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 This paper examines the relationship between digital payment infrastructure (DPI), education 
spending, and government performance to produce sustainable development outcomes in a 
Sub-Saharan Africa (SSA). On panel data of Kenya, Nigeria, South Africa, Rwanda and Ghana 
over 2010-2022, the results of analysis use two-stage least squares (2SLS), fully modified 
ordinary least squares (FMOLS), dynamic ordinary least squares (DOLS) and quantile 
regression methods to overcome the endogeneity, non-stationarity, and distributional 
heterogeneity. Findings indicate that DPI has a strong, positive and significant effect on the 
Sustainable Development Index among all estimators and quantiles, which support financial 
digitization as a structural cause of multidimensional development. The effectiveness of 
governance improves development based on the short-run dynamics and a distribution-specific 
effect, whereas government spending on education is always in the negative; this is due to the 
inefficiency, leakages in governance and long gestation lags and not necessarily the 
ineffectiveness of education. The internet penetration has negative conditional impacts, which 
explains the need to focus on digital finance rather than on an overall connection. The results 
highlight the fact that the outcomes of developing countries are not only determined by the 
distribution of resources but also the quality of institutions, their effectiveness in 
implementation, and the strategic targets of digitalization. The policy suggestions focus on 
digital financial inclusion, governance enhancement, education quality reforms, and integrated 
development plans. 
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1. Introduction 

The quest to achieve sustainable development in Sub-Saharan Africa (SSA) has emerged as a major policy demand under 
the 2030 Agenda of the United Nations. Despite these concerted efforts, the region is still bewitched with constant 
challenges in terms of income, education, health, and institutional capacity. The traditional approaches to development, 
including the focus on physical development and human capital accumulation, have not sufficiently addressed these gaps, 
which stimulates an increasing interest in digital transformation as a potential agent of inclusive development. Recent 
development of digital financial infrastructure, especially mobile money, has been groundbreaking since SSA currently 
represents more than 70 percent of the world transaction value and transacted some 1.1 trillion of value in 2024 alone 
(GSMA 2024). Financial intermediation restructured by digital payment systems are quite cost-effective, allow more people 
to access savings and credit, and include previously excluded groups in formal financial systems (Kouladoum 2023; 
Akomeah et al., 2025). Nevertheless, the evidence of extending these gains outside of financial inclusion to fuel widespread 
sustainable development has not been studied empirically, which is why more analytical research is necessary (Beyene et 
al., 2024; Kouladoum et al., 2022). 
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In line with the digitalization, governments throughout SSA are still spending heavily on education, as it is indicative of the 
centrality of human capital in the endogenous growth theory. However, there are still issues of efficiency, institutional leaks, 
and poor learning outcomes (World Bank 2024). The counter-intuitive effect rising from education spending and low returns 
to development poses serious questions about the efficiency of resource allocation, and the moderating effect of governance 
in terms of translating fiscal activity into real welfare gains. Empirical studies have demonstrated that the growth role of 
education is conditioned by the quality of governance since inefficiency and corruption may undermine the efficiency of 
social expenditures (Noah & David, 2024; Oppong 2025). Simultaneously, the accelerated pace of digital growth, as 
indicated in millions of new broadband users in 2019-2022 and a 115-percent increase in internet adoption between 2016-
2021 (World Bank n.d.) will lead to a technological transition, which will have a very likely spillover effect on education, 
innovation, and institutional transparency. These tendencies require conjunctive research on the interplay of digital and 
fiscal policy in the contribution to the heterogeneous multidimensional development results in the heterogeneous 
governance setting. 

This paper fills these gaps by collaboratively exploring the three areas, that is, digital payment infrastructure, education 
expenditure, and government effectiveness as the three variables that determine sustainable development in five major SSA 
economies Kenya, Nigeria, South Africa, Rwanda and Ghana. These nations have unique institutional and financial 
digitization profiles where Kenya has the pioneering M-Pesa ecosystem with 82% adult adoption (Central Bank of Kenya 
2023), Nigeria has almost half of the fintech companies in Africa (ACI Worldwide 2023), and Rwanda has inculcated 
inclusion strategies with mobile money increasing its share of the GDP by over 8% (GSMA 2025). Meanwhile, the 
contrasting policy direction is recorded in South Africa through the bank-led model and the full interoperability of payment 
in Ghana by 2024 (KPMG 2024). The study is responsive to the request of robust and context-sensitive analysis through 
the use of numerous estimators, the consideration of endogeneity and cointegration, and the investigation of heterogeneity 
with the help of quantile regression (Ahmad, Green, and Jiang, 2020; Chen and Zhang, 2025; Pondie and Berriche, 2025; 
Chinoda & Kapingura, 2024; Saba et al., 2025). Finally, it enhances the existing literature on the role of governance quality 
in mediating the rewards to digital financial innovation and education investment, which can provide new policy making 
suggestions to achieve sustainable development in SSA. 

2. Literature Review 

2.1 Theoretical Framework 

The paper is based on the endogenous growth theory which employs external elements as explanations of economic growth 
and development, especially in the accumulation of human capital, technological increase, and the creation of knowledge 
(Romer, 1990; Lucas, 1988). Endogenous growth theory, in contrast to neoclassical growth models, focuses on the fact that 
policy actions, such as investment in the education and infrastructure systems, can have lasting impacts on the long-term 
growth paths. According to the theory, the positive externality and spillover effect of development of human capital via 
education is what makes human capital development productive and results in overall welfare (Barro, 1996). 

