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Abstract

Innovation has emerged as an essential conduit for driving productivity, competitiveness and sustainability.
However, its outcomes may not be fully realised without appropriate digital and financial systems. Con-
sidering this and motivated by SDG 9 and the African Digital Transformation Agenda 2063, this study
contributes to knowledge by exploring the direct and synergistic effects of the digital economy and financial
development on innovation across 29 African countries between 2011-2021 using the generalised method
of moments estimation technique. Results show that the digital economy fosters innovation in Africa. Sim-
ilarly, the individual components of the digital economy exert a positive influence on innovation, implying
that innovation in Africa is stimulated by the combined effect of several digital elements that operate col-
lectively to improve communication, efficiency, and the diffusion of knowledge. Additionally, the findings
elucidate that well-developed financial systems are crucial for innovation, underscoring the pivotal role of
financial development in the innovative ecosystem. Furthermore, the study presents that the contribution of
the digital economy to innovation is fueled by financial development. Thus, financial development amplifies
the impact of the digital economy on innovation, suggesting that integrated strategies targeted at developing
the financial market and digital systems could lead to greater innovation outcomes. Hence, the study recom-
mends that policies aimed at improving the digital economy and financial development should be addressed
concurrently to foster innovation. Also, there is a need to expand access to investment, funding, and digi-
tal financial services to assist individuals and organisations in transforming digital potential into innovative
outcomes.
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1 Introduction

In an era characterised by rapid technological advancements, the digital economy has become a disruptive force
that is changing global economic landscapes. The digital economy refers to the network of economic activities
driven by the interconnection of businesses, data, devices, operations and individuals through technology. This
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encompasses online transactions across different sectors and technologies, including big data, mobile technol-
ogy, the internet and information and communications technology (Javaid et al., 2024). This aligns with the G20
Digital Economy Ministers Meeting on July 22 2020 which provides a more expansive definition of the digital
economy as “all economic activity reliant on, or significantly enhanced by the use of digital inputs, including
digital technologies, digital infrastructure, digital services, and data; it refers to all producers and consumers,
including government, that are utilising these digital inputs in their economic activities” (G20 DETF, 2020, p.
4). This indicates that the digital economy is more advanced and requires more than just using a computer and
the extension of traditional economies to ensure value creation. This has emerged as an essential driver of the
growth of economies and structural change.

In Africa, the digital economy is not just a strategic necessity but also holds the potential to revolutionise
the continent. It represents more than just a technological advancement; it is a catalyst for inclusive growth,
economic diversification and transformative development across the continent. This potential is underpinned
by Africa’s abundant resources, growing internet connectivity, subsea cable network, rapid mobile penetration,
and a young and digitally inclined population, putting the continent in a unique position to become a leader
among today’s rising economies. As a result, the belief in the digital economy requires no leap of faith. It is
a reality that needs to be embraced. Given this, the African Union has committed to growing the continent’s
already fast-growing digital economy through ‘The Digital Transformation Strategy for Africa (2020-2030)’,
making digitally enabled socio-economic development a high priority (Union, 2020). This initiative ensures
that African countries, businesses and individuals are digitally enabled by 2030. This digital force becomes a
driving force for growth and innovation (Gaglio et al., 2022), which is consistent with the Sustainable Develop-
ment Goal (SDG) 9, emphasising the need to “Build resilient infrastructure, promote inclusive and sustainable
industrialisation, and foster innovation™. This stems from the fact that innovation is embedded in the very fab-
ric of the digital economy and naturally contributes to the development of innovation output. Thus, the digital
economy provides an unparalleled opportunity for accelerating innovation-driven development and avoiding
the traditional phases of industrialisation. This ensures new ways of doing things and completely new forms of
doing things, providing a revolutionary boost to innovation. Xu and Li (2022) highlight that the digital economy
serves as a transformative force for innovation by reducing barriers to entry, enabling real-time data transmis-
sion, and promoting collaborative ecosystems. For instance, digital platforms reduce search and communication
costs, providing companies with access to global talent pools and speeding up research and development (Yu et
al., 2023). This highlights an interplay between the digital economy and innovation, which merits investigation.

While scholarly interest in the nexus between the digital economy and innovation has been increasing, no-
table gaps remain. The bulk of empirical research focuses on developed economies (Afonasova et al., 2019; Xu
& Li, 2022; Zhou et al., 2024; Egbeleo & Sodokin, 2025), leaving Africa relatively underexplored. Also, within
the African context, previous academic discussions have primarily examined the role of the digital economy
on agricultural development (Wang et al., 2023), inclusive growth (Maston-Oracz et al., 2020), and economic
growth (Dah et al., 2025). However, little attention has been paid to its influence on innovation output. Further,
scholars who have attempted to explore this relationship often restrict their analysis to digital infrastructure
such as mobile, internet, telephone and broadband subscriptions (Gaglio et al., 2022; Osei, 2024). While these
indicators are important, this narrow focus provides a limited understanding of the broader digitalisation pro-
cess, overlooking critical institutional, digital services, trade and technologies, and socioeconomic dimensions
of the digital transformation, a gap that the concept of the digital economy addresses. In this light, this study
advances knowledge by adopting a more comprehensive perspective through the construction of a multidimen-
sional digital economy index. Unlike previous studies that rely solely on infrastructure indicators, this index
integrates the digital services, trade and technologies and socioeconomic dimensions, providing a more nuanced
understanding of how the digital economy fosters innovation.

Another issue discovered from the literature is that studies that have considered the relationship between
digitalisation and innovation reveal conflicting evidence. For instance, Zhuo and Chen (2023) posit that digital-
isation fosters innovation. In contrast, Liu et al. (2023) report no significant effect, except within a lag period
of 2-3 years. This divergence suggests that the relationship could be potentially influenced by external fac-
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tors. Consequently, scholars have begun considering the intervening role of human capital (Osei, 2024) on the
digital-innovation nexus. Nevertheless, the potential role of financial development remains largely unexplored,
leaving a gap in knowledge of how the financial systems strengthen or weaken this relationship. According
to Shan et al. (2023), financial development lowers total risk and increases credit opportunities for the digital
economy, ultimately benefiting innovation. Du and Wang (2024) add that financial development reduces loan
interest rates, eases financing constraints, and expands funding sources for digital projects. This suggests that
access to affordable and diversified financial services remains a key enabling factor for the development of the
digital economy, which has implications for innovation. However, the extent to which the development of the
financial market drives the digital economy is a question which requires investigation. Given this, this study
contributes to the literature by shedding light on the following questions: First, what is the impact of the digital
economy on innovation? Second, does financial development influence the digital economy-innovation nexus?

This study holds significant promise as it explores the interplay between the digital economy, financial de-
velopment and innovation, particularly within the African context, where empirical evidence remains limited.
First, the contribution of this study lies in its holistic approach to understanding the digital economy, which
transcends the conventional digital infrastructure-focused perspective that predominates previous research.
This multidimensional concept integrates technology, infrastructure, trade, institutional and socio-economic
elements of an economy’s digital ecosystem, which represents the digital progress of an economy. Second, an-
other contribution of the study is the consideration of financial development into the digital economy-innovation
framework. By considering the intervening role of financial development, the paper highlights that the enabling
effect of financing in the digital-innovation nexus is crucial for government policies. This has significant ramifi-
cations for tackling structural issues that are specific to Africa, including limited financial access and inadequate
digital infrastructure. It provides a foundation for harnessing the transformative potential of digitalisation for
sustainable growth and innovativeness. This would enable Africa to better implement its digital transformation
agenda. Third, the study offers insights for policymakers, stakeholders and financial institutions who want
to develop integrated strategies that improve digital transformation and development of the financial system,
fostering an atmosphere that is more conducive for innovation. The subsequent sections discuss the literature,
method, findings and discussion, and conclusions and recommendations.

