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Preface to “Sustainability, Digital Transformation and
Fintech: The New Challenges of the Banking
Industry”

The banking industry in the XXI century faces an increasingly competitive, complex, and fast
moving business scenario. Financial and banking institutions must contend with multiple challenges
tied to new regulations, legacy systems, disruptive models, new technologies, new competitors, and
a restive customer base, while pursuing revolutionary strategies for sustainable growth. Banking
institutions that can address these emerging challenges and opportunities to effectively balance
long-term goals with short-term performance pressures will amply stakeholder rewards, as well as
the market. Along this line, this book tries to assist banking industry researchers and practitioners
to identify current concerns and relevant topics for an equilibrium between banking business needs
and the needs of the society where these institutions are embedded. These needs are closely linked
to sustainability, corporate social responsibility (CSR), financial inclusion, and banking literacy.
For this purpose, the book comprises a selection of papers addressing some of the most relevant
challenges and opportunities for the sustainability of international banking institutions. Papers in
this collection cover the most recent lines of banking research and are all novel propositions that
deepen the analysis of business strategies in the banking industry. In total, a selection of 28 papers
form this book, covering topics such as the digital transformation of the banking industry and its
effect on sustainability, the emergence of new competitors such as FinTech companies, the role of
mobile banking in the industry, the connections between sustainability and financial performance,
and other general sustainability and CSR topics related to the banking industry, such as social
disclosure and online communication through social media. Contributors to the book represent a
wide spectrum of nationalities from all over the globe. Papers come from the United States, Australia,
the United Kingdom, China, Sweden, Russia, Spain, the Czech Republic, Italy, Norway, Lithuania,
Nigeria, Romania, Korea, Portugal, Colombia, Saudi Arabia, Poland, Vietnam, Bangladesh, Thailand,
Hungary, and Taiwan. Therefore, this book provides an unprecedented opportunity to reflect
upon the most current research of the banking industry from an enriched multicultural perspective.
The book is a Special Issue of the MDPI journal Sustainability, which has been sponsored by
the Santander Financial Institute (SANFI), a Spanish research and training institution created as a
collaboration between Santander Bank and the University of Cantabria. SANFI works to identify,
develop, support, and promote knowledge, study, talent, and innovation in the financial sector.

Andrea Pérez
Editor
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Abstract: The introduction of Central Bank Digital Currency (CBDC) could represent a deep structural
change to the financial sector, and in particular to the banking sector. This paper proposes a Deep
Neural Network (DNN) design to model the introduction of CBDC and its potential impact on
commercial banks’ deposits. The model proposed forecasts the likelihood of the occurrence of bank
runs as a function of the system characteristics and of the intrinsic features of CBDC. The success
rate of CBDC and the impact on the banking sector is highly dependent on its design. Whether
CBDC should carry any form of interest, if the amount of CBDC should be capped by account or if
convertibility from banks’ deposits should be guaranteed by commercial banks are important features
to consider. Further, the design of CBDC needs to contribute to enhancing the sustainability of the
financial system, hence a CBDC design that promotes financial inclusion is paramount. The model is
initially calibrated with Euro area system data. Results show that an increase in the financial system
risk perception would trigger a significant transfer of wealth from bank deposits to CBDC, while the
wealth transfer to CBDC is to a lesser extent also sensitive to its interest rate.

Keywords: CBDC; digital currency; bank run; banking; central bank

1. Introduction

Central Bank Digital Currency (CBDC) can be understood as a new form of central
bank money that is different from the two types of money currently issued by central banks,
which are physical cash and reserves. CBDC would represent a digital form of money,
denominated in the national unit of account that is a direct liability of the central bank and
intended to serve as legal tender [1,2].

The concept of public access to Central Bank deposit accounts is not by any means
new, with the first public bank in Europe being the Taula de Canvi de Barcelona in 1401
which offered the possibility of opening deposit accounts to the population [3]. A walk
through the first types of central bank money suggests that broadly accessible central bank
deposits were the original form of central bank monetary liabilities. Neither banknotes
nor commercial bank deposits were the common form of money over the last centuries,
with the current limitation for the general population to access central bank accounts being
introduced less than a century ago [4].

