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FINANCIAL ECONOMICS | RESEARCH ARTICLE

An empirical assessment of fintechs 
heterogeneous transmission channels to 
financial development among African economies
Tochukwu Timothy Okoli1* and Devi Datt. Tewari2

Abstract:  The poor use of innovations for financial service delivery among African 
banks has limited the extent of financial development in the continent. Consequently, 
financial authorities seeks for a technology-enabled financial solution; an area not 
well covered in literature. This study therefore, examines the determinants of financial 
development in a panel of thirty-one heterogeneous African markets for the period 
2002–2019 with emphasis on financial technology (Fintech). The liquidity-preference 
and credit-creation theories were used to model a dummy variable interactive equa-
tion to capture possible heterogeneities. The study hypothesized that Fintech trans-
mits directly to financial development among emerging Africa but indirectly through 
bank-efficiency and financial inclusion among the frontier and fragile groups, respec-
tively. Results from both the dynamic system GMM and the static techniques support 
this hypothesis with significant heterogeneities in both the intercept and slope coef-
ficients of Fintech among the various groups. The study concludes that on average, 
emerging African markets report higher financial depth than the frontier and fragile 
groups; however, with higher slopes, they can converge with emerging markets’ in the 
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long-run through Fintech adoption. The study recommends the collaboration of 
Fintech with banks, improved bank efficiency and financial inclusion as panaceas to 
promote financial development in Africa.

Subjects: Technology; Economics; Finance  

Keywords: Financial Development; Financial Technology; Africa; Bank Efficiency
JEL Code: G10; G00; O55; G21

1. Introduction
The financial system in Africa has been held back by currency fluctuations, lack of innovation, over- 
reliance on the conventional banking style, and low supply of products for savings (Beck & Cull, 
2013; Honohan, 1997). These have worsened with the widespread financial exclusion and low 
coverage of banks and Automated Teller Machines (ATMs) in the continent (Andrianaivo & Kpodar, 
2012), leading to retarded development and the ineffectiveness of monetary policy in Africa (Allen 
et al., 2014). As a result, many financial authorities have sought for a technology-enabled financial 
solution to mitigate these problems and promote financial inclusion and overall financial devel-
opment in the continent. Therefore, with the advent of financial technology, the need to identify its 
various channels of transmission to financial development among the heterogeneous African 
markets is the focus of this study.

The financial sectors in Africa are as heterogeneous as the cultural diversities in the continent. 
As a result, the relevance of financial technology to Africa has been doubtful especially as it comes 
with both prospects and problems. Therefore, as financial technology (Fintech hereafter) designs 
and delivers financial services, it becomes imperative to understand the peculiarities of the 
emerging, frontier and the fragile African markets for a better transmission to financial develop-
ment. Again, Fintech can close the financial exclusion and digital-divide gaps in Africa, thereby 
improving the financial depth if channeled through the right source. Moreover, Africa has high 
propensity to save, but financial expansion and deepening has been constrained by lack of access 
to financial services and absence of depth of financial instruments (Andrianaivo & Kpodar, 2011). 
This suggests that the reason savings intermediation have not yet transmitted into potential 
investment in Africa is because of lack of innovation/Fintech, especially as the perceived risk in 
extending credit to the public in Africa is high (Stone & Grønhaug, 1993).

To circumvent these challenges, policies such as the removal of credit ceilings, interest rates 
liberalization, and privatization of state-owned banks were put in place by many African countries. 
Despite these, financial markets in Africa are still less developed than markets elsewhere on virtually 
all indicators of financial development (Green, 2013). This, therefore, suggests that financial devel-
opment in Africa is more of a structural issue such as the use of Fintech in credit extension rather than 
policy driven. The use of financial innovation/technology in credit extension is the panacea to the 
widespread financial exclusion and development problems in Africa.

Moreover, the fact that MPESA (mobile money) grew in Kenya and other African markets like 
Tanzania but failed to launch in South Africa (Alexander et al., 2017; Vodafone, 2016) further 
strengthens the concept of heterogeneity among African markets. Its difficulty to replicate its 
success in South Africa was blamed on excessive financial regulations within South Africa financial 
system (Alexander et al., 2017). Therefore, the role of Fintech could actually be country’s specific. 
Therefore, this study aims to identify the determinants of financial development among the 
heterogeneous African markets with emphasize on Fintech.
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2. Theoretical models
The demand for money or the liquidity preference theory by Keynes (2016) and the credit creation 
theory as discussed by Jhingan (2003) were employed to examine Fintech’s heterogeneous 
transmission channels to financial development. The first theoretical model is used to investigate 
the real and financial sectors’ variables that determine financial development; the second model is 
used to capture the various transmission mechanisms through which this impact can occur. Hence, 
they make up for each other’s weaknesses.

2.1. Liquidity preference (LP) theory
This theory was attributed to Keynes (2016) as postulated in his work on the general theory of 
employment, interest, and money. Keynes argued that credit requirement is heavily dependent on 
three unique but interrelated motives. They are the transactions motive, the precautionary motive 
and the speculative motive. The first two motives are increasing functions of income in the 
previous period and the frequency of income, while the last motive is a decreasing function of 
interest rate or the spread of interest rate. Individuals hold their wealth in terms of money or bond. 
As the level of income increases and the more infrequent income is, the more money households 
will hold for transaction and precautionary purposes, whereas an increase in interest rate will 
reduce speculative balance. In other words, households are likely to hold more money for spec-
ulative purposes if the lending interest rate exceeds the deposit rate and vice versa.