When considered in the digital financial infrastructure, the endogenous growth theory offers a solid way of analyzing how 
the use of technology in the financial sector can trigger sustainable development. Digital payment systems are a type of 
technological capital that, when complemented with the investments in human capital, has multiplicative effects on the 
productivity of the economy and the lives of society (Saba et al., 2025). According to the theory, the digitization of financial 
transactions lowers the costs of transactions, supports the flow of information, and allows more efficient allocation of 
resources that would allow all mechanisms to improve total factor productivity over and above mere capital accumulation 
(Pradhan et al., 2021). Moreover, the financial inclusion-development nexus theory assumes that financial services access 
is a decisive path to poverty alleviation and sustainable development (Rubio, & Leon, 2025). Financial inclusion aids 
individuals and businesses to invest in education, health, and creative assets, thus reducing poverty cycles and ensuring the 
accomplishment of multidimensional development outcomes (Li et al., 2025; Kamwa, 2025). In SSA, with the traditional 
banking infrastructure still being low with one bank branch per 100,000 people as in Malawi and Niger (IFC 2023), mobile 
money has become a leapfrogging technology that bypasses the traditional barriers of banking. It has been shown that digital 
financial inclusion can decrease income inequality significantly, and the use of internet and mobile phones has helped to 
increase the equity of income distribution (Li et al., 2025). 

This theoretical base is further enriched by the institutional quality hypothesis, which states that effectiveness of governance 
is the factor that defines the conversion of resource inputs into the development outputs (Acemoglu & Robinson 2012). 
Enabling environments Digital infrastructure and education investments present the highest returns in the existence of strong 
institutions that are defined by government effectiveness, regulatory quality, and rule of law (Meniago 2025). On the other 
hand, bad governance may derail possible profits due to corruption, inconsistency in policies and poor resource distribution 
(Adebayo et al., 2025). The SSA evidence shows that external sources of finance have a positive influence on the 
development of infrastructure only when they are mediated by effective governance structures (Noah & David 2024). 
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2.2 Digital Financial Outcomes and Development Infrastructure 

The mobile money innovation has created significant scholarly interest in Sub-Saharan Africa because it is the world leader 
in this area. Recent data show that high mobile money penetration contributes to financial inclusion and the region has 1.1 
billion registered mobile money accounts, 53 percent of the world (GSMA, 2024). The volume of mobile money payment 
increased to more than 649 billion in East Africa in 2024 alone in Kenya and this reflects how massive this financial 
revolution has become (Elliot, 2025). This phenomenal expansion has placed digital payment innovations such as central 
bank digital currencies, fast payment systems, and mobile money at the top (Ricci et al., 2025). Asongu et al. (2024) 
discovered that mobile phone and internet penetration can strongly boost banking inclusion in 45 SSA countries through 
mobile banking solutions expansion mechanisms and a distance barrier decimation mechanism. Kouladoum et al. (2022) 
finds that, digital technologies, ICT measures of fixed and mobile telephone subscriptions, fixed broadband, internet users, 
and composite digitalization measures, significantly affect the financial inclusion at any level positing that the financial 
inclusion rate in Sub-Saharan Africa increases with the growing digital technologies, and technological infrastructure plays 
a significant role in ensuring financial stability and inclusive finance. 

In their study, Mukalayi and Inglesi-Lotz (2023) revealed that digital financial inclusion will help to achieve energy 
sustainability and environmental performance in SSA, which implies development affects both economic and non-economic 
outcomes. This observation is supported by Ozturk and Ullah (2022). Pondie and Berriche, (2025) found out that digital 
financial inclusion enhances sustainable industrialization in 36 countries of SSA and the impacts have been mediated by 
increased access to credit and investment capital. Notably, it is worth considering the heterogeneous impact of the various 
digital finance modalities. As mobile money prevails in SSA, the digitization of traditional banking and the internet-based 
financial services have different mechanisms. Jimoh and David (2024) discovered that the growth-development relationship 
is highly dependent on whether financial inclusion is done using mobile money or traditional bank accounts where mobile 
money has stronger impacts on low-income populations. According to Akomeah et al. (2025) descriptive statistics indicate 
that FinTech grew at a high rate with a mean of about 77.3 with financial inclusion having a high average of about 80.5 and 
an upward trend. The correlation analysis showed that there is a very strong positive correlation between FinTech and 
financial inclusion (r=0.98), FinTech and GDP per capita (r=0.99 highlighting the significance of disaggregation of the 
digital payment infrastructure in the empirical study. 

The contribution of digital infrastructure to inclusive growth has been greatly recorded. Kouladoum (2023) evaluated the 
impact of digital infrastructural development on inclusive growth in 44 countries in Sub-Saharan Africa between 2000 and 
2020 with the results indicating that an inclusive growth in Sub-Saharan Africa positing that digital infrastructures increase 
the inclusive growth rate of the Sub-Saharan African economies regardless of whether the countries are in the lower, middle, 
or upper-income category implying that the advantages of digital infrastructures apply across different-leveled economies. 
In 2023, mobile money contribution to GDP was more than 5 percent in Kenya, Ghana and Rwanda with others estimating 
its contribution to be more than 8 percent (GSMA 2023). This scale makes digital financial infrastructure a core basis of 
development and not a fringe innovation. In Nigeria, most cashless transactions moved to the NIBBS Instant Payment 
system in 2023 were 82.1% were transferred into mainstream, indicating a swift mainstream presence (ACI Worldwide 
2023). The World Bank has spent up to 24 ongoing Digital Development projects in Sub-Saharan Africa totaling 2.8 billion 
dollars in the last 10 fiscal years which has led to strategic emphasis of digital transformation in development outcomes 
(World Bank, n.d.). Nevertheless, there are questions that need to be asked about the way digital financial infrastructure 
translates into the whole sustainable development results. Although GDP contributions are significant, the Sustainable 
Development Index considers life expectancy, education, income, and ecological sustainability aspects, which need to be 
examined more carefully. Recent studies by Chinoda and Kapingura (2024) opine that institutional quality mediates the 
relationship between digital finance and growth and may thus indicate that there is a governance context that determines 
how development works out in a manner that needs to be explicitly modeled. Menego (2025), evidenced that a positive 
relationship exists between digital fiscal inclusion and economic growth in the SADC countries with the interaction term of 
digital financial inclusion with institutional quality indices effectively impacting institutions with efficient macroeconomic 
policies being critical in achieving growth benefits. 