The introduction of CBDC could have important implications regarding the sustain-
ability of the financial system, and in particular about financial inclusion. Indeed, Central
Banks seem to consider financial inclusion as one of the most relevant reasons which
support the introduction of CBDC [5]. This shows the strong link between CBDC and sus-
tainability and leads us to consider financial inclusion as a key parameter when designing
a CBDC.

We note that several countries and regions have concluded or are currently engaged
in experiments and pilot tests to better understand the implications of introducing CBDC,
including Ecuador, Ukraine, Uruguay, Bahamas, Cambodia, China, the Eastern Caribbean
Currency Union, Korea, and Sweden [6]. In particular, the experiment to introduce CBDC

Sustainability 2021, 13, 1513. https:/ /doi.org/10.3390/s5u13031513
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in Uruguay was part of a financial inclusion program [5], which shows again the relevance
for Central Banks of developing a CBDC which contributes to promoting the sustainability
of the financial system. In the case of Bahamas, CBDC was officially launched in October
2020 as announced by the Bahamas Central Bank [7].

In this paper, we assume that the introduction of CBDC does not eradicate the frac-
tional reserve system, with commercial banks still offering deposits [8]. However, other
authors claim that the direction of travel is to fully phase-out commercial banks’ de-
posits into CBDC, hence leading to an economy based on “public money”, also known
as sovereign money [9]. It is out of the scope of this paper to analyze the trade-offs of
allowing CBDC to coexist with commercial banks” deposits versus fully phasing-out banks’
deposits.

The issuance of CBDC only accessible to a subset of the economy has been also
explored by the current literature, including the concepts of “retail CBDC” which could be
used by households and non-financial businesses, and /or “wholesale CBDC” designed to
be used by financial corporations [10]. In this paper, we embrace the comprehensive version
of CBDC, which could be understood as a universal CBDC accessible by the general public,
including households and non-financial businesses, as well as financial corporations.

Differences in the structure of legal claims and the Central Bank’s records are also
important features. As per the current literature, we can identify three potential CDBC
architectures, including indirect CBDC, direct CDBC, and hybrid CDBC [11]. In the case of
indirect or synthetic CDBC, the claim is not on the Central Bank, and this form of CBDC
could be understood as private sector financial corporations or e-money providers, issuing
liabilities matched by funds held at the central bank [12]. In the case of Direct CBDC, the
claim is on the Central Bank, while the Central Bank also handles the payments. Hybrid
CBDC provides a direct claim on Central Bank; however, there are intermediaries to handle
the payments.

The CBDC infrastructure is also a relevant issue to address [11]. As the authors of that
paper describe, conventional infrastructures store data several times in separate physical
locations, with data stored in multiple nodes and controlled by one authoritative entity. On
the other hand, DLT-based infrastructures differ from conventional infrastructures given
that the ledger is managed by different entities, without an authoritative entity, and in a
decentralized model. The analysis of the potential tradeoffs is out of the scope of this paper.
Note that this paper focuses on studying a system where the CBDC is introduced under
the form of deposit based CBDC, disregarding a digital token currency.

The literature on CBDC covers a wide range of topics, from monetary policy or
financial system stability to technology and computer science [13-17]. In particular, the
current literature on CBDC shows a significant number of papers produced by institutions
such as Central Banks, the International Monetary Fund (IMF), or the Bank for International
Settlements (BIS), while a strong contribution from mainstream academia is also increasing.
This highlights the relevance of the topic and the potential system-changing implications
of CBDC for the entire financial and economic system.

Despite the interest in researching the uses and advantages of CBDC, the new form of
money is not exempt from criticism. While one could perceive some central banks more
inclined to consider the acceptance of CBDC in the future, other central banks consider
that its introduction would not represent a substantial improvement [18]. In particular,
the authors of that report [18] highlight that (i) it is difficult to see what CBDC would be
able to contribute that it is not yet covered by the payment systems already in place, (ii)
issuing CBDC would make a National Central Bank a competitor to commercial banks in
some areas, and (iii) the introduction on CBDC would lead to risks to the financial stability
including an increase of systemic bank runs.

Other literature suggests that the introduction of CBDC does not need to have a
negative impact on banks’ lending rates and that a well-designed CBDC will not threaten
financial stability [19,20]. However, the literature analyzing the impacts of CBDC on
the banking sector is still at its early stages. Despite the relatively limited number of
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academic articles on the subject, a passionate debate is building up between defendants
and opponents to the introduction of CBDC. This paper focuses on the implications of
CBDC for the banking sector, and in particular, it focuses on bank runs.

