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INTRODUCTION 

 On the 31st of December, 2019, the Wuhan Municipal Health Commission in China reported a 

cluster of cases of pneumonia in Wuhan, Hubei Province. This eventually led to the discovery of a new 

novel coronavirus called Covid-19. Before long, this virus had already spread outside of China into almost 

every part of the World. A global pandemic has been caused due to the outbreak of this virus. At first, this 

virus only seemed like a normal flu, however, it eventually started killing more and more of those who were 

infected with it. Since March 26th 2020, the United States of America had become the country that has the 

most confirmed cases in the world. Hence, the purpose of this study is to study the changes of the Covid-19 

pandemic over time in USA, in terms of its severity and case fatality rate depending on the duration of the 

pandemic, and also to study the relationship between these variables. The target population of this study is 

the people of the United States of America who are infected by the Covid-19 virus from 31st December 2019 

to 19th June 2020, and no further than that. Some of the variables that will be focused on more in this study 

are Duration of pandemic, Month, number of confirmed cases per day, number of confirmed deaths per day, 

and also case fatality rate. A few statistical tests will be carried out in this study in order to determine the 

validity of some claimed statements about Covid-19 in the USA. This study hopes to confirm or deny some 

claims about the virus in the USA and also to learn about the relationship between some of the variables that 

are related to this global pandemic. 

CONTENT 

Focus on topic 

The few tests that will be carried out in this study are: 

1) Two samples mean hypothesis testing. (population variance unknown, assumed to have equal 

variance – t-distribution with standard error) 

The purpose of this test is to determine whether or not the mean number of deaths per day has 

increased in the month of April compared to the month of March in the USA. 

2) Significance test for correlation using Pearson’s correlation coefficient 

Based on the conclusion of the previous test, the purpose of this test is to determine whether or not 

there exists a linear correlation between the duration of the pandemic (number of days) and the 

deaths per day, and if it exists, this test aims to determine the strength of that relationship. 

3) Regression analysis using simple regression model 

Continuing from the previous test, the purpose of this test is to provide a model to predict the number 

of deaths per day after a specific duration of the pandemic that is not provided by the dataset, and 

also to explain the impact of the duration of the pandemic on the number of deaths per day. 

4) Chi-Square test for goodness of fit 

Following the previous tests, the purpose of this test is to determine whether or not the case fatality 

rate (total confirmed deaths / total confirmed cases) has risen over time. 



5) One-way ANOVA with equal sample sizes 

The purpose of this test is to determine whether or not the mean number of deaths per day in the top 

3 Covid-19 hotspot countries (USA, Russia, Brazil) are similar to each other. 

 

Support for topic 

NOTE: All calculations in this section are done using the RStudio software. 

All tests done in this section assumes that the significance level, ∝ = 0.05, which means that for all of the 

tests that will be done, we are 95% confident that the conclusions drawn after completing the tests, are true. 

1) Two samples mean hypothesis testing. (population variance unknown, assumed to have equal 

variance – t-distribution with standard error) 

In this test, we will be testing whether or not the mean deaths per day in the USA has increased in April 

since March. For this test, we do not know the actual value for the population variance, but it can be 

assumed that the population variances for both the March sample and the April sample are equal, because 

the data is basically collected from the same population, just from different timelines where one sample is 

collected during the month of March while the other sample is collected from the month of April. 

Variables in this test are: Month (March and April), and Confirmed deaths per day. 

Hence, a two-sample test on mean using the t-distribution with standard error will be used to test the 

following statements: 

Null Hypothesis, 𝑯𝟎: The mean deaths per day in April is the same as in March in the USA. 

   𝑯𝟎: 𝝁𝒂 =  𝝁𝒎 

Alternate Hypothesis, 𝑯𝟏: The mean deaths per day in April has increased since March in the USA. 

 𝑯𝟏: 𝝁𝒂 > 𝝁𝒎  

After some calculations done using the RStudio software (RScript file provided in zip file), these are the 

values of the computed variables: 

 



As we can see, the Test-Statistics value is 11.546, while the Critical value should be 𝑡0.05,59  

Due to the degrees of freedom being larger than 29, we had to refer to the Z-score to get the critical value, 

𝑍0.05  ≈ 0.13 which is significantly smaller than 11.546. Since the test-statistics is larger than the critical 

value, it falls into the rejection region, thus the null hypothesis must be rejected. 

