussed briefly in section 2.1. = Each method is discussed in detail below.

2.2.1 CITED search
This method is adopted when a user wishes to identify articles

published subsequently to his chosen starting reference. The method is illust-ated
by the flow=chart shown in Figure 3. k

“The method has been called ClThD search because it basically consists of
locating all articles that have cited the starting re"ferencet and then locating articles
that have subsequently cited these. A citatjan index is used for this purpose,
Figuref,4a shows how o citation network is formed following the procedures outlined
in the flow-charls.  Each year of the search period is checked to see if the startlng
reference(s) has been cited. In 1967, article A cited the starting reference.
Articlé A is then checked to see if it has been c|ted by any relevant articles within
the specnf’ ed search perlod. It has been cited by artlcles B and C, and these are
considered relevant. Articles B and C are then flagged as LINK references.

The term ‘LINK® reference has been used because these references provide further
cltatlon lmks if the network is to be extended. Further years of the search period
are checked to see if the startmg reference has been cited.  This may produce article D
in 1968. Artlcle Dis checked to see if it has been cited subsequently, in fact, it

has not. lf the crtatron network is to be extended the artncles that have been flagged

sobsequently cited., The network is complete when all the citations which have been

,,,,,

flagged as LINK references have been checked to see whether they have been cited in
the specrfled search period. )
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i . FLOWCHART OF PROCEDURES FOR THE CONSTRUCTION OF CITATION NETWORKS
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NETWORK CONSTRUCTION BY A CITED SEARCH
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2.2.2 SOURCE search

This method is adopted when a user wishes to identify a selection of
articles published prior to the starting reference.  The method is illustrated by the
flow=-chart shown in Figure 3.  The method consists of taking citations from a
starting reference, locating them and then using them as sources to provide citafions.‘
Figure 4b shows how a citation network is formed following the procedures outlined

- in the flow=chart.  The first citation (A) is taken from the starting reference (S).
If the article is relevant it is recorded in the network and the orticle is locdted:
Citations from A are checked for relevance and the relevant ones are then flagged
as LINK references: In the diagram articles B and C are flagged in this manner.  The
remalmng.cltatlons from the starting article are then analysed in the same way as A,
. Article D is considered relevant and recorded, but it does not make any relevant
citations. At thls point the network cannot be extended, for D may be considered
" osa'dead-end’. To extend the network, the citations that have been flagged as
LINK references are treated as sources, . This process may provide further
citations flagged os LINK references.  The natwork is complete when the articles
cited by the LINK references are all published outside the dates of the search period.

2.2,3 _ DUAL seqrch

This method uses both SOURCE and CITED methods (hence the name DUAL), {:
The method is adopted when the user wishes to identify a selection of articlés which are
both prior and subsequenf to the starting reference. For example, the user may select
a reference published in 1970, but may wish to obtain articles published between 1968-72.
If this is the case, a SOURCE search is adopted from 1968-70,  All references
retrieved in this search are then used as LINK references for a CITED search for 1970-72.

2.2.4. oiffennc.s in the proceduresfor a CITED and SOURCE search

I
—

The procedures for. conducting CITED and SOURCE searches are different.
For a CITED search a citation index can be used.  SCl is cumulated into annual
volumes, so that each year of the seorch period-has te be taken in turn. However, a

five year cumulation hes been produced, for 1965-69 and other such cumulations can be
- expected; these greaﬂy reduce and simplify the search procedure.

P
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In a SOURCE search a citation index cannot be used. A SOURCE search
can only be conducted by locating the actual articles and examining their citations.
At present there is no publication that lists citations from given source articles {although
of course SCI tapes record this irformation).  This search is not conducted by taking
each yeﬁr of the search period i;'a turn.  Instead all citations with the date of publication
within the search period are of potential value to the network, and are examined in the
_order in which they were cited.

-

2.2.5 Relevance of articles comprising the citation network

Implicit in the method of retrieving information b)j the construction of a
citation network is the assumption that articles contained in it are relevant, The
_ articles are judged relevant by two main criteria: (i) search period, and (ii) subject.
(i) Search period.  This is the number of years the user wi—s;;;the data base
to be searched. During a CITED search the data base is searched for each
year of the search period for citations to the starting reference and subsequently
" for citations to the LINK references. When a SOURCE search takes place the
date of each citation that is made from the starting reference and from the
subsequent LINK references is checked to see if it is within the search period.
If it is, it is considered relevant to the network; if not, it is discarded. The
scatter of citations within a netwark represents their position ot that particular
time of the network. |f the ‘network is‘ extended to cover more years, or
reduced to cover fewer years, the scatter of citations and the strength of
relationships will change.

