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Abstract
Background: This study provides evidence for the financial innovation in the
financial system that resulted in the economic growth of Bangladesh from 19802016.
Methods: To capture the influence of financial innovation on economic growth, we
estimated the long-run cointegration by applying Autoregressive Distributed Lag
(ARDL) bound testing and Granger causality-based Error Correction Model (ECM) to
capture the directional association.
Results: The Test of Cointegration satisfied the existence of a long-run association
between economic growth and the financial innovation proxies, which were the
Domestic Credit to the Private Sector (DCB) as a percentage of the Gross Domestic
Product and the Broad-to-Narrow Money (M2/M1) as a percentage of the Gross
Domestic Product. Our results showed that in the long run, credit circulation to the
private sector and monetary management play important roles in economic growth.
We also found that the coefficients of the financial innovation proxy variables were
positive and statistically significant both in the short run and long run. We also ran
Granger causality tests to investigate the directional effect. This study confirmed the
feedback causality between the economic growth and 2 proxies of financial
innovation in the short and long run. The gross capital formation and trade
openness contribute significantly to explaining the economic growth in Bangladesh.
Conclusion: The government of Bangladesh should encourage financial innovation
in the financial system, especially at financial institutions, so that access to financial
services can easily provide for equitable development. The government should also
encourage financial innovation in the capital market, which will assist in raising longterm capital for investment and expedite overall economic growth.
Keywords: Financial innovation, Economic growth, ARDL, Granger causality
JEL classification: O3, O4, O53

Background
The dynamic economic environment is immensely influenced by rapid innovation, especially financial innovation in the financial system, both in terms of number and value (Błach
2011). Financial innovation expands economic activities through promoting financial inclusion, facilitating a financial transaction in international trade, enabling remittance and
uplifting financial efficiency, which eventually play a fundamental role in economic growth.
Financial innovation, in developing countries like Bangladesh, represents an opportunity
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for financial sector development (Napier 2014; Ndako 2010). It is, because, financial
innovation reflect as an agent for exploring Financial development through diversification
of financial services (Silve and Plekhanov 2014; Bianchi et al. 2011; Merton 1992), efficient
financial intermediation (Johnson and Kwak 2012), technological advancement (Valverde et
al., 2007; Michalopoulos et al. 2011), and new channel for efficient resource allocation for
productive output (Duasa 2014; Sood and Ranjan 2015), in turn, thus, accelerated sustainable economic growth at large. Financial sector development can cause economic growth,
because efficient financial sector mobilized economic resources, assist in capital accumulation (Ahmed 2006) and increase efficiency level in the financial system (Saad 2014a, 2014b;
Michael et al. 2015), eventually lead towards economic growth.
Over the decade, Bangladesh experience emergence of diversified financial innovation
in the financial system, especially in the banking sector such as emergence of mobile
banking, specialized financing options to promote entrepreneurship (i.e., SME refinancing scheme by Bangladesh bank, Aporojita loan for women entrepreneur), internet
banking, agent banking, to stimulate financial development process through capital
maker development with a view to support capital adequacy to investors, establishment
of nonbank financial institutions to support institutional credit for investment. The
financial sector of Bangladesh comprises with private commercial banks, insurance
companies, leasing companies, specialized financial institutions, such as House Building
Finance Corporation, financial markets, and informal financial institutions.
The financial sector of Bangladesh, according to Bangladesh Bank (2017), is dominated banking sector accounting 65% of total financial assets in the financial sector,
followed by nonbank financial institutions 15% and capital market by 7% and remaining
accounted by informal financial institutions. Financial sector development of
Bangladesh not only expediting financial performance but also contributing a noticeable amount in GDP, accounting 12% having substantial growth rate at 7% from 2015
to 2016 (BBS, 2017).
Empirical literature about the nexus between financial innovation-growth suggests
that there is a strong association between financial innovation and economic growth
(see, for example, Bara and Mudxingiri 2016; Bourne and Attzs 2010; Lumpkin 2010;
Sekhar 2013). Financial Innovation includes new financial instruments, the creation of
new corporate structures, the formation of new financial institutions, the development
of new accounting and financial reporting techniques (Laeven et al. 2015; Štreimikiene
2014; Demetriades and Hussein 1996), such development in the financial system is the
key to bring financial efficiency with economic growth (Saqib 2015).
Innovation in the financial sector not only accelerated financial development process
but also assist in the capital accumulation, a technological innovation which eventually
leads sustainable economic growth both short and long run (Chou and Chin 2011; Orji
et al. 2015; Mishra 2010).
This study is novel in different aspects. First, Existing empirical studies suggest a few studies been conducted by researcher focusing on nexus of financial development and economic
growth in Bangladesh using limited time period data (see, for example, Rahman 2004;
Shahbaz et al. 2015), Uddin et al., 2014a, b; Masuduzzaman 2014; Uddin and Chakraborty
2014; Kabir and Hoque 2007; Ali and Hassan 2010; Paul 2014a, 2014b), in this research, we
tried to cover long time series data to explore more convincing findings. Second, the
Empirical literature shows that no such conclusive research focusing on financial innovation
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impact on economic growth of Bangladesh conducted yet, such research gap encourages us
to take the opportunity to explore how and to what extent financial innovation playing a
critical role in the development process of Bangladesh. Finally, we are using newly developed ARDL bound testing for investigating long-run association. The paper is structured as
follows: theoretical and empirical literature brought in Section 2, Section 3 presents the data
and the methodology for the study in details; Research model specification and estimation
with details interpretation included in Section 4, and finally Section 5, explain research findings with policy recommendations for future development. The dynamic economic environment is strongly influenced by rapid innovation, especially financial innovation in the
financial system (Błach 2011). Financial innovation expands economic activities through
promoting financial inclusion, facilitating financial transactions in international trade, enabling remittances, and increasing financial efficiency, which eventually plays fundamental
roles in economic growth. Financial innovation in developing countries, such as Bangladesh,
represents an opportunity for financial sector development (Napier 2014; Ndako 2010). This
opportunity occurs because financial innovation acts as an agent for exploring financial
development through the diversification of financial services (Silve and Plekhanov 2014;
Bianchi et al. 2011; Merton 1992), efficient financial intermediation (Johnson and Kwak
2012), technological advancement (Valverde et al., 2007; Michalopoulos et al. 2011), and
new channels for efficient resource allocation for productive output (Duasa 2014; Sood and
Ranjan 2015) that accelerates sustainable economic growth. Financial sector development
can cause economic growth because an efficient financial sector can mobilize its economic
resources, assist in capital accumulation (Ahmed 2006), and further increase the efficiency
level in the financial system (Saad 2014a, 2014b; Michael et al. 2015).
Over the last decade, Bangladesh has experienced the emergence of diversified financial
innovations in the financial system, especially in the banking sector, financial innovation
bringing changes by offering versatile service introducing mobile banking, specialized
financing options to promote entrepreneurship (i.e., the SME refinancing scheme by the
Bangladesh bank and Aporojita loans for women entrepreneurs), internet banking, agent
banking (which stimulates the financial development process through capital making
developments to support the capital adequacy for investors), and the establishment of
non-bank financial institutions to support institutional credit for investment. The financial
sector of Bangladesh comprises private commercial banks, insurance companies, leasing companies, specialized financial institutions (such as the House Building Finance Corporation),
financial markets, and informal financial institutions.
According to Bangladesh Bank (2017), the financial sector in Bangladesh is dominated by banking, which accounts for 65% of the total financial assets in the financial
sector, followed by non-bank financial institutions (15%) and the capital market (7%);
the remaining part is comprised of informal financial institutions. The development of
the financial sector in Bangladesh not only expedites financial performance but it also
significantly contributes to the GDP (12%); this sector experienced substantial growth
(7%) from 2015 to 2016 (BBS, 2017).
Empirical studies about the nexus between financial innovation and growth suggest
that there is a strong association between them (Bara and Mudxingiri 2016; Bourne
and Attzs 2010; Lumpkin 2010; Sekhar 2013). Financial innovation includes new financial instruments, the creation of new corporate structures, the formation of new financial institutions, and the development of new accounting and financial reporting
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techniques (Laeven et al. 2015; Štreimikiene 2014; Demetriades and Hussein 1996).
Such developments in the financial system are key to bringing financial efficiency with
economic growth (Saqib 2015). Innovation in the financial sector not only accelerates
the financial development process, but it also assists in capital accumulation, a technological innovation which eventually leads to sustainable economic growth in both the
short and long run (Chou and Chin 2011; Orji et al. 2015; Mishra 2010). This study is
novel in several aspects. First, existing empirical studies suggest that little research has
been conducted on the nexus of financial development and economic growth in
Bangladesh using a limited time period (Rahman 2004; Shahbaz et al. 2015; Uddin et
al., 2014a, b; Masuduzzaman 2014; Uddin and Chakraborty 2014; Kabir and Hoque
2007; Ali and Hassan 2010; Paul 2014a, 2014b). In this research, we examined the data
from a long time period to reveal more significant results. Second, a literature search
revealed that there is no conclusive research focusing on the impact of financial
innovation on the economic growth of Bangladesh. This research gap encouraged us to
explore how and to what extent financial innovation plays a critical role in the development process of Bangladesh. Finally, we used the newly developed ARDL bound testing
to investigate the long-run association. This paper is structured as follows: the theoretical and empirical literature is discussed in section 2. Section 3 presents the data and
methodology for the study in detail. The research model specifications and estimations
with a detailed interpretation are included in section 4. In section 5, we explain our
research findings with policy recommendations for future development.

