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Although it's widely known that the printing press was 

intrented in Germany, most people don't realize this country 

published some of the earliest scientific journals. 

the Collegium Naturae Curiosorum, one of the oldest SOCi- 

%ties in Germany, began publishing Miscellanea Curiosa sive * 

Ephemeridum Medico Physicorum.Germanoru. Shortly after 

this medical journal came out, the Collegium Gellianum 

followed suit with one of the first review journals --called 

Acta Eruditorum. These journals focused world attention on 

work being done in Germany. They also informed German 

scholzrs of research going on beyond their own borders. 

In 1670 

1 

The editors of Miscellanea and Acta Eruditorum, like 

most editors of the perioe, were desperate for manuscripts. 

Papers often were relected out of deference to censors, and 

editors were frequently obliged to print inferior material 

or to jublish their own papers. 

volume of Miscellanea included 14 articles by the editor. 

Clearly, 300 years aqo, anyone who abided by the censors' 

restrictions had a much easier time getting his work into 

print than do scientists today. Now, more than one million 

researchers around the world are producing a constant stream 

of literature in thousands of scientific and technical 

journals. 

print, there is a lot of competition to do so. This means 

that editors inust be highly selective in determining which 

papers to publish in the primary journals. Researchers, if 

For example, the first 
2 

Even though so many people manase to get into 
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they're noc to become overwhelmed by this information, must 

identify which of these thousands of papers are worth 

reading. This is a difficult task -- but one made much 
easier through secondary information retrieval organizations 

such as the Institute for Scientific Information@ (ISIB). 

IS1 is a US-based firm that has been providinq scholarl? 

information retrieval services since the 1950s. Our earliest 

and best-known products are Current Contents3 (CcO) and the 

Science Citation Indefl ( = @ I .  These services were 

introduced more than 20 years ago to help scholars locate, 

out of the thousands available, those papers relevant to 

their research projects. In those days, we were working 

toward "bibliographic control". Today I think it is safe to 

say Lbat, in most cases, we can obtain reasonably complete 

bibliographies an almost any topic. In fact, it is often 

easy to become overioaded with information. 

this problem, IS1 is developinq information services that go 

beyond the provision of mere biblioqraphies. 

To cope with 

Suppose you need information about a specialty you're 

not very familiar with. Today, you may have to be satisfied 

just to get a list of current papers. But in the future, 

you will also have at your fingertips a summary of how that 

field developed -- an instant review which identifies the 
milestone papers in that field. You will also retrieve 

information that can tell you how that field is related to 

your own, and to others. 

"encyclopedic information". 

I call this type of information 

IS1 is currently making a transition to encyclopedism 

through a series of online data bases. Since these informa- 

tion services are based on citation indexing, I will briefly 

reiterate the simple principle behind it. Almost all papers 

contain references, or citations. These cited publications 

support, illustrate, elaborate, or provide precedent for the 

author's arguments. Each one of these cited references 

symbolizes a particular subject the author is discussing in 

that sentence, paragraph, or in the main theme of the paper. 

I might point out that while there is a simple mechanical 

relationship between the cited and citing publications, an 

enormous literature has developed around the exact nature 

of this relationship. 3 

The SCI was ISI's 2irst product in which citation index- 
ing was used as a classification scheme. It is actually a 

system of three separate indexes. The Citation Index is 

used to find out who has cited a specific author or paper. 

For example, if you want to obtain tne latest information on 

the topic of a paper Lottspeich published in 1977 in 

Hoppe-Seylers Zeitschrift fur Physioloaische Chemie, you 

would turn to his name in the 1981 annual Citation Index, 

shown in Fiqure 1. There ycu'd find all authors who had 

cited Lottspeich during 1981. 



32 

n Onwl-1 af? ,,Fz- BMwL uA' /a LOTTSPEICH F ............................... 
Ioousuf ? J W C L  / I 77 H-S Z PHYSlOL CHEM 358 93s 

n u v  /XI c l u c L  CHUNG OW P NAS BlOL 78 1466 81 
256 9718 81 

~ ~ $ & ~ a r & ' L ~  I CnABTREE FAIR OS GR J BlOL CHEM 256 8018 81 

KEHL M H-S 2 PHYSL N 362 1681 a1 
LAHlRl 8 THROM8 RES 23 103 31 

?S%%CH f WEISEL JW NATURE 289 263 81 

P l U r c W  U %&M 

L Q m f E  xi ................................ 
p l!R" MULLER M INT J 810 M 3 19 81 .................................. 
n*Jznrrrrrcxcv UI m- 

cnuac F* L m u  OIOL 

,.l ... 
LmOS A L  ........................... I .... ....................... 

za m r  Y PXUL CCR 
FlULCW u y)v u o m  

b 

F i p m  1: 1981 Science Citation Index* Cit~tion Index entry. 

y. CESTIIICM J 
y. HART1116 A ~ 2 g 1  WEISEL Jw 
y. " W E L L P I  MUCL PHILLIPS GN COHEN C - A  MODEL FROM ELECTRON. 
y. !E !y  I MlCROGOPY FOR THE MOLECULAR-STRUCTURE OF 

EL L(W nssu FIBRINOGEN AND FIBRIN fwL ~. ~ ' ,  NATURE 289151951 :263-267 87 46R 
BRANOEIS UNIV,ROSENSTIEL BASIC MED SCI RES CTR. 
WALTHAM. MA 02154. USA WEISEL J 

iCE) APPIoIIMATlwI OF WAY 
YuLnPLY c o a a m m  muua PHILLIPS GN STAUFFAC.CV FORD E COWAN C-THE 

1) .",. Y.vY ,.,,,."-1 MOLECULAR6TRUCTURE OF Fl6RlNOGEN AND THE I YCTMOO 
L "I" _I." ,as.,-- 

uaw M.MI.LILC*EUEI ARCHITECTURE OF THE FIBRIN CLOT . A  MODEL FROM 
ELECTRON-MICROSCOPY MEETING "wY&'u" ma c-r 100 T H R O M ~ M E M  ~ ~ 1 6 0  81 N O R  

YICROYOPI FOR THE WLECU 3 I nnmnaxm &no nor aRANDElS UNIV.ROSENSTIEL aASlC ME0 SCI RES CTR. 
!!,.-,. 1 WALTHAM. MA 02154, USA 

see WANGH LJ THROMB HAEM 46 238 81 

W~SEL-RD 
matmprtcw MU - n u  oamn 
U r n  I I L C O M P A E 3 M  OF COlOUITS FM LE6 
Rv!:gmnO"U, ,_- 

F@N 2: 1981 Science Citation Index' Source Index entry.' 

