
 

 

 

 

 

 

 

 

 

 

 

 

A DATA-DRIVEN ANALYSIS ON THE GLOBAL VACCINATION 

COVERAGE 

 

 

IVY SYZLYNDA NASHION (51976) 

 

 

 

 

 

Bachelor of Computer Science with Honours (Computational Science) 

 

2019 



i 

 

A DATA-DRIVEN ANALYSIS ON THE GLOBAL VACCINATION 

COVERAGE 

 

 

 

 

 

 

 

IVY SYZLYNDA NASHION (51976) 

 

 

 

 

 

This project is submitted in partial fulfillment of the 

requirements for the degree of Bachelor of Computer Science 

with Honours 

 

 

 

Faculty of Computer Science and information Technology 

UNIVERSITI MALAYSIA SARAWAK 2019

  



ii 

 

 



iii 

 



iv 

 

 



v 

 

Acknowledgement 

 

I would like to deliver my heartiest gratitude to all of person who involve directly or indirectly in 

my Final Year Project. First of all, special thanks to my Final Year supervisor Dr. Phang Piau for 

all his assistance, guidance and suggestion supervision throughout my Final Year Project. Not 

forgetting my examiner, Sir Terrin Lim for all the information and knowledge shared during every 

presentation. 

 

Next appreciation is goes to my family member, my parent and my older sister, Ivena Nashion. I 

managed to continue my studies with their support and encouragement during hard times. 

Furthermore, all my needs during my studies in UNIMAS are being provided by both my parent 

and my older sister.  

 

Finally, I would like to show my appreciation to all of my friends who was always there with me 

during finishing our Final Year Project and all the subjects in our last semester. 

 

 

 

 

 



vi 

 

Abstract 

 

Many of the existing data visualization tools are using PHP or other plug-ins to generate a graphical 

data representation. The purpose of data visualization is to help data analyst to understand better 

on what the behavior of the datasets .Therefore, a free statistical language R as a platform is 

proposed. The objective of data visualization for the vaccination coverage is to provide a better 

insight on how the vaccination coverage growth. The data visualization help data analyst to easily 

discover the changes in behavior of datasets and how the parameters related to each other. This 

data visualization process is using the powerful R statistical to generate graphical output such as 

line plotting, scatter plot and median quartile range plotting. To carry out this research, a research-

based methodology was used. It consist of five phases that is data collection, problem 

identification, solution implementation, analysis of solution and problem reporting. The solution 

will show the variations of vaccination coverage across countries by using data visualization tools 

in R, the association between socioeconomic/demographic factors and vaccination coverage using 

clustering techniques and an explanatory analysis of the global immunization programs. 
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Abstrak 

Terdapat pelbagai jenis perisian yang digunakan untuk tujuan data visualisasi pada masa kini 

dengan menggunakan PHP atau plugin. Perisian tersebut mempamerkan data dalam bentuk 

gambar rajah. Tujuan data visualisasi adalah bagi memudahkan para penganalisis data untuk 

memahami data mereka dengan lebih jelas. Objektif data visualisasi bagi liputan vaksin adalah 

untuk memberi penjelasan yang lebih mendalam mengenai perkembangan program vaksinasi. 

Melalui data visualisasi juga, para penganalisis data dapat mengkaji perubahan yang berlaku dalam 

data dan setiap perubahan dalam parameter yang berkaitan antara satu dengan yang lain. Data 

visualisasi ini menggunakan perisian R yang melibatkan banyak algoritma statistik dan 

menghasilkan gambar rajah yang menarik, contohnya, plot garisan, plot berselerak dan plot kuartil 

median.Kajian ini dijalankan berdasarkan satu kaedah yang berasaskan penyelidikan . Kaedah ini 

terdiri daripada lima fasa iaitu pengenalan masalah, pengumpulan data, pelaksanaan penyelesaian, 

analisis penyelesaian dan laporan berdasarkan analisis yang telah dilakukan. Kajian ini akan 

menghasilkan variasi liputan vaksin di seluruh negara dengan menggunakan visualisasi data dalam 

perisian R, hubungkait antara faktor sosioekonomi/ demografik dan liputan vaksinasi 

menggunakan teknik pengelompokan dan analisis mengenai program imunisasi global. 