Theoretical and empirical literature review
Theoretical literature

Innovation is an obvious driver of economic growth because it introduces new ideas,
instruments, and solutions for the existing problems. Most importantly, it changes
business competitiveness and creates more value for enterprises. Innovation can take
place in the real sector and financial sector of the economy. It can be categorized as all
of the scientific, technological, financial, and commercial activity necessary to create,
implement and develop new financial markets with improved financial assets (OECD
2004). Innovation not only considers the creation of a new thing but also acts as the
panacea for prolonged economic problems (Kotsemir and Abroskin 2013). Schumpeter
(1912) indicated that innovation can take place in the form of a new product, process,
market, raw material, a method of distribution, or organizational structure.
The traditional economic view of innovation growth states that financial innovation
improves the quality of financial products and services (Schrieder and Heidhues 1995;
McGuire and Conroy 2013), expedites the financial development process (Ozcan 2008),
improves capital accumulation and allocation processes (Uddin et al., 2014a, b; Allen
2011), and increases the level of efficiency in financial institutions (Shaughnessy, 2015).
The efficiency of financial institutions, moreover, has an impact on financial development through better payment mechanisms that expedite both domestic and international trade (Sabandi and Noviani 2015).
Institutional innovation, like other types of innovation, in the financial system, expedites the financial process with improvements, such as internet banking and mobile
banking services (Raffaelli and Glynn 2013; Hargrave and Ven 2006), Microfinance
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institutions, NGOs, and hybrid organizational forms (Battilana and Dorado 2010).
These innovations improve the economy by including a greater number of people in
the mainstream economic development process (Epstein 1992; Siddiqui and Ahmed
2009; Glaeser et al. 2004).

Empirical literature review

The existing literature suggests that the development of the financial sector has a strong
association with economic growth (Asghar and Hussain 2014; Bwirea and Musiime 2015;
Comin and Nanda 2014; Duasa 2014; Hye and Islam 2013; Jedidia et al. 2014; Khoutem et
al., 2014; Kyophilavong et al. 2016; Masuduzzaman 2014; Mhadhbi 2014; Ndlovu 2013;
Rana and Barua 2015; Saad 2014a, 2014b; Sunde 2013; Uddin et al., 2014a, b). This association exists because an efficient financial system allows for the effective mobilization of
economic resources with higher productivity. The idea of financial innovation is not a new
one, but over the last decade, its speed has created some challenges that impact financial
development, including structural changes in the financial sector, the reshaping of financial
services, and the introduction of new financial assets in the financial markets. Financial
innovation introduces and popularizes new financial instruments, institutions, and technologies to the financial system (Sood and Ranjan 2015). Schumpeter (1911) emphasized
the importance of well-functioning financial intermediaries in innovation and economic
growth. The interactions of innovations in the financial sector create economic growth.
Financial innovation is an integral part of economic activity; for example, financial
innovation has resulted in structural changes in the financial system through the
improvement in financial services and modified payment systems (Boot and Marinc
2010; Michalopoulos et al. 2011), new products and features for existing financial products (Sekhar 2013; Simiyu et al. 2014), and new financial institutions and financial
markets (Odularu and Okunrinboye 2008; Simiyu et al. 2014). It has also brought about
changes in government regulations and shifted social perceptions (Mwinzi 2014;
Wachter 2006; Chou and Chin 2011).
Financial development can take place with various financial innovations, such as the
improvement of the capital market and the banking sector. A well-functioning capital
market and banking sector contribute to economic development (Ndako 2010; Handa
and Khan (2008)) through capital formation, the efficient allocation of resources, and
by establishing a bridge between surplus units and deficit units. In the opinion of
Wadud (2009), Adusei (2013), and Cavenaile et al. (2011), well-developed banks and
the capital market both play a significant role in sustainable equitable development by
allowing productive investment (Mhadhbi 2014; Orji et al. 2015; Ilhan, 2008; Ansong et
al. 2011; Bakang 2016). These, in turn, accelerate economic growth (Ang 2008; Duasa
2014), but the impact of financial development is subject to economic conditions (Adusei 2013). Uddin et al. (2012) showed that financial development through the
improvements in the banking sector can cause economic development and also assist
in poverty reduction. Developing the financial sector allows people access to more
institutional credit for investment (Uddin and Chakraborty 2014). According to Rana
and Barua (2015), credit from financial institutions is yet to have an immense influence
on promoting the overall economic development in South Asian countries. The development of the financial market is considered to be a channel of efficient economic
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resource mobilization (Kerr and Nanda 2014). Financial markets intensify the process
of capital accumulation. A well-functioning capital market plays a driving role in sustainable economic development through the adoption of financial innovation in the
economy (Levine 1997).
An efficient financial system is a prerequisite for a modern economy (Wachter 2006),
which includes financial markets, institutions, instruments, and regulations (Mannah-Blankson and Belnye 2004). It offers value-added financial services and payment mechanisms
(Bilyk 2006), (Ajide 2015; Nagayasu 2012). Such financial facilities in the financial system
expedite economic growth by creating financial opportunities (Beck et al. 2012; Chou 2007).
Efficient financial intermediation enhances economic activity by providing better financial
support in trade and commerce by lowering the investment risk through diversification
(Djoumessi 2009; Shittu 2012; Cheng and Degryse 2014). A robust and efficient financial
system promotes growth by the reallocation of economic resources in the economy in an
effective and efficient manner.
An efficient financial system is the outcome of continuous financial innovation
(Blair 2011), which allows for the emergence of various financial institutions, especially banks, with improved financial services and more credit facilities, liquid cash,
and financial instruments, which leads to economic growth (Levine 1997; Jedidia et
al. 2014).