Keynes (2016) also believes that changes in the institutional and structural conditions of the 
economy also determine the household’s LP. This means that Keynes acknowledges the roles of 
institutions as an intermediary in credit extension. Thus, the extent of credit extension by financial 
institutions depends on their level of efficiency among other things. Therefore, this study argues 
that financial institutions efficiency could be one of the transmission channels to financial devel-
opment. Based on the foregoing assertions, the liquidity balance is modelled thus: 

lpit ¼ f yit; rit; feitð Þ (1:1) 

Where lp represents the liquidity balance in the current period as a function (f) of income growth 

rate in the current period (yit), interest rate spread (rit), and financial institutions efficiency (fe) in 

the current periods. Therefore, based on Keynes theory, we postulate the following functional 

relationship: @lp
@r 0;

@lp
@y

D E
0;

@lp
@r �

@lp
@fe 0; and @lp

@y �
@lp
@fe

D E
0

2.2. Credit creation theory
On the other hand, the credit creation theory of banks, according to Jhingan (2003), is a useful 
theory that explains finance and its determinants. According to this theory, the ability of financial 
institutions to create credit through loan advancement depends largely on the reserve require-
ment ratio, total deposits, the number of bank excess reserves as well as the innovations/tech-
nologies used in the delivery of financial services. The reserve requirement ratio which is set by the 
central bank is inversely related to the amount of loan to be advanced, and by implication, the 
total credit a bank can create at a time. The total credit created equals the product of the initial 
deposit and the inverse of the required reserve ratio thus: 

Δ Deposit ¼ Initial Deposit� 1=RRr (1:2) 
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Equation (1.2) is the credit extension formula. It determines to what extent the banking system 
can create credit, given the initial demand deposit and the deposit expansion multiplier (1=RRr). The 
above equation can also be expressed as follows: 

Δ Deposit ¼ ID 1þ 1 � RRrð Þ þ 1 � RRrð Þ
2
þ . . .þ 1 � RRrð Þ

n
h i

¼ ID�
1

1 � 1 � RRrð Þ
(1:3)  

Δ Deposit ¼ ID� 1=RRr (1:4) 

Equations (1.3) and (1.4) are the extended version of (1.2). Therefore, credit creation through loan 
advancement depends on the discounted flows of successive required reserves multiplied by the 
initial deposit (ID). Moreover, since this role of intermediation is done by banks, their level of 
competence and technology can influence this process. Based on this, this study acknowledges 
financial institutions’ efficiency and Fintech inherent in a bank as the transmission channels to 
financial development. Therefore, the total credit created is then a function of the total credit in 
the previous period, initial deposit (ID), required reserve ratio (Rr), bank efficiency measured in 
terms of bank profit to assets ratio (Roa) and Fintech (ft) thus: 

FDit ¼ TCit ¼ f TCit� 1;IDit; Rrit;Roait; ftit
� �

(1:5) 

3. Literature review
Two different streams of empirical view are discussed in this study. First, is the interrelationship 
between financial development and technology adoption and the second is on whether to follow 
the supply-leading hypothesis or the demand-leading view to assess finance and real sector 
performance/technology adoption.

The channels through which technological advancement can spur finance are through an efficient 
banking system and a well-developed capital markets (Tadesse, 2005). This is because technology 
adoption is capital intensive and this could be mobilized through an efficient financial system. 
Financial markets, therefore, provide investors with the required capital to make this investment 
depending on the extent of financial openness in the country. Tadesse (2005) proposed that the level 
of countries’ technical progress and the development of their financial systems in mobilizing funds 
are directly proportional. Moreover, the perceived liquidity risks of potential investors on technology 
adoption can be reduced when the state of the country’s capital markets and institutions are well 
development (Bencivenga et al., 1995). Bencivenga and Smith (1991) added that financial interme-
diation promotes real growth when the process is designed in such a way that it reduces liquidity risk. 
Therefore, technology adoption and interest rate are inversely related. This suggests that a well- 
functioning banking/financial system makes fund available for technology adoption at a reduced risk 
or interest rate thereby serving as a precondition for technology to adoption to drive finance.

On the other hand, there has been an on-going debate in economic literature on whether to 
follow the supply-leading hypothesis or the demand-leading view to model the finance-growth 
nexus. Empirical pieces of evidence on this issue have being inconsistent. While some (H. C. Huang 
& Lin, 2009; Leitao, 2010;Tadesse, 2005; Van Nieuwerburgh et al., 2006) support the supply-leading 
view that finance has a positive impact on growth; others (Benyah, 2010; Chinn & Ito, 2006; 
Falahaty & Law, 2012; W. Huang & Temple, 2005) follow the demand-leading hypothesis and 
conclude that growth variables actually respond to changes in financial development.
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Financial development promotes productivity by interacting with technological innovation and 
vice versa (Tadesse, 2005). This interrelationship is more of a heterogeneous process across the 
different African countries or industries that differ in their needs for financing innovation due to 
the multiplicity of diversities within the African financial system. Therefore, with greater financial 
openness and external financing, there can be a rapid growth rate of technological change in 
countries with more developed banking sector (Tadesse, 2005). This suggests that whereas finan-
cial openness could accelerate technology adoption and financial development, especially in 
financially repressed economies, a developed or efficient banking system is a precondition for 
these technologies to transmit to greater financial development and vice versa. These findings 
were consistent with those of Falahaty and Law (2012), Hassan et al. (2011), Benyah (2010), and 
Chinn and Ito (2006) who followed the demand leading hypothesis to investigate the determinants 
of financial development. According to Chinn and Ito (2006), higher levels of financial openness, 
trade openness and banking system development can spur financial development when it inter-
acts/transmits with a threshold level of legal development.

