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Abstract 

Large samples o f  papers published i n  the  Journal of B io log ica l  
Chemistry were checked i n  order t o  study the mu l t i p l e  authorship 
pat tern throughout the period from 1905 t o  1988 i n  an i n te rna t i ona l l y  
leading s c i e n t i f i c  journal  w i t h  an espec ia l l y  h igh " c i t a t i o n  impact". 
Both measures o f  mean number of authors per paper and proport ion of 
mult i-authored papers show t h a t  there has been a consistent  growth 
dur ing nost  o f  the period, best  described by a "steps model", 
expressing recur r ing  sharp increases fo l low ing  r e l a t i v e l y  steady 
periods. From 1975 on, however, growth has been accelerat ing, when 
measured a t  f ive-year in te rva ls .  Findings do not  support some e a r l i e r  
predict ions made by Price, Meadows, and others. A de ta i led  canparison 
t o  a wide range of almost s i x t y  f i e l d s  shows considerable d i f ferences 
between sciences, technology, soc ia l  sciences and humanities, as we l l  
as great var ia t ions  among the  sciences and the soc ia l  sciences them- 
selves. The order o f  the various f i e l d s  i n  the  comparative tab le  
suggests t h a t  mu l t i p l e  authorship seems t o  be one o f  the factors 
re la ted  t o  the "hardness" o f  a f i e l d .  The JBC i t s e l f  ranks among 
the top, a l b e i t  lower than some medical f i e l ds ,  but higher than 
other biochemistry journals, probably i nd i ca t i ng  i t s  la rger  share 
i n  the more expensive, larger-teams-conducted, "b ig  science" research. 

INTRODUCTION 

Called by Pr ice [ I 1  "one o f  the  most v i o l en t  t r ans i t i ons  t h a t  can be measured 
i n  recent trends o f  s c i e n t i f i c  manpower and l i t e ra tu re " ,  the  phenomenon of 
mu l t i p l e  authorship has drawn dur ing recent decades a considerable amount of 
a t ten t ion  among students o f  the sociology of science. The s t r i k i n g l y  
accelerated increase i n  the  nmber o f  authors per paper s t i r r e d  some medical 
sc i en t i s t s  t o  ha l f - j ok i ng l y  express the fear tha t ,  a t  the present r a te  o f  
growth, each paper w i l l  have a t  l eas t  24 authors by the year 2076 [21, wh i le  
others suggested grant ing the  Nobel Pr ize t o  e t  a l ,  since i t  " i s  f a s t  becoming 
the most p r o l i f i c  b i m d i c a l  author today ..." [31.  Having conceived the 
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mul t i p l e  authorship trend as p a r t  of the "b ig  science" phenanenon, evolv ing out 
of growing f inanc ia l ,  econanic and professional dependence o f  sc i en t i s t s  upon 
each other, Pr ice [ I 1  was one of the  f i r s t  t o  discuss it, fol lowed by many 
others. Only a few studies, though, have t r i e d  t o  fo l low t h i s  t rend i n  a 
ce r t a i n  subject f i e l d  along the  e n t i r e  century u n t i l  the present day, applying 
the  two measures o f  mu l t i p l e  authorship mentioned below. 

LITERATURE REVIEW 

The t op i c  o f  s c i e n t i f i c  and research co l labora t ion  has been h i s t o r i c a l l y  
reviewed i n  a series o f  three a r t i c l e s  by Beaver and Rosen [4-61 and l a t e r  by 
Subramanyam [71 fran a sanewhat d i f f e r e n t  viewpoint. To be sure, the  former's 
data does not  exceed 1969-1970, wh i le  the l a t t e r  overlooked some e x i s t i n g  
re levant  studies and, except f o r  a few l ines,  avoided making canparisons 
between ra tes  found f o r  various subject  f i e l ds .  At any rate,  these reviews 
enable us t o  l i m i t  ourselves t o  the  few most per t inen t  s tudies whose f ind ings  
and conclusions are challenged i n  the  present study. 

Relying on data frm Chemical Abstmcts up t o  1960, Pr ice [ I 1  s tated ( i n  1963) 
t h a t  the  phenomenon o f  co l labora t i ve  work has been increasing s tead i l y  and ever 
more rap id l y  since the  beginning o f  the  century. While i n  1900 more than 80 % 
o f  a l l  papers had a s ing le  author, he predicted that ,  a t  the  present rate,  by 
1980 the single author paper wil l  be extinct. 

Concluding probably from h i s  data t h a t  three-author papers a re  accelerat ing 
more r a p i d l y  than the  two-author ones, four-author more rap id l y  than three- 
author, and so on, Pr ice  made a second pred ic t ion  saying t h a t  wh i le  i n  1960 
only about 25 % o f  a l l  papers had three or more authors, by 1980 more than 
half w i l l  be i n  t h i s  category. Likewise, Pr ice  predicted that ,  if the t rend 
holds, "we sha l l  mode s tead i l y  toward an in f in i t y  o f  authors per  paper". Price, 
however, d i d  no t  publ ish h i s  de ta i led  data derived from Chemimt Abstracts, but  
only a s ing le  graphic f i g u r e  depict ing the incidence o f  mu l t i p l e  authorship as 
a function o f  time. 

Clarke [81 i n  1964 contested some of Pr ice 's  conclusions, arguing t h a t  h i s  
general izat ions, derived from Chemical Abstmcts data, are not  necessar i ly  
v a l i d  f o r  other f i e l d s  of science. Analyzing papers i n  experimental biology, 
1934-1963, Clarke showed t h a t  wh i le  most curves fo r  the 1934-1946 per iod do 
p a r a l l e l  Pr ice 's  graphs, f o r  the 1947-1963 period there was no t rend i n  most 
curves, and i n  the r e s t  the evidence was inconclusive, i nd i ca t i ng  no 
cont inuat ion o f  a marked t rend toward mu l t i p l e  authorship amng bianedical 
wr i te rs .  Thus, Clarke advised planners of bianedical journals t o  expect an 
average n ~ b e r  o f  no more than 2.3 authors per paper even i n  1980. She a lso  
speculated t h a t  the d i f ferences between her f ind ings and Pr ice 's  might l i e  i n  
the  much higher q u a l i f i c a t i o n  of the  authors i n  her sample, who were more 
mature and seasoned sc i en t i s t s  and thus found less need f o r  mu l t i p l e  research 
co l labora t ion  than do the Chemical w r i t e r s  who are, on the average, less we l l  
establ ished as independent invest igators.  

