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Abstract

Limited digital financial infrastructure in many Sub-Saharan African countries continues to constrain the
extent to which foreign direct investment translates into broad-based economic development outcomes. This
study examines whether digital financial inclusion (DFI) influences the relationship between foreign direct
investment (FDI) and economic development in 34 Sub-Saharan African countries from 2000 to 2022,
comprising 782 country-year observations. Using a two-step system Generalised Method of Moments (Sys-
GMM) estimator alongside bootstrapped mediation analysis, the findings show that FDI exerts a positive and
statistically significant total effect on GDP per capita growth. Results further indicate that DFI partially
mediates this relationship, accounting for approximately 44.2% of FDI's growth effect through the digital
financial channel (indirect effect: a x b = 0.138; bootstrapped 95% confidence interval [0.062, 0.221]). The
significant coefficient of the FDI x DFI interaction term suggests that foreign capital inflows and digital financial
depth complement one another in promoting economic development. Pre-estimation diagnostics reveal
cross-sectional dependence, which is addressed using clustered standard errors and supports the adoption
of the dynamic panel Sys-GMM framework. The findings remain robust across six alternative model
specifications. These results provide important policy implications for strengthening digital infrastructure and
improving the developmental impact of foreign investment across Sub-Saharan Africa

Keywords: foreign direct investment; digital financial inclusion; economic development; mediation analysis;
mobile money
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1.0 Introduction

Sub-Saharan Africa (SSA) is at a critical point in its development. Although the region posted some of the
highest economic growth rates in the decade before the COVID-19 pandemic, it still faces structural
challenges. These include weak domestic financial systems, high levels of informality, inadequate
infrastructure, and limited industrial diversity. These issues make it hard for the region to turn economic
growth into widespread development and poverty reduction (Kabeya, 2025; Adeboje, 2025). Foreign direct
investment (FDI) is central to this development financing landscape. It has become SSA's most stable and
significant source of external capital, outpacing official development assistance and portfolio flows for much
of the time since 2000 (UNCTAD, 2025). From 2000 to 2022, FDI net inflows to SSA grew from about USD
15 billion to over USD 52 billion each year (UNCTAD, 2025). However, the benefits of FDI have been uneven
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and often fall short of their potential. This gap reflects a mismatch between capital inflows and the region's
ability to use that capital (Adegboyega et al., 2026; Mariotti & Meacci et al., 2022).

A well-known part of the literature emphasizes that developing domestic financial markets is vital for FDI to
create widespread growth benefits (Bunde & Daniel, 2026; Yeboah et al., 2026). Foreign investors bring in
new technology and management practices. Still, for these benefits to occur, local firms and households need
to access credit, utilize payment systems, and build savings (Garetto et al., 2025; Nguyen, 2026). In this
context, the rapid rise of digital financial inclusion (DFl) in SSA—home to about 502 million registered mobile
money accounts, which is nearly half of the global total (Akenzua, 2025)—provides a potential mechanism
to boost FDI-led growth.

Despite the strong theoretical basis for this hypothesis, no previous study has systematically tested DFl as a
mediator in the FDI-growth relationship for SSA. This study aims to fill that gap. We create a multidimensional
DFI composite index, estimate the total, direct, and indirect effects using two-step Sys-GMM and
bootstrapped mediation analysis, and confirm our results through six robustness checks. Figure 1 presents
the conceptual framework.

The broad objective of this study is to examine whether digital financial inclusion influences the relationship
between foreign direct investment and economic development in Sub-Saharan Africa. Specifically, the study
seeks to determine the effect of foreign direct investment on economic development, examine the influence
of foreign direct investment on digital financial inclusion, investigate the effect of digital financial inclusion on
economic development.

In line with these objectives, the study seeks answers to the following questions: To what extent does foreign
direct investment influence economic development in Sub-Saharan Africa? Does foreign direct investment
significantly affect digital financial inclusion? What effect does digital financial inclusion have on economic
development?

To provide empirical answers to these questions, the study tests the hypotheses that foreign direct investment
has no significant effect on economic development in Sub-Saharan Africa; foreign direct investment has no
significant effect on digital financial inclusion.