The traditional banking business model, in which maturity transformation is at the
core of its activity, is intrinsically fragile due to the threat of a sudden and significant
number of deposit withdrawals taking place in a short time frame, which could lead to a
shortfall in liquidity deriving into insolvency [21]. This mechanism, known as a bank run,
has been widely studied in academic literature [22-24].

This work explores the concept of Digital Bank Run, understood as a bank run that
takes place in a commercial bank where depositors (retail and wholesale) withdraw their
deposits and place them in digital currencies. In particular, this work focuses on the
different designs that could shape CBDC to understand and minimize the risks for the
financial sector. The design of CBDC is still under discussion, and the final characteristics of
it will determine its failure or success. In line with this, the literature has identified several
important features of CBDC that is worth exploring, such as (i) adding limits to the amount
of CBDC that could be stored by account, (ii) allowing CBDC to carry positive or negative
interest rates, and (iii) warranting commercial banks’ services to offer full convertibility
from banks’ deposits to CBDC, amongst others [25]. In this paper, we explore the likelihood
of digital bank runs, testing different CBDC designs, varying its interest rates and under
different levels of systemic risk.

In line with the above, understanding the potential effects of each of these features is
paramount in assessing the impact of the introduction of CBDC on the financial sector. This
work contributes to this complex task by designing a scalable Neural Network framework
based on Deep Learning techniques initially calibrated with system-wide Euro area data.
To the best of the authors” knowledge, this work represents an innovative approach to
assessing how the different designs of CBDC could impact the banking sector.

We note that the ultimate goal of this work is to show the adequacy of Deep Neural
Networks (DNN) as a tool to analyze the impact of the introduction of CBDC, rather than
obtaining numeric conclusions from the specific scenario under analysis in the results sec-
tion.

After this brief introduction, this paper is organised as follows. Section 2 comments
on the impacts of CBDC on the banking sector, focusing particularly on the phenomena
of bank runs. Section 3 presents the Deep Learning Neural Network model and describes
the different scenarios and data used to calibrate the model. Section 4 presents the results,
followed by the discussion section. Finally, Section 6 concludes.

2. Theoretical Background

Understandably, the introduction of CBDC could entail significant structural changes
in the banking sector, which will vary very much depending on the features and the design
of the CBDC.

The introduction of CBDC could lead to a disciplining effect on banks, which means
that banks would be under the constant threat of bank runs [8]. In line with this, it could
be understood that CBDC will have an impact on commercial bank business models,
with expected flows of commercial bank deposits into CBDC. This could lead banks to
prevent a loss of deposits by increasing interest rates offered in customer deposits, which
could lead banks to seek alternatives to maintain profitability such as raising lending costs
and increasing fees, ultimately leading to a reduction on banks’ balance sheets [2]. The
introduction of CBDC could facilitate the transfer of deposits from commercial banks to
Central Banks since CBDC could be perceived as a risk-free option to store and protect
wealth in economic stressed scenarios [26].

The current literature has briefly explored the steps that could be taken to limit the
risk of bank runs as a result of the introduction of CBDC by adding frictions discouraging
large amounts of deposit transfers from commercial banks to Central Banks. These frictions
include limiting or capping the maximum amount to be deposited in CBDC accounts,
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adopting a flexible approach with different tiers regarding the interest paid on CBDC
deposits, or imposing fees on large amounts deposited in CBDC accounts [27]. Other
proposals include limitations such as removing the requirement for banks to convert
deposits to CBDC [25]. The authors of that paper suggest a set of core principles for CBDC,
including (i) CBDC paying an adjustable interest rate, (ii) CBDC and reserves to be distinct
and not convertible to one another, (iii) no guaranteed on-demand convertibility of bank
deposits into CBDC, and (iv) central bank can only issue CBDC against eligible securities
such a government bond. The authors suggest that by following these principles the
introduction of CBDC should not necessarily impact neither banks’ provision of credit to
borrowers nor banks’ provision of liquidity to depositors.

