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An Investigation on the Impact of Economic Growth and Financial Stability on 

Financial Inclusion in Sub Saharan Africa 

 

Omotolani Opeyemi Uji 

21200050 

 

Abstract 

 

Financial Inclusion is rising globally on the worldwide policy agenda due to its capacity to 

give people including low-income individuals and unbanked individuals a way to access 

financial services. The world bank highlighted the high level of financial exclusion in the 

Sub-Saharan Africa region because almost 60% of the adults are without bank accounts. 

However, this study seeks to explore the connections that exist between Economic Growth 

and Financial stability on financial inclusion. The IMF financial Access survey provides data 

on the different financial inclusion indicators, data on the economic growth and financial 

stability indicators were obtained from the world bank’s Global Financial Development and 

world development indicators respectively. The financial inclusion status of each country was 

derived through a two-stage robust principal component analysis (RPCA), considering the 

availability, usage, and penetration of financial services. Furthermore, relationship between 

the variables was analyzed using fixed effect regression and an additional technique - random 

effect regression for further analysis. The findings of the study show that liquid Assets to 

Deposit and short-term funding (Financial Stability Indicator) and GDP per capita (Economic 

growth indicator) show a significant and positive impact on financial inclusion. 

 

1. Introduction 

 

1.1 Background to the study  

 

Numerous people worldwide in poverty lack access to reliable financial services like savings, 

deposits, credit, and insurance. Removing barriers to ensure full participation in the financial 

system is crucial. While owning a bank account is an initial step towards financial inclusion, 

it's challenging for low-income individuals. (Ifediora et al., 2022). Financial inclusion ensures 

vulnerable individuals access essential financial services, potentially advancing Financial 

Sector Development and the economy's progress (Anarfo et al., 2019). Financial inclusion 

empowers households to handle financial setbacks and invest in human capital which will allow 

households to seize the investment potentials in their economy (Kuada, 2019). The Covid-19 

outbreak emphasized the need for economic recovery; enhancing financial services access, 

usage, and quality can substantially contribute to this recovery (Ozili, 2020) identified some 

reasons why financial inclusion has gained traction among policymakers which include aiding 

the United Nations' sustainable Development Goals (SDG’s), promoting social inclusion, and 

yielding socioeconomic benefits like economic growth and income stability. (Koudalo and 

Toure, 2023) highlight financial inclusion's prominence as a challenge in Africa, leading 

policymakers to implement measures addressing gaps in gaining financial access. 
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The goal of financial inclusion is to rectify unequal financial service distribution, but concerns 

exist about its impact on economic growth and stability (Ratnawati et al., 2022). In Sub-

Saharan Africa, less than 43% of adults hold bank accounts, hindering SDG targets and causing 

socioeconomic difficulties (Jima & Makoni, 2023). While developed nations acknowledge 

financial inclusion's economic impact, its relation to financial stability varies (Ratnawati et al., 

2022). The connection between financial inclusion, poverty rates, financial stability, and 

economic conditions influences its dynamics (Ozili, 2020). Economic Growth signifies wealth 

expansion and improved living standards (Batrancea et al., 2022). Financial stability 

demonstrates an economy's resilience against disruptions, involves a well-functioning financial 

market and liquidity (Jima & Makoni, 2023).  

 

This research aims to contribute to the body of knowledge by computing a financial inclusion 

index considering availability, penetration, and usage, exploring how the index, and its 

components relate to economic growth and financial stability in 16 Sub-Saharan African 

countries. This study contributes to informed policies on financial inclusion, sustainable 

development, and economic progress. 

 

1.2 Research Question and Objectives 

 

The study aims to address the following research question; 

 

“To what extent does financial Inclusion impact economic growth and financial stability 

in the Sub-Saharan African Region?” 

 

The objectives of the research are; 

 

• To compute a recent financial inclusion index for some countries in the Sub-Saharan 

African Region. 

• To examine the connection between Financial Inclusion Index (FII) and Financial 

Stability and Economic Growth. 

• To examine the impact of usage, availability, and penetration indicators of financial 

inclusion individually on Financial Stability and Economic Growth. 

 

In answering the research question, a Robust Principal Component Analysis (RPCA) will be 

used to obtain the Financial Inclusion Index and the Fixed Effect Regression to analyze the 

relationship between the variables. 

 

The other parts of the paper will be structured as follows; 

 

• section 2 will include literature review of previous researchers on the subject 

• section 3, 4 and 5 will include details of the research methodology, model specifications 

and implementations 
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• section 6 will include the discussion and evaluation of the results obtained from section 

5 

• Section 7 will contain conclusions and future recommendations. 

 

2. Literature Review  

 

2.1 Measuring Financial Inclusion  

 

Various researchers have disagreed over the years on the proper dimensions to measure 

financial inclusion and the disagreement may affect the best computation for financial 

inclusion. (Deepti and Vaidhyasubramaniam, 2018) recognized factors such as penetration, 

availability, and usage of financial services as the most significant indicators of financial 

inclusion. Financial inclusion penetration refers to the extent by which formal financial 

institutions are able to reach and provide services to a diverse group of people. Additionally, it 

shows how well these institutions are able to draw clients and persuade them to open accounts. 