2.0 Review of Related Literature
Concept of FDI and Economic Development in Sub-Saharan Africa

The relationship between foreign direct investment (FDI) and economic development is rooted in endogenous
growth theory, technology gap theory, and new institutional economics. FDI contributes to economic
development by increasing the productive capital stock of host economies while simultaneously generating
knowledge spillovers, technology transfer, managerial improvements, and greater access to international
markets. These channels accelerate total factor productivity growth beyond what can be achieved through
domestic investment alone (Gao et al., 2026; Abor & Bekoe, 2025). These benefits are particularly important
for Sub-Saharan African economies that continue to experience technological and industrial gaps.
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In this study, foreign direct investment is operationalized as net FDI inflows expressed as a percentage of
GDP. This measure captures the relative contribution of foreign investment to domestic economic activities
while accounting for differences in country sizes. Economic development, which serves as the outcome
variable, is operationalized using GDP per capita growth rate as an indicator of improvements in living
standards and productive economic performance across countries.

Recent empirical studies suggest that the growth effects of FDI are conditional rather than automatic.
Kwablah and Amoah (2023), using a panel of 38 SSA countries, find that productivity spillovers from FDI are
substantially larger in economies with more developed financial systems. Azimi (2022) shows that the
developmental gains from FDI depend considerably on institutional quality and human capital accumulation.
Chairul et al. (2025) further indicate that resource-seeking FDI produces weaker domestic multiplier effects
compared with efficiency-seeking investment. An important stream of literature identifies financial systems
as major conditioning factors. An et al. (2022) report that deeper and more inclusive financial systems
enhance the growth benefits derived from foreign investment, while Hao et al. (2026) confirm that digital
infrastructure shapes the relationship between external capital inflows and economic performance. These
findings provide the theoretical foundation for examining digital financial inclusion as a mediating mechanism.

Digital Financial Inclusion and Economic Development

Digital financial inclusion (DFI) has emerged as a major channel for expanding access to financial services
and promoting inclusive growth. Nguyen (2026) identifies six major pathways through which DFI contributes
to economic development, including transaction cost reduction, improved credit allocation, savings
mobilization, risk diversification, facilitation of remittance flows, and expansion of participation in formal
economic activities. These mechanisms are particularly relevant in Sub-Saharan Africa where approximately
57% of adults remained unbanked as of 2021 despite widespread mobile phone penetration exceeding 80%
in several countries.

In this study, digital financial inclusion is operationalized using a multidimensional composite index
constructed from indicators reflecting digital access, usage, and penetration. These indicators include mobile
money account ownership, digital transaction usage, mobile subscription penetration, and other relevant
digital finance indicators. The composite index approach is adopted because digital financial inclusion is
multidimensional and cannot be adequately represented by a single indicator.

Empirical evidence increasingly supports the role of digital financial inclusion in driving economic
transformation. Garetto et al. (2025) and Akenzua (2025) demonstrate that mobile financial services
significantly increase household investments in productive activities. Olaoye et al. (2026) find that digital
financial access contributes to reducing income inequality within SSA economies. Nsiah and Tweneboah
(2025) observe that broader financial inclusion reduces poverty with stronger effects in low-income
communities. Similarly, Appiah et al. (2025) show that digital payment systems stimulate enterprise
expansion and improve credit allocation mechanisms. Imomkulov et al. (2026) further report that economies
characterized by higher digital payment adoption are more effective at transforming external capital inflows
into productive domestic investments. These findings directly support the proposition that digital financial
inclusion may serve as a transmission mechanism through which foreign direct investment generates
stronger developmental outcomes.
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Theoretical Synthesis: The Mediation Framework

We create our mediation hypothesis using financial intermediation theory (Levine, 2005; Appiah et al., 2025),
the absorptive capacity hypothesis (Hao et al., 2026), and the digital finance diffusion model (Nguyen, 2022).
The causal process unfolds in two stages. In Stage 1, FDI increases demand for financial services among
local firms, employees, and nearby communities. This creates demonstration effects that enhance the
perceived value of digital financial tools. In Stage 2, deeper DFI enhances FDI's growth impact by: (a)
reducing credit and payment issues that hold back connections between local suppliers and foreign affiliates;
(b) helping households mobilize savings that turn FDI income into capital formation; and (c) expanding access
to formal risk instruments that enable microenterprise investment. This leads to a partial mediation prediction:
FDI's direct capital and technology channels work independently of financial intermediation, while the DFI
channel conveys an additional portion of FDI's growth effect.