Conclusion: 𝐻0 is rejected. There is sufficient evidence to show that the mean deaths per day in the month 

of April has increased since March in the USA. 

Hence, via this test, we were able to confirm the fact that the mean number of deaths per day has indeed 

increased in the month of April since the month of March.  

Since now that we know the number of deaths has increased in a month, we can perform a test to see 

whether or not there exists a relationship between the duration of the pandemic (measured in days starting 

from 31st of December 2019), and deaths per day. In order to determine the existence of a relationship 

between these two variables (duration, and deaths per day), we will carry out the next test: 

2) Significance test for correlation using Pearson’s correlation coefficient. 

As mentioned above, the purpose of this test is to test whether or not there exists a linear relationship 

between the duration of the pandemic (Starting from 31st December 2019) and the deaths per day in the 

USA, and to determine the strength of this relationship (if any). Note that in this analysis, we are only 

focusing on determining the existence of a linear correlation, and determining the strength of the relationship 

(if any), thus we will not be explaining how the changes in an independent variable will affect the dependent 

variable in this analysis. The explanations will be given later during the regression analysis.  

Before we are able to carry out the significance test to see whether or not there exists a relationship between 

the variables, we must first calculate the correlation coefficient, r. 

Hence, to determine the value of r, this test will be carried out by firstly plotting a scatter plot to see whether 

or not there exists a linear correlation between the variables. We will first look at the scatter plot from the 

month of April:  

 

 

 

 

 

 

 



From this scatter plot, we can see that there exists a positive linear correlation between the variables. Hence, 

we can utilise correlation analysis using Pearson’s correlation coefficient in order to determine the strength 

of this relationship. 

However, the scatter plot for the month of May is different from in April, in order for us to see the 

difference, we will also plot the scatter plot for the data collected in the month of May: 

 

 

 

 

 

 

 

 

 

From this plot, we can clearly see a negative linear correlation between the variables. We will study the 

impact of the independent variable on the dependent variable later during the regression analysis. As for the 

current correlation analysis, we are only interested in determining whether there exists a linear correlation 

between the variables and also the strength of the relationship (if any). Nevertheless, we can still clearly see 

from the plot above that there exists a linear relationship between the variables. Hence, correlation analysis 

can be used to determine the strength of this linear relationship. 

No matter positive or negative, we are still certain that a linear relationship exists between the duration of 

the pandemic and the deaths per day. Hence for this test, we will first perform correlation analysis using 

Pearson’s correlation coefficient on the data in April in order to determine the strength of this relationship. 

Then, we will carry out the exact same test on the data in May in order to see whether or not the magnitude 

that indicates the strength of this relationship is similar in both of these months.  

The magnitude of the correlation coefficients will be interpreted using the scale: 

 

 

 

 



If the magnitude of correlation coefficient of the month of May falls into the same strength range as the 

magnitude in the month of April, then we can conclude that the strength of this relationship is relatively 

similar in both of these months.  

Correlation analysis on the data in the month of April: 

After some calculations using RStudio (RScript provided in zip file), these are the values: 

 

From this, we can see that the correlation coefficient value, r is equal to + 0.38 

This r value falls within the range of 0 < r < + 0.5 which tells us that the strength of the positive linear 

correlation between duration of pandemic and deaths per day is relatively weak. 

Next, we will perform the same calculations on the data in May to see whether or not the correlat ion 

coefficient falls into the same strength interval.  

Correlation analysis on the data in the month of May: 

After some calculations using RStudio, here are the values: 

 

 

 

 

 

 

From this, we can see that the correlation coefficient, r is equal to – 0.58 

This r value falls within the range of – 0.8 < r < – 0.5 which tells us that the strength of the negative linear 

correlation between the variables is moderate. 



From the r values calculated above, we can conclude that the positive linear correlation between the duration 

of the pandemic and the number of deaths per day is relatively weak before a peak is reached. However, 

once the peak has been reached, the strength of the negative linear correlation will be slightly stronger. 

Further explanations will be given in the regression analysis that will be done later in the study. 

Now that we have calculated the r values of both of these months, we can now carry out the significance test 

to properly test and prove the existence of a linear correlation between the duration of the pandemic and the 

number of deaths per day. The significance test will be carried out twice; once for the month of April, and 

another for the month of May. This is to test whether the existence of the linear correlation is true for both of 

the months. 