2 Literature review

2.1 Theoretical insights

The linkage between the digital economy and innovation can be explained by the diffusion of innovation the-
ory. According to Rogers, the diffusion of innovation delineates how new ideas and concepts are adopted by
individuals and organisations (Rogers, 1995; Miller, 2015). Schumpeter and Backhaus (1934) also highlight
that innovation is a dynamic process that results in new combinations that can eventually take the shape of new
products, services, or even creative production techniques. In the context of the digital economy, these dy-
namics determine how rapidly and effectively digital technologies translate into broader innovation outcomes.
The digital economy, which is defined as “an economy based on digital technologies that covers mostly the
sector of e-services and e-goods, and production process based on the use of digital technologies (Matyunina,
2019, p.27), speeds up innovation by lowering entry barriers, transaction costs, and knowledge flows (Bukht
& Heeks, 2017). Thus, the diffusion of innovations in the digital economy, then, is the process by which an
innovation spreads through communication and digital channels among members of the social system within
a given time frame. Digital technologies increase relative advantage by speeding up and reducing the cost of
processes, while simultaneously improving observability because they are highly visible and repeatable. This
digitalisation is seen as a linchpin for an innovation-driven world (Dutta et al., 2022). This accelerates adoption
rates and encourages innovation in both individuals and businesses.

Xu and Li (2022) further highlight that the digital economy has the ability to restructure the market economy,
optimise resource allocation, promote the cross-border integration of innovation and entrepreneurship between
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traditional and digital technology enterprises, expand the consumer market’s development space, and signifi-
cantly impact and change the conventional industrial organisation and mode of operation. For instance, digital
inputs such as broadband access, mobile connection, and digital platforms serve as the primary facilitators of
innovation by improving information flow and connectivity (Goldfarb & Tucker, 2019). These inputs reduce
search and coordination costs by enabling businesses and individuals to more efficiently access markets, skills,
and relationships (Brynjolfsson & Saunders, 2013). As information asymmetries reduce, businesses are bet-
ter able to identify opportunities and experiment, which accelerates learning-by-doing and the dissemination
of innovation ideas (Nambisan et al., 2019). These are the major advancements brought about by the digital
economy. This suggests that the development of the digital economy provides an impetus for innovation de-
velopment. However, to translate digital potential into realised innovation outcomes, financing plays a pivotal
role. As Aghion et al. (2005) explain, the translation of digital opportunities into actualised innovation is
contingent on the availability of finance. This perspective aligns with the financial development theory, which
posits that financial development promotes growth through capital accumulation and technological progress
by increasing the savings rate, mobilising and pooling funds, generating information about investments, fa-
cilitating and encouraging foreign capital inflows, and optimising capital allocation (World Bank, 2016). Lee
and Shin (2018) add that the proliferation and commercialisation of digital innovations in established financial
systems are made possible by financing and credit availability. Hence, weak financial structures can hinder this
process, preventing potentially innovative digital initiatives. Ultimately, when digital inputs, reduced transac-
tion costs, and financial support interact effectively, they foster the realisation of innovation outputs. These
outputs include new products, processes, and business models that increase productivity and competitiveness.
Horvey et al. (2024) add that financial development increases the innovative impact of the digital economy
by boosting liquidity and risk-sharing mechanisms, like those found in fintech platforms. This enables more
successful innovation as a result of digital progress.

2.2 Review of the digital economy and innovation

The digital economy represents an economy built on digital computing technologies, emphasising productiv-
ity gains that are either intrinsically digital or enabled by digital techniques (Su et al., 2024). This entails a
paradigm shift in management from conventional manual or analogue techniques to digital systems and proce-
dures. It encompasses a wide range of sectors from established industries such as media, telecommunications,
and technology to emerging digital enterprises. This is seen as a key driver of innovation. In ways that were
unimaginable only a few years ago, businesses may now use the digital economy to develop new business mod-
els and economic value, which in turn, stimulate innovation (Javaid et al., 2024). Gaglio et al. (2022) validate
this perspective by highlighting that the digital economy has an inherent innovation capability and naturally
contributes to the development of innovation output. Thus, the digital economy provides a revolutionary boost
to innovation. Their empirical findings indicate that digital communication technologies, such as social media
and business mobile phones for internet browsing, have a positive impact on innovation. Additionally, inno-
vation that is dependent on the utilisation of these technologies has a positive impact on labour productivity.
The results imply that public initiatives aimed at promoting equitable digitalisation should take into account the
types of digital technologies that are most useful and accessible to small businesses, including those operating
informally.

Aboal and Tacsir (2018) focus on the distinction between non-technological and technological innovation
and conclude that ICT capital investment is gaining relevance as an important factor for the creation of in-
novation. Okolo et al. (2025) add that fixed broadband and secure internet servers are drivers of innovation.
Through the lens of the regional innovation system, Zhou et al. (2024) examined the paradigm shift in spatial
innovation dynamics brought about by the digital economy’s explosive growth in 330 Chinese cities between
2011 and 2020. The findings indicate that the digital economy makes a substantial contribution to the pro-
duction of innovation. Also, the digital economy’s fortification of the regional innovation system, principally
through its facilitation of integration into innovation networks and improvement of the innovation environment,
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mediates this contribution. Bresciani et al. (2021) support the above argument and narrate that digitalisation
helps eliminate the ‘island phenomenon’ and obstacles to information sharing between different business divi-
sions and organisations by creating an information flow mechanism between enterprises and industries through
connectivity technologies. Additionally, it promotes more open and collaborative innovation across companies
as well as technology spillovers across industries. Zhou and Chen (2023) add that digitalisation overcomes the
limitations of innovation and enhances absorption and transformation capacities to promote innovation due to
its substantial cost-cutting and efficiency-boosting potential. Peng and Tao (2022) highlight that digital trans-
formation significantly influences management innovation. Effective production management results from data
collecting, analysis, and decision-making, which reduces market transaction costs, including search, transmis-
sion, and transportation costs. This, in turn, allows for greater investment in innovative projects.

Van Leeuwen and Farooqui (2008) expand the above narration by revealing that digitalisation fosters inno-
vation for a number of reasons, which include the introduction of new products through e-commerce, the use
of broadband internet to capture and process knowledge created elsewhere, and the management of knowledge
flows both within and between businesses. According to their findings, digitisation has an indirect impact on
productivity and significantly increases the likelihood of successful product innovation. Osei (2024) explored
the role of digital infrastructure on innovation, indicating that innovation and digital infrastructure are positively
related. Additionally, innovation is strongly influenced by the interaction between digital infrastructure and hu-
man capital, suggesting that digital infrastructure can indirectly foster innovation through the accumulation of
human capital. The study suggests that policies aimed at improving digital infrastructure and human capital
should be addressed concurrently to foster innovation. The impact of internet infrastructure on innovation in
Latin American and Caribbean nations was examined by Zaballos et al. (2019). Research indicates a significant
positive relationship between innovation (as indicated by trademark applications) and digital infrastructure (as
indicated by investment in the telecom sector). However, using the trademark applications indicator revealed
no discernible correlation between innovation and digital infrastructure. Pan et al. (2021) used data from 30
Chinese provinces between 2009 and 2015 to examine how technology infrastructure affects technological in-
novation capabilities. Their finding suggests that technology infrastructure and innovation have an inverted
U-shaped relationship, suggesting that the influence of technological innovation on technology infrastructure
may change from one of promotion to inhibition.

Insights from the literature show that the digital economy serves as a powerful innovation catalyst that may
reduce costs, generate knowledge, and create new business models. However, much of the existing research
ignores the broader relevance of the digital economy and tends to focus narrowly on digital infrastructure and
technology. This study attempts to address this gap. Conflicting assertions are also made in the literature. De-
spite tremendous progress in our understanding of the connection between innovation and the digital economy,
problems with contextual intervening factors persist. To address this, the current study examines the role of
financial development as an intervening factor.