33 

To obtain the title and other bibliouraphic information 

on each of the citing papers, you'd turn to the Source Index. 

This section of the SCI tells you what each author has 
published during an indexing period. Figure 2 is the 1981 

Source Index entry for J.W. Weisel of Brandeis University, 

one of the authors who cited Lottspeich's 1977 paper. Under 

Weisel's name are listed all the papers he published in 1981 

as first author. You're also referred to other articles he 

published as a coauthor during the same period. 

When beginning a literature search,, you often don't know 

or remember the author of a key paper. For this reason, the 

- SCI: also includes a component called the Permuterm@ Subject 

Index (PSI). In this section, every significant word in 

every title covered by the SCI is permuted -- that is, paired 
-- with every other significant word in the title. 
f o r  a paper on the molecular structure of fibrinogen, you 

could look up "fibrinogen" in the PSI and then glance through 
the co-terms until you found the word, "molecular" (Figure 3) .  

There you would find the names of all the relevant authors, 

includinc; Dr. Weisel. 

full title as with the earlier search in the Citation Index. 

To look 

You would use the Source Index for the 

The SCI is issued bimonthly, and in annual and five-year 
cumulations. In the near future, we will also publish a 

ten-year cumulation, covering 1955 to 1964. When this is 

completed, we will have covered more than 25 years of the 
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Figam 3: Sci8ncr Citation Index", Pemutenna Subject Index entry. 

most important  j o u r n a l s  of s c i ence .  

Since t h e  p r i n t  ve r s ion  of SCI comes o u t  every two 

months, it is p o s s i b l e  t o  update searches q u i t e  o f t e n .  

However, be fo re  the next  annual index can be p r i n t e d ,  

more convenient t o  use t h e  o n l i n e  v e r s i o n  of t h e  SCI f o r  

c e r t a i n  types  of searches.  That is why w e  were one of t h e  

f i r s t  d a t a  bases  t o  be made a v a i l a b l e  through s e v e r a l  d a t a  

base vendors i n  t h e  U S .  

Deutsches I n s t i t u t  f o r  Medizinische Dokumentation und 

Information ( D I M D I )  and is called. Mult iSci .  

it is 

I n  Germany, t h i s  f i l e  i s  mounted a t  

I n  Figure 4 ,  we've done a search through Mult iSci ,  ca l l ed  

SCISEARCH@ i n  t h e  U S ,  f o r  papers published by au tho r s  a t  t h e  

Max Planck I n s t i t u t e  of Biochemistry. 

t h s  number of papers i n  t h e  d a t a  base whose au tho r s  l i s t  

Max Planck i n s t i t u t e  Of Biochemistry as t h e i r  address .  

computer t e l l  us 406 papers i n  t h e  d a t a  base inc lude  an 

W e  began by a sk ing  fo r  

The 
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address  a t  t h e  i n s t i t u t e .  In  t h i s  example, we've had t h e  

computer p r i n t  o u t  f i v e  of them. 

p r i n t e d  o u t  i n  a " l a s t  i n ,  f i r s t  o u t "  sequence, you see t h e  

most r e c e n t  papers  f i r s t .  

Since t h e y ' r e  u s u a l l y  

- S C I  w a s  developed 8s  an i n f o r s a t i o n  r e t r i e v a l  system, 

and its presence i n  more than 1 , 1 0 0  major l i b r a r i e s  throughou 

t h e  world attests t o  i t s  value.  However, even be fo re  t h e  
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came o u t ,  s o c i o l o g i s t s  and h i s t o r i a n s  of s c i ence  r e a l i z e d  

t h a t  c i t a t i o n  indexing had another  r o l e  t o  play.  

h igh ly  c i t e d  papers  a r e  o f t e n  t h e  most important papers o f  

s c i e n c e ,  t hey  found c i t a t i o n  a n a l y s i s  could be used t o  

i d e n t i f y  s i g n i f i c a n t  pape r s ,  j o u r n a l s ,  and even i n d i v i d u a l s  

w i th in  a f i e l d .  

c i t a t i o n  a n a l y s i s .  

most c i t e d  from 1 9 6 5  t o  1978,  w e  i d e n t i f i e d  2 1  au tho r s  from 

t h e  Fede ra l  Republic of Germany.4 

Table 1. 

Since 

IS1 has done a number of s t u d i e s  using 

I n  one such s tudy,  of t h e  1000,authors  

They a r e  l i s t e d  i n  

Since a group of f r e q u e n t l y  c i t e d  papers g e n e r a l l y  

includes t h e  more s i g n i f i c a n t  papers of s c i ence ,  we  can a l s o  

i d e n t i f y  t h e  most a c t i v e  a r e a s  of s c i ence  by i d e n t i f y i n g  

groups of highly c i t e d  papers.  The f u l l e r  r e a l i z a t i o n  t h a t  

c i t a t i o n  indexing could r e v e a l  " f i e l d s  of knowledge" o r  

emerging new s p e c i a l t y  a r e a s  brought IS1 a s t e p  c l o s e r  t o  

t h e  e r a  of encyclopedism. W e  now knew it was p o s s i b l e  t o  

~ 

!efine t h e  l i t e r a t u r e ,  and i n d i v i d u a l s ,  who had played a 

s i g n i f i c a n t  r o l e  i n  t h e  development o f  t h e  s p e c i a l t y  a r e a s  

:hat comprise s c h o l a r l y  r e sea rch .  

