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Abstract 

Seven b ib l iographies frm the f i e l d s  o f  medicine, physics and socia l  
sciences were used. The authors were c l a s s i f i e d  by groups i n  
accordance w i t h  the number o f  publ icat ions per author. Studies 
were made t o  d e t e n i n e  the s t a t i s t i c a l l y  expected number o f  
coauthorships by proceeding f r a n  assuming an independence o f  
coauthorship between authors from the number o f  t h e i r  publ icat ions.  

Hypothesis : The proport ion o f  the  sum o f  coauthorship found between 
authors w i t h  the  same number o f  publ icat ions t o  the sun o f  the 
s t a t i s t i c a l l y  expected one i s  l a rge r  than t he  proport ion of the sum 
of coauthorships found between authors w i t h  a d i f f e r e n t  number o f  
publ icat ions t o  the sum o f  the s t a t i s t i c a l l y  expected one. This 
hypothesis could be v e r i f i e d  i n  a l l  seven b ib l iographies.  
Coauthorships between authors do not come i n t o  being independently 
of the  nwnber o f  t h e i r  publ icat ions, i .e. o f  t h e i r  soc ia l  ranks. 

INTRODUCTION 

"One o f  the most notable changes i n  the soc ia l  organization o f  s c i e n t i f i c  
research i n  the  twent ieth century has been the rap id  spread of co l labora t i ve  
research and teamwork... Since World War I, the prac t i ce  o f  co l labora t i ve  
research has grown a t  a markedly increased rate,  compared w i t h  i t s  slow 
progress i n  the  nineteenth and ea r l y  twent ieth centuries... World War I 1  
witnessed the emergence of the large team, i n  c lose associat ion w i t h  the  
developnent of B ig  Science... today, j o i n t  research has become the model forin 
of s c i e n t i f i c  i nqu i r y "  11, p.141. 

Thus, a t  present i t  i s  necessary t o  f i n d  measurable r egu la r i t i e s  between 
s c i e n t i f i c  p roduc t i v i t y  and the scope o f  co l labora t i ve  research L21. 

D. de So l la  Pr ice [31 ind icated the re la t ionsh ip  between the  importance of the 
s c i e n t i s t  and the logar i thm o f  the number of papers he has published dur ing  
h i s  l i f e .  

As a ru le ,  sc i en t i s t s  who publ ish a la rger  number of publ icat ions dur ing the  
course o f  t h e i r  l i ves ,  publ ish a lso  more, w i t h i n  a l im i t ed  period o f  time, 
than other sc i en t i s t s .  So i t  i s  t o  be assumed t h a t  the  rank o f  a s c i e n t i s t  
i s  a lso  influenced, i n  a tendency-like manner, by the number o f  publ icat ions 
he publishes w i t h i n  the  period of t ime concerned. 

According t o  a general soc ia l  psychology theory 141, groups w i t h  a rank order 
show less distance between members w i t h  the  same rank than between d i f f e r e n t  



ranks, i.e. the frequency of contacts between partners w i th  the same rank i s  
highest and decreases w i th  the growing distance between the ranks. It i s  
important t o  rea l ise  that  t h i s  s t r a t i f i c a t i o n  form i s  generally v a l i d  fo r  any 
groups w i th  rank orders. This means that  the performance of such groups as a 
whole i s  increased by t h e i r  s t r a t i f i c a t i o n .  S t ra t i f i ca t i on  appears t o  be an 
optimun fotm o f  contacts among the group members, whereby not only the more 
frequent contact between group members of the same rank i s  o f  importance but 
also less contact between the group members o f  d i f f e ren t  ranks. Only i n  t h i s  
case the group as a whole exists. 

I n  t h i s  sense, the rank of an author was detennined by the nunber o f  h is  
publications i n  the analysis o f  coauthorships, and coauthorships of sc ient is ts  
expressed t h e i r  contacts. The fac t  was investigated whether the structure of 
coauthorships was i n  l i n e  w i t h  the social  psychological theory mentioned 
above. 

METHODS 

The subject of study were publications e i ther  i n  one per iodical  o r  o f  one 
oroblem area o r  special ty respectively w i th in  a f ixed period o f  time. Both a l l  
single-authored, and al l-mult i-authored papers were investigated. 

The nunber of publications per author was ascertained frm a bibliography i n  
accordance to the "normal count procedure". Notmal count, leading t o  f u l l  
authorship, gives f u l l  c r e d i t  t o  a l l  contributors because each appearance of 
the author's name i n  the by- l ine i s  counted. 