2.3 Education spending and Sustainable Development 

Education spending by the government is one of the key investments in human capital that has been established to have a 
developmental effect. According to recent IMF projections, it can take twice the current median of 3.5% of GDP to reach 
universal primary and secondary school enrollment in SSA in 2030, potentially, therefore, necessitating a doubling of 
education spending (IMF 2024). The huge disparity in investment highlighted by this huge gap shows the importance of 
learning how the present education expenditure would translate to a sustainable development. Empirical evidence proves 
that education expenditure has an impact on various dimensions of development. The ISS African Futures examination 
observes that doubling spending on education by Africa to 5.6 percentage of GDP in 2043 compared to 4.5 in 2019 would 
yield the economic benefits of 1.872 trillion less than the investment of 461 billion, a significant payback on investment 
(Baum & van Rooyen 2025). In addition to economic growth, the investments in education, lower infant mortality, fertility 
rates and life expectancy are all part of the Sustainable Development Index. However, the effectiveness of education 
spending differs drastically in different settings because of the quality of governance and effectiveness in implementation. 
According to Bedasso and Hares (2023) and Mwambi (2025), Africa has the least education spending efficiency in the 
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world and in 2018, the efficiency of primary school and secondary school were at 58 or 41 percent respectively. This 
ineptitude suggests that just raising the level of spending might not be sufficient in the absence of concurrent changes in the 
system of governance and resource allocation. The results support the importance of the quality of institutions as being 
crucial in ensuring that the inputs of resources are translated into significant development outputs. The education financing 
is very heterogeneous in the specific countries of the given study. In 2022, South Africa devoted 19.75 percent of its national 
budget to education, spending more than $17 billion (UNESCO 2024), whereas Nigeria and Ghana have both been 
experiencing a chronic deficit in their funding. Rwanda in 2024-2025 had a budget expenditure of 14 percent on education. 
According to (UNICEF 2024) about 600 million dollars of per-capita expenditure is estimated at 1,000 per annum to achieve 
optimum outcomes in the educational sector for sustainable development. 

The literature on the factors of the development of digital technology brings further contexts of interpretation of the 
education-development nexus. Using fixed effect panel regression analysis on 16 Sub-Saharan African countries between 
2000 and 2020, Beyene et al. (2024) determined that general government final consumption expenditure that covers 
education spending has a positive effect on development of digital technologies. Their findings revealed that such variables 
as government expenditure, financial development, ease of doing business index, and access to basic services play an 
important role in the development of digital technologies. These results highlight how investments in education and in 
developing digital infrastructures and the overall outcome of sustainable development are interconnected. 

2.4 Government Effectiveness and Development Outcomes 

Institutional quality, especially the effectiveness of the government has also become a major determinant of the outcomes 
of sustainable development. The recent evidence of 48 African states has indicated that the quality of governance including 
the effectiveness of government, and regulatory quality, rule of law, and corruption control are very important determinants 
of sustainable economic, social, and environmental development (Adebayo et al., 2025). Oppong (2025) discovered that 
although governance metrics are mostly associated with the achievement of Sustainable Development Goals, there are case-
specific tendencies of relation, and certain governance dimensions have intricate interrelations. In the same vein, Kpegba 
et al. (2024) established that the relationship between public expenditure and economic sustainability in SSA is moderated 
by institutional quality, which implies that effectiveness is what defines whether resource investments will provide 
development dividends. Noah and David (2024) confirmed these results by showing that, although foreign direct investment 
has a significant positive impact on physical infrastructure development and that official development assistance has 
negative direct effects, any external source of financing has a positive impact on infrastructure in the presence of governance 
of the relationship. 

Quality of governance influences the regulatory regimes, infrastructure building and confidence in the market in the case 
of digital finance. The 2023 Fintech Regulatory Framework by the Committee of African Banking Supervisors focuses on 
proportionality, activity-based regulation, and proactive regulation such as regulatory sandboxes all of which rely on the 
effectiveness of the government to be implemented (EIB, 2024). More digitally financially inclusive countries have better 
governance and developmental results of financial inclusion efforts (Meniago, 2025). Olanrewaju et al. (2019) have given 
causality evidence of the study in Nigeria that illustrates the interdependent relationships between institutional quality, 
financial inclusion, and inclusive growth. Their results indicate that institutional quality is not only a control variable but a 
modulator that is inherently necessary in deciding whether financial inclusion efforts can lead to indicative inclusive growth 
outcomes. This view is consistent with the general theoretical approaches that place more weight on institutions to the 
development processes of an economy. The connection between financial inclusion and governance has become a matter 
of growing concern. According to Okello Candiya Bongomin and Munene (2019), the mediating effect of cultural norms 
in the relationship between mobile money adoption and financial inclusion of MSMEs in Uganda was measured and the 
study concluded that the institutional and cultural factors have a significant influence on how technology is adopted. 
Equally, Olaoye et al. (2024) investigated the question of whether FinTech would be a channel of financial inclusion in the 
member states of the Southern African Development Community and concluded that institutional frameworks can be 
critically relevant in determining the success of digital financial innovations in enhancing inclusive finance. 

3. Methodology 

3.1 Research Design and Data 

The research adopts the quantitative panel data design to determine the financial digitization infrastructure, education 
spending, government efficiency, and sustainable development in Kenya, Nigeria, South Africa, Rwanda, and Ghana. Panel 
designs take advantage of cross-country and time difference, which enhances the effectiveness and manages unobserved 
heterogeneity (Hsiao, 2014), in line with Beyene et al. (2024); Noah and David (2024).  

