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Abstract: In this paper we show that assigning weights to the edges in a collaboration 

network of authors, according to a decreasing exponential function depending on the time 

elapsed since the publication of a common paper, may add valuable information to the 

process of ranking authors based on importance. The main idea is that a recent 

collaboration represents a stronger tie between the co-authors than an older one and, 

therefore, reduces the weight of potential citations between the co-authors. We test this 

approach, on a well-known data set and with an established methodology of using 

PageRank-based ranking techniques and reference sets of awarded authors and 

demonstrate that edge ageing may improve the ranking of authors. 
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1 Introduction 

The ranking of authors of scholarly literature based on various bibliometric 

aspects has been popular in recent years for the purpose of the research assessment 

of individual scientists and related activities, such as prize and grant awarding, 

hiring, or promotion. It may indeed be considered a valuable complementary tool 

to manual research evaluation. In our previous research [1, 2], we were concerned 

with applying the recursive Google PageRank algorithm by Brin and Page [3] to 

bibliographic networks in order to rank researchers by prestige that is based on 

both the citation and the collaboration network of authors [4]. We have shown that 

such a ranking scheme may be more objective and fair. On the other hand, in 

another study [5] we have tested the effect of edge ageing in a collaboration social 

network [6] of teenagers. The main idea is that the strength of a collaboration tie 

(i.e. the edge weight) diminishes within the course of time. The goal of this 

present short paper is to show that we are able to combine both approaches 
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(bibliographic PageRank and edge ageing) to produce author rankings that may 

better reflect reality. There was other related work, prior to [1], for example, the 

pioneering studies on the usage of PageRank in bibliographic networks [7, 8, 9] 

and many more appeared later, e.g. [10, 11, 12, 13]. From the numerous papers on 

scientific collaboration networks, we discuss herein, two of the most well-known 

works – [14] and [15]. And, of course, the natural extension of each collaboration 

network analysis is a visualization process, e.g. [16] or [17], which is, however, 

beyond the scope of this article.  

2 Methods and Data 

The importance of nodes in a directed graph is often assessed by means of the 

number of in-coming edges and more advanced techniques are recursive in that 

they study the significance of these in-linking nodes by inspecting their in-links 

and so on. The importance, in this sense, is sometimes called prestige. One of 

these methods is the well-known PageRank algorithm by Brin and Page [3] 

originally conceived for the ranking of webpages, which may, nevertheless, be 

applied to any directed graph. Thus, let G = (V, E) be a directed graph of citations 

between authors, with V as the set of vertices (authors) and E as the set of edges 

(with all citations between two authors in the same direction merged to one edge). 

So if author v cites author u (once or multiple times), there is exactly one edge  

(v, u) ϵ E. Then the PageRank score PR(u) of author u is computed recursively and 

the result depends on the scores of all citing authors, in the following way: 
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where d is the damping factor (set to 0.85 in the original web experiments), and Ω 

is either )(1 vDout


 (with Dout being the out-degree of v) like in the standard 

PageRank by [3] or  Ekv
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Fiala et al. [1], where       
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b, and c are various coefficients that determine the weights of edges between 

authors. The parameters w, b, and c are themselves based on the topology of both 

the citation and collaboration network of authors and for details we refer to [1] or 

to [2]. Here, let us say, that these coefficients help assign less weight to citations 

from colleagues and that the strength of relationship between two authors does not 

rely solely on the number of joint papers but also on other factors such as the 

number of coauthors in those papers. Based on the combination of the above 

parameters, Fiala [2] called the seven new PageRank (PR) variants tailored for 
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bibliographic networks in this way: (PR) collaboration, publications, 

allCoauthors, allDistCoauthors, allCollaborations, coauthors, and distCoauthors. 

As far as collaboration networks are concerned, we can additionally consider 

several approaches to the projection of collaborations among authors like binary 

weights, counting of co-occurrences, Newman’s weights determination (see Eq. 2) 

and the edge weights ageing principle. We discuss all of these methods in detail in 

[5]. Briefly, a collaboration network of authors is a two-mode network [18] with 

two types of nodes – authors and their publications. In this network, actors are 

connected together via their common publications, but there does not exist, a 

direct connection between them (or between publications). This network needs to 

by projected onto a one-mode network with a single type of nodes – authors. See 

Figure 1 for an example of such a projection. 