The authors were c lass i f ied  by groups according t o  the number of publications 
per author, tha t  i s ,  a l l  authors w i th  the same nunber of publications are 
cmbined i n  one group. The matrix o f  re lat ions between coauthors can be 
established by two d i f f e ren t  methods : 

1. The resu l t  i s  a symnetric matrix under the condit ion tha t  the place which 
a coauthor i s  given i n  the order o f  coauthors o f  an a r t i c l e  i s  not of 
importance. 

2. The resu l t  i s  a non-symnetric matrix under the condit ion tha t  t h i s  order 
of places i s  taken i n t o  account. 

An example i s  used t o  demonstrate the elaboration both of a symet r i c  and of 
a non-symnetric matrix. The bibliography o f  a r t i c l es  o f  the four authors A, 
0, C and D i s  given. The "normal count procedure" i s  used t o  f i n d  the number 
o f  publications per author i n  t h i s  bibliography. I n  the following, t h i s  
number i s  given i n  brackets behind the name o f  the authors concerned. 

The authors were represented as coauthors i n  a determined order. 
Bibliographies (without headlines o f  a r t i c l es )  : 

When establishing the matrix o f  re lat ions between coauthors, those authors 
are t o  be cal led "collaborating authors" who are t o  be the viewpoints for 
considering relat ions t o  o t h y  authors. The authors t o  whm these relat ions 
go are ca l led  "collaborators . A collaborating author i s  t o  be given the rank 
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i according t o  the number of h i s  publ icat ions. A co l labora to r  i s  t o  be given 
the rank j according t o  the  nunber o f  h i s  publ icat ions. I n  the example, the 
number o f  publ icat ions i s  t o  be equal t o  the rank. The authors A(1) and B(1) 
are combined i n  a group w i th  the  rank i = j = 1. Author C(3) i s  i n  the group 
w i t h  the  rank i = j = 3, and author D(4) i s  i n  the  group w i t h  the  rank 
i = j - 4 .  

Symnetric matr ix  : 
When author A and author B publ ish an a r t i c l e  together, t h i s  r e l a t i o n  between 
them i s  recorded i n t o  the mat r i x  twice - once fran the  viewpoint o f  author A 
i n t o  the d i r ec t i on  of author B, and once fran the viewpoint of author B i n t o  
the  d i r ec t i on  o f  author A. This p r i nc i p l e  i s  analogously continued when more 
than two authors publ ish a paper together. 

Thus the  fo l low ing  re l a t i ons  f o r  the  f i r s t  a r t i c l e  appear i n  the  f i r s t  matr ix  
(symnetric matr ix ,  c f .  Table 1) : 

- from the viewpoint o f  author A ( l ) ,  t h a t  i s ,  from the co l labora t ing  author 
A(1) : one r e l a t i o n  t o  C(3), one t o  B(1), one t o  D(4) 

- from the viewpoint o f  the  co l labora t ing  author C(3) : one r e l a t i o n  t o  A ( 1 ) ,  
one t o  B(1) and one t o  D(4) 

- from the viewpoint o f  the co l labora t ing  author B(1) : one r e l a t i o n  t o  A(1), 
one t o  C(3), one t o  D(4) 

- from the  viewpoint o f  the  co l labora t ing  author D(4)  : one r e l a t i o n  t o  A(1), 
one t o  C(3), one t o  B(1). 

The re la t ions  of the second a r t i c l e  were added t o  t h i s  matr ix  : 

- from the viewpoint o f  the  co l labora t ing  author D(4) : one r e l a t i o n  t o  C(3) 

- from the  viewpoint o f  the  co l labora t ing  author C(3) : one r e l a t i o n  t o  D(4). 

Table 1 : Mat r i x  o f  r e l a t i ons  through co-authorships, 
symnetrized mat r i x  

i ,j - rank o f  authors 

I n  case o f  a la rger  number o f  mult i-authored papers, t h i s  p r i nc i p l e  would be 
appl ied respect ive ly .  The nuaber o f  re la t ions  d i rec ted  frcin co l labora t ing  
authors w i t h  the rank i t o  col laborators w i t h  the  rank j i s  ca l led  C.. 