2.3 The role of financial development on the digital economy-innovation nexus

As earlier discussed, the nexus between the digital economy and innovation is not straightforward and is in-
fluenced by other factors such as financial development. Financial development, which is determined by the
effectiveness of the banking industry, capital market depth, financial inclusion, and regulatory frameworks,
plays a crucial role in fostering this relationship by reducing financing barriers, distributing resources as ef-
ficiently as possible, and encouraging the adoption of new technologies. This is because the digital economy
involves high investment costs, and the lack of investment hampers its growth (Ullah et al., 2021). Hence, Hor et
al. (2021) posit that a substantial amount of financial support is needed for digital technology’s initial research,
product development, and eventual commercialisation. This is where financial development becomes essential,
as it reduces financing constraints in digital transformation. More so, the development of the financial market
makes financial institutions more competitive, which lowers loan interest rates and expands loan channels and
provides more funds for digital investment and innovation. He et. al. (2023) add that financial development



6 Wits Business Review Vol.1(2025)

helps the supervision and management of high-quality projects and makes it easier for financial institutions to
identify those with investment potential. It offers financial institutions valuable assistance, increasing the effec-
tiveness of resource allocation and streamlining capital flow for digital transformation initiatives. Du and Wang
(2024) support this argument and present that the effect of digitalisation on innovation shifts from negative to
positive as banking and capital markets grow. This reveals that in the digital economy, the development of the
financial sector is essential. This is because financial development has the capacity to reduce external finance
constraint on the digital economy, enables risk diversification and aids in the allocation of funds towards digital
projects. This ensures growth in the digital economy, ultimately influencing innovation. Li et al. (2024) agree
with this assertion and state that digitalisation and financial development are mutually reinforcing. Digital
platforms increase reach while financial development provides the required funding and risk-mitigation tools,
which leads to increased acceptance of innovations. Despite these insights, empirical investigations to validate
this relationship remain incipient. Given this, this paper extends knowledge by considering the intervening role
of financial development on the nexus between the digital economy and innovation, particularly in the under-
researched area, such as Africa. Figure A presents the pictorial illustration to enhance our understanding of the
studied relationships.

Digital Economy Innovation

Financial
Development

Figure A: Conceptual framework on the role of financial development on the digital economy-innovation nexus

3 Method

3.1 Sample and data

This paper employs multiple datasets from the World Development Indicators (WDI), the World Intellectual
Property Organisation (WIPO), and the International Monetary Fund (IMF) to explore the direct and interactive
effects of the digital economy and financial development on innovation in Africa. The study employs an un-
balanced panel, and the selected sample, as informed by the available data, includes twenty-nine (29) countries
between 2011-2021. The list of countries is presented in Table A1 in the appendix. We initiate the sample from
2011, given that data on innovation is largely unavailable for most African countries before this period and end
the sample in 2021 because financial development, which is sourced from the IMF database, does not have data
readily available beyond this point.
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3.2 Variable definition

3.2.1 Explained variable

The explained variable, which is innovation, is measured using the innovation output index as defined by the
Global Innovation Index (GII) provided by WIPO. We employed this proxy, given that we are interested in
the results of innovative activities of a country for a given period within an economy. The GII report is of
unique value to scholars and reliable for quantifying the innovation ecosystem of a country (Brés et al., 2023;
Horvey & Odei-Mensah, 2024). According to WIPO, the innovation output index is measured using two main
pillars, which are creative outputs (i.e., intangible assets, creative goods and services and online activities), and
knowledge and technology outputs (i.e., knowledge creation, impact and diffusion) (Dutta et al., 2022). The
innovation output index is normalised by WIPO to range between 0-100, and the higher the index, the higher
the innovation outcome and vice versa.

3.2.2 Explanatory variable

To measure the digital economy, the study follows insights from and Pradhan et al. (2018) to construct a com-
prehensive index. This leads to a comprehensive evaluation of the digital economy index that takes into account
digital trade, which consists of the import and export of ICT commodities. ICT products facilitate the use of
advanced technologies and allow individuals to leverage their digital skills, hence fostering a robust digital
economy (Pradhan et al., 2019). Furthermore, governments can import and export ICT goods and services to
obtain innovative technology and information that may not be available, particularly in developing countries
like Africa (Horvey et al., 2024). Accordingly, scholars posit that the use of ICT goods is an essential element
of the growth of the digital economy. Another sub-indicator for evaluating the digital economy is the social
impact. Compulsory education, internet usage and ‘value-added medium- and high-tech manufacturing’ are
used to gauge this. Horvey et al. (2024) highlight that ‘value-added medium- and high-tech manufacturing’ en-
courages the creation of digital technologies, which are crucial for growing an economy’s digital infrastructure.
Furthermore, compulsory education and internet usage propel society’s digital revolution by enhancing tech
proficiency, providing access to digital services, and developing a workforce that is equipped with the skills
required to use digital technology efficiently (Sun et al., 2024).

Another indicator of the digital economy is the growth of the digital infrastructure, which includes fixed
broadband and telephone subscriptions, secure internet services and mobile cellular subscriptions. Further, we
incorporate social support, calculated as ‘service value per capita added’. The growth of these infrastructures
ensures improved data transfer, communication, and high-speed internet connectivity, which are essential el-
ements of the digital economy (Tzeremes et al., 2023). In this digital age, this interconnection facilitates a
variety of digital services and social change, fostering innovation and technological progress, which are es-
sential for skill development, innovation and growth. Furthermore, we create an index for the digital economy
using Principal Component Analysis (PCA). According to Greenacre et al. (2022), PCA is a strong dimensional
reduction technique which maintains the multidimensionality of a set of variables by reducing the number of
indices to a small subset. It is important to highlight that before performing the PCA, a series of preliminary
diagnostic tests were carried out, all of which were satisfied by our dataset. Specifically, we assess three con-
ditions: (i) whether the digital economy variables constitute a suitable sample, (ii) whether the correlations
among these variables are sufficiently strong, and (iii) whether both partial and overall intercorrelations are ad-
equate for PCA. As presented in Table A2 in the appendix, the digital economy covariates exhibit high levels of
correlation, confirming their suitability for inclusion in the analysis. Furthermore, the Bartlett’s Chi-square test
yields a value of 1452.951 with a p-value of 0.000, which is below the 0.05 significance level (Bartlett, 1954),
thereby rejecting the null hypothesis of no intercorrelation among the digital economy variables. This provides
a strong statistical justification for proceeding with the PCA. Additionally, Table 1 reports the Kaiser-Meyer-
Olkin (KMO) statistics to describe the total and partial intercorrelations between the indicators. According to
Kaiser (1974), the sample size used to measure the digital economy index is acceptable if the KMO statistic
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is between 0.5-0.6, and good if the KMO is greater than 0.7. Hence, the overall KMO report, which is 0.732,
shows that the digital economy sample is considered adequate and suitable for the empirical study. After com-
pleting the required tests, we create our digital economy index. The results of the eigenvalues and eigenvectors
are presented in Tables 1 and 2, respectively. Figure B presents the scree plot, which shows the total number
of digital economy components and the eigenvalue threshold of 1 for the component selection. In accordance
with the Kaiser rule of eigenvalues greater than or equal to 1, we follow Del Carpio et al. (2017) to create
the digital economy index using the first three components, as seen in Table 1. Together, they explain, 72%
of the total variation. To evaluate the influence of each component, individual variables with substantial factor
loadings were reduced using the ‘orthogonal varimax rotation (kaiser off).” The contributions from each of the
underlying components are then added to the aspects that were kept to create the digital economy index.

