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In this study, we explore the nexus between sustainable development and finance, with a specific focus on the African region–a critical yet underexplored context in the existing literature. Against the backdrop of evolving challenges in financial inclusion, improved access, and the growing prevalence of financial technology (FinTech), we aim to fill a research gap by investigating the connection between FinTech, financial inclusion, and sustainable development. The empirical exploration spans 25 African countries from 2011 to 2019, employing econometric methods such as dynamic panel (SGMM two-steps) and static panel (OLS, FE, LSDV). Utilizing key indicators like Adjusted Net Savings (ANS) and Gross Saving rate (GS), our findings reveal a substantial positive impact of financial inclusion and FinTech on sustainable development. However, an intriguing discovery emerges as the interaction between these variables exhibits a weak negative and significant effect. As a unique contribution to the existing literature, we estimate marginal effects at various levels of FinTech and financial inclusion on sustainable development. Beyond insights, our study offers vital policy recommendations, emphasizing the necessity for improved collaboration among financial service providers to avoid redundancy. Furthermore, we highlight the critical need to expand financial infrastructure, advocate for FinTech promotion, and foster inter-African cooperation.
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1 Introduction

Wealth analysis, as anticipated by economic theory, is crucial for comprehending the concept of sustainability. Shifts in genuine wealth per capita profoundly impact well-being prospects and future opportunities (1–3). While wealth encompasses production capital, human, and institutional capital, it also incorporates natural assets like land, forests, and underground resources, providing a comprehensive measure of sustainability. Countries such as Botswana showcase impressive growth rates by leveraging their natural resources (4–9). The three types of capital - product, human, and natural - are essential components for sustaining economic growth. Sustainability is vital for preserving resources, ensuring their continued availability for present and future generations (3, 10, 11). Accordingly, an important element in this analysis is a measure of Adjusted Net Saving as percentage of Gross National Income (ANS_GNI) or genuine saving (3, 10, 12–15).

Genuine savings offer national-level decision-makers a clear and relatively simple indicator to assess sustainability and address resource and environmental challenges, aligning with financial and developmental planning institutions [(4, 16–18)]. It highlights the importance of promoting national savings and implementing comprehensive and sound economic policies (9, 19). Linking sustainable development to genuine savings rates implies a range of possible interventions to increase sustainability, spanning from macroeconomic to purely environmental considerations. Thus, genuine savings, rather than GDP growth, allow long-run economic sustainability (20, 21). Thus, sustainability has gained increasing significance over time due to the depletion of natural resources and the impacts of climate change caused by unsustainable economic activity (22). It has evolved into a broad and continually evolving paradigm (23). Distinguishing between weak and strong sustainability is essential (24, 25). Genuine savings are often labeled as an indicator of ‘weak sustainability’ because they rely on the unrealistic assumption that natural capital can be entirely substituted by produced and human capital. However, the use of genuine savings as an indicator of weak sustainability remains in line with the United Nations (UN) definition of sustainable development (20, 26).

Financial inclusion plays a crucial role as a facilitator in achieving the eighth (8th) UN Sustainable Development Goal (UN-SDG), which focuses on providing access to formal financial services for the unbanked population. Recent innovations in this field have garnered attention due to their potential to drive socioeconomic development, reduce poverty, and foster economic stability (27–32). Particularly during the COVID-19 pandemic, promoting financial inclusion through digital financial services becomes even more vital as it can contribute to the achievement of universal health and well-being (SDG 3) (33, 34). Contemporary researchers assert that beyond fostering technological progress and sustainable economic growth, financial inclusion equally impacts the environment, notably in terms of carbon emissions. The transition to carbon neutrality and environmental sustainability is impossible without improving financial services, resources, and markets [(35, 36)]. In summary, the findings underscore the potential of financial inclusion as a valuable tool in advancing sustainable practices and contributing to global initiatives aimed at combating climate change (37).

Financial Technology (FinTech) is a driving force in the technological revolution, holding potential for inclusive finance, economic development, and reduced inequality. It refers to innovative financial solutions through technology (that creates new business models, processes, or products), addressing challenges like high transaction costs and limited banking access. FinTech, fostering financial inclusion, is reshaping the financial landscape, and contributing to sustainable economic progress (22, 38–39). Moreover, FinTech holds promise as an enabler for addressing climate change by promoting financial inclusion and reducing energy consumption [(40) as cited by (41, 42)]. Significantly, the technology spillover effect of FinTech plays a pivotal role in fostering the growth of green finance (43, 44). In brief, FinTech has revolutionized financial services and pricing models, promoting sustainable and green productivity. It embraces eco-friendly practices and actively contributes to the achievement of sustainable development goals (45–49).

Numerous studies by (50–52), emphasize that FinTech plays a pivotal role in driving financial inclusion, a key component for achieving sustainable and balanced development in line with the UN-SDGs. However, to fully harness the potential of FinTech in supporting the SDGs, it is crucial to adopt a gradual and forward-looking approach that focuses on building the necessary infrastructure for digital financial transformation. It is important to recognize that FinTech and financial inclusion are not standalone objectives in themselves but rather means to create a sustainable future that can be sustained over time. By establishing robust digital frameworks and promoting inclusive financial systems, we can ensure long-term societal and economic benefits.

This paper examines the variables that explain different outcomes in terms of sustainable development, measured by Gross Saving as percentage of GNI (GS_GNI) and ANS. This indicator, grounded in the theoretical frameworks of green accounting and social welfare literature, is perceived and justified as a valuable contribution to enhancing national accounting. By incorporating environmental and social considerations, this novel measure aims to extend beyond traditional economic metrics (26, 53, 54). The existing empirical literature tends to focus on the impact of financial inclusion and FinTech on economic growth and income inequality, which, while important for economic development, may not capture sustainability adequately. In line with the weak sustainability literature, particularly in Sub-Saharan Africa (SSA) [(9, 21, 55)]; this paper considers ANS_GNI and GS_GNI to assess the nexus between financial inclusion, FinTech, and sustainable development in the African region.

The exploration of the interconnection between sustainability, FinTech, and financial inclusion has been notably lacking in prior research, with these domains often treated as separate entities (51). A thorough examination of the existing literature reveals differences in methodologies and findings, primarily stemming from variations in the selection of independent variables. An area requiring particular attention is the identification of suitable dependent variables. Unfortunately, consistent and adequate measurements of sustainable development have been overlooked (56). The genuine saving indicator, while aiming to incorporate human and environmental factors into national accounting, is hindered by flawed data and methodology. Excluding key factors and relying on the assumption of weak sustainability, it may mislead policymakers. These limitations stem from the institution’s focus on quantification and cross-country comparability in environmental research (57). Besides that, the conceptual framework of ANS_GNI primarily focuses on the productive aspects of natural resources, environmental quality, and human capital, restricting the comprehension of systemic causes behind global unsustainability. This approach also hinders the consideration of sustainability beyond a framework tied to sustained production and consumption dynamics (26).

Our study focuses on the nexus of three variables: financial inclusion, FinTech, and sustainable development. The research question comprises two integral components: (1) Does a relationship exist between FinTech, financial inclusion, and sustainable development in the African region? (2) How does this relationship contribute to sustainable development in Africa? In essence, to what extent does the interaction between FinTech and financial inclusion impact sustainable development in the African region?