1 5 '  

Non-symnetric mat r i x  : 
When author A and author B publ ish an a r t i c l e  together, t h i s  r e l a t i o n  between 
them i s  registered i n t o  the mat r i x  only once, t h a t  i s ,  f r a n  the  viewpoint o f  
the author who i s  above the  other author i n  the order o f  places o f  coauthors. 

That 's why the second mat r i x  (non-symmetric matr ix, c f .  Table 2)  contains the  
fo l low ing  re l a t i ons  f o r  the f i r s t  a r t i c l e  : 



Table 2 : Non-symnetrical mat r i x  

i,j - rank o f  authors 

- from the  viewpoint o f  the co l labora t ing  author A(1) : one r e l a t i o n  t o  C(3). 
one t o  B(11, one t o  D(4) 

- from the  viewpoint of the  co l labora t ing  author C(3) : i n  contrast  t o  the  
symmetric matr ix ,  only  t o  col laborators who were represented behind him, 
t h a t  i s ,  one r e l a t i o n  t o  B(1), one t o  D(4) 

- from the  viewpoint o f  the co l labora t ing  author B(1) : one r e l a t i o n  t o  D(4). 

As no f u r t he r  author i s  registered behind D(4), there does not  appear any 
r e l a t i o n  from D(4) t o  another author i n  the mat r i x  ( r e l a ted  t o  the  1. a r t i c l e ) .  

Relat ions o f  the second a r t i c l e  are added again t o  t h i s  non-symmetric matr ix  : 

- from the viewpoint o f  the  co l labora t ing  author D(4) : one r e l a t i o n  t o  
co l labora to r  C(3). 

The number o f  r e l a t i ons  which are d i rec ted  from co l labora t ing  authors w i t h  the  
rank i t o  col laborators w i th  the  rank j i s  ca l led  C;j. 

I n  our example, we equated the rank o f  a group o f  sc i en t i s t s  w i t h  the  number 
o f  publ icat ions per sc i en t i s t .  This i s  possib le i n  case o f  a s u f f i c i e n t l y  la rge  
bibl iography. The minimum number o f  sc i en t i s t s  per group should not  be less 
than 10 because strong s t a t i s t i c a l  deviat ions i n  too small groups exis t .  That 
means the authors w i t h  the highest number o f  publ icat ions per author a t  l eas t  
are t o  be combined i n  one group. It i s  a lso j u s t i f i e d  t o  g ive the same rank 
t o  these authors w i t h  a la rger  d i f fe rence i n  the  nwnber o f  t h e i r  pub l i ca t ions  
because the rank of a s c i e n t i s t  should correspond t o  the  logar i thm o f  the  
number o f  h i s  publ icat ions ra ther  than t h e i r  d i r e c t  number. 

For t h i s  reason, i t  i s  recomnendable, a lso f o r  inves t iga t ions  o f  smaller 
b ib l iographies,  t o  canbine a l l  authors w i t h  1 pub l i ca t ion  i n  the  f i r s t  group 
w i t h  rank 1, a l l  authors w i t h  2 - 3 publ icat ions i n  the second group w i t h  rank 
2, authors w i t h  4 - 7 pub l i ca t ions  i n  the t h i r d  group w i t h  rank 3, authors 
w i t h  8 - 15 publ icat ions i n  the f ou r t h  group w i t h  rank 4 etc. 

The above combinations can be used f o r  more c l e a r l y  demonstrating the  general 
t rend which corresponds t o  the above mentioned socia l  psychological theory. 
On the other  hand, i t  i s  possible t o  examine the  fo l low ing  mathematically 
formulated hypothesis both by means of sunmaries and wi thout  them (sumnaries 
and assignment o f  ranks i n  the invest igated b ib l iographies see "Data"). 

Many types o f  scientometrics data can be presented as t ransact ion matr ix. 
" I n  a l l  cases the matr ix  consists o f  a set  o f  items assigned t o  each row and 
column w i t h  each c e l l  conta in ing the leve l  of t ransact ion between the row and 
colunn items. One may model the l eve l  o f  t ransact ion from item i t o  i tem j as 
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independent contr ibut ions from a row coef f ic ient  and a column coef f i c ien t .  
I n  t h i s  nodel, the  p robab i l i t y  of any t ransact ion f r o m  i tem i i s  : 

pit = (sun o f  a l l  transactions i n  row i ) / ( t o t a l  sum o f  transactions), 

wh i le  the p robab i l i t y  o f  any t ransact ion received by i tem j i s  : 

p . = (sum o f  transactions i n  column j ) / ( t o t a l  sum o f  transactions). 'J 
Assuming independent contr ibut ions from the row and column p robab i l i t i e s ,  
t he  p robab i l i t y  t h a t  a t ransact ion from i t o  j occurs i s  : 