Eor automatic  c l a s s i f i c a t i o n .  

I n  f a c t ,  w e  had a system 

After some i n i t i a l  work a t  I S I ,  w e  r e a l i z e d  t h a t  

: i t a t i o n  indexina could no t  on ly  be used t o  i d e n t i f y  h i g h l y  

special ized r e sea rch  a r e a s ,  b u t  a l s o  t o  c r e a t e  h i s t o r i c a l  

naps. 

l n i v e r s i t y  proposed t h a t  w e  use c i t a t i o n  a n a l y s i s  t o  

systematical ly  diagram t h e  s t r u c t u r e  of science.  H e  

,e l ieved t h a t  by s tudying c i t a t i o n  r e l a t i o n s h i p s  among 

iocuments, w e  could view t h e  s t r u c t u r e  of s c i ence  " i n  which 

:he p a r t s  of s c i ence  are conceived a s  mapped l i k e  a 

: e r r i t o r y  .!I' 

Later, h i s t o r i a n  Derek J. d e  S o l l a  P r i c e  of Yale 

- .-., - 

I n  1974, Henry Small of I S I ,  and Belver G r i f f i t h  of 

Drexel Un ive r s i ty ,  found a way t o  create t h i s  map.6 They 

discovered t h a t  papers  could be " c l u s t e r e d "  au tomat i ca l ly  

through c o - c i t a t i o n  r e l a t i o n s h i p s .  

i d e n t i f i e d  was a group of highly c i t e d ,  c l o s e l y  r e l a t e d  

papers  -- i n  e f f e c t ,  t h e  co re  l i t e r a t u r e  of a given 

s p e c i a l t y .  Taken toge the r ,  t h e s e  c l u s t e r s  -- through t h e i r  

r e l a t i o n s h i p s  with one another  -- could be used t o  s t u d y - t h  

s t r u c t u r e  of s c i ence .  

Each c l u s t e r  t hey  

The map shown i n  Figure 5 r e p r e s e n t s  t h e  s t r u c t u r e  of 

biomedical r e sea rch  i n  1973. Each of t h e  boxes on t h i s  
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i d e n t i f y  t h e  papers i n  t h e s e  j o u r n a l s  t h a t  have Seen c i t e d  

a given number of times. 

s i g n i f i c a n t  papers of  a f i e l d .  For example, less than one 

pe rcen t  o f  t h e  papers  c i t e d  i n  t h e  1981 SCI were c i t e d  17 

o r  more times. 

This  l i m i t s  us  t o  t h e  most 

Figure Sr 1973 biomedical clustm. I 
map r e p r e s e n t s  a c l u s t e r  -- or h igh ly  s p e c i a l i z e d  f i e l d  of 

i nqu i ry .  

documents i n  t h i s  c l u s t e r  and t h e  more r e c e n t  papers  t h a t  

c i te  them, w e  can desc r ibe  t h e  s p e c i a l t i e s  they r ep resen t .  

From t h i s  i n f o m a t i o n ,  w e  can w r i t e  comprehensive, 

encyclopedic  reviews of each of t h e  s p e c i a l t y  a r e a s  

i d e n t i f i e d  through our c l u s t e r i n g  process .  

c l u s t e r i n g ,  w e  also can v i s u a l l y  observe t h e  r e l a t i o n s h i p s  

between t h e  s p e c i a l t y  a r e a s .  

By studying t h e  h igh ly  c i t e d ,  o r  milestone,  

Through 

we begin t h e  c l u s t e r i n g  process  by i d e n t i f y i n g  t h e  qroup 

of j o u r n a l s  t h a t  are most important t o  s c i e n t i s t s  pub l i sh ing  

i n  a broad s u b j e c t  f i e l d .  This  could be a l l  of s c i ence  or a 

s p e c i f i c  f i e l d  such a s  biomedicine o r  mathematics. Then, w e  

The next  s t e p  i s  determining which of t h e s e  highly-ci ted . 
papers  have been c i t e d  t o g e t h e r  -- o r  co-ci ted.  

- S C I ,  t h i s  produced a list of about  24 ,000  co-cited p a i r s  o u t  

of a t h e o r e t i c a l l y  p o s s i b l e  292 m i l l i o n  p a i r s . )  

t he  two papers  shown i n  Figure 6 w e r e  co-cited by t h i r t e e n  

papers i n  1977 and 1978. 

considered a c l u s t e r ,  a l b e i t  a small one. Through our  

computer programs, however, w e  can i d e n t i f y  which o t h e r  

papers Cabantchik and Lepke a r e  c i t e d  w i t h ,  and add t h e s e  t o  

our  c l u s t e r .  

( I n  t h e  1981 

For example, 

These two papers  could be 

The c i u s t e r  t h a t  i nc ludes  t h e  Cabantchik and Lepke papers 

is shown i n  Figure 7. The l i n e s  on t h i s  map, of 1978 

research on t h e  s t r u c t u r e  of red blood c e l l  membranes, 

i n d i c a t e  which documents a r e  co-cited.  For example, t h e  

paper by Cabantchik has  been co-cited wi th  another  paper he 

wrote, and wi th  papers  by Ho and Lepke. 

o the r  gape r s  are l inked  t o  t h i s  c l u s t e r ,  w e  looked for 

documents t h a t  a r e  co-ci ted with Ho. Figure a,  t h e  map 

r ep resen t ing  t h i s  s t e p ,  shows t h a t  HO’S paper has  only been 

co-cited with one o t h e r  paper ,  by Jenkins,  and of course by 

t h e  Cabantchik paper with which w e  s t a r t e d  the  c l u s t e r .  