3.2 Population and Sample Size 

Choosing Kenya, Nigeria, South Africa, Rwanda and Ghana, different contexts of digital finance, governance, education, 
and development are elucidated allowing solid analysis. It is a multi-country design that follows precedents of regional 
panels (Kouladoum 2023; Akomeah et al., 2025; Menaggio 2025). Mobile money leadership, inclusion strategies, fintech 
expansion, and digitization are de facto cases in these countries (GSMA 2023). 
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3.3 Specification and Measurement of the Variables 

Research involves Sustainable Development Index (SDI) to measure development beyond the GDP (Li et al., 2025; Kamwa 
2025). Digital Infrastructure PCA (Kouladoum et al., 2022; Akomeah et al., 2025; Meniago 2025), government 
effectiveness (Meniago 2025; Noah and David 2024; Adebayo et al., 2025), controls (Beyene et al., 2024; Saba et al., 2025; 
IMF, 2024; ISS Africa, 2024). 

3.4 Model Specification 

The model examines the effect of digital financial infrastructure, expenditure in education on sustainable development 
outcomes: 

SDIit = β0 + β1GOVEPXEDUit + β2DPIit + β3INTPit + β4GDPPCit + β5GOVEFFit + μi + εit  

In this case, SDIit refers to the Sustainable Development Index, μi reflects country-specific fixed effect and εit refers to 
idiosyncratic error. The model is consistent with the endogenous growth theory that focuses on human and technological 
capital (Romer, 1990; Lucas 1988) and institutional quality (Acemoglu & Robinson 2012). By incorporating digital payment 
infra-structure and internet penetration, it is possible to analyze digital impacts disaggregatively (Ahmad et al., 2020). 

3.5 Estimation Strategy 

To guarantee a high level of robustness and overcome econometric issues on panel data, this paper implements a multi-
stage estimation strategy. It is done through diagnostic testing, instrumental variable estimation, cointegration methods, and 
distributional analysis which guarantee empirical reliability and theoretical consistency. 

3.5.1 Preliminary Diagnostics 

Extensive diagnostics are done before estimation is done to verify the suitability of the data. Levin, Lin and Chu (2002), 
Im, Pesaran and Shin (2003) and Fisher-type tests confirm the stationarity of variables. Order one variables, I(1), require 
the use of cointegration analysis, to avoid spurious regressions (Granger & Newbold, 1974). Residual cointegration tests by 
Pedroni (1999, 2004) evaluate the interactions between the long-run relationships on a multidimensional basis by 
substantiating equilibrium interactions among variables. Diagnostics are supplemented with correlation matrices and 
variance inflation factors (VIF >10 which is the presence of multicollinearity) (Gujarati & Porter 2009), and descriptive 
statistics are used to summarize variable distributions. 

3.5.2 Two-stage Least Squares (2SLS) Estimation 

To address endogeneity due to simultaneousness/omission of variables, panel 2SLS estimation implements lagged variables 
of GOVEPXEDU, DPI, INTP, GDPPC, and GOVEFF as instruments (Wooldridge 2010). The validity of the instruments 
is checked by rank and relevance diagnostics (Baum et al., 2007), which guarantee the development determinants are 
estimated in a consistent manner. 

3.5.3 Fully Modified Ordinary Least Squares (FMOLS) 
 
FMOLS (Phillips & Hansen, 1990; Pedroni, 2001) corrects for endogeneity and serial correlation via semi-parametric 
adjustments using kernel-based variance estimation. It accommodates heterogeneous cointegration vectors, avoids explicit 
instrumentation, and exhibits superior small-sample efficiency (Kao & Chiang 2000), yielding robust long-run relationship 
estimates. 
 

3.5.4 Dynamic Ordinary Least Squares (DOLS) 
 

DOLS (Stock & Watson, 1993; Kao & Chiang, 2000) augments regressions with leads and lags of first-differenced 
regressors to eliminate endogeneity bias. Capturing short-run dynamics enhances long-run estimation precision, particularly 
when regressors show persistence (Mark & Sul 2003). 
 
3.5.5 Quantile Regression 
 
Quantile regression (Koenker & Bassett 1978; Koenker 2005) explores heterogeneous effects across sustainable 
development distributions (10th-90th percentiles). By incorporating log-transformed GDP per capita, it captures non-
linearities and distributional heterogeneity, revealing nuanced policy implications (Ravallion 2001). 
3.6 Robustness and Diagnostic Procedures 
 
Triangulating 2SLS, FMOLS, DOLS, and quantile results ensures robustness. Diagnostic metrics, instrument strength, R² 
values, and pseudo-R² across quantiles validate findings. Collectively, these techniques address endogeneity, non-
stationarity, and heterogeneity, strengthening empirical insights into how education, technology, and governance jointly 
drive sustainable development outcomes. 
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4. Presentation of Result and Discussion of Findings 
 
4.1 Descriptive Statistics and Preliminary Analysis 
 
As seen in Table 1, the descriptive statistics indicate that there is a significant difference in sustainable development results 
and explanatory variables between the five countries in the 2010-2022 years. The mean of the sustainable development 
index is 61.28 and the standard deviation of the index is 3.89 with a minimum of 53.00 and a maximum of 65.90. This 
skewed distribution with negative skew (-0.38) implies that most of the observations were in the upper range, which implies 
the countries have obtained moderate to moderately high levels of sustainable development against the international 
standards. The Jarque-Brau statistics (6.35, p=0.042) slightly rejects the normality, which is the slight skew to the left of 
the distribution. 