Significance test for correlation in the month of April: 

Null Hypothesis, 𝑯𝟎: No linear correlation. 

  𝐻0: 𝝆 =  𝟎 

Alternate Hypothesis, 𝑯𝟏: Linear correlation exists. 

  𝐻1: 𝝆 ≠ 𝟎 

After some calculations done using RStudio (RScript file provided in zip file), here are the values: 

 

As we can see, the test statistic is approximately equal to 2.174, while the critical value, 

 𝑡𝛼

2
,𝑑𝑓 =  𝑡0.025,28 = 2.084 < 2.174 

Since the test statistics is larger than the critical value, it falls into the region of rejection. Hence, the null 

hypothesis must be rejected. 

Conclusion for April: 𝑯𝟎 is rejected. There is sufficient evidence to show that there exists a linear 

correlation between the duration of the pandemic and the number of deaths per day. 

Next, we will perform the same significance test on the data of May to determine whether or not there also 

exists a linear correlation between the variables. 

 

 

 

 



Significance test for correlation in the month of May: 

Null Hypothesis, 𝑯𝟎: No linear correlation. 

  𝐻0: 𝝆 =  𝟎 

Alternate Hypothesis, 𝑯𝟏: Linear correlation exists. 

  𝐻1: 𝝆 ≠ 𝟎 

After some calculations done using RStudio (RScript file provided in zip file), here are the values: 

 

As we can see, the test statistic is approximately equal to -3.834, while the critical value, 

 𝑡𝛼

2
,𝑑𝑓 =  𝑡0.025,29 = −2.045 > -3.834 

Since the test statistics is smaller than the critical value, it falls into the region of rejection. Hence, the null 

hypothesis must be rejected. 

Conclusion for May: 𝑯𝟎 is rejected. There is sufficient evidence to show that there exists a linear 

correlation between the duration of the pandemic and the number of deaths per day. 

Hence, since we were able to prove the existence of a linear correlation between the variables for both of 

these months by using correlation analysis, it can be concluded that there exists a weak positive linear 

correlation between the duration of the pandemic and the number of deaths per day before a specific peak is 

reached, and a moderate (slightly stronger) negative linear correlation between the variables after the peak is 

reached. However, this does not tell us any information about which variable causes the change of which. 

Next, we can carry out a regression analysis, which will mainly allow us explain the impact of a change in 

the independent variable on the dependent variable, and also to predict the value of the dependent variable 

according to the independent variable that might not be given by our dataset. 

 

 

 

 

 

 



3) Regression analysis using simple regression model 

In this analysis, it is to be noted that the independent variable is the duration of the pandemic (days), while 

the dependent variable is the number of deaths per day. 

Now that we know that there exists a linear correlation between the duration of the pandemic and the 

number of deaths per day, we can perform regression analysis using simple regression model in order for us 

to properly explain the results in the correlation analysis, and predict the number of deaths per day after any 

specific duration of pandemic that might not be recorded in our dataset. 

For regression analysis, we are basically trying to generate a sample regression line that is an accurate 

approximation of the population regression line. Knowing that the variables have linear correlation, the 

sample regression line will be generated according to the formula: 𝑦̂ =  𝑏0 +  𝑏1𝑥 , where 𝑦̂ is the estimated 

(or predicted) y-value, 𝑏0 is the estimate of the regression intercept, 𝑏1 is the estimate of the regression 

slope, and x is the independent variable. This formula is used as an approximation to the population 

regression model, which is based on the formula:  

 

For this analysis, we will only be analysing the data in the month of May as it will allow us to predict the 

deaths per day on the duration after passing the peak mentioned in the correlation analysis section. 

Regression analysis for the month of May: 

After some calculations done according to the formulas using RStudio (RScript file provided in zip file), the 

values of the variables in the equation are as follows: 



 

As we can see, the values of 𝑏0 and 𝑏1 are approximately 5710.6008 and -31.37298 respectively. Hence the 

sample regression line is defined by the equation: 𝑦̂ =  5710.6008 − 31.37298𝑥  

Since 𝑏1 =  −31.37298 , this means that starting from the month of April, for every single day that passes, 

there are approximately 31 lesser deaths per day. And as for 𝑏0 =  5710.6008 , this just means that for the 

duration of the pandemic within the range of the month of May, 5710.6008 deaths per day is not explained 

by days of the pandemic in this particular month. 