(ii) Subject. It is impracticable to trace all citations from all articles, os
some articles may cite a large number of items, The network would become
extremely large and contain many irrelevant references. Some limiting
criteria will have to be used if the network generating procedure is to be
practicable, The criteria used should help concentrate the network linkages
to a few articles in order to avoid linkoges diverging to many articles that are
cited once only. As yet there is no clear way of choosing a suitable criterion

 that works towards this end; an indication of the relevance of articles may be
obtained by examining the article title, the author and the journc' . but this
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procedure is necessarily subjective, and objective criteria would be much
more satisfactory.

2.2,6. The starting reference

A starting reference hos to be selected.  Any reference may be selected so
long as it mokes citations if ¢ SOURCE search is to be conducted, or is cited if a CITED
search is to be carried out. However, the number of irrelevant references in the network
is corsiderably reduced, and the number of relevant references increcsed, if the reference
selected is a key and central work in the field.  The number of irrelevont references is
also reduced if the starting reference is a review article. However, within limits it
does not matter which orticle is chosen to begin the search, for If anough LINK references
are formed, a very similar network may-be corstructed from any storting reference. The
number of irrelevant references in the citation network is also reduced if the dote of the
starting reference is close to the specified yeors of the search.  This avoids the extension
of a citation network outside the seorch period.  For example, if articles ore required

~ from 196872 and the storting reference is dated 1965, it may be necessary to trace

citations through articles in 1965-68 until articles in the search period appear, alﬂiough
articles in 1965-67 will not be required. ‘

Once a network hos bsen comstructed the selected starting orticle does not
necessarily assume a special position in the network.  The relationship of the storting ‘
article to all other articles in the network depends upon the strength of its citation

linkages to the other articles.  Therefore the fact thot one article is chosen fo stort

the search as opposed to another should not  affect the final network.  This assumes
of course that the starting article is relevant to the subject of the search.

2.2,7.  Preliminory corsiderations of the data requirements for construction of
citation networks by machine

Ary lorge scale information service based on thc production of citation networks

requires a machine-readable data base, since several hundred citetions may have to be onalysed

before a meaningful citation network is produced.  The problems-of compiling such a data

~ base may be enomows.  Only a few points are mentioned briefly below.




Firstly, the selection of source journals from which to collect the :itations is
critical to any information service.  This problem is fully dealt with in Working Paper 5.
The important point is that any bias in the selection of source journals would be reflected
in the citation networks.  In generai most citations are to a relatively small number of journal
titles, articles and authors; the selection of source journals in a broad subject field may
produce unforeseen bias. Howevar, in narrow or closely knit subject fields citation
patterns may be more various and source journals need selecting with greater care.

~~All citations from each source journal must be put into the data base.  Missing
- citations may cause gops in the citation network and cause ortificial cut-off peints in the

network.  The number of data fields for each citation must be considered. It may prove
feasible only to oollcct journal mlo, yeor, volume, orticle page numbers and author.
Article title may or may not be an Important data field, depending upon the type of search
the user requires.  If a user wishes to search by keywords in title, the article title is
obviously required.  However, if a straight reference search is required, articles can be
uniquely identified by the other five data fields.  In fact in some cases it may be desirable
for soarcha to be conduchd using the five data fields, for citations do not always give the
titles of articles.

A final point is the number of years the data base should span.  If retrospective
searches are to be carried out the data base should span a fair number of years.  Three years
should be corsidered the minimum period for building up a citation network. A period
shorter than this is not adequate, as only one link can usually be established between the
source ar: cited item, and no further link can be made from these; it may take a year or
more for any orticle that has been published to be cited.

O




3.0  APPLICATIONS

Information services based upon citation data have many upplications, by
virtue of the flexibility which the networking technique offars. The following
opplications are being considered by DISISS, though not al! of them involve actuel
m’w“bo

3.1 Packages of information

The amount of literature in most fields is growing so quickly that it is very
difficult for users to extract and locate the informution they require. The problem is
eased if information is packaged according to specified user requirements. A package
would consist of a list of all the references produced by a citation retwork.

Such a list could, in theory, be arranged in-any manner to meet the requirements
of the user. Frequency lists of cited authors and articles could be produced; from these,
the user could see ot a glance the most imboﬂont works or authors in the field. H:z would
not have to handle material peripheral to his needs. If required, the paékogo could

diso contain the citation network; from this the user could determine the relationship of one.

work with another. The use of citation data provides an ideal method of producing
packoges of information for grmups of users, as the information required may oosuly be
extracted according to specified criteria from any network.

Packages may be devc|opod for particulor § purposes, not all of them concerned

with actual retrieval:

a) To study the occurrence and growth of new concepls.
Packoges of information could help to identify new approaches and
concepfs developing within the social sciences. This may be particulerly

important for the social sciences, where many theories may exist to explain
one pafﬁculdr phenomenon, where schools of thought may die s quickly as
they are born, where terminology is unstable, and where there are no *hard’
scientific explanations. - The use of mdmonul mdoxmg services to trace

" new compfs is particularly difficult in tho social sciences because indexing
terms can be only assigned when the terms are fully recognised.
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b) To study the structure of a discipline and the history of knowledge.

