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Abstract 
 

There are different versions of counting coauthor 

pairs. We refer to two of them in the present 

paper including two corresponding hypotheses. 

Whereas the first version leads to a power func-

tion distribution of the co-author pairs the other 

version shows a bivariate distribution of co-

author pairsô frequencies hence producing three-

dimensional graphs. The regularities for the 

second kind of distributions are very different 

from simple power law distributions. These new 

regularities may be described by a model for the 

intensity function of interpersonal attraction 

(Social Gestalt). Complementarities are a crucial 

determinant of this model. In conjunction with 

these complementarities, various shapes of the 

distribution of observed co-author pairsô fre-

quencies emerge. As the difference between the 

two shapes increases, the correlation between 

these two shapes decreases. After mixing these 

two shapes a new shape of social Gestalt 

emerges which can be successfully described 

with the help of the mathematical function for a 

social Gestalt. The change of any shape to any 

other shape of the social Gestalt can be shown 

by simulation (or morphing). For comparison of 

two or more shapes the overlay of these shapes 

into a single frame is possible: either overlay of 

standardized shapes or of the originals.  

The present paper is focused on a theoretical 

approach verified by empirical studies explained 

in two other papers published in the Proceedings 

(Guo et.al.2008 and Kundra et.al, 2008). These 

three papers are also published in the June 2008 

issue of the COLLNET Journal of Scientometrics 

and Information Management, Vol.2, No 1, 
2008, 45-81(in detail: cf. References). 

 

1. Intr oduction and Hypotheses  
 

Power laws are successful in describing comlex 

networks of interactions. Scale-free network 

models describe many natural and social phe-

nomena, for example networks of interacting 

components of a living cell or social networks 

(Guimerà, R., et al., 2003). 

 We refer in our paper to social networks in 

scientific communities and we present power 

law distributions if one counts the number of 

publications of co-author pairs and furthermore 

other regularities different from simple power 

law distributions. Those regularities are dis-

cussed in conjunction with a model for the in-

tensity function of interpersonal attraction (So-

cial Gestalt). 
 Lotka´s law (1926) is based on single 

scientists P counting. With increasing collabora-

tion in science and in technology the study of 

the frequencies of pairs P,Q or triples of co-

authors P,Q,R é etc, is highly relevant. 

 However, there are different versions of 

counting pairs. We refer to two of them in the 

present paper including the corresponding two 

hypotheses. 

 

1
rst

  Counting the number of publications of 

co-author pairs: The pairs are counted 

as units (P,Q) in analogy to single au-

thors P in Lotkaôs Law, where k is the 

number of joint publications of the pair 

P,Q (For example: Smith & Miller).  

 We assume there is a regularity for the 

distribution of coauthor pairsô frequen-

cies Bk with k publications per co-

author pair (P,Q) in form of a power 

law distribution: 

 

Bk=f(k)=Bk=c/k
b
, 
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with c=constant         (1) 

 

Morris, S. A. and M. L. Goldstein (2007) have 

already shown this kind of regularity in one of 

their empirical studies. In this connection Egghe 

(to appear) has presented a theoretical model for 

the size-frequency function of co-author pairs.  

 

2
nd

  The pairs P,Q are counted under the 
condition of both the first authors P 

count (i) and the second authors Q 

count (j). A bivariate distribution of co-

author pairsô frequencies Nij is studied 

hence producing three-dimensional 

graphs. 

   In a former paper (Kretschmer 

and Kretschmer 2007) we have verified 

there are regularities for the distribution 

of Nij=f(i,j), different from a simple 

power law distribution. These regulari-

ties can be described by a model of so-

cial Gestalts:  

 

Nij=c·( |log i ï log j| +1)
Ŭ
·(4 - |log i -log j| )

ɓ
· 

 (log i + log j+1)
ɔ
·(7-log i - log j)

ŭ 
    

with c=constant                      (2)  

  

Complementarities are a crucial determinant of 

this model. We expect, in conformity with these 

complementarities there are varying shapes of 

the distributions of co-author pairsô frequencies 

in correspondence with varying shapes of the 

social Gestalt. This phenomenon is different 

from simple power law functions. 