P i j  = ( P ~ + ) ( P + ~ )  . 
Mu l t i p l y i ng  by the  t o t a l  number of transactions w i t h i n  the  ma t r i x  y i e l ds  an 
expected nmber o f  transactions frm i t o  j, 

m . .  = (pi+)(p .) ( t o t a l  sum of transactions) ( c f .  ref. [51,  p.297). 
1J +J 

Now we inves t iga te  whether the observed number o f  re la t ions  Cii between 
, ., 

co l labora t ing  authors w i t h  rank i and t h e i r  co l laborators w i t h  rank j deviates 
from the s t a t i s t i c a l l v  e x ~ e c t e d  nunber. Bv means o f  Chi-sauare-tests i t  i s  
examined whether the bev i i t i ons  of observid number fran expected nunber are 
s i gn i f i can t  i n  the  mat r i x  generally. 

The matr ix  has I rows and J colunns. 

2 w i t h  df = (1-1 )(J-1) degrees of freedam. llhen x has a s t a t i s t i c a l l y  s i gn i f i can t  
value, coauthorship between authors does not  come i n t o  being independent 
t h e i r  ranks. On the  assumption o f  independence, t h a t  there i s  a t ransact ion 
f r o m  i t o  j the p robab i l i t y  i s  p . .  , and the  expectancy value i s  m.. as already 

1J 15 
mentioned. Probab i l i t y  o f  the f a c t  t h a t  there i s  e i t h e r  t ransac t ion  from i t o  
j, o r  t ransact ion from k t o  8, o r  t h a t  there are both transactions, i s  
(pij t pka) w i t h  an expectancy value o f  (m.. + inke). This p r i nc i p l e  can be 

15 
continued f o r  sumning up any number o f  c e l l s  o f  the matr ix. For example, the 
p robab i l i t y  of the  sum o f  transactions for which t he  d i f ference between i and 
j i s  constant ( i - j  = const) i s  equal t o  the  sum of p robab i l i t i e s  

x. pij, w i t h  i- j = const . 
i -J 

So the  expectancy value o f  t h i s  sum o f  transactions i s  

1, m. ., w i t h  i- j = const 
i - J  15 

There i s  a specia l  case : f o r  a l l  c e l l s  i n  the  main diagonal, the  rank of 
co l labora t ing  authors i s  equal t o  the rank o f  col laborators, t ha t  i s ,  i-j = 0. 
Thus, the sun of expectancy values o f  a l l  c e l l s  of the  diagonal i s  the  
expectancy value of the r e s u l t  t h a t  co l labora t ing  authors and col laborators 
are of the  same rank, assuning t h a t  authors es tab l i sh  coauthorships i n -  
dependently o f  t h e i r  ranks. I n  l i n e  w i t h  soc ia l  psychological theory, i t  i s  
useful t o  compare the sun o f  the  observed number o f  a l l  c e l l s  o f  the  main 
diagonal w i t h  the  respective swn o f  the  expected nunber. 
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The Freeman-Tukey s t a t i s t i c  [51 i s  a method f o r  d isp lay ing  the  deviat ions of 
the observed (C. . )  from the  s t a t i s t i c a l l y  expected (m ) r e l a t i ons  for one 

13 I j 
s ing le  c e l l  o f  the  matr ix .  The FT s t a t i s t i c  

F T = C + v C 7 T - f 4 m . .  + f  
1 J  1J 1 J 

allows the  deviat ions t o  be evaluated as samples from a nornal d i s t r i bu t i on .  
FT deviates lower than -1.64 show a s i g n i f i c a n t  d e f i c i t  i n  the number of 
observed transactions wh i le  deviates in excess o f  1.64 show a s i gn i f i can t  
excess i n  the  observed number o f  t ransact ions (s ign i f i cance on the  5 per cent 
l eve l ) .  The Freeman-Tukey s t a t i s t i c  can a lso  be used fo r  comparing the  observed 
number and s t a t i s t i c a l l y  expected one f o r  a combination o f  ce l l s ,  f o r  example. 
f o r  the  combination o f  the  c e l l s  of the  main diagonal, or, on the  other hand, 
f o r  combining a l l  the remaining c e l l s  conta in ing transactions between authors 
o f  d i f fe ren t  ranks. 