Methods
Variable and sources

Our analysis used the annual time series data for the period 1980–2016. The data were
collected and transformed from 3 sources: the World Development Indicators published by the World Bank (World Bank 2017), the World Economic Outlook published
by the IMF (World Economic Outlook 2017), and the Bangladesh Economic Review
published by the Ministry of Finance (MOF 2016). The research variables are positively
defined in Table 1. The statistical analysis package Eviews 9.5 was used for the data
analysis.
We selected the real GDP per capita as the economic growth indicator, which is
widely used by researchers (Bara et al. 2016; Bara and Mudxingiri 2016; Ajide 2015;
Cavenaile et al. 2011; Ndlovu 2013; Sabandi and Noviani 2015; Mwinzi 2014). If any
country experienced an increasing trend in its GDP per capita over the selected time
period, we assumed that that economy was growing.
Financial innovation in the economy brings about changes through the introduction
of new financial instruments, institutions, services, and reporting (Laeven et al. 2015).
The impact of financial innovation on the economy is diversified and no single variable
can be considered as an appropriate indicator for measuring its significance in the
economy. We selected 2 Proxy indicators to measure financial innovation. The first
proxy for financial innovation is the Domestic Credit to the Private Sector (DCB),
which refers to the ratio of the number of credit facilities to the private sector for investment in the form of securities, loan, and other accounts receivable. Growth economic theory predicts that capital adequacy will positively influence economic growth,
and so we assigned this variable a positive sign for its coefficient. Using the approach
found in Bakang (2016), the second proxy for financial innovation was defined as the
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Table 1 Variable Definitions with Their Expected Signs
Variables

Definition

GDPPC

Par Capital Economic Growth Rate: The Percentage
change in per capita GDP, used as our indicator of
economic growth.

Expected sign

INF

Inflation Rate: Measured in percentage change in the CPI.

Negative

DCB

Domestic Credit to Private Sector: Measures as total financial
support to private sector by financial institution through
trade credit, loans and other account receivables as a
percentage of GDP

Positive

TO

Trade Openness: Measured as total trade (exports plus imports)
as a percentage of GDP, used to gauge how open the economy is.

Positive

GCF

Gross Fixed Capital Formation: Measures net physical assets
increase in the economy as a percentage of GDP

Positive

M2/M1

Broad- to- Narrow Money: Measures the demand for real
cash balance as well as interest and income elasticities of
money demand as a percentage of GDP.

Positive/Negative

GEXP

Government Final Consumption Expenditure: Measured as
a percentage of GDP to capture the degree of government
involvement in the economy.

Negative

Note 1: All monetary measures are in real US dollars
Note 2: All the variables above are defined in the World Development Indicator and World Economic Outlook published
by World Bank and IMF
Note 3: We use the natural log of those variables in our estimation

Table 2 Descriptive Statistics for the variables
Variables

lnCPI

lnM2 M1

lnGDPPC

lnGEXP

lnGCF

lnDCB

lnTO

Part 1. Summary Statistics
Mean

1.72

0.31

1.21

1.61

3.16

3.64

3.46

Median

1.82

0.30

1.18

1.62

3.20

3.78

3.37

Maximum

2.37

0.55

1.75

1.69

3.36

4.12

3.87

Minimum

0.69

0.20

0.073

1.41

2.82

3.01

2.93

Std. Dev.

0.47

0.07

0.42

0.06

0.16

0.39

0.27

Skewness

−0.85

1.69

−0.77

−1.38

−0.73

−0.36

−0.12

Kurtosis

2.72

5.48

3.19

5.26

2.33

1.55

1.97

Jarque-Bera

3.10

18.45

2.53

13.35

2.71

2.72

1.15

Probability

0.21

0.089

0.28

0.012

0.25

0.25

0.56

Part 2. Correlation Matrix
ln CPI

1

lnM2 M1

0.18

1

lnGDPPC

0.41

0.32

1

lnGEXP

0.31

0.29

0.75

1

lnGCF

0.32

0.59

0.81

0.85

1

lnDCB

0.44

0.77

0.80

0.72

0.25

1

lnTO

0.42

0.47

0.85

0.71

0.31

0.91

1

Note: 1. CPI: Consumer Price Index, M2/M1: Broad-to-Narrow Money, GEXP: Government Expenditure, GCF: Gross Capital
Formation, DCB: Domestic Credit to Private Sector, TO: Trade Openness and GDPPC: Gross Domestic Product Per Capita.
Variables are positively defined (see Table 1)
Note 2: Values reported here are the natural logs of the variables. We use natural log forms in our estimation
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Broad-to-Narrow Money (M2/M1) (Laeven et al. 2015; Bara and Mudxingiri 2016; Bara
et al. 2016; Ansong et al. 2011).
The other macroeconomic variables we used were the Gross Capital Formation
(GCF) and Trade Openness (TO), which were both expected to have a positive coefficient, implying a positive impact on economic growth. The Government Expenditure
(GEXP) and Consumer Price Index (CPI) were given negative coefficients, implying
their negative effects. Variables were converted into their natural logs for further
estimation. Table 2 shows the descriptive statistics and correlations among the
variables. Figure 1 exhibits a graphical representation of the natural log form of the
research variables.
Augmented Dickey-Fuller (ADF) test

It has to be observed from an empirical study that time series data have a complicated
dynamic structure which is not fully captured by simple AR (1) model. Said and Dickey
(1984) augment the basic AR unit root model to ARMA(p,q) with the inclusion of
unknown order which is now well known as augmented Dickey-Fuller (ADF) test.
Augmented Dickey-fuller test considering H0: series xt is I (1) against I (0) by assumption of data have dynamic structure.
In order to testify variables stationary and order of integration, we use Augmented
Dicky-Fuller test (1981). The test to be conducted by the consideration of nth order
difference of the seven variables. The test ADF use autoregressive (AR) process.

xt ¼ Dt γ 1 þ γ 2 xt−1 þ

n
X

π i Δxt−i þ εt

ð1Þ

i¼1

Where, Dt is a vector of deterministic term (constant, trend etc.), n for lagged
difference term, Δxt − i term for ARMA structure of the error and εt is for white nose
(error term).
Phillips-Perron unit root tests

Finding the unit root using the Phillips –Perron (PP) test rather than the ADF has
become popular because the PP test is capable of dealing with serial correlations and
Heteroskedasticity in the error. For example, where the ADF tests use a parametric
autoregression to approximate the ARMA structure of the errors in the test regression,
5
4
3
2
1
0
-1
-2
1980

1985

1990

1995

2000

2005

Natural log of res earc h variables
GDP P C
DCB
TO

Fig. 1 Natural log of research variables

GE XP
CPI

GCF
M 2M 1

2010

2015
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the PP test ignore any serial correlation in the test regression. The test regression for
the PP test is:
xt ¼ Dt γ 1 þ γ 2 xt−1 þ εt

ð2Þ

Where εt is I (0) and may be Heteroskedastic. The PP test rectify any serial
correlation and Heteroskedasticity in error term.
The extended Aghion, Howitt, and Mayer – Foulkes (AHM) model