 The present paper is focused on a theoreti-

cal approach verified by empirical studies ex-

plained in two papers published in the Proceed-

ings and in the June 2008 issue of the COLLNET 
Journal of Scientometrics and Information Man-

agement. Vol.2, No1, together with the present 

paper: 

- Guo, Kretschmer & Liu, 2008 

- Kundra, deB. Beaver, Kretschmer & Kretsch-

mer, 2008 

  

2.  Power Law Distributions of Co-

author Pairsô Frequencies Bk 

 

We have studied the regularities for distributions 

if one counts the number of publications of the 

co-author pairs both in the Journal of Biochem-
istry and in the data set of the combination of 

four high impact SCI journals (Science, Nature, 

PNAS and Phys Rev B Condensed Matter) from 

1980-1998. We could find in both studies power 

law distributions, Fig. 1.   

  

Bk=c/k
b
, with c=constant 
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Fig. 1: Power Law Distributions of Co-author 
Pairsô Frequencies Bk   

 

Although power law functions are successful in 

describing complex networks of interactions, 

these functions are only descriptive having no 

explanatory features as expected in the function 

(1) of co-author-pairsô frequencies. 

 However, considering the co-author pairsô 

frequencies Nij means, a new quality is involved 

because we have to consider the question: who 

is in contact with whom. In contrast to simple 

power functions a rather new function (2) of co-

author-pairsô frequencies Nij  (Kretschmer 1999, 

2002) having both descriptive and explanatory 

features will be discussed in this paper. 

 The rather new version of counting pairs 

leads to bivariate distributions hence producing 

three-dimensional graphs. In comparison with 

the power law distributions of co-author pairs in 

Fig. 1 this paper is focused on graphs, very dif-

ferent from Fig. 1.  

 

3. Bivariate Distributions of Co-

author Pairsô Frequencies Nij : A 

Short Introduction  
 

Interpersonal attraction is a major area of study 
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in social psychology. Whereas in physics, 

attraction may refer to gravity or to the electro-

magnetic force, interpersonal attraction can be 

thought of force acting between two people 
tending to draw them together. When measuring 

interpersonal attraction, one must refer to the 

qualities of the attracted as well as the qualities 
of the attractor (For example, in terms of age or 

of productivity, i.e. of i and j) to achieve 

predictive accuracy. It is suggested that to 

determine attraction, personality and situation 

(or environment) must be taken into account. 

The notion of ñbirds of a feather flock togetherò 

points out that similarity is a crucial determinant 

of interpersonal attraction. Do birds of a feather 

flock together, or the opposites attract? This 

leads to a model of complementarities (We refer 

in this connection to the varying shapes of the 

social Gestalt to be explained in section 4). 

 The modern notion of complementarities 

introduced by Niels Bohr had existed already in 

a clear-cut manner in old Chinese thought, in the 

Yin/Yang teaching. Yin and Yang have to be 

seen as polar forces of only one whole, as com-

plementary tendencies interacting dynamically 
with each other, so that the entire system is kept 

flexible and open to change (For example, ex-

pressed in varying shapes of the social Gestalt).  

 Based on this background Kretschmer 

(1999, 2002) has already created a model for 

social Gestalts valid for social networks in gen-

eral. This model is also applied for description 

of the distribution of co-author pairsô frequen-

cies Nij (Kretschmer & Kretschmer 2007).   

 The fundamental "formula" of Gestalt 

theory might be expressed in this way: there is a 

whole, the behaviour of which is not determined 

by that of their individual elements, but where 

the part-processes are themselves determined by 

the intrinsic nature of the whole (Gestalt Theory 

by Max Wertheimer, 1924). 

 With this in mind, the distribution of ob-

served co-author pairsô frequencies can be con-
sidered to be a special reflection of a social 

Gestalt (Further details, cf. section 4.4).    

