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Abstract: Despite the urgency of vaccination against COVID-19 

worldwide, each country has different levels of vaccination rate which lead 

to different success rates. While several past studies have shown what 

factors affect a country’s vaccination rating from past epidemics, there are 

no correlation studies done on factors to COVID vaccination rates, with 

several media and institutes forming theories, with New York Times 

stating it’s GDP per Capita, and National Health Institute postulating 

literacy and other various factors, while none those two showing 

correlation studies of the factors as the proof. With values ranging from -1 

to 1, results showed among six factors ranging from 0.51 to 0.64 for four 

factors showing that of six factors listed in this study, meaning they are 

moderately strongly related with the vaccination rate, with one having a 

value of 0.14, meaning it’s weakly related, another with value of -0.58, 

indicating strongly unrelated with vaccination rate. 

Keywords: COVID, Correlation, Vaccination Rates, Factors, Values 

INTRODUCTION 

In today’s era, COVID or scientifically known as SARS-CoV-2, is the pandemic that had caused 

major disruption economically and politically worldwide. With symptoms such as sneezing, coughing at 

early stages, with respiratory failure at severe stages, and spreads through the air contaminated with the 

virus, or touching contaminated surfaces, COVID is considered a top priority for all countries worldwide 

to focus on. The issue of COVID for countries worldwide is the high infection rate brought on by the disease, 

which had caused hospitals throughout each nation to be suddenly overloaded with patients suffering from 

COVID numbering from hundreds to even thousands, with chances some of them will not survive the 

disease. Furthermore, COVID can mutate into a more infectious and deadlier offshoots, as demonstrated 

with past variants such as Delta, Lambda, Mu, with the most recent one being Omicron. While the solution 

to this plague would be COVID vaccination, the process still faced challenges, with many countries unable 

to reach 100% vaccination nationwide, and there are several theories and explanation formulated as to why 

the target had been met with such difficulties, without any empirical studies and conclusions made as a 

guide for governments worldwide to achieve the 100% vaccination goal. 

In the Myanmar case study (Nozaki et al., 2019), it is determined that economic status, mother’s 

age, tetanus vaccination of the mother, and number of mother’s care visits can have an influence on a 

country’s vaccination rating. Other studies found out that cellphones can increase the delivery of 

https://doi.org/10.33395/sinkron.v9i1.13006
mailto:Ferawaty.fik@uph.edu
mailto:Ml80024@student.uph.edu
mailto:elisabeth.simanjuntak@uph.edu
mailto:daniel.augustinus@uph.edu


 

 

Sinkron : Jurnal dan Penelitian Teknik Informatika 

Volume 8, Number 1, January 2024 

DOI : https://doi.org/10.33395/sinkron.v9i1.13006 

e-ISSN : 2541-2019 

 p-ISSN : 2541-044X 
 

 

*name of corresponding author 

 
This is anCreative Commons License This work is licensed under a Creative 

Commons Attribution-NonCommercial 4.0 International License. 97 

 

vaccinations to ordinary people (Gavi, 2018), the Gross Domestic Product or GDP levels of a country 

(Basak et al., 2022), literacy level (both health and science literacy, basic reading aside) in a country(Lorini 

et al., 2018) the types of work a person does (Solis-Moreira, 2021), and other elements that can influence 

the rating, such as the country’s population and country size. However, there are other unexpected 

possibilities which affects a country’s vaccination rate, such as politics (Albrecht, 2022), and the 

perspective of vaccination in cultures of a country (The College Of Physicians Of Philadelphia, 2022). 

 

 To understand what influences the vaccination rates within a country, studying the past successes 

of mass vaccination in history, and exploring previous studies done on the factors that affect the vaccination 

rating will be the first important step in this research. To simplify this research, the quantitative elements 

of factors that affect vaccination rate, which is GDP per Capita values, literacy ratings, and the economic 

sector composition of a country will be selected. While politics and culture of a country can affect the 

vaccination rating, it will be difficult to measure quantitively due to the variation and subjectivity for it to 

be included in the dataset. With the selection done, a detailed exploration is required to understand how 

such factors influences the vaccination rating. 