Table 1  
Descriptive Statistics 

Variable Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis 
SDI 61.28 62.25 65.90 53.00 3.89 -0.38 1.73 
GOVEPXEDU 7.64 4.42 27.92 2.91 6.26 1.52 4.09 
DPI 55.31 49.71 90.12 29.43 16.82 0.38 1.93 
INTP 28.76 22.59 69.94 7.00 18.46 1.19 3.36 
GDPPC 5035.01 5568.30 6808.54 1874.21 1439.08 -0.96 2.73 
GOVEFF -0.34 -0.31 0.72 -1.21 0.42 -0.35 2.87 

Source: Authors Computation 

The government spending on education has been found to be very heterogeneous with a mean of 7.64 of the GDP but a 
tremendous variation in the standard deviation of 6.26 and relative range of 2.91 to 27.92. The high positive skewness (1.52) 
and excess kurtosis (4.09) show it follows a right-tailed distribution with outliers indicating unusual education investment 
commitments, possibly due to the continually high allocations of 19-percent of national budgets of South Africa. This sharp 
dispersion offers some important empirical leverage to establish the impact of education spending on sustainable 
development performance, and it helps in overcoming the identification challenges that are usually experienced in cross-
country development studies (Temple 1999). The penetration of the digital payment infrastructure is 55.31 with significant 
variation (SD=16.82, range 29.43-90.12,) that includes the range of financial inclusion rates of the aggressive expansion 
strategies in Rwanda to penetrate more than 90% and the more gradual adoption patterns in Nigeria, despite its high profile 
in the fintech sector. The same level of heterogeneity can be said of internet penetration (mean=28.76%, SD=18.46%, range 
7.00-69.94%), indicating that the digital divide still exists in Sub-Saharan Africa even in the context of relatively developed 
economies. GDP per capita illustrates predicted dispersion among nations (mean=5,035, SD=1,439, range=1,874-6,809), 
where the skewness of the variable is negative (-0.96) as more countries are represented among the upper scales, which is 
more likely to occur due to the orientation of the sample towards comparatively more developed SSA economies. The score 
on government effectiveness is an average of -0.34, which is slightly below the global average of zero, with a wide spread 
of (SD=0.42, range -1.21 to 0.72) of -1.21 to 0.72 (moderately above average) to -1.21 to 0.72 (substantially below average). 

4.2 Correlation Analysis and Multicollinearity Analysis 
 
According to the correlation result in Table 2, the theoretically consistent relationships between the study variables are 
observed. The digital payment infrastructure shows a positive correlation with sustainable development (r=0.677, p<0.001), 
which is significant and highly significant compared to the weak and non-significant correlation between education 
expenditure and the digital payment infrastructure (r=0.174, p=0.151).  
 
Table 2  
Correlation Matrix 

Variable SDI GOVEPXEDU DPI INTP GDPPC GOVEFF 

SDI 1.000      
GOVEPXEDU 0.174 1.000     
 (0.151)      
DPI 0.677*** 0.450*** 1.000    
 (0.000) (0.000)     
INTP 0.503*** -0.346*** 0.518*** 1.000   
 (0.000) (0.003) (0.000)    
GDPPC 0.619*** -0.000 0.355*** 0.579*** 1.000  
 (0.000) (0.997) (0.003) (0.000)   
GOVEFF 0.287** -0.172 0.145 0.084 -0.418*** 1.000 
 (0.016) (0.154) (0.231) (0.490) (0.000)  

Source: Authors Computation 
Note: Parenthesized P-values.  p<0.01, p<0.05, p<0.10 

This initial finding has indicated that online financial inclusion could be a stronger motivating force behind 
multidimensional development than education spending rates per sea discovery even though human capital is the core in 
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endogenous growth theory (Lucas, 1988). Sustainable development also has a positive relationship with internet penetration 
(r=0.503, p<0.001), but the strength is not as strong as that of digital payment infrastructure. This difference points in favor 
of the idea that financial digitization can affect development in other ways than in the general access to the internet, showing 
the unique ability of mobile money systems to access unbanked populations without full internet connectivity. 

Digital payment infrastructure and internet penetration have a moderate correlation (r=0.518, p<0.001), which establishes 
the complementarity of the two but supports their separate inclusion in multivariate specifications in order to separate 
different mechanisms. With the control variable of sustainable development, there is a significant positive correlation with 
the GDP per capita (r=0.619, p<0.001), confirming the role of the GDP per capita in determining the present-day economic 
prosperity. On the other hand, education spending has a virtually zero correlation with GDP per capita (r=-0.0004, p=0.997), 
meaning that the positive association between income and education spending shares is not systematic and may be due to 
political economic constraints or efficiency differentials. 

The positive but insignificant relation between government effectiveness and sustainable development (r=0.287, p=0.016) 
indicates that the effects are mainly indirect, and they are involved through interactions. Its correlation with GDP per capita 
is negative (r=-0.418, p=0.001) as an indicator of sample heterogeneity, with governance difficulties in the relatively 
wealthy South Africa being stronger compared to those in the lower income Rwanda. Multicollinearity results are used to 
check the robustness of the model, as the variance inflation factors show values below the critical values with the highest 
being 3.42 of the GDP per capita, meaning that it will have reliable partial estimates (O'Brien 2007). Unit root tests favour 
dynamics. 

Table 3 
Pedroni Residual Cointegration Tests. 

Variable SDI GOVEPXEDU DPI INTP GDPPC GOVEFF 
SDI 1.000      
GOVEPXEDU 0.174 1.000     
 (0.151)      
DPI 0.677*** 0.450*** 1.000    
 (0.000) (0.000)     
INTP 0.503*** -0.346*** 0.518*** 1.000   
 (0.000) (0.003) (0.000)    
GDPPC 0.619*** -0.000 0.355*** 0.579*** 1.000  
 (0.000) (0.997) (0.003) (0.000)   
GOVEFF 0.287** -0.172 0.145 0.084 -0.418*** 1.000 
 (0.016) (0.154) (0.231) (0.490) (0.000)  

Source: Authors Computation 
Note: P-values in parentheses. *** p<0.01, ** p<0.05, * p<0.10 
 

Table 3 uses the Pedroni residual cointegration tests to determine the existence of the equilibrium relationships between 
these mixed-order variables in the long run. The within-dimension statistics are a mixture of evidence, whereas the between-
dimension statistics have better cointegration evidence: group PP (t=-1.83, p=0.034) and group ADF (t=-2.30, p=0.011) 
reject the null. Cointegration is supported by overwhelming evidence with the more robust ADF-based statistics which can 
accommodate serial correlation. This result justifies the estimation of long-run relationships based on cointegration methods 
and emphasizes the significance of methods that are specifically formed to estimate cointegrated systems. 

