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Abstract: 

Comparative mythology is a largely qualitative and humanistic field, but recently tools 

have emerged to mathematically quantify character networks of mythological stories using 

network theory (Carron and Kenna, 2012). Such tools involve statistical analysis of nodes, their 

degrees, and properties that arise as a result of connections. Such quantitative analysis is useful 

because it has been historically applied to both real-world networks and fictional networks. If a 

mythological network has properties more similar to that of a real-world network than a fictional 

network, it can be reasonably argued that the myth is based on realistic relationships, and might 

even be based on a historical figure. In the present study, we aim to support the work of Carron 

and Kenna by adding another mythological story such as King Arthur in Combat  to the body of 

research and to draw conclusions about the artificial or realistic nature of its character network. 

 

Introduction:  

Recent fieldwork in Network Theory sheds light on the social aspects of the human 

condition. Nodes representing individual persons and edges representing the relationships 

between them, can be analyzed in a multitude of ways: for structural balance (Easley and 

Kleinberg 2010), for positive and negative relationships (Antal, et al. 2006), for assortativity 

(Newman, 2002), and a variety of other structural and dynamical factors. In McCarron and 

Kenna (2012), properties of  the mythological character networks of Tain Bo Cuailnge, Iliad, 



and Beowulf are explored and classified according to their similarities and differences to real life 

social networks, such as collaboration networks, and fictional character networks, such as Harry 

Potter and Lord of the Rings. Statistics of the network examined in this paper include: clustering 

coefficient, longest geodesic, characteristic path length, assortativity coefficient, betweenness 

centrality, degree distribution, the giant component, and robustness to targeted attack. It was 

found that social networks tend to be small world, with hierarchical structure, have exponential 

degree distribution, are not scale free, have a giant component larger than 90 percent, are robust 

to targeted attack and are not assortative. Real world networks are small world, hierarchical, 

have power law degree distribution, are scale free, have a giant component less than 90 percent, 

are vulnerable to targeted attack and are assortative, as summarized concisely, by Mac Carron 

and Kenna in table 1. 

  

Table 1: Universal Properties of Mythological Networks [Mac Carron and Kenna, 2012] 

Mathematical Model and Method:  

● Degree and mean degree 

A network has N nodes. A node with k neighbors, or connections has degree k. The mean 

degree of a network is the average degree of all nodes in the network. (Carron and Kenna, 2012) 

● Characteristic path length, l 



The characteristic path length is the average shortest path length between each pair of 

nodes in the network (Carron and Kenna, 2012). It’s formula is given by  

     (1)hortest path length f rom i to j1
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● Correlation Coefficient 

The clustering coefficient of a network is a measure of how connected a nodes neighbors 

are to one another (Easley and Kleinberg, 2010). It’s a number between 0 and 1 given by 

Ci= (2)    2ni
ki(ki−1)  

for a given node i, where ni represents the number of edges connecting node i’s ki total 

neighbors.  If the correlation coefficient of a given node with degree k is distributed C(k) ~ 1/k, 

then the network is said to have hierarchy. 

● Degree Distribution 

Degree distribution is given by the probability that a node in the network has k neighbors 

(Easley and Kleinberg, 2010). This probability, termed p(k) follows a power law if p(k) ~ 1/k and 

follows and exponential law if p(k) ~ e-k . If the degree distribution follows p(k) ~ k-𝛾 with 2 ≤𝛾≤ 

3, the network is scale free. 

● Assortativity Coefficient 

In the study of various network models there is sometimes the presence of 

preferential attachment between vertices. This preferential attachment can take two forms. When 

the vertices of a high-degree are attached to other vertices of a high-degree, the network is said to 

display assortative mixing. When the vertices of high-degree are attached to vertices with a 

low-degree, the network is said to display disassortative mixing. Determining whether a network 



is assortative quantitatively requires the determination of two distributions. When one chooses an 

edge randomly within a network and follows it to a vertex, the vertex arrived at is biased to be 

one of high degree because these have more edges. So, the degree distribution for the vertex is 

proportional to the degree, k, and probability for arriving at that particular vertex, pk. A 

distribution can then be constructed according to the format provided by Newman that accounts 

for the remaining degree as  the number of edges leaving the vertex other than the one randomly 

chosen. This is one less than the total degree, so one is in fact looking for vertices with k+1 

edges. The distribution is then constructed as the proportion of scaled probability for vertices of 

degree k+1 divided by the total value of scaled probabilities for all vertices: 