 

 Since the use of mobile phones in this current year is ubiquitous, it can be used as a tool to influence 

people to vaccinate, or it could be a coercive tool as shown in a Reuters article, where the governor of 

Pakistan said that the population must be vaccinated against COVID or the cell phones will be blocked 

(Shahzad, 2021), or it could also be a tool for monitoring health, COVID, individual tracking, and checking 

vaccination status as suggested in an article by Michigan Health (Gavin, 2021). From another case study in 

Nigeria, the use of cellphones as notifications and reminders to vaccinate has yield positive effects, with 

people who receive the notifications having a three lever higher vaccination doses than those who do not 

receive it (Yunusa et al., 2022). The use of cellphones as a tool to educate people to increase vaccination 

rates also proves to be successful (Sun et al., 2022). From these case studies, it can be inferred how 

cellphones can influence people to vaccinate, and how it can be regarded as one factor that influences a 

country’s vaccination rating, as a reminder, to increase awareness of the importance of vaccination, and as 

an educating tool against COVID. 

 

 Gross Domestic Product, or GDP for short, is the total value of goods produced and services 

provided annually within a country. While the GDP is usually used as an economic indicator, it can also be 

used in predicting how much a country’s vaccination rate will reach. According to a research conducted by 

Nature, vaccination against COVID has differences between countries that are classified as “Low-Income” 

such as Burkina Faso, “Lower-Middle” such as India, and “High-Income” countries such as the United 

States: from a survey of 13 countries in the study, Burkina Faso has the lowest score among all in 

vaccination rating, while the United States has the highest in vaccination rating (Solís Arce et al., 2021) 

Another article from National Library of Medicine stated that GDP has a positive correlation with vaccine 

distribution levels, although there are countries with higher vaccine distribution rate despite low GDP value 

(Roghani, 2021) The figure below is a bubble graph published in New York Times illustrating the strong 

relationship with GDP and the doses of vaccination received by the country’s’ populace: 

https://doi.org/10.33395/sinkron.v9i1.13006
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Fig. 1.  Bubble Graph showing the COVID vaccines received per 100 people on each country. 

Source: (THE LEARNING NETWORK, 2022)  

From the previous studies conducted, it can be concluded that there is a very strong relation between 

vaccination rates and a country’s GDP levels, which can be explained that the higher a country’s GDP is, 

the easier for it to obtain vaccines and create an effective distribution network to manage and promote 

vaccination efforts in several communities. 

 It is important to note that in terms of “literacy” in this study, the definition is a broad one, which 

can mean the literacy level regarding reading, health, and science. Most people will assume “literacy” only 

means a person’s ability to read, but in matters related to health and vaccinations, “literacy” means how 

literate a person is regarding health and knowledge on how diseases and vaccinations work, such as COVID.  

Health literacy is the link between literacy and a person’s ability in health sciences, while scientific literacy 

is the knowledge in science, with its framework used in decisions based on facts, researching, and gathering 

knowledge on a subject. Although both have different meanings, both are yet tied to the level of literacy, 

because without it, people cannot read and understand scientific and health facts and information which 

influences a person’s decision-making process to undergo the COVID vaccination. Thus, within this study, 

it will be assumed that “literacy” means a person has sufficient ability to read and understand health and 

scientific importance of vaccination and COVID. From a study done in India, literacy levels have a positive 

correlation with the willingness to receive the first dose of COVID vaccination (Das & Bansal, 2021), and 

another one from the National Library of Medicine, people with higher health literacy are more accepting 

of the COVID vaccination than those who don’t (Montagni et al., 2021). High health literacy can also help 

people to detect fake news and disinformation on vaccinations, and avoiding such sources to prevent second 

thoughts to it (Dib et al., 2022). Low health literates will avoid the vaccinations, which according to an 

articule from Patient Engagement Hit, is due to the inability to understand the seriousness of COVID, and 

therefore ignorant on the importance of preventive measures during the pandemic (Bailey, 2021). An article 

from Frontiers in Communication showed that literacy in science has a high correlation in positive views 

of COVID vaccination (Motoki et al., 2021), as shown in the figure below: 

https://doi.org/10.33395/sinkron.v9i1.13006
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Fig. 2. correlation matrix showing the relationship between scientific literacy and various aspects relating 

to COVID and vaccination. 