To f i n d  o u t  what 
- ._ -- - __ - . .. - 
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WElSE MJ J BlOL CMEM 253 11192 I 8  
WILSONDB ANNRBICGH R 47 933 78 

18 c(TI\noI(s 

W A n S  C SIOCHEM J in 8% 7 8 1  

ZISAPEL N 0lOC B W  A 512 156 78 
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Ho9)itll for Sick Children. 
Research Institufa. Tomnto. Canada 

HO 
1975 

H i m  Unaenitv.  
Bio(0picSl Laborstoria# 

F 120 S 224% 

Ptpm 7: Scepa in cluster developmrnt. 
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1976 
Max Planck Institute Of BioDhvncs 

CABANTCH I K ( 1 1 
CABANTCHIK(2) Research Hospital for Institun. 1974 Sick Childran. Toronto. f i  

1974 

I 2% 
Haward Unrvenitv. 
BiolDgtcal Laboratorin 

JENKINS 
1975 

Universw of Brirtol 
Oeot. Biochemistry 

F 220 S 224% 
F+ 8: step in cluster development. 

The computer cont inues t h i s  process  u n t i l  a l l  papers  

t!!at have been co-ci ted I ,  are i d e n t i f i e d .  Since l a r g e  groups 

of co-ci ted papers  with r a t h e r  tenuous r e l a t i o n s h i p s  t o  one 

I another  could be formed through t h i s  p rocess ,  w e  l i m i t  t h e  

1 papers i n  a c l u s t e r  t o  those  cited more than  a given number 

I of t imes.  W e  a l s o  s e t  a " s t r e n g t h  threshold."  This  

I i n d i c a t e s  how r e l a t e d  two documents a r e  i n  terns of  t h e  

p ropor t ion  of t h e i r  t o t a l  c i t a t i o n s  t h a t  a r e  co -c i t a t ions .  

The shaded a r e a  i n  Figure 9 r e p r e s e n t s  co -c i t a t ions  of 

I documents A and B. The formula on t h i s  f i g u r e  i s  the 

I c a l c u l a t i o n  used t o  measure t h e  s t r e n g t h  of a s s o c i a t i o n  

between two co-ci ted documents. For example, suppose 
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b U r N :  tarfield E .  ABCs o i  CluNCr rnawtng. Part 1. Yon 
aerivc fields tn rim life I C I C ~  In 1978. Ep.vs of an 
mronnmon rwwnit. i’hdaelph~r ISI Prcn. 1411. Vol.4. 
0.  63441. IReprintd from. C d m  Cm~nrs .  140) 5 1 2 .  
6 Onobsr 1980.1 

F W  9s Strength of aruKiDtioa bemen cwited documents. A and 6. reprraeated as m over. 
lapping sphern. The shaded area of iarenecnon rcprcwntr co-citations of A and 9. 

document A i s  c i t e d  2 0  times, e o c m e n t  B i s  c i t e d  50 t i m e s ,  

and A and a a r e  co-ci ted 10  times. To g e t  t h e  s t r e n g t h  

th re sho lds  w e  would d i v i d e  c o - c i t a t i o n s  by t h e  t o t a l  number 

of c i t a t i o n s  t o  t h e s e  papers minus t h e i r  co -c i t a t ions :  
._ . . .. 

10 
(70) - (10) 

In +his case w e  have a strenqtl? of a s s o c i a t i o n  of 17 

*=cent. ?he s t r e n g t h  threshold can be increased t o  make a 

CAEANTCHIK(1)  / 

STECK JENKINS 
1975 

Univ arartol Univ Chicago 
OCDt. BIOChCmlStN OCLt 8WChemlStN 

F INDLAY 
1974 

Haward Univeralw 
8aolog~ul Laboratories unw ClrlUgO. 

O m t  B#whvs#csand a Theoretical aiologv 

YU(21 
1975 

F ’ 2 0  S/24% 

10 DOCUMENTS W I T H  11 L INKS 

F@m I& Steps m cluster development. 

more sha rp ly  focused c l u s t e r .  

make t h e  c l u s t e r  l a r g e r  and, t h e r e f o r e ,  less focused. 

it can a l s o  be decreased t o  

For example, t h e  map i n  Figure 1 0  includes only papers  

c i t e d  more than 20 t i m e s .  A l s o ,  24  percen t  of a l l  t he  

c i t a t i o n s  t o  each of t hese  papers are. co -c i t a t ions  with 

another  paper i n  t h e  c l u s t e r .  A t  t h e s e  th re sho lds ,  t he  

c l u s t e r  i nc ludes  t e n  documents x i t h  11 l i n k s .  If w e  

lowered t h e  th re sho ld ,  t h e  c l u s t e r  would then include more 

papers.  
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Since r e sea rch  i s  an a c t i v e ,  evolving p rocess ,  t h e  

l i t e r a t u r e  cited by s c i e n t i s t s  changes from yea r  t o  yea r .  

rhese c l u s t e r s  a l s o  changs from yea r  t o  y e a r  t o  r c f l e c t  t h i s  

evolut ion.  I n  t h e  fol lowing paragraphs,  t h e s e  changes w i l l  

3e demonstrated.  

I n  1973, t h e  s i x  papers represented i n  Figure 11 

mnounced t h e  discovery of o p i a t e  r ecep to r s .  All w e r e  

Eair ly  w e l l  c i t e d .  However, they d i d  n o t  appear i n  a 

: l u s t e r  u n t i l  1 9 7 4 ,  a f t e r  many s c i e n t i s t s  became aware of 

%em and, i n  papers r e p o r t i n g  t h e i r  own work on o p i a t e  

r ecep to r s ,  c i t e d  t h e  documents. The 1971 paper by S o l d s t e i n  

>rovided t h e  conceptual framework for phys ica l ly  demonstrat- 

W 
& SNIDE1 PERT& S N I D E R  73111 

Flgure 11: I T 4  cluster map: .Opiate Receptors. 

ing the  e x i s t e n c e  of o p i a t e  r ecep to r s .  Papers announcing 

3 e  discover;, of such r ecep to r s  were published more or less 

simultaneously,  i n  1973, by P e r t  and Snyder a t  Johns Hopkins, 

Simon an6 col leagues of Yew Vork Universi ty ,  and Lars 

Perenius a t  Uppsala Universi ty  i n  Sweden. 

