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Abstract. COVID-19 vaccine is critical to terminate the global pandemic.
Intended to examine the impacts of various factors of a country on its COVID-
19 vaccine rate, a data set of new cases per day, hospital beds per person, GDP,
population density, and stringency index is collected. We do correlation analysis
on the variables. We applied OLS linear regression model to the data set. We find
the coefficient of different variables, observe p-value of each variable to examine
its significance. Then, we applied lasso variable selection to the variables to find
more important variables and put them in the linear regression models in order to
solve the problems of variables being insignificant and multicollinearity.
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1 Introduction

Coronavirus has become one of the most commonly used words in 2020, and it is still
having a significant impact on people’s lives even in 2021. The impact of the coron-
avirus’s spread is definitely enormous, ranging from countless deaths to the inevitability
of global economic collapse and international cooperation. As a result, the most press-
ing concern is to stop the infection from spreading. Although ensuring effective and
fair distribution of COVID-19 vaccinations is a top governmental goal, acceptability is
also crucial. The effectiveness of any vaccination program is dependent on the public’s
trust in vaccinations and the organizations that deliver them [2]. Given that vaccines
always play an important role in stopping diseases in human history, the vaccine will be
the key to the termination of the coronavirus pandemic. While some countries widely
spread vaccination and successfully relieve the pandemic, some other countries are strug-
gling with the vaccination. Indonesia: 21.5% last vaccination per hundred; South Africa
37.53% last vaccination per hundred; South Africa 8.98% last vaccination per hundred;
Australia: 40.37% [2]. What kinds of factors influence the COVID-19 vaccination rate
in different countries? To address this issue, we found ten factors that can reflect a coun-
try’s economic strength, medical level, age distribution, education level, and strictness
of the epidemic prevention and control policies. To conduct quantitative analysis, we
need timely, comparable data across countries to assess the scope and rate of vaccination
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implementation. The COVID-19 vaccinations dataset from Our World in Data provides
a public global aggregated dataset on administered vaccinations. Our COVID-19 vacci-
nation dataset is widely used by scientists because of its authentication. For example, the
World Health Organization relies on this dataset for its official COVID -19 dashboard.
We gathered 10 factors from the dataset and then divided them into two datasets which
are developed countries including Canada, America, Britain, France, Germany, Italy
Japan, Korea, and Australia, and developing countries including Brazil, Russia, China,
India, South Africa, Mexico, Turkey, Indonesia, Argentina, and Saudi Arabia. Applying
python’s data visualization library (Pandas, Numpy, Matplotlib) to visualize the dataset
into box plot, pair plot, and histogram to observe the general difference between devel-
oping countries and developed countries. Moreover, we examine the correlation between
different factors, and we find different patterns for developed countries and developing
countries. For example, the correlations between university rates and vaccination rates
are opposite. Although there are 19 countries and 11 variables in total, as we divided the
data into 9 developed countries and 11 developing countries, the number of countries is
smaller than the number of variables, which can cause insignificance of variables and
multicollinearity. Therefore, we introduce Lasso (least absolute shrinkage and selection
operator) and Lars (Least angle regression) to select more important variables.

2 Methods and Results

The methods we used includes:

Correlation analysis:

We use Pearson’s correlation coefficients to show the correlations between different
variables.

The correlation between x and y [9].

Wy is the expected value.

oy is the standard deviation (Fig. 1)

- cov(X,Y E[(X — px)(Y — p
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Fig. 1. Function of Correlation analysis

OLS regression:
First, calculate RSS (residual sum of squares) [10] (Figs. 2 and 3)

RSS =) e?
=1 @)

Fig. 2. Function of Residual Sum of Squares
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Fig. 3. Functions of OLS regression

And then estimate the predicted values.
Lasso variable selection (Fig. 4):
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Fig. 4. Functions of LASSO regression

Lasso variable selection is applied to select more important variables. The general
form of lasso is shown above [5].

Descriptive statistical analysis:

After collecting the data of each country and classifying the data of the countries
according to developed and developing countries, I conducted a descriptive statistical
analysis of the data. In the process of descriptive statistical analysis, I selected a total of
three types of graphs.

1. Boxplot

A boxplot is a graphical representation of numerical data groups based on their quartiles.