 

 

 

 

 



viii 

 

 

Table of Contents 

Project Title .................................................................................................................................... i 

Form B  .......................................................................................................................................... ii 

Declaration Form  ........................................................................................................................ iii 

Acknowledgement  .........................................................................................................................v 

Abstract ......................................................................................................................................... vi 

Abstrak ........................................................................................................................................ vii 

Table of Content  ........................................................................................................................ viii 

List of Table  ................................................................................................................................ xii 

List of Figure  .............................................................................................................................. xii 

 

Chapter 1 ........................................................................................................................................1 

1.0 Title  ...........................................................................................................................................1 

1.1 Introduction  ...............................................................................................................................1 

1.2Problem Statement  .....................................................................................................................2 

1.3 Objective  ...................................................................................................................................3 

1.4 Research Methodologies ............................................................................................................3 

1.5 Scope ..........................................................................................................................................5 

1.6 Significant of Project .................................................................................................................5 



ix 

 

1.7 Project Schedule.........................................................................................................................6 

1.8 Expected Outcome .....................................................................................................................7 

1.9 Project Outline  ..........................................................................................................................7 

Chapter 2 ........................................................................................................................................9 

2.0 Chapter Introduction  .................................................................................................................9 

2.1 Vaccination Coverage  ...............................................................................................................9 

2.1.1 Line Plotting ..................................................................................................................12 

2.1.2 Scatter Plot ....................................................................................................................13 

2.1.3 Box-and-whisker plot  ...................................................................................................14 

2.1.4 Discussion .....................................................................................................................15 

2.2 Data Visualization Tools .........................................................................................................15 

2.2.1 Tableau ..........................................................................................................................16 

2.2.2 MaTrix LABoratory (MATLAB)  .................................................................................17 

2.3 Summary on tools used for data analysis and data visualization  ............................................18 

2.4 Data Mining  ............................................................................................................................21 

2.4.1 Clustering  .....................................................................................................................23 

2.4.2 Clustering Type .............................................................................................................24 

2.4.3 Clustering Technique  ....................................................................................................25 

Chapter 3 ......................................................................................................................................29 

3.0 Chapter Introduction  ...............................................................................................................29 



x 

 

3.1 Identification of problem .........................................................................................................29 

3.2 Handling Missing Data. ...........................................................................................................30 

       3.2.1 Multiple Imputation .......................................................................................................32 

3.2.2 Linear Regression  .........................................................................................................33 

3.2.3 Dealing with missing data in R  ....................................................................................34 

3.2.4 Data Clustering Technique ............................................................................................34 

3.3 Data Visualization  ...................................................................................................................36 

3.4 Chapter Summary  ...................................................................................................................37 

 

Chapter 4 ......................................................................................................................................38 

4.0 Chapter Introduction ................................................................................................................38  

4.1 Library Packages’ from R ........................................................................................................38 

4.1.1 Data Manipulation Libraries..........................................................................................40 

4.1.2 Data Visualization Libraries ..........................................................................................41 

4.2 Data Pre-Processing Algorithm for the DTP3 vaccination Coverage .....................................42 

4.3 The Correlation Plot  ................................................................................................................46 

4.4 Data Pre-Processing for the socioeconomic and demographic factors ....................................48 

4.5 Optimal K ................................................................................................................................50 

4.6 Clustering Data Implementation  .............................................................................................53 

 

 



xi 

 

 

Chapter 5 ......................................................................................................................................58 

5.0 Chapter Introduction ................................................................................................................58 

5.1 Result Analysis for the Vaccination Coverage  .......................................................................58 

5.2 Result Analysis between the Association and the Socioeconomic/Demographic Factors  .....61 

5.3 Data Analysis for Malaysia  .....................................................................................................67 

5.4 Summary  .................................................................................................................................68 

 

Chapter 6 ......................................................................................................................................69 

6.0 Chapter Introduction ................................................................................................................69 

6.1 Project Limitation  ...................................................................................................................69 