Our study used an extended Aghion, Howitt, and Mayer-Foulkes (AHM) model
developed by Laeven et al. (2015) and subsequently used by Bara and Mudxingiri
(2016). Both of these studies tested models to find the impact of financial innovation
on endogenous growth; they used the assumption that “the economy without financial
innovation will stagnate, irrespective of the initial level of financial development”. The
AHM model was developed based on the Schumpeterian growth model, where
entrepreneurs earn a profit by introducing better products and services.
g−g 1 ¼ b0 þ b1 F þ b2 ðy−y1 Þ þ b3 F ðy−y1 Þ þ b4 X þ u

ð3Þ

To test the model, Laeven et al. (2015), Bara and Mudxingiri (2016), and Bara et al.
(2016) extended the AHM model to incorporate financial innovation with financial development. All of the researchers emphasized financial innovation. In their models,
they assumed that the financial development that occurs in any period is the impact of
previous financial innovations. Bara et al. (2016) derived the following model from the
AHM framework:
g−g 1 ¼ b0 þ b1 F t þ b2 ðyt −yt1 Þ þ b3 F t ðyi −y1t Þ þ b4 X t þ b5 f t þ b6 f t ðyt −y1t Þ þ ut
ð4Þ
The dynamic regression model to be estimated in this study as follows:
2
fi
z}|{
yt−1
X
Y
F
6
z}|{
z}|{
z}|{
6 z}|{
M2
GGDPPC ¼ 6
GEXP
;
CPI
;
TO
þ
GCF
þ
GGDPPC
t
t
t
t−1
t þ DCBt ;
6
M1t
4

3
7
7
7
7
5
ð5Þ

Where Y is the growth of GDP per Capital, X are control variables, F is financial
development and fi are financial innovation. The linear form of eq. (5) is followed;
lnGDPPC ¼ β0 þ β1 lnGEXP t þ β2 lnCPI t þ β3 lnTOt þ β4 lnGDPPC t
M2
þβ5 lnGCF t þ β6 lnDCBt þ β7 ln
þ εt
M1t
ð6Þ
Where ln is for natural logarithm, GDPPC is the Growth Rate of GDP per Capital,
GEXP is Government Expenditure, CPI is Consumer Price Index, TO is Trade Openness, GCF is Gross Capital Formation, DCB is Domestic Credit to Private Sector and
M2/M1 is the ration Broad-to-Narrow Money. For capturing speed of adjustment
towards equilibrium from any shock in variables, we formulated the following error
correction model (ECM) to estimate:
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3
Δ lnðgdppcÞt
6 Δ lnðgexpÞ 7 2 ∝ 3
6
1
t 7
6
7
∝2 7
6 Δ lnðcpiÞt 7 6
6
7
6
7
∝3 7
6 Δ lnðgcf Þ 7 6
q
6
7 X
6
t 7 6
6
7 6 ∝4 7
7
ð1−LÞ
þ
¼
6 Δ lnðtoÞt 7 6 7
6
7 6 ∝5 7
6 Δ lnðdcbÞ 7 6 7 k¼1
∝6 7
6
7
0 1t 7 6
6
6
7 4 ∝7 5
6
m2 7
4 Δ ln@ A 5
m1

½ ½ 
t

Δ lnðgdppcÞt−k

γ 1 ECT t−1

Δ lnðgexpÞt−k

γ 2 ECT t−1

Δ lnðcpiÞt−k

Δ lnðgcf Þt−k

þ

Δ lnðtoÞt−k

Δ lnðdcbÞt−k
0 1
m2
Δ ln@ A
m1

γ 3 ECT t−1

γ 4 ECT t−1

γ 5 ECT t−1



β11k β12k β13k β14k β15k β16k β17k



β21k β22k β23k β24k β25k β26k β27k
β31k β32k β33k β34k β35k β36k β37k
β41k β42k β43k β44k β45k β46k β57k
β51k β52k β53k β54k β55k β56k β57k
β61k β62k β63k β64k β65k β66k β67k
β71k β72k β73k β74k β75k β76k β77k

2ε 3
1t

6 ε2t7
6ε 7
6 3t7
6 ε4t7
7
þ6
6 ε5t7
6 ε6t 7
6 7
4 ε7t 5

ð7Þ

γ 6 ECT t−1

γ 7 ECT t−1

t−k

All the variables are positively defined earlier, except Δ represent change and ECTt − 1
is the error term lagged in one period and ε represents white noise. The coefficient of
first difference of the variables show short run causality and coefficient of ECTt − 1
shows long run causality.
The autoregressive distributed lag (ARDL) model

Several cointegration methods are available for use, including the residual basis Engle
and Granger (1987) test and the maximum-likelihood-based Johansen (1991; 1995) and
Johansen-Juselius (1990) tests. Since there are limitations to these models, researchers
have turned to the Ordinary-Least-Square- (OLS) based Autoregressive Distribution
Lag (ARDL) approach. Its advantage over other cointegration methods is its flexibility
for using a set of variables that are integrated in a different order (Pesaran et al. 2001a,
2001b). Moreover, a dynamic Error Correction Model (ECM) can be derived from the
ARDL through using the linear transformation (Banerjee et al., 1993).
This study used the ARDL model due to its advantages over other cointegration models.
First, the Autoregressive Distribution Lag Model is superior because it can be used
regardless of sample size (which can be small or infinite) and consists of 30 to 80 observations (Ghatak and Siddiki 2001). Second, this approach is more suitable when variables
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are integrated in a different order, such as when some variables are I (0) and some variables are I (1). Third, modeling the ARDL with the appropriate lags corrects for both the
serial correlation and indigeneity problem (Pesaran et al. 2001a, 2001b). Fourth, the ARDL
model can be used to simultaneously estimate the long-run and short-run cointegration
relations and provide an unbiased estimation (Pesaran et al. 2001a, 2001b). A simplified
ARDL model (see, Paul 2014a, 2014b) for the variables X, Y, and Z can be expressed as:
Δyt ¼ ∅1 þ γ 1 yt−1 þ γ 2 xt−1 þ γ 3 zt−1 þ θ1
þ θ3

n
X

n
X

Δyt−1 þ θ2

i¼1

n
X

Δxt−1

i¼1

Δzt−1 þ ε1t

ð8Þ

i¼1

Where γ1, γ2, γ3 are long run coefficients whose sum is equivalent to the error correct term
at VECM model and θ1,θ2θ3 represents short run coefficients. The generalized ARDL model
for assessing financial innovation impact on economic growth of Bangladesh is as follows;
Δ lnðGDPPC Þt ¼ C 0 þ β1 Δ lnðGEXP Þt−1 þ β2 Δ lnðCPI Þt−1 þ β3 Δ lnðTOÞt−1
þ β4 Δ lnðGDPPC
  Þt−1 þ β5 Δ lnðGCF Þt−1 þ β6 Δ logðDCBÞt−1
M2
þ β7 Δ log
þ λ0 logðGDPPC Þt−1 þ λ1 logðGEXP Þt
M1 t−1
þ λ2 log
ðCPI Þ
t þ λ3 logðTOÞt þ λ4 logðGCF Þt þ λ5 logðDCBÞt
M2
þ λ6 log
þ εt
M1 t