The percentage of the population with formal bank accounts and the number of people that 

have mobile money accounts are some of the indicators that can be used to gauge financial 

inclusion penetration because they show how widely available and accessible financial services 

are within an economy (The second dimension of financial inclusion deals with the availability 

of financial services and it refers to the presence and accessibility of financial institutions and 

ensures easy access and frequent usage of banking services to ensure an inclusive financial 

system. The indicators of availability include the number of commercial banks and ATM’s per 

100,000 adults and so on. The third dimension which is the usage shows how well the financial 

services provided by the financial institutions are utilized (Abdulmumin et al., 2019). (Kebede 

et al., 2021) indexed financial inclusion using a two-stage unsupervised machine learning 

technique, their findings demonstrated that bank dominance has different effects of financial 

inclusion dimensions, it increases availability and accessibility but decreases the usage. The 

study emphasizes the necessity of prioritizing geographic outreach in order to achieve an 

inclusive financial system in Africa, emphasizing the significance of physical outreach in 

fostering overall FI.  (Tram et al., 2023) developed a financial inclusion index using bank 

penetration, usage, and availability of financial services, their study also considered indicators 

relating to mobile money, they created an index using a two-stage robust principal component 

analysis that allowed endogenous weight assignment. They obtained data from World Bank 

and IMF; the index provides a multidimensional approach that maximized the various 

dimensions of financial inclusion. The study considered availability indicators such as number 

of ATMs, branches, and mobile money agents per 100,000 adults, usage indicators were 

measured by the number of bank accounts per 1,000 population. The penetration dimension 

was measured using indicators such as the number of deposit accounts, number of credit unions 

and credit cooperatives per 1,000 adults. Accurately measuring financial inclusion remains a 

challenge due to different perspectives on dimensions and representations, the traditional 

indexes overlook vital aspects such as the role of electronic cards which are beginning to play 

significant roles in facilitating transactions and expanding market access, (Nuzzo & Piermattei, 

2019) considered the impact of electronic cards and the study on the samples in the Euro area 

countries and revealed a notable variation, Germany outperformed in terms of financial 
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inclusion, and Spain showed a substantial improvement. Financial inclusion is considered the 

outcome variable of interest in this study. (Bashiru et al., 2023) gauge the level of financial 

inclusion with 33 countries in sub-saharan Africa by constructing a composite index using 

Principal Component Analysis (PCA), which considers five distinct sub-measures. These sub-

measures encompass the density of ATMs per 100,000 adults (ATM), the presence of 

operational bank branches per 100,000 adults (BRA), the quantity of bank accounts per one 

thousand adults (BAC), the incidence of individuals borrowing from commercial banks per 

100,000 adults (BOR), and the prevalence of individuals depositing with commercial banks 

per 100,000 adults (DEP). (Amponsah, Agbola, and Mahmood, 2021) conducted a 

comprehensive study encompassing 44 Sub-Saharan African countries. While the study 

effectively categorized indicators into dimensions of availability, access, and usage, its limited 

focus on 17 African countries posed a potential challenge to generalizability. 

 

2.2 The Influence of Economic Growth and Financial Stability on Financial Inclusion 

 

Numerous studies have investigated the intricate relationship between financial inclusion, 

economic growth, and financial stability. Notably, these studies reveal strong evidence that 

financial inclusion significantly impacts economic development globally. Furthermore, they 

confirm that an inclusive economy plays a vital role in fostering financial stability, thus 

contributing to sustained economic growth (Jima & Makoni, 2023). The study conducted by 

(Jima and Makoni, 2023) focused on Sub-Saharan Africa and unveiled both long- and short-

term relationships between financial inclusion, economic growth, and financial stability. 

Granger causality tests demonstrated mutual complementarity among these variables, 

indicating that increasing financial services positively affects both economic performance and 

financial stability. (Koudalo and Toure, 2023) delved into the relationship between financial 

inclusion and financial stability across 54 countries. Their research indicated a positive 

correlation between bank penetration and financial stability. Factors such as income inequality, 

political stability, and financial openness influenced this relationship. New financial inclusion 

policies, encompassing bank credit access and financial savings, were identified as supporters 

of financial stability in African nations. (Ezzahid and Elouaourti, 2021) developed an analytical 

framework to explore financial inclusion's role in stimulating investment and economic growth 

in Africa. Their findings underscored the positive impact of financial inclusion on economic 

growth, despite its limited presence in most African economies. (Abdul Karim et al., 2022) 

employed a financial inclusion index to analyze its inclusiveness over time. They found that 

while high financial inclusion might not greatly impact economic growth, it does have a 

favorable influence in underdeveloped economies like those in Africa and Asia. Notably, 

strong institutions, governance, and access to finance were identified as crucial factors for 

achieving the desired positive impact. (Emara and El Said, 2021) emphasized the importance 

of financial inclusion and governance for enhancing access to finance and promoting economic 

growth. (Ratnawati et al., 2022) explored the impact of financial inclusion on economic growth, 

poverty, income inequality, and financial stability in Asian countries. Their findings 

demonstrated the collective influence of financial inclusion on these variables, advocating for 

further optimization of this impact. (Ahmad Malik and Yadav, 2022) highlighted the positive 

association between financial inclusion and Sustainable Development Goals (SDGs), 
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suggesting that expanding financial services contributes to achieving these objectives. 

However, they noted that the presence of internet subscribers could hinder this relationship, 

emphasizing the need for digital literacy initiatives. (Zhang et al., 2022) used panel data 

analysis to reveal a significant connection between financial inclusion, non-performing loans 

(NPLs), and economic growth. Their findings recommend implementing policies to manage 

NPLs and enhance financial inclusion. In essence, these studies collectively underscore the 

substantial impact of financial inclusion on economic growth and financial stability. They 

emphasize the need for targeted policies and initiatives to optimize this impact and foster 

sustainable development. 

