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Abstract: Many complex systems have been modelled and analyzed as complex networks. These systems are huge 

and complex in terms of number of interconnecting components. In this research, we have analyzed the co-

authorship network of Sindh university authors on science direct to understand the connectivity pattern of authors 

who published their articles over time. This research has found that the connectivity pattern of the authors is highly 

heterogonous due to the emergence of hubs in this system. Further, this network has shown highly clustered 

behavior with small world effect. These findings based on network analysis suggests that the co-authorship system 

is depending on few authors frequently publishing multiple papers in this network. 
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I. INTRODUCTION 

Network science deals with the study of network 
representations of various real-life systems including 
physical, biological, and social systems with the aim of 
describing predictive models of these systems and the 
underlying phenomena. When a real-life system or 
phenomenon is modelled as a network, the distinct elements 
in the system are denoted by nodes/vertices, and the 
connection or interactions among them are denoted by links 
or edges. The field of network science lies at the intersection 
of mathematical graph theory, statistical mechanics, data 
mining and visualization, inferential modelling, and social 
structure. The goal of network science is to understand the 
properties and behavior of networked systems and ultimately 
to draw insights and conclusions regarding the real-life 
systems such networks represent [1, 2, 3]. 

When the pattern of connections or relationships among 
social entities is to be studied from a network-theoretic 
perspective it is aptly known as social network analysis [4, 5, 
6]. These entities are often persons, but may also be groups, 
organizations, nation states, websites, and scholarly 
publications. A particular class of social networks, known as 
co-authorship networks, are especially important in social 
network analysis because these have been used extensively to 
determine the structure of scientific collaborations and the 
status of individual researchers [7, 8, 9, 10,11]. This paper 
explains the overall process of analysis of co-authorship 
network of all papers of University of Sindh which are 
published in Science Direct until now. 

The rest of the paper is structured as follows: Section 2 
discusses at length the relevant background and literature. 
Section 3 describes the methodology adopted for this study 
including data collection, pre-processing, cleaning and the 
main network analysis methods applied.  Section 4 presents 
and discusses the results of this study.  Finally, Section 5 
summarizes the main findings and concludes the paper. 

II. BACKGROUND AND RELATED WORK 

Many researchers tried to observe co-authorship system 
from different perspectives of network. The authors [12], 
formalized the scientific collaboration network as two-mode 
network. They modeled authors and research articles as two-
mode network. In this network two authors considered 
connected if they were co-authors on a given paper. A study 
of the co-authorship network of Canadian scientists for the 
period of 14 years since 1996 to 2010 undertaken by Ashkan 
Ebadi et al [13] resulted in formalization of the multiple 
regression models in order to estimate their impact on the 
underlying network structure. Similarly, the co-authorship 
system in diverse fields such as nano science, pharmacology, 
and statistics in Spain from 2006-2008 was studied by María 
Bordons et al [14]. By making use of the g-index as an 
intermediary measure and using the Poisson regression model 
they identified a relationship between type of research and 
performance of the authors in terms of their contributions. 
Micael S Couceiro et al [15] examined performance of 
researchers from different scientific fields both within the 
immediate network and within the larger network. Primarily 
they created a weighted adjacency matrix using the dataset of 
the published articles in publications having standardized 
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identifier ISBN, ISSN, and then using graph partition 
methodology the graph was divided into clusters, and 
computed the data using MATLAB script. In another study 
Xu Qianwen Ariel and Victor Chang [16] analyzed 
bibliographic data of 166 authors from three institutions to 
understand internal structure of co-authorship network in 
Shanghai, China.  They found eigenvector centrality, 
betweenness centrality, authority and hub position, and 
efficiency were significant to g-index. In last they perform the    
Spearman correlation test to compare academic performance 
and SNA metrics. Hu, K., et al. [17] analyzed co-author and 
co-cited reference network of research done in the field of 
chlorophyll fluorescence. Firstly, active author communities 
were filtered by using the countries with high-citation-per-
paper publications. Then the network-based methods were 
used to find out author groupings in these countries which they 
categorized to analyze author’s focus area. In last, by using 
the co-cited reference networks the knowledge distribution 
timeline is presented.   Another study by Zhao Yang, and Ning 
Wang [18] is focused on co-author network of domestic 
supply chain finance field. They used 15 year’s data from 
2005 to 2019 from CNKI. By using UCINET tool the co-
author network was analyzed to determine subnet patterns of 
author, cohesive subgroups, centrality, network density, and 
structural holes. The study was used to identify the 
weaknesses in field of supply chain finance. A similar study 
by Qiqi Jiang [19] is the analysis of co-author network graph 
in the field of economics. The author analyzed SSCI academic 
literature in economics from 2004 to 2019 by using Python 
and Pajek. The author proposed the need of corporation 
among researchers. Xin Lu and Wentao Zhang [20] proposed 
a study in which they constructed the co-authorship network 