Irrespective of the direction of causality, finance-real sector performance nexus will not occur 
directly without a transmission channel (De-Gregorio & Guidotti, 1995). It is on this background that 
Mundial (2014) pointed out that, there have been works of literature that linked finance and growth 
without a clear transmission mechanism. The literature rarely attempts to identify the particular 
mechanism through which finance-growth nexus can emerge (Arestis et al., 2006). Based on this, 
Sassi and Goaied (2013) asserts that ICT adoption is a transmission channel through which finance can 
spur growth; otherwise, finance-growth nexus can be ambiguous. Benyah (2010) confirmed this by 
reporting a negative impact of economic growth and financial openness on financial development in 
Africa. Therefore, it follows that finance and real sector performance can spur each other when 
transmitted through the right channel (Manizheh & Law, 2010). Later studies that addressed the 
determinants of financial development found legal, political and cultural factors, bank ownership, bank 
concentration and geographical differences across countries as important factors (Manizheh & Law, 
2010). Invariably, it follows that for real sector performance to drive financial development, there has 
to be an efficient structure that will diversify excess savings into more potential real investments “at 
the highest available rates of return, and with minimum transactions costs” (Killick & Martin, 1990).

Despite the number of possible variables that have been outlined, there has not been 
a consensus (Benyah, 2010) either on the determinants of financial development or on its trans-
mission channels. This is continuously updated in the literature. The major argument put forward 
in this study is that the extent of development in the financial system of an economy determines 
whether Fintech follows any transmission channel to financial development and what should 
constitute the transmission channel. Therefore, based on this argument, this study hypothesized 
that Fintech transmits to financial development directly among the emerging markets given their 
relatively developed financial system/structure but indirectly through bank efficiency (ROA) and 
financial inclusion (DBB)1 among the frontier and fragile categories, respectively.

4. Methodology
This study employs the dynamic system generalised method of moments (GMM) to estimate the 
model. This was implied by the theoretical framework under two instances. First, the theoretical 
model proposes that current period’s credit creation depends on its pervious period’s, and second, 
most of the variables in the model are endogenously determined. Therefore, a dynamic system 
GMM estimation technique will best capture the variability in the model. A dynamic GMM technique 
is efficient when the individual observation of the panel is more than or equal to its time observa-
tion. The individual units in this study is thirty-one countries (N = 31) and the number of years is 
eighteen (T = 18) years. It is capable of correcting for unobserved panel heterogeneity, omitted 
variable bias, measurement error and endogeneity problems of the lagged dependent variable 
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(Bond et al., 2001). Moreover, in addition to the dynamic model, the static fixed and random 
effects techniques were also employed as a robustness check. The Hausman test was used to 
select between the fixed and the random effects techniques. The null hypothesis that the random 
effect model is a better estimate will not be rejected if probability value for the chi2 Hausman test 
is greater than 5 per cent otherwise, the fixed effect is preferable.

4.1. Model specification
The econometric equation is based on the two theoretical models reviewed above. The two models 
suggest the roles of both real sector and financial variables as the determinants of credit exten-
sion. It comprises the properties of equations (1.1) and (1.5) in its general form thus: 

FD ¼ f Y; IRS; ROA; DBB; ft; FOð Þ (1:6) 

Where: FD = vector of the different measures of financial development (the ratio of Credit to

private sector to GDP and the ratio of liquid liability to GDP);

Y = GDP growth rate;

IRS = Interest rate Spread;

ROA = Bank returns to assets ratio (a measure of financial efficiency);

DBB = Sum of deposits and borrowers from banks/Initial deposit (a measure of

financial inclusion);

ft = Vector of the measures of Fintech, Mobile Phone Banking (MPB), Internet

Banking (INTB), and Automated Teller Machines (ATM); while

FO = the economies financial openness (control variable),

The level form of equation (1.6) is specified thus: 

FDit ¼ δ0FDit� 1 þ αi0 þ δ0iftit þ δjiX
0

it þ vi þ μitð Þ (1:7) 

Where: FDit, and αi0 are N X 2 vectors of the two measures of financial development and the 
average financial development for country i in period t, respectively. vi and μit are also N X 2 vectors 
of the country’s specific fixed effect and the unexplained portion of the dependent variable, 
respectively; hence μit ~ IID (0, σɛ2). δ0i and δji are K Χ 2 vectors of unknown parameters to be 
estimated on the explanatory variables of Fintech and three control variables, respectively. FDit-1, 
ftit and Xit are N X K matrixes of lagged dependent variable, explanatory variables of Fintech, and 
three control variables (Xit) respectively. The GMM estimation technique assumes another matrix 
Z that is N x M because of the presence of endogeniety; where, M > K, so that matrix Z are strictly 
exogenous {i.e. E(Z` μit) = 0}. Therefore, the Z matrix is a set of valid instrumental variables 
assumed to be highly correlated with the explanatory variables but orthogonal to the error term. 
Orthogonality in this sense means that the Z matrix consists of variables that are not correlated 
with the error term. Therefore, for the estimated parameters to be unbiased, the instrumental 
variables Z must be less than or equal to the number of groups (N).
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By taking the first difference of equation (1.7) and transforming it to incorporate heterogeneity 
in both the average (intercept) and the slope Fintech determinants of financial development 
among the emerging, frontier and fragile economic groups, a dummy variable interactive System 
GMM equation is therefore modelled thus: 

