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Abstract  

 

     COVID-19 pandemic enforced students in schools and universities 

all around the world to study using the online and blinded learning. 

In these learning models, students depend on the Internet for 

information searching of different scientific essentials to improve 

their skills and to overcome the gap of facing instructors. One of the 

most popular sources of information is Wikipedia. In this work, we 

attempt to study the relations of different math essential pages of 

Wikipedia to find the relation between these topics. A graph has been 

constructed for these pages. The graph theoretical metrics, such as, 

centrality, edge weights and clustering coefficient have been extracted 

of the constructed graph. The extracted values have been investigated 

to gain more insights of the math topics that should be studied first. 

The extracted results show that the in-degree property of the articles 

and the betweenness value of these articles are correlated. Moreover, 

there is no relation between the in /out-degree of the pages. Finally, 

the constructed graph has a small average shortest path and a high 

global cluster coefficient. This proves that the constructed graph 

follows the small world phenomenon. 

 

Keywords: Graph metrics, Math essentials, Gephi, Small world phenomenon, 
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1 Introduction 

COVID-19 pandemic has changed different aspects of our life. One of these aspects 

is the high education learning methods. A massive shifting has occurred in the way 

students interacted with instructors, classes and subjects [1]. In addition, the new 

learning method divides the learning responsibility between the students and the 

instructors in a way that the students are responsible of learning prerequisite 

material even if the instructor did not mention them [2, 3]. This makes the Internet 

mailto:sajidah.sh.mahmood@aliraqia.edu.iq


 

 

 

 

Sajidah Shahadha Mahmood                                                                             147 

the main platform for searching for the information and materials. However, how 

to start searching for a subject? What is the first learning material to start with? 

What are the essential topics to understand before moving on? One website to start 

with is Wikipedia [4]. 

Wikipedia is an online free encyclopedia that is written in 309 different languages. 

According to Wikipedia statistics [5], it contains 29 billion words in 55 million 

articles in 309 languages. These statistics show how massive the number of articles 

that have been written in Wikipedia and how hard it is to find a starting point to 

study the essential topics or classes in any major. In addition, utilizing any search 

engine to find a specific information or topic requires a good background on the 

essentials of the topic. To tackle this issue, graph theory can be utilized to construct 

the relations between different essential topics in any major. Subsequently, the 

constructed graph can be leveraged to find a starting point in the essential topics. 

A graph is defined a data structure that consists of nodes and links. Any two nodes 

are connected if a relation occurs between them [6]. Graphs have two main 

categories, direct and indirect. In the directed graph, moving from one node to 

another node must fallow the direction if the relation between the nodes. In this 

graph category, it is easy to find a starting point and to generate a tree from the 

graph with a root and different leafs. Graphs have many performance metrics that 

have many physical meanings. Theses metrics emerged in graph theory to create 

the network science [7]. Network science has been utilized to study social media 

relations [8], Internet autonomous system relations [9], scientific paper citation 

network [10] and the structure of wireless sensor networks [11].                    

In this work, network science and graph metrics have been leveraged to study the 

relation between different mathematical essentials. A directed graph has been 

created from math essential article pages that have been crawled from Wikipedia 

pages. Gephi [12, 13] graph analyzer has been utilized to calculate different graph 

metrics of the harvested Wikipedia articles. Betweenness, closeness, cluster 

coefficient, network diameter, nodes’ degrees and average paths have been 

calculated for the constructed graph.  

The rest of this paper is organized as follows; section II overviews the related works 

that have been conducted to study Wikipedia. Section III introduces graph metrics 

and how to calculate them. Section V, overviews the conducted experiment. Section 

VI discusses the harvested results. We conclude this paper in section VII.     

 

2 Related Works 
 

Studying and analyzing Wikipedia articles and pages has attracted researcher over 

the past decade. Many methods and techniques have been leveraged for the mining 

process of useful information. For example in [14], the authors attempted to study 

the popular chemical substances using the number of views of each page mentioned 

these substances. The Wikipedia chemical structure explorer (WCSE) developed 

by Novartis along with Python script allowed the researcher to count all the 
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chemical materials mentioned in all pages with the number of views. In [15], the 

author conducted a quantitative study or a statistical study of the top ten languages 

used in Wikipedia articles and their evolution over the time. In [16], the authors 

attempted to study the citation quality of Wikipedia pages to real scientific papers. 