DATA 

Seven b ib l iographies were studied : 

1. Quant i ta t ive studies o f  science, a selected b ib l iography (1980-1984) 161 

X r C. .  = 1280 
i j 1 3  

Rank 1 was given t o  the group o f  authors w i t h  1 pub l i ca t ion  per author, rank 2 
t o  the  group o f  authors w i t h  2 publ icat ions,  rank 3 t o  the group o f  authors 
w i t h  3 publ icat ions,  rank 4 t o  the  group o f  authors w i t h  4 publ icat ions,  and 
rank 5 t o  the  group o f  authors w i t h  5 o r  more publ icat ions.  I n  addi t ion,  the  
b ib l iography was sub-divided as fo l lows : 

1.1. Bibl iography w i t h  publ icat ions from the  USA 

1.2. Bibl iographies w i t h  publ icat ions from other  countr ies. 

2. Bibl iography w i t h  publ icat ions about the chemotherapeuticm Endoxan (1982- 
l985), source o f  t h i s  b ib l iography : MEDLARS (medical publ icat ions)  171 

1 X C . .  = 12222 
i j ' 3  

The assigment  of ranks t o  groups of authors corresponds t o  the  assignment 
appl ied w i t h  regard t o  the  f i r s t  bibliography. 

3. Bibl iography o f  a r t i c l e s  covering the  quantum Ha l l  effect (1980-1985) [81 

T X C . .  = 2276 
i j ' 3  

Source of b ib l iography : INSPEC. 

Although the t o t a l  sun of C..  i n  the  mat r i x  i s  smaller i n  t h i s  b ib l iography 
1 5  

than i n  the  b ib l iography o f  a r t i c l e s  about Endoxan, the assigment  o f  ranks t o  
the groups of authors can be extended because there i s  a l a rge r  number o f  
authors w i t h  a h igh nmber o f  publ icat ions.  I n  the  b ib l iography about Endoxan, 
there was on ly  one author w i t h  more than 7 publ icat ions whereas i n  the  above 
case there a re  17 authors w i t h  more than 7 publ icat ions. Rank 1 was given t o  
authors w i t h  1 publ icat ions,  rank 2 t o  authors w i t h  2 publ icat ions and so on 
up t o  rank 8 t o  authors w i t h  8 o r  more publ icat ions. 
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4. Bibl iography o f  a r t i c l e s  i n  the f i e l d  of Monte-Carlo-Simulations i n  La t t i ce  
F i e l d  Theories (1979-1984). source of bibl iography : INIS [91 

1 f C..  = 2234 
i~ 1J 

The assignment o f  ranks corresponds t o  the assignment o f  ranks i n  the second 
bibl iography. 

The four  preceding b ib l iographies contained publ icat ions frun d i f f e ren t  
per iodicals  frun a l l  over the  world. The fol lowing three b ib l iographies,  
hmtever, refer  t o  one per iod ica l  each. 

5. Bibl iography of publ icat ions i n  "Czechoslovak Journal o f  Physics". 

The authors were c l a s s i f i e d  by groups according t o  the  number o f  t h e i r  
publ icat ions published frm 1981 t o  1984. The mat r i x  of C.., however, contains 
only a r t i c l e s  from the  year 1984 [ I 01  12 

1 1 C. .  = 816 . 
i j 15 

Due t o  the  small number of C. i n  the  matr ix, the groups o f  authors were 
? j  

combined more s t rong ly  than i n  the  preceding bibl iographies. Rank 1 was given 
t o  the group o f  authors w i t h  1 publ icat ion,  rank 2 t o  authors w i t h  2-3 
publ icat ions and rank 3 t o  the group o f  authors w i t h  4 o r  more publ icat ions.  

6. Bibl iography o f  publ icat ions i n  " Z e i t s c h r i f t  fIir Sozialpsychologie" 
(1974-1985) [ to ] ,  

1 r C.. = 393 . 
i j 1J 

The assignment o f  ranks corresponds t o  the  preceding one. 

7. Bibl iography of publ icat ions i n  "Deutsche Z e i t s c h r i f t  fur Philosophie". 
The authors were c l ass i f i ed  by groups according t o  the  nunber o f  t h e i r  
publ icat ions from 1953 t o  1977. A random se lec t ion  o f  a r t i c l e s  was the  
basis o f  inves t iga t ing  coauthorships [ l o ] ,  

X X C..  = 586. 
i j 1J 

The assigrment o f  ranks corresponds t o  t h a t  of the  other two per iodicals .  