εit � εit� 1 ¼ vi � við Þ þ ðμit � μit� 1Þ ! Δεit¼Δμit (1:8) 

The variables remain as defined above. However, for clarity of purpose, the following explanations 
were necessary. δji’s are K Χ 2 vectors of unknown parameters, whereas FDit-1, ftit, Di1

it ftit(ROAit), Di2
it ftit 

(DBB) and Xit are N X K matrixes explanatory variables and dt is the year dummies The dummy 
variables were used to ascertain which economic group is being modelled. Therefore, Di

it is a dummy 
variable taking 1 if the economy group belongs to i group and 0 otherwise; i0 is a reference category 
and i1 and i2 represents frontier and fragile markets, respectively. Equation (1.8) nests the equation by 
equation estimation. Take for instance, for a given economic group i, the equation is reduced to 
a regression of agent i’s intercept, the slope coefficients and the control variables. Since three groups 
of economies are considered (the emerging, frontier and fragile economies), two dummies were used 
for frontier and fragile groups to avoid the problem of dummy variable trap. This study used emerging 
markets as the reference category because they have a well-developed financial sector relative to the 
other markets in the model. Therefore, if the reference category is i0, then αi0 and δ0i are its 
corresponding intercept and slope coefficients, respectively, with respect to the impact of Fintech 
on financial development. The intercept and the slope coefficients of group i1 economy (frontier 
group) are given by (αi0+ α1) and (δ0i +δ1i), respectively, whereas that of the fragile group (i2) are (αi0 

+ α2) and (δ0i + δ2i), respectively. Note that the country’s specific-fixed effect disappears after the first 
differencing because it does not vary with time thus: 

εit � εit� 1 ¼ vi � við Þ þ ðμit � μit� 1Þ ! Δεit¼Δμit (1:9) 

Equation (1.8) is a six-model equation for the three economic groups for two dependent variables. 
Its uniqueness is because it allows heterogeneity in the intercept and the slope coefficients among 
the three different economic groups thereby enabling us to treat each economic group as unique 
from the others. This makes it easy to ascertain the actual level of financial development and its 
determinants among each economic group for comparative analyses.

4.2. Data
The analysis is based on twenty four African economies comprising of five/largest emerging,2 

twenty-one frontiers and five fragile markets3 for the period 2002–2019. The different countriesin 
each group are presented under the Appendix Table A1. The data is sourced from the World Bank 
database (WBD) and International Financial Statistics (IFS). Two measures of financial develop-
ment were used. They are bank credit-to-private sector as a ratio of gross domestic product (CPS) 
and liquid liability as a ratio of gross domestic product (LLGDP). Most studies among African 
economies used credit to private sectors and liquid liability as measures of financial development 
(Beck et al., 2003). Measures of Fintech include automated teller machine (ATM) per 100,000 
people, individuals using internet to total population ratio, a proxy for internet banking and mobile 
phone subscription per 100,000 people, a proxy for mobile banking. The variables are briefly 
summarized in Table 1.

5. Results and discussions
This section began with the presentation and discussion of the system GMM one-step results as 
modelled in Equation (1.8). Financial development was measured with two indicators of domestic 
credit to private sector as a ratio of gross domestic product (CPS) and liquid liability to GDP (LLGDP). 
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Six unique equations were estimated for the intercept coefficients only, the intercepts and slope 
coefficients and the intercept, slope and control variable coefficients each for CPS and LLGDP. This 
was necessary to see how the intercepts and slope determinants of Fintech impacts on financial 
development among the various economic groups.

In models 1 and 2, the results reveal that there is significant heterogeneity on the average financial 
development among the three economic groups. Particularly, in model 1, the average financial 
development among the emerging group α0 = 18.85% whereas those for the frontiers and fragile 

Table 1. Description of variable measurement and expected signs based on Equation (1.8)
Variables Description/ 

Measurement
Data Sources Variable Sources Expected Signs

Credit to Private 
Sector to GDP (CPS/ 
GDP)

The ratio of 
domestic credit to 
private sectors to 
Gross Domestic 
Product

World Bank Data 
(WBD)

Bzhalava (2014). Positive

Liquid Liability to 
GDP 
(LL/GDP)

The ratio of liquid 
liability to Gross 
Domestic Product

World Bank Data 
(WBD)

Benyah (2010) Positive

GDP growth rate 
(GDPR)

(ΔGDP/Current GDP) 
*100

WBD Bzhalava (2014). Positive

Financial Openness 
(FO)

Financial Market 
Access indicator

International 
Financial Stat. (IFS) 
and WBD;

Bzhalava (2014). Positive

Interest Rate 
Spread (RIR)

Lending interest 
rate minus deposit 
Interest rate

WBD and IFS Negative

Returns on Assets 
(ROA)

Bank profit after tax 
to assets ratio as 
a measure of Bank 
efficiency

WBD and IFS Yartey (2008) Positive

Depositors & 
Borrowers from 
Bank (DBB)

Depositors and 
borrowers from 
banks per 1000 
adults, a measure 
of financial 
Inclusion

WBD Positive

Mobile Phone 
Banking (MPB)

MPB as a measure 
of mobile banking 
(Fintech)

WBD Allen et al. (2014) Positive

Automated Teller 
Machines (ATM)

Automated teller 
machine measure 
of Fintech

WBD Otto (2003) Positive

Internet Use Number of people 
using internet as 
a measure of 
Fintech

WBD Allen et al. (2014) Positive

Dummy Variables Dummies taking 
one if the economy 
belongs to type ith 
economy and zero 
if otherwise

Undefined

Source: Author’s compilation based on theory and empirical literature 
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Table 2. System GMM results of Equation (1.8)
Model (1) Model (2) Model(3) Model (4) Model(5) Model(6)

CPS LLGDP CPS LLGDP CPS LLGDP

First Lag of 
Dependent V.