Empirical Review

Kwablah and Amoah (2023) investigated the relationship between foreign direct investment and economic
growth across 38 Sub-Saharan African countries using panel fixed effects and system GMM estimation
covering the period 2000-2020. The study employed GDP per capita growth as the measure of economic
development and FDI net inflows as the primary explanatory variable. Findings revealed that FDI exerts a
positive and statistically significant influence on economic growth; however, the magnitude of the effect varies
considerably across countries depending on institutional quality and macroeconomic stability. The study
concluded that foreign capital inflows remain an important source of growth for developing economies but
require complementary domestic conditions to maximize developmental outcomes.

Hao et al. (2026) examined whether external capital inflows stimulate digital financial development in 42
developing economies using panel dynamic estimation techniques between 2005 and 2023. Digital financial
inclusion indicators including mobile money penetration, digital payment adoption, and internet financial
access were used to measure financial digitalization. The findings showed that FDI significantly promotes
digital financial expansion through technology diffusion, infrastructure investments, and increased
competition within domestic financial markets. The study concluded that foreign investment contributes not
only to capital accumulation but also to digital transformation within host economies.

Olaoye et al. (2026) examined the relationship between digital financial inclusion and economic performance
in Sub-Saharan Africa using panel data from 35 countries between 2004 and 2023. The study utilized a
composite digital financial inclusion index constructed from mobile banking usage, account ownership, and
digital transaction indicators while economic development was measured using GDP per capita growth and
poverty indicators. Using two-step system GMM estimation, findings indicated that improvements in digital
financial access significantly enhance economic growth, reduce inequality, and improve productive
investment opportunities. The study concluded that expanding digital financial services contributes
significantly to long-run economic development.

Imomkulov et al. (2026) investigated the indirect transmission mechanisms through which foreign capital
affects economic performance across emerging economies using mediation analysis combined with dynamic
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panel estimation techniques. The study measured digital financial inclusion through indicators of digital
payment adoption, mobile financial services, and financial technology usage. Results revealed that digital
financial inclusion significantly mediates the relationship between foreign investment and economic growth
by improving domestic capital allocation and strengthening financial intermediation processes. The findings
suggest that the developmental impact of foreign investment becomes stronger when digital financial systems
are sufficiently developed.

An et al. (2022) investigated whether financial inclusion conditions the effectiveness of foreign investment
using panel data from developing economies between 2001 and 2020. Interaction terms between foreign
investment and financial inclusion indicators were estimated using dynamic panel regression techniques.
Findings showed that economies characterized by deeper and more inclusive financial systems experience
stronger positive effects of FDI on economic performance compared to countries with weaker financial
access. The study concluded that financial inclusion acts as an important complementary factor that
strengthens the growth-enhancing effects of foreign investment.

Figure 1: Conceptual Framework — Partial Mediation Model

DFI Index
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Figure 1: Conceptual Framework — Partial Mediation Model. FDI affects GDP per Capita Growth via
two paths: a direct path (c') and an indirect DFI-mediated path (a x b). Both direct (c'= 0.174) and indirect
(axb = 0.138) effects are significant, confirming partial mediation (44.2% of total effect). Source: Authors'
design.

3.0 Methodology

The empirical analysis includes 34 SSA countries from 2000 to 2022 (N = 782 country-year observations).
Countries were chosen based on data availability to ensure representativeness across SSA's sub-regions.
Table 1 lists variable definitions, proxies, and sources.

Table 1: Variable Descriptions, Proxies, Expected Signs, and Data Sources
21
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Variable Role in Model | Proxy / Indicator Source ::(gp:cted
GDP per capita | Dependent Annual % change in | World  Bank — V)
growth (%) variable GDP per capita WDI
Key
FDI net inflows independent | % of GDP UNCTAD / +
. WDI
variable
PCA composite:
mobile money
GSMA;  IMF
- e - ,
DF! Index (0-1) Me@atmg ownershp (%), digital FAS:  World | +
variable transaction  volume, ,
- Bank Findex
digital payment % of
adults
Control (Exports + Imports) /
Trade openness variable GDP WDI +
inflation (cPY) | ©O"™ Annual % change | WDI -
variable
Instl’Futlonal Coptrol Rule of Law index WG +
quality variable
Human caoital Control Secondary school | WDI / .
P variable enrolment (%) UNESCO

Note: All controls lagged one period to reduce simultaneity. DFI Index uses PCA first principal component
(explains 68.4% of variance; KMO = 0.72; Bartlett p < 0.001). All variables winsorised at 1st and 99th
percentiles.