Zuckennan's 1965 study [91 supported P r i ce ' s  main thesis,  showing a consistent 
increase i n  the  percentage o f  mult i-authored papers i n  ce r t a i n  f i e l d s  i n  each 
of the broad areas o f  the  sciences, soc ia l  sciences and hman i t ies .  Her data, 
however, reaches 1959 only, and i s  l i m i t e d  t o  several f i e l ds  i n  each area. 
Likewise, presenting aggregate data o f  two remote years (2nd and 7th)  from 
each decade as i t s  surrogates might sanetimes p a r t l y  b l u r  ce r t a i n  changes 
occurr ing i n  the  meantime. 

About a decade l a t e r  (1974). A.J. Meadows [ I01  ra ised the  question o f  how much 
fu r ther  the t rend of decrease i n  the proport ion of single-author papers can go, 
and postulated a ~ d e l  representing t h a t  decrease as a function o f  t ime by a 
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quas i - log is t i c  ( i .e .  S-shaped) curve. A pre l iminary period o f  a slow decl ine 
i s  followed by a per iod of very rap id  decrease, and then by a f i n a l  period 
during which the  curve f l a t t ens  o f f  again, but a t  a much lower leve l ,  i n  
which the single-author papers cons t i tu te  less than 20 % o f  a l l  papers. 

Admitt ing t h a t  i t  was too  ea r l y  as ye t  i n  1974 t o  judge what the f i n a l  outcome 
i n  terms of m u l t i p l i c i t y  o f  authors would be, Meadows predicts  t h a t  "unless 
there i s  a continuing d r i ve  toward more and more authors per paper, one must 
suppose t h a t  the  f i n a l  s t a te  w i l l  be some steady s ta te  d i s t r i b u t i o n  of papers 
w i t h  d i f ferent  nunbers o f  authors". Likewise. Beaver and Rosen 161 i n  1979 
repeated the p red ic t ion  tha t  '... the  growth'of co l laoora t ion  i s  r ap ia l y  
approaching i t s  satbrat ion l i m i t " .  

Analyzing papers published dur ing 1976-1983 by Indian ag r i cu l t u ra l  researchers, 
Begum and Sami [Ill, recent ly  found that ,  contrary t o  Pr ice 's  predict ions, the 
number of authors per paper has remained steady, a t  about 2.3, and there was no 
noticeable decl ine i n  the proport ion o f  single-authored papers. Consequently, 
they conclude t h a t  the  extent o f  co l laborat ion i s  decided by nature o f  a 
d isc ip l ine ,  and t h a t  Pr ice was probably wrong i n  general iz ing i m p l i c i t l y  upon 
the basis of a survey o f  ChemicaZ Abstracts t o  a l l  f i e l d s  o f  science. 

One should, however, be cautious regarding Begum and Sami ' s  conclusions since 
they studied a r e l a t i v e l y  shor t  period o f  time, covering only seven years. 
Unfortunately, many o f  the mu l t i p l e  authorship studies ignored the  time fac to r ,  
g iv ing  one average f i gu re  f o r  a r e l a t i v e l y  long period o f  25 years, fo r  example 
[12,131. I n  fact, most s tudies were l im i t ed  e i t h e r  t o  several f i e l d s  i n  a 
cer ta in  s ing le  year, o r  t o  a long-term comparison, but  f o r  a few select ion 
f i e l d s  only. Most e a r l i e r  studies used e i t he r  the measure o f  mean number o f  
authors per paper, o r  the measure o f  the proport ion o f  mult i-authored papers, 
and not both o f  t h m  together, as should be done. 

Concerning the  f i e l d  o f  biochemistry, Lindsey [ I41  checked on ly  those papers 
published dur ing 1970-1975, and Subramanyam and Stephens [ I 51  l i m i t e d  t h e i r  
comparative study o f  co l labora t ion  and funding t o  the period 1965-1980 only, 
prov id ing mostly aggregate figures f o r  the period as a whole, except for annual 
means, and w i t h  no f u r t he r  de ta i l s  concerning the  frequency d i s t r i b u t i o n  of the 
mu1 t i-authored papers. 

PURPOSE OF THE STUDY 

The obiect ives o f  the wesent  studv were : 
1. To j d e n t i f y  the  long-term co l labora t i ve  authorship pat terns i n  the f i e l d  of 

b io log ica l  chemistry. 
2. To examine t o  what extent these patterns support Pr ice 's  [11 aforementioned 

general izat ions and predict ions,  Clarke's [ E l  patterns and predict ions, o r  
Meadows' [ I 01  model, r u l e  and predict ions. 

To put  i t  more s p e c i f i c a l l y  : 
(a)  Has there been a not iceably continuous decl ine i n  the proport ion o f  s ingle-  

authored papers? 
(b) Was the single-author paper e x t i n c t  by 1980, o r  i s  i t  a t  l eas t  approaching 

ex t i nc t i on  toward 1990 o r  2000?, o r  does Meadows' 1101 S-shaped curve 
model be t t e r  f i t  the  data? 

( c )  Has there been a pa ra l l e l  steady increase i n  the average number of 
authors wr naaer? ~.~ . . 

7.. r-r-  . 
(d)  Did papers o f  three o r  more authors become haZf o f  a l l  papers by 1980? 
(e) Was Meadows 110) r i g h t  i n  s t a t i n g  a general r u l e  ( fo l lowing Pr ice 's  1962 

f i nd ing  i n  chemistry [11) t h a t  'the higher the m u l t i p l i c i t y  o f  authorship, 
the lower the proport ion o f  papers published w i t h  t h a t  number o f  authors, 
but the faster  the r a t e  a t  which the  proport ion i s  accelerat ing"? 