 

3. Research Methodology 

 

This section of the research will contain an aggregate of the research processes n and techniques 

followed in investigating the relationship between Financial Inclusion, Financial Stability and 

Economic growth. The approach that will be followed is the KDD (Knowledge Discovery in 

Databases) approach which considers a more detailed knowledge of discovering knowledge 

from large databases. 

 

 

3.1 Data Selection 

 

Data on financial inclusion can either be obtained from the World Bank’s Global Financial 

Inclusion Database or the IMF Financial Access Survey Database. The research relied on data 

from the IMF’s Financial Access Survey in line with the works of (Tram et al., 2023), a 

secondary data source that provides information on the Financial Inclusion indicators from the 

supply side to obtain data on financial inclusion. This database contains information on the 

level on inclusiveness among countries all over the world. The Financial Stability and 

Economic Growth data were obtained from World Bank’s Global Financial Development 

database and World Development Indicators respectively covering a period of 2012 – 2012. 

The Sub-Saharan region of  Africa has 48 countries in total however due to missing points and 

non-availability of data for many of the countries in the region, only 16 countries were used in 

the analysis. 

 

3.1.1 Financial Inclusion Index 

 

The financial inclusion index can either be measured using a parametric or non-parametric 

method, while the non-parametric method involves assigning weights on each indicator based 

on their intuition and knowledge, the parametric method involves developing an index using a 

Principal Component Analysis (PCA) (Nguyen, 2020). Financial inclusion will be measured 

by creating an index using Principal Component Analysis and the financial inclusion index will 

be measured with the variables in line with the works of (Tram et al., 2023). 
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Penetration Dimension - An inclusive financial system aims to reach a large number of users 

which ensures penetration among the target population. It may also be regarded as the Access 

dimension of Financial Inclusion and the Index will be obtained using the following indicators; 

 

• Number of deposit accounts with commercial banks per 1,000.adults 

• Number of registered mobile money accounts per 1,000 adults 

 

Availability Dimension - The availability dimension examines the ability of financial services 

to be easily available to  the unbanked individuals. The availability index will be obtained using 

the following indicators;  

 

• Number of ATMs per 100,000 adults 

• Number of commercial bank branches per 100,000.adults 

• Number of registered mobile money agent outlets per 100,000 adults 

 

Usage Dimension - The usage dimension on the other hand examines how well the financial 

services are utilized by the unbanked population. The usage indicators used for this research 

include; 

 

• Number of mobile money transactions during the reference year per 1,000 adults 

• Outstanding deposits with commercial banks (% of GDP) 

• Outstanding loans from commercial banks (% of GDP) 

 

3.1.2 Financial Stability and Economic Growth  

 

Data for Financial Stability was sourced from the World Bank’s Global Financial Development 

database which shows data on the financial system for over 200 economies which is a 

trustworthy source. The choice of the variables were based on related works on the subject. 

The indicators that were used for financial stability include Z-score, Bank Non-performing 

loans to Gross Loans, Bank Capital to Total Assets and Liquid Assets to Deposits and short-

term funding which is in line with the study of (Le et al., 2019), on the other hand, data on 

Economic growth was obtained from the World Bank’s World Development Indicators and the 

indicator used was GDP per capita. 
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3.1.3 Definition of Variables  

Table 1: Definition of variables 

Variables Definition 

Z-Score  The Z-score measures how likely an economy’s commercial 

bank will experience default. A higher Z-score suggests that a 

system is less likely to become unstable (Jima & Makoni, 2023) 

Bank Non-performing 

loans to Gross Loans 

The ratio of defaulted loans, which includes both interest and 

principal payments that are overdue by 90 days or more, to the 

total value of gross loans in the loan portfolio. 

Bank Capital to Total 

Assets 

This variable represents details of how well the bank’s capital 

can act as a safety net against potential losses in the banking 

systems. 

Liquid Assets to Deposit 

and short-term funding 

The indicator evaluates  bank's access to liquid resources in 

relation to its deposit and short-term funding liabilities. Liquid 

assets encompass cash, amounts owed by banks, securities held 

for trading or fair value recognition, loans to other banks, 

reverse repurchase agreements, and cash used as collateral. 

Deposits and short-term funding comprise the aggregate of 

customer deposits (including current, savings, and term 

deposits) and short-term borrowings, encompassing money 

market instruments, certificates of deposit, and other types of 

deposits. 

GDP per Capita  This is the gross domestic product for each country per 

individual using the current exchange rate. 

Availability Index The Availability Index is obtained by using a Principal 

component analysis on the 3 Availability Indicators used in the 

research. 

Usage Index The Usage Index is obtained by using a Principal component 

analysis on the 3 Usage Indicators used in the research. 

Penetration Index The Penetration Index is obtained by using a Principal 

component analysis on the 2 penetration Indicators used in the 

research. 

Financial Inclusion Index  The financial inclusion Index combines the Penetration, 

Availability, and Usage Indexes using the Principal Component 

Analysis. 
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3.2 Pre-Processing  

The pre-processing stage of the research involves preparing and cleaning the data before it is 

used for conducting the research. The three datasets used for the purpose of the research were 

imported in a CSV file into R-studio, the various variables that were to be ignored in the 

research were taken out and countries that had a high amount of missing data were also 

removed. Missing data and outliers were also dealt with appropriately. 