Table 2: Descriptive Statistics (N = 782; 34 Countries; 2000-2022)

Variable Obs. | Mean il Min Max
Dev.

GDP per capita growth (%) 782 321 | 4.87 -12.40 | 19.65

FDI net inflows (% GDP) 782 |3.54 |5.22 -2.10 | 43.30
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Variable Obs. | Mean il Min Max
Dev.

DFI Index (0-1 composite) 782 |0.31 0.18 0.04 |0.79

Trade openness (% GDP) 782 16318 | 2940 |18.70 |171.20

Inflation, CPI (%) 782 862 |1014 |-250 |72.30

Institutional quality (WGI) 782 | -0.62 |0.59 =211 [ 1.02

Human capital (enrolment %) | 782 |48.30 |22.16 |9.60 | 93.50

Source: Authors' compilation from World Bank WDI, UNCTAD, IMF FAS, GSMA, World Governance
Indicators. DFI Index ranges from 0.04 (Chad, 2001) to 0.79 (Kenya, 2022).

Figure 2 illustrates the DFI Index distribution across 34 representative SSA countries for 2000 and 2022,
revealing wide cross-country variation and substantial deepening of digital financial inclusion over the sample
period.

Figure 2: Digital Financial Inclusion (DFI) Index — 17 Selected SSA Countries
2015 vs. 2022 (Green = High; Teal = Medium; Orange = Low)

i
Nig - !
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Figure 2: Digital Financial Inclusion (DFI) Index — 34 Selected SSA Countries (2000 vs. 2022). Bars
colour-coded by DFl tier: green = high (=20.55); teal = medium (0.35-0.54); orange = low (<0.35). Dashed

red line = panel mean (0.31). Source: Authors' PCA composite from GSMA Mobile Money Dataset and
IMF Financial Access Survey.
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Pre-Estimation Diagnostics

Before specifying the dynamic panel model, three important pre-estimation diagnostic tests were conducted.
First, cross-sectional dependence (CD) was examined using the Pesaran (2004) CD statistic. Countries
within Sub-Saharan Africa are exposed to common external shocks including global commodity price
fluctuations, COVID-19 disruptions, and monetary policy cycles associated with the United States Federal
Reserve, thereby increasing the likelihood of correlated panel residuals. The estimated CD statistic (14.82;
p < 0.001) indicates the presence of strong cross-sectional dependence, thereby justifying the adoption of
clustered standard errors throughout the estimation process. Second, panel unit root properties were
examined using the Cross-Sectionally Augmented Im-Pesaran-Shin (CIPS) test proposed by Pesaran (2007),
which accounts for cross-sectional dependence. The results indicate that GDP per capita growth and the
Digital Financial Inclusion (DFI) Index are integrated of order one, 1(1), at levels but become stationary after
first differencing, while foreign direct investment and trade openness are stationary at levels, indicating
integration of order zero, 1(0). The mixed order of integration supports the suitability of the System
Generalised Method of Moments (Sys-GMM) framework, which combines level equations with first-difference
equations while maintaining the growth specification for the dependent variable. Third, instrument relevance
was assessed using the Kleibergen-Paap rk statistic. The estimated statistic (F = 28.6; p < 0.001) confirms
that the selected instruments possess sufficient explanatory power in the first-stage estimation and are
therefore appropriate for addressing potential endogeneity concerns within the model specification. Figure 6
presents a summary of the diagnostic outcomes..