376 M. Yitzhaki and D. Ben-Tamor 

( f )  Does recent data support Meadows' [ I 01  and Beaver and Rosen's [61 
predict ions t ha t  the saturat ion l i m i t  of the growth o f  col laborat ion and 
a f i na l  s ta te  o f  steady d i s t r i b u t i o n  of mu l t i p l e  authorship are rap id l y  
approaching? 

3. To make an assessment o f  the extent  o f  mu l t i p l e  authorship i n  biochemistry 
by a long-term comparison w i t h  f indings o f  former studies i n  a wide range 
of other f ie lds.  Such a wide comparison might a lso t e s t  the v a l i d i t y  o f  
Pr ice and Beaver's [361 statement regarding the existence o f  on ly  "minor 
var ia t ions  from f i e l d  t o  f i e l d  o f  science" as f a r  as the r a t e  o f  authors 
per paper i s  concerned. 

METHODOLOGY 

I n  order t o  avoid a possible obstacle o f  subject o r  journal dif ferences i t  was 
decided t o  l i m i t  the inves t iga t ion  t o  a s ingle well-establ ished journal ,  
preferably an i n te rna t i ona l l y  leading one. 

The JournaZ of Biotogicat Chemistry (JBCl was found su i tab le  t o  be used as an 
object  f o r  t h i s  study for  several reasons : i t s  leading r o l e  i n  the f i e l d ,  both 
q u a l i t a t i v e l y  and quant i ta t i ve ly ,  and hence, i t s  i n d i s  ensab i l i t y  f o r  every 
s c i e n t i f i c  l i b ra ry ,  i t s  sen io r i t y  (establ ished i n  19057, which enabled a "long 
view" comparison, as wel l  as close f a m i l i a r i t y  w i t h  i t  frm day-to-day work i n  
a b io logy l i b ra ry .  I t  has been presupposed tha t  the JBC patterns of authorship 
might represent and i l l u s t r a t e  l i nes  o f  developnent t yp i ca l  t o  many s c i e n t i f i c  
journals. Recent studies show t h a t  the JBC i s  one o f  the most of ten c i t ed  
s c i e n t i f i c  journals. Garf ie ld 's  c i t a t i o n  analyses ranked the  JBC a t  leas t  
twice i n  the tlrird place i n  the t o t a l  nmber o f  c i t a t i ons  received frwn other 
s c i e n t i f i c  journals. Concerning "impact fac tor "  (average number of c i t a t i o n s  
per published i tem) the JBC ranked i n  the 19th place i n  1969, and i n  the 9th 
place i n  1974. I t  usual ly  has the highest percentage i n  l i s t s  of most c i t e d  
a r t i c l e s  i n  biochemistry 116-181. 

L ike  Henkle El91 i n  1938, Sengupta [201 i n  1968-1970 ranked the JBC a t  the 
top o f  533 journals c i t e d  i n  the AnnuoZ Review of Biochemistry. Analyzing the 
q u a l i t y  of papers i n  Biochimica e t  Biopkysim Acta (BBA),  Sla ter  E l 1  admits 
t ha t  the average c i t a t i o n  frequency o f  an a r t i c l e  i n  BBA i s  below t h a t  o f  the 
JBC, which has been publ ishing more top papers. Comparing the " c i t a t i o n  
impact" o f  e ight  leading "general" biochemical journals i n  1983. S la te r ' s  
tab le  shows JBC's factor (6.11) t o  exceed considerably a l l  others (~iochemistry - 3.84, BBA - 2.54, f o r  example). Out o f  more than 2300 s c i e n t i f i c  journals i n  
1973 checked by Narin [221, the "Inf luence Weight" f o r  the JBC (3.70) was among 
the  highest assigned. 

S ta r t i ng  w i t h  volume no. 1 (1905-1906) the appropriate JBC volunes o f  each 
f i f t h  calendar year up t o  1988 were examined. I n  most volmes the entire 
populat ion of r e  u l a r  (ord inary)  papers was checked. From the  r e s t  (1950, 1955 
and 1975 t o  19883 a systematic sample o f  regular  papers was drawn from each 
volme. When several volumes appeared i n  one calendar year, they were 
considered one volune and a22 regular  papers included i n  than were examined, 
o r  a t  leas t  systematical ly sampled. I n  those few cases o f  a large annual output 
of papers samples were taken, t h e i r  sizes usual ly  varying between 30 t o  70 
percent of the e n t i r e  population, inc lud ing  a t  l eas t  350 papers. 

For each of the papers examined the number o f  authors per paper was recorded. 
"Regular papers" were defPned as ordinary fu l l - length  research a r t i c l es ,  
published i n  the main pa r t  o f  the journal, ezctuding review papers as we l l  as 
a l l  kinds of short publications, such as : "Sc ien t i f i c  Proceedings of the 
ASBC" (up t o  the 19401s), "Letters t o  the Edi tors"  (1939-1949). "Preliminary 
Comnunications" (1960-19651, and "Cmunica t ions"  (1966 on). 
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FINDINGS 

Table 1 shows very c l e a r l y  t ha t  there has been a c lear-cut  t rend towards 
mu l t i p l e  authorship i n  papers published i n  the  JBC since i t s  founding i n  1905. 
This t rend i s  r e f l ec ted  i n  both the measure o f  the  average number o f  authors 
per paper, as we l l  as i n  the  proport ion o f  single-authored papers among the 
t o t a l  amount o f  papers published. I t  has been shown by us elsewhere 1231 t ha t  
both measures should be used when checking the mu l t i p l e  authorship patterns 
i n  a ce r t a i n  f i e l d .  