 The model of social Gestalts mathe-

matically describes, and textual explains (cf. 

section 4.1), well-ordered fields of mutual at-
traction between a large numbers of individual 

persons. In conformity with complementarities 

or Yin/Yang theory these fields change their 

shapes depending on changing personalities and 
situations.  

 Although the field of mutual attraction (or 

social Gestalt) fails to determine completely 

individual pairs of persons in terms of the pre-

dictability of these individual pairs, the force 

that emanates from this field generates a statisti-

cally balanced evenness among all the individu-

al pairs in their totality (Tendency towards a 
good social Gestalt). This statistically balanced 

evenness is enhanced as the number of co-

author pairsô frequencies rises. We refer to Ber-
noulliôs law of large numbers.  

 Obtaining large sample sizes is possible in 

studies of large bibliographies (journals or re-

search areas). On the other hand, the pheno-

menon of Gestalts could be considered as origi-

nally related to morphogenetic fields or 

morphogenetic Gestalts: Overlapping or mixing 

of co-author pairs frequenciesô distributions in 

analogy to overlapping of faces (morphing). 

 The result of the superposition mixed or 

average faces was more attractive than the indi-

vidual ones and these mixed faces became more 

attractive, the greater the number of overlap-

pings. The 'more attractive' faces were consid-

ered more well-ordered and harmonic and gen-

erally more proportional.  

 By analogy, we have shown the higher the 

number of mixed distributions of co-author 

pairsô frequencies, the higher becomes the ten-

dency towards a good social Gestalt overall 

(Kretschmer & Kretschmer 2007: Paragraphs 

3.2.3 and 7.3, Fig. 2). In another example, after 

overlapping or mixing eleven distributions of 

co-author pairs in womenôs and gender stu-dies 

the data reveal the same tendency to a good 

Gestalt (cf. in this issue: Kundra, deB. Beaver, 

Kretschmer and Kretschmer 2008, Fig. 3) 

 In summary: 

The model of social Gestalts can become suc-

cessfully applied to the study of a large number 

of individual persons. However, in the case of 

small sample sizes the tendency towards a good 

or well-ordered social Gestalt can be shown 

after overlapping or mixing of several co-author 

pairsô frequencies distributions. 

 In conjunction with the model of comple-

mentarities, there are different shapes of a social 

Gestalt depending on changing personality and 
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situation or environment (For example, one of 

the empirical proofs is given in Kretschmer, 

Liang, Kundra 2001). A copy of the correspond-

ing figure can be found in Fig. 3.    

 In conclusion, as the difference between 

two shapes increases, the correlation between 

these two shapes decreases! At first glance, the 

question arises whether mixing of such shapes is 

suitable under these conditions. 

 However despite first doubts, after mixing 

these two shapes a new shape of social gestalt  

emerges and can be successfully described with 

help of the mathematical function of social Ge-

stalt (cf. section 4.3). 

 The change of any shape to any other shape 

of the social Gestalt can be shown by simulation 

(or morphing) (cf. in this issue: Kundra et.al. 

2008, Fig. 6). 

 In conclusion, mixing of several distribu-

tions of co-author pairsô frequencies has two 

functions: 
- Generating a statistically balanced  even-

 ness or a tendency towards a good  social 

 Gestalt respectively 

- Emergence of distributions reflecting a 

 new emerging shape of a social Gestalt  

 

For comparison of two or more shapes the over-

lay of these shapes into a single frame is possi-

ble: either overlay of standardized shapes or of 

the originals. The overlay of two original shapes, 

i.e. of the empirical patterns of the Journal of 

Information Technology with the Journal of 

Biological Chemistry is shown in this issue: 

Guo, Kretschmer & Liu, 2008, Fig. 5.  

 

 

 

 

 

 

4. Complementarities and Varying 

Shapes 

4.1 Model for the Intensity Func-

tion of Interpersonal Attraction (So-

cial Gestalt) 

 

The function of Nij in (2) is a special case of the 

social Gestalts in social networks described by 

the general function ZXY in (11). The explana-

tion for the special case is given in section 4.4. 

