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Abstract — In this paper, we conducted a network analysis 

of the 237 subjects that were opened in the Korea Naval 

Academy. We analyzed the Pearson correlation of the subject 

grades from 2006 to 2013for the students who entered the 

academy from 2006 to 2010. By the correlation test, we 

decided two subjects are correlated if the p-value of the 

correlation test is below the threshold value. We constructed 

the network by setting the thresholds to 0.1, 0.05, 0.01, and 

0.005. By the network analysis, we derived the scaling 

exponent in the degree distribution, as well as the 

characteristic path length, clustering coefficient, and 

assortativity. After the analysis, we could infer the subject 

network of the Korea Naval Academy has small-world and 

scale-free properties. Also, we confirmed that the network 

configuration is quite robust and disassortative. 
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I. INTRODUCTION 
 

In recent years, researches on complex systems have 

been actively carried out in the field of physical chemistry, 

biology, geological science, social science, economics, 

and so on [1-6].Complex system is a system in which the 

interaction of the underlying structures that make up the 

system exerts a greater synergy than the sum of the 

individual actions of the underlying structure [7]. One of 

the best models to describe such a complex system is 

network theory. In addition to interest in complex systems, 

network theory has also been exploding for the past 

decade. 

The network consists of nodes and links. The node may 

be an individual particle, an organization member, or a 

specific region of a global map. On the other hand, links 

can be defined in many ways, depending on what they 

interpret as interactions between nodes. In this paper, it is 

assumed that the link between two nodes is formed if the 

p-value of Pearson correlation test between two grade 

arrays of subjects is significantly high. By configuring 

nodes and links, various analyses are possible, and we will 

calculate representative values of network theory. 

Many researches have been carried out for the 

relationship among the curriculum established at 

auniversity. Since the curriculum of the university is so 

vast, researches on the relationship between the subjects 

have been studied limitedly only for a major or liberal arts. 

There is a paper investigating the relationship between 

MSC(mathematics, basic science and computer science) 

courses and major courses for efficient engineering 

education [8]. Numerous similar studies have been 

conducted on educational linkages between high schools 

and colleges. Hong [9] and Choi [10] analyzed the high 

school prerequisite subjects those are needed to perform 

college courses effectively. There are also some researches 

on the relationship between academic achievements in 

universities whether the students have taken advanced 

courses in mathematics and science [11-14].They found 

the positive relation between advanced course taking in 

high school and college enrollment. This linkage is 

eventually perceived as a causal relationship. 

On the other hand, Min et al. [15] analyzed the 

correlation between grades of the Korea Naval Academy 

and grasped the connection among the opened subjects. 

This research is a sequel to the previous study. We tried to 

analyze the characteristics of the subject network by 

generating and analyzing the network based on Pearson 

correlation. 

 

II. DATA 
 

This study was conducted in two stages. The first is the 

process of deriving the Pearson correlation coefficient of 

each data, and the second is the process of generating links 

and network analysis. In order to analyze the correlation 

between grade results of the naval academy subjects, we 

surveyed 42,269 grades of 691 cadets in five academic 

years enrolled from 2006 to 2010. The goal of this study is 

to derive the subject correlation of students who took two 

courses out of a total of 237 open courses. We considered 

all 27,966 combinations and derived the correlation 

coefficients. In fact, there are few students registered and 

no double majoring system in the naval academy, so the 

number of students who have taken common two courses 

is zero for some subject combinations. We investigated the 

Pearson correlations of 14,370 subject pairs that three or 

more students have taken the subjects among 237 courses 

opened from 2006 to 2013. 

 

III. METHODOLOGY 
 

As we mentioned above, this study have two procedures. 

To carry out the Pearson correlation test, we set 4 four 

significance levels of p-values, i.e.,�=0.01, 0.05, 0.001 

and 0.005. If a p-value of the correlation test is below the 

threshold, we judged there was a correlation between the 

grades, so we generated a link between the two subjects.  

 NODE: Network nodes are 237 subject courses 

 LINK: If the p-value is less than the threshold value in 

the correlation coefficient analysis, the link between the 

two subjects is generated 

And then, each network analysis was performed on the 

four significance levels. Also, we analyzed the changes of 

network properties by increasing the number of subjects 

from 50 to 237 with random selection, in order to get 
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insight into the dynamics of network according to the 

number of subjects. We analyzed some useful network 

properties as follows. 

A. Degree Distribution 
If a network has� nodes, the possible degrees are 1 to �. 

Since the summation of the adjacency matrix for each 

column is a degree of each node, the degree distribution of 

the network can be easily calculated. For last two decades, 

studies on networks have been carried out explosively. 

The most outstanding feature of the researches is that 

many networks have scale-free properties [16]. That is, the 

degree distribution follows power-law. � ~ −�     (1) 

B. Characteristic Path Length 
When the distance between the -th node and the -th 

node is � , the characteristic path length is defined as the 

average value of the distance� for all links between the 

nodes. � = � �− ∑ ∑ �−=�=    (2) 

In this case, the distance between nodes is a value 

obtained by adding 1 to the minimum number of nodes 

going from the -th node to the -th node. If there is no 

path connecting two nodes, �  is infinite so�diverges. In 

this case, �  only averages over finite values. The 

characteristic path length obtained by this process is used 

as an indicator for determining whether the network has a 

small-worldness property. If �  is proportional to or less 

than log� , the network with �  nodes is called a small 

world network. 

