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Abstract—COVID-19, which was declared by WHO as a 

pandemic in march 2020, is a severe problem which is faced by 

175 countries in the world. This virus is very easily transmitted 

by close contact and via respiratory droplets produced when 

people cough or sneeze. Started from Wuhan, it spreads fast to 

many other countries. This paper investigates the confirmed 

case analysis of a COVID-19 in all countries based on Spearman 

and Kendall correlation and grouping those countries which 

have the same level correlation.  There are 134 countries for the 

shortest period and 16 for the longest period have been 

evaluated. In the shortest period, 39 and 27 countries have high 

correlation value based on Spearman and Kendall, respectively. 

In the longest period, 11 and 6 countries have high correlation 

value based on Spearman and Kendall, respectively. Those 

groups indicate that the strength of association of confirmed 

case between them are similar. The darker colour shows there is 

a high correlation value among those countries. So, by using 

those groups, the decision-maker can analyze the characteristic 

of those countries and make the decision better. 
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I. INTRODUCTION 

By the end of 2019, infection of novel coronavirus to 
humans firstly confirmed in Wuhan city, Hubei Province, 
China [1]. Most of the patients visited the Huanan seafood 
market [2] and wild animal market [1] last month in Wuhan. 
Although COVID-19 firstly reported a link between animal-
to-human transmission, studies have increasingly 
demonstrated human-to-human transmission of COVID-19 
through droplets or direct contact [3].  

The transmission of COVID-19 not only reported 
transmitted on local transmission in China but also spread 
outside of China, such as Italy, Spain, Germany, and the 
United States [4]. Figure 1 shows the confirmed case of 
COVID-19 in the world on March 28th, 2020. Nine countries 
have COVID-19 confirmed cases more than 10,000 cases, 
such as the US, Italy, China, Spain, Germany, France, Iran, 
the United Kingdom, and Switzerland.  

 

Fig. 1. World COVID-19 Confirmed Case [5] 

Figure 2 shows the confirmed case trend of each country. 
From that figure, we can see that the line pattern of the 
confirmed case for most countries is more than the "doubling 
every ten days" line. Only Sri Lanka, Kuwait, and Singapore 
which have lower than "doubling every ten days" line. 

 

Fig. 2. World COVID-19 Confirmed Case Trend [6] 

 So, according to the background, we need to investigate 
COVID-19 confirmed case correlation for all countries and 
see which country has the same pattern. In this research, we 
present the correlation analysis of confirmed cases for 175 
countries around the world.  

The contributions of this paper can be summarized as 
follows: 

• Detailed analysis of confirmed case correlation by 
using the Spearman and Kendall correlation method. 

• Determined the group of each country based on 
confirmed case correlation analysis by using Spearman 
and Kendall correlation method. 

The rest of this paper is organized as follows: section 2 is 
related works, including COVID-19 and correlation analysis. 
Section 3 explains our methodology and experimental setting. 
Section 4 discusses our results. Finally, section 5 concludes 
this work. 

II. RELATED WORKS 

This section contains related works which can be split into 
two subsections. First, explanation about COVID-19. Second, 
explanation about Correlation analysis. 

 



A. COVID-19 

Coronavirus disease 2019 (COVID-19) is firstly identified 
in Wuhan city, Hubei Province, China. First, confirm that you 
have the correct template for your paper size. COVID-19 is an 
infectious disease caused by severe acute respiratory 
syndrome coronavirus 2. COVID-19 patients mostly had 
respiratory signs and symptoms such as fever, flanked by 
cough, and primarily dry [7].  

COVID-19 primarily spread from person-to-person 
through close contact by respiratory droplets and transmitted 
with subsequent contact with eyes, nose, or mouth [4].  

B. Correlation analysis 

Correlation is a measure of the association between two 
variables. The value of the correlation can be positive and 
negative (ranging from -1 to +1). A positive value means if 
the value of one variable increase, the other variable also 
increase. Otherwise, a negative value means if the value of one 
variable increases, the other variable decrease. There are two 
approaches: parametric and non-parametric rank correlation. 
Parametric tests need the assumption that the data complies 
with some normal, linear, and homoscedastic distribution [8], 
while Non-Parametric no need to comply with that assumption 
[9].  