The i 9 7 5  c l u s t e r  map shown i n  Fiaure 12 r e f l e c t s  t h e  

increase of a c t i v i t y  fol lowing t h e  i n i t i a l  discovery of 

, p i a t e  r e c e p t c r s .  Notice t h e  Hughes paper was c i t e d  

snough t i n e s  i n  1 9 7 5 ,  t h e  year  it was publ ished,  t o  make t h e  

: l u s t e r .  it announces t h e  i s o l a t i o n  of t ! e  substance t h a t  

lughes and K o s t e r l i t z  would l a t e r  name enkephalin.  Papers 51 

'ert and Terenius cont inue t o  appear i n  t h e  c l u s t e r ,  a s  do 

3apers by Goldstein.  La te r  c l u s t e r s  cont inue t o  show these  

>eople publ ishing hiqh impact work i n  t h e  f i e l d .  

I 
I \ i  

/ 

u q n 4  i a? 

Flqun 12: 1975 cluster map: Opiate Receptors. 



The changes t h a t  j c c u r  w i th in  these  c l u s t e r s  from year  

to  y e a r  r e f l e c t  t h e  h i s t o r i c a l  development of o p i a t e  receptor  

r e sea rch .  By looking a t  t h e  papers t h a t  c i te  t h e s e  c l u s t e r s ,  

YOU can a l s o  f i n d  o u t  what r e sea rche r s  i n  t h a t  f i e l d  a r e  

c u r r e n t l y  doing. So you can see t h a t  c l u s t e r s  provide a 

means of  ga in ing  a dynamic view a s  w e l l  as an encyclopedic 

pe r spec t ive  of any r e sea rch  a r e a .  

I n  t h e  t r a n s i t i o n  from b i b l i o g r a p h i c  t o  encycloped 

information,  thousands of such s p e c i a l t y  a r e a s  w i l l  be 

C 

def ined throuqh co -c i t a t ion  c l u s t e r i n g .  

o f f e r i n g  d i s c i p l i n a r y  5 a t a  bases  t h a t  a l low re sea rche r s  t o  

ga in  d i r e c t  access  t o  a 5 iS l ioc r sphy  of documents t h a t  ci te 

t h e  a r t i c l e s  i n  these  c l u s t e r s .  Since t h e  c l u s t e r s  

r e p r e s e n t  t h e  most a c t i v e  r e sea rch  a r e a s  , t he  papers  you 

o b t a i n  through these  d a t a  bases  sre t h e  n o s t  r e l e v a n t  t o  

+he specialt.1 a r e a s  on which you decide t o  search.  

IS1 i s  a l r eady  

A t  ? r e s e n t ,  5hree c l u s t e r e d  d a t a  bases  a r e  a v a i l a b l e  

through t h e  IS1 Search ?Jetwork. The f i r s t  of t h e s e ,  =/ 

S I O F E P ,  se rves  t h e  biomedical community. ISI/CompuMatm 

c3vers  t h e  liter=t.Jre 3 5  a a t h e m i t i c s ,  computer s c i ence ,  

s t a t i s t i c s ,  ope ra t ions  r e sea rch ,  and management science.  

[SI/GeoSciTech= provides  access  t o  t h e  l i t e r a t u r e  of geology, 

neteorology, mi-erslooy, oceanography, and metal lurgy,  

to name j u s t  a fsw 3f t h e  i i s c i p l i n e s  covered. 

s epa ra t e  ISI i a t a  base a v a i l a b l e  through t h e  I S 1  Search 

Network i s  an on l ine  ve r s ion  of our  Index to  S c i e n t i f i c  & 

A completely 

Technical Proceedings@, t o  which has  been added comprehen- 

s i v e  coverage of mult iauthored books. 

ISTP&B=. Although i t e m s  i n  t h i s  system a r e  n o t  y e t  

c l u s t e r e d ,  w e ' l l  soon be o f f e r i n g  o t h e r  d i s c i p i i n a r y  d a t a  

bases t h a t  a r e .  These w i l l  cover va r ious  a r e a s  of chemisrry 

polymer and m a t e r i a l s  s c i ence ,  and a r t s  and humanities.  

These w i l l  be followed a s  soon a s  poss ib l e  by o t h e r  d a t a  

bases covering engineer ing,  phys i c s ,  neuroscience,  p l a n t  

s c i ence ,  a g r i c u l t u r e ,  and many more. A l l  of t h e s e  d a t a  

bases w i l l  o f f e r  v i r t u a l l y  t h e  same f e a t u r e s .  Therefore ,  

the procedures I w i l l  d e sc r ibe  i n  reviewing t h e  following 

ISI/BIOMED search can be used with a l l  t h e  IS1 Search 

Xetwork systems. 

I t  i s  c a l l e d  =/ 

i S I / B I O M E D  was t h e  f i r s t  of I S I ' s  c l u s t e r e d  o n l i n e  

systems. Through t h i s  d a t a  base,  t h e  inexperienced sea rche r  

can o b t a i n  a bibl iography of t h e  most important ,  r ecen t  

a r t i c l e s  i n  almost 8 , 0 0 0  d i f f e r e n t  r e sea rch  s p e c i a l t i e s .  I t  

le ts  you qu ick ly  review t h e  l i t e r a t u r e  on a s u b j e c t  and 

determine how deeply your r e sea rch  should go. 

c o n s i s t s  of a r t i c l e s  from nea r ly  1 , 4 0 0  biomedical j o u r n a l s  

issued s i n c e  1979 .  The d a t a  base i s  update2 monthly, with 

aore  than 2 7 0 , 0 0 0  new a r t i c l e s  added each year .  A t  p r e s e n t ,  

it inc ludes  more than one mi l l i on  a r t i c l e s .  