RESULTS AND DISCUSSION 

The f i r s t  example i s  the  syrmetr ic  mat r i x  (c f .  Table 3) which was elaborated 
according t o  the  f i r s t  b ib l iography (Quan t i t a t i ve  studies o f  science). 

x2 = 716.6 > t ha t  i s  coauthorships do not  come i n t o  being independently 

of the ranks o f  co l labora t ing  authors and col laborators. According t o  the 
soc ia l  psychological theory, the  smallest distance i s  between members o f  the  
same rank; t h i s  distance increases w i t h  the distance between ranks. To 
i l l u s t r a t e  t h i s  fact,  a proport ion i s  establ ished - under the  condi t ion t h a t  
the d i f fe rence between the ranks of co l labora t ing  authors and col laborators 
i s  constant : ( i - j  = const) - between the sun o f  observed values and the  sum 
of expected values : 
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Table 3 : Symnetrized ma t r i x  o f  the f i r s t  bibl iography 
i ,j - rank o f  the  authors, expected nunber of r e l a t i ons  i n  brackets 

35 13 

x X C . .  = 1280; ; 
i j '3  

I e groups w i t h  i ,j = 3 and 
t h  i ,j = 4 are canbined f o r  

2 ca lcu la t ion  o f  x ) 

x C . .  
i - j  l J  

, w i t h  i- j = const 
1 - j  'J 

This proport ion i s  presented i n  dependence on the  increasing d i f fe rence 
between i and j ( c f .  Fig.1). To extend the example, a sub-div is ion i n t o  
b ib l iography 1.1 and b ib l iography 1.2 i s  being used. The resu l t s  are given 
i n  Fig.2. The resu l t s  o f  the  second b ib l iography and the  resu l t s  o f  the  t h i r d  
b ib l iography are given i n  Fig.3. 

The s t ruc tu re  o f  coauthorship r e f l e c t s  the  above mentioned socia l  psychological 
theory. 

The conclusion i s  drawn t h a t  the  fo l low ing  main hypothesis should be 
invest igated : 

The sun o f  observed re l a t i ons  by coauthorships i n  proport ion t o  the  sun o f  
expected ones i s  l a rge r  between authors of the same rank than between authors 
o f  d i f f e r e n t  ranks ( i  o r  j = rank o f  authors i n  one group). 

x C . .  
- 1 J  
"jj > 
x m . .  X m . .  

J J  i # j  1~ 

Table 5 shows the  resu l t s  f o r  the symnetric matr ices of a l l  b ib l iographies.  
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z c . .  . . 
I -I LI 

,with i - j  =consf 

i - j  

1'P 

I 
I D 

-4 - 3 - 2 - 1  0 1 2  3 4 i - j  

Fig.1 : S t r a t i f i c a t i o n  of authors i n  the bibliography No.1 



r: cij 
i-l , with i - j = const. 
Z mij 

i-j 

Fig.2 : S t r a t i f i c a t i o n  of authors i n  the  bibliography No. 1.1 
and i n  the  bibliography No. 1.2 

f u l l  l i n e  : bibliography of a l l  countries without 
the  USA 

broken l i n e  : bibliography o f  the  USA 
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.z. cv  
, with i - j  = const z ,,. . . 

I-J u 

Fig.3 : S t r a t i f i c a t i o n  o f  authors i n  the  bibl iographies 
No. 2 and No. 3 
f u l l  l i n e  : bibl iography No. 2 
broken l i n e  : bibliography No. 3 
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Table 4 : Results i n  r e l a t i o n  t o  the main hypothesis 

Bibl iography - x m.. x m . .  

Table 5 : Results of symnetrized matr ices 

B ib l i o -  x x  LJ-x 

According t o  the  Chi-square-test, coauthorships between authors do not cme  
i n t o  being independently of t h e i r  ranks. Er ro r  p robab i l i t y  i s  smaller than 0.1 
per cent. This appl ies t o  a l l  b ib l iographies.  I n  addi t ion,  the  observed nunber 
o f  coauthorships between authors o f  the  same rank i s  s i g n i f i c a n t l y  h i  her than 
the expected one (FT.. > 1.96, s ign i f i cance on the 2.5 percent level!. 
This means J J  

X2 df z c. .  z m.. R.. C . .  
J J  JJ  JJ i ~ j  I J  

716.6 16 858 538.6 12.17 422 

x c . .  
JJ 

z m . .  - >  1 
JJ 

For a l l  b ib l iographies,  the  observed nunber o f  coauthorships between authors 
w i t h  d i f f e ren t  ranks i s  s i g n i f i c a n t l y  smaller than expected. (FT.. < -1.96, 

1 J  

. x 
1il.i '"ij 

741.4 

FT.. 