 

Fig. 3. Three Types of  Correlation Value [10] 

Pearson correlation is one of the examples of a Parametric 
rank correlation (r). Unlike Pearson's correlation, Spearman's 
and Kendall, as the examples of a Non-parametric rank-order 
correlation does not make any assumptions about the 
distribution of the data [8]. In this paper, we use a Non-
parametric approach using the Spearman and Kendall 
correlation method. Benefit of using Non-parametric: First, 
nonparametric correlations can work on incomplete data 
(where only ordinal information of the data is available). 
Second, Spearman's ranks correlation (SR) and Kendalls' tau 
correlation (KT) equal 1 when Y is a monotonically increasing 
function of X.Third, Spearman and Kendall are more robust 
against outliers than Pearson Correlation [11]. Kendall is more 
robust than Spearman, which indicated on Gross Error 
Sensitivity (GES) value is lower than Spearman [12]. 

Spearman rank-order correlation coefficient (denoted 𝜌𝑠) 
is a rank-based version of the Pearson correlation coefficient 
[13]. The formulas of Spearman can be seen in equation (1). 
Meanwhile, Kendall's formula (denoted 𝜏) can be expressed 
in equation (2). 
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III. MATERIALS AND METHODS 

This section contains materials and methods. Data set and 
correlation analysis library will be explained in the material 
subsection. The experimental design step will be described in 
the methods subsection. 

A. Materials 

Data set in this research is provided by the John Hopkins 
Center for Systems Science and Engineering (JHU CSSE) 
[14], which is updated periodically. That data is combined 
from WHO, CDC, ECDC, NHC, DXY, 1point3acres, 
Worldometers.info, BNO, state, and national government 
health departments, and local media reports data [15]. In this 
research, we focus on the confirmed case data set for all 
affected countries. Confirmed cases include presumptive 
positive cases of COVID-19. The confirmed case is served by 
time-series data, which is derived from the daily case reports 
and regular updates by two times. 

The correlation function in the pandas 1.0.2 dataframe in 
python is used to analyze the data set. Python 3.7.6 was used 
to analyze the data. 

B. Methods 

The methodology design of this research can be seen in 
Figure 4. 

 

Fig. 4. Methodology Design 

The confirmed case data set was needed to be 
preprocessed first. That is because, the data set is in time series 
form, started in Jan 22th 2020 until March 27th 2020, which 
means the emergence of confirmed cases for each country is 
different. So we need to use the first day of confirmed cases 
for each country as the starting point, not based on the date. 
Two scenarios will be conducted, the shortest period and the 
longest period. We can see the data before preprocessed and 
after preprocessed in Table 1 and Table 2. Figure 5 shows the 
number of countries which reported the confirmed case (y-
axis) and the number of accumulated days confirmed for each 
country since it was first discovered in that country (x-axis).  

TABLE I.  CONFIRMED CASE DATA FOR EACH COUNTRY 

Dates Afghanistan .. Cambodia Canada … 

… … … … … … 

26/1/20  0 ...  0 1  
…
  

27/1/20  0 ...  1 1  
…

  

… … … … … … 

TABLE II.  STARTED CONFIRMED CASE DATA FOR EACH COUNTRY 

Day Afghanistan .. Cambodia Canada … 

1 1 … 1 1 … 

2  1 ...  1 1  
…

  



Day Afghanistan .. Cambodia Canada … 

… … … … … … 

 

 

Fig. 5. Number of Case Days Confirmed all Countries 

 From Figure 5, we choose 14 days as the shortest day period 

because it can capture most countries and 60 days as the 

longest period. Section IV will explain the result of the 

shortest period scenarios and the longest period. One hundred 

thirty-four countries will be evaluated in the shortest period, 

and six teen countries will be assessed for the longest period 

scenarios. 

IV. EXPERIMENTAL RESULTS 

Spearman and Kendall's correlation was conducted in 

confirmed cases number between one country to another 

country after preprocess has been done. This correlation is 

conducted by using pairwise correlation, which means it 

compares the confirmed case of one country to another 

country one by one.  

A. Shortest Period Results 

Figure 6 shows the pairwise correlation results of some 
countries using Spearman and Kendall in Figure 7. The 
average Spearman pairwise correlation of all country is 0.908, 
which means it has strong positive correlation, but may still 
sensitive with outlier than Kendall. Meanwhile, an average of 
Kendall pairwise correlation of all country is 0.845; it means 
that lower sensitive than Spearman.  

 

Fig. 6. Spearman Correlation Results Samples on the shortest period 

 

Fig. 7. Kendalls Correlation Results Samples on the shortest period 

 Based on the heat map color in Figure 6 and Figure 7, we 

make a group of all countries which have a strong correlation 

(darker color means stronger correlation value) which can be 

seen in Figure 8 and Figure 9. Table 3 and  Table 4 show a list 

of countries that have a high correlation value for Spearman 

and Kendall, respectively. There are thirty-six countries for 

Spearman and twenty-seven for Kendall. 