3.3 Data Transformation  

After all the datasets went through proper transformation necessary to ensure they can be used 

for data mining. The process required renaming and rearranging some of the variables. In other 

to obtain a unified dataset for the analysis, the three different datasets were combined into one 

for the analysis. 

3.4 Data Mining  

This stage of the research identifies patters and draws information from the data. The data 

mining techniques used are explained below; 

3.4.1 Robust Principal Component Analysis 

This technique was first introduced by Karl Pearson in 1901, it was employed to reduce the 

dimensionality of the problem by reducing the size of a large number of input variables 

(Younes et al., 2021).The principal component analysis is a technique used in transforming 

correlated variables into a set of uncorrelated variables which are commonly referred to as 

principal components. In doing this, outliers, and problems of missing values such as the 

dataset for the sub-Saharan African Region is addressed (Mahmoudi et al., 2021). The financial 

inclusion indicators are derived using a two-stage RPCA approach, following methodologies 

employed in studies conducted by (Kebede et al., 2021) and (Tram et al., 2023) to construct 

the financial inclusion index. This two-stage approach aims to avoid overfitting and bias arising 

from highly correlated variables. 

3.4.2 Fixed Effect Regression  

The fixed Regression model is used in estimation of a panel data which in this instance is the 

Economy over a particular period of time. The fixed effect regression helps in analyzing 

whether a connection exists between the dependent and independent variables in an equation 

As much as the Random effect regression provides a much more sophisticated result than the 

Fixed effect Regression model, Fixed Effects regression is seen to be much more preferable 

than the later because the main distinction is that  random effects (RE) and fixed effects (FE) 

models lies in their assumptions regarding the relationship between the unobserved time-

constant effects (υ) and the observed predictors. In RE models, it is assumed that the observed 

predictors in the model are not correlated with υ, while in FE models, they are allowed to be 

correlated (Bell et al., 2019). 
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4. Model Specification  

The models that will be used in this research include; 

𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚𝑰𝒏𝒅𝒆𝒙𝒚,𝒄 = 𝑓(𝑌1𝑦,𝑐, 𝑌2𝑦,𝑐, 𝑌3𝑦,𝑐 ,…………………………………..𝑌𝑥𝑦,𝑐)….…………….. (1) 

𝑼𝒔𝒂𝒈𝒆𝑰𝒏𝒅𝒆𝒙𝒚,𝒄 = 𝑓(𝑌1𝑦,𝑐, 𝑌2𝑦,𝑐, 𝑌3𝑦,𝑐 ,…………………………………..𝑌𝑥𝑦,𝑐) ……………………….(2) 

𝑷𝒆𝒏𝒆𝒕𝒓𝒂𝒕𝒊𝒐𝒏𝑰𝒏𝒅𝒆𝒙𝒚,𝒄 = 𝑓(𝑌1𝑦,𝑐, 𝑌2𝑦,𝑐, 𝑌3𝑦,𝑐 ,…………………………………..𝑌𝑥𝑦,𝑐) ……………….(3) 

𝑭𝑰𝑰𝒚,𝒄 = 𝑓(𝑌1𝑦,𝑐, 𝑌2𝑦,𝑐, 𝑌3𝑦,𝑐 ,…………………………………..𝑌𝑥𝑦,𝑐……………………………….……(4) 

Each measure of the Availability Index, Usage Index, Penetration Index and Financial 

Inclusion Index (Dependent Variables) are obtained using the Principal Component Analysis 

(PCA), (𝑌1𝑦,𝑐 ,………..𝑌𝑥𝑦,𝑐) in each equation signifies the (independent Variables) which are the 

indicators of financial stability and Economic Growth for each of the countries used per year. 

4.1 Robust Principal Component Analysis  

The purpose of obtaining a financial inclusion index is to access the level of inclusiveness for 

each of the countries used in Sub Saharan Africa and specifically tackle the problems of using 

arbitrary weight selection and offers a comprehensive reflection of the level of financial 

inclusion (Abdul Karim et al., 2022). The first stage of the PCA produces an index for each of 

the Availability, penetration, and Usage Indicators separately, then in the second stage, the 

Availability Index, Penetration Index and Usage Index were combined to form a Financial 

Inclusion Index. 

4.1.1 First Stage Robust Principal Component Analysis  

In the first stage of the PCA, the penetration dimension was obtained by the linear combination 

of the indicators -  Deposit accounts which represents the Number of deposit accounts with 

commercial banks per 1,000 adults and MMAccts which represents the Number of registered 

Mobile Money accounts per 1,000 adults. The availability dimension on the other hand 

comprised of BankBranches-  Number of commercial bank branches per 100,000 adults, 

ATMs- Number of ATM branches per 100,000 adults and MMAgents- No of registered mobile 

money agents per 100,000 adults. Lastly, the usage dimension on the other hand was obtained 

by the linear combination of MMTransactions - Number of mobile money transactions during 

the reference year per 1,000 adults, OutstandingDeposit –  Outstanding deposits with 

commercial banks and OutstandingLoans - Outstanding loans from commercial banks the 

equations 5 and 7 respectively represents the Weighted Average of the indicators, j is the 

number of indicators in each dimension which is 3 for each dimension, λj is the jth eigenvalue 

for each dimension. Y stands for the year and C stands for each economy. 
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𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝐼𝑛𝑑𝑒𝑥𝑦,𝑐  =  Š1Deposit accounts𝑦,𝑐 + Š2MMAccts𝑦,𝑐 + 𝑒𝑦,𝑐 … … … … . … .. (5) 

𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝐼𝑛𝑑𝑒𝑥𝑦,𝑐  =   
∑ 𝜆𝑗 𝑃𝑘𝑦𝑐

𝑠
𝑗,𝑘=4

∑ 𝜆𝑗
𝑠
𝑗,𝑘=3

       ………………………………………….………(6) 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐼𝑛𝑑𝑒𝑥𝑦,𝑐   Š1𝐵𝑎𝑛𝑘 𝐵𝑟𝑎𝑛𝑐ℎ𝑒𝑠𝑦,𝑐 + Š2𝐴𝑇𝑀′𝑠𝑦,𝑐 +  Š3MMAgents𝑦,𝑐 + 𝑒𝑦,𝑐…(7) 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐼𝑛𝑑𝑒𝑥𝑦,𝑐  =   
∑ 𝜆𝑗 𝑃𝑘𝑦𝑐

𝑠
𝑗,𝑘=4

∑ 𝜆𝑗
𝑠
𝑗,𝑘=3

   ……………………………….………….………(8)      

 𝑈𝑠𝑎𝑔𝑒𝐼𝑛𝑑𝑒𝑥𝑦,𝑐  = 𝛽1𝑀𝑀𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑠𝑦,𝑐 +  𝛽2OutstandingDeposit𝑦,𝑐 +

  𝛽3OutstandingLoans 𝑦,𝑐 + 𝑒𝑦,𝑐…………………………………………………………….(9) 

𝑈𝑠𝑎𝑔𝑒𝐼𝑛𝑑𝑒𝑥𝑦,𝑐  =   
∑ 𝜆𝑗 𝑃𝑘𝑦𝑐

𝑠
𝑗,𝑘=3

∑ 𝜆𝑗
𝑠
𝑗,𝑘=3

  …………….……………………………………………(10) 

4.1.2 Second Stage Robust Principal Component Analysis  

In the second stage of the PCA, the same process was followed but the Penetration, Availability 

and Usage Index was used as the principal components. 

𝐹𝐼𝐼𝑦,𝑐 =  𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝐼𝑛𝑑𝑒𝑥𝑦,𝑐 + 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐼𝑛𝑑𝑒𝑥𝑦,𝑐 + 𝑈𝑠𝑎𝑔𝑒𝐼𝑛𝑑𝑒𝑥𝑦,𝑐 +

 𝑒𝑦,𝑐…………………………………………………………………………….………...…(11) 

𝐹𝐼𝐼𝑦,𝑐 =  
∑ 𝜆𝑗(𝛹𝑗𝑘𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝐼𝑛𝑑𝑒𝑥𝑦,𝑐 + 𝛹𝑗𝑘𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑦,𝑐+𝛹𝑗𝑘𝑈𝑠𝑎𝑔𝑒𝐼𝑛𝑑𝑒𝑥𝑦,𝑐)2

𝑗=1

∑ 𝜆𝑗
2
𝑗=1

 …………….….(12) 

4.2 Fixed Effects Regression  

In using the fixed effect Regression in analyzing the relationship between the financial 

inclusion index, economic growth, and financial stability. The Financial Inclusion Index is 

subject to the regression with the intercept 𝑎𝑦𝑐 which is particular to each entity and the various 

independent variables. A model will be formulated based on the formular below; 

𝐹𝐼𝐼𝑦,𝑐 =  𝑎𝑦𝑐 + β1𝑍𝑠𝑐𝑜𝑟𝑒𝑦𝑐 + β2NPL𝑦𝑐 +  β3BankCapAssets𝑦𝑐 +

 β4LiquidAssetsDeposit𝑦𝑐 + β5GDPperCapita𝑦𝑐……………………………………...(13) 
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5. Solution Development  

5.1 Data Selection  

This data used in this research was obtained from IMF Financial Access Survey Data, World 

Bank’s Global Financial Development database and World bank’s World development 

indicators. When the data for financial inclusion was downloaded, it was uploaded into R studio 

for proper cleaning and analysis. At the time of the upload into R studio, the data had 792 

observations and 194 variables for a period of 2004 up till 2021. The data for the financial 

stability and Economic Growth indicators were also uploaded into R studio, at the time of the 

download of the financial stability, it had 13,267 observations and 14 variables, so the data was 

cleaned to select the variables and observations that will be used for the analysis, the economic 

growth data on the other hand had been cleaned based on the completeness of the data that was 

obtained from the FAS data and financial stability data. 

5.2 Preprocessing and Transformation 

The three datasets went through various preprocessing stages before they were merged to be 

able to effectively answer the research question. 