The f o n e r  measure shows tha t ,  except f o r  1960, there has been a consistent and 
steady increase, almost a three- fo ld one, from 1.36 i n  1905-1907 t o  3.83 i n  
1988. The ra te  of t h i s  increase, however, was not  even. The f igures i n  Table 1 
ind ica te  t h a t  the main upward changes i n  mu l t i p l e  authorship patterns occurred 
between 1910 t o  1915, 1920 t o  1925, 1935 t o  1940, and f r a n  1970 on consecuti- 
vely. 

Concerning the second measure, i t  i s  obvious t h a t  between 1910 and 1980 (w i t h  
the exception o f  1945 and 1960) there has been an almost consistent, and 
sometimes sharp, decl ine i n  the proport ion o f  single-authored papers, from 
about 67 % t o  3.5 %. O r ,  using Subramanyam's [71 measure, we may say t ha t  the 
" r a t i o  of co l laborat ion"  rose f r o m  33 % i n  1910 t o  96.5 % i n  1980. But, again, 
the ra te  of t h i s  marked decl ine i n  s ing le  authorship was uneven. The f i  ures 
ind ica te  t h a t  the main decreases occurred between 1910 t o  1915 (-22.6 %3, 1920 
t o  1925 (-12 %),  1930 t o  1940 (-11 $1, 1945 t o  1950 (-9.2 %) ,  and between 1960 
t o  1975 (-10 %) .  During other  periods the proport ion o f  single-authored papers 
remained f a i r l y  stable, o r  even rose s l i g h t l y  but  i n s i g n i f i c a n t l y  (1920, 1930, 
1960). Between 1950 and 1960, f o r  example, changes were marginal. 

In te res t ing ly ,  the  f igures  f o r  the  recent 15 years (from 1975 on) do not  
substantiate the  c la im f o r  an imninent ex t i nc t i on  o f  the  single-author paper 
as fa r  as the JBC i s  concerned. However, concurrently, both the annual means 
and the frequency d i s t r i bu t i ons  o f  themul t i -author  categories show, from 1975 
on, a c lear-cut  p reva i l i ng  t rend towards a greater number o f  authors per paper. 
Nevertheless, there s t i l l  sems t o  e x i s t  a ce r t a i n  proport ion, though 
r e l a t i v e l y  small (+ 4 %) o f  s ing le  research, stubbornly pe rs i s t i ng  and refus ing 
t o  disappear from €he JBC pages. Remarkably, the proport ion o f  papers signed by 
two authors remained f a i r l y  s tab le  dur ing most of the  long period under study 
(1915 t o  1970, w i t h  the exception o f  1940 and 1945) f luc tua t ing  between 47 and 
51 percent. I n  1975, however, t h e i r  proport ion f e l l  t o  41 %, which may ind ica te  
the end o f  a long-term steady-state, wh i le  papers w i t h  three o r  more authors 
comprise i n  t h a t  year more than 53 % o f  the t o t a l  (as compared t o  only 39 % 
i n  1970). 

S imi la r l y ,  the  proport ion of three-author papers remained f a i r l y  s tab le  dur ing 
1940-1970 (again, except fo r  1945) f l uc tua t i ng  around 25 %, and r i s i n g  t o  
30.5 % only i n  1975. Likewise, papers o f  two o r  three authors, which comprised 
most of the populat ion (about 75 %) throughout 1950 t o  1970, gradual ly  dropped 
t o  70 % i n  1975, 68 X (19801, 62 % (1985). and then t o  only 46 % i n  1988. Thus, 
i t  seems t h a t  the  major recent change i n  authorship patterns s ta r ted  between 
1970 and 1975. 

RECENT TRENDS 

Sumnarizing pa r t  o f  Table 1, Table 2 points out  another facet  o f  the major 
changes occurr ing f r o m  1975 on. 

The proport ion o f  papers w i t h  up t o  three authors dropped f r o m  86 % i n  1970 
t o  50 % i n  1988, wh i le  those papers w i t h  f o v  o r  more authors increased almost 
f o u r f o h i ,  comprising m r e  than h a t f  o f  the  sample i n  1988. 



lmber o f  
juthors 
,er Paper 

?roportion o f  
lulti-Authored 
'apers 

lean Nmber o f  
\ u t b r s  per 
'aper 

;ire o f  Sample 
!NO. o f  Paperr 
.hecked) 

;ire o f  Ent i re  
bpu la t ion  

Table 1 : Nmber o f  Authors per Paper i n  the Journal o f  Biological  Chemistry (JBC) 
( i n  % of t o t a l  papers published i n  the JBC during t h a t  year)  

Since the  annual nunber of papers published was r e l a t i v e l y  smal l ,  two consecutive volunes have been checked 
i n  t h e i r  e n t i r e t y .  
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Table 2 : Nunber o f  Authors per Paper i n  the JBC ( i n  % of t o t a l  papers 
published i n  the JBC dur ing t h a t  year) 

Nunber Of  Authors 
per Paper 

Up t o  3 

4 o r  more 

Total 

The very recent 1988 f igures  c l e a r l y  ind ica te  that ,  wh i le  single-author papers 
s t i l l  hold a r e l a t i v e l y  small but  unchanged proport ion o f  the  population, 
papers signed by two o r  three authors are dropping fas t ,  leaving the  scene f o r  
papers by four authors o r  more. I n  a matter o f  three years the proport ion o f  
the l a t t e r  ones increased f r o m  34 % t o  50 %, i nd i ca t i ng  an accelerat ing r a t e  
o f  growth. The main accelerat ion occurred i n  the proport ion o f  papers by five 
o r  more authors. As shown i n  Table 2, the f ive-year r a te  o f  growth o f  t h e i r  
proport ion increased frm 1.38 t o  1.53 and then t o  1.76. The l a t t e r  f igure  
re fe rs  t o  a period of,.three years only,  between 1985 and 1988. Measured i n  
1990, f o r  a f u l l  period o f  f i v e  years i t  w i l l  probably be even higher 

5 o r  more 

DISCUSSION 

1970 

86.3 

13.7 

100% 

The f indings presented i n  Tables 1 and 2 ind ica te  t h a t  : 

1. The not iceable decl ine i n  the proport ion o f  single-authored papers has been 
ongoing, but a t  a slower pace than t h a t  predicted by Pr ice  [I]. The s ingle-  
author paper was e x t i n c t  ne i ther  by 1980, nor  by 1988. Even though i t  has 
dropped i n  the recent decade t o  a very low proport ion (2 4 %) i t s  rates i n  
1985 (4.2 %) and even i n  1988 (3.9 %) are s t i l l  s l i g h t l y  higher than i n  
1980 (3.5 %), and no i nd i ca t i on  o f  an approaching ex t i nc t i on  i s  t o  be seen. 