In this scenario, two data groups, developing countries and developed countries, are
graphed based on the data of the 10 factors. We intended to observe the relationship and
difference on the 10 factors of these two groups of countries (Fig. 5).
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Fig. 5. Box plots of human development index of developed countries and developing countries
respectively
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This graph is the box plot of the Human Development Index. We can see that the
average value of the Human Development Index in developed countries is 0.2 higher than
that in developing countries. The highest human development index of developed coun-
tries reaches 0.95, while the highest value of developing countries’ human development
index is 0.85. At the same time, we can see that the lowest value of the Human Devel-
opment Index of developed countries is 0.05 higher than the highest value of developed
countries. We can see that the human development index of developed and developing
countries is quite different. The ratio is generally higher in developed countries, while
the ratio in developing countries is very low without exception (Fig. 6).
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Fig. 6. Box plots of new cases average per million of developed countries and developing countries
respectively

The next graph is the box plot of new cases average per million. The median of devel-
oped countries is slightly smaller than the median of developing countries. However, the
range of developing countries is much larger than the range of developed countries. The
new cases average per million of both groups is skewed to the left. It is worth noting that
there is an outlier in developed countries which is the United Kingdom. The new case
average per million of the UK is 315 (Fig. 7).
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Fig. 7. Box plots of COVID-19 vaccine rates of developed countries and developing countries
respectively
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In terms of COVID-19 vaccine rate, although the range of data of developing coun-
tries and developed countries are the same, the average value of developed countries
is 60% higher than that of developing countries. At the same time, South Africa has a
vaccination rate of 8% and Indonesia has a vaccination rate of 21%. Canada and the
United Kingdom have reached 120%, while only China among developing countries has
exceeded 100% (Fig. 8).
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Fig. 8. Box plots of GDP per capita of developed countries and developing countries respectively

GDP per capita reflects the level of productivity and quality of life of a country.
The average per capita GDP in developed countries is 20,000 US dollars higher than
that in developing countries. At the same time, one of the developed countries has
reached more than US$50,000, while the per capita GDP of developing countries is only
US$25,000. The lowest per capita GDP in developed countries is also the highest than
that in developing countries, with a per capita GDP higher than US$10,000. From this
picture, we can see that the per capita GDP, that is, the standard of living, in developed
countries is much higher than that in developed countries (Fig. 9).
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Fig. 9. Box plots of life expectancy of developed countries and developing countries respectively

In terms of life expectancy, developed countries as a whole are higher than developing
countries. The highest value of life expectancy in developed countries has reached 85,
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while that in developing countries is only around 77. The lowest developing country is
even lower than 65. From this data, we can also reflect that the general medical level in
developing countries is lower than that in developed countries (Fig. 10).
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Fig. 10. Box plots of proportion of people who are 70 years old or older of developed countries
and developing countries respectively

Taking into account the proportion of the population, the highest population over 70
in developed countries is 18%, and the lowest is 8%, while the majority of developing
countries are young and middle-aged. The population over 70 years old is the highest. The
general average is around five. Large numbers of old people also lead to higher mortality
and transmission rates. At the same time, the vaccine cannot be well implemented in the
elderly (Fig. 11).

12

10

0 T T
developed_country developing_country

Fig. 11. Box plots of hospital beds per thousand of developed countries and developing countries
respectively

The medians and means of hospital beds per thousand for both developed countries
and developing countries are between 3 and 4. Yet, the developed countries have a
maximum of 13 hospital beds per thousand. Japan and Korea have 13.05 hospital beds per
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thousand and 12.27 hospital beds per thousand respectively. Meanwhile, the maximum
of developing countries is eight. At the same time, many developing countries have fewer
than two hospital beds per thousand. The number of hospital beds per thousand can better
reflect the medical resources of a country. It has a greater impact on the vaccination rate
of a country (Fig. 12).
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Fig. 12. Box plots of population density of developed countries and developing countries
respectively

This graph reflects the population density of developed and developing countries. We
can see that the population density distributions of developed and developing countries
are the same, and both are left-leaning. However, the average value in developed countries
is around 200, while the average value in developing countries is around 100 (Fig. 13).
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Fig. 13. Box plots of population of developed countries and developing countries respectively

Although in terms of population density, there is not much difference between devel-
oped and developing countries. However, in terms of population, the extremes of devel-
oping countries are significantly ahead of developed countries. Among the developing
countries, India and China have populations of 1.3 billion and 1.4 billion respectively.
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The population difference between developed countries is not that big, only the United
States has a population of 300 million (Fig. 14).