0.801*** 1.003*** 0.274*** 0.895*** −0.131 0.620***

(22.94) (93.89) (2.68) (30.75) (0.36) (7.96)

Constant 18.845*** 1.465 21.762*** −6.406*** 768.3*** −50.3***

(5.25) (1.43) (2.68) (2.72) (2.69) (5.88)

Frontier Mkt 
Dummy 
(DUMF)

−11.026*** −1.623* −0.351 10.574*** −609.3** 45.64***

(3.24) (1.75) (0.04) (3.53) (2.52) (5.83)

Fragile Mkt 
Dummy 
(DUMG)

−16.12*** 0.412 −18.397 10.891*** −1,055.5*** 91.98***

(3.45) (0.36) (1.23) (3.78) (2.65) (7.06)

ATM 0.645** 0.044 0.536 −0.394***

(2.34) (1.32) (0.60) (4.37)

Internet 
Banking 
(INTB)

0.165 0.211*** −0.072 −0.384**

(0.56) (3.97) (0.08) (2.55)

Mobile 
Banking 
(MPB)

0.638*** 0.045*** −1.029 0.264***

(4.29) (2.75) (1.30) (5.84)

DUMF* 
ATM* 
ROA

−0.417*** −0.028 0.605 0.042

(2.88) (1.48) (0.96) (0.95)

DUMF* 
INTB* 
ROA

−0.098 −0.078*** 0.084 0.056

(0.76) (4.00) (0.20) (1.16)

DUMF* 
MPB* 
ROA

0.069 0.004 0.341* −0.003

(1.43) (0.62) (1.66) (0.19)

DUMG* 
ATM* 
DBB

−0.017 −0.006 0.473* −0.020

(0.33) (0.86) (1.88) (1.23)

DUMG* 
INTB* 
DBB

−0.011*** −0.002*** −0.064* 0.005**

(2.81) (2.85) (2.65) (2.39)

DUMG* 
MPB* 
DBB

0.005 0.001 0.013 −0.001

(1.62) (1.56) (1.31) (1.29)

(Continued)
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Table 2. (Continued) 

Model (1) Model (2) Model(3) Model (4) Model(5) Model(6)
Financial 
Openness 
(FO)

−872.27** 229.1***

(2.58) (8.10)

Int. Rate 
Spread (IRS)

−3.495** 0.326***

(2.37) (3.99)

GDP Growth 
Rate (GDPR)

−6.509* −0.737**

(1.76) (2.29)

Year Dummy Yes Yes Yes Yes Yes Yes

AR2 0.221 0.225 0.965 0.806 0.551 0.701

Sargan Test 0.000 0.000 0.000 0.000 0.563 0.445

F-Statistics 79.73*** 844.50*** 19.37*** 432.57*** 1.95*** 82.76***

Number of 
Observations

505 527 505 527 505 527

Number of 
Groups/ 
Instru.

30/30 31/31 30/30 31/31 30/30 31/31

Absolute value of t statistics in parentheses 
*** significant at 1%; ** significant at 5%; * significant at 10% 
Source: Estimation 

Table 3. Static fixed and random effects models of Equation (1.8) for robustness check
RE(7) RE(8) FE(9) FE(10) FE(11) RE(12)

CPS LLGDP CPS LLGDP CPS LLGDP

Constant 51.6*** 54.42*** 23.844*** 31.559*** 22.41*** 47.36***

(3.81) (5.79) (13.03) (50.20) (5.03) (6.78)

Frontier Mkt 
Dummy 
(DUMF)

−26.99* −24.39** 0.000 0.000 0.000 −20.6***

(1.80) (2.34) 0.000 0.000 0.000 (2.72)

Fragile Mkt 
Dummy 
(DUMG)

−41.62** −34.5*** 0.000 0.000 0.000 −29.7***

(2.18) (2.60) 0.000 0.000 0.000 (3.05)

ATM 0.272 0.028 0.167 −0.164**

(1.49) (0.44) (0.71) (2.15)

Internet 
Banking 
(INTB)

0.255 0.170*** 0.217 0.133**

(1.44) (2.80) (1.19) (2.16)

Mobile 
Banking 
(MPB)

0.026 −0.002 0.033 0.008

(0.32) (0.07) (0.40) (0.29)

(Continued)
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groups were (α0 + α1) = 7.82 and (α0 + α2) = 2.73 per cents, respectively. This shows that emerging 
markets report higher levels of domestic credit to private sector than the frontier African markets and 

RE(7) RE(8) FE(9) FE(10) FE(11) RE(12)

DUMF* 
ATM* 
ROA

−0.101 −0.035 −0.113 −0.040

(1.25) (1.26) (1.37) (1.44)

DUMF* 
INTB* 
ROA

−0.028 −0.111*** −0.016 −0.099***

(0.35) (4.10) (0.20) (3.66)

DUMF* 
MPB* 
ROA

0.041 0.031*** 0.043 0.032***

(1.43) (3.15) (1.49) (3.23)