5.2.1 Financial Access Survey Dataset 

The FAS dataset was the first dataset to be analyzed, the 8 indicators that will be useful for the 

research was selected. The sapply function in R studio was used to check the countries that had 

a significant number of missing values were removed from the study. Also, the data was filtered 

to only remain data for only 2012 till 2021. The missing data accounted to a percentage of 29% 

of the whole dataset. Countries such as Mauritiana, Seychelles, Mauritius and Gambia that 

showed missing values for indicators for mobile money because it had not been introduced in 

some of the earlier years and  were therefore replaced with zero. The FAS indicators were 

renamed to avoid mistakes in analyzing the data. For replacing the missing values in the dataset, 

a mean substitution was used to replace missing data points. So basically, if there is a missing 

data for “MMAgents” for 2014, it will be replaced with the mean of the values for 

“MMAgents” for 2012 for 2013. After cleaning and removing all the missing values, the 

missing data percentage came to Nil. This is displayed in Fig 1 below; 
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Figure 1: FAS Dataset 

5.2.2 Financial Stability Dataset 

For the financial stability dataset, the data from the World bank Global Financial indicators 

was uploaded into RStudio for cleaning and preprocessing. At the time of the upload, the 

dataset showed missing values of 8% of the entire dataset. The financial stability indicators at 

the time of upload were initially labelled as s102, s103 but were renamed to ensure proper 

understanding of the data. Additionally, the data was also filtered to remain only data for sub–

Saharan African from 2012 till 2022. Further filtering was applied to include only countries 

that had complete values in line with the FAS dataset. The missing values were also dealt with 

using the mean substitution. The missing data % came to NIL as displayed in Fig 2; 

 

Figure 2: Financial Stability Dataset 

5.2.3 Economic Growth Dataset 

The Economic Growth dataset on the other hand had already been filtered to only show data 

for the countries that were chosen based on the Financial Access Survey dataset. The dataset 

showed no missing values at all. 
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5.2.4 Financial Inclusion Index 

Before computing the Financial Inclusion Index, the appropriateness of the data for testing was 

evaluated, the Bartlett’s test of sphericity was used to examine whether the correlation matrix 

is identical. The value should be significant (p < 0.05) for the data to be suitable for the PCA. 

The Kaiser-Meyer-Olkin test was conducted as well. The results of the Bartlett’s test showed 

of a p-value of 0.643 (> 0.5) which indicated that the data was appropriate for performing a 

principal component analysis. The high p-value also indicates that the correlation matrix is not 

significantly different from the identity matrix. The KMO produced an overall MSA of 0.7% 

and all the individual variables showed MSA (Measure of Sampling accuracy) values greater 

than 0.5% which shows the data is suitable for analysis. Overall, the results from Bartlett's test 

and the Kaiser-Meyer-Olkin measure show that the data is appropriate for  principal component 

analysis. 

 

 

Figure 3: Results of the Bartlett Test of sphericity and KMO factor adequacy 

The first stage of the PCA involved performing principal component analysis on the 

availability, usage, and penetration dimension individually, the eigenvalues (𝜆𝑗) and the scores 

𝑃𝑘𝑦𝑐 that were obtained from using the “pcacov” were substituted based on the formulars 6, 8 

and 10 above to estimate the level of inclusivity for each country in the sub-Saharan African 

region over the period for the research. The results produced “AvailabilityIndex”, 

“PenetrationIndex” and “UsageIndex” which were be used in the second stage of the PCA. 

In the second stage of the PCA, the values obtained from the first stage using the availability, 

usage, and penetration and using formular 9 above and Financial Inclusion Index was obtained. 
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Figure 4: Mean Statistics of the Financial Inclusion Index per country 

5.2.5 Combined Dataset  

When all the datasets was cleaned appropriately, the figures obtained from the first and second 

stage of PCA were combined with the financial stability and Economic growth indicators to 

form a new Dataset known as “FULLDS”. The “FULLDS” showed no missing values as the 

data had already been cleaned before they were combined. All the variables except Economy 

and Year which were had their structure changed to numeric. The boxplot function in the 

RStudio was used to check if there were outliers in the dataset. 

 

Figure 5: Boxplot of the Indexes 
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5.2.6 Correlation 

After checking for outliers, correlation among the various variables were examined. The 

Financial Inclusion Index showed a positive correlation with PenetrationIndex, UsageIndex, 

Availability Index and the financial stability indicator GDP per capita . The Penetration index 

demonstrated a positive correlation with the availability Index, Financial Inclusion Index, 

Usage Index and GDP per capita. The Usage index was positively corelated with the 

Penetration Index, Availability Index, FII, ZScore and GDP per capita. Finally, the availability 

index was positively correlated with Liquid Asset deposit and GDP per capita. 

 

Figure 6: Correlation of variables 

5.3 Data Mining and Validation  

5.3.1 Fixed Effect Regression – For implementing the Fixed Effect regression, the PLM 

package in RStudio was installed, 4 different models were estimated with the data. The 

independent variables were constant (NPL, Zscore, BankCap.Assets, LiquidAsset.Deposit and 

GDP.per.capita) but different dependent variables – PenetrationIndex, AvailabilityIndex, 

UsageIndex and Financial Inclusion Index. The results will give estimated coefficients for the 

various timely variables and fixed effects that are unique to each entity in the results. The model 

assumes that the slope of the regression plot is constant. It is important to specify the “within” 

in the model to show that it is a fixed effect regression. 

5.3.2 Random Effect Regression  - The step to implement the random Effect regression is 

the same as the Fixed effect but “Random” should be specified when formulating the Model 

in RStudio. In the random effect regression, random effects are incorporated into the model to 

account for unobserved variabilities among the various variables. 

5.3.3 VIF Test for Multicollinearity - The Variance Inflation Factor (VIF) test is used to 

determine whether a regression model contains multicollinearity. Multicollinearity occurs 

when there is a strong correlation between two or more predictor variables within a model, 

leading to unstable and imprecise regression coefficients. The VIF is generated for each 

predictor variable in the model and assesses the degree to which multicollinearity has inflated 

a predictor's variance. 
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5.3.4 Hausman Test - To assess which of two regression models—typically a fixed effects 

(FE) model and a random effects (RE) model—is better suitable for the data, the Hausman Test 

is utilized. The test determines if the fixed effects assumption is preferable to the random effects 

assumption in terms of validity. 