A large citation network could describe the structure of a discipline
(that is if all the citations within a given subject field were traced for

' a stated time period).  The citation linkages may be considered to
indicate the position of an article in the existing body of knowledge. A
user may be particulorly interested in tracing the evolution of a field;
a citation network can indicate the importance of each article in the
development of the field. By tracing citations from articles backwards
in time (a SOURCE search), the article that first put forward a new

- concept may be determined.  Studies of this kind are more difficult

~ to carry out with a conventional indexing service.

-

) ~ To locate information in- irnrerdiéciplimry—areds. The retrieval of

- mformohon using citation data provxdes o‘good mefhod of meeting the
" information requurements in mferdlsclplmary fields, Citation networks
" can be constructed to cut across subject boundaries, provided that the

- defa base contains journals from the disciplines involved.

3.2  Current awareness services

- “The Institute for Scientific Information (ISI) developed a current awaréness
system - ASCA (Automatic Subject Citation Alert) - several years ago. It is based on

» SCl.. Each week user profi iles are matched with SCl SCI computer entries.  If a currenf
‘ 7arﬂcle cures any item specified in the user profile, the article is retrieved as being

relevant to the user.  User profiles are drawn up to mclude words, phrases, and word
srems of article titles, plus author and journal titles.

3.3 Computerised retrieval techniques

The retrieval of infor..ation using citation data is suitable for computer based

,systems - The irformation- systems may be on=line, in which case the user may hold a
conversol'ion with the machme in order to retrieve the exact information he requires. ‘
As rhe user has only to provide a starting reference, the: problem is avoided of putting
7 user requesfs in a special form that the machine can use.  Equally, batch processing can
' beusedfor searches in the same w.y, though it does not allow "conversation' with the machine.
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3.4 Review series

Citation networks help to indicate the importance of authors and articles in a
particular field.  This type of data may be of particular relevance for the compilation of
review series.  Citation networks can delimit the subject field, the key authors and
papers; indicate the total field of which the porticular. review is a subset; provide fairly
complete and representative coverage and emufe“?urrencys’ At the moment there is no
way of ensuring that reviews are adequately covering all the relevant material; the
review depends very much-upon the ability of the reviewer to locate the relevant material
and then to make value judgements on the importance of each work and its contribution to
the field,

3.5 Foreign language trarslations

The identification of frequently cited authors and articles may also be particularly
important for foreign language translation services. These services ma;' wish. to translate
only the most important works in a field.  Rather than rely on personal expertise, where an
~ element of ias is unavoidable and personal knowledge is bound to be limited, citation
data provides some evidence of the works most likely to be wanted in translation.

3.6 Teaching aids
Packages of information may be produced specifically for teaching purposes and

as study aids.  Groups of articles can be identified that deal with particular aspects of a
subject.  For instance, the groups could deal with:

a) historical development of a subject
" b) a broad outline of the subject
c) " detailed aspects of the subject.

Packages may be developed according to detailed specification, so that
the information given to a student is directly relevant to his needs. Packages developed
in this manner could be used for progrommed learning courses.




3.7 Aids to research in information science

The structure of a discipline as revealed by citation networks may provide
data on, for example, the shifting of subject boundaries within the social sciences. One
traditional means of information retrieval is by classification, but as subject boundaries are

not clear~cut or stable, a means of identifying chenges is useful .
) o,
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4.0  PILOT STUDIES

Several pilot studies were carried out to investigate the techniques and

procedures for grouping articles using citation data. Science Citation Index (SCI)

wds used for the studies; because it does not contain sources published before 1964,
it was necessary in some studies to use source journals not included in SCI in order
to complete the study.

.

4.1  Studies to identify groups of articles with keywords in the title

The main objective of these studies was to retrieve articles with chosen keywords
in the titles and to identify the core articles and the peripheral articles on the topic.
7The keywords chosen were shorf-tefm memory and 'deviant behaviour' or synonyms.
A citation network was comtructed for each using citation frequency data.

¢

4.1.1 Short-term memory - a DUAL sea}ch,‘

The objective of this study was to retrieve articles between 1959 and 1970 with
the keywords short-term memory' or synonyms in the title of the article. The resulting

_network is shown in Figure 5. The starting reference was no. 1. The 1969 _SE_I] was

I.l/ged to identify any relevant citations made in 1969 to reference no. 1.  The procedure

“was that of a CITED search. Twenty-two citations were identified as relevant and these

are indicated by nos. 36-57 in Figure 5. The network was extended by using a SOURCE
search to identify any relevant articles cited by the twenty:-fwo articles. This

procedure located the articles numbered 2-35. Citations from these articles were not
/checked because the number of references compil ing the network was becoming too
unwieldy to deal with by hand. The resulting network is very incomplete, being based
only on citations made in 1969 to the starting reference. Ideally, each of the years -
spanned by the network should be checked for citations to the starting reference and the

citations arising from these should similarly be checked for relevance.