Thus, starting with the general model of social 

Gestalts we will focus later on the distribution 

of co-author pairsô frequencies.   

 Whereas the empirical shapes of the 

Lotkaôs power law distributions are rather simi-

lar with each other the empirical shapes of the 

three dimensional distributions show manifold 
shapes. 

A few of the already published shapes are 

shown in Fig. 2 (First row, left picture: Kret-

schmer 1999, Fig. 2; right picture: Kretschmer, 

Liang, Kundra, 2001, Fig. 1. Second row, left 

picture: Kretschmer & Kretschmer 2007, Fig. 1; 

right picture: Guo et al. 2008 in this issue, Fig. 

3). The pictures in the first row are obtained by 

the distributions of ratios between observed to 

statistical expectation values of co-author pairsô 

frequencies. (For more details, cf. section 4.4) 

The pictures in the second row show the results 

of triple logarithmic presentations (log Nij). 

 

 Because of the phenomenon mentioned 
above we need a new function for possible de-

scription of all of these manifold shapes!  
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Fig. 2: Several Empirical Shapes of Co-authorship Patterns  

 

 
 

Fig.3:  Change of the Shapes dependent on the changing environment and men (Indian medicine 
during 30 years). 
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Let us come back to the power distributions. We 

assume the intensity structure of  mutual attrac-

tion ZXY can be described by a function of a 

special power functionsô combination (X is the 

value of a special personality characteristic of an 

attracted and Y is the value of the same perso-

nality characteristic of the attractor and in case 

of mutual attraction also vice versa).  

 

 Because of the textual explaining character 

of the model, the power functions, we are con-

sidering for use in the model, are not any arbi-
trary selected power functions but they are es-

pecially created on basis of both well-known 
determinants of interpersonal attraction and 

complementarities mentioned above:  

-  the crucial determinant of interpersonal 

attraction (similarity) suggests to con-

sider the distances A between the quali-

ties of persons (A=|X-Y|) as indepen-

dent variable of a power function: 

  Z*= c1· (A+1)
Ŭ
    (3) 

with c1=constant; the 1 is added because 

log A is not possible in case A=0   

 

-  the model of complementarities leads to 

the conclusion to use additionally the 

complements of these distances 

(Acomplement) as independent variable of 

the second power function: 

   Z**= c 2· (Acomplement+1)
ɓ
         (4) 

A is a variable with the two opposite 

poles Amin and Amax. The sum of Amin 

and Amax is a constant. Thus, 

  A+ Acomplement= Amin + Amax        (5) 

  Acomplement= Amin + Amax ï A        (6) 

That means, Acomplement is increasing 

according to the same amount as A is 
decreasing and vice versa. 

 The relationships of the two parame-

ters Ŭ and ɓ to each other determine the 

 expressions of the complementarities 

(similarities, dissimilarities) in each of 
the shape. Demonstrations of comple-

mentary tendencies are given in section 

4.2 with help of an example. 

 

- for the purpose of completion,  the 

addition (B=X+Y) as opposite of 

subtraction (A=|X-Y|), is supposed as 

independent variable of the third power 

function  

 Z** *= c3· (B+1)
ɔ
    (7) 

 

-  and the complement (Bcomplement) is the 

independent variable of the fourth po-

wer function  

  Z****= c 4· (Bcomplement+1)
ŭ
  (8) 

  In analogy to A and Acomplement: 

  B+ Bcomplement= Bmin + Bmax  (9) 

  Bcomplement= Bmin +Bmax ï B (10) 

 

The sums B and (Bcomplement) are covering 

another well-known general characteristic of 

structures in interpersonal relations (For more 

details, cf. Kretschmer & Kretschmer 2007). 

 

We assume the intensity of mutual attraction ZXY 

is proportional to the product of the four above 

mentioned different power functions: 

 

ZXY=constant· (A+1)
Ŭ
 · (Acomplement+1)

ɓ
· (B+1)

ɔ
· 

(Bcomplement+1)
ŭ
      (11) 

 

Further, we assume the frequency of social inte-

ractions ZôXY between pairs of persons (or fre-
quency of pairs) is a reflection of the intensity of 

their mutual attraction ZXY. Thus - according to 

Bernoulliôs law of large numbers - with increas-

ing sample size, ZôXY is approximating to ZXY.    