ISI/SIOME!I 

Each subsc r ibe r  t o  f S I / B I O M E D  i s  given a quide co t h e  

a l z o s t  8 , 0 0 0  r e sea rch  f r o n t  s p e c i a l t i e s  i n  t h i s  da t a  base.  

T h i s  guide i s  used t o  f i n d  t h e  names of s p e c i a l t i e s  t h a t  



VtRAL-INfEC~IoNS 
ANTI-VIRAL CHEMOlWERAPY aerinst HSV and 

other VIRAL-INFECTIONS .. :. . .  79.2275 
ANTIBODY-DEPENDENT CELLMEDIATED 

CTTOTOXICITY EVOKED by VIRAL- 
INFECTIONS . . . . . . . . . . . . . . .  79-2 15 1 

DflERMlNANTS of the SPECIFICITY of T-CELL 
IMMUNlPl DIRECTED against INFLUENU- 
VIRUS and other VIRAL.INFECTIONS 

79-0531 
VIRAL-INFECTIONS and BRONCHIAL-DISEASES . m children . . . . . . . . . . . . . . . . .  79-1 7 4 5  
Slow VIRAL-INFECTIONS and NEUROLOCICAL- 

DISEASE . . . . . . . . . .  . . . . .  79-2302 
' VIRAL-INFECTIONS VI TERATOCARQNOMA- 

CELLS .................... 81-2973 

PROTEINS . . . . . . . . . . . . . . . . .  80-1468 

- VIRAL-PROTEINS 
CHEMICAL CROSSLINKING Of VIRAL* 

Structure of VIRALPROTEINS . . . .  81-0005 
Modification and trbnspart ot VIRAL.PROTE1NS 

acrou MEMBRANES .......... 81-0786 
VIRION 
TRANSCRIPTION of NK VIRION DOUBLE* 

STRANDED RNA . . . . . . . . . . . . .  80-06 16 
VIROIDS . - - -  
VIRAL NUCLElC-ACIDS and VlROlDS 

I) Structure and function of VlROlOS . 80.i893 
79-1560 .......................... 81.1524 

VIROLOGY of RlBAVlRlN . . . . . . . .  80-2706  
- YIROLOCY 

YIRULENCE 
Effects of IRON on BACtERlAL VIRULENCE 

MICROBIAL AOHES10M. COLONIUT1ON and 

MOLECULARGENmCS of REOVIRUS 

80.09 13 .......................... 01.0989 

VIRULENCE ................ 81-1598  

VIRULENCE ................ .80-2432 
VIRULENCE and PUSUIDS of YfRSlNlA 

81-0815 _ _  ._.. 
Figure 13: Enry from Index :o Research Fronu m 1SI, BIOMED". 

e f l e c t  t h e  s e a r c h e r ' s  i n t e r e s t .  Each s i g n i f i c a n t  word cr 

h rase  appearing i n  a r e sea rch  f r o n t  s p e c i a l t y  i s  

l p h a b e t i c a l l y  arranged i n  t!!e guide,  followed by a l i s t  of 

he s p e c i a l t i e s  i n  which ~t appears .  A sea rche r  looking f o r  

ape r s  on t h e  s t T U C t U T 2  of v i r o i d s  might t u r n  t o  t h e  po r t ion  

f t h e  guide shown i n  Figure 12. 

s t r u c t u r e  and func t ion  of v i r o i d s "  seemed relevanc.,  he o r  

he would siinuly key t!!e numbers for t h  

he cornpurer t - a i n a l  

If t h e  s p e c i a l t y  e n t i t l e d  

VIRAL N~CLEIC-ACIDS AND VIAOIDS j 
: 29 HITS-------Nma o(-- ,n *ml 

* EXPAND SPWT = 81 -1 524# 
~lumb.rol TYPE: SPWT 
Omup vhlchp.pn 10- 1 <15> 81-1524-01 
a N a E W d  2 <lo> 81-1524-02 

3 <4> 81-1524-03 

N u m M  o( e m  p.pn 
cllw 01 group by each nwnm 

%?:<MORE GROUP 3 HITS 
( i m p  

SET 2: 4 HITS 

FORMAT 3 PRINT 2 
\ 

CommMd to pim sm 2 In fomnlJ 

F l g m  141 ISI/BIOMED" sample search. Structure and Function of Vtroids. 

As shown i n  Figure 14, t h e  computer f i r s t  p r i n t s  o u t  t h e  

name of t h e  s p e c i a l t y  t o  confirm t h a t  t h e  c o r r e c t  number has 

been entered.  You a r e  a l s o  r e f e r r e d  t o  any of t h e  anteceden, 

s p e c i a l t i e s  t h a t  evolved i n t o  t h i s  one. 

r e l a t e d  t o  t h e  s p e c i a l t y  you a r e  a l r eady  examining, s ea rches  

i n  these  o t h e r  s p e c i a l t i e s  o f t e n  y i e l d  important papers.  

Next, t h e  computer g ives  t h e  number of h i t s ,  o r  papers ,  t h a t  

appear i n  t h e  1981 s p e c i a l t y  -- i n  t h i s  ca se  29 .  These 

papers a r e  ass igned t o  set one. 

ca re  to see, you can ask t h e  computer t o  rank these  papers  

according t o  t h e i r  re levance t o  t h e  s p e c i a l t y  -- t h a t  i s ,  

the number of co re  documents they c i te .  T h i s  is what is  

known a s  a s p e c i a l t y  weight search.  