- 13.4 
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signi f icance on the  2.5 percent l eve l ) .  This means 

Thus the main hypothesis can be ve r i f i ed  for a l l  b ib l iographies.  It should be 
invest igated whether the main hypothesis can also be v e r i f i e d  when, i n  case of 
s u f f i c i e n t l y  comprehensive b ib l iographies,  the  rank of a group o f  sc i en t i s t s  
i s  equalled t o  the  nunber o f  publ icat ions per  s c i e n t i s t  i n  any case, t ha t  i s ,  
no combination o f  groups o f  authors i s  made. This was invest igated f o r  the  
f i r s t ,  second and t h i r d  b ib l iographies (c f .  Table 6). 

Table 6 : Results o f  the  symnetrized matr ices 
i ,j - nunber of publ icat ions per author 

1 Bibl iography 1 - > 1 x m . .  
i #j 

The resu l ts  hardly d i f f e r  from the  resu l ts  i n  Table 5. The reason i s  t h a t  the  
number o f  combined authors w i t h  a high number o f  publ icat ions per author i n  
proport ion t o  the number o f  a l l  the  other  authors i s  such a small one t ha t  
even s t a t i s t i c a l  deviat ions exercise on ly  a small effect. For t h i s  reason, 
the modified main hypothesis reads as follows : 

Bibl iography 

The sun o f  observed re la t ions  by coauthorships i n  proport ion t o  the sum o f  
expected ones i s  higher between authors w i t h  the same number o f  publ icat ions 
per author than between authors w i t h  a d i f f e r e n t  nunber o f  publ icat ions per 
author. (When i o r  j are equal t o  the nunber o f  publ icat ions per author of a 
group, the  fonnula of the main hypothesis i s  v a l i d  too). 

I I I I I I 

FT.. 
J J  

However, the  soc ia l  psychological theory shows not  only t h a t  the  frequency of 
contacts between partners of t he  same rank i s  the  highest - which corresponds 
t o  the main hypothesis - but  also t ha t  the frequency o f  contacts decreases 
w i t h  a growing dif ference between ranks. This tendency i s  shown i n  Fig.1, 
Fig.2 and Fig.3. 

1 C.. 
JJ 

X C . .  
i fj 1J x m . .  

J J  
Z m.. 

i+j 1 J  
Fr.. 

1 J  



Thus, the fo l low ing  hypothesis reads : 

The proport ion o f  the sum of observed re la t ions  by coauthorships t o  the sun of 
expected ones show the fo l lowing order : The proport ion for authors w i t h  the 
same rank (i-j = 0) i s  higher than the proport ion for  authors w i t h  the 
d i f ference between the ranks i - j  = 1, which i s  higher than the proport ion f o r  
authors w i t h  the la rger  d i f ference between the ranks i- j > 1 (cf. Table 7 )  

x C . .  'i C . .  
i - j = l  1J > i-j>l 1J A> 

Tm. .  T m.. T m.. 
JJ j J i-j>l 1J 

Table 7 : Results according t o  the second hypothesis 

li bliography 
r c . .  x C.. r C . .  

53 > i - j = l  l J  > i-j>l l J  
r m.. x m.. r m.. 

JJ i - j = l  'J i-j>l 'J 

The resu l ts  i n  Table 7 r e f l e c t  t h i s  tendency generally. One exception i s  the 
bibl iography o f  "Czechoslovak Journa.1 of Physics". It i s  possible tha t  there 
i s  a mod i f i ca t ion  i n  case o f  extending the scope o f  t h i s  bibl iography. On the 
other hand, r esu l t s  of an absolute conformity cannot be expected when 
presenting tendencies. It i s  possible t ha t  every expansion o f  the main 
hypothesis brings about la rger  deviations. I n  t h i s  context, the k ind of 
combining groups o f  authors w i t h  a d i f f e r e n t  nunber o f  publ icat ions per 
author i s  o f  growing importance and should be invest igated i n  fu r ther  studies. 
As indicated i n  "Data", i t  might be important t o  take the logarithm o f  the 
nunber o f  publ icat ions i n t o  account. 