(Bernoulliôs law of large numbers - (statistics) 

law stating that a large number of items taken at 

random from a population will (on the average) 

have the population statistics) 

 

The measurement of the variables X, Y and ZôXY 

including Xmin=Ymin=m1 and             (12) 

Xmax=Ymax=m2               (13) 

is depending on the studied object. 
 Examples (types) of social interactions 

(ZôXY) are collaboration, friendships, marriages, 

etc., while examples (types) of characteristics or 

of qualities of these individual persons (X or Y) 

are age, labor productivity, education, profes-

sional status, etc. 

 The measurement of these variables for the 

study of co-author pairsô distributions are shown 

in section 4.4.   
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4.2  Example for Demonstration 

Complementary Tendencies in 

Connection with Varying Shapes 
The Function Plot of SYSTAT produces two- 

and three-dimensional function plots. Three 

variable equations have the form z = f(x,y) and 

are plotted here in a rectangular coordinate sys-

tem. We have typed the equation (11) with 

A=|X-Y| and B=X+Y. Further we have defined:  

m1=1 and m2=5, c=1, resulting in: 

Z= (|X-Y|+1)
Ŭ 
· (5-|X-Y|)

ɓ
 · (X+Y+1)

ɔ
· (13-x-y)

ŭ
 

 

For demonstration of complementary tendencies 

with varying shapes we have entered different 

values for the parameters but c1, m1 and m2 are 

fixed. As mentioned above the relationships of 

the parameters to each other determine the ex-

pressions of the complementarities. 

  

In Fig. 5 we show the four simplest 

shapes of the social Gestalt using 1 for one of 

the parameters and 0 for the three others. The 

left picture each is turned around two times 

resulting in the other two pictures. Fig. 4 is used 

for explanation of the pictures in Fig. 5.  

We have selected the left picture of the first row 

in Fig. 5 for use in Fig. 4. 

 

 
Fig. 4: Simple shape of the social Gestalt. Thick 
line: main diagonal  

X is equal to Y in the main diagonal (Fat line), 

X=Y, i.e. A=0. The maximum difference between 
X and Y can be found at the left and the right 

corners (Special marked), i.e.  
Amax=5-1=4.  

 

Fig. 4 shows the intensity of mutual attraction. 

ZXY is lowest for equal persons (main diagonal) 

and it is increasing up to the most unequal pairs. 

In other words ñOpposites attractò. For simplici-

ty, let us say ñYinò.    

 The second row in Fig. 5 shows the com-

plementary picture: ñBirds of a feather flock 

togetherò. For simplicity, let us say ñYangò.    

 In analogy, related to the sum of X and Y, 

i.e. B=X+Y, the two complementary pictures are 

drawn in the third and fourth rows of Fig. 5. The 

two complementary pictures are presenting the 

opposite Yin/Yang pair in relation to the first 

mentioned Yin/Yang pair. 

 

For demonstration how the two polar forces 

(first Yin/Yang pair) can interact as complemen-

tary tendencies dynamically with each other, so 

that the entire system is kept flexible and open 

to change the shapes, let us have a view at Fig. 

6, first row. The expression of Yin can be found 

in the left picture (Ŭ= 1, ɓ=0) and the expression 

of Yang in the right (Ŭ= 0 and ɓ=1).   

The three pictures between are produced by 

systematical variation of the two parameters Ŭ 

and ɓ (Second picture: Ŭ= 0.75 and ɓ=0.25, 

third: Ŭ= 0.5 and ɓ=0.5, fourth: Ŭ= 0.25 and 

ɓ=0.75). The relationships of the two parameters 

to each other determine the expressions of Yin 

and Yang in each of the pictures. Starting from 

the left side of the first row in the direction of 

the right picture, from picture to picture Yin has 
retracted itself in favor of Yang.   