ð9Þ

Where Δ indicates differencing of variables, while εt is the error term (white noise), and (t1) is for lagged period, λ0 to λ6 is long run coefficient. To capture long run cointegration
among variables, we formulate following ARDL models considering each variable as
dependent variable to estimate best fitted model for further analysis (shown in matrix form).
3
Δ lnðgdppcÞt
2 3
δ1
6 Δ lnðgexpÞ 7
6
t 7
7 6
6
δ2 7
7
6 Δ lnðcpiÞt 7 6
7
6
7
6
δ3 7
6 Δ lnðgcf Þ 7 6
7
6
6
t 7
δ4 7
7 6
6
6
¼
þ
6 Δ lnðtoÞt 7 6 7
7
6
δ5 7
7
6 Δ lnðdcbÞ 7 6
7 6δ 7
6
0 1t 7 6
67
6
7
7 6
6
7 4 δ7 5
6
m2
4 Δ ln@ A 5
m1
2

"

lnðgdppcÞt−1
lnðgexpÞt−1
lnðcpiÞt−1
lnðgcf Þt−1
lnðtoÞt−1
lnðdcbÞt−1
0 1
m2
ln@ A
m1

t

2μ μ μ μ μ μ μ 3
11s 12s 13s 14s 15s 16s 17s
6μ21s μ22s μ23s μ24s μ25s μ26s μ27s 7
6 μ31s μ32s μ33s μ34s μ35s μ36s μ37s 7
6
7
6 μ41s μ42s μ43s μ44s μ45s μ46s μ47s 7
6
7
6 μ51s μ52s μ53s μ54s μ55s μ56s μ57s 7
4
5
μ61s μ62s μ63s μ64s μ65s μ66s μ67s
μ71s μ72s μ73s μ74s μ75s μ76s μ77s



t−1

#

22

θ11
66 θ
66 21
66
66 θ31
66
66 θ41
66
66 θ
66 51
66
44 θ61
θ71

θ12
θ22
θ32
θ42
θ52
θ62
θ72



θ13 θ14 θ15
θ23 θ24 θ25
θ33 θ34 θ35
θ43 θ44 θ45
θ53 θ54 θ55
θ63 θ64 θ65
θ73 θ74 θ75

33
θ16 θ17
7
θ26 θ27 7
77
77
θ36 θ37 77
7 7 Pq
7
θ46 θ47 7
77 þ s¼1
7
θ56 θ57 77
7
77
θ66 θ67 55
θ76 θ77

Δ lnðgdppcÞt−s
Δ lnðgexpÞt−s
Δ lnðcpiÞt−s
ε1t
Δ lnðgcf Þt−s
ε2t
Δ lnðtoÞt−s
ε3t
ε4t
Δ lnðdcbÞt−s
0 1
þ ε5t
ε6t
m2
ε7t
Δ ln@ A
m1

 

t−s

ð10Þ
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The bound test for examining the long run association among variables can be
conducted using F tests. The approximate Critical values for F test can be obtained
from Narayan 2004; Pesaran et al. 2001a, 2001b. The null hypothesis of no cointegration among variables in equation (8) is θ11, …. θ77 = 0; and alternative hypothesis isθ11,
…. . θ77 ≠ 0.
The F-statistics have non-normal distributions for the following reasons (Narayan
2004): the ARDL model variables’ order of integration was either me (0) or me (1), the
number of regressions used in the estimation varied, and the ARDL model contained
trends or/and intercepts. The decision concerning the cointegration existence is based
on the critical values and F-statistics. If the F-statistics are greater than the critical
value of the upper bound I (1), then we can make a conclusive inference about the
existence of the cointegration among the variables.
Once, the long-run association established, next 2 steps need to be executed to estimate long run and short run coefficients of the proposed ARDL models. The long-run
ARDL (m, n, q, t, v, x, p) equilibrium model is as follows:
lngdppct ¼ σ 0 þ

m
X

βk lnðgdppcÞt−k þ

k¼1

þ
þ

t
X
k¼0
P
X

μk lnðTOÞt−k þ

v
X

n
X

γ k lnðDCBÞt−k þ

k¼0

π k lnðDCF Þt−k þ

k¼0

x
X

q
X

δ k lnðCPI Þt−k

k¼0

ρk lnðGEXP Þt−k

k¼0

ρk lnðM2=M1Þt−k þ εt

ð11Þ

k¼0

The legs length of ARDL model to be estimated using Akaike Information Criterion
(AIC). Using time series data for the study, Pesaran et al. (2001a, 2001b) proposed
maximum lag length is 1. The short-run elasticities can be derived by formulating error
correction model as follows:
Δ lnðGDPPC Þt ¼ σ 0 þ

n
X

βk Δ lnðGDPPC Þt−k þ

k¼1

þ
þ
þ

n
X
k¼0
n
X
k¼0
P
X

δ k Δ lnðCPI Þt−k þ

n
X

n
X

γ k Δ lnðDCBÞt−k

k¼0

μk Δ lnðTOÞt−k

k¼0
n
X

π k Δ lnðDCF Þt−k þ

ρk Δ lnðGEXP Þt−k

k¼0

σ k Δ lnðM2=M1Þt−k þ φECT t−1 þ ωt

ð12Þ

k¼0

Where error correction term can be express as:
ECT t ¼ lnðGDPPC Þt −σ 0 −

m
X

βk lnðGDPPC Þt−k −

k¼1

−

t
X
k¼0

μk lnðTOÞt−k −

v
X
k¼0

π k lnðDCF Þt−k −

n
X

γ k lnðDCBÞt−k −

k¼0
x
X
k¼0

ρk lnðGEXP Þt−k −

q
X

δ k lnðCPI Þt−k

k¼0
T
X

σ k Δ lnðM2=M1Þt−k

k¼0

ð13Þ
We expected the coefficient of ECT to be negative and statistically significant to explain
the speed of the adjustment towards the equilibrium. To ascertain the goodness of the fit
of the ARDL model, the diagnostic and stability tests were also conducted through serial
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correlations, functional forms, normality, and Heteroskedasticity associated with the
model. The stability tests of the regression coefficients were also performed.

Results and Discussion
Stationary test

Table 3 shows the stationary test outcomes of the research variables with the ADF and
PP methods. The table shows that the variables were not integrated in the same order.
The variable ln (CPI) is stationary at level I (0), whereas ln (M1/M2), ln (DCB), ln
(TO), ln (GDPPC), ln (GEXP), and ln (GCF) become stationary after the first difference
I (1). However, no variables are integrated at I (2); it is the necessary condition of the
nature of such variables that suggest applying the ARDL for further analysis.
Table 4 shows the optimal length is 1 out of the maximum of 4 lags, which was selected after considering 5 different criteria. A further analysis found that the optimal
lag length is 1.

ARDL bounds tests for cointegration

Long-run cointegration was investigated through ARDL bound testing with a null hypothesis and no cointegration; the test results are exhibited in Table 2. Model 1 and 2
refer to financial innovation using 2 proxy variables (M2/M1 and DCB). Model 3 refers
to the financial development using the gross capital formation as a proxy. During the
bound testing of these 3 models, we ran each model by considering each variable as the
dependent variable to investigate the long-run cointegration. Fifteen models were
tested. Table 5 shows that only 3 models (1a, 2a, and 3a) show a high F-value compared
to the critical value at a 1% level of significance given by Pesaran et al. (2001a, 2001b)
and Narayan (2004). It indicates that there is conclusive evidence in favor of a long-run
association between financial innovation, financial development, and economic growth.
These findings are in line with those in the literature (Ajide 2015; Boot and Marinc
2010; Chou and Chin 2011; Duasa 2014; Merton 1992; Mosongo et al. 2013) (Table 5).