DUMG* 
ATM* 
DBB

−0.023 −0.009 −0.021 −0.008

(0.78) (0.89) (0.71) (0.79)

DUMG* 
INTB* 
DBB

−0.003 −0.003*** −0.003 −0.003***

(1.26) (4.15) (1.21) (4.03)

DUMG* 
MPB* 
DBB

0.003 0.002*** 0.003 0.002***

(1.56) (3.31) (1.53) (3.28)

Financial 
Openness 
(FO)

36.138 60.559***

(0.76) (4.38)

Int. Rate 
Spread (IRS)

0.052 −0.079

(0.30) (1.35)

GDP Growth 
Rate (GDPR)

−0.270 −0.154*

(0.96) (1.61)

No of Obs./ 
No of Groups

558/31 558/31 558/31 558/31 558/31 558/31

R-squared 0.1175 0.2045 0.2322 0.0960 0.2325 0.5785

F-Stat/Wald 
P-Value

0.1155 0.0000 0.0609 0.0000 0.0958 0.0000

Year Dummy Yes Yes Yes Yes Yes Yes

Hausman 
Test P-value

1.0000 0.0711 0.0001 0.0000 0.0027 0.1096

Absolute value of z statistics in parentheses 
*** significant at 1%; ** significant at 5%; * significant at 10% 
Source: Estimation 
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the latter reports higher average than the fragile group. The same is true between emerging and 
frontier markets when financial development is measured in terms of LLGDP in model 2 and under 
models 4, 5 and 6. Therefore, the null hypothesis that α1 = α2 = 0 is rejected for models 1, 2, 4, 5 and 6 
but accepted for model 34; hence the average financial development for all the economic groups is 
21.76% under model 3. This supports our assumption that emerging African markets’ financial state 
is relatively more developed than those of the frontier and fragile groups. These models (1 and 2) 
accounted only for the intercept variations for the three economic groups (αi0, α1 and α2) and the lag 
of financial development indicator. It did not account for the slope effect of Fintech. As a result, their 
explanatory power is too small to generalise for the entire groups. Given this weakness, models 3 and 
4 were estimated to accommodate this weakness by accounting for both the intercepts and slope 
effects of Fintech transmission channels among the three economic groups.

The next two models (3 and 4) therefore assessed whether there is heterogeneity in the slope 
coefficients of Fintech impact on financial development among the three economic groups. The results 
reveal a consistent conclusion with the restricted version of 1 and 2. In addition to finding hetero-
geneity in the intercepts among the different groups, model 4 also revealed that there is significant 
heterogeneity in the slope coefficients of Fintech at 1% significant level. To be more specific, model 4 
reveals that the slope impact of internet banking on financial development is on average and all things 
being equal δ0i = 0.21% at 1-% significance level while those of frontier and fragile groups are (δ0i + 
δ01) = 0.133 and (δ0i + δ02) = 0.209 per cents, respectively. Moreover, mobile banking raises financial 
development among the three economic groups at the rate of 0.045 per cents all things being equal. 
This is because (δ01) = (δ02) = 0 when Fintech is measured in terms of mobile banking under model 4. 
Again, the average slope coefficients for the impact of ATM on financial development stood at 0.645 
and 0.228 per cents for emerging and frontier markets, respectively, while that of mobile banking 
among the fragile groups is −0.011% under model 3. These results suggest that an efficient banking 
system (ROA) and improved financial inclusion are the transmission channels through which Fintech 
can promote financial development among the frontier and fragile African markets, respectively.

Furthermore, apart from the impact of Fintech on financial development as were assessed in 
models 3 and 4; models 5 and 6 incorporated the role some control financial and macroeconomic 
variables could play on financial development. The result reveals some ambiguous conclusions. 
First, the inclusion of the control variables led to the violation of the heterogeneous slope 
assumption among the different economic groups. Second, the growth rate of output (GDP) 
significantly dampens the level of financial development. In model 6 for instance, the violation 
of the heterogeneous slope coefficients of Fintech is evident from the fact that δ01 = δ02 = 0, 
therefore virtually all the economic groups had similar slope of δ0i for the three measures of 
Fintech. This means that (δ0i) = (δ0i + δ01) = (δ0i + δ02). This could be attributed to the high 
significant and positive impact of financial openness at 1% significance level, thereby indicating 
that the more financially opened the financial market becomes, the more likely fragile and frontier 
markets will attract foreign direct investment and converge with their emerging counterpart in 
financial development. The fact that the reverse was the case with financial development mea-
sured in terms of CPS in model 5 is an indication that there were significant differences between 
the two measures of financial development in Africa.

Again, apart from internet banking that significantly dampens liquid liability/GDP at average 
rates of 0.384 and 0.389 per cents among the emerging and fragile groups, respectively, all 
economic groups had same slope for ATM and mobile banking at −0.394 and 0.264, 
respectively,5 under model 6. Likewise, the assumption of heterogeneous slope coefficients 
under model 5 was also violated as the coefficients of Fintech for emerging (δ0i) and frontier 
markets (δ0i + δ01) were statistically zero. In other words, whereas mobile banking and ATM 
significantly raises credit to private sector to the tune of 0.341 and 0.473 at 10% significance 
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level among the frontier and fragile markets, respectively, internet banking significantly dampens 
it at 1% significance among the fragile groups. Therefore, Fintech could not impact on credit to 
private sector among the emerging group under model 5.