Source: (Motoki et al., 2021) 

 In each country, industrial sectors are divided into three types: primary, secondary, and tertiary. 

Primary industries are agricultural related, secondary industries are manufacturing/factory related, and 

tertiary industries are services related, such as retailing and restaurant waiters and waitresses. Compared 

with jobs from primary and secondary industries, jobs from tertiary industries, such as office work and 

administrative support, are high-contact jobs, which can assist with vaccination, and lowering and delaying 

peak COVID infection rates (Nunner et al., 2022). From a poll conducted by Forbes, agricultural workers 

have the lowest vaccination rate, with 49% of workers being vaccinated and also the most resistant to it, 

with 26% rejecting COVID vaccination. Conversely, workers in the financial sector are the highest in the 

poll, with 78% of the workers being vaccinated (Durkee, 2021) From the points noted, it appears that 

vaccination in tertiary sectors are a top priority compared to others due to the proximity to the people as 

part of the job requirement, which increases chances of COVID transmission, while in agricultural sector, 

it is the opposite, caused by a shortage of stable housing, food insecurity, access to information about the 

importance of vaccination, and being vulnerable to disinformation from word of mouth and social media 

(SOHRABJI, 2021) 

METHOD 

 The dataset that will be used for this exploration will be sourced from various websites. Dataset 

number of mobile users, level literacy, and the economic sector of a country will be sourced from the 

WorldBank, while the country's GDP will come from World Population Review, with a five-year span from 

2017 – 2022, as not all. Data is available within one year for use because inconsistencies in data recording, 

and state vaccination rate data worldwide, from 2021, when COVID vaccinations began, will take from the 

Our World in Data website. The picture below is a source of statistical data on mobile phone user countries, 

literacy, GDP, and Economic sectors: 

https://doi.org/10.33395/sinkron.v9i1.13006
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Fig. 3. Datasets for economic sectors in countries around the world (Our World in Data, n.d.) 

 

Fig. 4. Dataset for GDP per Capita in countries around the world (Our World in Data, n.d.) 

 

Fig. 5. Dataset for the number of mobile users in countries worldwide(Our World in Data, n.d.) 

The dataset is then the data on vaccination rates in percentage of COVID in countries worldwide 

"COVID-19 World Vaccination Progress", which is a dataset taken from the site statistics "Our World in 

Data" and compiled into the dataset, through extracting data from the site directly and inserted into 

Microsoft Excel. Below is the cover of the raw vaccination percentage dataset in these countries around the 

world: 

https://doi.org/10.33395/sinkron.v9i1.13006
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Fig. 6. Raw Data samples after being extracted from Our World in Data website (Our World in Data, 

n.d.) 

DATASET CLEANUP 

There is also another problem with some datasets is that entries data intended to set an empty data 

value, such as "..", makes it difficult to convert every record in each column into a data type that exactly, 

because trying to convert it to a number will result in syntax error. The solution here is to convert the 

column with Such a value becomes a string, removes "..", and then Change it back to the right data type 

value. Below the image provided, are the results after cleaning is done: 

 
Fig. 7. Results of dataset cleaning for literacy rates in countries 

The GDP Per Capita dataset is the most complete, and the data cleanest among all datasets available 

for use here, with little zero data, very few columns are unused for is removed, and the data type is mostly 

correct. Pictured below are the results of dataset cleanup : 

https://doi.org/10.33395/sinkron.v9i1.13006
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Fig. 8. Results of dataset cleaning for GDP per Capita levels in countries 

 

Picture below are the results of cleaning the dataset for the number of mobile phone users: 

 
Fig. 9. Results of cleaning the dataset for the number of mobile phone users per 100 people in the 

country. 