Table 1: Principal Components and eigenvalues of the digital economy index

Component Eigenvalue Difference Proportion Cumulative KMO

Compl 4.618 3.168 0.462 0.462 0.695
Comp2 1.451 0.282 0.145 0.607 0.660
Comp3 1.169 0.175 0.117 0.724 0.786
Comp4 0.994 0.468 0.099 0.823 0.764
Comp5 0.527 0.076 0.053 0.876 0.583
Comp6 0.450 0.070 0.045 0.921 0.806
Comp7 0.380 0.144 0.038 0.959 0.781
Comp8 0.236 0.100 0.024 0.983 0.784
Comp9 0.137 0.099 0.014 0.996 0.637
Compl0 0.038 0.004 1.000 0.750
Overall 0.732

Scree plot of eigenvalues after pca

3

Eigenvalues
2
1

—
) \\‘\
T T T T

0 2 4 6 8 10
Number

Figure B: Scree plot of the digital economy
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Table 2: Principal components (eigenvectors)

Variable Compl Comp2 Comp3 Comp4 Comp5 Comp6 Comp7 Comp8 Comp9 ComplO
Fixed broadband 0380 -0.365 -0.165 -0.085  0.075 0322 -0.134 -0.253  0.353 -0.610
Fixed telephone 0378 -0.408 -0.136 -0.096 0.086  0.219 -0.180 0.170  0.166 0.720
Mobile 0357 0241 -0.172 -0.203 -0.245 -0.616 0.111 0216  0.494 -0.031
Internet use 0.390 0206 -0.073 -0.116 -0.410 0.025 0.086  -0.680 -0.338 0.185
Medium/high-tech man ~ 0.154  0.620 -0.005 0423 -0.134 0417 -0.379 0.143 0.237 0.032
ICT exports 0263  -0.210 0.148 0.653 -0.136 0.039 0.637 0.110  0.023 -0.010
ICT imports 0258 -0.078 0.580  0.273 0329 -0.428 -0.408 -0.243 -0.007 0.014
Services value added 0421 -0.043 0.088 -0.144 -0.172 0.013 -0.176  0.550 -0.599  -0.267
Secure internet 0.174 0279 0577 -0470  0.238 0.321 0.386  0.051 0.157 0.035

Compulsory education ~ 0.259  0.292  -0470  0.083 0727 -0.078 0.187 0.035 -0.223  -0.005

3.2.3 Intervening variable

The main intervening variable, which is financial development, was drawn from the IMF database, which
provides the financial development (FD) index (FD index). The IMF provides a comprehensive assessment
of this variable by considering the depth, accessibility, and efficiency of financial markets and institutions
(Svirydzneka, 2016).

3.2.4 Control variables

On the grounds of economic prudence, the study controls for economic growth, inflation, urbanisation and
human capital, as informed by the literature (Omidi et al., 2020; Osei, 2024). These are essential to capture
how the economic performance and (in)stability drives growth. GDP plays a key role in assessing a country’s
capacity for innovation. High GDP indicates that countries have more financial resources to fund innovative
activities, both from the public and private sectors. This is measured using the ‘GDP per capita (constant 2015
USS$)’. The consumer price index is used to gauge inflation to determine how economic in/stability drives in-
novation (Osei, 2024). High or uneven inflation may stifle innovation. It erodes purchasing power, increases
uncertainty, and makes returns on innovative activities less predictable, thereby discouraging innovation. Ur-
banisation is crucial for fostering innovation because it creates the perfect conditions for the development and
dissemination of new ideas, technologies and business models. Human capital was measured as ‘School enroll-
ment, tertiary (gross), gender parity index (GPI)’ to capture gender-inclusive human capital development. This
was used to understand how equitable access to education fosters innovation. According to @stergaard et al.
(2011), diversity in the development of human capital promotes innovation by encouraging cognitive variability
and idea cross-fertilisation. When women have equal access to postsecondary education, societies benefit from
a greater range of intellectual capacities and disciplinary involvement, which promotes the development and
dissemination of innovative technologies (Klassen & Lamanna, 2009).

3.3 Empirical Strategy

The study first constructs a benchmark model to estimate the direct effects of the digital economy and financial
development on innovation. Given this, we specify a functional model where innovation is a function of the
explanatory and intervening variables.

INNOVy = B1INNOV;—1 + B2 DEj + B3IN Fy + B4GD Py + BsURBj + B HCy + 04 + Ut + €in
(1
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INNOVy = B1INNOVy—1 + BoF Dy + B3INFy + BaGD Py + BsURBy + BrHCy + 03 + V¢ + €4t
(2)

Where INNOV denotes the innovation output index; DE denotes the digital economy; and FD denotes fi-
nancial development; GDP denotes economic growth; INF denotes inflation; URB denotes urbanisation; HC
denotes human capital; o; and ¥ captures the country-specific and time fixed effects; and e;; denotes the
idiosyncratic error term; ¢ denotes the individual country, and ¢ denotes the year.

To explore the intervening role of financial development on the digital economy and innovation nexus, the
equation is expanded to include the interactive term, which is further presented in equation (3) below:

INNOVy =f1INNOVy_1 + BoDEjy + B3F Dy + By (DE*FD),, + B5INFy + fsGD Py
+ BrURB; + BsHCjy + 03 + Uy + €4 3)

Where (DE*FD) denotes the interactive term.
The net effect of equation (3) is further estimated as explained by Brambor et al. (2006), by taking the first
derivative of the equation with respect to the digital economy. This is presented as:

OINNOV

9DE = o+ B4F Dy =0 “4)

The study employs a two-step system generalised method of moments (GMM) to estimate the model. The
justification of this estimation technique is motivated by several factors. First, the unbalanced panel takes into
account the cross-sectional and time dimensions, which is suitable for the GMM analysis, which preserves the
cross-sectional dimension in the estimation process. Second, the cross-sectional dimension of the data (i.e.,
29 countries) outnumber the period (i.e., 11 years). Third, there is the persistence of the dependent variable.
In light of the dynamic nature of the model, the presence of the lagged dependent variable must be strongly
correlated with its initial value, which is the situation in this model, reporting a correlation value of 0.9997.
This is above the 0.8 threshold level for assessing persistence (Asongu & Odhiambo, 2021; Kunawotor, 2025).
Further, the inclusion of the lagged dependent variable introduces endogeneity in the model, which is dependent
on the error term, which is a function of the country fixed effects (Arellano, 2003). In this regard, the lagged
dependent variable is treated as an endogenous regressor and is instrumented using its past levels to obtain
a consistent and unbiased estimator. Also, the system GMM helps resolve endogeneity issues by taking into
consideration unobserved heterogeneity. This is achieved by considering the time-invariant omitted variables,
besides the creation of internal instruments to account for reverse causality. Reverse causality is said to exist
between the digital economy and innovation (Acs & Audretsch, 2003; Pan et al., 2022; Osei, 2024). The fourth
reason for selecting the two-step GMM is due to its ability to control for heterogeneity and cross-sectional
dependence, which is ignored by the one-step GMM (Horvey et al., 2024). Further, as opposed to the difference
GMM, the system GMM is based on ‘forward orthogonal variations’, which incorporates both the lagged level
and difference as instruments, which is an enhanced version of the difference GMM (Blundell & Bond, 1998;
Kunawotor, 2025).

The GMM is robustly specified if the narrative surrounding its specification contains a discussion of the
related identification and exclusion restrictions. This technique helps in ensuring the robustness of the findings
and defining the main variables. In other words, the identification phase in the specification exercise involves
defining the endogenous, explanatory, and strictly exogenous variables. This relevance is supported by recent
‘GMM-centric’ literature (Asongu et al., 2020; Kunawotor, 2025). Following Roodman (2009), the years are
treated as strictly exogenous, while the explained and control variables are treated as endogenous or predeter-
mined. Given this, the independent variables, control variables and country dummies make up the instruments
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for the orthogonal deviation equation and the levels equation. For the estimates without the interaction term,
the lag structure is L(1/8), while the estimate with the interaction is L(3/6). The two-step system GMM was
also performed with the Windmeijer finite-sample correction to two-step standard errors.

4 Empirical results and discussion

4.1 Summary statistics

The summary of the variables selected for the study is presented in Table 3. Innovation records an average
value of 18.706 with a standard deviation of 6.272, showing high disparities of innovation among the selected
sample. The average value suggests a low level of innovation in Africa, which is characterised by a low
level of research and development, skills gap and inadequate infrastructure. The digital economy presents an
average value of 0.000, and financial development has an average of 0.189, suggesting low levels of financial
development. Economic growth, which is measured by ‘GDP per capita (constant 2015 US$)’, records an
average of 2166.351 while the inflation rate is 6.012. The minimum and maximum values of inflation are -3.233
and 33.251, showing high variation for the study sample. The average for urbanisation is 41.00, showing that
about 41% of the African population lives in urban areas, suggesting that despite Africa’s ongoing urbanisation,
a significant portion of the population still resides in rural areas. The average for human capital is 0.821,
indicating a moderate accumulation of human capital across African countries. Since human capital is measured
by ‘School enrollment, tertiary (gross), gender parity index (GPI)’, this average reflects both continued gender
disparities in access to higher education and development in educational attainment. Table 4 presents the results
of the correlation matrix, and we observe low correlations among the independent variables. This suggests that
multicollinearity is not present in the model. This implies that the coefficient estimates of the independent
variables are more reliable and consistent.