Accordingly, we aim to explore and estimate the interaction term between financial inclusion and FinTech and its impact on sustainable development, also estimating its marginal effect. By focusing specifically on a panel of African countries, our study enriches the literature by providing alternative evidence and findings. By scrutinizing the interactions between financial inclusion and FinTech within the African context, we transcend the isolated treatment of these variables in prior research. This twofold contribution not only introduces innovative measures but also provides fresh insights into the interconnected dynamics of financial inclusion and FinTech, thereby contributing to a more comprehensive understanding of sustainable development in the African region.

Starting with introduction and ended with conclusions and recommendations, the rest of the study is organized as follows: section 2, presents the literature review and backgrounds; section 3, describes the data, estimation methods and variables determinant; section 4, empirical results, and discussion; section 5, provides discussions.



2 Literature review and backgrounds


2.1 Measuring sustainable development: an emphasis

Joseph Stiglitz has stated that “GDP tells you nothing about sustainability.” (58) proposed using a more comprehensive measure of sustainable economic growth, which reflects economic, social, as well as environmental efficiency, since the capacity of a nation to flourish cannot be measured through economic growth alone. It is widely recognized that there is a need for an improved statistical framework to shift the focus from solely measuring economic factors (traditional approaches primarily focus on economic indicators such as GDP growth) to overlooking crucial social and environmental dimensions in measuring sustainable development (59, 60). Although, several studies are trying to adopt some improved indicators for measuring sustainable development by Human Development Index (HDI), Ecological Footprint, Social Progress Index (SPI), Sustainable Development Goals (SDGs), Environmental Performance Index (EPI), Environmental Vulnerability Index, Summary Innovation Index (SII), Internal Market Index, Genuine Savings (GS) index, Business climate index, …etc. (61–64). Thus, no single indicator can fully capture the complexity of sustainable development. Using a combination of these indicators provides a more comprehensive understanding of progress toward sustainability.

According to ESCWA (65), GS refers to gross disposable income minus final consumption expenditure. Eurostat (66) defines GS as the remaining income after deducting consumption expenditure, which includes savings from various sectors. To ensure consistency and comparability over time, GS is adjusted for seasonal and calendar variations. The World Bank (67) describes GS as follow: “GS are calculated as a residual from the national accounts by taking the difference between income earned by residents (including income received from abroad and workers’ remittances) and their consumption expenditures. GS is used as a starting point for calculating adjusted net savings. Adjusted net saving is an indicator of the sustainability of an economy.” GS can be considered a suitable proxy for ANS and can measure sustainable development (68, 69). Furthermore, GS serves as an anchor and a fundamental component for assessing the sustainability of an economy. While GS plays a significant role in the calculation of ANS, the latter holds greater importance when considering weak sustainable development (24).

Several studies (3, 13, 26, 70) highlight that ANS serves as a measure of a country’s national wealth change. Interpreting ANS follows a straightforward rule: a negative ANS indicates a depletion of capital stocks, which will negatively impact future well-being, whereas a positive ANS signifies an increase in wealth and future well-being (13, 71, 72). While wealth generally remains stable and changes gradually, ANS is a dynamic metric that can fluctuate rapidly. This dynamic nature makes ANS a valuable early warning indicator for economic decline and responsive to policy changes. Changes in government investment in education and policies promoting private sector investment are promptly reflected in the ANS value. Sustained small negative ANS values can eventually lead to a decline in overall wealth and well-being. However, Hamilton and Clemens (21) and Hamilton (73) argue that if ANS consistently remains below zero, it suggests that the economy is not meeting the criteria for weak sustainability.

In summary, ANS tends as a comprehensive measure that takes into account the depletion of natural capital and environmental costs. This approach provides a more accurate assessment of sustainability by capturing the true savings available for future well-being and development (3, 21). Additionally, the World Bank (74) and Atkinson et al. (75) recommend ANS as a primary indicator for evaluating economic growth and sustainable development strategies.



2.2 FinTech, financial inclusion, and sustainable development: what a linkage?

To explore the existing and potential links among three variables, we proposed examining the relationships between financial inclusion and sustainable development, FinTech and sustainable development, and the interaction between FinTech and financial inclusion.

Demir et al. (76) and Ma’ruf and Aryani (77) acknowledge the crucial role of inclusive access to financial services in achieving SDGs. According to Sadia, Saleem, and Shahzad (78), digital finance and financial inclusion are essential strategies that contribute to both economic growth and environmental sustainability. Wang, Fahad, Wei, Luo, and Luo (79) discovered that financial inclusion has a positive impact on environmental quality and sustainable development, particularly at medium and high levels. However, this impact is not significant at low levels. Subsequent research has confirmed the positive relationship between inclusive financial development, environmental quality, and sustainable development. Shah and Dubhashi (80) emphasize the role of financial inclusion in promoting inclusive growth, while Sarma and Pais (81) establish a strong correlation between human development and financial inclusion. Chinoda and Mashamba (82) examined the relationship between financial technology, financial inclusion, and income inequality in 25 African countries, by introducing a double FFI Model and utilizes structural equation modeling. The findings highlight the significant role of financial inclusion in reducing income inequality and recommend policymakers in Africa to focus on fostering FinTech developments and enhancing financial inclusion to address income disparities. Petrivskyi and Medvid (83) as well as Ozili (84) provide evidence demonstrating the direct positive effects of financial inclusion on economic development, poverty reduction, inequality, and the attainment of the SDGs. However, Queralt, Fu, and Romano (85) criticize the 2030 agenda for sustainable development for not prioritizing financial inclusion as a standalone goal, arguing that it misses an opportunity to effectively address the financial needs of the global poor.

In November 2018, the United Nations (UN) established the Task Force on digital financing to develop strategies that leverage FinTech for the progress of SDGs. Digital finance and FinTech play three crucial roles in managing trade-offs and enhancing synergies between the environmental and social aspects of SDG achievement. These roles include improving resource allocation for sustainable development, expanding financial resources within the system, and utilizing digital finance and FinTech directly to accomplish the SDGs themselves (51, 86–89). Moreover, FinTech, with its peer-to-peer and Distributed Ledger Technology (DLT) networks, aligns with the goal of the Environmental, Social, and Governance (ESG) community to create an inclusive and environmentally friendly financial system for sustainable development. It has the potential to reduce costs, facilitate global connectivity, and enhance financial inclusion. Recognizing its significance, the G20 and the UN have included “Sustainable digital finance” in their workstreams for 2030 (90–94). Awais et al. (22) concluded that FinTech (measured by Internet popularization and Findex) have positive effects on green economic activity while carbon emissions have a negative impact. However, the IISD (89) has raised concerns about the risks associated with digital financing for SDG advancement, including the potential exacerbation of the digital divide and concerns regarding data privacy, money laundering, fraud, and illicit financial flows. Addressing these risks requires regulatory capacity to keep pace with the rapid digital revolution.