4.4 Two-Stage Least Squares Results 
 
 

Table 4 presents panels of two-stage least squares result that attempt to correct possible endogeneity by use of an 
instrumental variables approach that provides the consistent causal inference under simultaneity bias.  

Table 4  
Result of two-stage least squares estimation 

Variable LLC IPS ADF-Fisher PP-Fisher Integration Order 
Level Tests      
SDI -7.04*** -4.03*** 33.89*** 62.83*** I(0) 
DPI -2.67*** -1.46* 25.69*** 23.14** I(0) 
GOVEPXEDU -2.41*** -1.35* 17.32* 37.64*** I(0)/I(1) 
INTP -0.15 2.86 2.56 2.86 I(1) 
GDPPC -2.16** 0.37 7.24 5.80 I(1) 
GOVEFF -0.47 -1.53* 21.97** 25.55*** I(1) 
First Difference Tests      
D(GOVEPXEDU) -7.10*** -4.77*** 38.72*** 57.79*** I(0) 
D(INTP) -7.38*** -5.47*** 45.67*** 74.15*** I(0) 
D(GOVEFF) -7.58*** -8.10*** 61.78*** 64.21*** I(0) 

Source: Authors Computation Note: Instruments are lagged values of all regressors. *** p<0.01, ** p<0.05, * p<0.10 

The findings suggest that the digital payment infrastructure has a positive and statistically significant impact on sustainable 
development (b=0.142, t=2.31, p=0.024), which means that a one-percentage-point change in the percentage of adults with 
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a positive and statistically significant influences the Sustainable Development Index (SDI). Since the DPI is between 29.43 
and 90.12 in the sample, a 26-percentage-point shift between 25th and 75th percentile will result in a 3.69-point jump in the 
SDI which is large compared to the range of 53-66 of the SDI. This observation empirically validates financial inclusion 
theory, which asserts that access to digital payments is an important indicator of preventing poverty, smoothing incomes, 
productive investment, and a wide range of outcomes of multidimensional development (Demirguc-Kunt et al., 2022). The 
scale of the DPI effect is associated with the data about Sub-Saharan African samples, where the growth of fintechs benefits 
financial accessibility and sustainable growth by increasing access to credit, insurance, and saving instruments (Kouladoum 
et al., 2022). The high 2SLS estimate when compared to the correlation estimate highlights the need to be sensitive to 
endogeneity. 

The government spending on education has a negative and statistically insignificant coefficient (β= -0.149, t= -0.95, 
p=0.348) which is opposite to the conventional theory of human capital that considers education investment a key to 
sustainable development (Lucas, 1988; Barro 1996). The fact that this was found is probably due to the diminishing marginal 
returns to education expenditure after adjusting the digital infrastructure, internet access, income levels, and quality of 
governance. In addition, expenditure shares are not good indicators of quality of education and efficiency of human capital 
accumulation, which has been stressed in development studies (Pritchett, 2001; Hanushek & Woessmann, 2012). Also, 
educational investment and observable development outcomes may have time lags between investment and development 
outcomes longer than the panel horizon. Internet penetration is statistically and negatively correlated with sustainable 
development (β =-0.149, t=-2.37, p=0.021), although the two variables are positively correlated (r=0.503, p=0.001). This 
sign reversal is indicating suppression effect, in which internet growth is correlated to factors that hamper development in 
cases where internet payments and income are considered. Opportunity costs and urban-rural digital disparities are the 
possible mechanisms that cloud the opportunity to access inclusively and uphold inequalities reported in the literature 
(Robinson et al., 2015). GDP per capita has a positive impact (β =0.003, t=9.57, p<0.001), which validates the effect that 
more incomes cause investment in health, education, and environmental sustainability. The effect of institutional quality 
becomes a determinant (β =7.25, t=8.71, p<0.001), which is significant to the centrality of the institutional quality in 
converting resources into outcomes of sustainable development in line with the institutional theory (Acemoglu & Robinson 
2012). 

4.5 Results of Fully Modified Ordinary Least Squares 
 
Table 5 represents the FMOLS estimates that give cointegration-consistent estimates that explicitly use endogeneity and 
serial correlation that are present in cointegrated panel systems as Digital payment infrastructure continues to have a positive 
significant impact (β =0.056, t=7.00, p<0.001), but of less significance than 2SLS estimates. The fact that it went down to 
0.142 to 0.056 shows that FMOLS is concentrated on long-run equilibrium relationships that are cleansed of short-run 
dynamics and feedback that 2SLS accounts for. The very high t-statistic value proves robust despite the decrease in the 
magnitude, which means that a one-point change in the DPI causes a 0.056-point increase in the SDI increase in the long 
run. This corresponds to around a 1.46-point SDI improvement with a change in the 25th -75th percentile DPI of 26 
percentage points, which corresponds to significant but moderate development effects. 

Table 5  
Fully Modified Ordinary Least Squares (FMOLS) Results 

Variable Coefficient Std. Error t-Statistic Prob. 
GOVEPXEDU -0.129 0.023 -5.701 0.000*** 
DPI 0.056 0.008 7.004 0.000*** 
INTP -0.011 0.005 -2.225 0.030** 
GDPPC 0.001 0.000 7.448 0.000*** 
GOVEFF 0.060 0.240 0.250 0.804 
     R-squared 0.972 Observations 65  
Adjusted R² 0.968 Mean dependent var 61.52  
S.E. of regression 0.676 Sum squared resid 25.10  
Long-run variance 0.074    

Source: Authors Computation Note: Panel method is pooled estimation with Bartlett kernel and Newey-West bandwidth. *** p<0.01, ** p<0.05, * p<0.10 

The current government spending on education has a negative coefficient with high value of the statistics (β =-0.129, t=-
5.70, p=0.001). This result, which is more significant than 2SLS results, requires cautious interpretation. The minus mark 
is not meant to suggest that education is harmful to development, which is an extremely far-fetched finding that is 
counterintuitive to a plethora of human capital literature. Rather, this paradoxical outcome can probably be attributed to 
several contextual issues. First, SSA education spending can experience serious efficiency losses which have been reported 
by Bedasso and Hares (2023) who discovered that the efficiency scores of primary school and secondary school in Africa 
are only 58 and 41, respectively. In cases where the spending efficiency is astonishingly low, increased spending can be 
associated with bureaucratic waste, corruption, and misappropriation as opposed to actual human capital building. 