In addition, results from models 5 and 6 further reveal that the real sector variable of gross 
domestic product growth rate (GDPR), interest rate spread, and financial openness significantly 
impacts on financial development in Africa at 1-% significance level. The ambiguous result of 
a negative impact of GDP growth rate on financial development was consistent with that of 
Benyah (2010) who also found that GDP growth rate negatively impacts financial development 
in Africa. This suggests the need for real sector variables to interact with institutional variables to 
drive financial development in Africa as were proposed by some authors (Chinn & Ito, 2006; 
Manizheh & Law, 2010; Sassi & Goaied, 2013).

Findings from models 1 to 6 reveal that the nexus between financial development and financial 
technology is a dynamic heterogeneous process. This was inferred from the strong significance of the 
first lag of the dependent variable at 1-% significance level for all the models. This suggests that 
various factors other than financial and economic can drive the level of an economy’s financial 
development through different channels. Therefore, as a dynamic GMM model, it is susceptible to 
two unique drawbacks. They are the problems of endogeneity or serial correlation and instrument 
validity. This study employs two specification diagnostic tests of the Sargan test of the overall validity 
of the instruments and the absence of serial correlation as were proposed by Blundell and Bond (1998) 
and Arellano and Bond (1991) respectively. Blundell and Bond (1998) believe that when the indepen-
dent variables are not strictly exogenous, that means they are correlated with past and possibly 
current realisations of error with fixed individual effects and as such could produce biased parameter 
estimates. Therefore, the null hypothesis is that all instruments as a group are strictly exogenous; 
hence a higher p-value is desirable. On the other hand, the serial correlation test examines the null 
hypothesis that the error term (Ɛit) of the differenced equation (1.8) is not serially correlated at least at 
the second-order; hence a higher p-value is also desirable. While we cannot reject the null hypotheses 
of absence of serial correction for models 1 to 6 because their p-values are all more than 5%, only 
models 5 and 6 suggest that the instruments are indeed strictly exogenous because their p-value is 
more than 5%. Since the inclusion of the control variables validates the use of instruments, it suggests 
that real sector performance, interest rates, and the extent of an economies financial openness are 
necessary policy indicators to promote financial development among African markets. However, 
models 1 to 4 cannot be used for policy measures because their parameter estimates are biased.

On the other hand, the static fixed and random effects models were also used to investigate this 
nexus between financial development and financial technology among the heterogeneous African 
markets as a robustness check. The use of the static model was informed by the non-validity of 
instrumental variables particularly in models 1 to 4 and the negative non-significant-lagged 
dependent variable of domestic credit to private sectors in model 5. These suggest that the 
assumptions of endogeneity and instrument validity could be actually violated for these models 
and as such, static technique could useful too.

The findings from the static output results in Table 3 were consistent with those of the system GMM 
estimator. Like the dynamic system GMM, it found heterogeneity in both the intercept and slope 
coefficients especially for models of 7, 8 and 12 below.6 Under model 7, the average financial 
development among the emerging, frontier and the fragile markets are 51.61, 24.62, and 
9.99 per cents, respectively. Emerging markets report higher average of financial development than 
the frontier group which also reports higher average than the fragile group. This suggests that the 
more developed an economy becomes, the more likely they will diversify excess funds optimally from 
their surplus to deficit points. This consistent conclusion holds for models 8 and 12 as well.
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Although, models 9 to 11 show that the assumption of heterogeneous average financial develop-
ment is violated, thereby suggesting common intercept for the three economic groups; however, 
there is heterogeneity in its slope coefficients for internet banking, particularly for model 10. In other 
words, emerging African markets report higher level of the impact of internet banking on financial 
development more than the frontier (0.059) and fragile (0.167) groups. However, the explanatory 
power of this model is weak as the variability in liquid liability/GDP that was attributed to the 
independent variables was only 9.6%. Model 12 augmented this weakness by introducing some 
control variables. The inclusion of control variables raised the explanatory power of the independent 
variables to 57.85% with strong heterogeneity in both the intercept and slope coefficients of the 
impact of Fintech were found. It reveals that emerging markets reports higher impact of Fintech in 
driving financial development than the frontier markets which in turn reports higher intercepts and 
slopes than the fragile group. This result is consistent with those under the dynamic models of 1 to 6 
and it also follows prior expectation that emerging African markets on average has higher financial 
development compared to their frontier and fragile groups. This could be used for policy implication 
especially as the explanatory power of the independent variable is high at 57.85%.

Finally, the coefficients of the year dummies was used to examine the growth process of financial 
development among African markets over the years, with emphasis from 2008 (year seven) being the 
first time the word “Fintech” was used in financial literature (Gimpel et al., 2018). This marked the year 
when financial authorities began to seek and implement a technology-enabled financial solution in 
financial services delivery, following the global financial crisis of 2008. The result as presented under 
the appendix Table B1 reveals that overall; there is a steady decline in the average level of financial 
development in Africa since the adoption of Fintech in 2008 for financial service delivery.

The estimates were based on models 1 – 6 being the main models of this study. With emphasis 
on only the significant coefficients, the result shows that in 2012, financial development measured 
in terms of credit to private sector to GDP ratio were on average and ceteris paribus -22.9 per cent 
(-21.9 – 1)% lower than the base year (2002) average rate. However, financial development 
measured in terms of liquid liability to GDP ratio in 2015, is about 20 per cent (1.20 - 1)% on 
average and ceteris paribus higher than its average rate in 2002. Furthermore, the results suggest 
that there is a continuous decline in financial development since the advent of Fintech in 2008 till 
the recent time in 2019. In model 4 for instance, the level of financial development in 2010 was 
about 3.7% lower than its average in 2002 but 4.7 and 9.4 per cents lower in 2011 and 2019 
respectively in comparison to its base year average. This implies that between 2010 and 2019, 
financial development in Africa further declined by about 5.7%. This explains why Fintech has not 
being able to translate into improved financial system development in Africa. Therefore, the 
financial authorities in the continent should seek to implement a macro-prudential policy to 
forestall possible financial crisis that might arise due to Fintech adoption.