C. Clustering Coefficient 
If  is the degree of the -th node, any two links of  

links form a triplet. The ratio of triangles is the clustering 

coefficient of the -th node. That is, 

 � = r  rir  ri = r  ri� �−   (3) 

   for the neighborhood of node . 

The average of these Ci  is called the clustering 

coefficient. � = ∑ ��=      (4) 

The clustering coefficient is also used as a implement to 

get insight of the small world property or how tightly the 

nodes are linked. 

D. Assortativity [17] 
It is called an assortative network when the nodes 

having many links (or few nodes) tend to be linked among 

themselves. This property is derived by the following. = ��2 ∑ � −,    (5) 

Here = + + / ∑�= indicates the 

probability of the remaining degree distribution, i.e., the 

ratio of the redundant links for each end node of arbitrary 

links. is the probability of the degree distribution such 

that the number of links is  for a node. Also, �  

represents the joint probability of  and  nodes at both 

ends of a link. Meanwhile, ��  is the product of the 

standard deviations of the and . Since the two 

distributions are identical and independent, it can be 

expressed as the variance of the . As a result, the 

assortativity has a value between -1 and 1 because it is the 

correlation coefficient of the remaining degree 

distribution. If a network is an assortative network, the 

assortativity exhibits a positive number. In the 

mathematical or scientific journal co-authors' networks, 

film actors, and executive networks of companies, the 

assortativity has a positive value of 0.1 to 0.3, The world 

wide web, protein interaction, neural network, and food 

chain are known to have negative values of -0.1 to 0.3. On 

the other hand, the interaction network of proteins has a 

negative value of -0.2, while the amino acids interaction 

network in a protein has a positive value of 0.1 to 0.5. In 

other words, the assortativities exhibit differently 

depending on the resolution even though they are the same 

material [18]. 
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IV. RESULTS 
 

In order to examine the properties of subject network, 

we analyzed the correlation coefficients among 237 

curriculums opened in the Korea Naval Academy from 

2006 to 2013.We considered 14,370 subject pairs that 

three or more students have taken the subjects. If the p-

values of the Pearson correlation tests for two curriculums 

were less than a threshold value, we judged the pair has 

relevance so generated a link between them. We 

considered four threshold values, i.e., 0.1, 0.05, 0.001, and 

0.005. After a network generation, we analyzed the 

representative properties and derived the meaning of them. 

Fig. 1 describes the degree distribution of Korea Naval 

Academy in log-scale. Due to the small number of nodes, 

the possible degrees may not be sufficient to find the 

networkfeatures. Although the strength is weak, we can 

find the linearity in the graph, so we may estimate the 

subject network has a scale-free property. The power 

exponents are low values ranging from 0.5 to 1.2. In the 

network theory, it is known that the relationship between 

the characteristic path length� and the number of nodes � 

according to the range of the exponent gamma in scale-

free network. That is, �~loglog�for < � < , �~log�/loglog�  for � = , and �~log�  for � >  [19]. In other 

words, the smaller the exponent values in the scale-free 

network, the stronger the small-world properties and 

ultimately the ultra-small properties. The gamma values in 

this analysis are much less than 2, which suggest that the 

network has an ultra-small property by degree distribution 

analysis. 

Fig. 2 shows the characteristic path length� according to 

the number of nodes �. The bold solid lines in red indicate 

the values of the network of subjects, and thin solid lines 

in blue indicate random networks. In this case, a random 

network refers to a network in which links between nodes 

are shuffled while maintaining the number of nodes and 

links as the subject networks. A Network is said to be a 

small world network if � is proportional to or slower than log�. Though it is a small network with 237 nodes in total, 

we can see the variation pattern of the characteristic path 

length by changing the number of nodes with random 

selections. In the Fig. 2, �  does not actually show an 

increase pattern for the four thresholds. This suggests that 

even � may increase much slower than log� , thus the 

subject networks have ultra-small properties. We noted 

that the power exponent gamma exhibited low values of 

less than 2 and then estimated the network had an ultra-

small property. 
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Table1. Network properties of Korea Naval Academy 

subject network according to the threshold values of 0.1, 

0.05, 0.01 and 0.005. Subject are selected randomly from 

50 to 237. 

 

Through the Fig. 1 and Fig. 2, we can conclude that the 

subject network of the Korea Naval Academy is an ultra-

small network. 

Fig. 3shows the clustering coefficients those are used as 

an indicator of the network robustness. The coefficients of 

the subject network are considerably larger than those of 

the random network. Therefore, it can be seen that subject 

networks are highly clustered, those are distinct from 

random networks. This means that there is a high 

likelihood that any triplet of nodes tends to create a 

triangle. If there two subjects A and B are correlated, and 

B and C are correlated, then the subject A and C are likely 

to be correlated. The cause of this phenomenon may come 

from the similarity of the curriculum of the subjects, or 

from the fact that a student who has excellent grades in a 

subject also shows great tendency in other subjects 

regardless of the curriculum. Detailed analysis of network 

robustness seems to require pedagogical investigation and 

interpretation. 