For the purpose o f  denonstration, the resu l ts  o f  the non-symmetric matrices o f  
the f i r s t ,  second and t h i r d  b ib l iographies are shown i n  Fig.4. Fig. 4 allows 
the assunption t h a t  generally, there i s  no fundamental d i f ference between 
inves t iga t ing  symnetric and non-symmetric matrices. It on ly  shows whether 
the behavior o f  coauthors e x i s t  i n  d i f f e ren t  bibl iographies. I n  the a r t i c l e s  
of the f i r s t  bibl iography, coauthors w i t h  a higher number o f  publ icat ions have 
frequently t h e i r  place before the authors w i t h  a smaller nunber o f  
publ ications. I n  the t h i r d  bibl iography, there i s  the reverse order. 
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-4 -3 -2 -1 0 1 2 3 4 i - j  

Fig.4 : S t r a t i f i c a t i o n  o f  authors revealed from the non- 
syrmetr ic mat r i x  

f u l l  l i n e  : bib l iography No. 1 
dot ted l i n e  : bib l iography No. 2 
broken l i n e  : bib l iography No. 3 

The s t r a t i f i c a t i o n  of authors was discussed i n  t h i s  paper i n  dependence on 
the n ~ b e r  of publ icat ions per author, which i s  r e f l ec ted  i n  the  s t ruc tu re  
o f  coauthorships. I n  preceding publ icat ions w r i t t e n  by J .  Cole and 5. Cole [ I l l ,  
Oromaner [121, Snizek [ I 3 1  and Green [ l a ] ,  the  s t r a t i f i c a t i o n  o f  sc i en t i s t s  
was demonstrated i n  another way, t h a t  i s ,  i n  dependence on the  nunber o f  
c i t a t i ons .  The above mentioned authors found out  t h a t  those authors o f  h igh ly  
c i t e d  papers mainly tend t o  c i t e  papers o f  other  h igh ly  c i t e d  authors. 

Independently of t h i s  fact, there ex is ts  a high co r re l a t i on  between the nmber 
of c i t a t i ons  which a s c i e n t i s t  receives, and the  est imat ion o f  the q u a l i t y  of 
h i s  work as we l l  as a high co r re l a t i on  between the nmber of these c i t a t i ons  
and the  number o f  h i s  publ icat ions L151. That i s  the reason why i t  i s  useful 
t o  compare resu l t s  achieved by means o f  c i t a t i ons  w i t h  r esu l t s  t h a t  could be 
found by means o f  coauthorships. 

I n  contrast  t o  the  study by J .  and S. Cole [ill, the present paper 



- involves not only selected (h igh ly  c i t ed )  papers but a l l  avai lable ones, - i s  concentrated not on ly  on e l i t e  but l ikewise on a l l  avai lable authors. 

As a conclusion i t  was possible t o  integrate the whole socia l  psychological 
theory (cf.  Int roduct ion)  i n t o  our i n te rp re ta t i on  which says t ha t  
s t r a t i f i c a t i o n  i s  an optimum form of contacts between the members of a group 
w i t h  rank orders which are o f  importance f o r  the existence of the group as a 
whole, t ha t  i s ,  no t  on ly  f o r  the e l i t e .  

The bib l iographies which were used for inves t iga t ing  the st ructures of 
coauthorships were selected under varying condit ions (cf.  Data) under the 
condi t ion of the analysis of the s t ruc ture  o f  coauthorships 

- i n  journals, 
- i n  problem areas o r  spec ia l t ies  respect ively independently o f  the place 

where the publ icat ions were published, - i n  soc ia l  sciences, - i n  exact and l i f e  sciences, 
- i n  b ib l iographies w i t h  varying i n te r va l  o f  the years of publ icat ion,  - i n  bibl iographies of a d i f f e r e n t  scope, 
- w i t h  d i f ferent  assignment of rank t o  the nunber o f  pub l ica t ion  per author, 

t ha t  is ,wi th d i f f e r e n t  combinations of  groups of  authors. 

The invest igat ions should be continued systematical ly i n  order t o  answer the 
question under which special condit ions the assunption 

i s  v a l i d  i n  bibl iographies. 
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