More than 115 million citations and 800K papers have been investigated. The 

authors found that most paper were uncited or untrusted. In [17], the author studied 

Wiki-trends to gain more insight of a special disease. The author compared the 

Wiki-trend of the disease with Google trends. In [18], the author studied and 

investigated the history of diseases over time in Wikipedia articles. Their purpose 

was to show the evolution of information of a disease over the time. In [19], authors 

studied the media coverage of COVID-19 news utilizing the page views number of 

Wikipedia articles. The author found that the number of views of pages in 

Wikipedia reflects the media coverage news. In [20], the quality of different articles 

written in different languages has been investigated. The authors have shown that 

the quality of any article depends on the language and the popularity of the article.      

In the field of network science and graph metric studies, Wikipedia articles, authors 

and their relations have been studied heavily in the past decades. In [21], the author 

leveraged graph theory to study the authors’ behavior of the English articles in 

Wikipedia. A social graph has been constructed. The author found that articles in 

Wikipedia are classified into two main categories; narrow focus and broad articles. 

In [22], authors generated to graphs of Wikipedia data. The first graph is category 

graph and the second graph is the articles graph. Different graph metrics have been 

investigated to gain more insight of the structure of the articles and categories of 

Wikipedia. In [23], another graph has been constructed to investigate the quality of 

Wikipedia articles. The authors attempted to answer the question ‘why the quality 

of articles differ?’ using social metrics. In [24, 25] a revision history graph has been 

constructed and different graph metrics have been implemented on it. 

Our work in this study differs from all the other works in three main folds. First, we 

have utilized narrow focused articles of Wikipedia, mathematical essentials, in this 

study. These essentials have been studied for the coronation with the number of 

views and different deep learning models in [26]. Second, the constructed graph 

emphasized on understanding the physical meaning of different graph metrics. 

Finally, this work can be re-conducted for different essentials’ of any major.     

 

3 Graph Theoretical Background  
 

In this section, different graph metrics leveraged in this work are overviewed. We 

start by defining the graph itself. Subsequently, the simple metrics, such as, edge 

degree, diameter and average path will be shown. Finally, the centrality metrics are 

introduced. Table 1 shows the definition of all variable used in these metrics. 

 

  

Table 1: Variables’ Definitions 

Variable Definition 
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𝐧 Total number of nodes 

in the graph 

𝐝(𝐍, 𝐲) Shortest path between 

node N and node y 

𝛛𝐬𝐭(𝐍) Shortest path between 

node S and node T that 

pass through node N 

𝐦 Number of links 

 

 

3.1 Graph 
 

A graph G = (V, E) is a data structure that consists of nodes or vertices (V) and 

relations, links, vectors or edges (E). A graph is known as undirected graph if the 

relation or the link between two nodes can be passed from both sides. Moreover, it 

is known as directed if these links are vectors or an arrow with one node at the arrow 

start and the other node at its head. The graph size depends on the number of nodes 

in the graph and the graph order is the number of links between these nodes in the 

graph. 

 

3.2 Node degree 
 

The number of links that start or end at the node is known as the node degree. If the 

graph is undirected, two degrees are shown, in-degree and out-degree. Node degree 

can define the popularity of any node in the graph. 

 

3.3  Graph diameter 
 

It is a distance measurement tool. It is known as the longest shortest path calculated 

between the nodes in the graph. To calculate it, all the shortest paths between all 

nodes in the graph should be calculated. Subsequently, the longest value is the graph 

diameter. In highly connect graphs; the diameter has a small value.    

 

3.4 Graph density 
 

It measures the number of links that shown from the possible number of links. It 

depends on the number of nodes and the number of links in the graph. Eq.1 shows 

how to calculate this value. 

𝑑(𝐺) =
𝑚

𝑛(𝑛 − 1)
                       (1) 

 

 

3.5  Centrality Metrics 
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Different metrics can be used to measure the node centrality in the graph. The most 

popular metrics are; betweenness, closeness, eccentricity and cluster coefficient.  