Figure 6: Pre-Estimation Diagnostic Tests and Model Validity Summary

PASS PASS PASS PASS PASS PASS PASS PASS

Figure 6: Pre-Estimation Diagnostic Tests and Model Validity Summary. CIPS unit root test confirms
integration orders; Pesaran CD test confirms cross-sectional dependence (addressed by clustered SEs);
Hansen J and AR(2) tests confirm Sys-GMM instrument validity; Kleibergen-Paap confirms instrument
relevance. Source: Authors' pre-estimation diagnostics.

DFI Index Construction

The Digital Financial Inclusion (DFI) Index is constructed using Principal Component Analysis (PCA) as a
composite measure derived from three dimensions: (i) mobile money account ownership measured as the
percentage of the population aged 15 years and above with mobile money accounts (GSMA), (ii) digital
transaction volume per 1,000 adults obtained from the IMF Financial Access Survey, and (iii) the proportion
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of adults making or receiving digital payments within the previous year sourced from the Global Findex
database and World Bank indicators. The suitability of PCA for index construction is confirmed through the
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity. The estimated
KMO statistic of 0.72 exceeds the minimum threshold of 0.60, while Bartlett’s test of sphericity (x* = 1,482; p
< 0.001) indicates significant correlations among the variables, confirming the appropriateness of factor
extraction. The factor loadings associated with the retained first principal component are 0.841 for mobile
money ownership, 0.874 for digital transaction volume, and 0.798 for digital payment adoption. The first
principal component explains approximately 68.4% of the total variation within the data and is subsequently
normalized to range between 0 and 1 to enhance interpretability and facilitate cross-country comparison.

Econometric Strategy: System GMM

The main estimator is the two-step System GMM of Blundell and Bond (1998), enhanced by the Roodman
(2009) collapsed instrument approach to reduce instrument proliferation. Sys-GMM fits well for this panel due
to: (i) persistence in GDP per capita growth (lagged DV significant; ¢ = 0.194); (ii) the potential endogeneity
of FDI and DFI with economic performance; (iii) country-specific fixed effects; and (iv) a structure where N
(34) is greater than T (23). The main dynamic growth equation is:

GROWTH_jt= a + o-GROWTH_i,t=1+ 3;-FDI_it + B,-DFI_it + B5-(FDI_it x DFI_it) + y-X_it + i + A,

+e it [1]
where GROWTH_it is GDP per capita growth (%); FDI_it is net inflows (% of GDP); DFI_it is the composite
DFI Index; X_it is the control vector (trade openness, inflation, institutional quality, human capital); and i, A;
are country and time fixed effects. We check model validity with the Hansen J-test and the Arellano-Bond
AR(2) test. Instrument counts (29-31) are confirmed below N = 34 panels, preventing instrument proliferation
bias.

Mediation Analysis

Mediation effects are assessed using the product-of-coefficients approach based on the procedures
developed by Hayes (2018) and Zhao et al. (2010). This approach evaluates the indirect transmission
mechanism by estimating the product of the coefficient linking the independent variable to the mediator and
the coefficient linking the mediator to the outcome variable, thereby providing evidence regarding the
magnitude and significance of the mediating effect. The indirect effect (a x b) is the product of: Path a (a;:
coefficient of FDI on DFI from the fixed-effects LSDV equation [2]) and Path b (B.: coefficient of DFI on growth
controlling for FDI from equation [1]):

DFI_it=ap+ a; FDIit+ az X_it+ pi+ A+ u_it  [2]
Equation [2] is estimated by within-group fixed-effects OLS (LSDV) with clustered standard errors. The
indirect effect is interpreted as 'GDP growth percentage points per one percentage-point change in FDI/GDP,
transmitted via the DFI channel.' Statistical significance was assessed using bootstrapped 95% Cls (5,000
replications; bias-corrected). Partial mediation is confirmed if both ¢' and axb exclude zero (Zhao et al., 2010).

4.0 Data Analysis and Discussion of Findings
GMM Regression Results
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Table 3 shows results across four model specifications. Models 1-2 are OLS dynamic panel benchmarks
(subject to Nickell bias and presented for comparison only). Models 3—4 are the preferred two-step Sys-GMM
specifications. AR(2) and Hansen J test p-values exceed 0.10 in all GMM specifications, confirming
instrument validity and the absence of second-order serial correlation.