A solid foundation of infrastructure, supportive policies, and regulations is recognized as crucial for leveraging FinTech to promote financial inclusion. Within the broad category of FinTech, digital financial solutions play a significant role in advancing global financial inclusion by offering financial services and opportunities to individuals worldwide. This recognition is widely acknowledged in the literature (51, 95–98). Additionally, Yeyouomo et al. (99) addresses the role of FinTechs in closing the gender gap of financial inclusion in Sub-Saharan Africa (SSA) between 2011 and 2017. Through a multilevel tobit regression model and panel data analysis, the study examines the impact of FinTechs on mitigating the gender gap in access to and use of financial services. The findings highlight the significance of FinTechs in reducing the gender gap, while also emphasizing the need for targeted policy initiatives to further bridge the divide. Telukdarie et al. (100) emphasize the potential of digital financial technology to expedite financial inclusion in developing markets. The utilization of digital technology, encompassing artificial intelligence, presents a formidable tool that aids individuals in emerging markets by enabling access to financial institutions and the services they offer. Furthermore, FinTech start-ups play a pivotal role in driving financial inclusion due to their competitive advantage in innovating faster, identifying consumer needs, and addressing market gaps for new business opportunities, thereby providing accessible and affordable financial services to underserved populations (101–103).



2.3 Empirical and model literature

Several studies have examined the relationship between financial inclusion and various aspects of sustainable development. Hussain et al. (35) analyzed 110 developing countries from 2004 to 2020, focusing on financial inclusion and information communication technology (ICT) indicators. Robust statistical techniques (Driscoll-Kraay standard errors, generalized linear model, feasible general least squares, and difference GMM) were used to address statistical issues. The panel estimation findings showed a significantly positive relationship between financial inclusion, ICT, and sustainable economic development. Policymakers are recommended to prioritize inclusive financial systems and equitable access to ICT for sustainable economic growth. Ozili (87) conducted a study that revealed a significant association between higher levels of financial inclusion, measured by the presence of commercial bank branches per 100,000 adults, and positive outcomes related to sustainable development. These outcomes include increased electricity production from renewable sources, enhanced industry productivity, higher adult literacy rates, and greater output of renewable electricity. Ifediora et al. (104) investigated the impact of financial inclusion on economic growth in 22 sub-Saharan African countries between 2012 and 2018. Their study utilized a composite index and individual indicators such as bank branches, Automated Teller Machines (ATMs), mobile money, deposit accounts, and outstanding loans. The findings revealed that the availability and penetration dimensions of financial inclusion, along with the composite index, significantly contributed to economic growth. However, the usage dimension of financial inclusion had a positive but not statistically significant effect. Moreover, the study indicated that mobile money agents had a negative impact on economic growth, while mobile money accounts and transactions had a positive but not statistically significant impact. Besides, Li and Wu (105), Daud and Ahmad (106), Ahmad et al. (106), Younas et al. (107) have reached that the financial inclusion has a significant positive impact on the economic growth in developing countries.

Bkwayep and Tsafack (108) employed the Generalized Method of Moments (GMM) to analyze a panel of 47 countries from 2004 to 2014, investigating the potential of financial inclusion in reducing income inequality. They considered five indicators of financial inclusion (ATMs per 100,000 adults, banking branches per 100,000 adults, credit availability, deposits, and insurance), along with remittances, and three variables related to income inequality (Gini index, Atkinson ratio, and Palma ratio). Gautam et al. (183) conducted a study using panel data on 17 Indian states to explore the impact of financial inclusion on India’s sustainable development. They found a negative relationship between financial inclusion and sustainable development. Emara and Mohieldin (109) utilized the System of GMM panel estimation (SGMM) to investigate the influence of financial inclusion, measured by access and usage, on the eradication of extreme poverty by 2030, which is the first goal of the SDGs. The analysis was conducted on annual data from 11 MENA countries and 23 emerging markets spanning the years 1990 to 2017. Moreover, Hasan et al. (110). examined the connection between financial inclusion and bank performance across 18 Asian countries, involving a total of 3,071 financial institutions. The study utilized both GMM strategy and Ordinary Least Square (OLS) regressions to ensure the accuracy of the findings.

Nenavath and Mishra (111) conducted an empirical analysis to examine the impact of green finance and FinTech on sustainable economic growth in Indian states during the period from 2010 to 2021. Employing panel regression and two-step GMM, the authors found robust evidence supporting the positive impact of green finance on economic growth. Specifically, green finance was found to shape finance structure, enhance financial effectiveness, and contribute to environmental quality protection. Additionally, the study revealed that FinTech, while not significantly affecting economic effectiveness, played a complementary role by amplifying the effects of green finance on finance structure and environmental quality. Deng et al. (112) focused on analyzing the relationship between FinTech and sustainable development using a comprehensive indicator system and data from peer-to-peer platforms (P2P) across 31 Chinese provinces. Applying the fixed-effect model along with dynamic SGMM and other robustness checks, the authors identified a U-shaped relationship between FinTech and sustainable development. This relationship was driven by the pattern of extensive economic growth, highlighting the potential of FinTech as a catalyst for sustainable development. Hodula (113) employed a GMM estimator to investigate the relationship between FinTech and big tech credit growth and income inequality. By analyzing data from 78 countries between 2013 and 2019, the study reveals that the expansion of FinTech and big tech credit is linked to a decrease in income inequality. However, this effect is observed primarily in countries with a high level of financial inclusion. These findings suggest that promoting financial inclusion is crucial for harnessing the potential of FinTech and big tech credit to address income disparities. Building on the potential of FinTech, Haddad and Hornuf (114), Popescu and Popescu (115), and Knuth (116) underscored its effectiveness in providing financial services for social, energy, and environmental initiatives. These studies showcased the transformative power of FinTech in fostering a fair and equitable society, thus aligning with the multidimensional nature of sustainable development.

According to Demire et al. (76), several existing studies have not fully explored the relationship between FinTech and financial inclusion, which raises another question that remains unanswered. However, Al-Smadi (117) examines the association between digital finance (measured by ATMs) and financial inclusion (measured by composite index) in the MENA region. The author employed a SGMM panel method for 12 countries spanning the period from 2004 to 2020. The results confirm that digital finance plays a crucial role in enhancing financial inclusion in the region. Lyons et al. (118) discovered that FinTech development plays a crucial role in improving financial inclusion. They found a consistently strong and positive relationship between them. Authors examined the connection between FinTech development and the demand for savings, borrowing, and remittances in 16 of the largest emerging economies. This research represents one of the initial multi-country assessments of the relationship between FinTech and financial inclusion, laying the groundwork for future studies in this area. Furthermore, using panel data from 35 countries between 2009 and 2018; Rumondang et al., (119) employ a SGMM estimator to analyze how information and communication technologies (ICT) development contribute and impact the financial inclusion in emerging countries. The findings emphasize the positive influence of ICT, including mobile phones, internet users, and ATMs, in promoting financial inclusion in emerging economies.

Our study addresses three key research gaps. Firstly, by introducing unique sustainable development measures, ANS_GNI and GS_GNI, we present an alternative approach compared to conventional indicators such as GDP and income inequality. Secondly, there is a research void regarding the investigation of the interaction between financial inclusion, FinTech, and their impact on sustainable development, highlighting the novelty of our research. Thirdly, the African context remains underexplored with this combination of variables in the same model, distinct from parameters investigated separately. In summary, our research contributes innovatively by providing alternative measures and evidence.