2. Table 1 long-term f igures  do not support a t  a l l  Meadows' [ I 01  S-shaped 
curve model f o r  the  behavior o f  the  proport ions o f  singte-author papers. 
Neither the  pre l iminary slow decl ine period, nor  the  fo l low ing  one o f  
"very rap id  decrease" are ind ica ted  by our data. The on ly  pa r t  of the model 
which i s  confirmed i s  the f i n a l  t h i r d  e r iod  dur ing which the curve f l a t t e n s  
o f f  a t  a much lower leve l  (see 1980 on!. However, Meadows t a l ks  about a 
decl ine from 90 % i n  the f i r s t  phase t o  less than 20 % i n  the l a s t  phase, 
vs. a decrease from about 65 % t o  about 4 9 i n  our  data. This means a 
f l a t t en ing  o f f  on a much lower leve l  than predicted by Meadows [ l o ] .  
Our data suggests a ra ther  d i f f e r e n t  model which might be ca l l ed  "Steps 
model" o r  " s t a i r s  model" expressing an i t e r a t i v e  pa t te rn  characterized by 
a steady-state f o r  a 10-15 year period, then a sharp decrease, then again 
10-15 s tab le  years, fol lowed again by a sharp decl ine, and so on. 

3. Pr ice 's  Ill second pred ic t ion  has been o v e r f u l f i l l e d  as f a r  as the JBC was 
concerned. The proport ion of papers by three o r  more authors passed the 

4.6 

1975 

77.1 

22.9 

100% 

Rate of Growth of 
t h e i r  Proport ion 

8.3 

1980 

71.3 

28.7 

100% 

1.80 

11.5 

1985 

65.8 

34.2 

100% 

1.38 

1988 

49.9 

50.1 

100% 

17.6 30.9 

1.53 1.76 
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50 % mark already i n  1975, f i v e  years e a r l i e r  than predicted. I n  1985 they 
amounted t o  63.5 I .  I n  fact,  when making h i s  p red ic t ion  (1960) the proport ion 
o f  such papers was already much higher among the  JBC papers (36 %)  than among 
the Chemical Abstmcts papers (25 %). I n  view o f  the very recent accelerated 
growth i n  the  proport ions o f  the "upper" categories ( f i v e  authors o r  more) 
i t  i s  d i f f i c u l t  t o  challenge Pr ice 's  p red ic t ion  t h a t  "if the t rend holds... 
we sha l l  move s tead i l y  toward an i n f i n i t y  of authors per paper". I t  i s  worth 
no t ing  t ha t  the proport ion o f  e igh t  o r  more-authored papers has reached i n  
1988 the proport ion o f  single-authored papers (3.9 %). 

4. Table 1 f igures show a steady, though sometimes slow, growth of the  average 
nunber of authors per paper throughout the  long period under study. Although 
differences between averages of c lose periods might be s t a t i s t i c a l l y  
i n s i g n i f i c a n t  (as happened t o  Subramanyam and Stephens [15l),  the  long-term 
growth t rend i s  indisputable, espec ia l l y  i f  one looks a t  recent averages. 
The consistent growth of the  average f r a n  2.34 t o  3.83, between 1960 t o  1988, 
an increase of about 64 % does not  leave any more room f o r  doubt regarding 
the s igni f icance of the change. Likewise, the 1980 average o f  3.04 refutes 
the  2.30 f i g u r e  predicted by Clarke t81 f o r  biomedical research papers i n  
1980. 

5. At  the present rate, if i t  took about 60 ears f o r  t h i s  measure t o  double 
i t s e l f  ( f rom 1.57 i n  1920 t o  3.04 i n  19807, i t  might take approximately 
another 60 years for i t  t o  double i t s e l f  again, reaching an average of 6 
authors per paper towards the year 2040. However, the 1985 f igures  f o r  
papers signed by s i z  o r  more authors ind ica te  an accelerated growth. The 
proport ion o f  such papers increased almost seven-fold w i t h i n  15 years : 
from 1.5 % only i n  1970 t o  4 % i n  1980 and t o  10 % i n  1985. The f i r s t  h a l f  
o f  the  present decade alone shows a s i gn i f i can t  increase o f  150 % i n  t h e i r  
proport ion, as we l l  as a s i gn i f i can t  increase i n  the  proport ion of papers 
signed by e i gh t  o r  more authors. The l a t t e r  junped up from a neg l i g i b l e  
f rac t ion  i n  1980 (0.4 %) t o  almost 4 % i n  1988. Thus, a doubling o f  the 
average t o  s i x  authors per paper might precede 2040. 

6. Hence, i t  may be sa id  t h a t  our data support ne i t he r  Meadows' [ I01  
supposit ion regarding a f i n a l  steady-state d i s t r i b u t i o n  of mu1 t i -authored 
papers, nor Beaver and Rosen's [61 p red ic t ion  concerning the  r a p i d l y  
a ~ ~ r o a c h i n a  sa tu ra t ion  l i m i t .  The 1980's f iaures, and e s ~ e c i a l l v  the . . 
means, c l e a r l y  ind ica te  t h a t  the  d r i ve  towa;ds more and more authors per 
paper i s  s t i  11 continuing, and even accelerat ing. 