70

developed_country developing_country
Fig. 14. Box plots of stringency index of developed countries and developing countries respec-
tively

The stringency index reflects the epidemic control strictness of a country in the
epidemic. From this chart, we can see the average degree of epidemic prevention in
developed countries. It is 15 lower than that in developing countries. Although the
highest value for both developed and developing countries is around 80, the strictness of
epidemic prevention in developed countries is generally lower than that in developing
countries (Fig. 15).
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Fig. 15. Box plots of university rates of developed countries and developing countries respectively

This graph reflects a country’s university enrollment rate and reflects the quality of
education in a country. In developing countries, the university enrollment rate varies
greatly among countries. Some countries have only 20%, while some other countries
exceed the highest value of developed countries, reaching 120%. At the same time,



22 Y. Lei

university enrollment rates in developed countries are relatively similar, and the average
is 30% higher than in developing countries.

2. Pairplot (Fig. 16)
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Fig. 16. Pair plot of the dataset of developed countries. VR stands for vaccine rate; UR stands for
university rate; GPC stands for GDP per capita; HDI stands for human development index; LE
stands for life expectancy; HPT stands for hospital beds per thousand; A70 stands for proportion
of people who are 70 years old or older; PD stands for population density; P stands for population;
SI stands for stringency index; NCAPM stands for new case average per million.

This pair plot of developed countries’ datasets combines scatter plots and histograms. We
can observe the relationship between different factors from the scatter plot by examining
the patterns while seeing the frequency from histograms (Fig. 17).

From the scatter plots of developed country, I observed only one factor which is
university rate has a obvious negative relationship where the points on the scatter plot
forms a line downward,
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Fig. 17. Pair plot of the dataset of developed countries. VR stands for vaccine rate; UR stands for
university rate; GPC stands for GDP per capita; HDI stands for human development index; LE
stands for life expectancy; HPT stands for hospital beds per thousand; A70 stands for proportion
of people who are 70 years old or older; PD stands for population density; P stands for population;
SI stands for stringency index; NCAPM stands for new case average per million.

2) Correlation analysis

By comparing the correlation map of developed countries and developing countries, we
observed different patterns.

Figures 18 and 19 are the correlation analysis between various factors in developed
countries and developing countries respectively. By comparing the two graphs, there is
some significant difference between the two correlation analyses.

Firstly, in developed countries, the correlation coefficient of university rate and vac-
cination rate is —0.9. Meanwhile, the correlation coefficient of university rate and vac-
cination rate is 0.54 in developing countries. That is to say, in developed countries, the
higher the university rate, the lower the country’s vaccination rate, which is a surprising
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Fig. 18. Correlation map of developing countries
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Fig. 19. Correlation map of developed countries

result since the university rate may lead to a higher acceptance of the vaccine. After
studying specific data, I think that the two countries that led to this conclusion are Japan
and South Korea. Their proportion of going to university is Reached 98% and 97%
respectively, and their vaccination rate was only 50%.
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Due to this, the correlation between university rate and the vaccination rate in devel-
oping countries is in the opposite direction. The correlation has reached a positive corre-
lation of 0.54, which is also in line with our expectations. At the same time, we hope to
study why developed countries have such extreme negative correlations in the following
research.

In addition, according to the correlation analysis, life expectancy has different
impacts on vaccination rates for developed countries and developing countries. The
correlation coefficient of life expectancy and vaccination rate is —0.52 and 0.85 for
developed countries and developing countries respectively. Higher life expectancy usu-
ally means a better medical system that can lead to a higher vaccination rate. Still, Japan
and Korea mainly caused this negative correlation. They have a life expectancy of 84.63
and 83.03 with vaccination rates of 59.49% and 42.94% respectively.

3) Linear regression

We performed an OLS (Ordinary Least Squares) regression of the data to study the
relationship between these independent variables and vaccination rates. OLS regression
is a linear modeling technique that can be used to model multiple explanatory variables.
Y can be predicted to some extent by representing the relationship between a continuous
response variable (Y) and continuous explanatory variables (X) with a line of best fit
[3].

In linear regression, we mainly observe two indicators, p-value, and Adjusted
R-squared.

P-value:

The p-value is the probability of obtaining test results at least as extreme as the
results observed, under the assumption that the null hypothesis is correct. A very small
p-value means that such an extreme observed outcome would be very unlikely under the
null hypothesis. Reporting p-values of statistical tests is common practice in academic
publications of many quantitative fields. Since the precise meaning of p-value is hard to
grasp, misuse is widespread and has been a major topic in metascience [7].

Adjusted r-square:

the coefficient of determination denoted R2 or 12 and pronounced “R squared”, is
the proportion of the variation in the dependent variable that is predictable from the
independent variable(s) [8] (Figs. 20 and 21).