6.2 Summary Each Chapter ...........................................................................................................69 

6.3 Conclusion on this research .....................................................................................................71 

References  ....................................................................................................................................72 

Appendix  ......................................................................................................................................75 

 

 

 

 

 



xii 

 

 

No List of tables Page 

1 Table 2.3 the comparison between the tools that could be used to 

produce a data-driven analysis with graphical data representation 

18-20 

2 Table 3.2.4 Comparison on K-mean and Hierarchical Clustering 35 

3 Table  4.3 Correlation Table for DTP3 vaccination coverage towards 

Socioeconomic and demographic factors 

47 

4 Table 5.2a List of countries that have both high value for DTP3 

vaccination coverage and their socioeconomic and demographic factors 

64 

5 Table 5.2b Countries with both low in DTP3 vaccination coverage 

percentage and their socioeconomic and demographic factors 

65 

6 Table 5.2c Cluster group for Malaysia 67 

 

No List of Figures Page 

1 Figure 1.1 The Research Methodology phases 3 

2 Figure 1.2 Project Schedule 6 

3 Figure 1.3 Project Schedule (continue) 6 

4 Figure 2.1.1 Examples of line plotting 12 

5 Figure 2.1.2 Example of scatter plot for the iris data set. 13 

6 Figure 2.1.3 Example of Box-and-whisker plots 14 

7 Figure 2.2.1 The vaccination rate of DTP3 using Tableau 1980 to 

2013[14] 

16 



xiii 

 

8 Figure 2.2.2 Latitudinal gradient in the timing of peak pneumonia and 

influenza mortality in Brazil [15] 

17 

9 Figure 2.4.2a Taxonomy of clustering approach 24 

10 Figure 2.4.3a Step by step of k -means algorithm. 27 

11 Figure 3.2 Handling missing data 30 

12 Figure 4.1a Retrieving all the base-package in Rstudio 39 

13 Figure 4.1b Installing the “user-installed” type of libraries 39 

14 Figure 4.3 Mixed Graphical and Numbered Correlation coefficient 

Representation 

47 

15 Figure 4.3.1 The optimal K for DTP3 coverage and the Life Expectancy 

(year) 

51 

16 Figure 4.3.1b The optimal K for DTP3 coverage and Income per GDP per 

capita 

51 

17 Figure 4.3.1c The optimal K for DTP3 coverage and Woman Mean Years 

in School Aged 15 years old to 24 years old 

52 

18 Figure 5.1a The vaccination coverage for one-year-old immunized with 

DTP3 

58 

19 Figure 5.1b Example of information that can be obtained from the 

boxplot using plotly. 

59 

20 Figure 5.2a The DTP3 vaccination coverage and the Life Expectancy 61 

21 Figure 5.2b The DTP3 vaccination coverage and the income per GDP 

per capita 

62 



xiv 

 

22 Figure 5.2c The DTP3 vaccination coverage and woman mean years in 

school-aged from 15 years old to 24 years old 

63 

23 Figure 5.2c The DTP3 vaccination coverage and Life Expectancy 

Showing the Percentage the DTP3 vaccination coverage in Zimbabwe 

66 

 

 

 



1 

 

CHAPTER 1 Project Proposal 

1.0 Title  

A Data-Driven Analysis On The Global Vaccination Coverage 

 

1.1 Introduction  

Tyron, 1939 was the first man to use clustering analysis technique that involved a number of 

different algorithms and methods where the object of similar type are grouped together and 

distributed into specific categories. A common question facing researchers in various fields of 

research is how to re-arrange the observed data into more organize and useful structure, that is, 

to produce scientific classifications. Cluster analysis is an exploratory data analysis mechanism 

which targeting at categorizing different objects into categories in a way that the degree of 

association among two objects either is maximal if they belong to the same group or in different 

group if its minima. Hence, cluster analysis can be used to explore the structures in data without 

an explanation or interpretation. Cluster analysis simply explore structures in data without 

revealing why they exist.  