Next, we briefly describe some of the key features of CBDC. The model proposed in
this paper allows the simulation of the potential impact of the different combination of
features and its potential impact on the distribution of wealth between cash, commercial
bank deposits, other financial assets and CBDC. In other words, the DNN proposed in
this work allows us to understand the transfer of funds from commercial bank deposits to
CBDC under different scenarios, and hence to assess the likelihood of a bank run depending
on the design of the CBDC.

e Interest on CBDC: We could see CBDC without interest as a partial substitute of cash,
while a CBDC with interest could be rather seen as a substitute of commercial bank
deposits. However, in times of economic stress, we could expect depositors to convert
commercial bank deposits into CBDC even if CBDC rate is set at zero (or negative).
This differs from depositors converting their commercial bank deposits into cash, since
holding significant amounts of cash entails non-negligible storage risks (or costs). One
of the hypotheses of this work is the use of CBDC interest (positive, zero, or negative)
to counterbalance the increased risks linked to bank runs. This hypothesis has been
tested and the results are shown and discussed in Section 5 of this paper.

e  Limit the amount of CBDC per account: The limit on holdings of CBDC by account
could potentially limit the value and number of transactions that could be made
using CBDC, and hence, reduce the effectiveness of CBDC as a payment system [18].
However, limiting the holdings of CBDC would, to some extent, potentially mitigate
the risk of digital bank run. This feature can be easily integrated into the proposed
model by just capping the CBDC output to a given value. This is also discussed later
in Section 5.

e  Convertibility of bank deposits into CBDC: Focusing on a new system where CBDC
will coexist with commercial bank deposits and cash, [25] consider the no guaranteed
on-demand convertibility of commercial bank deposits into CBDC as one of the key
features of CBDC. As the authors describe, making the conversion credible even in
stressed situations would involve the central bank also guaranteeing convertibility,
which would lead the central bank to provide CBDC against bank commercial deposits.
Kumhof and Noone consider that as long as there is a market where commercial
bank deposits can be traded against CBDC and CBDC eligible securities (such as
government bonds), there would be no need to force commercial banks to accept a
guaranteed convertibility of bank deposits into CBDC. However, this proposal has
been criticized by other authors, who suggest that this goes against one of the basic
principles of CBDC to safeguard the confidence in commercial banks” deposits and
the financial system itself, hence potentially having spillover effects to the wider
economy [13,27]. This could be implemented in the model proposed in this paper
by adding a new input for each financial asset which would model the degree of
convertibility. These inputs would equal 1 if commercial banks are required to fully
convert deposits into CBDC on demand, while will decline as the difficulty to convert
a financial asset into CBDC (and vice-versa) increases.

e  Full migration of commercial bank deposits into CBDC: Some researchers propose the
phase-out of all commercial bank deposits into CBDC, or what is known as sovereign
money [28]. The model proposed in this work could also introduce this variant by

4
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phasing-out (or switching instantly) commercial bank deposits into CBDC. However,
this paper does not go down this route since the matter of full migration of commercial
bank deposits into CBDC is out of the scope of this analysis.

Our work concurs with most of the current academic literature in the field of CBDC
stressing the importance of the design and features of the CBDC [25,29]. Academic literature
shows that prediction algorithms based on artificial intelligence have a wide range of
applications and generally the results obtained are superior to those obtained through
traditional statistical methods when applied to financial analyses [30,31]. In order to allow
testing of the different CBDC features in a safe environment, this work presents an artificial
intelligence model, based on deep learning, that allows the development of this task. The
next section briefly explains the methodology applied and describes the different scenarios.

3. Materials and Methods

Financial prediction analyses are of great practical and theoretical interest. However,
they are notoriously difficult, primarily driven by the non-linear and complex interactions
in the data. Most of the mathematical techniques used in the field of computational finance
for financial prediction use parametric and non-parametric statistical techniques [32]. An
important limiting factor in the performance of statistics-based techniques in computational
finance is the uncertainty inherent in any financial transaction, which leads to less accurate
statistics-based financial models.

