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Abstract  

The engineer's information reyuireinent is genarally qui te  specif ic ,  though 
it  may be vague and d i f f i c u l t  t o  a r t icu la te .  Citation indexes are capable o f  
re t r iev ing  information on highly spec i f ic  suSjects provided the user has minimal 
knowledge of h i s  search topic. In addition, c i t z t ion  indexes can open up new 
areas of product application i n  the same way that it enables one t o  t race  the 
use of new theories or ideas. Search s t ra tegy  i n  c i t a t ion  indexes frequently 
involves a technique cal led rlcyclingft which overcomes the f a i l u r e  of cer ta in  
authors t o  provide per t inent  c i ta t ions.  Use of t h i s  s t ra tegy  from an experi- 
mental c i t a t i o n  index t o  1.4 mill ion references w i l l  be i l l u s t r a t e d  by some 
l%ypicallf engineering problem. 
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The s c i e n t i s t  who has ever been involved i n  the com?lex process of rssearch 
has, on one occasion or another, been stumped by the problem of how best t o  
search t'ne maze of accuiiulating s c i e n t i f i c  l i t e r a tu re .  
considered it adequate t o  depend upon c l a s s i ca l ly  organized indexing systems. 
This t r ad i t i ona l  method s t i l l  works, but today has d i s t i n c t  disadvantages and 
l imitat ions.  
na tura l ly  arise t o  lead the s c i e n t i s t  out of h i s  dilemma. 

Once upon a time he 

In t h i s  modern era, modern techniques of documentation m u s t  

The I n s t i t u t e  f o r  Sc ien t i f ic  Information believes it can with the 
Citation Index. 

During the past two years, the Ins t i t u t e  has been concerned with c i t a t i o n  
indexes t o  science. 
comprehensive c i t a t i o n  index f i l e s ,  experimental conputer printouts, studying 
and tes t ing  the i r  p rac t i ca l i t y  i n  the dissernination, r e t r i e v a l  and evaluation 
of s c i e n t i f i c  literature. Under j o i n t  sponsorship of the IJational Instztutes  
of Health and the National Science Foundation, work began o f f i c i a l l y  on 
J a n w y  1, 1961. 

An intensive, o r ig ina l  research program is compiling 

I 

The Citation index is a dynamic, straightforward bibliographic system 
which not only mkes up-to-date l i t e r a t u r e  searching pract ical ,  but a l s o  
stimulates the process of information discovery. It provides a var ie ty  of 
features  beyond the.scope and power of conventional indexing systems, at  a 
time whon these systems oannot cope with the increasing welter of data eruptfng 
from modern poolings of s c i e n t i f i c  ta len t .  
by the burgeoning of new spec ia l t ies  has paralyzed conventional techniques, 

This disturbing mass, accentuated 

This same prodigious growth is  the v i t a l  force of the c i t a t ion  index 

4 
i n  short ,  the Science Citation index developed by the I n s t i t u t e  is a 

method 

self-organizing system which thr ives  on a growing l i t e r a tu re .  
orderly arrangement tha t  improves qua l i ta t ive ly  as the quant i ta t ive 
character of the literature changes, constantly adding, modifying and 
developing i t s e l f .  A l iv ing,  growing system is achieved that rescues much 
what is  destined Otherwise t o  become debris ( l o s t  and forever useless) 'and 
turns  it in to  meaningful, well-disseminated and retr ievable  knowledge. 

It is an 

To appreciate the  c i t a t ion  index method, two major points must be 
emphasized and understood clearly:  
indexing technique. 

the basic concept and the  basic 

The c i t a t ion  index ttidealt is founded upon pra,amtic philoso?hy-- 
"what has happened since?Il...exactly a t  has a man published and 
precisely - who or what from any f i e l d  of endeavor has c i t e d  ang of h i s  
works following i t s  publication. 