Vaccination is the administration of a vaccine to stimulate an individual's immune system to 

develop adaptive immunity to a bacterium. This vaccination is important to a human as 

everyone are exposed to a various type of harmful bacteria. Socioeconomic is a measure of the 

combined economic and social status. In addition, socioeconomic also tends to be positively 

associated with better health. For example, Beard et al. found that double of the amount of 

children with a recorded vaccination objection and either no or at least vaccinated once was 

recorded in 2013. Those children were living in the top 10% of postcodes ranked by economic 

resources, in contrast with those who were living in the bottom 10% (1.9% vs 1.1%) for the 

Victorian. This information can be clustered and visualized in order to make the researcher 

understand their trend easily. For instance, model-based clustering can be used to present the 
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correlation between two different parameters. The data will be clustered and visualized using 

R. Data visualization is another way to explain the statistical data analysis which is more 

convenient. 

 

1.2 Problem Statement 

Incomplete immunisation coverage might cause severe public health issue in both developing 

and developed countries. This is simply because the vaccine-preventable childhood diseases 

should otherwise be eradicated if the vaccination coverage is able to provide herd immunity to 

the society. Some of the socioeconomic factors, for instance, high-income populations, parental 

education level, employment status, and workplace and age can influence global vaccination 

coverage. Countries that have low daily income mostly have low rate of vaccination. This is 

because, peoples who live in such an area cannot afford the cost that needed for vaccination 

especially when they have a lot of children in a family. Hence, identifying the factors that might 

modulate vaccination coverage could increase the effectiveness of immunization programmes 

and help the policy makers in their decision making.  

 

World Health Organization’s (WHO) is targeting that one-third of countries worldwide 

reaching an immunization rate of 90% by 2015) for the Global Vaccine Action Plan 

(GVAP). However, many countries had not yet reach this immunization rate even though the 

prevalence of vaccine-preventable diseases was decreasing uniformly. Therefore, this project 

focuses on investigating the association between socioeconomic factors and global vaccination 

coverage by carrying out a data-driven analysis in R. 
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1.3 Objectives 

There are three primary aims of this study: 

a) To examine the variations of vaccination coverage across countries by using data 

visualization tools in R. 

b) To investigate the association between socioeconomic factors and vaccination coverage 

 using clustering technique. 

c) To present an explanatory analysis of the global immunization programs. 

 

 

1.4 Research Methodologies 

 

 

  Figure 1.1 The Research Methodology phases 

 

Phase 1: 

Data Collection

Phase 2:

Identification of 
Problem

Phase 3:

Data Preprocessing

Phase 4:

Clustering 

Phase 5:

Data Visualization 
and Result Analysis
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This project is a research-based methodology. Therefore, the methodology which is presented 

in this project will follow the research methodology. The research starts by conducting a 

literature survey on the related topic. The data was obtained from the Gapminder (Phase 1). 

  

After doing some literature review, the identification of the problem is conducted. All the data 

will be collected and analysed using the specific technique. The main problem is identified. 

Next is a discussion of the simulation platform that will be used in this project (Phase 2). 

 

The pre-processing data was conducted in order to transform the raw data into a meaningful 

and understandable format. As most of the real data contain incomplete or inconsistent or 

lacking certain behaviour or trends, it is important to conduct the pre-processing for further 

process. (Phase 3) 

 

In this phase the clustering technique is used to examine the correlation between the 

vaccination coverage and the socioeconomic factors. For choosing among lots of 

socioeconomic factors, the linear regression is used to see which factors that has strong impact 

to the vaccination coverage (Phase 4). 

 

The visualized data will be analysed. The changes and the differences obtained from the data-

driven which has been visualized will be taken into consideration. Finally, the visualized data 

and the final result will be presented for reporting. The result is shown (Phase 5).         
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1.5 Scope 

The scope of this project is the data visualization of percentages of DTP3 coverage immunized 

of one year olds children over the world at year 2011. In addition this project also producing a 

data-driven analysis of the association between the global vaccination coverage rate and the 

socioeconomic and demographic factors using clustering in R.  