DATASET MERGE 

After all data is cleaned and has the corresponding values for each column, the next step is to 

combine each separate data sets into a single file, using functions deep join by country name column. Image 

in below are the results after merging multiple datasets into one: 

 
Fig. 10. Data cover for "merged" dataframe 

https://doi.org/10.33395/sinkron.v9i1.13006
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RESULT 

The goal of this study is to find the correlation between the given factors related to vaccination 

rates on each country, and to do a detailed analysis on each of those factors as to why and how do they 

affect it. The Spearman Ranking Correlation equation will be used in this study for its suitability for this 

study’s non-linear datasets and having no constraints in relating to other factors. While there exist two types 

of Spearman Correlation equations, with one being bounded to a ranking system and another being suitable 

for unranked dataset, the latter will be chosen for this study since the datasets used do not have any rank 

assigned to it. Thus, the equation used for this calculation will be: 

 

𝝆 =
𝟏 − 𝟔𝜮ⅆ𝒊

𝟐

𝒏(𝒏𝟐 − 𝟏)
 

A sample of 9 values from the datasets used in this study will be randomly taken, extracted from 

the datasets of vaccination rates, and cellphone users per 100 people, and used to illustrate how the equation 

works as shown in the picture below: 

 

Figure 11.  Sample of 9 random data to be used to explain the Spearman Correlation equation used for 

this study. 

 The value X will be the values for vaccination rates, and the value Y will be used for the cellphone 

users per 100 people. The next step will be classifying the numbers into ranks, from 1 being the largest, to 

9 being the smallest in the sample dataset, as shown below: 

            X = [133.45   105.81   96.57   80.26   185.78   129.38   131.34   117.44    133.84] 

Y = [80.72       5.78     85.95     8.04     96.71      48.67     90.87     42.33       57.97] 

Xr = [    3            7           8           9              1           5          4          6            2       ]  

Yr = [    4            8           3           9              1           6          2          7            5       ]  

With the ranking of values done, the next step would then be to find the differences between the   Xr and 

Yr and then square each of the value of the differentiation, and then sum it all up, like the calculation shown 

below: 

https://doi.org/10.33395/sinkron.v9i1.13006
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d  = [      1           1            5           0              0           1          2          1            3       ] 

d2 = [      1           1          25          0              0           1          4          1            9       ] 

d2 SUM = 1+1+25+0+0+1+4+1+9 = 42 

Returning to the given equation, the calculation and the correlation, the result will be thus: 

𝝆 = 𝟏 −
𝟔(𝟒𝟐)

𝟗(𝟖𝟏 − 𝟏)
= 𝟎. 𝟔𝟓 

From the result above, the correlation value is 0.65, denoting a fairly strong positive correlation from the 

sample of 9 data from the 2 datasets picked at random. From this it can be inferred that there exists a 

connection, if fairly related, between vaccination rate and the number of cellphone users. This method of 

calculation will be reused on comparison of vaccination rate datasets with the other datasets chosen for this 

study, with each correlation values displayed and compared in the form of a matrix graph. 

 While there are other types of graphs that will be used in this study, which are bar graphs and 

scatterplot graphs, such graph types do not need a calculation to provide the final result, so this section will 

only discuss the correlation calculation used for the Spearman Correlation Matrix. 

The results of the correlation map made can be seen in the figure below: 

 
Fig. 12.  Correlation Matrix of every factor listed in this study, with the percentage of the population 

vaccinated of each country worldwide. 

From the correlation matrix and heatmap on Fig. 12. shown above, it can be seen that a country’s 

vaccination rate has a fairly strong positive correlation with literacy levels, mobile phone users per 100 

people, the tertiary economic sector, and GDP per capita, with values of 0.64, 0.5, 0.51, and 0.61 

respectively. Conversely, the vaccination rate has a medium negative correlation value with the agricultural 

sector, with a score of -0.58. While the industrial sector has a positive correlation with vaccination rates, it 

only has a weak score of 0.14. It is also interesting to note that the level of literacy has a moderate positive 

correlation with the number of cell phone users per 100 people, tertiary industrial sector, and GDP per 

Capita, with values of 0.51, 0.58, and 0.5 respectively, and a strong negative correlation with agricultural 

sector, with a value of -0.77. Further exploration of other correlation matrix results via scatterplot graphs 

on literacy, mobile phone users per 100 people, literacy rates, GDP per Capita, and economic sectors reveals 

more details which will be explored one by one in this section, the first of which will be getting into a 

deeper study on the literacy rate and cellphone users per 100 people of countries in this scatterplot chart 

below: 

https://doi.org/10.33395/sinkron.v9i1.13006
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Fig. 13.  Scatterplot Graph of countries, compared with literacy rate and cellphone users per 100 people 

of each countries. 