T h i s  concept w i l l  be familiar t o  the attornay, f o r  %he c i t a t ion  index 
i s  an indispensable research t o o l  of the legal profession. Since 1873, 
attorneys have r e l i e d  upon Shemrd's Citations,  a comprehensive system 
which indexes individual American cour t  decisions giving a complete 
history: 
decisions that have affected the case, and l i t e r a t u r e  references in which 
the case is discussed, 

publications that  have since referred t o  the case, other court 

of 

In creating the Science Citation Index, a somewhat s imilar  a pos t e r io r i  
theory of indexing is ut i l ized .  
c lass i f ica t ions  has inevi table  broken down with experience. Ar is to te l ian  
log ic  has been a chain around the neck of the s c i e n t i s t  and c l a s s i f i e r  alike- 

The 'logic! of a l l  conventional s c i e n t i f i c  
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i f  the old r i g i d  c lass i f ica t ions  a re  eliminated, the  problems of changing 
terminology, and the  other inherent l imitat ions of a p r i o r i  indexing can be 
solved.'! E. Garfield, Chemical Bulletin,  43:4 (1956) 

r?. inus, i n  c i t a t ion  indexing, the familiar h ie rarch ia l  c lass i f ica t ions ,  
hopelessly non-specific t o  the s c i e n t i s t ,  a r e  discarded. 
s c i e n t i s t  is usuaFly aware of a particular work covering h i s  specialized 
in%erests ,  more often than not, he would begin a search i n  t h e  c i t a t ion  
index with a c i t a t ion  for  a specif ic  paper. Under conventional indexing 
systems, he cannot do th i s .  The c i t a t ion  index introduces a new technique of 
infiexifig and provides the s c i e n t i s t  with an improved s t a r t i n g  point: the 
spec i f i c  work of a spec i f ic  author, a t  a specif ic  t ine-and locat ion - author, 
year, iournal, volunie and page. 

Because the 

The c i t a t ion  index l ists  the author and his  work, and witin it, groups, 
together a l l  those dlverse authors and papers, from f i e ld '  t o  f i e l d ,  vrho 
referred t o  t ha t  saqp  work since i ts  publication. Each of the author 's  works 
(accompanied by i ts  c i t i n g  authors) are arranged chronologically. As rapidly 
as they become available,  the c i t a t ion  index continues t o  add new worlcs of' an 
author or new c i t a t i o n  l i s t i n g s  t o  h i s  previously recorded papers. The resu l t  
of such an input i s .a  comprehensive, interdiscipl inary,  elastic index which is 
always up-to-date and encompasses the en t i r e  body of s c i e n t i f i c  l i t e r a tu re .  

Let us take as an example, 3r. Jashua Lederberg's a r t i c l e ,  "Genes and 
Antibodies," published i n  Science (12.?:16&9, 19593, l i s t e d  i n  a preliminary 
sample c i t a t ion  index compiled from 326,000 c i ta t ions  appearing i n  1960 
journals. 
spec i f ic  paper. Three of these fourteen have been c i t ed  i n  turn by six other 
authors. and t h i s  par t icu lar  work 
i n  the Science Citat ion Index would be led, i n  a matter of minutes, t o  a core 
of twenty aut'nors whose work i s  i n  some way re la ted  t o  Lederbergfs or ig ina l  
a r t i c l e .  
innunology t o  biological chemistry and cantor ronoarch t o  gonoral science 
publications. 

Now, fo r  the first t i m e  i n  the  Indexing of science l i t e r a t u r e ,  the 
researcher is brought forward i n  time t o  the most recent pablished work 
r e fe r r ing  t o  a par t icular  author. Conventional indexing system? cs r ry  the  
user back t o  the past only, showing has preceded, ra thzr  than followed 
an author. S t i l l ,  i n  a c i t a t ion  index, the searcher can, if he chooses, go 
s imi l a r ly  bac'kward i n  t i m e ,  md cm?i le  additior,al material by consulting 
bibliographies appezring i n  the various c i t i n g  works. 
rccyclinglt produces a literature network which satisfies a need not only for  
covering a l imited area i n  depth, f o r  browsing, but a l s o  f o r  keeping pace 
with developments i n  a chosen area of i n t e re s t ,  reducing unintentional and 
unnecessary duplication of research. 