The next part of regression analysis is the section of explained and unexplained variations: 

In this section, there are a few different measurements that has to be introduced, they are: 

1) Total sum of squares, SST: Measures the variation of the observed y values around their mean. 

2) Error sum of squares, SSE: Variation attributable to factors other than the relationship between x 

and y. 

3) Regression sum of squares, SSR: Explained variation attributable to the relationship between x and 

y. 

To picture their differences, refer to the image below: 

 

 

 

 

 

 

 

 



4) Coefficient of determination, 𝑹𝟐: The portion of the total variation in the dependent variable that is 

explained by variation in the independent variable. 

𝑹𝟐 =  
𝑺𝑺𝑹

𝑺𝑺𝑻
 

` Since this is a single independent variable case, the 𝑹𝟐 value calculated should be equal to the 𝒓𝟐 

value from the correlation analysis. 

5) Standard error of estimate, 𝑺𝜺: The standard deviation of the variation of observations around the 

regression line. 

 

 

 

 

6) Standard deviation of the regression slope, 𝑺𝒃𝟏
: The standard error of the regression slope 

coefficient (𝑏1). 

 

 

 

 

After some calculations done using RStudio (RScript file provided in zip file), the values of the newly 

introduced measurements for the month of May are as follows: 

 

As we can see, the value of 𝑹𝟐 is approximately equal to 0.341, which is between 0 and 1. This means that 

there exists a weak linear relationship between the duration of the pandemic and the number of deaths per 

day, and that roughly 34% of the variation in the number of deaths per day is explained by the duration of 

the pandemic. 

Next, looking at the value of 𝑺𝜺 , we can see that its value is quite large (403.47). This means that the 

variation between the observed number of deaths per day and the estimated number of deaths per day is 

roughly ±403 deaths per day. Meaning that if the estimated deaths for a specific day is 803 people, then 



the actual number of deaths on that day might be anywhere in the range of 400 to 1206 deaths. Hence, the 

estimated value is not very accurate. 

Moving on, by looking at the value of 𝑺𝒃𝟏
, we can see that it is relatively large as well. This means that the 

estimation of the slope of the population regression line, 𝑏1 might have a very different value depending on 

the samples used. 

Lastly in this regression analysis, we can use the values calculated above to generate an inference about the 

slope (t-test for population slope). The purpose of this test is to confirm the existence of a linear relationship 

between the duration of the pandemic and the number of deaths per day. 

t-test for population slope: 

Null Hypothesis, 𝑯𝟎: 𝛽1 = 0 (No linear relationship.) 

Alternate Hypothesis, 𝑯𝟏: 𝛽1 ≠ 0 (Linear relationship exists.) 

 

After some calculations done using RStudio, the value of the test statistic is approximately equal to -3.872 

The critical value for this test is 𝑡𝛼

2
,𝑑𝑓 =  𝑡0.025,29 = −2.045 > -3.872 

Since the test statistic is smaller than the critical value, it falls into the area of rejection. Hence, the null 

hypothesis must be rejected. 

Conclusion: 𝑯𝟎 is rejected. There is sufficient evidence to show that there exists a linear relationship 

between the duration of the pandemic and the number of deaths per day. 

The reason that the number of deaths per day had a positive linear correlation with the duration of the 

pandemic was because in the month of April, the population was still unprepared to handle the outbreak. 

Hence, the number of deaths per day kept increasing as the duration of the pandemic increases. However, 

after a certain time, the population starts to develop and carry out some safety measures such as undergoing 

quarantine in order to control the outbreak. This leads to less people getting infected, which directly leads to 

the decrease in the number of deaths per day as time passes, which was exactly why there was a weak 

positive linear correlation in the month of April, and a slightly stronger negative linear correlation in the 

month of May, when the population started to isolate themselves to control the outbreak. 

After all the analysis done above, it should be clear by now that the number of deaths per day has a linear 

relationship with the duration of the pandemic. Before a certain peak, the number of deaths per day will 

increase as the duration of the pandemic increases. However, knowing that the number of confirmed cases 

also increases as the duration increases, it is only natural that the number of deaths per day will increase. 