  As shown in the graph, countries with 100% literacy rate or at least close to it often have high 

number of mobile phone users, with some outlier countries like Mali having the lowest literacy rate in this 

study, yet having a high number of mobile phone users per 100 people. Samoa meanwhile, is the reverse, 

having a very high literacy rate and yet low number of mobile phone users per 100 people. Note that most 

countries with close to or are at 100% literacy rate are belonged to high-income groups, such as Kuwait and 

Singapore, or upper-middle-income groups like Thailand and Costa Rica, which on average have higher 

number of mobile phone users compared to low-income countries such as South Sudan and Central African 

Republic, which have fewer mobile phone users per 100 people and low literacy levels. The next figure 

below shows another scatterplot graph of the countries compared with literacy levels and GDP per Capita: 

 

Fig. 14.  Scatterplot Graph of countries, compared with literacy rate and GDP per Capita of each 

country. 

https://doi.org/10.33395/sinkron.v9i1.13006


 

 

Sinkron : Jurnal dan Penelitian Teknik Informatika 

Volume 8, Number 1, January 2024 

DOI : https://doi.org/10.33395/sinkron.v9i1.13006 

e-ISSN : 2541-2019 

 p-ISSN : 2541-044X 
 

 

*name of corresponding author 

 
This is anCreative Commons License This work is licensed under a Creative 

Commons Attribution-NonCommercial 4.0 International License. 106 

 

 As seen here on this scatterplot graph, countries with high levels of literacy are often grouped on 

the rightmost side of the graph, indicating high GDP per Capita, such as Singapore and Kuwait, or upper 

middle-income countries like Samoa and Thailand. Meanwhile, countries with low-income groups like Mali 

and Benin have both low literacy rate and GDP per Capita. Finally, comparing the literacy levels by 

secondary and tertiary industrial sectors by country: 

 

Fig. 15.  Scatterplot Graph of countries, compared with literacy rate and secondary industrial sector of 

each country. 

 

Fig. 16.  Scatterplot Graph of countries, compared with literacy rate and tertiary industrial sector of each 

country. 

https://doi.org/10.33395/sinkron.v9i1.13006


 

 

Sinkron : Jurnal dan Penelitian Teknik Informatika 

Volume 8, Number 1, January 2024 

DOI : https://doi.org/10.33395/sinkron.v9i1.13006 

e-ISSN : 2541-2019 

 p-ISSN : 2541-044X 
 

 

*name of corresponding author 

 
This is anCreative Commons License This work is licensed under a Creative 

Commons Attribution-NonCommercial 4.0 International License. 107 

 

 Both scatterplot graphs showed that the level of literacy also influences the industrial sector 

composition of a country, with high literacy rate of 100% or close countries having a high level of secondary 

and tertiary economic sectors, whether high-income countries such as Qatar and Kuwait, or lower-middle-

income countries like Indonesia and Mongolia. On the other hand, low-income countries such as Niger and 

Mali have lower levels of secondary and tertiary economic sectors compared with others, although South 

Sudan is an outlier case, having quite high levels of secondary and tertiary industries despite low literacy 

rating. 

 Next up, analysis of GDP per Capita and economic/industrial sector composition within each 

countries of the study will be done, to understand the stark differences of the vaccination rates of all 

countries within the study. First, the output of GDP per Capita of every country in this study in a bar chart 

is done on the image below: 

 

 

Fig. 17.  Bar Graph showing the GDP per Capita of each country within the dataset. 

https://doi.org/10.33395/sinkron.v9i1.13006
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Note that countries with high vaccination rate, such as Singapore (91.32% fully vaccinated), and 

Qatar (88.00% fully vaccinated), are countries with very high GDP per Capita levels which would classify 

both countries in the “high-income” group. In contrast, countries with low vaccination rates, such as 

Afghanistan (11.64% fully vaccinated), and Burundi (0.09% fully vaccinated), are countries with low GDP 

per Capita which will put both in the “low-income” group. Finally, in the comparison of economic sectors 

of every country within this study: 

 

Fig. 18.  Bar Graph showing the industrial/economic sectors of each country within the dataset. 