Table 3: Summary Statistics

Variable Mean Std. Dev. Min Max
Innovation 18.706 6.272 2.050 35.000
Digital economy 0.000 2.149 -3.185 6.779
Financial development 0.189 0.128 0.064 0.593
Economic growth 2166.351 2196.429 255.078 10956.945
Inflation 6.012 5.692 -3.233 33.251
Urbanisation 41.00 16.681 10.915 74.261
Human capital 0.821 0.342 0.275 1.493

Table 4: Matrix of correlations

Variables (1) 2) 3) 4) 5) (6) @)
(1) Innovation 1.000

(2) Digital economy 0.385 1.000

(3) Financial development 0.301  0.749  1.000

(4) Economic growth 0.337 0900 0.803 1.000

(5) Inflation -0.080 -0.212 -0.095 -0.160 1.000

(6) Urbanisation 0.162 0497 0367 0397 -0.231 1.000

(7) Human capital 0.103 0.688 0.683 0.729 -0.171 0.550 1.000
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4.2 Pictorial insights

Before launching into the main empirical results, we first conducted a visual analysis of the main variable
of interest, which includes the digital economy, financial development and innovation. Figure C illustrate a
positive association between the digital economy and innovation, showing an uphill movement from left to
right. This suggests that countries with more developed digital economies typically exhibit higher innovation.
Thus, improved connectivity, development of digital infrastructure and use of digital technologies, trade and
software are vital for promoting innovation in Africa. Similarly, we find that financial development is posi-
tively associated with innovation and the digital economy, as presented in Figures D and E. This implies that
the growth of financial systems of an economy, which is characterised by improved financial intermediation,
more credit availability and deeper financial markets, corresponds with growth in the digital economy and in-
novation. Thus, access to diverse financial services reduces the risks and constraints associated with innovation
investment, thereby stimulating innovation and digital development. Further, financial development promotes
the digital economy by fostering innovation, growth, and accessibility to digital resources. It facilitates the de-
velopment of digital payment systems, which are essential to the online economy. Hence, a higher population
of Africans, including those in Kenya, Ghana, the Democratic Republic of Congo, Lesotho, Tanzania, Egypt,
Ethiopia, and Mozambique, can now interact digitally thanks to mobile banking services like M-PESA. Addi-
tionally, financial development facilitates credit acquisition for IT start-ups and digital entrepreneurs, creating
opportunities for the growth of digital platforms, e-commerce, and online services within an economy. This
illustrates the mutually reinforcing nature of the digital economy and financial advancement. Despite provid-
ing preliminary information about the relationship between these important factors, the bivariate results lack
methodological soundness to draw reliable conclusions because of the problem of omitted variable bias, which
must be addressed. To produce a more definitive and trustworthy conclusion, a thorough empirical study is
carried out in the next sub-section.
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4.3 Direct and interactive effects of the digital economy and financial development on innova-
tion

The main empirical findings of how the digital economy and financial development promote innovation are
presented and discussed in this sub-section. Fourteen (14) models are estimated in Table 5. Models (1) to
(10) present the results of the direct effects of the individual variables for creating the digital economy index,
whereas Models (11) and (12) present the findings of the direct effect of the overall digital economy index and
financial development on innovation. Model (14) provides the empirical results for the interactive term. The
two-step system GMM, which is asymptotically more powerful than the one-step system GMM, was used for
the analysis. The results in Table 5 further reveal that the assumptions guiding the use of GMM are met. This is
evidenced by the insignificant values of the Hansen test and the second-order serial correlation (AR(2)). Also,
the study findings show persistence in the outcome variable (i.e., innovation), which illustrates a significant
positive coefficient estimate of its lag, which is consistent throughout the model. This indicates that current
levels of innovation are driven by the innovation levels of the past. That is, the impact of innovation transcends
its current year.

As discussed in Section 3.2.2, the digital economy index is created using several features. Therefore, the
analysis begins by examining how each of these individual variables drives innovation. This provides deeper
insight into how each of them supports the growth of innovation in Africa. The results are presented in Table
5, Models (1) to (10). The empirical evidence reveals that fixed broadband and fixed telephone subscriptions
exhibit a positive influence on innovation, suggesting that these factors contribute to innovation in Africa.
The positive relationship aligns with (Chen & Wang, 2023). This insight presents that fixed telephone plays
a critical role and serves as the backbone of a country’s communication infrastructure, facilitating institution
coordination, economic operations and administrative procedures that support innovation. Also, Xu and Li
(2022) emphasise that fixed broadband facilitates access to online platforms and digital resources that support
innovation-related activities such as entrepreneurship, product development and research. This highlights the
growing importance of internet connectivity in fostering innovation. In light of the above, the study suggests
that governments and policymakers should not undervalue the necessity of maintaining and upgrading current
communication infrastructure in addition to expanding broadband coverage, considering the significance of
fixed telephone services. Strengthening fixed-line infrastructure can increase connectivity dependability, which
is crucial for sectors like manufacturing, services, and education that rely significantly on innovation.

Similarly, mobile phone subscriptions, secure internet and internet use demonstrate a significant positive
influence on innovation. This underscores how internet connectivity spurs innovation throughout the continent
(Zhou et al., 2024). In Africa, mobile phones and internet connectivity have become central to the digital
transformation agenda, giving access to individuals and organisations for innovativeness (Union, 2020). This
has bridged communication gaps, reduced transaction costs and created opportunities for inclusive innovation,
particularly in rural and underserved communities. In a similar vein, the significant positive impact of secure
internet servers aligns with Okolo et al. (2025), who emphasise that access to secure internet servers provides
the foundation to innovate. A secure digital environment encourages firms and individuals to engage in digital
transactions and adopt innovative technologies without fear of cyber threats or data breaches. In a nutshell, the
finding implies that innovation capacities would be further strengthened by increasing digital literacy, extending
mobile broadband coverage, and incorporating digital technologies into corporate and educational ecosystems.
This will encourage greater use of the digital infrastructure, which will in turn drive innovation.

Additional evidence in Table 5 highlights that medium and high-tech manufacturing, services value added,
and compulsory education present a positive relationship. Nevertheless, they present no significant effect on
innovation. The insignificant positive results show that although these factors foster innovation, their impact
is weak and does not translate into any substantial innovation outcome. This underscores the need for more
structural reforms in these areas, including enhancing education quality to fully realise the potential for fos-
tering innovation in Africa. Further, ICT imports and exports reveal a significant positive relationship with
innovation. This suggests that trade openness in ICT technologies and digital diffusion serves as an essential
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conduit for driving innovation in Africa. The finding is consistent with (Cirera et al., 2016). According to
Roger et al. (2022), ICT imports, which include computers and software, facilitate technology transfer and
knowledge spillover, which increases the capacity of domestic businesses to innovate. Similarly, Bloom et al.
(2016) contend that imported technology promotes information and knowledge sharing, which in turn fosters
innovation. As a result, ICT imports serve as a crucial channel for businesses and institutions to incorporate
contemporary technology into production processes, which fosters innovation in Africa. More so, the positive
results for ICT exports reflect a country’s growing technological capabilities. This association suggests that
African economies are gradually transitioning from passive technology consumers to active participants in the
global digital economy. This highlights the need to integrate Africa into the international ICT markets through
policies that support technology-intensive imports and exports. To achieve this, there is a need to boost in-
vestment in digital infrastructure and skills development in the ICT sector. Such development will ultimately
stimulate innovation on the continent.