This c i t a t i o n  index shows fourteen authors who have c i t ed  t h i s  

Thus the s c i e n t i s t  looking up Lederberg 

These twenty papers were published i n  journals ranging from 

* 

This technique of 

Further analyses define the in te rd isc ip l inary  character of the index and 
show t ha t  s eedng ly  unrelated material  is  p d l e d  together, cu t t ing  across the 
a p p r e n t  d i sc ip l inary  l i nes  implied by the iournal t i t l e .  Becausa the papers 
a r e  col la ted on the basis of cornon c i t a t ions ,  wsrks t h a t  ,night never be 
brought together, by even the most sophisticated high l e v e l  indexing, a r e  
rout ine ly  pulled together by the c i t a t i o n  index, An in te res t ing  example is 
the unexpected re la t ionship  ISIfs Citation Index sampling uncovered when it 
col la ted  the paper of C, I{. Islhitnah, 5. Dairy Science 42,27 (1959), and a 
paper by Albert Zinstein, fm. Phvsik 19,289 (1906). Tne a p e n t l y  
incongruous combination proved to be a legitimate reference t o  an equation 
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used i n  ce lc ldz t ing  rr.olecil.ar dimensions znd was being appl ied i n  a sttldy of 
t he  physical p r o p r t i e s  of m i l k .  Tiis s m e  a r t i c l e  by Zinscein vas c i t e i  i n  
a n . a r t i c l e  by V. V. .Varadaiah, ?olymer Science, 46,528 (1960) in which Zinstein 's  
e q u t i o n  w a s  used as the bas i s  fo r  calculzbions r e l z t z g  t o  the  ;.'lory universa l  
constant,  i n  t h e  equation f o r  i n t r i n s i c  viscosl ty .  In ye t  another ,mper, by 
Elworthy, 3 Chern, SOC. (1959) , 1951 the  Xinstein equation was c i t e d  a 
discussion of the  s i z e  and shape of l e c i t h i n  micelles. The ';@stein a r t i c l e  
wel l  i l l u s t r a t e s  t he  u t i l i t y  of Ci ta t ion  Index i n  crossing s c i e n t i f i c  d i sc i -  
p l i ce s  , i n  picking uii i so la ted ,  seemingly unassociated b i t s  of i n f  o r r a t ion  
buried i n  the  l i t e r a t u r e .  

That i s  current?  In t h e  c i t a t i o n  index method there  are no a r t i f i c i a l  
time ba r r i e r s .  
sho r t  and spec i f i c  time period; the  past s ix  months or t he  past  year. 
c i t a t i o n  index, older,  but  s t i l l  cu r ren t ly  important i,nformation and more 
recent  i n f o r m t i o n  come together natural ly ,  as i l lustrated above i n  the  
c i t a t i o n s  t o  Eins te in ls  1906 ar t ic le  by three  contemporary writers. 

Most conventional indexing services  are l imi ted  t o  a r e l a t i v e l y  
In t h e  

The c i t a t i o n  index is  based on the  supposit ion t n a t  every author is Ifhis 
own indexer" -- t h a t  is, i n  effect, each t i m e  he adds a c i t z t i o n  t o  h i s  paper, 
he i s  re-indexing the  s c i e n t i f i c  literature. Tne na tu ra l  i n t e rp l ay  of old and 
new upon each other are an i n d i s s o h a b l e  pa r t  of c i t a t i o n  indexing. 
constant reshuff l ings  and modifications i n  the  c i t a t i o n  index a r e  i t s  source 
of dynamic power. 