 

Figure 1 

Projection of an author collaboration two-mode network 

(a – authors, p – publications) onto a one-mode network 

A projected relation (collaboration) between two authors depends on several 

factors, e.g. the number of co-authors of a single publication or the number of 

common publications of two selected authors, etc. An expression of that 

relationship in a binary form can be expressed as 1, if two authors have a common 

publication and 0 if not. A better approach is that the relation weight is expressed 

in the interval <0, 1> where 0 represents no relation and 1 represents the 

maximum strength of the relation. The first factor – number of co-authors of a 

single publication (Na) can be expressed by the formula proposed by [19]: 

1
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or by the formulas proposed in [5], one of which, is an exponential expression 

with the decay parameter e , which can be adjusted with respect to the particular 

type of collaboration network. In this way, it can influence the shape of the 

exponential curve: 
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where 
p

ijw  is a projected weight of a single publication p between authors i and j. 

Additionally, we can consider that collaboration strength between two authors is 

related to time-based factors – year of publication or more accurately to the time 

spent between their common publications and their frequency. We suppose that if 

the frequency of common publications of two authors is higher and/or their 

common publications are newer then their collaboration strength is larger. And 

vice versa, if the frequency of common publications is lower and/or their common 

publications are older, then the collaboration strength of those authors is smaller. 

In [5] we propose time dependent weights in the representation of a one-mode 

projected affiliation network – a kind of ageing of the ties (edges). This should be 

considered as a similar approach to the one presented in [20] or [21] where 

authors considered ageing of the nodes in the context of citation networks. They 

describe a node's age as influence on the probability of connecting the current 

node to new nodes in the network. 

The ageing of the ties (collaborations) among authors can be described as an 

evolutionary process depicted in Figure 2 where meee ,,, 21   are events 

(common publications) on which authors i  and j  collaborate together. This 

ageing allows for the termination of sporadic and insignificant relations (e.g. when 

two authors have rarely participated in common publications) and, by contrast, if 

the relations are periodically repeated (we assume that these relations are 

significant), they are “highlighted” in the network  and their weight is increased 

(see events e1 through e3 in Figure 2). After the creation of the first collaboration 

(based on the first event e1), a tie with a value of 1 comes into being which 

decreases exponentially in time according to the formula 

 
   







 




                     otherwise              0 

   when 


 t

ij

t

ij

ij

etwetw
tw  (4) 

where  twij  is the weight of the collaboration in time t  and  twij  is the 

collaboration weight after time  . The value   is the threshold value of a 

minimum collaboration weight and the factor   is called the ageing factor which 

designates the “ageing speed” and is described by 

2/1

2ln

t
  where 2/1t is the time 

span after which the weight of ties decreases by 50% in the ageing process. For 

more details see [5]. 
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Figure 2 

Evolution in time of a single collaboration tie between authors i and j for two various ageing factors 

(Events e1, .., e5 represent common publications between authors i and j. At the time when a 

publication is produced, the initial strength of the tie between the authors (value wij) is determined by 

the projection method and subsequently the tie strength decreases as time passes since the creation of 

the new publication.) 

As for the data examined in our analysis, we investigated the same data set as in 

the study by Fiala [2], where there was a citation graph of 205,780 computer 

science publications from the period 1996-2005 with 276,957 citations between 

them. This paper citation graph was subsequently transformed to an author 

citation graph with 187,016 authors and 1,471,312 citations between them (with 

no self-citations allowed). The authors were represented by their surnames and 

given names initials and we did not perform any name disambiguation or 

unification. Self-citations of authors were removed before we started our analysis. 

The resulting (two-mode) collaboration network thus consisted of 392,796 nodes 

(publications + authors) and 492,284 edges (publication-author connections). 

3 Results and Discussion 

We applied those seven ranking techniques mentioned in the section on methods 

with ageing factors set on (i.e. “new methods”) to the same author citation 

network described in [2]. The result of this application was seven author rankings 

which we compared to the rankings from the above study, in which edge weight 

ageing did not occur (i.e. “old methods”). The comparison was twofold: first, we 

calculated five statistics (minimum, maximum, median, mean value, and standard 

deviation) for the “new” and “old” rankings using the ranks of Codd
1
 and Turing

2
  

                                                           
1
 Codd Award, http://www.sigmod.org/sigmod-awards/sigmod-awards#innovations 
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awardees and plotted them as lines in Figure 3 and Figure 4 and, second,  created 

boxplots for each pair of “new” and “old” rankings (with the first quartile, median, 

and third quartile of ranks forming the bar and the minimum and maximum ranks 

being the whiskers) displayed in Figure 5 and Figure 6. 

 

Figure 3 

Codd Award and five statistics of new and old methods 

(MAX – maximum rank, MIN – minimum rank, MED – median rank, AVG – mean rank, DEV – 

standard deviation of ranks produced by a particular ranking method. The lower the values of MAX, 

MIN, MED, and AVG, the better the ranking. Even for DEV, lower values mean a more compact 

ranking, which is a desirable property.)  