 Betweenness: is defined as the number of shortest paths between any pair of 

nodes that passes through the node. Eq.2 is utilized to measure the 

betweenness of any node 

𝑏(𝑁) = ∑
𝜕𝑠𝑡(𝑁)

𝜕𝑠𝑡
𝑠≠𝑁≠𝑡

                  (2) 

 Closeness: Is defined as the sum of all shortest paths between the node and 

all other nodes in the graph. If the node is central, it will have a shortest path 

to all nodes. Eq.3 shows how to calculate this metric  

𝐶(𝑁) =
𝑛

∑ 𝑑(𝑁, 𝑦)𝑦
               (3) 

 Cluster Coefficient: This metric has is divided into two categories a local and 

a global one. The local cluster coefficient is calculated for each node. 

However, the global cluster coefficient is calculated for the graph itself. The 

local cluster coefficient is defined as the number of triangles that the node 

participates in over the number that should occurs. In other words, this metric 

measure how much the neighbors of a node know each other without passing 

through the node. Eq.4 shows how to calculate the local cluster coefficient. 

The global cluster coefficient is the average of the local cluster coefficient of 

all nodes as in Eq.5. It worth mentioning that a graph with a high global 

cluster coefficient follows small world phenomenon.  

 

𝐶𝑖 =
# 𝑜𝑓 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒𝑠 𝑡ℎ𝑎𝑡 𝑐𝑜𝑛𝑡𝑎𝑖𝑛 𝑛𝑜𝑑𝑒 𝑖

𝑘𝑖(𝑘𝑖 − 1)
                (4) 

𝐶𝑔𝑙𝑜𝑏𝑎𝑙 =
1

𝑛
∑ 𝑐𝑖                 (5) 

 
3.6  Average shortest Path 

 

A graph is a small world if it has a small average shortest path. The path 

should be less than the natural log of the number of nodes. This is shown in 

Eq.6. 

 

𝐴𝑣𝑒𝑟𝑔𝑎𝑒 𝑆ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑃𝑎𝑡ℎ ≤ ln(𝑛)          (6) 

 
3.7  Eccentricity 

 

It is defined as the maximum distance in edges from a node to all other nodes 

in the network. For nodes with small edge degree, the eccentricity value 

should be high. 

 

4 Experiment 
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Math essentials that can be found in Wikipedia pages have been crawled with the 

relation between them. We have utilized the list of these essential from [12] as the 

seed list for our crawler. The crawler has been written in Python. 1068 different 

pages have been crawled with 27078 links between them. Table II shows general 

statistics of the harvested data. All the pages are connected. In other words, the 

pages can create one connected graph. Finally, the pages have been given ID 

numbers and a connected list between these nodes have been created and fed to 

Gephi to generate one directed graph. Figure 1 shows the directed graph that has 

been constructed by Gephi. We can observe from the figure that the constructed 

graph has many nodes with few connections and few nodes with massive number 

of connections. This graph has been leveraged for graph metrics calculations that 

shown in the result section. 

 

Table 2:  Statistics of the Harvested Data 

Variable Value 

Number of pages 1068 

Number of references in 

all pages for other 

Wikipedia pages 

27078 

Number of pages in the 

seed list 

5 

articles  

Type of constructed 

graph 

Direct 

Number of graphs 

“connected components” 

1 

 

 
Fig. 1. The Directed Constructed Graph in Gephi 

 

5 Results 
 

Table III shows a general result statistics that have been calculated in Gephi. We 

can observe from the table that the average shortest path value is approximately 2.8 
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which is lower than ln(1068). Moreover we can observe that the global cluster 

coefficient has a high value. These two number show that the directed constructed 

graph of the math essentials follows the small world phenomenon. Finally, the 

graph has a small density value. This is obvious with the small number of 

connections that have been harvested.   

 

Table 3: Results Statistics 

Variable Value 

Diameter 12 

Average  Degree 25.5 

Average Path Length 2.794 

Graph Density 0.024 

Global Clustering 

Coefficient 

0.214 

 

Figure 2 shows the distribution of nodes’ out-degree property. As mentioned, the 

constructed graph is a directed graph. This gives each node two types of degrees; 

in and out. We can observe from the figure that small number of nodes have a very 

high out-degree and the rest of the nodes have a small out-degree number. This 

follows the small world phenomenon were rich get richer. Table 3 shows the top 

five pages with the highest value of out-degree. We can observer from the table that 

these pages are general math essentials. Moreover, these pages are the five nodes 

in the seed list of our crawler. 