3 Data, estimation methods, and variables determinant


3.1 Data collection sources

Our study relies on accurately collected data primarily sourced from two subcategories within the World Bank indicators datasets. The G20 financial inclusion indicators dataset, a comprehensive set capturing detailed information on both the supply (accessibility) and demand (usage) sides of financial services, contributes variables associated with FinTech and financial inclusion. The World Development Indicators (WDI) dataset, which offers the most up-to-date and accurate global development data from recognized international sources; furnishes data pertaining to sustainable development. This strategic incorporation of distinct datasets ensures a comprehensive and multifaceted approach to our data collection process.

These sources offer comprehensive and standardized data, enabling the construction of an annual panel dataset for our analysis. However, certain restrictions on variable inclusion or limited analysis based on available data were encountered. The data collection process spanned from 2011 to 2019, varying depending on variable availability. The final sample comprises only those countries with available data, resulting in the selection of a panel of 25 African countries. This careful and thorough data collection approach ensures the robustness and validity of our findings in exploring the relationship between FinTech, financial inclusion, and sustainable development in the African region. Appendix 1 provides details of the sample economies.



3.2 Model (estimation technique)

To estimate the impact of FinTech, financial inclusion, and their interaction on sustainable development, we suggested the following model:

[image: image]
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The model equations used in this study are constructed following Demire et al. (76), Chinoda and Mashamba (82), Arner et al. (51), Makina and Walle (124), Hussain et al. (35), and Dietz et al. (24). The model is specified by including sustainable development which represented, as dependent variable, by GS_GNI (denotes the Gross Saving as percentage of GNI) and ANS_GNI (denotes the Adjusted Net Savings as percentage of GNI). The independent variables in the model are Fi, which refers to FinTech, and Fic, which represents financial inclusion. Furthermore, [image: image] represents a set of control variables, namely the ratio of domestic credit to the private sector, inflation rate, trade openness, urban population, primary school enrollment, and age dependency rate. These control variables are expected to have an impact on sustainable development, as indicated in prior research by Lacalle-Calderon et al. (121), Belloumi and Alshehry (122), and Huo et al. (123).

Figure 1 visually represents the directional relationships among the main variables of interest, considering interaction effects, control variables, and ANS indicator, GS variable. The selection of control variables is guided by empirical literature. The estimation process involves selecting an appropriate econometric dynamic model to conduct a comprehensive analysis.

[image: Figure 1]

FIGURE 1
 Conceptual framework (incorporated by authors).




3.3 Variables determinant


3.3.1 Dependent variables

GS (% GNI) can be utilized as a proxy for ANS (% GNI) in evaluating sustainable development (70). It serves as a crucial element in gaging the sustainability of an economy, particularly in the context of weak sustainable development (24). ANS_GNI, as the secondary dependent variable, serves as a primary metric for measuring sustainable development. It quantifies the fluctuation in the value of designated assets, excluding capital gains (3, 9, 10, 24, 124) (see Table 1). To mitigate potential endogeneity issues, we incorporated lagged values into our analysis.



TABLE 1 Variables description.
[image: Table1]

The results depicted in Figure 2 demonstrate some striking differences when drawing the dependent variables (ANS and GS). Regarding the ANS, it is evident that certain countries, such as Cameroon, Ghana, Guinea, Guinea-Bissau, Kenya, Madagascar, Mozambique, Rwanda, South Sudan, and Uganda, have experienced negative average rates. Therefore, Guinea shows the lowest rate at −16.41%. These findings suggest that these countries following an unsustainable development trajectory, as declining ANS rates can pose threat to future generations. Conversely, the majority of countries display positive average rates of ANS, with Botswana leading to 23.27%. This indicates that these countries doing well in terms of their capacity to save and accumulate resources for investment and development. In terms of average GS rates, the figure reveals that Uganda and Botswana stand out with the highest rates recorded at 35.80 and 33.69%, respectively. This figure reflects their significant ability to accumulate savings. Additionally, the figure illustrates a positive relationship between GS and ANS.

[image: Figure 2]

FIGURE 2
 ANS and GS average rates (all panel countries are included).




3.3.2 Main variables of interest

It is vital to maintain the integrity of the model and ensure reliable outcomes in SGMM estimation by employing a single measure index for each variable. Furthermore, the presence of missing values poses a significant limitation in terms of data availability, necessitating careful selection of the most appropriate indices, representing the variables of interest in their natural logarithmic form (see Table 1).

Hence, Fic denotes financial inclusion, which is measured by the total number of existing ATMs per 100 thousand adults (106, 125–128). This indicator acts as a proxy for the access dimension of financial inclusion. Notably, previous research has predominantly focused on measuring financial inclusion through a limited set of dimensions, such as access to finance (129). It is generally expected that higher levels of financial inclusion will contribute to elevated sustainable development, as it provides individuals with increased opportunities to save and invest their money.

Fi represents FinTech, measured by the number of registered mobile agent outlets per 100 thousand adults (130–133). This indicator serves as a proxy for FinTech. The positive impact of FinTech on sustainable development is anticipated, as it has the potential to enhance the accessibility and affordability of financial services, particularly in remote and underbanked areas.



3.3.3 Control variables

To consider other factors that may impact sustainable development, a range of macroeconomic variables are employed (see Table 1). Consequently, all control variables are included in their natural logarithmic form, except for inflation. These variables are the ratio of domestic credit to the private sector (% of GDP) shows the significance of credit in supporting economic activities and fostering growth within the country (134–137). On the other hand, trade openness (% of GDP) is measured by the sum of exports and imports of goods and services relative to GDP, also it promotes economic growth by facilitating market access, encouraging competition, and driving innovation and efficiency gains [(138–143)]. Furthermore, accounting for the potential influence of urbanization on sustainable development, we included Urban population (% of total population) which tracks urbanization trends, rural–urban migration, and urban development (144–146). Therefore, Age dependency rate reflecting the ratio of dependents to the working-age population, affects societies and economies (147–149). These variables strongly impact GS [(150–155, 158)]. However, Primary school enrollment (% of total enrollment) represents early-stage formal education and human capital development [Demire et al., (76, 123, 151, 156)]. Additionally, we incorporated the inflation rate as a proxy for macroeconomic stability, considering previous research by Rraci (157) and Emenalo et al. (144) as cited in Kebede et al. (159).




3.4 Estimation method

Our empirical strategy seeks to: (1) examines the potential associations among FinTech, financial inclusion, and sustainable development; (2) estimates the impact of interaction of FinTech and financial inclusion (Fic*Fi) on sustainable development (ANS_GNI / GS_GNI); and (3) estimates the marginal effect at median, maximum, and minimum levels.

We employed a dynamic panel of System Generalized Method of Moments (SGMM) to estimate our model. This approach combines equations with first differences and levels (161–167). To address endogeneity Arellano and Bover (168) recommended using forward orthogonal deviations (104). Overall, this approach helps researchers address various issues such as heteroscedasticity, autocorrelation, and individual effects. The GMM method’s ability to achieve consistent estimation results in at one time makes it a preferred choice and popular (169). In this respect, Roodman (170) suggested the two-step option of SGMM, which is more asymptotically efficient due to its utilization of an optimal weighting matrix in the estimation process. The use of SGMM allows for an accurate and valid results through the two-step level outcomes, which outperformed the one-step option. This approach also mitigates certain weaknesses associated with differenced GMM, such as small sample bias, as highlighted by Asongu and Nwachukwu (171), Goczek and Witkowski (172), Soto (173), Love and Zicchino (174). It is worth noting that the estimators are consistent if there is no second-order serial correlation in the error term. Serial correlation is tested using the (168) test for first and second order correlation; i.e., AR (1) and AR (2) tests, and overidentification is tested using the Sargan test for over-identifying restrictions (175, 176).