The resulting citation network was presented for evaluation to a person who knew
the subject well. He felt that the articles indicated by the citation network as being

: mporfant were |mportant articles in the fueld The user was also able to divide the .

references info dnstmct sub|ect groupmgs. These are given below. The subject groups

-t

g ‘-ore not mufually excluswe. ‘ : , !

':‘lrl‘.‘-—_ - The 1969. edmon was chosen because this was the earliest year of SCI in Bath

University Library.
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Figure 5.
SHORT-TERM MEMORY CITATION NETWORK
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(i paired associate learning. References 3, 6, 7, 8, 21.

(i1) interpolated activity/inertial interval . References 15, 16, 18,
25-30, 36, 38-41, 48-50, 53-55. '

(iii) semantic acoustic confusability. References 10, 19, 24, 43, 52, 56.

(iv) proactive/retroactive interference. References 1, 2, 4, 5, 9,

1,.12, 15, 17, 19-23, 31, 33, 44, 45, 47, 55-57.

The user was not familiar with fiye of the references, 13, 14, 32, 42 and 51, so
he could make no valuve judgements on these. Four references, 34, 35, 37 and 43, were

thought to be of marginal relevance to any of the four subject groups identified.

Although the articles in the network could be classified into subject groups,

~ the citation Ifnkoges in the network were not necessarily between articles within the

- same sub|ect group. The starting amcle concerned proochve/retroachve interference

“and it was to be expected that the number of articles contained in this subject group would
be greater than in‘the other groups. To illustrate the exact nature of the citation
‘Iinkages the group on proactive/retroactive interference will be examined in detail. The
starting article, reference 1, was cited by twenty-two articles in 1969, but only five
(nos. 44, 45, 47, 56, 57) were considered as being concerned with proactive/retroactive

; interference.  Three of the five articles together made seven citations to the articles

besides reference 1 in the sub|ect group listed below.

From reference 44 : to reference 34.
From reference 47 : to references 5, 19.

From reference 57 : to references 4, 5, 11, 26.

Within the subject group four of the citation links were to two articles only;
references 4 and 5 were both cited twice. This is an indication of concentration of
citation links on specific - references.  If the network had been extended by tracing
the citation links through all years (1959 - 1969) it is envisaged that the citotion
links within subject groups would be more evident and further concentrations of citation

lmks would occur, as each article would have a greater chance of being cited,
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The subject group with the next largest number of articles in it is that on

interpolated activity/inertial interval. Citation linkages do occur within this group;

- they are listed below.

From reference 36 : to references 16 and 25.
From reference 38 : to references 27, 28, 29..

From reference 41 : to reference 30.

From reference 50 : to references 15, 18, 30.

Only one article is cited twice from within the group. This is reference 36,

cited by references 41 and 50.

There are only five ard six articles respectively in the remaining two subject
groups - puired associate- learning and semantic acoustic confusability.. No citation
P linkages occur within either groups and this can be attributed to the small number of

articles in the groups.

4.1.2, Deviant behaviour - a Soufzcs saarch

.

The main objective of the study was tc: retrieve articles between 1962 and 1969 with
: the keyworas 'deviant behaviour' or synonyms in the title of the article. The starting
reference was 13 in Figure 6. A SOURCE search was first carried out. The starting

reference made five citations to other works that were relevant for the search. These are

_ references 1, 6, 9, 10 and 12,  Each of these references was checked for any relevant
‘citations it might make. The citations made in reference 1 all went outside the years of
‘the search period. Reference 9 made five relevant citations.  These are references 3, 4, 5
7 and 8. Each of these references was then checked for citations, but none contained any
relevant citations within the search period. To increase the number of articles in the

network the term ‘deviant behaviour' was looked up in the Permuterm Subject Index for

1969; two articles were identified, refe_rences 14 and 15. Reference 14 cited reference 2
ond reinforced citation linkages to references 3 and 4. Reference 15 made only one

relevant citation, to reference 11,




* DEVIANT BEHAVIOUR' CITATION NETWORK

References to this network are given in Appendix B.

Figure 6.
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The total network was composed of 15 references only.  The small number
may be due to the fact that the term 'deviant behaviour® is very broad and article titles
may use more specific terms, or they may use other terms for the same subject. " The
search would no doubt have located more references if all the citations from ecch article
had been used, instead of only the citations that had the keywords in the Eﬂe.

The network was presented for evaluation te an academic researcher working
in the field of deviant behaviour.  He judged that most of the articies that occurred in
the network were important in the field, Reference 14 was not known to the user, although
he thought it would be relevant. The reason he had not come up against the reference

before was that it was in the Journal of Mental Hygiene, a journal that sociologists do not

usually scan.  The starting article gave a general treatment to deviancy and the majority
of references retrieved also treated the subject in this manner,  Only references 8 and 18

dealt with more specific aspects of deviancy.