 

Table 4: Out-Degree top five pages 

Page Out-

degree 

value 

Mathematics 532 

Real Numbers 290 

Function 

(mathematics) 

270 

Complex Numbers 214 

Integer 201 

 

Figure 3 shows the betweenness values of the graph’s nodes. As in the out-degree 

figure, the betweenness values have few nodes with massive betweenness values 

and the other node with small value. This means that there are few pages or articles 

that a lot of shortest paths follow from them. These articles are important articles 

and need to be reviewed. Table 4 shows the top six articles with the highest 

betweenness values. We can observe from the table that these articles have no 

similarities with the articles in table 3. However, table 5 shows the top 5 pages with 

the highest in-degree values. We can observe the similarity between the pages in 

the betweenness table and the in-degree table. We also can observe from the table 
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5 that the values of in-degree property are much smaller than the values of out-

degree table.  

Figure 4 shows the relation between the betweenness value of the node and its in-

degree value. We can observe from the figure that with higher betweenness values 

the in-degree value is also high. This has been reflected in the table of the top 5 

pages in the in-degree property and the betweenness. Figure 5 shows the relation 

between the in-degree and the out-degree properties. We can observe that the figure 

looks like a random figure with no correlation between these values. 

Table 5: Betweenness top Six pages 

Page Out-

degree 

value 

Bijection 12472.16 

Logarithm 12176.67 

Domain of a 

Function 

9896.27 

Exponentiation 8617.249 

Directed graph 8163.047 

Big O notation 7894.13 

 
Fig. 2. Out-degree Distribution 

 
Fig. 3. betweenness values of the graph’s nodes 
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Table 6: The top 5 pages with the highest in-degree value 

Page Out-

degree 

value 

Logarithm 101 

Domain of a 

Function 

99 

Bijection 89 

Laplace transform 89 

Factorial 82 

 
Fig. 4. Betweenness and In-degree 

 
Fig. 5. In-degree and Out-degree 

 

Figure 6 shows the CDF of closeness values calculated for the harvest articles. We 

can observe that 10% of the articles have zero closeness which means that their 

paths to all other nodes are massive. These 10% of the nodes are the leaves of the 

graph. In addition we observed that 5% of the nodes have 1 closeness which means 

that they are in the central of the graph. Another observation from the figure is than 

more than 70% of the nodes have a low closeness value.    
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Fig. 6. CDF of Closeness 

Figure 7 shows CDF of local cluster coefficient of the articles. We can observe from 

the figure that the highest cluster coefficient of the nodes is 0.5. Moreover, we can 

observe that 90% of the nodes have a value between 0.1 and 0.4. This means that 

for each node at least 10% of its neighbors know each other. For the nodes with 0.4 

values, 40% of its neighbors know each other. This result is not high which mean 

that more references should be added to these articles. 

 
Fig. 7. CDF of Local cluster coefficient 

 

Finally, figure 8 shows the histogram of the eccentricity values of the nodes in the 

constructed graph. We can observe that more than 30% of the nodes have 

eccentricity value of 5. This means that starting from these articles, a reader have 

to read 5 different articles to reach all the articles in math essentials. Moreover, for 

few nodes, the eccentricity reaches 12 hops. These means that this articles are very 

advance articles and hard to be visited easily by readers    
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Fig. 8. Eccentricity Histogram 

6 Conclusion 
 

The shifting to online and blinded learning motivated students to study different 

topics and articles from the Internet. A good point to start learning is Wikipedia. 

However, where to start is the question. In this work, we have crawled the math 

essentials from Wikipedia pages to find the relation between these pages and to 

create a starting point for the learners. A directed graph has been generated and 

different graph metrics have been studied. Our results show that betweenness and 

in-degree parameters can be used as a good start for studying the essentials. 

Moreover, the eccentricity ranked the articles according to their maximum hop 

count to other articles in the field. Finally, we found that all the essentials generated 

one connected graph without any disconnected components. This means, a crawler 

with only one seed article could crawl all of these articles.    
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