7. Data fran Table 1 f a r  f r a n  f u l l y  substantiates Meadars' [ I01  r u l e  ( fo l low ing  
Pr ice 's  [ I 1  f i n d i n g  f o r  Chemical Abstmcts)  c la iming t h a t  the  higher the  
m u l t i p l i c i t y  o f  authorship, the  lower the proport ion o f  papers published 
w i t h  t h a t  nunber o f  authors, but  the  f as te r  i t s  r a te  o f  accelerat ion. Our 
data indeed supports i t s  f i r s t  par t ,  t h a t  the  higher the  nmber of authors 
per paper, the  lower the proport ion o f  such papers (even though recent data 
indicates t h a t  even t h i s  p a r t  o f  the r u l e  might not  be t r u e  f o r  ce r t a i n  
categories i n  the near f u tu re  since the  gap between the proport ions of 
three-author and two-author papers has been narrowing s tead i l y ) .  

The second p a r t  o f  Meadows' ru le ,  however, i s  not  supported by our data. 
Besides the  very recent 1980's even growth i n  the  proport ion o f  f i ve -or -  
more-author papers discussed above, the  f igures i n  Table 1 show t h a t  dur ing 
a great pa r t  o f  the  period under study the  proport ion o f  three-author papers 
was not growing more r a p i d l y  than the  proport ion o f  two-author papers, and 
the same i s  t r ue  fo r  the behavior o f  the  other categories. It seems t h a t  
the " terrace model", proposed above f o r  the  behavior o f  the single-author 
proport ions, represents f a i t h f u l l y  a lso the  long-term behavior of the  
mul t i -author  categories presented i n  Table 1. 
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COMPARISON TO OTHER FIELDS 

Table 3 presents i n  descending order  mean values o f  authorslpaper found i n  
about s i x t y  various subject  f i e l d s ,  i n  t h e  sciences, t h e  s o c i a l  sciences and 
the  h m a n i t i e s ,  throughout 1950 t o  1980. Most f i g u r e s  were taken ou t  o f  former 
studies, and i n  several cases i t  was necessary t o  ca lcu la te  the  mean ou t  of 
raw data found. I n  many o ther  cases, however, main ly  i n  s o c i a l  sciences and 
humanities f i e l d s ,  the  sources f o r  the  mean f i g u r e s  were our o r i g i n a l  un- 
publ ished data. Unfortunately, the  t a b l e  i s  incomplete s ince i n  many cases 
f igu res  were ava i lab le  f o r  o n l y  a p a r t  o f  the  period. 

Such c m p a r a t i v e  data should usua l l y  be t rea ted  w i t h  a considerable amount of 
caut ion due t o  d i f fe rences  i n  sources of samples ( i  .e. j ou rna ls ) ,  i n  methods 
and i n  scopes o f  subject  f i e l d s  involved. Besides t h e  expected sampling e r ro r ,  
these d i f fe rences  are probably t h e  main reason f o r  most o f  the  discrepancies 
i n  ra tes  found f o r  t h e  same f i e l d  i n  t h e  same year. However, w i t h  a l l  due 
caution, several po in ts  might  be ind ica ted  from Table 3. 

1. There i s  a c l e a r  concentrat ion o f  s c i e n t i f i c  f i e l d s  a t  the  top  of t h e  t a b l e  
vs. s i m i l a r  concentrat ion o f  the  s o c i a l  sciences towards i t s  bottom, 
marking considerable d i f fe rences  between means der ived f r a n  each o f  these 
groups o f  f i e lds .  I n  f a c t ,  Zuckerman [91 s tudy ing Nobel laureates i n  the  
United States, has reached a s i m i l a r  conclusion by comparing percentages 
o f  mul t i -authored papers i n  var ious f ie lds .  However, her data reached 
only  up t o  1959, and inc luded on ly  a few f i e l d s  from each o f  the  th ree  broad 
areas of knowledge, w h i l e  Table 3 i s  more cmprehensive, i n c l u d i n g  many more 
subject  f i e l d s  and i n d i c a t i n g  the  existence o f  wide v a r i a t i o n s  among the  
sciences themselves (see 2). These v a r i a t i o n s  can hard ly  be considered 
"minor", as claimed by Pr i ce  and Beaver [361. 

Table 3 r e f l e c t s  the  fact  t h a t  i n  i t s  "upper" f i e l d s  research i s  
character ized by work teams operat ing i n  e laborate labora to r ies  t h a t  
requ i re  complex equipment, extens ive funding, and a d i v i s i o n  of labor. 
On t h e  o ther  hand, research i n  those f i e l d s  located a t  t h e  bottom o f  the  
t a b l e  i s  most ly  done by i n d i v i d u a l s  working alone, and u s u a l l y  w i t h  no 
need f o r  expensive research equipnent. 

According t o  an unpublished study by H i rsch  and Singleton I361 c o n f i n e d  
l a t e r  by others [6, 15, 351, t h e  prevalence o f  m u l t i p l e  authorship i n  a 
f i e l d  i s  c l o s e l y  r e l a t e d  t o  t h e  amount of f i nanc ia l  support - government, 
foundation, o r  p r i v a t e  - i v e n  t o  t h e  research producing these papers. 
Subramanyam and Stephens !I51 are apparent ly r i g h t  when assuming t h a t  teams 
o f  researchers have a greater  "pul l ing-power" than i n d i v i d u a l  ones i n  
a t t r a c t i n g  external  funding f o r  research. The extens ive funding and 
d i v i s i o n  o f  l abor  needed f o r  t h e  operat ion of e laborate laborator ies,  
w i t h  t h e i r  complex equipnent r e f l e c t s  s o c i a l  recogn i t i on  o f  the  u t i l i t y  
o f  science [61. Thus i t  can be sa id  t h a t  t h e  descending order  of t h e  
f i e l d s  l i s t e d  i n  Table 3 r e f l e c t s ,  a t  l e a s t  p a r t l y ,  s o c i a l  recogn i t i on  of 
t h e i r  u t i l i t y .  