 

                                                                                                                                     
2
 Turing Award, http://awards.acm.org/homepage.cfm?srt=all&awd=140 
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Figure 4 

Turing Award and five statistics of new and old methods 

(MAX – maximum rank, MIN – minimum rank, MED – median rank, AVG – mean rank, DEV – 

standard deviation of ranks produced by a particular ranking method. The lower the values of MAX, 

MIN, MED, and AVG, the better the ranking. Even for DEV, lower values mean a more compact 

ranking, which is a desirable property.)  
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Figure 5 

Codd Award boxplots (* = old method) 

(The bottom of each bar represents the 25th percentile and the top is the 75th percentile. The median 

rank of each ranking method lies on the boundary between the red and the green rectangle. The 

minimum and maximum ranks achieved are marked with the whisker lines. The smaller a box, the 

greater the trend to produce better ranks for the awarded authors.) 
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Figure 6 

Turing Award boxplots (* = old method) 

(The bottom of each bar represents the 25th percentile and the top is the 75th percentile. The median 

rank of each ranking method lies on the boundary between the red and the green rectangle. The 

minimum and maximum ranks achieved are marked with the whisker lines. The smaller a box, the 

greater the trend to produce better ranks for the awarded authors.) 
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The blue solid line represents the new methods (with ageing factor enabled) and 

the red dashed line represents the old methods from [2]. Since lower ranks mean 

better ranks (i.e. position 1 is better than position 100), we can see in Figure 5 that 

the new methods outperform the old ones, most remarkably in the terms of the 

maximum and minimum rank achieved (MAX and MIN) and only slightly 

regarding the other three statistics (median rank – MED, mean rank – AVG, and 

standard deviation of ranks – DEV). However, unlike Codd Award this 

phenomenon is much less visible in Figure 5 with Turing Award winners. Only 

the MAX statistics is clearly better there for the new methods. DEV is 

approximately the same and the remaining three are worse for the new methods. 

Similar trends may be observed with the boxplots. While the bars tend to be 

positioned lower (towards better ranks) with the new methods for Codd Award 

winners in Figure 5, it is almost the opposite for Turing Award laureates in 

Figure 6. A first explanation of this observation may be the different nature of 

these awards and some specific features of the data set underlying our analysis. 

While the Codd Award, intended for database researchers, seems to be well 

modelled by the citation patterns in our sample of Web of Science data, the Turing 

Award for achievements in general computer science is less so. It appears that 

much more than the analysis of citation and collaboration networks is needed to 

identify the winners of such a broadly defined award. A further investigation into 

the different outcomes of the application of the ranking methods based on edge 

weight ageing to Codd Award and Turing Award winners will be necessary in the 

future. 

The main weakness of the ageing of ties is the right determination of the  factor 

used in Eq. 4. This factor must be estimated considering the data set and the time 

range of the publications and the awards considered. If we determine   to yield a  

too “slow” ageing, the method does not have the required influence on the results 

and, conversely, when a too “fast” ageing is produced, the method suppresses 

nearly all of the ties in the network and we will not have enough ties sufficiently 

distributed across all possible strengths. As an optimum value for   we have 

chosen 7302/1 t  days, which means that the strength of all ties in the network 

decreases by a half of their value during 2 years. This value was determined based 

on previous experiments similar to the experiments described in [5] for estimating 

 , which are not described in this article. 

Conclusion 

In this short paper, we showed that the ageing of edges and their weights in the 

collaboration networks of authors, might add some useful information to the 

process of assessing the importance of individual authors. More precisely, by 

weighing the edges in a collaboration network of authors according to a 

decreasing exponential function, that depends on the time elapsed since a common 
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publication was produced, we are able to differentiate between fresh and obsolete 

collaborations and to decide on the strength of relationship between two authors. 

This factor may then be input in a ranking scheme as in [1] or [2] that ranks 

authors in a citation network, taking into account the information from the 

corresponding collaboration network. We demonstrated this approach on the same 

data set and methodology used by [2] and showed that edge ageing improved the 

ranking of researchers when Codd Award winners were used as a reference set of 

outstanding scholars but did not make the ranking better when Turing Award 

winners were used. We argue that this contrast may be the result of the distinct 

nature of these awards (a specialized versus a general award) that are reflected 

differently by the underlying data set. We think examining the influence of the 

ageing of edges, in collaborative networks, on the ranking of authors is worth of 

further research. 
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