Turning to the overall digital economy index, the results of the coefficient estimate reveal a significant posi-
tive relationship with innovation. This indicates the transformative potential of the digital economy in driving
innovation in Africa. Thus, the development of the digital infrastructure, skills and social components leads to
innovation in Africa. The outcome is consistent with scholarly evidence (Pan et al., 2021; Xu & Li, 2024). Zhou
et al. (2024) support this finding and explain that the digital economy enables the creation of knowledge, adop-
tion of technology, and transmission of ideas across borders, enabling businesses and individuals to develop
new products, services, and processes. This aligns with the diffusion of innovation theory, which indicates that
innovation is a dynamic process that results in new combinations that can eventually take the shape of new
products, services, or even creative production techniques (Schumpeter & Backhaus, 1934; Rogers, 1995). In
the context of the digital economy, these dynamics determine how rapidly and effectively digital technologies
translate into more general innovation outcomes. Osei (2024) agrees with this finding and illustrates that digital
technologies offer dynamic platforms that boost innovation ecosystems by facilitating better communication
and teamwork. This implies that investments in the digital economy, including its components, can provide
multiplicative effects and stimulate the innovation capacity of countries. As a result, African countries with
nascent innovation could bridge this gap, promoting the digital infrastructure.

Further insight from the empirical shows a positive relationship between financial development and inno-
vation among countries in Africa. The positive coefficient estimate implies that as financial systems deepen
through increased financial intermediation, easier access to credit, or more liquidity, innovation outputs in-
crease accordingly. This emphasises that a robust financial system promotes innovation and technological
advancement (Pan et al., 2021). According to Du and Wang (2024), financial development increases loan
availability and distribution, reduces transaction costs, and makes it easier for businesses and individuals to
invest in innovative projects. This result supports Schumpeter’s (1983) claim that financial intermediaries stim-
ulate innovation by directing resources toward profitable ventures and mobilising savings. In Africa, where
financial access remains a major bottleneck for entrepreneurs and small businesses, increased access to capital,
risk-sharing arrangements, venture funding, and better financial institutions can foster innovation.

As discussed in the initial section of this paper, one of the pathways through which the digital economy stim-
ulates innovation is financial development. This theoretical proposition is validated by the empirical findings,
which show a significant positive interactive effect in Model 14, which underscores its synergistic effect. The
net effect further supports this claim. This suggests that when the digital economy and financial development
interact, they present a substantial impact on innovation. This supports the view of He et al. (2023) and Li et
al. (2024), who present that financial development enhances the diffusion of innovation by reducing risk and
funding constraints. The marginal effects at different percentiles of financial development (25%, 50%, 75%
and 95%) and the margins plot confirming this effect are displayed in Table 6 and Figure F. The upward trend
of the margins plot shows a synergistic effect in fostering innovation outcomes. This outcome is similar to
the main results in Table 5, thereby reinforcing the argument that ensuring a sound financial system synergises
with the digital economy to promote innovation. The empirical results imply that the digital economy does not
operate in isolation; rather, its impact on innovation is amplified in environments with developed financial sys-
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tems. This is because the digital economy involves high investment costs, and the lack of investment hampers
its growth (Ullah et al., 2021). Hence, Hor et al. (2021) posit that a substantial amount of financial support
is needed for digital technology’s initial research, product development, and eventual commercialisation. Pan
et al. (2021) add that financially developed economies provide the necessary credit, investment, and payment
infrastructure to support digital transformation, enabling individuals and institutions to leverage technological
tools for different endeavours, which in turn, promote innovation outcomes. The financial development theory
aligns with this argument and states that financial development promotes growth through capital accumulation
and technological progress by increasing the savings rate, mobilising and pooling funds, creating information
about investments, facilitating and encouraging foreign capital inflows, and optimising capital allocation, which
enables more productive innovation (World Bank, 2016). Hence, African countries interested in enhancing their
innovation outcomes should adopt a coordinated approach that promotes both the digital economy and financial
development.

Regarding the control variables, the study presents that inflation and innovation are negatively related. This
implies that inflation impedes innovative activity in Africa. High inflation creates an atmosphere of economic
uncertainty, which reduces purchasing power, drives up production costs, and reduces the incentives and ca-
pacity of businesses to invest in innovative projects. This outcome aligns with Osei (2024), who emphasises
that inflation dampens innovation. This suggests the need to implement measures to ensure a stable macroeco-
nomic environment for innovation. More so, economic growth, urbanisation and human capital mostly reveal
a positive influence on innovation. This highlights the importance of macro and socio-economic development
in innovation. Economic growth provides the institutional and financial resources needed to enable research,
development, and adoption of new technologies (Osei, 2024). On the other hand, because markets, talent, and
infrastructure are concentrated in metropolitan regions, urbanisation promotes innovation by fostering business
competitiveness, collaboration, and information exchange (Xu & Li, 2024). The positive relationship for hu-
man capital reinforces the idea that a gender-balanced, educated and competent workforce is a key driver of
innovation (Zhou et al., 2024). This is consistent with Romer’s endogenous growth theory, which highlights
the buildup of human capital as a driving force behind technical advancement (Schiliro, 2019).

Table 5: Marginal effects of the digital economy and financial development

Digital economy dy/dx Delta-method Z P>z [95% conf. interval]

_at std. err.

25% 0.855 0.341 2.510 0.012 0.187 1.524
50% 0.904 0.336 2.690 0.007 0.246 1.563
75% 1.587 0.406 3.910 0.000 0.791 2.383
95% 1.068 0.330 3.240 0.001 0.421 1.714

4.4 Robustness analysis

For econometric prudence, we carried out two forms of robustness tests for the main empirical results. First,
we employed the Driscoll-Kraay estimation technique, which accounts for heteroscedasticity, cross-sectional
dependence and serial correlation (Driscoll & Kraay, 1998). The results of the direct and interactive effects are
presented in Table 7. The results affirm the argument that the digital economy and financial development drive
innovation, which is validated by the net effect, showing a positive and significant result. This consistency in
the empirical results affirms the argument that the presence of a strong financial system and digital presence is
crucial for driving innovation in African economies, thereby affirming the reliability and trustworthiness of the
main findings.

The second form of robustness check offers a deeper understanding of the contextual dynamics shaping the
relationship. This was done by conducting additional analysis according to the countries’ income classification
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Figure F: Marginal effects of the digital economy and financial development

(i.e., low*, lower-middle", and upper-middle* income countries) by including a triple interaction term. The find-
ings in Table 8 reveal positive effects of the triple interaction, demonstrating significant effects when interacted
with the middle-income countries (i.e., lower-middle and upper-middle income). This suggests that economies
belonging to these income levels are well-positioned to harness the complementary effects of the digital econ-
omy and financial development on innovation in Africa. The outcome is expected given that middle-income
economies experience a phase of rapid structural and technological changes, and improved financial systems
compared to the low-income countries. Given this, policymakers should prioritise strengthening financial insti-
tutions to ensure that the digital economy successfully translates into innovation across socioeconomic levels.
Efforts to expand digital infrastructure and promote financial inclusion are particularly crucial because lower-
and upper-middle-income economies have the greatest potential for the synergy between finance and digitali-
sation. Regional cooperation and knowledge-sharing initiatives can also help low-income countries build the
institutional and technological capacity needed to enjoy the same advantages of innovation-driven prosperity.