 

1.6 Significant of Project 

 

This project aims at performing a data-driven analysis on the global vaccination coverage 

datasets, obtained from Gapminder. As the datasets are huge and contain a lot of missing 

values, some data wrangling procedures have to be carried out using tidy verse and zoo 

packages in R. Besides, as the datasets contain vaccination coverage across different countries, 

it is a multivariable data which needed to be analysed by applying clustering techniques. Apart 

from that, the association between the vaccination coverage and socioeconomic factors can be 

obtained using the statistical and visualisation tools in R.   
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1.7 Project Schedule 

 

Figure 1.2 Project Schedule 

 

Figure 1.3 Project Schedule (continue) 
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1.8 Expected Outcome 

A data visualization that created using R that represents the correlation between socioeconomic 

factors and vaccination coverage. The data visualization will show how many people that have 

been vaccinated according they're socioeconomic in various area. The visualized data will be 

used as an explanatory analysis of the global immunization programs. 

 

1.9 Project Outline 

Chapter 1 

  The purpose of this project is to provide explanatory analysis of the global immunization 

programs. By using the statistical tool in R, the variations of vaccination coverage across 

countries will be visualize. In order to achieve this, the existing technologies to create a number 

of data visualization type will be reviewed. For instance, the type of data visualization. This 

project adopt research-based methodology that will further discussed in Chapter three. 

 

Chapter 2 

Chapter 2 discusses about the problem that arise concerning to the vaccination coverage and 

the correlation between the vaccination coverage and the socioeconomic factors that cause the 

incomplete immunization done in certain country. In addition, this chapter also reviewing 

about the review done on existing techniques and platform used for solution similar to the 

proposed project. The overall study is done based on articles, journals and conference papers. 

The investigation that has been done to see the association between socioeconomic factors and 

vaccination coverage from existing research. At the end of the chapter, a brief description on 

the technology tools utilized for the execution of this project.  
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Chapter 3 

Chapter 3 portrays about the methodology utilized for the development of this entire project. 

The research-based methodologies will be used as a model to provide the visualized data-driven 

analysis. This chapter explain about step-by-step taken in order to visualize the data correctly. 

Hence, the explanatory data can be presented correctly. 

 

Chapter 4 

This chapter focuses on the results and analysis. In addition, chapter 4 also will discuss on how 

to visualize the data correctly. The correlation between socioeconomic factors and the 

vaccination coverage also will be visualized to show the trend in an area over the world. 

 

Chapter 5 

This chapter summarizes the result explanatory with visualization of data-driven analysis on 

the global vaccination coverage. This chapter concludes this project report by revisiting the 

objectives and list down possible future works. A conclusion for this report is wrapped up in 

the end of this chapter, hence concluding the project. 
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Chapter 2 Literature Review 

2.0 Introduction 

This chapter provide an insight into various methods used to examine the variations of 

vaccination coverage across countries by using data visualization tools. Firstly, this chapter 

will look into the method used to analyze the data sets and how existing technology provides 

graphical representation of any problems. To create a graphical data representation, analysis of 

data sets and how existing technology tools interpret these into a graphical data visualization 

is conducted in this chapter 

This chapter will also explain the data visualization tools that have been used by the data analyst 

to represent their finding or data in graphical form. A study by Schiano and Tversky (1989) 

showed that charts or maps are considered to be more symmetrical than they actually were [1]. 

Hence, the correlation between the socioeconomic factor and the vaccination coverage will 

also be visualized with a graphical visualization as a data-driven explanatory analysis. A 

summary of a review on existing technologies features is added as a conclusion at the end of 

this chapter. 

 

2.1 Vaccination coverage 

The aim of the World Health Organization’s (WHO) Global Vaccine Action Plan (GVAP) is 

that one-third of countries worldwide have yet to reach an immunization rate of 90% by 2015, 

as the prevalence of vaccine-preventable diseases was decreasing uniformly [2]. There are 

several socioeconomic factors that are associated with growth in vaccination coverage. For 

instance, the parent's age, education levels, poverty, religions, children gender and the distance 

from the medical facilities [3]. Socioeconomic wealth index, for example, the ownership of 

assets as furniture and household characteristics [4] are some of the factors that correlate with 