As an initial step, we conducted an exploratory analysis of the relationships between the dependent and main explanatory variables, as illustrated in Figure 3, and examined the correlation matrix, as depicted in Figure 4. Additionally, we performed a stationarity test, and the results are presented in Table 2.



TABLE 2 Fisher ADF panel unit root test.
[image: Table2]
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FIGURE 3
 The relationship between FinTech, financial inclusion and sustainable development (GS_GNI, ANS_GNI).


[image: Figure 4]

FIGURE 4
 Correlation heatmap matrix.


The empirical analysis follows several steps. In the first step, we employed the two-step SGMM method. This estimation was conducted for both GS_GNI, as reported in Tables 3, 4, and ANS_GNI, as displayed in Tables 5, 6. We considered models both with and without interaction terms to capture any potential moderating effects. In the second step, we conducted a static panel estimation to enable comparison. This involved utilizing Ordinary Least Square (OLS), OLS Fixed Effect (OLS FE) regressions, and Least Square Dummy Variable (LSDV) regression. These static estimations provided a comprehensive analysis of the relationships between the variables. In the last step, we estimated the marginal effects using SGMM for both dependent variables.



TABLE 3 Dynamic panel estimates: SGMMtwosteps (GS as a percentage of GNI).
[image: Table3]



TABLE 4 Dynamic panel estimates: SGMMtwosteps (GS as a percentage of GNI) with interaction terms.
[image: Table4]



TABLE 5 Dynamic panel estimates: SGMMtwosteps (ANS as a percentage of GNI).
[image: Table5]



TABLE 6 Dynamic panel estimates: SGMMtwosteps (ANS as a percentage of GNI) with interaction terms.
[image: Table6]

We conducted our analysis estimation using STATA version 17, a widely utilized statistical software package known for its powerful tools and functionalities in data analysis. The utilization of STATA enabled us to effectively perform a comprehensive analysis, leveraging its features for robust estimation and interpretation of our findings.




4 Empirical results


4.1 Unit root result

To ensure appropriateness and avoid spurious regression and misleading conclusions in dynamic panel estimation and static panel estimation, stationary properties are highly necessary [(104, 177–179)]. To meet this requirement, we conducted a Fisher ADF panel unit root test (180). The results, presented in Table 2, indicate that all variables included in our analysis exhibit stationarity in levels (at the 1% significance level).



4.2 Dynamic estimation results

Table 7 provides descriptive statistics for each variable, offering valuable insights into their characteristics and variability. The table includes information such as the number of observations, mean, standard deviation, minimum, and maximum values. Notably, the ATMs variable displays a standard deviation of 1.02, indicating moderate variation. The minimum value of −0.83 and the maximum value of 4.17 suggest a wide range of observations for this variable. In contrast, the Mobile agent variable exhibits a higher standard deviation of 1.49, indicating a minimum value of −0.12 and a maximum value of 7.04. For the Inflation variable, the standard deviation is 29.42, with a minimum value of −3.23 and a maximum value of 380. The wide range of values and high standard deviation in inflation suggest the presence of observations with significant inflation rates, potentially indicating periods of hyperinflation.



TABLE 7 Summary statistics.
[image: Table7]

Figure 4 is a correlation heatmap that visually displays the relationships and correlations between 10 variables. Each variable is represented by a column, and the rows show the relationships between pairs of variables. Positive values in the cells indicate positive correlations, while negative values indicate negative correlations. The color-coding makes it easy to quickly identify and interpret the strength of the relationship between two variables (181).

The correlation matrix reveals some notable links among the variables. Firstly, moderate positive correlations are observed between GS_GNI and ANS_GNI (0.5805), ATMs and domestic credit (0.5122), and trade and domestic credit (0.3000). On the other hand, weak bivariate correlations below 30% are observed. Secondly, moderate negative correlations are found between age dependency and domestic credit (−0.5134), school enrollment and age dependency (−0.5087), and age dependency and trade (−0.4211). These negative correlations suggest an inverse relationship between these variables, where an increase in one variable is associated with a decrease in the other. Additionally, weak bivariate correlations below −30% are also observed. Overall, the correlation analysis indicates that most correlation coefficients among the explanatory variables fall within the moderate range (around 0.3 to 0.5, −0.3 to −0.5), with some even weaker. Thus, these bivariate correlations imply that multicollinearity is unlikely to be a problem for the estimated models. Figure 3 provides an overview of the relationships between FinTech (mobile agent), financial inclusion (ATMs), and sustainable development (GS_GNI and ANS_GNI), offering a clear and concise description of their trends. This figure shows a positive association between these variables.

Table 3 presents preliminary results. For instance, the coefficient value of 0.8914 highlights a strong positive association between the current and lagged values of GS_GNI. This observation indicates a high degree of stability in GS_GNI, suggesting that past values strongly influence the current value of GS_GNI. The coefficients for ATMs show a non-significant positive impact on GS_GNI for all specifications. The presence of mobile agents exhibits a weak but statistically significant positive association with GS_GNI across different specifications (1 to 4). Conversely, domestic credit consistently exhibits a statistically significant negative relationship with GS_GNI across all specifications. This points to a situation where an increase in domestic credit is linked to a decrease in GS_GNI. In specifications 2, 3, and 5, there is a statistically significant negative relationship between school enrollment and GS_GNI. Additionally, the coefficients of the remaining control variables, namely inflation, trade, urban population, and age dependency, do not demonstrate any statistically significant impact on GS_GNI.

The diagnostic tests reveal that the null hypothesis (Ho: no autocorrelation) is not rejected for both AR(1) and AR(2) tests, which suggests the absence of the first-order and second-order serial correlation in disturbances across all specifications. Furthermore, the Sargan and Hansen tests were performed to assess the validity of the instruments used in the estimation. The results of these tests confirm the validity of the instruments in all specifications, indicating that the model is properly specified and the instruments employed are appropriate for capturing the relationships between the variables.

Table 4 reveals significant findings. Firstly, the coefficients for GS_GNI indicate a strong positive relationship with lagged GS_GNI, suggesting a substantial impact. Secondly, the coefficients for ATMs demonstrate significant impacts on sustainable development in specifications 1, 2, 3, and 4 (0.1322*, 0.1301**, 0.1103**, 0.1180*). This implies that a one percentage point increase in financial inclusion leads to a 0.1301 percentage points increase in sustainable development at a 5% significance level in specification 2. Thirdly, the coefficients for Mobile-agent indicate a statistically significant and weak positive effect on sustainable development across all specifications. Specifically, a one percentage point increase in financial technology leads to a 0.0806 percentage points increase in sustainable development at a 1% significance level in specification 1. Fourthly, the coefficients for Domestic-credit demonstrate a significant negative impact on sustainable development in all specifications (−0.1268 in specification 3 at a 1% significance level). Fifthly, the interaction term between ATMs and Mobile-agent shows a statistically significant and weak negative effect in specifications 1, 2, 3, and 4. Sixthly, variables such as School-Enrollment and Age-dependency show a statistically significant negative impact in certain specifications. Seventhly, the coefficients for Inflation and Urban-population show insignificant effects, both positive and negative. As for the robustness tests, they consistently demonstrate high reliability across all specifications.