TABLE III.  COUNTRIES GROUP BASED ON SPEARMAN CORRELATION 

Correlation value 

Number 

of 

Countries 

Countries 

1-0.98 39 

Albania, Argentina, Austria, 

Bahrain, Bolivia, Bosnia & 
Herzegovina, Brunei, Bulgaria, 

China, Costa Rica, Croatia, Cyprus, 

Czechia, Diamond Princess, Ghana, 

Guatemala, Hungary, Iceland, Iran, 

Iraq, Kazakhstan, Moldova, 

Netherlands, Norway, Panama, 
Peru, Poland, Portugal, Rwanda, 

Singapore, Slovakia, Slovenia, 

Switzerland, Trinidad and Tobago, 
Turkey, Uruguay, Venezuela, West 

Bank and Gaza 

 

Fig. 8. Highest Spearman Correlation Result on Shortest Period (0.98 – 1) 

TABLE IV.  COUNTRIES GROUP BASED ON KENDALL CORRELATION 

Correlation value 

Number 

of 

Countries 

Countries 

1-0.97 27 

Albania, Austria, Bosnia & 
Herzegovina, Brunei, China, Costa 

Rica, Czechia, Denmark, Diamond 

Princess, Ghana, Guatemala, 
Iceland, Iran, Iraq, Kazakhstan, 

Netherlands, Norway, Panama, 

Peru, Poland, Portugal, Rwanda, 
Slovakia, Switzerland, Trinidad & 

Tobago, Turkey, Uruguay 

 

Fig. 9. Highest Kendall Correlation Result on Shortest Period (0.97 – 1) 

B. Longest Period Results 

The average Spearman pairwise correlation of all 
countries in the longest period scenarios is 0.873, while the 
Kendall pairwise correlation of all countries is 0.834. The 
difference among Spearman and Kendall is smaller than in the 
shortest period scenarios, which means the confirmed case's 
number is relatively the same for COVID-19-infected 
countries over a long period. The spread of virus is depend on 



how effective the government battle the virus, such as lock 
down, social distancing, punishment and etc. 

 

Fig. 10. Spearman Correlation Results on the longest period 

 

Fig. 11. Kendall Correlation Results on the longest period 

 

Fig. 12. Heat Map of Highest Spearman Correlation Result on the longest 

period (0.98 – 1) 

 

Fig. 13. Heat Map of Highest Kendall Correlation Result on the longest 

period (0.98 – 1) 

Figure 10 and Figure 11 show that among all countries 

with have more than 60 days infected by COVID-19, only 

Nepal did not show the rapid increase of confirmed cases. 

Besides Nepal, Sri Lanka, Cambodia, Vietnam, and 

Australia, we make a group of all countries which have a 

strong correlation based on the heat map color, which can be 

seen in Figure 12 and Figure 13.  

Eleven countries have been chosen in Spearman based on 

colour; meanwhile, six-country have been chosen in Kendall. 

The list countries for Kendall are China, Japan, South Korea, 

Singapore, Taiwan, and Thailand.  Besides those six 

countries, there are five additional countries for Spearman 

such as Canada, France, Germany, Malaysia and US.  

The groups generated based on the colour of the heat map 

showing the pattern of confirmed case correlation between 

them are similar. That is shown by the results of strong 

correlations among countries which are shown in a darker 

colour. 

V. CONCLUSION 

COVID-19 is spreading so fast and very easily transmitted 

by close contact and via respiratory droplets. 175 country has 

been infected by this virus rapidly. So, this research is design 

to investigate the confirmed case correlation analysis of all 

affected countries and try to group them by considering the 

correlation value by using Spearman and Kendall.  

Spearman and Kendall's correlation was successfully 

conducted in COVID-19 confirmed cases using the John 

Hopkins Center for Systems Science and Engineering data set. 

The experiment has been done and evaluated in two scenarios 

data set: 14 days confirmed case data and 60 days confirmed 

case data. There are 134 countries have been assessed in the 

shortest period, and 16 countries for the longest period. 

In the shortest path, there are thirty-nine countries 
collected into one group because they have a high correlation 
value by using Spearman and twenty-seven countries by using 
Kendall correlation. The heatmap also showed a darker colour 
among those countries. Meanwhile, in the longest path, there 
are eleven countries obtained by using Spearman and six 
countries obtained by using Kendall.  

From all countries which have been observed, Nepal, Sri 
Lanka, Cambodia, Vietnam, and Australia show the lower 
correlation values, which mean that those countries can keep 
the number of confirmed case not to be grown rapidly.  

Lastly, it needs to be considered that different countries 
have different situation and strategies to fight COVID-19. So, 
it makes the situation is complicated and difficult to compare 
them perfectly.  
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