of Chinese sports culture field in by collecting the CNKI 
database’s data from 2000 to 2019. The authors analyzed the 
structural characteristics and distribution of the network by 
using density, average distance, centrality, and clustering 
coefficient and presented their recommendations. 

III. METHODOLOGY 

The methodology adopted here includes several phases. 
Starting from data collection which involved searching for 
relevant publications within the Scopus database. The second 
stage was data pre-processing which involved cleaning and 
formatting of the initial result set, identifying any spurious 
results, and unifying any redundant results in order to achieve 
uniformity and consistency. Then followed the network 
analysis phase including the computation of several network 
and graph-theoretic measures. 

A. Network Extraction 

The article database was queried for authors who were 
affiliated with University of Sindh, with the initial search 
providing 302 results.  The results were then exported into an 
appropriate data format. From the initial result set, the primary 
authors who worked on a paper were extracted and a 
corresponding entry was created for a network edge list, 
against which their co-authors were recorded. This 
represented the co-authorship collaboration network as an 
edge list. The result of that extraction was an excel sheet with 
302 rows for the primary authors, and a variable number of 
columns per row for the collaborating co-authors. A snapshot 
of the extracted result data set is shown in Fig. 1. 

 

 

Figure 1.  First extraction. 
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B. Data Cleaning 

In the first extraction it was observed that the names of 
certain authors were written in different naming styles.  A 
number of naming styles were observed depending on the 
placement of first and last names, or the use of abbreviations 
for one or all of their given names. All such cases were 
identified, and the names of the authors were changed to a 
single standard naming format for consistency. An automated 
find-and-replace approach was adopted to correct all the 
names of authors, and the final results were verified manually.  
Table I shows the distribution of papers according to number 
of authors. 

After the name corrections the final edge list was extracted 
from the excel sheet and the total number of edges were 3416 
as shown in Fig. 2. As this is a collaboration network, it 
naturally gives rise to the presence of multiple edges from one 
author to another author. The graph was created by converting 
the excel file into CSV file. 
 

TABLE I.  DISTRIBUTION OF PAPERS ACCORDING TO NUMBER OF 

AUTHORS 

Number of papers Number of authors 
3 11 
4 10 
14 9 
29 8 
24 7 
30 6 
33 5 
45 4 
53 3 
42 2 
25 1 

 
Fig. 3 shows the network diagram which shows that there 

are many authors who are disconnected in small cluster and 
there is a huge cluster of authors connected together. The 
simplify function was used to remove all the multiple edges in 
the graph for further calculations.  

 
 

 

Figure 2.  The final edge-list. 

 

 

Figure 3.  The co-authorship network. 

IV. RESULTS AND DISCUSSION 

The Network had on large connect component along with 
other small components as always observed in other co-author 
graphs.  The smaller components of authors indicate groups 
of authors who publish together within that group, but do not 
have any publications in collaboration with authors outside of 
that group. 