Table 3 Unit Root Test
Variables

Augmented Dickey-Fuller test statistic

Phillips-Perron test statistic

Integration
(I)

At level

1st diff

At level

1st diff

ln (M2/M1

−1.78 (0.11)

−4.78 (0.01)

−0.10 (0.22)**

−2.10 (0.02)**

I (1)

lnDCB

−0.63 (0.84)

−4.51 (0.00)

−0.59 (0.85)

−4.57 (0.00)**

I (1)

lnTO

−1.36 (0.58)

−4.68 (0.00)

−1.32 (0.60)

*

−4.88 (0.00)

I (1)

lnGDPPC

−1.99 (0.28)

−5.95 (0.00)*

−1.95 (0.30)

−6.29 (0.00)*

I (1)

lnGEXP

−3.33 (0.24)

−3.85 (0.00)

−3.38 (0.21)

−5.14 (0.00)

I (1)

lnGCF

−2.36 (0.16)

−3.14 (0.03)**

−2.19 (0.21)

−3.04 (0.04)**

I (1)

lnCPI

−3.51 (0.01)

−3.49 (0.01)

I (0)

**

**
**

*

*

**

Note: 1. CPI: Consumer Price Index, M2/M1: Broad-to-Narrow Money, GEXP: Government Expenditure, GCF: Gross Capital
Formation, DCB: Domestic Credit to Private Sector, TO: Trade Openness and GDPPC: Gross Domestic Product Per Capita.
Variables are positively defined (see Table 1)
Note 2: Values reported () in brackets are the associated probability of coefficients
Note 3: (*) & (**) significance at 5% and 1%, respectively
Note 4: Values reported here are the natural logs of the variables. We use natural log forms in our estimation
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Table 4 Lag length Selection
Lag

LR

FPE

AIC

SC

0

198.33

20.36

18.86

19.21

a

a

a

HQ
18.91

a

1

171.30

15.78

12.24

14.99

12.97a

2

185.74

17.33

13.22

16.98

17.99

3

188.78

19.857

14.75

20.49

19.84

4

201.35

21.18

17.98

22.12

20.95

LR sequential modified LR test statistic (each test at 5% level), FPE Final Prediction Error, AIC Akaike Information Criterion,
SC Schwarz Information Criterion, HQ Hannan-Quinn Information Criterion
a
indicates lag order selected by the criterion

Long-run and short-run coefficients estimation

Once the long-run cointegration was confirmed by the bound testing when economic
growth was the dependent variable (Table 6), we proceeded to estimate the long elasticities by using the ADRL model’s long equation. The estimated long-run coefficients
(p-value) of the 3 models are shown in Table 6.
Narrow-to-broad money (M2/M1) as a proxy for financial innovation

The financial innovation proxy M2/M1 had a positive coefficient and statistically significant. It implies that over the long run, the financial innovation related to the increasing money supply has a positive impact on the economic growth of Bangladesh.
This outcome is in line with the findings from the literature (Bara and Mudxingiri
Table 5 Bound Testing Results
2
Model – 1: M
M1 is the proxy as Financial Innovation

 
h

i
2
3
ΔlnGDPPC t ¼2 F lnGDPPC t ðlnGDPPC t Þj ln M
M1 ; lnðGEXP t Þ; lnðCPIt Þ; lnðTOt Þ  (1a)
 
   
M2
M2


4
jlnGDPPC; lnðGEXPt Þ; lnðCPIt Þ; lnðTOt Þ 5 (1b)
Δ ln M1 ¼ F M
ln M1
h ln M2 
i
t
t  
1
2
; lnðGDPPC t Þ; lnðCPIt Þ; lnðTOt Þ (1c)
ΔlnGEXPt ¼ F lnGEXPC t t ðlnGEXPt Þj ln M
  M1
h

i
2
; lnðGDPPC t Þ; lnðGEXPt Þ; lnðTOt Þ (1d)
ΔlnCPIt ¼ F lnCPI t ðlnCPIt Þj ln M
1
 M
h

i
M2
ΔlnTOt ¼ F lnTOt ðlnTOt Þj ln M1 ; lnðGDPPC t Þ; lnðCPIt Þ; lnðGEXPt Þ (1e)

F-value

Cointegration

17.75

Present

1.89

Absent

3.23

Absent

2.56

Absent

3.29

Absent

Model – 2: DCB is the proxy as Financial Innovation
ΔlnGDPPCt = [FlnGDPPCt((lnGDPPCt)| ln(DCBt), ln(GEXPt), ln(CPIt), ln(TOt))] (2a)

Δ ln DCBt t ¼ F lnðDCBt t ðð lnðDCBt t ÞjlnGDPPC; lnðGEXPt Þ; lnðCPIt Þ; lnðTOt ÞÞ (2b)

9.78

Present

2.98

Absent

ΔlnGEXPt = [FlnGEXPCt((lnGEXPt)| ln(DCBt), ln(GDPPCt), ln(CPIt), ln(TOt))] (2c)

3.19

Absent

ΔlnCPIt = [FlnCPIt((lnCPIt)| ln(DCBt), ln(GDPPCt), ln(GEXPt), ln(TOt))] (2d)

3.49

Absent

ΔlnTOt = [FlnTOt((lnTOt)| ln(DCBt), ln(GDPPCt), ln(CPIt), ln(GEXPt))] (2e)

3.53

Absent

ΔlnGDPPCt = [FlnGDPPCt((lnGDPPCt)| ln(GCFt), ln(GEXPt), ln(CPIt), ln(TOt))] (3a)

11.29

Present

ΔlnGCFt = [FlnGCFt((lnGCFt)| ln(GCFt), ln(GDPPCt), ln(CPIt), ln(TOt))] 3(b)

3.10

Absent

ΔlnGEXPt = [FlnGEXPCt((lnGEXPt)| ln(GCFt), ln(GDPPCt), ln(CPIt), ln(TOt))] (3c)

2.74

Absent

Model – 3: GCF is the proxy as Financial Development

ΔlnCPIt = [FlnCPIt((lnCPIt)| ln(GCFt), ln(GDPPCt), ln(GEXPt), ln(TOt))] (3d)

2.89

Absent

ΔlnTOt = [FlnTOt((lnTOt)| ln(GCFt), ln(GDPPCt), ln(CPIt), ln(GEXPt))] (3e)

2.07

Absent

10%
I (1)

I (0)

1%

K
4

2.45

3.52

2.86

4.01

4.28

5.84

Narayan (2005)

4

2.20

3.09

2.56

3.49

3.29

4.37

Unrestricted intercept and no trend

I (0)

5%

Pesaran et al. (2001a, 2001b)

I (1)

I (0)

I (1)
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Table 6 Estimated Long-Run coefficient for the period 1980–2016
Model – 1 AIC criteria

Model – 2 AIC criteria

Model – 3 AIC criteria

C

7.83 (0.02)*

5.69 (0.02)*

0.024 (0.03)*

lnDCB

–

0.09 (0.003)***

lnM2/M1
lnGEXP

–

*

0.65 (0.03)

**

0.28 (0.001)

0.49 (0.01)**

0.43 (0.001)**

in GCF
lnCPI
lnTO

0.086 (0.007)**

−0.081 (0.002)**
**

0.086 (0.001)

−0.01 (0.0021)*
*

0.091 (0.04)