6. Discussion of Results, Evaluation  

6.1 Fixed Effect Model Estimation  

6.1.1 Usage Dimension – The fixed effect estimation on the model showed that all the other 

financial stability and Economic growth indicators except Liquid asset capital have a 

statistically significant impact on the Usage dimension of financial Inclusion. Although, the 

overall model is statistically significant based on the F-statistic which is higher than the 5% 

significance level, the model’s explanatory power is relatively low which is signified with the 

low R-squared value of 0.0976 showing that the independent variables explain only a small 

portion of the changes in the usage dimension.  

6.1.2 Availability Dimension – The availability dimension also showed a similar result as 

the usage dimension, only the liquid asset deposit demonstrates a positive and significant effect 

on the availability index, this was displayed with the p-value of 0.03455. The GDP per capita 

also has a positive coefficient but is not statistically significant. The model’s explanatory power 

although weak, the model’s F-statistic is 2.1452 with a p-value of 0.063622, showing the model 

is significant at a 5% significant level. 

6.1.3 Penetration Dimension - The results of the relationship between PenetrationIndex and 

the independent variables show that Zscore, NPL, and BankCap.Assets have no significant 

impact on the PenetrationIndex because their p-values surpass 0.05. However, with a p-value 

of 9.772e-06, LiquidAsset.Deposit has a positive and highly significant effect on 

PenetrationIndex. GDP per capita on the other hand, has an insignificant coefficient estimate 

(p-value = 0.9022) and a minor impact on PenetrationIndex. The R-squared value of 0.21502 

indicates that the independent variables that were significant account for approximately 21.5% 

of the variation in PenetrationIndex. The F-statistic for the model is 7.61505 with a p-value of 

2.3741e-06, suggesting that the model is highly significant at the 5% level. 

6.1.4 Financial Inclusion Index - The association between  FII and the independent 

variables also show that, all the independent variables had p-values that are higher than 

0.05,and therefore  do not have statistically significant effects on the Financial Inclusion Index. 

However, with a p-value of 2.305e-05, LiquidAsset.Deposit had a positive and highly 

significant impact on FII. The R-squared value of 0.18006 show that the independent variables 

explain approximately 18% of the variation in the dependent variable. The model's F-statistic 

is 6.10499, with a p-value of 3.8301e-05, indicating that the model is highly significant at the 

5% level. 
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Usage Index vs Independent Variables         Availability Index vs Independent Variables 

 

Penetration Index vs Independent Var      FII vs Independent Variables  

 

Figure 7: Results of the Fixed Effect Regression 
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6.2 VIF Test for Multicollinearity  

The table below shows the result of the Variance Inflation factor analysis to check for 

multicollinearity among the financial stability and Economic growth Indicators; 

Table 2: VIF test results  

 VIF Test on Financial 

Inclusion Index 

 

 VIF 1/VIF 

Zscore  1.236164 0.8089540 

NPL 1.266065 0.7898486 

BankCap.Assets 1.511501 0.6615939 

LiquidAsset.Deposit 1.027409 0.9733224 

GDP.per.capita 1.252621 0.7983262 

All the indicators have Moderate collinearity The close proximity of all VIF values to 1 

suggests that there is little to no multicollinearity among the predictor variables in the model. 

This is encouraging because it means that the predictor factors do not have a strong correlation 

with one another.  

6.3 Hausman Test – The results of the Hausman test are displayed in the table below; 

Table 3: Hausman test results  

 Usage Index  Availability 

Index 

Penetration 

Index 

FII  

Chisq 

probability 

16.301 25.689 65.931 312.08 

p-value 0.006036 0.0001025 7.183e-13 2.2e-16 

Null Hypothesis (H0) – Both the Fixed Effect (FE) and Random Effect (RE) models are 

consistent, they provide consistent estimates of the coefficients. 

Alternative Hypothesis (H1)  - One of the Models is more appropriate than the other. 

Usage Dimension : Model 1 vs Model 5 – The null hypothesis was not rejected because the 

P-value (0.006036) is lower than the level of significance of 1% and 5%. It therefore indicates 

that both models provide consistent estimates of the coefficients so the Null hypothesis H0 was 

accepted. 

Availability Dimension : Model 2 vs Model 6 - The null hypothesis was not rejected because 

the P-value (0.0001025) is much lesser than significance level of 1% and 5%. It therefore 

indicates that both models provide consistent estimates of the coefficients so the Null 

hypothesis H0 was accepted. 
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Penetration Dimension : Model 3 vs Model 7 – The null hypothesis is rejected in this instance 

because it had a p-value of 7.183e-13 also suggesting no consistency between the random effect 

and fixed effect model.  

FII : Model 4 vs Model 8 – The extremely low p-values of less than 2.2e-16 implies that the 

null hypothesis is rejected and conclude that one of the models is inconsistent. 