The first row shows only 5 pictures as typical 

examples. However, according to Chinese philo-

sophy, Yin and Yang are the opposite poles of a 

single whole. There is not an isolated exclusive 

Yin, or only a Yang. All transitions occur with a 

direct and uninterrupted sequence. The natural 

order is secured by the dynamic equilibrium 

between Yin and Yang. That means, theoreti-

cally an infinite number of pictures should have 

been produced in row one for presentation of all 

of the possible pictures.  

 The same principle as in the first row of 

Fig. 6 is also working in the second row but with 

the other Yin/Yang pair. The two complementa-

ry pictures on the left and the right sides of the 

second row are taken from the third and fourth 

rows (middle pictures) of Fig. 5. 
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The third row in Fig. 6 shows the same principle as in the other two rows. However, all four parame-

ters (Ŭ, ɓ, ɔ and ŭ) are involved. 

 

 

 

 
Ŭ=1  ɓ=0  ɔ=0  ŭ=0 

 
Ŭ =0  ɓ=1  ɔ=0  ŭ=0 

 
Ŭ =0  ɓ=0  ɔ=1  ŭ=0 

 
Ŭ =0  ɓ=0  ɔ=0  ŭ=1 

 

Fig. 5: The Four Simplest Shapes of the Social Gestalt 
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Ŭ= 1, ɓ=0   Ŭ= 0.75, ɓ=0.25    Ŭ= 0.5, ɓ=0.5    Ŭ= 0.25, ɓ=0.75   Ŭ= 0, ɓ=1   

 

 
Fig. 6: Presentation how polar forces can interact as complementary tendencies dynamically with 
each other, leading to the emergence of new shapes (First row: left ï opposites attract, right-birds of 

a feather flock together. The relationships of the two parameters Ŭ and ɓ to each other determine the 
expressions of Yin and Yang in each of the pictures. Starting from the left side in the direction to the 

right picture, from picture to picture Yin has retracted itself in favour of Yang. Second row: analo-

gously, changing relationships of ɔ and ŭ. Third row: analogously, changing relationships of all of 
the four parameters)  

In summary, social Gestalts can change the 

shapes resulting in a diversity of different 

shapes. These many shapes, found in empirical 

studies, are classified into five Prototypes; cf. 

Fig. 7, upper picture (Kretschmer 2002, p. 316).   

  

However, what is happening in case we have a 

fixed proportion of the four parameters to each 

other but the values of these parameters are 

decreasing from up to down? 

Given is a simple example: 

|c|=Ŭ = ɓ = ɔ = ŭ= Constant  

Let us say, this is the Basic Shape (BS) of so-

cial Gestalt. 
In case the constant is decreasing continuously 

from c to cô>0, resulting, the shape is not chang-

ing! 

The opposite simple example: 

-c= -Ŭ = - ɓ = - ɔ = - ŭ= - Constant  

Let us say, this is the Mirror Image of the B a-

sic Shape  
In case the constant is increasing continuously 

from -c to ïcô<0, again, the shape is not chang-

ing! 

But there is not any social Gestalt with c=0! 

  

Whereas the Basic Shape (BS) shows similari-

ties with the lower Prototype in Fig. 7 (This was 

found in studies about collaboration in institu-

tionalized communities: Opposites attract) the 

Mirror Image of the Basic Shape has some 

similarities with the middle Prototype found in 

collaboration structures of invisible colleges 

(Birds of a feather flock together), cf. Fig. 7. 

This main principle is already discussed in Kret-

schmer 1994, however without corresponding 

pictures.    
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5 Prototypes 

              -c=-Ŭ=-ɓ=-ɔ=-ŭ Mirror Image of BS   

      |c|=Ŭ=ɓ=ɔ=ŭ Basic Shape (BS) of so-  

             cial Gestalt 

 

Fig. 7: Five Prototypes of empirical studies in comparison with the Basic Shape (BS)  

and its Mirror Image 

 
 