−.059 (0.01)**
0.054 (0.004)**

Note: 1. CPI: Consumer Price Index, M2/M1: Broad-to-Narrow Money, GEXP: Government Expenditure, GCF: Gross Capital
Formation, DCB: Domestic Credit to Private Sector, TO: Trade Openness and GDPPC: Gross Domestic Product Per Capita.
Variables are positively defined (see Table 1)
Note 2: Values reported () in brackets are the associated probability of coefficients
Note 3: (*) & (**) significance at 5% and 1%, respectively
Note 4: Values reported here are the natural logs of the variables. We use natural log forms in our estimation

2016; Ogunmuyiwa and Ekone 2010). It is apparent (Table 6) that a 1% increase in the
money supply will increase economic growth by 0.65%. The growth economic theory
suggests that increasing the money supply in the economy expedites the aggregated
production level with a reduction in the cost of production. The availability of the
money supply increases the credit option in the economy with a lower cost of capital.
The relationship between the M2/M1 and GDPPC ensures that financial innovation in
the financial system of Bangladesh will have a positive impact on its long-run sustainable economic growth. The government, therefore, should formulate innovationfriendly financial policies to encourage financial innovation.
Domestic credit from private sector (DCB) as a proxy for financial innovation

Model – 2 is developed by considering another proxy variable of financial innovation is
Domestic Credit to Private Sector (DCB). We found (Table 6) that DCB had a positive
impact on economic growth and the coefficient is statistically significant. The empirical
studies of Ndlovu (2013), Tyavambiza and Nyangara (2015), and Michalopoulos et al.
(2011) support these findings; however, Bara and Mudxingiri (2016) found a positive
association between them that was insignificant. The Economic Development theory
explains that an efficient and well-functioning financial sector accelerates the capital
accumulation process, which leads to economic development (Kyophilavong et al.
2016). The development of the banking sector in Bangladesh has played a significant
role in economic development through financial improvements. In order to accelerate
financial development, financial innovation should be encouraged to obtain the maximum benefit from it. In the long run, both indicators of financial innovation show
their positive association with significance. In order to boost the economic growth of
Bangladesh, policymakers should assist in the process of financial innovation. Financial
innovation promotes financial development, which leads to long-term sustainable
economic growth (Habibullah and Yoke-Kee 2007).
The Error Correction Term (ETC) represents the speed of adjustment towards the
equilibrium over the long run. According to Pahlavani et al. (2005), a stable model and
long-run association can be identified by considering the coefficient for the ECT and
associated p-value. Table 5 shows the ARDL short-run dynamics with the ECT coefficient. It is apparent that all 3 of the models satisfy the criteria proposed by Pahlavani et
al. (2005) about the ECT(−1) (i.e., it has a negative sign and is statistically significant).
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The coefficients of the ECT (−1) for the 3 models are −0.49, −0.57, and −0.55, respectively. These values indicate that about 49% for Model - 1, 57% for Model - 2, and 55%
for Model - 3 of the disequilibrium of the previous year’s shock can be adjusted in the
current year.
The financial innovation indicators (Table 7) in all of the models have a positive
impact over the long run, but the coefficients are not statistically significant. In Model
- 1, the M2/M1 shows a positive impact on the short-run economic growth that is
statistically significant. The positive impact of the M2/M1 is supported by the
economic theory that states the additional money supply will increase aggregated
production in the short run, but the actual effects will only be observed in the long
run. In other words, the money supply in the economy can be translated into economic
growth for Bangladesh, but its impact is significant over the long run, although the
short-run impact is positive, but not significant. It is also apparent that another indicator of financial innovation (DCB) has a positive impact and is statistically significant. It
indicates that the development of the banking sector plays a positive role in the
economic development process.

The VECM granger causality analysis

We used VECM analysis in order to investigate causality; the results are shown in Table 6.
This table shows the coefficients of the short-run and long-run tests. The lagged ECT
(−1) represents the long-run causality in the model; for the long-run causality, the existence error term should be negative and statistically significant. It is obvious (Table 8) that
Table 7 Short-run Dynamics Estimates
Model – 1 AIC criteria

Model – 2 AIC criteria

Model – 3 AIC criteria

ECT (−1)

−0.49 (0.01)**

−0.57 (0.005)**

−0.55 (0.003)**

C

−0.086 (0.86)

−0.94 (0.048)*

0.54 (0.005)**

ΔlnGDPPC (−1)

0.75 (0.01)

Δln M2 M1 (−1)

0.54 (0.01)**

**

ΔlnDCB
ΔlnGEXP

***

0.56 (0.002)

0.72 (0.004)***

0.10 (0.002)**
0.081 (0.03)*

0.25 (0.03)*

ΔlnGCF

0.08 (0.01)**
0.80 (0.03)*

ΔlnCPI (−1)

−0.04 (0.6155)

−0.061 (0.42)

−0.06 (0.38)

ΔlnTO (−1)

0.09 (0.018)**

0.16 (0.03)*

0.11 (0.009)**

R2

0.71

0.86

0.97

F 2statistics

1.51 (0.023)

10.37 (0.00)

3.80 (0.00)

x 2Autocorrelation

1.81 (0.40)

0.47 (0.49)

1.81 (0.43)

x 2Normality

1.61 (0.44)

0.28 (0.87)

1.61 (0.45)

x 2Heteroskedasticity

6.78 (0.45)

3.46 (0.94)

6.78 (0.47)

x 2RESET

0.82 (0.27)

0.02 (0.87)

3.65 (0.24)

Diagnostic Test

Note: 1. CPI: Consumer Price Index, M2/M1: Broad-to-Narrow Money, GEXP: Government Expenditure, GCF: Gross Capital
Formation, DCB: Domestic Credit to Private Sector, TO: Trade Openness and GDPPC: Gross Domestic Product Per Capita.
Variables are positively defined (see Table 1)
Note 2: Values reported () in brackets are the associated probability of coefficients
Note 3: (*) & (**) significance at 5% and 1%, respectively
Note 4: Values reported here are the natural logs of the variables. We use natural log forms in our estimation
Note 5: Δ denotes the first order difference operator
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Table 8 VECM Granger Causality Test Results
Short-run Causality

Lagged Error
Correction
Coefficient

Dependent Variables Independent Variables
Model 1: VECM with (GDPPC, GEXP, CPI, M2/M1, TO)
ΔlnGDPPC

Δln GEXP

Δln GDPPC

Δln CPI
**

0.16 (0.001)

Δln GEXP

8.41 (0.043)

Δln CPI

5.63 (0.121)

*

Δln M2/M1

Δln TO
**

0.49 (0.75)

0.016 (0.002)

5.71 (0.174)

*

2.840.041)

0.66 (0.021)

Δln TO

1.06 (0.004)** 3.12 (0.001)** 0.28 (0.012)** 0.006 (0.001)**

*

1.25 (0.041)

0.16 (0.012)

−0.75 (0.002)**

0.64 (0.221)

−0.05 (0.00)**

0.008 (0.001)** 5.81 (0.015)*

7.46 (0.122)

Δln M2 M1

*

ECT (−1)
*

0.04 (0.152)

0.49 (0.004)** −0.48 (0.002)**

**

2.61 (0.002)

−0.33 (0.005)**

Model 2: VECM with (GDPPC, GEXP, CPI, DCB, TO)
ΔlnGDPPC

Δln GEXP

Δln GDPPC
Δln GEXP

Δln TO

Δln DCB

0.32 (0.003)** 0.67 (0.170)

Δln CPI

0.24 (0.024)*

0.37 (0.009)** −.025 (0.002)**

2.23 (0.154)