         (3) 

The second distribution necessary to detect assortativity is a joint probability distribution 

of the remaining degrees of two vertices on the ends of a randomly chosen edge. This 

distribution follows two basic laws of sums on an undirected graph: 

       (4) 

 

A network can then be shown to have no assortative or disassortative mixing when the ejk 

= (qk)*(qj)  for all k and j so that the joint probability distribution is demonstrating that the 

distributions for either degree on a random edge are independent. The following function can 



then be utilized to average over the edges and give a positive value for assortative mixing and a 

negative value for disassortative mixing: 

         (5) 

The preceding method for determining assortativity comes from the work of M.E.J. 

Newman. 

● Betweenness Centrality 

The betweenness centrality of a given node is a measure of how central it is, or how 

important its existence is to the connection of its neighboring nodes. Any two nodes i and j in the 

network can be connected in a finite number of ways. Thus, there is a shortest path length 

between and i and j. There can one or more shortest paths. 𝜎(i,j) denotes the number of shortest 

paths between node i and node j, while 𝜎 l (i,j) denotes the number of shortest paths passing 

through node l. The betweenness centrality of node l is given by 

      (6) 

where the coefficient  functions as normalization so that gl = 1 if all shortest paths2
(N−1)(N−2)  

pass through node l. Thus, betweenness centrality is not a property of the network as a whole, but 

a property of each node within the network. 

● Giant Component 

The giant component is the percentage of the total nodes that are connected to each other. 

In Carron in Kenna, they found that both Tain and Iliad had a giant component of 98%, whereas 



Beowulf had a giant component of 68%, likely because Beowulf takes place in two different time 

periods and it is less likely that every character will know every other character (Carron and 

Kenna, 2012). The authors of the paper leave out their computational method of finding the giant 

component but the easiest way so far appears to be visually, after graphing the network. If the 

removal of the top 5% of nodes with the highest betweenness centrality significantly reduces the 

giant component, the network is vulnerable to targeted attack. If the same thing occurs after 

removing 5% of randomly selected nodes, the network is vulnerable to random attack. If the 

removal of nodes has no effect on the giant component, the network is robust.  

● Explanation of the model  

The model consists of the above set of network variables. The variables we will look at in 

particular are number of nodes, characteristic path length, longest geodesic, clustering 

coefficient, degree distribution, giant component, and betweenness centrality. If the characteristic 

path length is similar to that of a random network of the same size and the clustering coefficient 

is significantly larger than that of a random network of the same size, the network is said to be 

small world and many social and fictional networks have this property. If the degree distribution 

follows a power law, the network is likely to be a social network, whereas if it follows an 

exponential distribution, the network is likely fictional. If the network is scale free, it is likely 

social, but likely fictional if it is not scale free. Furthermore, the giant component constituting 

more than 90% of the network is sign of a fictional network, whereas a giant component of less 

than 90% represents a more realistic network. A realistic network will be vulnerable to targeted 

attack and robust to random attack whereas a fictional network will be robust to both. Finally, if 

the network is assortative, it is more likely to be a social network and if it is disassortative it is 



more likely to be a fictional network. We will determine the properties of the character network 

of King Arthur (or perhaps another story) and draw conclusions about whether it is categorically 

more similar to a social or fictional network. 

● Their Method  

The method employed by Carron and Kenna to detect similarities in character networks 

employed various strategies. First, data was acquired for their investigations. This data is the 

network of characters in the three different mythological stories the Tain Bo Cuailnge, the Iliad, 

and Beowulf. The data is composed of the various characters in these stories as well as the 

relation between each as being either hostile or friendly. The researchers then used the historical 

backgrounds of each of these stories in order derive their guesses of how the networks would 

behave quantitatively. History supports both Beowulf and the Iliad being based off of real social 

networks but not the Tain. Carron an Kenna constructed degree distributions for the character 

networks and investigated parameters such as mean path lengths, clustering coefficients, 

assortativity, and size of the giant components. After tabulating and graphing these results they 

found that the societies in the Iliad and Beowulf in fact mirrored real social networks. However, 

the lack of assortativity in the Tain made it appear to be fictional in nature.  