4,2 Studies to identify articles containing new concepts, new ideos and new term;.

The main objective of these studies was to see how well an information retrieval
procedure based on citation data would perform in handling literature that dealt with new

concepts, new ideas or new terminology in the social sciences,

Fifteen topics were chosen at random as terms that have been intro;.:luced into
social science literature over the past ten years.  Each term was looked up in ISl's
Permuterm Subject Index for the years 1969, 1970 and 1971, and the number of articles

with the term in the article title was recorded.  The results are shown in the following list.,

%




1969 1970 1971*

Autistic children 16 12 3
Autokinetic 7 16 5
Biofeedback 0 0 1
Bionics é 2
Cognitive controls(s) 3 2
Generation gap(s) 8 12
Orienting response 13 12 8
Phillips curve(s) 0 0
Preparatory response(s) 1 0
Represénfotioml processes 0 0 0
Skin resistance(s) 21 12 9
Synectics ' 2 | 2
T-groups 29 1 4
Transcendental meditation 0 2 0
Yoga 1 3 0

* Data available only for January to September 1971,

The list indicates in very preliminary way the frequency of use of the terms in
the literature.  Terms that occur infrequently in all 3 years can be interpreted as being
~ of fairly recent origin as showing that only a few people were publishing work in that
porficular field.  Terms occurring frequently in 1969 and declining in 1970 and 1971
may be mterpfeted os being of declining importance in the literature.  An example of
this appocm to be T-groups However as the data was only available over three years
(only these three volumes of the Permuterm Subject Index were available in Bath University
Library) firm conclusions cannot be.reached at this stage.  If data were available over a
period of ten yeofs the conclusuons would have more validity, A further limitation of the
present study is thot it is based only on ISI's files; subject coverage of some of the terms
in the above Iust may not be comprehemve.

The procedure for udentifymg the amcla in the Studies was as follows.  The
articles occumng in the 1971 ‘Permuterm Sub|ect Index were located in the Source Index
- to obtain full bibliographical detouls and to obtain the number of citations each reference




made. It was decided to work from the most recent data available, nomely 1971, Those
that did not make any citations were discorded from the study‘ for they could not provide
links to other articles. The references with the greatest number of citations were located
firsts  Ideally a total citation network should be constructed by tracing all citations from
every article.  This is a large task for a manual operation; the procedure adopted was to
identify first the citations to the oldest material, the assumption being that these articles
were the ones most likely to lead to the articles that first put forward the new concepts.
The basic procedure used was that of a SOURCE search described in section 2.2.2. It was
modified by selecting the earliest citations from the articles instead of tracing citations
from all articles.  To validate the choice of citations used in the network the text of each
article was read, and this In some cases Indicated the eariiest relevant citation. As the
terms were traced bock an indefinite number of years, the studies invariably went outside
the scope of ISI's data base.  Each article wes obtained and the citations from it were
scanned.  If the publ!cction was not available in Bath- Bﬁ‘vcrsity Library, a request was
made to the National Lending Library for Science and Technology.  Sometimes a
publication was unobtainable because it was very old and insufficient bibliographical
details were available to enable it to be located.  When this occurred the network was
artificially cut off and work could not proceed further unless other publications in the
network led to the publication that could not be located. '

The results of tracing five terms are given below:

o) Togroves

Reference 1 in Figure 7 was chosen as the starting point in the citation
network because it was a review article and made 75 citations.  Analysis
of the citations by title revealed the ones that would be most likely to
glve leads 1o earlier works on the T-group concept. When these
poblicotidis were obfoinod it was found that only two were directly
relevant.  These nfouncu 2 and 8 both describe the historical

) dcvelopmnt of the concepf. References 5 and 6 are the earliest
publications dealing specifically with *rcining groups's  Reference 7
indicates the historical dovolopmm of the concept.  Reference 3 is

~an Impoﬂont pcblicoﬁon in the ﬂald for it describes the first experiments
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with T-groups and hence cited the reports from the loboratory. * The
authors most frequently cited appear to be L. P, Bradford, K. D. Benne, and
R. Lippitt; these men could be considered the innovators in the T-group field.

Short=term memory

Further work was done on the short=term memory citation network

(Figure 5) to see if the first appearance of the terim could be detected.

Using the SCI no other article earlier than Peterson & Peterson, reference 1,
could be found with the keywords in the title.

Phillig curve

Only two references were given in the Permuterm Subject ):dex. Neither
of these made any citations, and so the study could proceed no further for
this term,

Synectics )

The two references made in 1972 were both by the same author and both
articles made almost the same citations. The citations used in the netwerk
were  common fo both articles. Refarences | and 2 cited several papers
by S.J.J. Gordon (6) published by Arthur D. Little, Inc., but no dates

of publication were given. Arthur D. Little come into operation in 1952
so the papers must post=-date this. From the text of reference 4 it may be
assumad that those popers were published in 1952 and deal with the results
of the research started in 1944, The first appecrance of the term *synectics'
is in the publicatien of S.J.J. Gordon, 1961, referance 4.