Table 3: Estimation Results — OLS Benchmarks (Models 1-2) and Sys-GMM (Models 3-4). Dependent
Variable: GDP per Capita Growth (%)

Variable Model 1 OLS* “D"I‘:’I'j"e' 2 OLS + glc\,n‘lj\:l(Pr:ferif)- gl?ndnﬁl _4 Sys;

Interaction
FDI netinflows (B1) | 0.312*** (0.084) | 0.198* (0.091) | 0.174** (0.079) | 0.155** (0.077)
DFI Index (8,) — 0.441** (0.113) | 0.389*** (0.105) | 0.321*** (0.099)
fBDgI)x DFlInteraction | . . 0,287 (0.088)
Trade openness 0.021* (0.011) | 0.018* (0.010) 0.020* (0.011) 0.019* (0.010)
Inflation (CPI) ('583014) ('0000;98) —0.095** (0.028) (_00 602973)***
Institutional quality | 0.521** (0.201) | 0.488** (0.195) | 0.471**(0.188) | 0.454** (0.182)
Human capital 0.043* (0.018) | 0.039* (0.017) | 0.037**(0.016) | 0.036** (0.016)
;ffﬁ;d GDP P 211% (0.061) | 0.198™* (0.058) | 0.194" (0.056) | 0.191"* (0.055)
Observations 782 782 782 782
Countries 34 34 34 34
AR(2) p-value — (OLS)* — (OLS)* 0.371 0.354
Hansen J p-value | — (OLS)* — (OLS)* 0.327 0.319
Instruments — — 29 31
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Note: Robust SEs clustered at country level in parentheses. *** p<0.01; ** p<0.05; * p<0.10. *Models 1-2
are OLS benchmarks subject to Nickell (1981) bias — not for inference. Models 3—4 are preferred Sys-
GMM specifications.

FDI exerts a positive and significant effect across all specifications. The decline in the FDI coefficient from
0.312 (Model 1) to 0.174 (Model 3) upon introduction of the DFI Index is consistent with partial mediation.
The DFI Index is positively and highly significantly associated with growth in Models 2—4 (8, = 0.389 in Model
3). The significant positive interaction coefficient (85 = 0.287; p < 0.01) confirms FDI-DFI complementarity —
the marginal effect analysis shows that FDI's growth benefit nearly doubles moving from the 25th percentile
(marginal effect = 0.168) to the 75th percentile (0.318) of the DF| distribution. Figure 3 provides visual support.

Figure 3: FDI vs. GDP per Capita Growth — SSA Panel (2000-2022)
Stratified by DFI Level: High vs. Low Digital Financial Inclusion

High DFI country-years (Index = 0.30)
304 Low DFI country-years (Index < 0.30)
== High DFI slope: p = 1.92%+*

== = ]ow DFI slope: B = 0.91**

25 4 DFI amplification gap

20 1

~2x amplification
- of FDI g||‘u§¢'l|| )

- effect in high-DFI

- country-years

GDP per Capita Growth (%)

(Ji(] 2‘:': 5‘() 7‘5 1(; 0 12‘,3 lf’: 0 I7‘,5 2(;,[)
FDI Net Inflows (% of GDP)

Figure 3: FDI vs. GDP per Capita Growth — SSA Panel (2000-2022), Stratified by DFI Level. Solid
green line: high-DFI country-years (Index = 0.30; 8 = 1.92); dashed orange line: low-DFI country-years
(Index < 0.30; B = 0.91). Teal shading = DFI amplification gap — ~2x larger FDI-growth slope in high-
DFI environments. Source: Authors' panel estimates; World Bank WDI; GSMA (2023).

Mediation Decomposition

Table 4 presents the formal bootstrapped mediation decomposition. The total effect (¢ = 0.312) decomposes
into: direct effect (¢' = 0.174; 95% CI [0.019, 0.329]) and indirect effect via DFI (a x b = 0.138; 95% CI [0.062,
0.221]). Both Cls exclude zero, confirming partial mediation (Zhao et al., 2010). Digital financial inclusion
mediates approximately 44.2% of FDI's total growth effect. Path a (FDI — DFI: a; = 0.354; p < 0.01) and
Path b (DFI — Growth | FDI: B, = 0.389; p < 0.01) are both individually significant.