Not surprisingly, Table 5 presents consistent findings with Table 3 regarding the impact coefficients and their directions, except for Age-dependency, which consistently displays a negative and statistically significant impact on sustainable development across all specifications. Additionally, the constant term demonstrates a positive and statistically significant impact in all specifications, except for specification 5. The table also includes the results of the AR(1) and AR(2) tests which suggest that there is no significant serial correlation in the residuals. Further, the Sargan test statistics are provided, which show that the instruments used in the analysis are valid and there is no problem of over-identification.

Table 6 reveals compelling findings regarding the relationship between variables and sustainable development. The coefficients for ANS_GNI demonstrate a consistently positive and robust relationship with lagged ANS_GNI, suggesting a substantial and meaningful impact. Notably, the coefficients for ATMs show significant impact on sustainable development across multiple specifications (1, 2, 3, and 4), indicating a more pronounced impact compared to previous estimations. Specifically, in specification 2, a one percentage point increase in financial inclusion is associated with a 0.1951 percentage points increase in sustainable development at a 5% significance level. These results underscore the important role of ATMs in enhancing access to financial services and promoting sustainable development. Furthermore, the coefficients for Mobile-agent also indicate a significant positive effect on sustainable development across all specifications. For example, in specification 1, a one percentage point increase in FinTech is associated with a 0.1075 percentage points increase in sustainable development at a 5% significance level. This finding highlights the promising potential of increased utilization of FinTech in improving levels of sustainable development in the African region.

Contrarily, the coefficients for Domestic-credit reveal a statistically significant negative effect on sustainable development, particularly in the first specification. This finding suggests that higher levels of local borrowing or credit may impede efforts toward sustainable development. Additionally, the coefficients for the interaction term between ATMs and Mobile agent services demonstrate a statistically significant and weak negative effect on sustainable development across specifications 1, 2, 3, and 5. These negative coefficients can be attributed to the potential overlap of services provided by ATMs and Mobile agent outlets, resulting in redundancy and inefficiency.

Regarding the remaining control variables, the coefficients for inflation, trade, and urban population do not demonstrate statistically significant effects on sustainable development. However, school enrollment exhibits a significant negative impact, specifically in specification 3, at a 10% significance level. This suggests that a one percentage point increase in school enrollment leads to a 0.3104 percentage points decrease in sustainable development. Similarly, the Age-dependency ratio shows a significant negative impact in specifications 1, 2, and 3. A one percentage point increase in the Age-dependency ratio results in a 0.3972 percentage points decrease in sustainable development in specification 3, at a 10% significance level. The constant coefficients exhibit positive and statistically significant impact in specifications 2, 3, and 4. Accordingly, the conducted robustness tests confirm the high reliability of the results across all specifications, further strengthening the validity of the findings.



4.3 Static panel estimation

To enhance the robustness of our results, we employed a static panel estimation methodology. This approach involved utilizing various regression techniques, namely Ordinary Least Squares (OLS), OLS with Fixed Effects (FE), and Least Squares Dummy Variable (LSDV) regression. This comparative approach allows for a comprehensive analysis and reinforces the reliability of our findings.

Table 8 displays the results of a static panel estimation using OLS, OLS FE, and LSDV for the GS_GNI regression model described by Equation (1). The coefficients of GS_GNI and its lagged value, L1, are found to be statistically significant across all three estimation methods. The coefficients of ATMs generally lack statistical significance, except in the OLS FE estimation, where a significant positive relationship (0.5730, 0.5129, 0.5084) is observed at a 5% significance level. Likewise, the coefficients of Mobile-agent are mostly insignificant in the various estimation methods. However, in the OLS FE estimation, significant positive coefficients (0.1222*, 0.1304**, 0.1208**) are observed. This implies that Mobile-agent has a positive impact on sustainable development. Conversely, the coefficients for domestic-credit are statistically significant across all estimation methods, with negative values indicating an inverse relationship. Thus, an increase in domestic credit is associated with a decrease in sustainable development.



TABLE 8 Static panel estimates: OLS, OLS FE, LSDV (GS as a percentage of GNI).
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The results regarding the interaction term (ATMs * Mobile-agent) suggest that, in most estimation methods, the coefficients are not statistically significant. However, in the OLS FE estimation, they are observed to be significant, albeit with low significance levels (−0.0566*, −0.0580*, −0.0538*). This indicates that the interaction between ATMs and Mobile-agent has a limited impact on sustainable development. Among the variables examined, the coefficients related to age dependency exhibit a significant and substantial negative impact on sustainable development in the OLS and OLS FE estimations, while this impact was not statistically significant in the LSDV estimation. On the other hand, the coefficients for inflation, urban population, and trade are not statistically significant. However, the coefficients for school enrollment demonstrate statistical significance at a 10% level in the OLS (−0.2382*) and LSDV (1.6574*, 1.6604*) estimations. Finally, the statistically significant coefficients observed in the F test provide confirmation of the reliability of the estimation results.

Table 9 presents the results of a regression analysis using OLS, OLS FE, and LSDV estimation methods with ANS_GNI in Equation (2). The coefficients of ATMs indicate a statistically significant positive impact on sustainable development in all estimation methods. Specifically, increasing the number of ATMs by one percentage point leads to an increase in sustainable development by (0.2153**, 0.2207**, 0.2257** percentage points) in OLS estimation. The impact is also significant and relatively higher in OLS FE and LSDV estimations. Similarly, the coefficients of the mobile agent exhibit a statistically significant positive effect on sustainable development in all estimation methods. Increasing the mobile agent by one percentage point results in an increase in sustainable development by (0.1087**, 0.1067**, 0.1070** percentage points) in OLS estimation. The impact is also relatively higher in OLS FE and LSDV estimations.



TABLE 9 Static panel estimates: OLS, OLS FE, LSDV (ANS as a percentage of GNI).
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The results indicate that the coefficients of domestic credit have a statistically significant and substantial negative impact in the OLS FE estimation at a 1% level. This finding implies that higher levels of domestic credit may indeed hinder sustainable development. Also, the coefficients of the interaction term show statistically significant negative effects in all estimations, particularly in OLS FE and LSDV estimations at a 1% level. This means that an increase in the interaction term by one percentage point leads to a decrease in sustainable development by (−0.1118***, −0.1157***, −0.1003*** percentage points) in LSDV.

However, the coefficients of inflation show statistically significant negative effects in the LSDV estimation at a 5% level in all three specifications. There is also a statistically significant negative effect in Specification 1 of the OLS FE estimation, where an increase in inflation by one percentage point leads to a decrease in sustainable development by −0.0182 percentage points at a 5% level.

Along similar lines, the coefficients of school enrollment demonstrate a statistically significant negative impact in the OLS estimation at a 10% level. However, in specification 1 of the OLS FE estimation, they display a significant positive impact on sustainable development. Furthermore, the coefficients of age dependency show a statistically significant and substantial negative impact in specification 1 of the OLS FE estimation and specification 2 of the LSDV estimation. An increase in age dependency by one percentage point corresponds to a decrease in sustainable development by 5.2527 percentage points at a 5% level and 4.4447 percentage points at a 10% level, respectively.