Generation gop

Only a few references located in the Permuterm Subject Index made citations.
Eight, five and twelve references were located respectively in the 1969, 1970

_and 1971 Permuterm Subject !~dex, but only references 1, 2 and 4 made any
“citations. The reference moking the most citations, and also citations to the

oldest material, was Murray 1971,  This article was chosen as the starting

point; of its 33 citations three were identified as being closely linked.
These are shown in Figure 9.
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References 3 and 4 are both cited by references 1 and 2.  From the
citation pattern, it appears that the term 'Generation gap' is associated

with early studies of adolescence.

This study was investigated further in order to establish how closely the term

'Generation gap' is associated with early studies of adolescence.
Two approaches were taken:-

i) tracing citations to Mead, M. 1928 in the 1969, 1970 and 1971
_S_C_:!., and

i)  tracing the citations from the two articles identified in the 1971
Permuterm Subject Index.

The resulting networks are shown in Figures 9a and 9b.

From Figure 9a, it can be seen that only 2 authors cited Mead 1928;

‘Mead, F. made a citation in 1968 but it was entered in the 1969 ﬁ.

The third author, J. Ablon (1970), cited the revised 1961 edition of the
1928 work.  The network shown in Figure 9b was comstructed using the
SOURCE search method described in section 2.2.2. The 33 references
cited by Murray (reference 1) and the four references cited by Thomas
(reference 2) were obtained.  The citations that these articles made were
checked against each other; only the ones in common are shown in Figure 9b.
It was tooilrarge a task to construct by hand a network containing all the
citations from reference 1, as some of these articles contained over 70
citations. A good proportion but not all of the articles cited by Murray
could be obtained by the time t@sjgaper wos written.  An interesting
feature of the citation pattern is that in 1967 articles cited other articles
published in the some year.  These are references 7, 9, 10 and 11.

All these articles occur in fact in the same issue of the same journal. The

authors must have been in close contact with each other's work.




1969, 1970, 1971 CITATIONS TO MEAD, M. 1928.

=Y

Mead, M, 1928, 1928




REFERENCES TO FIGURE 9a.

MUNROE, R, H. 8MUNROE, R, L. Household dersity and infant care in an
Eost African Society.  Journal of Social Psychology, 1971, 38, 3-14,

)

ABLON, J, Scmoan funeral in urban America, Ethnolm, 1970,
9, 209,

MEAD, F. Observations on ecology and behaviour in a natural environment
of Tylos Latreillei audoum (isopoda tylidae), Vie et Milieu, Serie C, Biologie
Terrestre, 1968, 19, 345,




GIANILXI HYOMIIN NOUVLID dvO NOUVIINID

*qg aunByy




1.

5.

é.

7.

8.

REFERENCES TO FIGURE 9b.,

Social Issues, 1967,23(3), 1-33.

R .
~ KENIS‘TON, K. The sources of student dissent. "Journal of Social Issues,
1967, 23(3), 108-137.

MURRAY, J. B, The generation gap.. Journal of Genetic Psychology,
1971, 118, 71-81.

THOMAS, L. E, Political generation gap; a study of liberal and conservative

activist and nonactivist students and their parents.  Journal ofSecial

Psychology, 1971, 84, 313-314,

RUBINSTEIN, E. A. Paradoxes of student protests. American Psychologist,
1969, 24(2), 133-141, :

FLEUR, L. S. Corflict of generations. Saturday Review, 1969, Januziy 18,
53-55, 66-68.

¥

ABRAHAMS, M, H. etal. Student protests: a phenomenon for behavioral
sciences research. Science, 1968, 161 (3836), 20-23,

KENISTON, K.
38, 227-245,

Yt_)ufh change and violence. American Scholar, 1948,

JENKS, C., AND liElSMAN, D. The war between generatiors.
The Record, 1967, 69(1) 1-21.

FLACKS, R,
student protest.

The liberated generation; a exploration of the roots of
Journal of Social Issues, 1967, 23(3), 52-75.

SAMPSON, E. E. Student activism and the decade of protest.  Journal of




i(ﬁ‘aferences to 9 continved).

- BLOCK, J. H, etal. Activism and apathy in contemporary adolescents, -
In: J. F. Adams (ed.), Contributions to the understanding of adolescence,
New York : Allyn & Bacon, 1967.

TRENT, J. W, &CRAISE J, L. Commitment and conformity in the American
college. Journal of Social Issues, 1967, 23(3), 34-51.

LIPSET, SEYMOUR & ALTBACH, P,  Student politics and higher education in
the United States. Comparative Education Review, 1946, 10, 320-349.