Table 4: Mediation Decomposition — FDI Effect on GDP per Capita Growth via DFI (Bootstrapped Cls;
5,000 Replications)
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0,
Effect Component Coefficient | Std. Error glootstrap e Classification
Total effect (c) 0.312*** 0.084 [0.147,0.477] —
Direct effect (c') 0.174* 0.079 [0.019, 0.329] Significant
Indirect effect via DF1 | ) 1gu 0.041 0.062,0221] | Significant
(axb)
Proportion mediated | 44.2% — [28.1%, 61.4%] Partial mediation
Path a (FDI — DFI) 0.354** 0.097 [0.163, 0.545] Significant
rlfg‘l)b (DFl = Growth | g guss 0.105 [0.183,0595] | Significant

Note: All indirect effects estimated via bias-corrected bootstrapped Cls (5,000 replications). Partial
mediation confirmed — both direct (¢) and indirect (axb) effects are statistically significant with Cls
excluding zero (Zhao et al., 2010; Hayes, 2018).

Figure 4: Decomposition of FDI's Growth Effects — Direct vs. DFI-Mediated Channel
Sys-GMM + Booltstrapped Mediation Analysis (5,000 Replications)

Proportion of Total FDI Effect
Effect Decomposition with 95% Bootstrap Cls by Channel

=

0.31 2%+

-

0.174%**

0.138%%* >=0.31:
DFI-mediated: 44.2%
axb=0.138

ltLLfi U thI t[) In
FDI - (Jowtl D[ I

o
w

[¥]

=)

Effect coefficient on GDP per Capita Growth

o
o

tLﬂ’ T.t xb}
DFI - v

Figure 4: Decomposition of FDI's Growth Effects — Direct vs. DFI-Mediated Channel. Left: effect
coefficients with 95% bootstrapped Cls (blue = total; navy = direct; green = indirect/DFI-mediated). Right:
proportional donut showing 55.8% direct and 44.2% DFI-mediated shares of total FDI effect. Source:
Authors' Sys-GMM + bootstrapped mediation estimates (N=782).
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Robustness Analysis

Table 5 and Figure 5 present six robustness exercises. The indirect effect ranges from 0.119 (LSDV) to 0.179
(post-2010 subsample), with all estimates positive and significant. The post-2010 strengthening is consistent
with the intensification of mobile money penetration. The FDI direct coefficient ranges from 0.145 to 0.219 —

all statistically significant in the expected direction.
Table 5: Robustness Checks — Stability of Core Findings Across Six Specifications

Specification FDI  Coef. | DFI  Coef. | Indirect Conclusion
(B1) (B2) (axb)

1. Baseline Sys-GMM (Model 3) | 0.174** 0.389*** 0.138*** Benchmark

2. Alt. DFI proxy (mobile money 0.169** 0.374% 0128 Robust

only)

3. Excl. resource-rich countries | 0.161** 0.401** 0.141* Robust

4. Syear  non-overiapping | ) o . 0.412" 0.155** Robust

averages

5. LSDV fixed effects estimator | 0.145* 0.361*** 0.119* Robust

6. Post-2010 subsample 0.219** 0.478** 0.179* Robust ~ —
stronger

Note: *** p<0.01; ** p<0.05; * p<0.10. All specifications include country and time fixed effects and full control

vector.
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Figure 5: Robustness Coefficient Stability Across Six Specifications

Direct FDI Coefficient (1) = GDP per Capita Growth

Coefficient

sopsk

bk
¥ Indirect Effect via DFI (axb) = GDP per Capita Growth s+

b
&

Coefficient

2. Alt. DFI
(MM only)

Figure 5: Robustness Coefficient Stability — Direct FDI Coefficient (top) and Indirect Effect via DFI
(bottom) Across Six Specifications. Error bars = bootstrapped 95% Cls. *** p<0.01; ** p<0.05; * p<0.10.
Dashed navy = baseline Sys-GMM. All estimates positive and significant. Post-2010 effects consistently
larger. Source: Authors' estimates.