2. Some science and technology f i e l d s  have a r e l a t i v e l y  low r a t e  o f  authors1 
paper, as a l ready ind ica ted  by Beaver and Rosen's f i n d i n g s  f o r  1970. One 
may f i n d  i n  t h i s  l i s t ,  besides mathematics and computer science, technology 
f i e l d s  l i k e  meta l lu rgy  and mining, aerospace research and aeronautics, 
a g r i c u l t u r e ,  e lec t ron ics ,  engineering and t h e  l i k e .  However, w h i l e  Beaver 
and Rosen's l i s t  was l i m i t e d  main ly  t o  f i e l d s  i n  science and technology, 
Table 3 by incorpora t ing  an equa l l y  long l i s t  o f  s o c i a l  science f i e l d s  
(marked by * ) ,  c l e a r l y  ind ica tes  a " t w i l i g h t  zone" i n  which sane "upper" 
soc ia l  science f i e l d s  rank h igher  than some science and technology f i e l d s  
which a re  r e l a t i v e l y  "lower" among t h e  sciences l i s t .  Thus, psychology and 
psych ia t ry  rank higher than meta l lurgy,  ag r i cu l tu re ,  botany, and e lec t ron ics ;  
s o c i m e t r y  ranks higher than geophysics and computers; and wanens' s tud ies 



Table 3 : Mean Number o f  Authors per Paper i n  Various Subject Fields 

Subject F ie ld  

Lunear Research [241 

Medicine L2.3.25-271 

Health Physics 1281 

Cardiovasc. Sys. [61 
Chest [291 
Astronomy [10,301 
(observational) 
Drug Li terature [31-321 

JBC 

Cancer [61 

Biochemistry [14,15,331 
Chemistry r1.6.33-361 

Bimedical  Literature 181 

Physiology [291 

Biochemistry 16,291 
Medicine [6,371 

Microbiology 16,381 

Nuclear Sci. & Techn. [61 

Physics 16.33.391 
Biology (6,351 
Chemical Engineering 16,151 

Pulsars research [ I01 
Genetics [331 
Cont. 



Multiple Authorship in Biochemistry and Other Fields 383 



Table 3 : Continued 

Subject Fie ld 

* Geography [371 
Engineering [61 
Aeronautics [61 
Mathematics [6,37,471 

* Library Science [45,371 
* Social  Work [14,371 
* Sociology f14.371 
* Urban Studies [371 
* P o l i t i c a l  Science [351 

Education [6,371 
* Archaeology [371 
* Anthropology 1371 

Musicology [I31 
* Economics [14,371 

Bibl ical  Studies [37,461 
History [371 
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and cr iminology rank h igher  than engineering, aeronautics and mathematics. 

The r e l a t i v e l v  h ioher  rank o f  osvcholoav and osvchiat rv  mav be r e l a t e d  t o  
the  f a c t  that-som; o f  t h e i r  sub-Pields-'belong; i n  fact; moFe t o  t h e  sciences. 
Gerontology, ecology, and environmental sciences probably owe t h e i r  r e l a t i v e l y  
h igh  rank t o  t h e i r  being i n t e r d i s c i p l i n a r y  f i e l d s  i n  nature, r e l y i n g  t o  a 
great  ex ten t  on several f i e l d s  f ran t h e  sciences, e s p e c i a l l y  medicine. 

3. Remarkably, the  JBC papers fea tu re  very h igh ra tes  o f  authorslpaper, p lac ing  
them c l e a r l y  among t h e  medical f i e l d s .  To what ex ten t  do these ra tes  r e f l e c t  
the  s i t u a t i o n  i n  t h e  whole f i e l d  o f  biochemistry? Some answer might  be given 
by the  ra tes  found i n  former s tud ies o f  biochemistry f14.151 dur ing  a much 
shor te r  per iod (1965-1980), which y ie lded  f a i r l y  close, though somewhat 
1 ower rates. 

Assuming t h a t  Pr i ce  [481 was r i g h t  i n  s t a t i n g  t h a t  the  amount o f  m u l t i p l e  
authorship measures t h e  economic value accorded t o  each f i e l d  by soc iety ,  
one may conclude t h a t  the  economic value a t t r i b u t e d  by soc ie ty  t o  the  
f i e l d s  of medicine and biochemistry i s  r e l a t i v e l y  h igher  than most o ther  
f i e l d s  of study and research. Remarkably, t h e  associat ion found by Heffner 
[351 between f i n a n c i a l  support and c o l l a b o r a t i o n  was p a r t i c u l a r l y  s t rong  i n  
b i o l o g i c a l  science and chemistry, as compared t o  the  o ther  two d i s c i p l i n e s  
he checked ( p o l i t i c a l  science and psychology). S i m i l a r l y ,  K u l l  's f i nd ings  
[381 for  the  JounaZ of BacterioZog?l f o r  1950-1963 show c l e a r l y  (though no t  
associated e x p l i c i t l y  by him) a growing increase both i n  m u l t i p l e  author- 
sh ip and i n  the  p ropor t ion  o f  papers c i t i n g  grant  support. The l a t t e r  
propor t ion grew from 38 % i n  1950 t o  64 % i n  1963. Lindsey [ I 4 1  found 74 % 
o f  the  a r t i c l e s  i n  biochemistry i n  1970-1975 acknowledging ou ts ide  funding. 

The f a c t  t h a t  JBC papers are r e l a t i v e l y  more mul t i -authored than a pooled 
sample [141, o r  a sample o u t  o f  t h e  journal  Biochemistrg [151, might  
ind ica te  a r e l a t i v e l y  l a r g e r  share o f  the  JBC i n  the  more soph is t i ca ted  
and expensive ' b i g  science' research, r e q u i r i n g  extensive equipment and 
l a r g e r  teams o f  researchers. 