During the past few years, DNNs have achieved enormous success in many data
prediction fields such as speech recognition, computer vision, or natural language pro-
cessing, to name but a few. In this paper, we apply deep learning methods to forecast the
likelihood of the occurrence of bank runs as a function of the intrinsic features of CBDC
and also external factors such as systemic risk. The proposed deep learning-based model
has several advantages over traditional statistical methods, which include (i) input data
can be expanded to include all items of possible relevance to the predictor model; (ii) fewer
assumptions than statistical models, which allow the model to be more generalizable; and
(iii) non-linearities and complex interactions among input data are modelled by the deep
learning models, which can help increase in-sample fit versus traditional models.

3.1. Method: Deep Neural Network Architecture

In this section, we describe the details of the Deep Neural Network (DNN) model
we train to assess the likelihood of bank run when the CBDC is introduced. First, we
provide the details of the DNN model and then we provide the details of the training
and evaluation.

A DNN consists of multiple fully-connected (FC) layers: an input layer, one or multiple
hidden layers, and a single output layer [33]. DNNs have a single input layer and a single
output layer, and the number of neurons (also referred as units) in the input layer equals
the number of input variables in the data being processed. The number of neurons in the
output layer equals the number of outputs associated with each input.

In a FC layer, all output activations are composed of a weighted sum of all input
activations (i.e., all outputs are connected to all inputs). More specifically, for each hidden
unit k, a non-linear activation function f(-) is used to map all inputs from the lower
layer, x, to a scalar state, y;, which is then fed to the upper layer v, = f(x;), where
X = by + ¥ yiwir and by is the bias unit k, 7 is the unit index of the lower layer and wj is
the weight of the connection between the unit k and i in the layer below. In this work, we
select the leaky rectified linear unit (ReLU) as the activation function f(-) for the hidden
layers and the Softmax function for the output layer:

X,

xifx >0 eri
0.01x otherwise and fsotmax (¥i) = i @

fleaky ReLU(X) = { Z] &%
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The neurons of the network jointly implement a complex non-linear mapping from
the input to the output. This mapping is learned from the data by adapting the weights of
each neuron using the back-propagation algorithm.

In this study, DNN is used as a multivariate regression model to learn the mapping
function between the input vector, which in our case is composed of the interest and risk
parameters of each one of the financial assets, and the output vector, which are the final
weights or amounts allocated to each one of the financial assets given the interest-risk pairs
for each asset. Figures 1-6 show an example of the proposed architectures. Color code
used in the figures below is black for Cash, blue for Deposits, red for CBDC and green for
other Financial Assets.

Figure 1. Deep Neural Network modeling the introduction of Central Bank Digital Currency (CBDC).
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Figure 2. Scenario 1.
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Figure 6. Scenario 5. Note: This model can also be expanded to include a broader number of financial
assets, including holdings of debt instruments or stocks amongst others. For the sake simplicity
we have not included such additional financial assets in this paper, and we focus on the transfer of
wealth after the introduction of CBDC amongst: (i) Cash, (ii) Household commercial bank deposits,
(iii) Corporate commercial bank deposits, and (iv) CBDC.
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Regarding the initialization of weights, to prevent the layer activation outputs from
exploding or vanishing during a forward pass through a deep neural network, all weights
and biases have been initialized using the Kaiming initialization [34].

Regarding the loss function, in regression problems, the typical loss function used is
the L2 norm of the residual, which during backpropagation produces a gradient whose
magnitude is linearly proportional to this difference [35]. This means that estimated values
that are close to the ground-truth (i.e., inliers) have little influence during backpropagation,
but on the other hand, estimated values that are far from the ground truth (i.e., outliers) can
bias the whole training process given the high magnitude of their gradient. To overcome
this limitation, we used the Huber’s loss function, which is a robust loss function that
behaves quadratically for small residuals and linearly for large residuals [36].

Next, we briefly describe the training and validation processes followed. We split
the data set into three subsets: (i) training, (ii) validation, and (iii) test. The training
set is used to adjust the weights of the network. The validation set is used to minimize
overfitting and relates to the architecture design (i.e., the selection of hidden layers and
neurons). Finally, the test set is used to assess the actual predictive power of the DNN.
For all experiments, we used five-fold cross validation to obtain the optimal model and a
grid search strategy to optimize the hyper-parameters, including the learning rate, and the
number of hidden layers.

Finally, the mean squared error (MSE), the mean absolute error (MAE), the mean
absolute percentage error (MAPE), and the coefficient of determination (R2) were calculated
and tabulated to evaluate the performance of the model.