A. Comparison with Random Network 

A random graph R was generated with 
random.graph.game() with 315 nodes and probability 

of 0.3 the similar number of edges were generated for 
comparison with co-author graph. Table II shows different 
matrices applied on the co-author graph and the random 
graph. 

TABLE II.  COMPARISON OF DIFFERENT VALUES BETWEEN THE CO-
AUTHORSHIP GRAPH AND THE RANDOM GRAPH 

 Co-authorship 
graph 

Random graph 

Average path length 3.2 2.8 
Clustering co-efficient 0.3 0.03 
Betweenness Min: 0 

Max: 12426.97 
Min: 0 
Max: 934.2999 

Eccentricity Min: 1 
Max: 10 

Min: 0 
Max: 5 

Closeness Min: 1.01x10-05 
Max: 7.79x10-05 

Min: 1.01x10-05 
Max: 9.12x10-04 

Maximum degree 76 19 
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The number of differences were observed during 
comparison of this co-authorship systems with an equivalent 
random graph: The average path length “2.8” of random graph 
was less than the average path length “3.2” of co-author graph. 
The clustering coefficient “0.03” of random graph was less 
than the clustering coefficient “0.3” of co-author graph. This 
shows that the Network is Small World Network. In case of 
betweenness, co-authorship graph sows higher values due to 
the presence of hubs in this network. Finally, the maximum 
degree shows the difference of coauthors in both these 
networks. 

B. Existence of Hubs 

Another property of small world graph is the presence of 
hubs in the network. These are made up of nodes that have an 
extremely high degree (co-authors) compared to other nodes 
in the network.   

 

 

Figure 4.  The degree plot. 

 
The degree distribution plot in Fig. 4 indicates the 

existence of hubs, showing that a small number of authors 
have a very large degree while the majority of the authors have 
smaller degree. The largest clique that was found was of 12 
nodes all connected together. These findings clearly show that 
the few authors have published many papers and many have 
few.  This leads to inhomogeneous distribution power-law.  

C. Community Detection 

Another property that is often observed in networks is the 
existence of community structure in which nodes are 
interconnected within tightly knit groups known as 
communities [21, 22, 23], while at the same time the 
communities are loosely connected among themselves.  

The fast greedy algorithm was used to detect communities 
in the graph [24] and the Fig. 5 illustrates the graph which was 
generated after the community separation. The modularity of 
the generated graph is 0.59. 

The walk trap algorithm was used to detect communities 
in the graph [25] and the Fig. 6 illustrates the graph which was 
generated after the community separation. The modularity of 
the generated graph is 0.6.  

The Louvain method [26, 27] was used to detect 
communities in the graph and the Fig. 7 illustrates the graph 

which was generated after the community separation. The 
modularity of the generated graph is 0.63. 

It is seen that all three community detection methods gave 
nearly same results with a modularity of approximately 60%. 

 

 

Figure 5.  Collaboration network plot with fast-greedy algorithm. 

 

 

Figure 6.  Collaboration network plot with walk-trap algorithm. 
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Figure 7.  Collaboration network plot with Louvain method. 

V. CONCLUSION 

Many networked systems have been modelled and 
analyzed to understand their topological structures and overall 
behavior. The obtained co-author network was observed with 
overall similar properties as any other co-author network 
would have. We have found that few authors in this system 
have published many articles with many other collaborators 
and majority of authors have published few articles.  

This is the reason that this network shows inhomogeneous 
pattern of connectivity and applied metrics shows variation in 
the obtained results of network analysis metrics. The presence 
of hubs clearly shows that few authors are actively engaged in 
their research and are publishing articles in this system quite 
frequently. 

In this research, we have done static analysis of the 
network. On the other hand, this dataset is dynamic based on 
the issues published quarterly. The dynamic network analysis 
can be done   to understand its longitudinal behavior with link 
prediction. Also weighted clustering coefficient can further 
endorse the results of small world effect of this network.  
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