“Burkina Faso, Burundi, Ethiopia, Madagascar, Malawi, Mali, Mozambique, Niger, Rwanda, Togo, Uganda
"Benin, Cameroon, Cdte d’Ivoire, Egypt, Ghana, Guinea, Kenya, Morocco, Namibia, Nigeria, Senegal, Tanzania, Tunisia, Zambia
*Algeria, Botswana, Mauritius, South Africa
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Table 6: Direct and interactive effects of the digital economy and financial development on innovation

(1) (2) (3) ) (5) (6) (@) ®) ©) (10) 11 (12) (13) (14)
L.innovation 0.410%%%  0.415%**  0.348*#*  0.574%*F  (.396%** 0.400%%*F 0.416%** (0.420%%* 0398*** (.389%**  (.359%** (473%%k  (.354%%k  (294%%*
(0.065) (0.055) (0.063) (0.049) (0.052) (0.053) (0.059) (0.067) (0.053) (0.059) (0.060) (0.070) (0.061) (0.073)
Inflation 0.110%*  0.123*%*  0.093**  0.088**  0.107**  0.130**  0.126%*  0.112%* 0.108%* 0.084* 0.028* 0.104%* -0.036 -0.035
(0.051) (0.052) (0.043) (0.042) (0.047) (0.049) (0.045) (0.049) (0.053) (0.059) (0.045) (0.050) (0.046) (0.051)
Economic growth 0.000 -0.000 -0.000 0.000%* 0.000  0.001%** 0.000 0.000 0.000  0.001%*** -0.000 0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Urbanisation 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
(0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040) (0.040)
Human capital 1.332 1.408 3.180 2.522%* 1.196  4.42]%** 0.700 0.704 0.585 -3.946%** 0.926 -4.300%%*  -4,122%*
(2.250) (2.197) (2.476) (1.089) (2.051) (1.263) (1.965) (1.363) (2.149) (1.267) (2.094) (1.393) (1.449)
Fixed broadband 0.180%*
(0.102)
Fixed telephone 0.166*
(0.083)
Mobile 0.069%**
(0.023)
Secure internet 0.000%*
(0.000)
Internet use 0.088***
(0.026)
Medium/high tech -0.006
(0.038)
ICT_export 0.6297%%#:*
(0.135)
ICT _import 0.512%*
(0.197)
Services value added 0.000
(0.000)
Compulsory education 0.106
(0.166)
Digital economy 1.010%#* 1.070%%*  0.667*
(0.314) (0.326) (0.371)
Financial development 3.374 3.570* 2.065
(4.465) (2.004) (2.202)
DE*FD 1.815%*
(0.803)
Net effects 1.086%%*
Country/time effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 221 221 221 221 220 174 208 208 221 189 138 221 138 138
No. of instruments 17 17 17 17 17 17 17 17 17 17 17 18 18 18
No. of countries 29 29 29 29 29 29 29 29 29 29 29 29 29 29
AR(1) 0.001 0.001 0.002 0.001 0.001 0.003 0.002 0.001 0.000 0.018 0.001 0.020 0.010 0.010
AR(2) 0.263 0.259 0.380 0.201 0.193 0.886 0.516 0.559 0.272 0.154 0.919 0.221 0.935 1.000
Hansen 0.115 0.105 0.098 0.080 0.077 0.070 0.141 0.098 0.098 0.139 0.222 0.081 0.224 0.177

Standard errors in parentheses; *** p<0.01, ** p<0.05,

* p<0.1; DE represents digital economy; FD represents financial development
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Table 7: Robustness analysis using the Driscoll and Kraay estimation technique

1) 2) (3) 4) (5) (6) (7 8) ) (10) (1) (12) (13) (14)
Inflation -0.023 -0.026  -0.085**  -0.002 -0.030 -0.013 0.025 -0.031 0.023 -0.015 -0.060 0.052 -0.072** -0.067
(0.036)  (0.035)  (0.029) (0.037)  (0.044)  (0.039)  (0.043)  (0.051) (0.034) (0.027)  (0.040)  (0.034) (0.039) (0.044)
Economic growth 0.001***  0.001***  0.003*** 0.002  0.001**  0.001* 0.001 0.001 0.001 0.001***  0.001** -0.000 0.000 0.000
(0.000)  (0.000)  (0.000) (0.000)  (0.000)  (0.000)  (0.000)  (0.000) (0.000) (0.000)  (0.000)  (0.001) (0.001) (0.001)
Urbanisation -0.387**  -0.377**  -0.134  -0.681"** 0215 -0.688***  -0.183  -0.419"** -0.340** 0.055*** 0.078*** 0.051***  0.057***  0.055***
(0.196)  (0.205)  (0.161) (0.262)  (0.322) (0.127)  (0.162)  (0.170) (0.148) (0.014)  (0.013)  (0.015) (0.015) (0.014)
Human capital 1.836 1.887 1.780 2.877 -0.553 -0.511 2.236 2.475 0.439 -5.7147*  -0.603  -5.977** 5507 -5.714***
(2.015)  (1.953)  (2.197) (1.991)  (1.617)  (1.999)  (1.696)  (1.854) (1.897) (2.234)  (1.627)  (2.143) (2.192) (2.234)
Fixed broadband 0.046
(0.095)
Fixed telephone 0.043
(0.054)
Mobile 0.083***
(0.015)
Secure internet 0.000***
(0.000)
Internet use 0.118**
(0.041)
Medium/high tech 0.062***
(0.017)
ICT_import 0.770**
(0.068)
ICT _export 0.464***
(0.112)
Services value added 0.000*
(0.000)
Compulsory education 0.324%*
(0.126)
Digital economy 1.376™*  1.420™*  1.194***  1.466***
(0.155)  (0.200) (0.189) (0.744)
Financial development 4.565** 4.464 3.503
(0.844) (2.918) (2.872)
DE*FD 1.209
(0.744)
Net effects
Country/time effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Number of countries 29 29 29 29 29 29 29 29 29 29 29 29 29 29
Observations 244 244 244 244 244 244 244 244 244 244 154 244 154 154
R-squared 0.632 0.732 0.505 0.687 0.566 0.657 0.658 0.736 0.634 0.564 0.552 0.453 0.557 0.560
Prob>F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1; DE represents digital economy; FD represents financial development
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Table 8: Robustness analysis of the triple interaction effects

(e)) (@) 3 (C)) (5 (6)
Low-income Upper-middle Lower-middle Lower-middle Upper-middle Upper-middle
L_innovation 0.748*** 0.539*** 0.441*** 0.450*** 0.574*** 0.927**
(0.037) (0.160) (0.105) (0.103) (0.081) (0.048)
Digital innovation -0.088** 0.047 0.848*** -0.008 0.742%%* -0.744
(0.382) (1.103) (0.384) (0.589) (0.316) (0.549)
Financial development 1.417 -0.996 2.691 7.040* 1.916 11.468**
(2.404) (8.059) (1.999) (3.634) (1.517) (5.831)
Low-income -0.349 -8.622
(11.174) (31.621)
Lower-middle 0.066 3.176**
(0.617) (1.521)
Upper-middle 0.499 23.888***
(0.683) (9.261)
DE*FD -0.983 0.923 0.962
(2.615) (1.131) (1.631)
DE*Low-income -1.645
(9.587)
DE*Lower-middle -0.172
(0.514)
DE*Upper-middle 6.442**
(2.761)
FD*Low-income 5.011
(8.898)
FD*Lower-middle -11.529***
(4.854)
FD*Upper-middle 0.848**
(3.566)
DE*FD*Low-income 2.195
(2.198)
DE*FD*Lower-middle 3.685**
(1.948)
DE*FD*Upper-middle 17.343**
(8.473)
Inflation -0.022 0.002 -0.033 -0.017 -0.054 -0.044
(0.055) (0.069) (0.047) (0.049) (0.038) (0.049)
Economic growth 0.001** 0.001* 0.000 0.000 -0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Urbanisation 0.061 0.043 0.018 -0.006 0.028 0.028
(0.040) (0.042) (0.027) (0.035) (0.019) (0.037)
Human capital -2.237 -3.917 -3.120** -0.972 -1.926 -5.828***
(1.610) (5.181) (1.517) (1.916) (5.877) (1.812)
Net effects
Country/Time Effects Yes Yes Yes Yes Yes Yes
Number of countries 29 29 29 29 29 29
Observations 244 244 154 244 154 244
R-squared 0.632 0.732 0.505 0.687 0.566 0.657
Prob>F 0.000 0.000 0.000 0.000 0.000 0.000
AR(1) 0.006 0.008 0.013 0.011 0.676 0.004
AR(2) 0.560 0.491 0.806 0.716 0.676 0.459
Hansen 0.067 0.121 0.121 0.085 0.316 0.459
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Note: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1; DE represents digital economy; FD represents financial development

5 Conclusion and recommendations

5.1 Summary and conclusions

The digital economy has emerged as a disruptive force in Africa, which presents an immense potential to
accelerate innovation in Africa. This represents more than technological advancement but reflects a paradigm
shift in the spatial dynamics of innovation. As digital technologies such as fixed broadband and telephone,
mobile phone, internet use, ICT import and exports, secure internet servers, among others, spread throughout
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the continent, they have become essential catalysts for innovation. This aligns with the digital transformation
strategy, which highlights that digitalisation is an essential force for innovation and growth, contributing to the
attainment of Agenda 2063 and SDG 9, which seeks to ‘Build resilient infrastructure, promote inclusive and
sustainable industrialisation, and foster innovation’. Motivated by this, this study contributes to knowledge by
exploring the nexus between the digital economy and innovation in Africa, an area which has received limited
attention. Additionally, this paper considers the intervening role of financial development on the relationship. It
does so by considering a sample of 29 African countries between 2011-2021 using the two-step system GMM.