3.2. Data

The model has been trained using Euro area aggregate data. Data has been obtained
directly from Euro area databases, in particular from the European Central Bank Statistical
Data Warehouse. Monthly data from January 2003 until October 2020 has been used to
train, validate and test the model.

Regarding the inputs, for each element, an interest-risk pair has been defined. Initially,
the following levels for each input have been set:

Ic: The interest rate of cash has been set at 0%.

Rc: Risk perception of cash has been set at 0. Note that for simplicity reasons, storage risks
are not considered.

ID House: Interest paid by commercial bank deposits to households is obtained as the
average interest paid for sight and term household deposits across European countries.
Rp_House: We use the ESRB Composite Indicator of Systemic Stress (CISS) to measure the
risk perception linked to commercial bank deposits (households). In particular, the CISS
measures the level of stress in the financial system as a whole [37]. However, any other risk
perception metric could be used instead.

Ip_corp: Interest paid to corporate deposits is obtained as the average interest paid for sight
and term corporate deposits across European countries.

Rp_corp: Risk perception linked to commercial bank deposits (corporates). We use the
same risk indicator as for household deposits (CISS).

Icppc: Interest CBDC, which can be set at zero, negative, or positive rates.

Reppc: Risk perception of CBDC, which is set at zero in this work.

Regarding the outputs, the following magnitudes are used:

C: an estimate of the total amount of cash hold as a store of value. Citizens do also hold
cash as a store of value. Studies from the European Central Bank show that on average
24% of European citizens hold cash outside a bank account as a precautionary reserve,
based on a large sample of European respondents during 2015 and 2016 [38]. Estimating
the share of cash used as a store of value is not an easy task, and a significant number
of assumptions need to be made. By assuming that the holdings of cash as a store of
value is the total amount of cash in circulation with the amount being used for transaction
purposes deducted, held by financial institutions or held abroad, the European Central
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Bank estimates that more than one-third of the total Euro banknotes in circulation may be
in use as a store of value [39]. The total amount of banknotes in circulation amounted to
€1,394 bn as of October 2020, while the amount of coins totaled €30 bn as per ECB Statistical
Data Warehouse. Assuming a third is being held as a store of value, in line with the ECB
findings, this leads to an amount of c¢.€430bn. A similar study was conducted in Germany,
where the main reasons for storing cash were analysed, these being (i) low-interest rate
level, (ii) most common means of payment, (iii) cash works even if technology fails, (iv) no
fees, and (v) anonymity [40].

DHouse: the total amount of household bank deposits in the Euro area. Household total
deposits in Euro area commercial banks amounted to €8,210 bn as of October 2020.
Dcorp: the total amount of corporate bank deposits in the Euro area. Corporate deposits in
Euro area commercial banks amounted to €3,120 bn as of October 2020.

CBDC: when CBDC is included in the model (from Model 3 onwards) and given that no
real data regarding holdings of CBDC exist, we have trained the model using different
initial cases leading to a wide range of CBDC values, allowing us to simulate several
scenarios. The DNN proposed in this paper will allow users to modify the CBDC inflow
hypothesis easily.

As of October 2020, the split between cash, household deposits and corporate deposits
was as follows: (i) cash 3.6%, (ii) Household deposits 69.8%, and (iii) Corporate deposits
26.5%. According to the methodology described, this has been used as an output. Regarding
the inputs, as of October 2020 the Ic and R¢ were set at zero, the Ip pouse Was 0.14% while
the Ip_corp was —0.01%. The Rp_pouse and Rp_corp were set at 0.11 according to the ESRB
Composite Indicator of Systemic Stress. This inputs-outputs combination was only one of
the 315 samples used to train and test the model. In particular, the model has been trained
using 251 samples which correspond to monthly values of the different series, while it has
been tested using 64 samples. Both the CBDC inputs and expected outputs have been set
across a wide range of scenarios as shown in the results section. The methodology proposed
allows us to analyze a high number of different cases which should allow policymakers and
other relevant authorities to assess the strengths and weaknesses of the different potential
designs of CBDC.