Having r e l a t i v e l y  more mul t i -authored papers, might be r e l a t e d  t o  t h e  f a c t  
t h a t  t h e  JBC has been, and s t i l l  i s ,  considered a h i g h l y  p res t ig ious  
journal ,  w i t h  r igorous e d i t o r i a l  p o l i c y  and referees and a h igher  r e j e c t i o n  
rate.  S l a t e r  1211 o f  BBA, admits t h a t  the  JBC has been pub l i sh ing  "more top  
papers than BBA" dur ing  recent  decades. Zuckerman and Merton [491 fo l lowed 
by Presser [501, have a l ready found t h a t  mul t i -authored papers have a b e t t e r  
chance of being accepted than single-authored papers. 

Oromaner [511 has a l ready found f o r  the  th ree  most prominent American 
soc io log ica l  j ou rna ls  t h a t  mul t i -authored papers are somewhat more l i k e l y  
t o  have a higher impact than are single-authored papers. Lindsey [ I 4 1  found 
for  biochemistry t h a t  t h e  " in f luence o f  c o l l a b o r a t i o n  i s  t o  increase the  
nunber o f  c i t a t i o n s ' '  a t t r a c t e d  by a c e r t a i n  paper, up t o  f o u r  authors when 
c i t a t i o n s  appear t o  reach a p la teau and descend. Now, t h e  f a c t  t h a t  JBC 
" c i t a t i o n  impact" ( i n  1983 f o r  example) was found t o  be about tw ice  as much 
(6.11) than those found f o r  seven o ther  leading "general" biochemical 
j ou rna ls  Ell, coupled w i t h  our f i n d i n g  regarding i t s  higher p ropor t ion  o f  
mul t i -authored papers, might  prov ide add i t i ona l ,  al though i n d i r e c t ,  
evidence t o  the  r e l a t i o n s h i p  between m u l t i p l e  authorship and c i t a t i o n  
impact. One may wonder whether t h i s  f i n d i n g  does no t  r e f l e c t  the  "v ic ious 
cyc le"  phenomenon, i n  which t o p  q u a l i t y  papers s u h i t t e d  t o ,  and publ ished 
by, a c e r t a i n  jou rna l  r e s u l t  i n  a h igher  " c i t a t i o n  impact", and t h i s  l a t t e r  
f a c t o r  i n  turn,  spurs t h e  s u h i s s i o n  o f  more t o p  q u a l i t y  papers t o  t h i s  
h i g h l y  c i t e d  jou rna l .  I n  fac t ,  i t  seems t o  i l l u s t r a t e  once more t h e  
"success-breeds-su~cess" phenomenon a l ready discussed i n  the  l i t e r a t u r e  
[52,531. 
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4. The f igures o f  the  socia l  sciences f i e l d s  fo r  which long-term data were 
avai lable, ind ica te  a growth of the rates there too, although a t  a slower 
place compared t o  the sciences, especia l ly  i n  recent years. 

5. As i s  we l l  known, Hagstrom [541, Storer [551, and Pr ice [481 proposed 
several d i s t i nc t i ons  between "hard" and "sof t "  sciences. Price, i n  fact,  
re jected the  idea of using the  proport ion of mult i-authored papers i n  a 
f i e l d  as a measure of i t s  "hardness". I n  h i s  opinion, a s o f t  subject  h igh ly  
subsidized would become as co l labora t i ve  as high energy physics, and he 
conjectured ( i n  1970) t h a t  "it would be i n te res t i ng  t o  see what happens 
t o  urbanology". Meadows [ l o 1  however, proposed ( i n  1974) t h a t  mu l t i p l e  
authorship sews t o  be one o f  the factors re la ted  t o  the "hardness" o f  a 
f i e l d .  

Generally speaking, Table 3 figures and order tend t o  support Meadows' 
proposi t ion ra the r  than Pr ice 's ,  notwithstanding some exceptions l i k e  
computer science which rates f a i r l y  low i n  our table, but  i s  h igh on Pr ice 's  
Index (percent of a l l  references dated w i t h i n  the l a s t  5 years) [481. Our 
data also general ly corroborates S torer ' s  [551 c l ass i f y i ng  table. 
(measuring the proport ion o f  papers using i n i t i a l s - o n l y  footnotes i n  
various f i e l ds )  w i t h  the exception o f  economics and botany which r a t e  
higher there. However, Pr ice 's  [481 tab le  o f  the proport ion o f  Ph.D. 
graduates employed i n  col lege o r  un ivers i ty  presents too many exceptions 
t o  our data. Engineering, psychology, botany and mathematics which are low 
i n  our  table, are considered hard sciences according t o  Pr ice 's  tab le  wh i le  
the biosciences which r a t e  ve.ry high i n  our tab le  are f a i r l y  low i n  Pr ice 's  
table, very c lose t o  the  soc ia l  sciences and the humanities. 

It i s  worth no t ing  t h a t  Pr ice 's  aforementioned conjecture regarding 
urbanology has not come through yet ,  as shown by i t s  r e l a t i v e l y  low rates 
presented i n  our table.  However, no f im conclusion can be reached u n t i l  
de ta i led  data i s  co l lec ted  regarding the amount of subsidy ( i .e. research 
grants) t h i s  f i e l d  has been ge t t i ng  dur ing recent decades. 

I n  s m a t i o n ,  t o  the extent t ha t  the JBC represents other  f i e l d s  o f  science, 
there i s  y e t  no i nd i ca t i on  t h a t  the mu l t i p l e  authorship t rend i s  coming t o  
an end. Evidently, a s i m i l a r  t rend i s  observed i n  the soc ia l  sciences. Yet, 
fu r ther  long-term studies are needed i n  other  f i e l d s  o f  the sciences, the 
soc ia l  sciences, and the humanities i n  order t o  es tab l i sh  the long-term 
t rend f o r  each. 

The authors are g ra te fu l  t o  Dr. Henry Knopf, senior  l i b r a r i a n  a t  Bar- I lan 
Univers i ty ,  f o r  h i s  k ind  assistance i n  s t y l i n g  t h i s  a r t i c l e .  
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