The empirical findings present that the digital economy plays a pivotal role in fostering innovation in Africa.
Through improved connectivity, digital collaboration, and information access, the digital economy stimulates
technological advancement and innovation outcomes. Similarly, the individual components of the digital econ-
omy index exert a positive influence on innovation. This implies that innovation in Africa is fueled by the
combined impact of several digital elements that operate collectively to improve communication, efficiency,
and the diffusion of knowledge and innovation. Further, the findings elucidate that a well-developed financial
system is crucial for innovation, underscoring the pivotal role of the financial markets and intermediaries in
the innovative ecosystem. Additionally, the study reveals a fascinating insight showing that the digital econ-
omy interacts effectively with financial development to promote innovativeness. Thus, financial development
amplifies the impact of the digital economy on innovation. This illustrates that integrated strategies targeted at
developing the financial market and digital systems could lead to greater innovation outcomes. Hence, there is a
need to expand access to investment, funding, and digital financial services to assist individuals and companies
in transforming digital potential into innovative outcomes.

5.2 Policy implications

The study’s results have several implications for governments and policymakers seeking to promote innova-
tion in their countries. This paper highlights the need for policymakers to prioritise investment in the digital
infrastructure, internet, networks and data centres that foster accessibility and dependability, creating an en-
abling environment for innovation. More so, the empirical findings indicate that the digital economy interacts
effectively with financial development to promote innovativeness. To harness this synergy, the development
of the financial system, coupled with investment in the digital economy, should be prioritised by governments
and policymakers to build a robust innovation ecosystem in Africa. Strengthening digital infrastructure without
also improving financial access could restrict the potential benefits of technological progress. Therefore, ini-
tiatives that integrate digitisation with accessible financial policies, such as those that support digital banking,
mobile payment systems, and fintech innovation, can create new opportunities for entrepreneurs and innovators.
Additionally, enhancing regulatory frameworks to ensure the interoperability of digital and financial platforms
would boost the system’s effectiveness and credibility.

The following temporal directions are further suggested. In the short run, policymakers should focus on
addressing immediate bottlenecks that hinder digital and financial integration. This includes expanding broad-
band networks, promoting affordable internet access, and ensuring cybersecurity, which will all help to sustain
the momentum of digitally driven innovation. More so, improving right-of-way regulations can reduce the
high costs of internet connectivity, which remain a barrier to digital participation in many economies. Estab-
lishing cybersecurity baselines is equally important to foster trust in online transactions and protect clients in
an increasingly digitised financial landscape. Interoperability among mobile money platforms should also be
prioritised to ensure that users and firms can transact seamlessly across networks, which will encourage in-
clusion and competition. Further, governments and regulators may increase financial inclusion by promoting
digital financial services, expanding credit availability, and making venture capital more accessible, especially
for start-ups and SMEs. Strong banking supervision, a stable rule of law, and information access are neces-
sary for financial intermediaries to successfully identify productive innovations and allow small businesses and
start-ups to access finance on more favourable terms.

Over the medium term, attention should be directed towards building a resilient digital and financial system
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that can sustain and scale up innovation. Governments must invest in local and regional data centres to en-
hance data sovereignty, reduce latency, and assist emerging fintech and Al ecosystems. Strong digital public
infrastructure, including national digital identification systems, will enable citizens and businesses to access
and authenticate online services securely. Additionally, integrating digital skills education and training into
national development goals can help businesses and individuals make effective use of digital resources. More
so, governments should design policies that encourage private sector involvement and global digital collabo-
ration in order to fortify the innovation ecosystem. Supporting technological clusters, innovation hubs, and
digital start-ups could boost the advantages of the digital economy. Public initiatives to promote equitable dig-
italisation should be promoted, taking into account the kinds of digital technologies that are most useful and
accessible to small businesses, including unofficial ones.

In the long run, policies should focus on establishing a digitally integrated and innovation-driven economic
paradigm. Under the African Continental Free Trade Area (AfCFTA), this entails promoting the harmonisation
of digital regulations across borders, facilitating pan-African financial networks, and expanding regional digital
marketplaces. To maintain innovative capability, governments should also give top priority to expenditures in
human capital development, green data infrastructure, and advanced research, especially in science, technology
and engineering sectors. Digital governance systems must change over time to address ethical issues pertaining
to algorithmic fairness, data privacy, and artificial intelligence. In the end, African economies will be able to
fully utilise financial development as a catalyst for digital transformation and innovation-led growth if policies
are coordinated and forward-looking, with an emphasis on transparency, inclusivity, and institutional reform.

5.3 Limitations and future directions

Despite the insightful contributions of the study, there are some limitations which provide avenues for future
research. First, the study was limited to only 29 countries in Africa due to data availability constraints at the
time of the study. Hence, future studies could expand the scope of the study by considering all African countries
for a more representative argument. The study only considered the intervening role of financial development
on the digital economy and innovation. Scholars could consider other intervening factors, such as institutional
quality. Also, further research is required to understand the level at which financial development and the
digital economy amplify or weaken innovation, employing the dynamic quantile regression or the threshold
estimation techniques. Furthermore, in order to reveal contextual differences across African economies, future
research could use country-specific or regional analyses, which would enhance the findings’ empirical and
policy relevance.
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APPENDICES

Table Al: List of countries

No. Country No. Country

1 Algeria 16 Mauritius

2 Benin 17 Morocco
3 Botswana 18  Mozambique
4 Burkina Faso 19 Namibia

5 Burundi 20 Niger

6 Cameroon 21 Nigeria

7 Cote d’Ivoire 22 Rwanda

8 Egypt 23 Senegal

9 Ethiopia 24 South Africa
10 Ghana 25 Tanzania
11 Guinea 26 Togo

12 Kenya 27 Tunisia

13 Madagascar 28 Uganda
14 Malawi 29 Zambia

15 Mali

Table A2: Correlation analysis for the digital economy index variables

27

Variables 1) ?2) 3) “) 5) (6) @ ®) ) (10)  Bartlett Test
Note: Significant values are presented in parentheses
(1) Fixed broadband 1.000
(2) Fixed telephone 0.935 1.000
(0.000)
(3) Mobile 0.428 0.458 1.000
(0.000)  (0.000)
(4) Internet use 0.628 0564 0.714 1.000
(0.000)  (0.000) (0.000)
(5) Medium and high-tech ~ -0.028  -0.040  0.338 0.381 1.000
(0.646) (0.520) (0.000) (0.000)
(6) ICT_export 0.483 0.483 0.233 0.379  0.170 1.000
(0.000) (0.000) (0.000) (0.000) (0.006)
(7) ICT_import 0.375 0384 0240  0.341 0.085 0.509 1.000
(0.000) (0.000) (0.000) (0.000) (0.175) (0.000)
(8) Services value added 0.700  0.770  0.666  0.762  0.273 0430 0457 1.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
(9) Secure internet 0.145 0.135 0.237 0.329 0.151 0.033 0.344 0.362 1.000
(0.010) (0.016) (0.000) (0.000) (0.014) (0.568) (0.000) (0.000)
(10) Compulsory education  0.360 0330  0.440  0.392  0.355 0.174  0.120  0.323 0.069  1.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.005) (0.055) (0.000) (0.252)
Chi (X?) Statistics 1453.951
Chi (X?) P-value 0.000
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