● Our Method 

During our project, we are going to refer to Carron and Kenna’s idea and develop another 

similar comparison of a network based on a different mythological story. By analyzing the 

network relationship in between each individual character, we are able to construct a data file 

which could include the entire network tree within this specific story. After that, we are going to 

use the data file as our primary tool to construct the degree distribution plot. While Carron and 



Kenna’s project analyzed three different mythological stories, and did three comparisons to test 

the significance, we are going to analyze another different mythological story and compare it 

with social as well as fictional networks. The main method which we are about to use is called 

the Chi Square distribution test. 

Chi-Square distribution test is a distribution testing method which has been widely used 

to test the relationship between two individual and independent groups. Running a Chi-Square 

test would show us whether there is any significant similarities in between the two individual 

groups. After analyzing the data file with the Chi-Square distribution test, we are going to 

calculate the other coefficients such as the giant component, degree distribution value and 

betweenness centrality. Moreover, we are also going to conclude whether or not the data is scale 

free, in hierarchy or the network is defined as small. Figure 1 Shows a sample outcome of a 

Chi-Square distribution test.  

 

Figure 1: A sample output of Chi-Square Test  [Yihe, 2017] 

In figure 1, the p-value is nearly zero, therefore we can conclude that there is a significant 

difference between the two data sets. 

● Data Collection 

The data collection method that will be employed involves the gathering of various 

character networks from different types of stories. This involves collecting csv files containing 

the names of the involved characters as well as data on their relationships as either hostile or 

friendly. Without identifying relationships between characters it is still possible to construct an 



undirected graph that can represent the network. For the Iliad, Beowulf, and the Tain data 

already exists and is interpreted in the work by Carron and Kenna. For additional networks to 

study it is possible to manually collect the data by reading stories and organizing the character 

relationships. However, this process can be tedious. For this reason data collection will 

preferably be done by accessing already created networks. These exist online for stories such as 

Harry Potter, Star Wars, and Lord of the Rings. There is also additional data that can be analyzed 

from real world social networks, biological systems, and political interactions available online as 

well.  

Results:  

Based on multiple category comparisons such as the degree distribution, giant 

component, resilience, assortativity and the scale, Carron and Kenna have made a  conclusion 

that  networks from different fields do share similarities between them. Table 2 shows Carron 

and Kenna’s observation.  

  

Table 2: Results for the network Comparison [Mac Carron and Kenna, 2012] 

Moreover, Carron and Kenna construct a degree of distribution plot and observe the 

similarities between two of the mythological stories. By comparing the degree of distribution 

plot between Beowulf and Tain, Tain and Iliad, Iliad and Beowulf, Carron and Kenna clearly 



observe that the degree distribution plot between three of the different mythological stories do 

share similarities between them. Figure 2 shows the observation of the degree distribution plots. 

 

Figure 2: Degree Distribution Plot [Mac Carron and Kenna, 2012] 

 

Conclusion:  

According to Carron and Kenna, they have concluded that the degree distribution plot as 

well as the networks from other fields do share a lot of similarities between them. In our future 

work, we are going to expand this research project. We can gather data from another different 

mythological story and use such data as our primary tool to run statistical analysis. We are able 

to organize the data and make the data observable in a statistical analysis program. Moreover, by 

constructing the code base in R studio, we are able to observe more similarities between each 

different network. Figure 2 shows the sample code base for a typical Chi-Square distribution test.  

 

Figure 2: Chi-Square Distribution Sample Code in R [Yihe, 2017] 



Although gathering data from a complete mythological story could be very 

time-consuming, but by using such data, we are able to expand Carron and Kenna’s research 

project and further verify the conclusion which they have drawn. 
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