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1 The Introduction 
 

This part of the research is focused on the technicality, methods, and techniques required to 

conduct an in-depth research analysis titled: “Investigating the Level of Financial Inclusion 

in the African Continental Free Trade Zone Areas”. 

 

 

2 System Requirements  
 

2.1 Hardware 

• Windows 11 Pro, 64-bit operating system, x64-based processor 

• Intel(R) Core (TM) i7-7600U CPU @ 2.80GHz   2.90 GHz 

• 8.00 GB (7.88 GB usable) 

• DESKTOP-48VD1J2 

• Windows Feature Experience Pack 1000.22001.1000.0 

2.2 Software 

• Research report was written using Microsoft office word document   

• Microsoft excel was downloaded from data sources and used to examine the 

data 

• Python programming language and Google Colab for used for data pre-

processing, mining and statistical analysis 

 

3 Data Source 
 

The data used in this research are from two comprehensive sources. One is the World Bank 

Findex database1, and the second one is the International Monetary Fund Financial Access 

Survey2.  Findex data was downloaded and saved as DatabankWide Worldbank while the 

second dataset was saved as FAS_Latest_Data. 

 

 

 

 

 
1 https://www.worldbank.org/en/publication/globalfindex 
2 https://data.imf.org/?sk=E5DCAB7E-A5CA-4892-A6EA-

598B5463A34C&sId=1460043522778 

 

https://www.worldbank.org/en/publication/globalfindex
https://data.imf.org/?sk=E5DCAB7E-A5CA-4892-A6EA-598B5463A34C&sId=1460043522778
https://data.imf.org/?sk=E5DCAB7E-A5CA-4892-A6EA-598B5463A34C&sId=1460043522778
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4 Analysis  

4.1 Python packages installed for Analysis                                         

 

Installed packages on Google Colab Relevance to studies 

Pandas  For data manipulation, mining and analysis 

numpy Numerical computation of data 

Sklearn.decomposition To decompose the 2nd stage of rPCA 

matplotlib.pyplot For visualization of analysis and data 

missingness 

seaborn  For statistical graphing  

pandas.plotting For plotting of results and correlation 

analysis 

missingno For pattern and distribution of missing data 

scipy.stats For descriptive statistics 

ppca For imputing missing data 

scikit-learn Data pre-processing 

IterativeSVD Python form for robust principal component 

analysis 

factor_analyzer For validity test - Bartletts and KMO test 

statsmodels.stats.outliers For multicollinearity test 

 

4.2 Pre-processing and Transformation of Data 

 

The data used in this study were from two diverse set of sources, therefore, handling each 

data individually before merging both is a key step in data pre-processing and transformation. 

4.2.1 World Bank Findex Database 

 

At this point, the dataset is imported, and saved as DatabankWide Worldbank, this is the 

name from source. The view the dataframe.  

 

 
 

4.2.1.1 Data Cleaning  

 

• View basic information about the dataset to understand the data structure 
 

• Select and filter to keep the necessary columns (variable) for the study. 
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• Select and filter to keep the necessary rows (observations) for the study. At this point, 

all AfCFTA countries were included.  

 

 
 

• Convert the data to numerical from % - percentages to strings in python 

• Countries were re-labelled to match the FAS dataset and in a saved in a df_cleaned 

dataframe 
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4.2.1.2 Exploratory Data Analysis 

 

• Visualize data missingness using missing data matrix 
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• Visualize the distribution of data  

 

 
 

 

4.3 DATABASE 2----Financial Assess Survey (FAS)  

 

• Import data into Colab for analysis 

 
 

• View the structure and number of columns to understand the dataset structure 

• Define indices of columns to keep and create a new dataframe  

• Define the list of countries to keep in the rows. The FAS database is collated yearly 

therefore, the relevant years 2011, 2014, 2017 and 2021 was used.  
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• Rename columns for consistency as labelled in the World Bank data 
 

 
 

• Convert the ‘Year’ column to string  

• Visualize missingness for each column using tables heatmap, bar chart  

• Visualize and observe the relationship between variables using boxplot 

• Check and drop duplicates in the dataset 

• Convert numerical columns to float and categorical columns to category type 
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4.4 Combined dataset – Findex cleaned data and FAS cleaned data 

Data Pre-processing  

 

• Convert 'Year' to string data type in both Data frames 

• Name and save new data frame 

• Drop the following countries with only one data point (year) out of four years 

 

 

 
 

 

• Check and remove duplicates countries  

• Ensure consistent entries for categorical data and Convert “NA’ strings to NaN 

• Convert columns that should be numeric to numeric types 

• Normalize the data using standardscaler 

• View combined missing data chart  and boxplot 
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5 Probabilistic Principal Component Analysis (PPCA) to 

compute the combined dataset 
 

PPCA was selected over other methods due to its ability to accurately impute missing data of 

large datasets. Robust principal component analysis is designed to handle outliers and data 

that are not normally distributed (Candes et al., 2011).  

 

 

• Install PPCA and fancyimpute in google Colab to impute missing data. 

 

 
 

 

• Visualize the dataframe to eyeball missing data (NA’s) 

• Fill missing data using probabilistic principal component analysis. Apply PPCA using 

the fancy impute and IterativeSVD in python.  

• Save and rename the imputed data  

 

 
 

As seen above; [2:] is used to exclude the first two columns named country and year as they 

both don’t require to be filled. Rank is used to denote the number of key components used to 



10 

 

 

explain the variance. This can be increased accordingly. However, if 3 (rank = 3) explains 

over 95% of the variance then, then 3 should be adequate. Otherwise, the rank should be 

increased till the variance is well explained. Also, reset_index is used to ensure that the index 

is properly aligned between the two datasets 

 

• Reclassify and group the usage variables 

• Delete the variables that makes up the new classification to avoid duplication 

 

 
 

• View the shape of the dataset after dropping duplicates. Shape is used to give details 

of rows and columns in python 

 

           
 

• Standardize the data features to properly scale and prepare for rPCA analysis 

 

 
 

 

 

 

 

 

 

 

 

 

 

• Check normality for each feature using Shapiro-Wilk test. Output looks like this;  
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Shapiro-Wilk test reveals that the distribution of the data is not normal. Robust principal 

component analysis is designed to handle outliers and data that are not normally distributed 

(Candes et al., 2011).  

 

5.1 Principal Component Analysis for feature selection 

 

 

• Identify important features (loadings) 

 

 

 

• Plot the loadings for the first few components 

 

• Select top features based on their loadings in the first few components. Output looks 

like;  
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• Check for data validity using Kaiser-Meyer-Olkin and Bartlett test. Colab uses factor 

analyzer to do that. 

 

 

5.2 Stage one – robust principal component analysis 

 

• Define the function using rPCA for each dimension in stage one.  
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• Repeat this for usage and quality dimensions by defining what makes up the 

component of each 

• Obtain the eigenvalues and principal component output  

• Weight the outputs based on each dimension; the exact formula is replicated in python 

as below.  

 

 

5.3 Second stage principal component analysis 

 

• Define the function for stage two 
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• Apply PCA to estimate the Eigenvectors and PCA of subindices 

 

 
 

 

• Estimate the inclusion index using the weighted average of the output above 

 

 
 

• Categorize the level of financial inclusion  

 

 
 

• Plot a correlation matrix of the dimensions to visualize the relationships between 

access, usage and quality 

• Filter top and bottom countries based on FI 

• Display results of top and bottom countries with high FI 
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