And then, Fig. 4 describes the assortativity. If the rich 

nodes (or poor nodes) are likely to linked among 

themselves, the assortativity has a positive value close to 1, 

and in the opposite case, a negative value close to -1. 

Typical networks have values approximately in the range 

of -0.35 to 0.35 [20]. In this study, assortativities are 

significantly lower than those of random networks ranging 

from -0.3 to -0.2. This means that one of the two linked 

nodes is the rich node and the other is the poor node in 

general. 

Finally, Table 1 summarizes the major network 

properties shown in the figures. As the threshold varies 

from 0.1 to 0.05 and the number of subject nodes varies 

from 50 to 237, the characteristic path length �, clustering 

coefficient �, assortativity as well as the average degree < >  are shown. As mentioned above, � represents a 

small world network because it maintains a constant level 

with no significant difference from  �r . Also, � exhibits a robust network because it maintains large 

values ranging from 0.5 to 0.7. In addition,  has a 

significantly lower value than  r , which shows that 

the strong binding tendency between the rich node and the 

poor node. On the other hand, average degree < > 

means the average number of links connected to individual 

nodes in the network, which is insensitive to the change of 

the threshold value. That is, while the threshold is reduced 

from 0.1 to 0.005, < > remains at the half level. Also, it 

can be seen that < > increases linearly as the number of 

nodes � increases.  

 

V. CONCLUSION 
 

We analyzed the Pearson correlation of 237 subject 

courses that were opened in Korea Naval Academy from 

2006 to 2013. Based on the correlation analysis, we 

generated four subject networks by connecting the two 

subjects where the p-value of the correlation analysis is 

less than each threshold value, i.e., 0.1, 0.05, 0.01, and 

0.005.After that, we derived some of the most 

representative values of the network theory and deduced 

the characteristics of the subject network. First, we 

confirmed that the subject network has scale-free 

properties in Fig. 1. The scaling exponents were in the 

range of 0.5 ~ 1.2. If the exponent value of a network is 

less than 2, it is known to satisfy the ultra-small world 

property. Thus we can deduce our network is an ultra-

small world network (or weakly small world network).The 

small-world property of the network is also shown in Fig. 

2. We say that a network satisfies a small world property if 

the characteristic path length is proportional to log�, and 

satisfies the ultra-small world property if it is proportional 

to loglog� . It can be inferred that it satisfies the world 

property.The characteristic path length of our network is 

almost constant, so we can infer our network is an ultra-

small world network in Fig. 2.We can also infer the 

robustness of the network in Fig. 3. The robustness of the 

network increases as the number of links increases, but we 

have to note that the subject network has significantly 

larger clustering coefficient values than those of the 

random shuffled network. Therefore, we can deduce that 

the subject network is a robust network in Fig. 3.In the Fig. 

4, we could understand the combination tendency of each 

subject. Their assortativity of both nodes for thousands of 

links was -0.2 ~ -0.3. This is a significant property of 

pairing rich nodes with poor nodes. Representative values 

shown in Fig.1 ~ Fig.4 are summarized in Table 1. In 

conclusion, we found that the Korea Naval Academy 

subject network had scale-free and small-world properties 

and it was very robust and anti-assortative. 

 
 

Threshold � < > � ��� �  � ��� �  � ��� �  

0.1 

50 14.20 1.74 1.72 0.69 0.29 -0.31 -0.05 

100 25.94 1.83 1.74 0.72 0.26 -0.28 -0.05 

150 37.65 1.81 1.75 0.72 0.25 -0.27 -0.03 

200 46.60 1.81 1.77 0.71 0.24 -0.27 0.01 

237 56.13 1.80 1.76 0.71 0.24 -0.28 -0.01 

0.05 

50 11.92 1.79 1.79 0.66 0.25 -0.33 -0.13 

100 21.66 1.85 1.79 0.62 0.22 -0.26 0.00 

150 31.09 1.88 1.79 0.65 0.21 -0.25 -0.01 

200 38.61 1.92 1.81 0.65 0.19 -0.24 0.00 

237 46.13 1.89 1.80 0.69 0.20 -0.24 -0.03 

0.01 

50 9.00 1.96 1.97 0.56 0.18 -0.20 -0.11 

100 15.66 1.92 1.92 0.58 0.16 -0.23 0.06 

150 21.80 1.97 1.89 0.57 0.14 -0.20 0.00 

200 26.37 2.02 1.89 0.58 0.13 -0.18 0.01 

237 31.08 2.04 1.88 0.59 0.13 -0.16 -0.01 

0.005 

50 7.76 1.98 2.11 0.54 0.17 -0.24 0.01 

100 13.76 1.95 1.99 0.58 0.14 -0.21 0.00 

150 18.96 2.05 1.95 0.55 0.13 -0.17 -0.02 

200 22.82 2.10 1.95 0.54 0.11 -0.15 -0.02 

237 26.94 2.10 1.93 0.54 0.11 -0.13 0.00 
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