For the remaining control variables, the coefficients of trade and urban population show non-significant positive effects in the analysis. Nevertheless, the intercept coefficients demonstrate a statistically significant positive impact in most of specifications. Finally, the F-test confirms the statistical significance of the coefficient results, providing evidence for the reliability of the static panel estimates.

To sum up, the results of the static panel estimation specifications demonstrate relative stability, regarding both significance and direction, versus the results of the dynamic panel SGMM. It is noteworthy that the OLS estimation specifications show higher stability in terms of coefficients compared to OLS FE and LSDV, which are biased and inconsistent. This might be attributed to the small T, as mentioned by Habimana (175). However, the analysis and interpretation are always based on the SGMM estimates.

In conclusion, based on the conditional convergence hypothesis derived from the literature on economic growth (104) and drawing upon World Bank (3) reports, it was expected that the coefficients of the sustainable development variables (GS_GNI (L1), ANS_GNI (L1)) would have negative values across all estimations. Nevertheless, the results consistently show statistically significant positive coefficients (at a 1% significance level). These findings suggest a lack of conditional convergence within the study sample, indicating that lower-income per capita countries do not achieve higher and faster levels of sustainable development than to higher-income per capita countries in the African region.



4.4 Marginal effect results

As is typical in empirical literature, we estimate the marginal effects to assess the impact of the interaction term on sustainable development. Table 10 reports the marginal effects of mobile agents and ATMs on ANS_GNI and GS_GNI, estimated using the SGMM method, at different levels (median, minimum, maximum) of ATMs and mobile agents. These effects provide insights into the direction and significance of the relationships. In terms of the dependent variable GS_GNI, the marginal effects of Mobile agents at the minimum level of ATMs (at Ln ATMs = −0.07449) have a significant positive effect on sustainable development in all specifications, particularly in specification 04 (**0.0914). Similarly, the marginal effects of Mobile agents at the median level of ATMs (at Ln ATMs = 1.7250) have a significant positive effect on sustainable development in specifications 1, 2, and 3. On the other hand, the marginal effects of ATMs at the minimum level of Mobile agents (at Ln Mobile-agent = 1.4101) are significant and positive in all specifications, especially in specification 02 (**0.0928). This means that a one percentage point increase in ATMs at the minimum level of Mobile agents leads to a 0.0928 percentage points increase in sustainable development at a 5% significance level.



TABLE 10 Marginal effects using SGMM (GS and ANS).
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It should be noted that when ATMs reach the maximum level (at Ln ATMs = 4.1653), an increase in Mobile agents has a non-significant negative effect on Ln GS_GNI in all specifications. Likewise, when Mobile agents reach the maximum level (at Ln Mobile-agent = 7.0413), an increase in ATMs has a non-significant negative effect on Ln GS_GNI in all specifications. Figure 5 illustrates the marginal effects of Mobile agents at the lowest levels (for each country) of ATMs using SGMM estimation, showing a negative impact on sustainable development. It also displays the marginal effects of ATMs at the lowest levels (for each country) of Mobile agents, indicating a negative effect on sustainable development. This figure is consistent with the estimation results presented in Table 4 concerning the interaction term.
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FIGURE 5
 Marginal effects of ATMs at Min. of Mobile-agent/Mobile-agent at Min. of ATMs.


Concerning the dependent variable ANS_GNI, the marginal effects of Mobile agents at the minimum level of ATMs reveal a significant positive impact in all specifications, particularly in specification 01 (**0.1105). This indicates that an increase in the number of Mobile agents at the minimum level of ATMs by one percentage point leads to a 0.1105 percentage points increase in sustainable development at a 5% significance level. Similarly, there is a significant positive effect of Mobile agents at the median level of ATMs in specifications 1, 2, 3 and 4. On the other hand, the marginal effects of ATMs at the minimum level of Mobile agents are significant and positive impact across all specifications, with specification 02 showing a particular coefficient of (**0.1411). This means that increasing the number of ATMs at the minimum level of Mobile agents by one percentage point leads to a 0.1411 percentage points increase in sustainable development. Figure 6 presents the marginal effects of Mobile agents at the lowest levels (for each country) of ATMs using SGMM estimation. It also illustrates the marginal effects of ATMs at the lowest levels (for each country) of Mobile agents. Both marginal effects demonstrate a negative impact on sustainable development, which aligns with the estimation results presented in Table 6 for the interaction term.
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FIGURE 6
 Marginal effects of Mobile-agent at Min of ATMs/ATMs at Min. of Mobile-agent.





5 Discussion

The current section presents the discussion of the empirical results related to SGMM two-step. These findings confirm the role of ATMs in improving access to financial services and promoting sustainable development. ATMs undoubtedly provide companies and households with an easy and convenient method to access cash and conduct financial transactions at a lower cost. According to Sahay et al. (182), financial inclusion can serve multiple macroeconomic goals, but there are trade-offs with financial stability that need to be considered. Overall, these findings are consistent with prior researches. Hussain et al. (35) found a strong and positive relationship between financial inclusion and sustainable economic growth in developing countries, supporting the notion that enhanced access to financial services can contribute to broader economic development. Ifediora et al. (104) observed a positive impact of financial inclusion on economic growth across various indicators in sub-Saharan Africa. Chinoda and Mashamba (82) concluded that financial inclusion plays a crucial role in reducing income inequality in Africa. Furthermore, the findings of Li and Wu (108), Daud et al. (100), Ahmad et al. (109), Younas et al. (110), Ozili (87), Gautam et al. (183), Bkwayep and Tsafack (111), and Emara and Mohieldin (112) also align with our results.

The coefficients of mobile agents demonstrate a positive and significant impact on sustainable development, indicating that increasing the utilization of FinTech has the potential to enhance sustainable development levels in the region. These findings are consistent with the results of Hodula (116), who found that increased FinTech and significant technology credit are indeed associated with a reduction in income inequality. Our findings align with the results of Nenavath and Mishra (114), who concluding that green finance has a positive impact on economic growth through its influence on financing structures, financial efficiency, and environmental quality preservation. They also correspond with the findings of Yeyouomo et al. (103), which indicated that FinTech companies contribute to reducing the gender gap in financial inclusion in Sub-Saharan African countries, enabling easier access to and utilization of financial services. Their findings have important implications for economic policy emphasize the potential of FinTech to promote sustainable development. Mertzanis (184) claims that FinTech has a small but statistically significant positive impact on social-environmental performance in 58 countries during the period of 2013–2019. Furthermore, our results are consistent with the conclusions of Awais et al. (22, 116) and Haddad and Hornuf (117). Other than that, Lisha et al. (185) found, when exploring the nexus between sustainability, green innovations, FinTech, financial development, and natural resources for BRICS economies during 2000–2019, using the Method of Moments Quantile Regression (MMQR), that both FinTech and natural resources have a negative impact on environmental sustainability across all three quantile ranges (0.10th-0.30th, 0.40th-0.60, and 0.70th-0.90th).