Though c l o s e l y  

When t h i s  i s  nore than you 

In a s p e c i a l t y  weight search,  papers a r e  grou?ed togethe 

according t o  t h e  number of core  documents they c i t e .  The 
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KLEINSCHMIDT AK: KLClTt G: SELIGER H 
VlROlD STRUCTURE 
IENGLISH,BIBLtOGRAPHY REVIEW) 

UNlV ULM. MlKROBlOL ABT, D-7900 ULM. FED REP GER 
UNlV ULM SEKT POLYMER€. D-7900 ULM. FED REP GER 

ANNUAL REVIEW OF BIOPHYSICS AND BIOENGINEERING 10'115-132 1981 70 REFERENCES 

IS1 OATS ORDER dLS353 
EXPLORE SPECIALTY 81-1524.81-1553 

'DIENER TO 
VlROlDS - ABNORM4L PRODUCTS OF PLANT-METABOLISM 
(ENGLISH;BIBLIOGRAPHY. REVIEW) 

USDA SEA, BELTSVILLE AGR RES CTR. INST PUNT PROTECT. PLANT VlROL 
LAB. EELTSVILLE. MD. 20705 

ANNUAL REVIEW OF PUNT PHYSIOLOGY 32~313-325 1981 56 REFERENCES 

IS1 OATS ORDER dLT256 ~ 

EXPLORE SPECIALTY 81-1524: 81.0818 

HASELOFF J: SYMONS RH 
CHRYSANTHEMUM SNNT VIROID - PRIMARY SEQUENCE AND SECONDARY STRUCTURE 
(ENGLISH/ARTICLE) 

UNlV ADELAIDE. DEPT BIOCHEM. ADELAIDE. SA 5001. AUSTRALIA 
NUCLEIC AClDS RESEARCH 9(12)2741-2752 1981 30 REFERENCES 

ISI OATS ORDER + L v w  . - - - - . 
EXPLORE SPECIALTY 81-1524 81-2483; 814800: 81-1553 

ROHDE W SCHNOKER M: RACKWIT2 HA: HAAS 8: SELIGER H: SANGER HL 
SPECIFICALLY PRIMED SYNTHESIS INVITRO OF FULL-LENGTH DNA COMPLEMENTARY TO 
POTATO-SPINDLE-TUBER VlROlD 
(ENGLISH/ARTICLE) 

EUROPEAN JOURNAL OF BIOCHEMISTRY 118(1):151-157 1981 
UNlV GIESSEN. ARBEITSGRP PFLANZENVIROL. 0-6300 GIESSEN. FED REP GER 
UNlV ULM. EIOCHEM ABT. D-7900 ULM. FED REP GER 
MAX PUNCK INST EIOCHEM. D-8033 MARTINSRIED. FED REP GER 

22 REFERENCES 

IS1 OATS ORDER #Ma582 

F b r e  15: ISI/BfOM€D'. sample search. Srmcturc and Function of Vi ids .  

EXPLORE SPECIALTY 81-1524: 814170: 91-0950 

first ranked group in Figure 14 includes 15 papers, each of 

which cite one core paper, while the ten papers in group two 

each cite two cOre papers. The four papers in group three 

are most relevant to the specialty, since they each cite 

three' of the core documents. 

to see first in a specialty weight search. So after the 

computer assigns these four papers to set two, we give the 

command to have them printed 3ut in format three. You have 

3 choice of formats in which to have papers displayed. They 

offer varying amounts of infornation so that users cac 

obtain as information as they need. 

These are the papers you'd wan' 

A great deal of infornation is given about each paper 

printed out Ior this search (Figure 15). For each paper, 

you are given the authors' names, the title of the article, 

the language in which it's written, and the type of document 

it is. You're given the journal title and all other 

biblioqraphic information needed to retrieve the article, 

the authors' affiliations, and the number of references 

included in the article. You can also have bibliographic 

information about each paper's references printed out. 

Articles can be assigned to more than one specialty, so the 

numbers of all specialties to which theyrre assigned are 

included at the end of the entry. 

an Oriuinal Article Text Service, or =@, number for 

Each entry also includes 

ordering the article from ISI. 

A number of options, in addition to specialty weiqht 

searching, are available for retrieving bibliographies 

through IS1 Search Network data bases. You can select only 

the most current papers, or ask that only papers by a 

specific author be listed. You can also limit your 

bibliography to papers f rom a particular journal or 

institution, and can specify the type of document you want 

(proceedings, journal article, etc.) as well as the language 

in which it should be written. In any case, these systems 

will provide you with highly focused bibliographies. 

A l l  of these data bases offer several advantages over 

existing systems. The most obvious is that you needn't be 

a search specialist to use them. 

other innovations, we've been able to eliminate many of the 

Through clustsring and 
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Clustering has brought citation indexing a giant step 

Iforward in our march toward encyclopedism. 

clustered data bases, you retrieve groups of closely 

related papers that focus on narrowly defined specialties. 

This is clearly superior to retrieving individual articles, 

whose content is indicated by o n l y  one cited document. And 

it is certainly better than retrieving papers classified by 

what are usually outdated and inaccurate subject headings. 

Through our new 

steps usually required in an online search. Until the adver 

of these systems, researchers had to,rely on librarians to 

search data bases with their library's computer terminal. 

However, a large number of professionals already have 

terminals (microcomputers) on which they can search our 

systems. And many more will have them in the near future. 

Another advantage of these systems is that they permit you 

to take advantage of citation indexing without requiring tha 

you begin with a particular author or paper. 

begin with a research front specialty name. 

it a generic citation search. 

Instead, you 

You can conside 

As I envision t!!ings, ISI's new data bases will be use2 

by researchers when they require rapid access to a few 

highly relevant articles. 

provide review-type infomation about fields of inauiry. 

want to treat each scholarly discipline separately, providing 

incisive information about the Ziscrete areas of inquiry that 

make up that discipline. 

Xowever, our ultimate goal is to 

We 

The encyclopedic services we Plan 
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-0 offer will include bibliographies of the most important 

Mpers in each area, and a descriptiqn of how these papers 

Fit into the general scheme of research activity. Although 

fSI's total conversion to encyclopedism is still some years 

,ff, we 'have created a prototyce of the prodxct through whict 

ue intend to make t!!is information available. 