Ey arranging l i t e r a t u r e  i n  i ts  natural chronological order, the  c i t a t i o n  
index o f fe r s  a s impl i f ied  p r a c t i c a l  so lu t ion  f o r  easy, rap id  t r ac ing  of the  
h i s t o r y  or current  evaluation of an idea, xezhod or discovery. Unfortunately, 
many authors do not know what becomes of t 'nair  v o r k  after it appears i n  pr in t .  
k n y  a r e  Tota l ly  uxaware of new ins ights ,  meanings and im2lications of t h e i r  
works revealed by t h e i r  contemporaries. Triough t h e  c i t a t i o n  index, the  
s c i e n t i s t  can see which s c i e n t i s t s  are c i t i n g  h i s  works -- using h i s  methods 
or t h a t  of colleagues -- modifing them, improving, c r i t i c i z i n g ,  e tc .  
Comimnicstion is thereby fostered,  e spec ia l ly  between researchars i n  d i f f e r e n t  
f i e l d s  . 

'inese 

By el iminat ing a r b i t r a r y  subject  c l a s s i f i ca t ions ,  the  c i t a t k x  index 
eliminates i n t e l l e c t u a l  indexing decisions by catalogers.  Compiled by a 
mixed machine and c l e r i c a l  process, t he re  are none or" Yne e r r o r s p  inconsis t -  
encies ,  ambiguities or  semantic confusions of language-oriented indexing. 

Although output can be as comprehensive as L=??uc, compiiter s o r t s  c2n 
a l s o  y i e ld  z se l ec t ive  c i t a t i o n  index serv ice  sui-cable t o  any s p e c i f i c  
f i e l d ,  such as genetics.  
w e l l  as qua l i t a t ive  fac tors .  
c i ta . t ion  index t o  def ine the  subf ie ld  of genetics and loca te  ac t ive  
researchers  i n  t h a t  f i e l d .  
papers vhich meet a s e t  of lVgeneticsf: c r i t e r i a  were extracted.  
progyams have been deEigned t o  examine each individual  c i t a t i o n  fo r  the  
purposo of determining whether t he  c i t e d  author, c i t i n g  awhor  o r  journa l  
moets one of t he  'IgeneticsII critoorfa se t  fo r th ,  The r e s u l t i n g  pr in touts  
r evea l  a se l ec t ive  group of gene t i c i s t s  and journals considered t o  be 
r e l evan t  t o  the  f i e l d  of genetics,  

The cr i ter ia  of s e l ec t ion  include quant i ta t ive  as 
For example, the  I n s t i t u t e  i s  using the  

From t'ne 1961 f i l e  of 1.4 millioi? c i t a t i o n s  all 
Coxputer 



m- ine file of over 1.4 million ci5ations Froin the 1961 Ifterat-zrc r e v c d s  
s n  estAxated: 750,CCO different  p p r s  have been cited.  
a2pearing i n  600 ;ownals was included, r2king available f o r  the first t i n e  
Q ler(ye reservoir of in te rd isc ip l inary  data for t z s t ing  tha pomr m d  need 
of c i t a t i o n  indcxes. A number 02 aadi t iona l  s tcd ies  desigried'to learn  more 
o f  the chzrac te r i s t ics  of the literature are suggested. 
e q e r i m n t s  involve u i n g  c i t a t i o n  netsrorks fo r  ncasuring the ef3ects and 
"inpac:t7' r z t i o s  of authors and jo.u.rnals, sociological a d  h i s t o r i c a l  research, 
utilization of jownals ,  "cyclingft experiments, def in i t ion  of sc i en t i f i c  
d i sc ip l ines  and s t a t i s t i c a l  information. 
t o  be coinpleted experinentally. 

Xvery  ci'ktion 

Soine of these 

,411 of t'nese , poss ib i l i t i e s  remin 

This is intended t o  h t roduce  the reader t o  the  c i t a t i o n  index concept. 
Copies of several  e a r l i e r  papers a r e  avai lable  upon request. 
a r e  invited. 

Your corn-ents 

Garfield, E. frCitation Index for  Science" 
Garf iold,  Z. ltCita%ion 31 'exes - New h-t'ns t o  ScientificXriowledge" Cheaical 

Tukey, John 9. %eeping Research i n  Contact vi th  Literatune: Ci*%ation Indices 

??cience 122:3W, 108-u1 (1955) 
Dulls t in  43 :+) 8 11 -7-2 (1956; 

and Beyondt1 6. C'nem. s. 2:34-7 (1962) 