2.37 (0.017)*

2.74 (0.001)** −0.54 (0.045)*

5.99 (0.185)

1.51 (0.003)** 0.12 (0.41)

2.01 (0.012)*

Δln CPI

4.76 (0.118)

5.34 (0.024)

Δln TO

0.42 (0.019)*

1.39 (0.002)** 1.24 (0.127)

Δln DCB

*

6.09 (0.021)

*

**

4.19 (0.005)

**

ECT(−1)

0.07 (0.321)

7.21 (0.003)

4.64 (0.42)

Δln CPI

Δln TO

−0.02 (0.006)**
−0.10 (0.012)*

Model 3: VECM with (GDPPC, GEXP, CPI, GCF, TO)
ΔlnGDPPC

Δln GEXP

Δln GDPPC

*

1.48 (0.017)

Δln GEXP

4.44 (0.12)

Δln CPI

6.15 (0.029)*

3.37 (0.178)
**

3.58 (0.002)
3.23 (0.017)*

Δln TO

6.36 (0.004)

9.93 (0.001)

7.55 (0.002)

Δln GCF

0.01 (0.001)** 5.56 (0.012)*

1.02 (0.145)

**

**

Δln GCF
**

0.15 (0.001)

*

ECT (−1)
**

−0.37 (.025)**

*

−0.12 (0.035)*

0.22 (0.003)

0.24 (0.021)

2.29 (0.012)

2.27 (0.005)**

3.40 (0.001)** −0.33 (0.159)

**

0.35 (0.042)
0.57 (0.002)**

−0.11 (001)**
−0.14 (0.002)**

Note: 1. CPI: Consumer Price Index, M2/M1: Broad-to-Narrow Money, GEXP: Government Expenditure, GCF: Gross Capital
Formation, DCB: Domestic Credit to Private Sector, TO: Trade Openness and GDPPC: Gross Domestic Product Per Capita.
Variables are positively defined (see Table 1)
Note 2: Values reported () in brackets are the associated probability of coefficients
Note 3: (*) & (**) significance at 5% and 1%, respectively
Note 4: Values reported here are the natural logs of the variables. We use natural log forms in our estimation
Note 5: Δ denotes the first order difference operator
Note 6: VECM is the Vector Error Correction Model and ECT Stands for Error Correction Term

the lagged ECT (−1) coefficient is negative and statistically significant for those models
where the dependent variables are lnGDPPC, lnM2/M1, and lnDCB. This result implies
that a feedback causality exists in long-run economic growth and financial innovation
[lnGDPPC < == > lnM2/M1], which is supported by Bara and Mudxingiri (2016) and
Mannah-Blankson and Belnye (2004), study also explored that feedback hypothesis is also
prevail between [lnGDPPC < == > lnDCB], which is in line with results in the literature
(Rana and Barua 2015). On the other hand, we also observed that financial development
and economic growth support the feedback hypothesis over the long run [lnGDPPC < ==
> lnGCF], which is in line with results in the literature (Singh 2008).
In short-run, we also found that feedback hypothesis exist between [M2/M1 < == >
GDPPC] and [DCB < == > GDPPC], which captures the short-run causality of the 3
models, it is implying that in short-run additional money supply in the economy and
credit flow to private sector development can cause economic growth and simultaneously any adjustment in GPD also influence on Money supply and credit flow in the
economy.. This analysis revealed a similar short-run causality between financial development and economic growth, as well.
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Model stability analysis

In addition, having structural economic changes in Bangladesh, it might be macroeconomic series subject to one or more structural breaks. Thus, we go for estimating
model stability to ensuring acceptability of both long run and short run coefficient of
the study. For stability test of econometric models, significant number of researchers
rely on cumulative sum and cumulative sum squares (see, for example, Nyasha and
Odhiambo 2016; Omoniyi and Olawale 2015; Shrestha and Chowdhury 2005, Alimi
2014; Pesaran et al. 2001a, 2001b; Narayan and Smyth 2005) which is proposed by
Borensztein et al. 1998).
Figures 2a, 3 and 4b report cumulative sum of recursive residual (CUSUM) and the
cumulative sum of the square of recursive residuals (CUSUMQ) of all three proposed
model of the study, it is revealed that test line falls within the 5% significant level critical
boundary. This implies the stability of estimated parameters of a proposed model of the
period of 1980 to 2016, indicating there are no systematic changes identified. These findings also consistent with existing literature (see, for example, Motsatsi 2016; Owusu 2016;
Ozturk 2008; Pan and Mishra 2016; Ozturk and Acaravci 2010; Narayan 2005).

Conclusion and recommendations
Financial innovation is not a new phenomenon in the financial system, over the past
decade, modern economy experience financial reforms, structural changes with innovative financial institutions, and financial assets as a means of financial development
(Michalopoulos et al. 2011). Financial innovation constitutes the introduction and
promotion of the financial system by offering better and improved financial products,
services, and new processes that establish interactions with customers and assist in the
creation of a new financial structure for financial development, which eventually expedites a sustainable economic development program (Nagayasu 2012; Saqib 2015). This
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study was carried out to capture the impact of financial innovation on economic
growth in Bangladesh for the period from 1980 to 2016 by applying ARDL bound testing and causality based on the ECM to capture the directional association. This study
used 2 proxy variables for financial innovation (the Broad-to-Narrow Money as a percentage of the GDP (M2/M1) and Domestic Credit to Bank as a percentage of the GDP
(DCB)) and the gross capital formation as a proxy for financial development as a
percentage of the GDP.
ARDL bound testing was used to confirm the long-run cointegration between financial innovation and economic growth, and our results showed higher F-statistics for
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both proxy variables in comparison to the critical values proposed by Pesaran et al.
(2001a, 2001b) and Narayan (2004). However, our results were in line with those of
Mwinzi (2014), and the financial development indicator also exhibited long-run cointegration with economic growth as well. The model coefficients of each indicator of
financial innovation explained their positive contribution both in the long and short
run towards economic growth. The associated probability was less than 5%, implying
that it was statistically significant as well. We presumed that any initiative towards encouraging financial innovation in the financial system might have a positive influence
on economic progress with efficient financial institutions, financial intermediation, and
efficient allocation of economic resources; these, in turn, expedite economic growth.
We also ran the Granger causality test under the ECM to capture the directional
association between financial innovation and economic growth. Our study revealed the
feedback causality between financial innovation and economic growth both in the long
run and short run, implying that any shock either in the economic development
process or financial development through encouraging financial innovation can
produce positive development in the economy. Our results showed that financial
innovation in the financial system can accelerate the economic growth of Bangladesh
through positive improvements in financial development and the mobilization of
economic resources. This is because our study found a positive and significant relationship among the M2/M1, DCB, and GGDPPC over the period from 1980 to 2016.
Financial innovation, therefore, can be a source of economic growth for Bangladesh.
We recommend policymakers encourage a positive relationship between financial
innovation and economic growth. First, the government should encourage a competitive financial environment with greater interactions by including both formal and informal financial institutions in the financial system. Second, the appropriate initiatives
should be undertaken to merge and adopt new financial assets, services, and payment
mechanisms for efficient financial development with financial innovation. Financial
innovation in the economy not only causes economic growth but also promotes the
financial development of the country, as well. An efficient financial system is a driver
for economic growth (Ram 2007). In order to support financial innovation, the government and private sector should participate in supporting and formulating financial
policy in such a way that financial innovation can be developed at its own pace.
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