In this prototype, a print product called the IS1 Atlas 

>f Sciencem: 

-1ustering to identify t h e  specialties that comprise the 

xtting edge of biochemical research. 

identified in this manner, we've written sinireviews that 

fescribe these specialties. 

in a format that also includes comprehensive bibliographies 

and visual portrayals of research relationships. 

the 102 chapters in the Atlas is desiqned to acquaint 

researchers with the state of the art in 3 field by 

reviewing the important scientific events in the specialty 

and leading them to the newest research in that area. 

Biochemistry and Molecular Bioloay, we've used 

Using the documents 

These minireviews are ?resented 

2ack of 

A map from one of the Atlas chapters is shown in Figure 

It is intended to provide some insight into the growth 16. 

of the specialty and the names of some of the key scientists 

working in the field. 

documents that comprise a cluster on the structure of 

immunoglobulin. 

nap are those most frequently cited by the new scientific 

literature in this specialty. 

This map consists of the cited core 

The papers represented by the names on the 

The distance between two 
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, o c m e n t s  o n  the map i s  a measure of t h e i r  r e l a t e d n e s s .  For 
Nxample, t h e  cited docanent by Colman, number 2, is r e l a t e d  

.o t hose  by Huber 'and Amzel, a s  shown by t h e  l i n e s  
I 
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and i n  t h e  b i b l i o g r a p h y  f c l lowlng  t h e  map. 

gu ides  you d i r e c t l y  t o  t n e  documents most r e l e v a n t  t o  your  

s p e c i a l t y ,  you d o n ' t  need t o  read  dozens of pape r s .  

S ince  t h l s  e s say  

For 
example, i f  you wanted more in fo rma t ion  on Bence Jones  

p r o t e i n ,  which is  a e n t i o n e d  i n  t!!e t h i r d  paragraph  of t h e  

e s s a y ,  you might t a k e  a look st  t h e  s t u d i e s  r e p o r t e d  by 
Edmundson and S c h i f f e r ,  i n  boxes f o u r  and n ine .  

RW 
Key Citing Documents 

5 l Y  K R  f f  EDhiUhDSO 411 FfYTOh IH 3 
flRC.4 1R PANACIOT K X n l F F f R  H 
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Figure 191 Essav supplement from Atlas of Science: Biochemurv and Molecular Biology I Q W W  

The c i t i n q ,  o r  s o u r c e ,  documents l i s t e d  i n  t h e  n i n i r e v i e h  

(F igu re  18)  are  t h o s e  n o r e  r e c e n t  a r t i c l e s  which c i t e d  t h e  

c o r e  documents on t h e  map. 

fo l lowed by t h e  number of c o r e  doc-ments  it ci tes .  

t w o  a r t i c l e s  on t h i s  l i s t  c i t e  t e n  of t h o s e  c o r e  documents, 

whi le  t h e  t h i r d  and f o u r t h  c i t e  nine.. These would probably  

be amona- the  f i r s t  you would want t o  see. 

o f t e n  appear  a t  the t o p  of t h e  l i s t  because  they  would c i t e  

t h e  n o s t  r e l e v a n t  core a r t i c l e s .  The supplementary c i t i n g  

documects show 'he 1980 pape r s  t h a t  have c i t e d  t h e  c l u s t e r .  

These papers  update  t h e  Atlas, which wzs o r i g i n a l l y  compiled 

i n  1978. 

- A t l a s .  

i s  a l s o  inc luded .  I t  mentions s e v e r a l  of t h e  impor tan t  

?apers  l i s t e d  snong t h e  supplementary doc-ments ,  and t e l l s  

you about  new methods and developments i n  t h i s  s p e c i a l t y  

s i n c e  t!!e p ro to type  A t l a s  w a s  conDiLed. 

Each o f  t h e s e  a r t i c l e s  i s  

The f i r s t  

Review a r t ic les  

They lend  a n  added element of tirnelizess t o  t h e  

A s h o r t  supplement t o  t h e  e s s a y ,  shown i n  F igu re  1 9 ,  
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Encyclopedism can  be a p p l i e d  t o  v i r t u a l l y  eve ry  f i e l d  of 

s c h o l a r l y  i n q u i r y .  

approach t o  sake incisi-*-e encyclopedic  i n f o m a t i m  a v a i l a b l e  

i n  a l l  t h e  d i s c i p l i n e s  of s c i e n c e ,  s o c i a l  s c i e n c e ,  and t h e  

srts and humani t ies .  

? roduc t s ,  some day  w e ' l l  be o f f e r i n g  computerized access t o  

n in i r ev iews  of t h e  t!!ousands of s p e c i a l t y  a r e a s  %!at comprisa 

s c h o l a r l y  r e s e a r c h .  

30 examine maps d e p i c t i n g  t h e  e n t i r e  s t r u c t u r e  o f  any 

i i s c i p l i n e ,  perhaps  even t h e  e n t i r e  s t r u c t u r e  of s c h o l a r s h i p .  

1 o u ' l l  be  a b l e  t o  dete-mine how s p e c i a l t i e s  w i t h i n  a 

l i s c i p l i n e  re la te  t o  one  a n o t h e r ,  or t o  r e s e a r c h  going  on i n  

ieemingly u n r e l a t e d  d i s c i p l i n e s .  

:omplete and u n i f i e d  view of any f i e 1 2  of i n q u i r y  a long  wi th  

. m i g h t  i n t o  how t h i s  f i e l d  relatas to t h e  whole range  of 

c h o l a r l y  r e s e a r c h .  The era o f  encyclopedism w i l l  be  an era 

If i n s t a n t  knowledge, an age  i n  which eve ry  s c h o l a r  can  g a i n  

Even tua l ly ,  w e  hope t o  u s e  t h i s  novel  

Although we're s t a r t i n g  o u t  w i th  p r i n t  

A t  a touch  of a b u t t o n ,  y o u ' l l  b e  a b l e  

I n  n i n u t e s ,  y o u ' l l  have 3 

f a i r l y  complete unde r s t snd ing  of any f i e l d  he c3r she  

esires. 

nd e x c i t i n g  e r a .  

I hope you w i l l  j o i n  m e  i n  welcoming i n  t h i s  R e w  
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