Internet penetration also has a negative value (β =-0.011, t=-2.22, p=0.030), but with significantly lower value than 2SLS. 
GDP per capita continues playing its positive role (β =0.001, t=7.45, p<0.001). It is important to note that government 
effectiveness is no longer significant in FMOLS estimation (β =0.060, t=0.25, p=0.804) unlike in 2SLS estimation. This 
variance is probably an indication of FMOLS removal of contemporary correlation and short-run dynamics that are partially 
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modeled by 2SLS. The insignificance implies that the level effects of the quality of governance on development could be 
carried out via short-run pathways or interaction terms as opposed to the long-run effect of governance quality. The model 
has outstanding fit of R2=0.972 with adjusted R2=0.968 which explains 97.2% variation in sustainable development which 
is much higher than 2SLS fit. 

4.6 Dynamic Ordinary Least Squares Results 
 
Table 6 estimates of the DOLS offers another cointegration-consistent methodology that adds contemporaneous dynamics 
to the cointegrating regression to resolve simultaneous issues. The government spending on education has a significant 
negative coefficient (β = -0.356, t = -4.61, p=0.001), which is many times higher than the coefficients in 2SLS and FMOLS. 
Such an amplification points to the paradoxical negative correlation between education expenditure and sustainable 
development being increased by the explicit consideration of short-run adjustment dynamics. Digital payment infrastructure 
retains positive importance (β =0.069, t=3.19, p=0.003), whose estimates are between 2SLS (0.142) and FMOLS (0.056). 
This intersectionality of approaches enhances the belief in the real positive developmental effects of digital financial 
inclusion. 

The negative coefficient of Internet penetration (β = -0.025, t= -2.88, p=0.007) has the same strength as a counterintuitive 
result with 2SLS and FMOLS estimates, which confirms this fact. GDP per capita is statistically insignificant in DOLS 
specification (β =0.001, t= 1.06, p= 0.296), whereas it is strong in 2SLS and FMOLS models. At the marginal levels, 
government effectiveness is again relevant in comparison to FMOLS (β =1.387, t=1.65, p=0.109), yet with marginal levels. 
Therefore, the DOLS model has the best fit of all models, having R2=0.990 and adjusted R2=0.980, which explains the 
variations of 99.0%. 

Table 6  
Dynamic Ordinary Least Squares (DOLS) Results 

Variable Coefficient Std. Error t-Statistic Prob. 
GOVEPXEDU -0.356 0.077 -4.611 0.000*** 
DPI 0.069 0.022 3.190 0.003*** 
INTP -0.025 0.009 -2.884 0.007*** 
GDPPC 0.001 0.001 1.063 0.296 
GOVEFF 1.387 0.840 1.652 0.109 
     R-squared 0.990 Observations 65  
Adjusted R² 0.980 Mean dependent var 61.52  
S.E. of regression 0.540 Sum squared resid 8.74  
Long-run variance 0.160    

Source: Authors Computation Note: Fixed leads and lags specification (lead=0, lag=0). *** p<0.01, ** p<0.05, * p<0.10 

4.7 Quantile Regression Results 
 
The results of quantile regression in Table 7 show significant heterogeneity in the effect of sustainable development 
distribution, which can help to give a more specific insight into how digital infrastructure affects, education spending, and 
governance relationships can vary in a country with low or high performance. The correlations of government spending 
with education have a negative correlation in all the quantiles but with different magnitudes and different levels of 
significance. At the 10th percentile (poor-performing countries), the coefficient is -0.048 but statistically insignificant (t= -
0.56, p=0.575). The effects increase with the 50th percentile (β =-0.113, t=-1.34, p=0.185) and 75th percentile (β =-0.125, 
t=-1.56, p=0.124) and then decrease with the 90th percentile (β =-0.051, t=-1.29, p=0.201). None of those attain conventional 
levels of significance, although the 75th percentile is close to marginal significance. This trend implies that education 
spending has a negative correlation, which is concentrated in mid-to-high performing countries as opposed to being 
homogenous. 

The positive and significantly important impact of digital payment infrastructure continues to be observed consistently and 
with magnitude of interesting non-monotonic patterns throughout the distribution. The 10th percentile coefficient is 0.145 
(t=2.79, p=0.007), the 25th percentile represents 0.086 (t=3.78, p=0.001), the median is 0.110 (t=3.39, p=0.001), the 
75th percentile is 0.116 (t=3.71, p=0.001), and the 90th percentile is 0. The trend shows that the greatest effects of the DPI 
are at the 75th percentile and then drop to the 90th percentile although low performers (10th percentile) have similar effects 
as median performers. This is not a linear relationship, implying subtle dynamics. Initial digital payment infrastructure may 
be of significant benefit to low-performing countries by offering previously out of the system populations access to formal 
financial services that can help them accumulate savings, insure against shocks, and make productive investments that 
would yield large development payoffs from low baselines (Suri & Jack 2016). Digital infrastructure is still benefiting mid-
to-upper performers, with the greatest benefits potentially going to the highest performers (90th percentile) potentially due 
to saturation: once the vast majority already has access to a formal account, marginal increases in DPI are increasingly 
diminishing the returns to development. The penetration of the internet is found to be negative in all the quantiles except 
the 10th percentile with the majority being significant. The trend shows that the negative impacts fall within the 25th-
90th percentile range, whereas low performers have negligible relationships. The significance of government effectiveness 
is mostly positive and with a high degree of variation in magnitude. The most pronounced governance effects lie within the 
range of 25th -75th percentile with weaker effects at distributional ends. 
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Table 7  
Quantile Regression Results 