6. Conclusion and policy implications
This study follows the demand leading hypothesis of finance-growth nexus to empirically examine 
the various channels through which Fintech transmits to financial development among the various 
economic groups in Africa for the period 2002–2019. This study was motivated by the role Fintech 
plays in creating and extending credit and other financial services better than the conventional 
financial intermediation process by banks. Three economic groups were identified such as emerging, 
frontier, and fragile markets among a sample of thirty-one African economies based on FTCH (2019) 
countries’ classifications. Therefore, this study hypothesised that Fintech transmits to financial 
development directly among emerging markets, but indirectly through increased bank efficiency 
and financial inclusion among frontier and fragile markets, respectively. The rationale behind this is 
that emerging markets has an established financial structure with greater financial inclusion and 
bank efficiency compared to the other groups. Following the liquidity preference and the credit 
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creation theories, a demand leading finance-growth dummy variable interactive model was specified 
and estimated with the dynamic system GMM and the static fixed and random effects techniques.

Major findings from the dynamic system GMM technique reveal that the impact of Fintech on 
financial development in Africa is a dynamic heterogeneous process. This was inferred by the strong 
heterogeneity in the intercepts and slope of Fintech among the three economic groups. The emerging 
group reports higher average and slope impact of Fintech than the frontier and fragile groups in almost 
all the models. This implies that emerging African markets have an established financial structure that 
promotes financial depth; whereas for the frontier group, a significant interaction between Fintech and 
bank is the panacea to raise financial development among them. On the other hand, greater financial 
inclusion among the fragile group through Fintech adoption will improve their financial depth.

The results further reveal under the static random effect model 12 that frontier and fragile 
markets have higher slope in terms of mobile banking at [(δi0 + δi1) = 0.032] and [(δi0 + δi2) = 0.002] 
than the emerging markets’ at [(δi0) = 0].7 This implies that, all things being equal, frontier, and 
fragile African markets can still converge with the emerging group financial development by using 
mobile banking to advance financial depth in the long run. The same is true between the emerging 
and fragile groups in terms of internet banking under the dynamic system technique of model 6. 
Therefore, the implication of this is that while policies tailored towards greater Fintech adoption 
and bank efficiency can promote finance among the frontier group, financial inclusion strategy, 
and structural transformation is the panacea to advance it among the fragile group, whereas 
economic diversification to new innovations in finance is the solution for emerging markets to stay 
afloat. In other words, whereas bank financial institutions’ collaboration with Fintech companies is 
a precondition for frontier markets to develop finance and catch-up with emerging markets, the 
ability of African fragile markets to develop finance is basically moored to financial inclusion, 
structural transformation, political stability, and the development of legal and education systems.

Finally, the fact that real sector variable of GDP growth rate and interest rate spread significantly 
dampen finance in Africa further suggests the need for a transmission channel between finance and 
real sector performance. This result is consistent with that of Sassi and Goaied (2013) who found that 
the nexus between finance and growth is strengthened through ICT diffusion as a transmission 
channel. On the other hand, the positive significant impact of financial openness is an indication 
that financial regulations and reforms in Africa can negate the smooth running of the financial 
system in Africa and the potential benefits that comes with financial-technology adoption.
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Notes
1. See variable description under Table 1
2. The emerging African markets are basically Egypt, 

Morocco and South Africa; however, the study also 
included Algeria and Nigeria in this category because 
of their well-developed financial and stock markets 
(Nili and Rastad, 2007). This made it a total of five 
countries within this category.

3. Moreover, due to the problem of non-availability of 
data, only twenty-one frontiers and five fragile 
African markets made the list under this study.

4. Note that Model 1 and Model 2 as presented in Table 2 
represents the same equation (1.8), both under credit 
to private sector and Liquid liability to GDP ratios as the 
dependent variables respectively.

5. Note that the slope coefficients of ATM and mobile 
banking among the frontier and fragile groups under 
model 6 were not significant even at 10% level of 
significance. Hence, their impact is statistically zero. 
This means that their impact is the same as those of 
the emerging group.
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6. Note that the Hausman test was used to select 
between the fixed and the random effect models. 
The null hypothesis of the Hausman test is that the 
random effect model is better therefore a higher 
p-value suggests that we cannot reject the null 
hypothesis, otherwise we accept the alternative 
hypothesis that fixed effect model is better.

7. Note that the slope of mobile banking (δi0 = 0.008) 
under model 12 is statistically insignificant therefore, 
its true value is zero.
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APPENDIX

ECONOMIC GROUPS
Emerging/ 
Largest Groups

Frontier Groups Fragile Groups

Algeria Botswana Madagascar Rwanda Mali Chad

Egypt Burundi Malawi Seychelles Ethiopia Cote d’Ivore

Morocco Cameroon Mauritius Tanzania Burkina-Faso Niger

Nigeria Ghana Mozambique Angola Sudan

South Africa Kenya Senegal Zambia Togo

Tunisia Namibia Mauritania

Source: FTSE (2019) Reports on Countries’ Classification 
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