 The graph showed that all countries in this chart have a strong tertiary economic sector, compared 

to the primary and secondary sectors, with Kuwait and Singapore having zero Agriculture sector with few 

industrial sectors in their industrial composition, with Sierra Leone being an outlier in this result, being the 

only country with very strong agricultural sector while possessing a moderate level of tertiary sector and a 

weak level of industrial sector. 

https://doi.org/10.33395/sinkron.v9i1.13006
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DISCUSSION 

Overall results have shown that previous studies for the most part on the factors chosen for this 

study that affects the vaccination rates of a country, are largely accurate. The correlation matrix and heatmap 

with overall values from all countries mirrored the result from the past studies showing that high literacy 

rate, GDP per Capita, with a strong secondary sector of industry has a strong influence on vaccination 

ratings within a country, with primary sector of industry having the smallest chance of it being seriously 

considered to be one of the influencing factors of vaccination ratings within a country. After getting each 

of its correlation values with vaccination rates, any correlation value considered strong to very strong 

deserves a more in-depth study to find out why, and this will be the focus of this section. 

Further exploration on the relationship between literacy rates and factors affecting vaccination rate, 

such as the GDP per Capita, economic sector divisions, and the total number of cellphone users per 100 

people by country had provided more insight on this research, which previous studies had shown that 

literacy rates do not only affect vaccination rates, but also other important aspects of a country. The 

scatterplot graph showed the relationship between cellphone users per 100 people and literacy levels, 

showed that countries with a low GDP per capita will have lower literacy levels, which in turn affects the 

number of cellphone users per capita. Another scatterplot shows the link between GDP per Capita and 

literacy rate showing that the income group of a country affects its literacy level, which in turn affects the 

vaccination rate since as shown in chapter 2 regarding literacy and vaccination rates, low literacy means 

low health and scientific literacy, which influences the decision of individuals who will undergo a COVID 

vaccination. Another scatterplot graph detailing the relationship between tertiary and secondary industries 

further showed the level of literacy relative to the division of economic sectors within a country, however 

this is too simplified as a detailed explanation on why it is so, since there can be various economic 

conditions, policies, external elements, and other reasons that affect how industrial sectors are structured 

that way. Then again, it does illustrate how higher literacy rates meant the bigger dominance of tertiary 

sectors in a country, which in turn increases the vaccination rates because such industry has more contact 

with people compared with other industrial sectors, based on a previous study. 

As recalled on the previous studies, countries with higher GDP per Capita have high vaccination 

rates, not only due to both having higher bargaining and purchasing power to buy and stockpile vaccines, 

but also higher health and scientific literacy rates, which teaches its citizens the importance of vaccination, 

with the results in this study confirming it. 

Coincidentally, Singapore and Kuwait have the highest vaccination rates among all listed countries, 

while countries like Sierra Leone have the lowest vaccination rate. However, vaccination rates in countries 

like Afghanistan and Burundi are very low, yet having strong tertiary sectors compared with other industrial 

sectors, are the outliers in this study. Overall, while other previous studies suggest that vaccination rates 

may differ between countries based on the composition of its economic sectors, this study had shown that 

this is unlikely to be the cause, as the countries in the graph show having strong tertiary industrial sectors, 

which goes against the study which postulated that higher tertiary sector within a country means better 

vaccination rating, due to the nature of the industry making it a priority in vaccination, and yet this study 

had shown otherwise. 

 

CONCLUSION 

From the results shown, this study concludes that there exists a strong correlation between 

vaccination rates with the chosen factors in this study; vaccination rate and cellphone users per 100 people 

with a value of 0.5 out of 1, vaccination rate and GDP per Capita with a value of 0.65 out of 1, vaccination 

rate and tertiary sector job with a value of 0.51 out of 1, and vaccination rate and literacy rate with a value 

of 0.64 out of 1. 
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