Thus, a more accurate way of determining whether the virus has become deadlier over time, is to do some 

tests on its case-fatality rate, (CFR), which brings us to the next test. 



4) Chi-square test for goodness-of-fit 

 

Knowing that the number of deaths per day increases over time does not accurately convey how deadly the 

virus is. This is because as more people get infected, it is only natural that more people will die every day. 

Hence, a more accurate way of allowing us to measure the deadliness of the virus is by studying its Case-

fatality rate (CFR). The case fatality rate of the virus is calculated by using the formula:  

     𝑪𝑭𝑹 =  
𝑻𝒐𝒕𝒂𝒍 𝒄𝒐𝒏𝒇𝒊𝒓𝒎𝒆𝒅 𝒅𝒆𝒂𝒕𝒉𝒔

𝑻𝒐𝒕𝒂𝒍 𝒄𝒐𝒏𝒇𝒊𝒓𝒎𝒆𝒅 𝑪𝒂𝒔𝒆𝒔
 

By comparing the CFR of the virus across different durations of the pandemic, we will be able to more 

accurately determine whether or not the virus has become more dangerous or less dangerous. 

Hence, in this section, we will be performing a Chi-square test for goodness-of-fit by using the case fatality 

rate by the end of March (31st March 2020) as the expected proportion, and using the observed total number 

of confirmed deaths, and the total number of confirmed cases at the end of April (30th April 2020) as the 

observed frequencies. This test aims to determine whether or not the Covid-19 virus has become deadlier by 

the end of April compared to during the end of March. 

According to the dataset, the CFR on the 31st of March 2020 was approximately 0.019256 

This case fatality rate will be used as the expected proportion of the total confirmed deaths over the total 

confirmed cases on the 30th of April. 

In this case, the number of trials, n will be equal to the total number of confirmed cases on the 30 th of April. 

This is because the case fatality rate tells us the proportion of total confirmed deaths to total confirmed 

cases, or simply meaning that the case fatality rate tells us the probability of a person dying if he/she has 

been infected with the virus. Hence, the it should be clear that the number of trials should be equal to the 

total number of confirmed cases. 

Null Hypothesis, 𝑯𝟎: 𝑝 = 0.019256 (The case fatality rate on 30th April is the same as on 31st March 

2020.) 

Alternate Hypothesis, 𝑯𝟏: The case fatality rate on 30th April is different than expected (31st March). 

According to the dataset, some calculations are done using RStudio (RScript file provided in zip file), the 

following table is plotted: 

30th April 2020 

Total Confirmed Deaths Total still Surviving Total Confirmed 

Cases Observed (O) Expected (E) Observed (O) Expected (E) 

60966 20024.487704 978943 1019884.512296 1039909 

 

These are the values of the calculations done using RStudio: 



 

We can see that the test- statistic is approximately equal to 85351.41 while the critical value is 𝑋0.05,1
2  = 

3.841 < 85351.41 (Reject null hypothesis). 

Since the test statistic is significantly larger than the critical value, it falls into the rejection region. Hence, 

the null hypothesis must be rejected. 

Conclusion: 𝑯𝟎 is rejected. There is sufficient evidence to show that the case fatality rate of the virus on 

30th April 2020 is different than on 31st March 2020. 

According to the results that we found, we can confidently say that the case fatality rate has definitely 

increased by the end of April since the end of March, and the virus has become deadlier. 

Now that we have done some in-depth study on the statistics of the Covid-19 virus in the USA, we will now 

compare the mean deaths per day in the USA with some other top countries in terms of confirmed cases, 

specifically in the month of May. This will be done by using the following test: 

5) One-way ANOVA with equal sample sizes 

The purpose of this test is to determine whether or not the mean number of deaths per day in the top 3 

Covid-19 hotspot countries (USA, Russia, Brazil), is similar or different to one another, in the month of 

May. 

It is to be noted that this test is done based on the assumptions that the populations have normal distribution 

and same variances, and the samples are random and independent of each other. 

The mean deaths per day for the USA, Russia, and Brazil is summarised in the table below: 

Mean deaths per day (May 2020) 

USA Russia Brazil 

1381.129 115.5806 753.806 

 

Null Hypothesis, 𝑯𝟎: The mean deaths per day for all 3 countries are equal. 