Discussion of Findings

The results from the Sys-GMM estimations indicate that foreign direct investment exerts a positive and
statistically significant effect on economic development across Sub-Saharan African countries. This effect
remains robust across all model specifications, even after controlling for endogeneity, dynamic persistence,
and macroeconomic factors. The magnitude of the FDI coefficient decreases once digital financial inclusion
is introduced, suggesting that part of its effect operates through the financial digitalization channel. This
finding is consistent with endogenous growth theory, which emphasizes that FDI enhances economic
performance through capital accumulation, technology transfer, and productivity spillovers. Empirically, this
result aligns with Kwablah and Amoah (2023) and Azimi (2022), who also report that FDI contributes
positively to growth outcomes in Africa, particularly when supportive domestic conditions are present.

The findings further show that digital financial inclusion has a strong and significant positive effect on
economic development. The DFI index consistently records positive coefficients across all specifications,
confirming that improvements in mobile money usage, digital payments, and transaction systems enhance
economic performance. This result suggests that digital financial systems improve resource allocation,
reduce transaction costs, expand access to financial services, and promote broader participation in
economic activities. The outcome supports the financial development-growth nexus and is consistent with
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Olaoye et al. (2026) and Appiah et al. (2025), who find that digital financial systems significantly improve
growth, reduce inequality, and strengthen enterprise development in Sub-Saharan Africa.

The mediation and interaction results provide stronger evidence that digital financial inclusion is a key
transmission mechanism in the FDI-growth relationship. The mediation analysis shows that approximately
44.2% of the total effect of FDI on economic development operates indirectly through digital financial
inclusion, confirming partial mediation. In addition, the significant positive interaction term indicates
complementarity between FDI and digital financial inclusion, meaning that the growth impact of foreign
investment is stronger in countries with higher levels of digital financial development. This supports findings
by Imomkulov et al. (2026) and An et al. (2022), who emphasize that financial inclusion strengthens the
developmental impact of capital inflows. Overall, the evidence suggests that digital financial infrastructure
plays both a mediating and amplifying role in translating foreign investment into sustainable economic
development in Sub-Saharan Africa

5.0 Conclusion and Recommendations

This study presents robust panel evidence indicating that digital financial inclusion (DFI) significantly
mediates the relationship between foreign direct investment (FDI) and economic development in Sub-
Saharan Africa (SSA). An analysis of 34 SSA countries from 2000 to 2022, employing two-step Sys-GMM
and bootstrapped mediation analysis, reveals that FDI positively influences GDP per capita growth, with
approximately 44.2% of this effect transmitted through the DFI channel (a x b = 0.138; CI: [0.062, 0.221]).
Both direct and indirect effects are significantly independent, confirming partial mediation. The significant
interaction between FDI and DFI supports the complementarity hypothesis, indicating that FDI's marginal
growth benefit nearly doubles in high DFI environments. Findings are robust across six alternative model
specifications.

At the national level, SSA governments should integrate digital financial infrastructure—such as mobile
money interoperability, open banking frameworks, digital identity systems, and fintech regulations—into their
national investment promotion strategies. Investment Promotion Agencies (IPAs) should focus on FDI in
sectors with high potential for digital financial integration, including agritech, e-commerce, mobile financial
services, and light manufacturing, rather than defaulting to extractive investments.

At the regional and multilateral levels, institutions such as the African Development Bank, IDA/World Bank,
and bilateral development finance entities should recognise digital financial infrastructure as essential for
attracting FDI. Public investment in digital public goods—such as interoperable payment systems, open
finance APIs, and digital registries—can create positive externalities that significantly enhance the growth
benefits of foreign capital. The AfCFTA digital trade protocol serves as a strategic framework for harmonising
digital financial standards across the continent.

Based on the empirical findings, it is recommended that Sub-Saharan African governments strengthen
policies aimed at attracting and retaining foreign direct investment, particularly in sectors with strong spillover
potential such as manufacturing, technology, and digital services, while simultaneously improving institutional
quality and human capital to enhance absorptive capacity. In addition, greater emphasis should be placed
on expanding digital financial inclusion through improved mobile money infrastructure, broader access to
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digital payment systems, and supportive fintech regulations that reduce transaction costs and increase
financial accessibility for underserved populations. Furthermore, policy frameworks should deliberately
integrate foreign investment strategies with digital financial development initiatives, as evidence of both
mediation and complementarity effects suggests that the developmental impact of FDI is significantly
enhanced in economies with stronger digital financial systems.
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