LIPSET, S. Univetsity studei:ts and politics in uﬁderdeveloped countries,
Comporative Education Review, 1966, 10, 132-162,

KENISTON, K, The faces in the lecture room.
In: R, S, Morison (ed.), The American_university.Boston : Houghton Mifflin, 1966.

PETERSON, R. E.  The scope of organised student protest in 1964-65,
Princeton : Educational Testing Service, 1966.

KENISTON, K, The uncommitted. New York : Harcourt Brace, 1945,

MICHAEL, D. The next gensration; the prospects ahead for the youth of today
and tomorrow.  New York : Vintage 1965,

DRAPER, H. Berkeley, the new student revolt. New York: Grove, 1965.

SOMERS, R. H, The mainsprings of the rebellion : a survey of Berkeley
students in Novenber, 1964, in: S. Lipset & S, Wolin feds.)  The Berkeley
student revolt. Garden City, New York : Doubleday 1965.

MILLER, D,& SWANSON, G. E. The changing American parent.
N.w York H Wﬂcy, 19580




e o et A A ot ks - w4

(References to 9b continued).

22, EISENSTADT, S. N,
The Free Press, 1956.

From generation to generation. Glencoe:




]

It wos hoped that a comparison of the networks shown in Figures 9a and
9b might show some articles in common, but this was not so.  The
articles in the network shown in Figure 9b deal mainly with 'student protests’.

4,3 Pilot Studies: Problems and Conclusions

The use of citation data to identify groups of articles proved to be successful .
The study on short-term memory (section 4.1.1.) showed four subject groupings of
articles with citation linkages present within two of the groups.  There was evidence of
the concentrating of the citation :iriages at particulor references within the groups. If
the study had been extended and all citations had been traced through all years of the
network rather than 1969, citation linkages within all the groups would have increased.

The study using the keyword 'deviant behaviour® (section 4.1.2) did not
show such clear groupings of articles.  If the network had been constructed without the
restriction of the keyword, groups of articles would no doubt have appeared.  The use
of keywords in this study was too limited, the keyword chasen was too broad for groups
of articles to be identified by title. lHowever, these studies were purposely conducted
using keywords in titles, because it was felt that they would reduce the number of
references retrieved and would therefore be more suitable for manual b-ndling,  If
all the citations from each article had been used in the study, the network would have
become too large.

The studies to identify articles containing new concepts (section 4.2) showed
that although early articles may be identified, there is no firm evidence to suggest
exactly which article first put forward the new concept.  This is due to the fact that
when constructing 'the networks it was difficult to define the relevant articles; in the
study it was only the eorliest citation made by each article which was considered

relevant.

Previous studies on tracing the history of subjects by citation linkages have not
put forward any objective measures for establishing the relevance of articles. Garfield
has reported several studies on the use of SCI to trace the history of various subjects.
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However his studies were primarily aimed at identifying the important articles in the
development of the subject rather than identifying orticles that first put forward a

new concept. It may be that some articles that first put forward a new concept are
considered important articles in that field but it may not be necessarily true for all of
them.  This may account for the fact that no firm conclusions could be reached in the
pilot studies. It may be illuminating at this point to examine the methods which Garfield
used to trace the history of particular subjects.

In 1964 Garfield, Sher and Torpie identified the key DNA discoveries as
described in lsaac Asimov’s The Genetic Code, and then cerried out a literature search
using conventional bibliogrophic tools in order to identify the articles that corresponded
to the historical events as described by Asimov.__ The citation linkages between each article
were examined to see how far the linkages represented the historical events.  The study
concluded that citation patierns were a valid means of investigating historical events.

In 1969 Garfield reported a study on the recent history of DNA.  From a given list of

30 to 40 articles published in 1967 on the subject of DNA he compiled a master list of

all citations in their articles. He disregarded all articles in this list cited less than

five times. He then checked the list of articles in SCI to make sure that they were all
highly cited articles. He then repeated the process for all years of the study 1961 to 1967.
In this manner he claimed to have located all the most important articles on the recent
history of DNA.  However, Gorfield dces not explain how he chose the thirty or forty
articles for each yeor of the study. The choice of his storting articles is critical to his
method, and although all unimportant articles are eliminated by checking in the SCI, some
importont articles may not have been cited by the starting articles. The method does not
provide a citation network as only one citation link is used to provide further orticles in
each yeor of the search.  The method is thet described as a one step citation analysis in
section 2.1. The choice of the 30 or 40 starting articles is therefore critical in this case
because any bios- in the selection of the starting articles cannot be balanced out by cycling -
through all years of the search period. A cycling procedure would provide further citation
linkages which would reaffirm the importance of an article previowly identified.