Variable Q10 Q25 Q50 (Median) Q75 Q90 
GOVEPXEDU      
Coefficient -0.048 -0.021 -0.113 -0.125 -0.051 
t-Statistic -0.564 -0.399 -1.341 -1.557 -1.291 
Probability 0.575 0.691 0.185 0.124 0.201 
DPI      
Coefficient 0.145 0.086 0.110 0.116 0.077 
t-Statistic 2.786 3.779 3.389 3.715 4.849 
Probability 0.007*** 0.000*** 0.001*** 0.000*** 0.000*** 
INTP      
Coefficient -0.088 -0.043 -0.059 -0.065 -0.034 
t-Statistic -1.058 -2.129 -2.109 -2.395 -2.561 
Probability 0.294 0.037** 0.039** 0.020** 0.013** 
LNGDP      
Coefficient 7.603 10.586 9.672 9.755 8.935 
t-Statistic 1.885 7.508 12.246 15.040 11.181 
Probability 0.064* 0.000*** 0.000*** 0.000*** 0.000*** 
GOVEFF      
Coefficient 5.409 7.003 5.685 5.597 3.002 
t-Statistic 2.049 8.662 6.092 7.335 1.116 
Probability 0.045** 0.000*** 0.000*** 0.000*** 0.269 
Constant      
Coefficient -8.524 -30.048 -21.782 -22.069 -14.885 
t-Statistic -0.289 -2.543 -3.325 -4.023 -2.249 
Probability 0.774 0.013** 0.002*** 0.000*** 0.028** 

Source: Authors Computation Note: Q10, Q25, Q50, Q75, Q90 represent the 10th, 25th, 50th, 75th, and 90th percentiles. GDP enters in logarithmic form 
(LNGDP) in quantile specifications. *** p<0.01, ** p<0.05, * p<0.10 

5. Conclusion and Recommendation 

5.1 Conclusion  

This paper has investigated the interdependence of digital payment infrastructure, spending on education, and the 
effectiveness of governments on sustainable development in Kenya, Nigeria, South Africa, Rwanda, and Ghana, 2010-2022, 
by applying 2SLS, FMOLS, DOLS, and quantile regression. By combining these findings, we find some patterns that are 
consistent and have theoretically important policy implications on the development trend of Sub-Saharan Africa. In all the 
estimation models, digital payment infrastructure presented a significant and positive effect that was statistically significant 
on sustainable development. This consistency validates financial digitization as a structural force of multidimensional 
development as financial inclusion theory where formal financial access facilitates poverty reduction and human capital 
development (Demirguc-Kunt et al., 2022; Suri & Jack, 2016). Mobile money systems bring benefits in the form of 
remittances that lead to improved access to education and treatment, reduced transaction fees, mobilized savings, and 
increased access to credit (Jack & Suri, 2014; Kouladoum et al., 2022). The mechanisms specially make women and rural 
communities stronger, ensuring fair and inclusive development (Asongu et al., 2024). Digital finance, therefore, can become 
the foundation of the inclusive and sustainable development policy. The government effectiveness showed variability in 
positive results in the 2SLS and quantile regressions but less in FMOLS and DOLS. This implies that governance mainly 
copes with development in terms of short-run dynamics and interaction effects which is consistent with institutional theory 
of considering institutions as a framework that determines the use of resources (North, 1990; Acemoglu & Robinson, 2012). 
The quantile analysis also indicates that the impacts of good governance are more evident between the countries in the 
middle performance, which means that the quality of institutions increases the efficiency of resources as the administrative 
capacity grows. Surprisingly, education spending had only negative impacts on all the models. This implies inefficiencies, 
corruption and lack of accountability as opposed to ineffectiveness of education itself as proposed by classical human capital 
theory (Lucas, 1988; Barro 1996; Hanushek & Woessmann 2012). Reforms should therefore focus on efficiency in 
spending, and the quality of teachers and student learning rather than raising allocations. Also, internet penetration had 
negative conditional impacts, which means that unless there are complementary investments in digital literacy and 
institutional preparedness, extensive accessibility could hamper and not enhance development. This comparison highlights 
the significance of specific online solutions such as mobile payments and e-government instead of an overall connection. 
Lastly, GDP per capita had a sustained positive, significant impact on all the models, which restated the underlying role of 
income in promoting health, education and infrastructure. Sustainable development, in its turn, depends on the synergistic 
approaches, which involve the combination of digital finance growth, institutional empowerment, and effective investment 
in human capital. 

5.2 Recommendations 

The results show that there are five policy priorities that are interrelated and necessary to promote sustainable development 
in Sub-Saharan Africa. First, there should be prioritization on digital payment infrastructure as a transformative catalyst, 
where the policies focus on expanding rural mobile money networks, lowering transaction costs, and improving 
interoperability and consumer protection. Examples of scalable potential include success stories like Rwanda having 90% 
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financial inclusion, Kenya having 82% M-Pesa adoption and Nigeria having 82% NIBSS handling cashless transactions 
(GSMA 2025; Central Bank of Kenya 2023; ACI Worldwide 2023). Second, the reforms in governance should enhance the 
capacity of institutions, accountability and regulatory integrity, which should be understood as the fact that governance 
multiplies the other development inputs. Third, education policy must be in place to see the move towards spending-based 
strategies to those based on efficiency, teacher quality and measurable learning outcomes that can help bring about 
sustainable development (Hanushek & Woessmann, 2012). Fourth, the digital strategies must be based on productive uses 
and digital finance, e-government, e-health and agricultural services as opposed to generalized internet expansion and 
technology must focus on inclusive growth. Lastly, development finance must be in line with these priorities with 
coordinated domestic and donor investments in digital ecosystems, institutional strengthening, and quality of education. A 
starting point of these integrated, evidence-based interventions is the World Bank digital development project in Sub-
Saharan Africa that offers the basis of scaling interventions (World Bank, n.d.), creating a digitally empowered and 
institutionally resilient development trajectory. 
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