6.4 Estimating the Random Effect Regression on the Penetration Index and Financial 

Inclusion Index 

The random effects model was used to investigate the relationship between the dependent 

variable FII and the various independent variables. Individual effects (factors that are common 

to each individual) comprise 70.4% of the variance, whereas idiosyncratic effects (factors that 

are specific to the observation) contribute 29.6%. Theta is a parameter that calculates the 

proportion of variation explained by individual differences. Only "LiquidAsset.Deposit" and 

"GDP per capita” have substantial effects on the dependent variable, indicating that the 

intercept term is highly statistically significant. The independent factors account for roughly 

24.0% of the variation in FII with an overall F-statistic of 48.7018 and a low p-value. In 

conclusion, "LiquidAsset.Deposit" and " GDP per capita." are significant predictors of FII 

using the random effect model. 

In the same vein, the random effect model was used in estimating to relationship between the 

Penetration index and all the independent variables, the individual effects (factors that are 

common to each individual) comprise 74.1% of the variance, whereas idiosyncratic effects 

(factors that are specific to the observation) contribute 25.9%. The Liquid asset deposit and 

GDP per capital had statistically significant effect on the penetration index, indicated by the 

low p-values of 0.0006528 *** and 3.92e-06 *** respectively. Both variables are therefore 

significant variables using the random effect model. 

6.5 Discussion  

The examination on the level of financial inclusion in the SSA region identified Mauritius as 

the most financially inclusive country with an inclusive percentage of 80% based on the sample 

of the countries that were investigated, although it is classified as an upper middle-income 

country. Seychelles, Namibia, and South Africa also had high levels of financial inclusivity. 

The countries with the lowest level of financial inclusion include Madagascar, Guinea, Malawi, 

and Cameroon respectively. The KMO (Kaiser-Meyer-Olkin factor adequacy) test was done to 

examine the suitability of the data for principal component analysis. The result shows the 

suitability of the data for testing, it had an overall measure of sample accuracy of 0.7 and the 

MSA for each item was relatively high. The mean statistics shows the upward trends of 

financial inclusion from 2012 till 2021.  

The penetration, usage, availability indicators had a significant and positive correlation on the 

Economic growth indicator (GDP per capita) and showed a positive correlation with the overall 
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financial inclusion index and the implication is that the continuous usage of financial services 

is meaningful in impacting economic growth in the Sub-Saharan African region. A similar 

positive correlation was found in the works of  (Ifediora et al., 2022).The Usage and 

Availability Index showed a positive but insignificant correlation with Zscore and Liquid 

Assets to deposits respectively implying that the usage of financial services are positively 

correlated with the likelihood of default in commercial banks. 

The fixed effect model showed that only the Liquid Assets to Deposit and short-term funding 

demonstrated a statistically significant and positive impact on all the dependent which suggests 

that the Liquid Assets to Deposit and short-term funding impacts the availability, usage, 

penetration, and the overall financial inclusion index. Although, the Hausman tests provided 

an insightful result which is the fact that the random effect model might provide a better fit for 

the penetration and overall financial inclusion index. The results for the random effects model 

was introduced to show the effect of the unobserved, individual-specific factors might affect 

the connections between the variables. The results for the random effect model showed that for 

the Penetration Index and Financial Inclusion Index the GDP per capita and liquid asset to 

deposit showed statistically significant connections with the independent variables. The 

previous studies tend to find a positive link between financial inclusion, economic growth, and 

financial stability, in as much as some other studies found no link between them. The results 

from this paper show that there exists a positive link between Financial Inclusion, Economic 

Growth and Financial Stability. 

This research re-emphasizes that governments in SSA countries should continually encourage 

the usage, penetration, and availability of financial services as these factors will positively 

impact the health of their financial systems. This may involve implementing initiatives that 

promote banking behaviors among underserved populations and those residing in rural areas. 

As much as the outcomes indicate that financial inclusion has an effect on both variables, it's 

worth noting that the R-squared results for the fixed and random effects yielded relatively low 

results which could potentially suggest that the chosen models may not have accurately 

captured the underlying patterns within the data. 

6.5 Limitation 

The limitation of the research was the fact that the Financial Access Survey data had so many 

missing points which were replaced with mean substitutions which may affect the results 

obtained from the analysis. The world bank world development indicators had missing data 

points that was also replaced with mean substitution. Also, the Sub-Saharan African region 

contains almost 46 states but as a result of the missing data problems, only 16 countries were 

considered for the research.  
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7. Conclusion and Future Work  

In investigating the extent to which Economic growth and financial stability affects Financial 

Inclusion in Sub Saharan Africa region, this study utilized a two-stage principal component 

analysis to obtain an Index for the penetration, availability, and usage dimensions of financial 

inclusion. The research made use of a Fixed effect regression to measure the relationship 

between the variables. The findings showed two main variables that influence financial 

inclusion. All the aspects of financial inclusion which included penetration, usage, availability, 

and the overall financial inclusion index was significantly impacted by liquid Assets for short 

term and deposit funding which is a financial stability indicator. Additionally, the financial 

inclusion Index and Penetration Index showed a significant correlation with GDP per capita 

which is an Economic Growth Indicator when a Random Effect regression was carried out for 

further analysis. The use of the Fixed and Random Effect helped to understand the various 

effects of the unobserved individual specific factors on the connections between the variables 

and provided clarification on the importance of the variables that impacted Financial Inclusion. 

In as much as the analysis of this connection was possible, the research considered only 16 

states out of 48 states in the region, future work should consider using more appropriate 

techniques to replace the missing values in more countries to improve the sample size. Also, 

other methods of examining the relationship between the variables should be considered such 

as the Generalized Method of Moments (GMM). 
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