However, interactions between ATMs and mobile agent coefficients revel a weak negative and statistically significant impact on sustainable development. This suggests that the joint use of ATMs and mobile agent services hinders sustainable development in the African region, indicating the possibility of redundancy in the provided financial services. In this regard, Telukdarie et al. (104) have highlighted digital FinTech as a potential solution for accelerating financial inclusion in developing markets. The application of digital technology, including artificial intelligence, serves as a powerful tool to facilitate individuals in emerging markets in accessing financial institutions and their services. Arner et al. (2020) argue that FinTech plays a crucial role as the key driver for financial inclusion, which, in turn, underlies sustainable and balanced development, as reflected in the UNSDGs. Their study has analyzed the full potential of FinTech to support the SDGs may be realized with a progressive approach to the development of underlying infrastructure to support digital financial transformation.

Regarding the control variables, the coefficients of domestic credit show a statistically significant negative effect on sustainable development across all specifications. This is consistent with the findings of Gök (139), who found that financial development leads to environmental degradation through increased carbon emissions (CO2). Additionally, Singh et al. (186) investigated the impact of financial development on economic growth in India, a major emerging economy, using a Non-linear Autoregressive Distributed Lag (ARDL). The findings showed a consistently negative impact of financial development and foreign inflows on economic growth in the long and short runs. Meanwhile, our outcomes align with the findings of Makina and Walle (124). Conversely, Hunjra et al. (128) investigated the impact of financial development on sustainable economic development (SED) in low- and middle-income countries over the period 1991–2020. The study findings through Fixed Effects (FE), the Feasible Generalized Least Squares (FGLS), and the Bootstrap Panel Quantile showed that sustainable economic development is positively affected by financial development.

In terms of inflation, school enrollment, and age dependency, their coefficients demonstrate significant negative impact on sustainable development in certain specifications. On the other hand, coefficients associated with urban population and trade display non-significant positive effect on sustainable development, which is consistent with the results reported by Hussain et al. (35).

Finally, the marginal effects analysis indicates that the positive impact on sustainable development only occurs when either mobile agents or ATMs are at their minimum level, highlighting the recurrence of financial services in the African region. To address this issue, it is imperative to enhance cooperation and coordination among financial service providers. The scarcity of studies examining the interaction between financial inclusion, financial technology, and their impact on sustainable development in developing countries, including the African region, underscores the significance of our contribution. Our research provides valuable insights to policymakers, enabling them to enhance financial inclusion and financial technology and understand their combined effects on sustainable development. By developing a robust strategy based on these insights, the region can effectively improve sustainable development opportunities.



6 Conclusion and recommendations

The study examines the relationship between financial technology, financial inclusion, and sustainable development in the African region, with a specific focus on 25 countries from 2011 to 2019. It employs various econometric methods, including dynamic panel (SGMM 
two-step
) and static panel (OLS, OLS FE, LSDV), and estimates marginal effects. The research is motivated by the limited availability of comprehensive and focused studies in this area, especially in Africa.

To ensure more precise findings compared to previous literature, we carefully selected the most pertinent indicators of sustainable development, namely the Gross Saving rate and Adjusted Net Savings. Our choices were informed by the research works of Hunjra et al. (128), Güney (10), World Bank (3); Dietz et al. (24), and the World Bank (9).

In this regard, our study has yielded significant findings, particularly regarding the SGMM estimates. The results indicate a positive and statistically significant impact of financial inclusion and financial technology on sustainable development. However, the interaction between financial inclusion and FinTech shows a weak negative and significant effect. Moreover, we noticed a negative and significant impact of domestic credit coefficients, school enrollment, and age dependency on sustainable development. On the other hand, other control variables such as inflation, urban population, and trade presented mixed effects, both positive and negative, significant and non-significant, on sustainable development. Additionally, the marginal effects analysis reveals an important detail: the positive impact is observed only when one of the interaction variables is at its minimum level, highlighting the redundancy of financial services in the African region. These findings provide valuable insights into the relationships and trends at play and inform the necessary actions to enhance financial inclusion and promote the use of financial technology, thereby ensuring sustainable economic development.

Based on the empirical findings and the outcomes of some relevant key studies [(28, 34, 35, 51, 82, 100, 103, 104, 109, 187–189)], several policy implications have been provided that could benefit the governments, policymakers, and related stakeholders in the African region for promoting sustainable development. The details are as follows:

1. Expand financial infrastructure: Policymakers are encouraged to prioritize efforts to expand financial infrastructure by extending the reach of financial institutions and banks, with a specific focus on enhancing their presence in rural and remote areas to serve financially marginalized individuals. Additionally, improving access to banking services and promoting financial literacy programs are essential. These measures can create an enabling environment for sustainable economic growth, poverty reduction, and improved living standards.

2. Enhance financial technology: Policymakers are encouraged to prioritize enhancing and expanding access to financial technology. This can be achieved through the following measures: (a) providing the necessary technological infrastructure and promoting its adoption to facilitate the spread of financial technology; (b) developing financial education by enhancing financial literacy, awareness, and education for individuals and communities in the African region; (c) fostering cooperation and partnerships between governments, financial institutions, and technology service providers in the field of financial technology; (d) encouraging regulation and oversight to ensure the safety and security of financial transactions. Additionally, it is important to promote research and innovation in the field of financial technology in Africa by supporting research initiatives and creating more opportunities for startups and innovators in this area.

3. Foster collaboration: Efforts should be made to bolster collaboration between traditional financial institutions and emerging financial service providers to enhance the synergy between financial inclusion and financial technology. This collaborative endeavor aims to reduce service redundancy and maximize their positive contributions to the sustainable development of the region.

4. Monitor domestic credit activities: Policymakers and Government authorities need to actively supervise and monitor domestic credit activities to ensure their beneficial impact in line with the SDGs. It is vital to employ responsible borrowing practices and sustainable approaches to prevent adverse economic imbalances. Furthermore, it is important to channel credit toward sustainable sectors that promote environmental and social well-being. This can be accomplished by incentivizing financial institutions to fund projects that are environmentally and socially sustainable, thereby enhancing their long-term viability.

5. Strengthen legislation and regulation: Strong legislation and regulation must be in place to protect the rights of financial consumers and ensure transparency and accountability in the financial services sector by harnessing mechanisms to address financial fraud.

6. Strengthening African cooperation: Encouraging stronger cooperation among African countries is crucial to facilitate the exchange of experiences and knowledge in the field of financial technology and promote financial inclusion. This can be accomplished by establishing forums and platforms that facilitate dialog and collaborative efforts.

The findings of this study offer valuable insights, but it’s essential to acknowledge its limitations and identify areas for further research. Future investigations could benefit from broadening the scope to include more countries and extending the study period for a more comprehensive perspective. One potential avenue for future research involves constructing a composite “index” for financial inclusion and financial technology, offering an alternative to the traditional method of single selection. This approach aims to encompass all dimensions within an index. Furthermore, enhancing the comprehensiveness of the analysis could be achieved by incorporating additional control variables, especially institutional factors. Adopting alternative methodologies such as quantile-on-quantile regression and Fourier ARDL may provide a deeper understanding and robustness to the findings. However, it’s crucial for future research to prioritize analyzing the role of financial inclusion and the adoption of financial technology in promoting investment and production activities within the context of environmental sustainability.
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Robust standard errors in parentheses: **%p <0.01; **p<0.05; *p<0.1
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