However, these models cannot explain the assumption well for all the p-values of
the factors are above 0.4. (A factor is considered as significant when the p-value is lower
than 0.05). At the same time, the adjusted r-square of this model is low.

It is because the dimension of the dataset is higher than the number of the countries.
Therefore, it will cause redundancy of variables and multicollinearity issues.
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OLS Regression Result of developed countries before Lasso variables selections

variables regression coefficients  p-values
intercept 2963.7817 0.404
human_development_index -1563.3771 0.594
hospital_beds_per_thougsand 0.0348 0.996
aged_70_older 5.6956 0.404
population -4.54E-07 0.552
gdp_pet_capita 0.0058 0.693
life_expectancy -20.8161 0.398
new_case_average_per_million 0.1161 0.675
R-squared 0.867

Adj. r-squared -0.064 0

Fig. 20. OLS Regression Result of developed countries before Lasso variables selections

OLS Regression Result of developing countries before Lasso variables selections

variables regression coefficients  p-values
intercept -396.8692 0.02
population_density 0.0951 0.204
population 4.02E-08 0.046
strngency_index 0.3956 0.364
life_expectancy 3.8997 0.079
asged_70_older -2.3759 0.298
human_development_index 182.805 0.273
R-squared 0.948

Adj. r-squared 0.844

Fig. 21. OLS Regression Result of developing countries before Lasso variables selections

3 Lasso Variable Selection

The normal procedure is not well suited for high-dimension data. MLE is not guaranteed
usually if the number of observations is smaller than the number of nodes [4].

In order to enhance the prediction accuracy and interpretability of the models, we use
lasso (least absolute shrinkage and selection operator) to select more important variables.

Lasso was originally formulated for linear regression models. This simple case
reveals a substantial amount about the estimator. These include its relationship to ridge
regression and best subset selection and the connections between lasso coefficient esti-
mates and so-called soft thresholding. It also reveals that (like standard linear regression)
the coefficient estimates do not need to be unique if covariates are collinear [5] (Figs. 22
and 23).

As aresult of LASSO, we selected 7 variables for developed countries and 6 variables
for developing countries and get good results on OLS regression (Fig. 24).
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Fig. 22. Lasso variables selection of developed countries
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Fig. 23. Lasso variables selection of developing countries

After applying lasso variables selection, we believe our regression model can inter-
pret this problem well. From the perspective of adjusted r-squared in developing coun-
tries, this value reached 0.914. Among them, the p-value of the two parameters of pop-
ulation and population density is 0.05. It can be said that population and population
density have a greater impact on the vaccination rate in developing countries. At the
same time, the population’s coefficient is 1.3, and the population density’s coefficient
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OLS Regression Result of developing countries after Lasso variables selections

variables regression coefficients  p-values
intercept 8.33E-17 1
stringency_index 0.0791 0.536
aged_70_older -0.3327 0.068
population 0.9835 0.013
population_density -0.7563 0.021
life_expectancy 0.522 0.034
university_rate 0.4441 0.067
R-squared 0.977

Adj. r-squared 0.932

Fig. 24. OLS Regression Result of developing countries after Lasso variables selections

is negative 1.08. That is to say, when the population is larger, the vaccination rate will
increase, and when the population density is larger, the vaccination rate will decrease
(Fig. 25).

OLS Regression Result of developed countries after Lasso variables selections

variables regression coefficients  p-values
intercept -1.11E-16 1
stringency_index 0.4443 0.013
hospital_beds_per_thougsand 0.0322 0.139
aged_70_older -0.1189 0.03
population 0.243 0.011
new_case asverage_per_million 0.151 0.025
human_development_index -0.146 0.035
university_rate -0.9064 0.004
R-squared 1

Adj. r-squared 1

Fig. 25. OLS Regression Result of developed countries after Lasso variables selections

The vaccination rates in developed countries can be better interpreted by its linear
regression model with the adjusted r-squared of 1.000. Among all the variables, the p-
value of the university rate is 0.004. This reflects that university rate has a very significant
impact on a country’s vaccination rate, and it also matches the negative 0.9 we obtained
in the correlation analysis.

4 Conclusion

In conclusion, the relationships between the covid-19 vaccine rates and the 10 factors
of developed countries and developing countries are largely different. Based on the
correlation analysis, linear regression, and lasso regression, we successfully predict the
COVID-19 vaccine rates in one country with its variables. This research can help to
increase the COVID-19 vaccine rates by using the models we built and help to ease the
COVID-19 pandemic.
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