  𝐻0: 𝝁𝑼𝑺𝑨 =  𝝁𝑩𝑹𝑨 =  𝝁𝑹𝑼𝑺  

Alternate Hypothesis, 𝑯𝟏: At least one of the means are different. 



After some calculations done using RStudio (RScript file provided in zip file), the values of the 

measurements are shown below: 

   

 

 

 

 

 

  

 

As we can see, the test statistic is approximately equal to 119.1866 while the critical value, 𝑭𝟎.𝟎𝟓,𝟐,𝟗𝟎  ≈

𝟑. 𝟎𝟗𝟖 < 119.1866 (Reject null hypothesis) 

 

Since the test statistic is significantly larger than the critical value, it falls into the region of rejection. Thus, 

the null hypothesis must be rejected. 

Conclusion: 𝑯𝟎 is rejected. There is sufficient evidence to show that the mean deaths per day between the 

top 3 Covid-19 hotspot countries are different in the month of May. 

Hence, we are now able to conclude with 95% confidence that the mean number of deaths per day is very 

different depending on the countries even though they are all hotspots for Covid-19 cases. 

 

 



CONCLUSION 

After carrying out all these tests, we were able to confirm some facts about the Covid-19 virus in the USA. 

Firstly, we can tell with 95% confidence that the average deaths per day in the USA has increased from 

March to April. This conclusion is made after completing the two samples mean hypothesis testing. Next, 

since we know that the average number of deaths per day increased in a month, we then carried out a 

correlation analysis to determine whether or not there exists a linear correlation between the duration of the 

pandemic and the number of deaths per day. From this analysis, we were able to confirm the fact that there 

exists a weak positive linear correlation between the duration of the pandemic and the number of deaths per 

day, before a certain point in reached. However, once the specific point had been reached, there will be a 

slightly stronger negative linear correlation between these two variables. This phenomenon is then analysed 

and explained by using the regression analysis that is done following the completion of the correlation 

analysis. Through this regression analysis, we were able to determine that the duration of the pandemic acts 

as an independent variable that will affect the number of deaths per day, which is the dependent variable. 

There is a change in direction of the linear relationship between these two variables because in the beginning 

of the pandemic, the population we unexpectedly faced with the outbreak of the virus. More and more 

people were getting infected which in turn causes the rise of the number of deaths per day with the increase 

in the duration of the pandemic. However, after a certain amount of time, the population has developed some 

safety measures and precautions in order to control and contain the outbreak. This leads to the decrease in 

the number of deaths per day after a certain peak is reached. During this period of decline in the number of 

deaths per day, our regression analysis tells us that roughly 31 less people die every single day, and this 

period of negative linear relationship between the variables started from the beginning of May. However, 

there were high standard errors to the estimations that are made by the regression line. Hence, we cannot 

assume the estimated number of deaths per day according to this analysis will be an accurate representation 

of the actual number of deaths per day in reality. Up until here, we were able to draw a clear conclusion that 

the number of deaths per day definitely has a relationship with the duration of the pandemic. However, the 

changes in the number of deaths per day is not an accurate measurement of how deadly the virus is. This is 

because when the number of infected people increases, it is only natural that the number of deaths per day 

will also increase. For example, if 10 people were infected on March, and 5 of them died, and 20 people 

were infected on April and 10 of them died, it is true that the number of deaths increased, but it does not 

mean that the virus was deadlier in April. Hence, in order to accurately determine whether or not the virus 

has become deadlier over time, we carried out a Chi-square test for goodness of fit. This test aims to 

determine whether or not the case fatality rate by the end of April was a good fit with the case fatality rate 

by the end of March. After this test, we were 95% confident that the case fatality rate of the Covid-19 virus 

has definitely risen by April since March in the USA. Lastly, an ANOVA test was carried out in order to 

compare the mean deaths per day on the month of May among the top 3 Covid-19 hotspot nations in the 

world, they are USA, Russia, and Brazil (as of June 2020). After this test, we were able to conclude that 

even though all 3 of these countries have the most cases of Covid-19, their average number of deaths per day 



are significantly different from each other, which could imply that some of these countries are not doing as 

well as the others at controlling the outbreak. These are all the facts that we have discovered after this study. 

It is hoped that every country will do their absolute best in order to contain this global pandemic as soon as 

possible. 