More recently, Garfield (1970) conducted a study on the history of the design of
electromognetic flowmeters in order to identify ‘edifying’ articles. The method used was to
comtruct a citation network. A known article was selected ond the citations it made exomined.
The relevance of each article was determined by examining authors, titles, citations,

o
and frequency of citation as indicated in SCI,

o
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The Permuterm Subject Index was also checked for relevant articles and altogether
about 500 articles were produced of which 159 were relevant. The final network
contained twenty-six articles. These were identified by using SCi; the greater the
number of citations fo an earlier work, the greater was the likelihood that the cited
paper was a key event in the subject field. In this study Garfield used a zitation
network to identify the key articles but he gives little detaii of the precise procedure
he followed and of the amount of cycling he had to d».

—a

The outstanding problem revealed by the pilot studias is the successful
identification of relevant citations that enable the: networks to be c..nstructed in the
shortest possible time; ideally the articles identified must lead to a concentration of
the network, rather than to a scatter of references that have only been cited once.

{ Garfield (1970), who has done perhaps most work on use of citation networks, does
not appear to put forward any definitive method of selecting the appropriate articles.
He suggests the following criteria: author, title, citations made by the article, and
finally the number of times the article has been cited in SCl.

e o R oA A S
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These criteria are not very satisfactory for the following reasons. An author
can be used as a criterion only if he is kinown to the user as having worked in the field.
Key authors may be easy to recognise; but problems arise with the large proportion of
lesser known authors.  The title of an article may certainly e used as an indication of

relevance but serious misjudgements may occur. The citaticns an article makes may
give some indication of relevance, but the article must first be locsted for the

citations to be scanned, and this may be a time comuming task. Finally, Garfield
suggests.checking in SCI ~ this would give an inc.cation of the importance of the work.
But if all or some of these procedures have to be carried out for every citation made

by the starting article (some articles may make up to 60 citations or even more) and
then all the preceding articles, the retrieval process must be extremely slow. -

Further problems in comstructing networks concern tiie size and structure of

| . the data base from which the network is compiled. For an effective information service,
the citation data base needs to be very large if a subject or discinline is to be well
covered by the service. Not only that, but it must be composed of a valid selection

of source jowrnals. I the service is to be economically vigble it may be necessary

to make a selection of journals. An integral part jof DISISS researcn & io investigate
the appl icctiqn_gf_gll&tor__onélysisjecl\niquu_tojo;rmLselocﬁon.AAClmminggfechnimesu —




are being used to identify groups of frequently cited journals. Journals selected in

this manner would provide the basis of an information store for a service. Retrieval of

T

information from such a service could be carried out by using the methods described in

this paper, based on citation data.

Other problems that are of relevance to citation networks concern the
E nature of citation practice. Several papers have been concerned with these problems;
. see Garfiéld and Sher (1963) Eost and Weyman (1969), Price (1965).  The main

areas for concern are mentioned briefly below.

" The major assumption about citation practice is that the contents of the
article will determine which references an article will cite.  However, an author may
o\
cite a work for other reasons.  Some material may be cited because it is so widely

established that to ignore it would be an omission, whether it was used or not . An

b

author may cite material that he has not read, perhaps in order to give more weight

to his ownwork.  An item may be cited because it supports a particular point of
marginal relevance to the main theme of the paper.  An author may wish to moke his
own previous work more widely known, and he may therefore cite it without its being
" of strict re\évance to the present work.  Finally, there is no way to ensure that the
author was aware of all the relevant articles when he wrote up his work, nor that he
. cited all works that went towards the writing of I:is own article.  Although citations
are by no means a perfect indicator of use, deficiencies diminish in importance as a
network grows in size, and individual inadequacies tend to cancel out. In a field
such as social work, where citations are less frequenl", c;nd where less effort may have been
made by an author to search previous literature than in a 'pure® research field, the
problems may be much greater.
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5.0 FUTURE WORK

DISISS will continue to investigate the use of citation data for the

identification of groups of articles. It is hoped that it may prove feasible to

develop information services based on citation data.  In particular DISISS will

look at the use of citation data to construct packages of information, also its use

in the selection of foreign language items for translation.  The problems that have
been discussed in this paper will be further investigated. Special attention will be
directed towards the establishment of suitable criteria for the determination of the
relevance of articles for a citation network. It will not be possible to generate
effective citation networks from present DISISS citation data files due to the fact that
data for citation networks must be derived from ali source journals for each year the
network is to span.

At present the DISISS citation data files are made up as follows. ~ Data
collected in the citation pilot study is compesed of citations from source journals
published in 1950, 1960 and 1970.  All citations were collected from every third
article.  The data collection for all years is not complete. This data is not adequate
for the construction of networks, because the gaps in the citation collection would cause
artificial cut-off points in the networks.  Also, it was collected over a range of social
science disciplines, so that data for any one discipline is thin. . Data for the main citation
study was collected for 1969-1970 only; this data by itself is again not suitable for
building networks, since the data must be available over a number of years.  DISISS
will therefore investigate the posstbility of obl'ainingAdata from other sources, perhaps

-ISl, for construction of citation networks.
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