3.3. Model Description and Scenarios

The model proposed is composed of four elements: (i) Cash, (ii) Household commer-
cial bank deposits, (iii) Corporate commercial bank deposits, and (iv) CBDC. This model
uses two key characteristics of a financial asset as inputs: (i) Interest (or expected yield),
and (ii) Risk (or expected volatility), while the outputs represent the allocation of the total
wealth of a closed economy between the different elements or financial assets mentioned
above. The elements of the model and the number of inputs per element can be easily
expanded following the same logic as presented later in this work. The model assumes
a closed economy, with citizens and businesses having direct claims against the Central
Bank when holding CBDC. Figure 1 shows a visual representation of the model, assuming
only one commercial bank in the system, where the outputs are:

C: Total wealth amount or percentage allocated in cash as a store of value.

DHouse: Total wealth amount or percentage allocated to household commercial bank
deposits.

Dcorp: Total wealth amount or percentage allocated to corporate commercial bank deposits.
CBDC: Total wealth amount or percentage allocated to CBDC.

Note that when the outputs are expressed as percentages, the following expression is true.

Y C+ DHouse + Dcorp + CBDC = 100% )

Regarding the inputs, we assign an interest and a risk level to each financial asset,
where

Ic: Interest paid by cash.

10
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Rc: Risk perception of cash.

Ip_House: Interest paid by commercial bank deposits to households.

RD House: Risk perception linked to commercial bank deposits (households).
Ip_corp: Interest paid by commercial bank deposits to corporates.

Rp_corp: Risk perception linked to commercial bank deposits (corporates).

Icgpc: Interest paid by CBDC, which can be set at zero, negative, or positive rates.
Reppc: Risk perception of CBDC.

As described above, we assign an interest and a risk level to each financial asset, while
the outputs represent the allocation of the total wealth of a closed economy between the
different financial assets.

Next, we briefly describe the different scenarios that lead to the design of the DNN
proposed in this paper, while also showing the block approach followed, which suggests
that it is relatively straightforward to add new elements to the model if data to calibrate
the new inputs/outputs is available.

Figure 2 presents a simplification of the system, where cash and commercial bank
deposits are the only available financial assets to store wealth. In this model, there is no
distinction between household and corporate deposits, and the system is set up with a
generic commercial bank that centralizes the total customer deposits outstanding. In this
scenario, only cash competes with commercial bank deposits.

Next, we make a distinction between corporate and household deposits, which in-
creases the granularity. Further, when increasing the number of inputs/ outputs we added
a hidden layer in the design of the DNN. This model enables a simplified representation of
a closed economy where the options for customers remain limited to cash or commercial
bank deposits. In this system, changes in the risk perception and interest rates could lead to
transfers of commercial bank deposits into cash, and vice-versa. This model was calibrated
and trained with Euro area aggregate data, which allowed us to understand the sensitivities
of the different types of depositors and cash to interest rates and systemic risk perception.
These results are not included in this paper, since the focus of this work is to analyze the
impact linked to the introduction of CBDC. However, the DNN used in Scenario 2 and
trained with the abovementioned data is available upon request by contacting the authors
of this paper.

The next step is the introduction of CBDC, which represents a disruptive event in the
system. Figure 4 represents a simple framework to analyze the wealth transfer amongst
financial assets when introducing CBDC. This system allows the testing of different CBDC
designs including interest rate set at positive, negative or zero levels as well as potential
limits to the holdings of CBDC per account. In particular, the difference between the
previous model and this one is the introduction of the element CBDC, which is represented
by two new inputs and a new output. The DNN is designed with eight inputs, a hidden
layer composed of six nodes and four outputs. This is the scenario that has been used as an
example in the results section, as we describe later.

Despite the empirical work of this paper focusing on Scenario 3, the next step could
be to add a new element defined as Financial Asset (FA), which represents households and
corporations” holdings of bonds, equities and/or other financial assets. The introduction of
FA opens the door to several substitutes of commercial bank deposits, ranging from cash to
CBDC or financial assets. The design of the DNN proposed in this work makes it relatively
simple to add new elements as mentioned above.

Figure 6 represents a generalization of the model developed in this paper, where
competition amongst banks has been introduced. This model allows banks to set different
deposit rates, and each bank to have a different risk perception level. This model would
therefore simulate both systemic bank runs, and also idiosyncratic bank runs with the
presence of CBDC.

11
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4. Results

In this section, we disclose and discuss the results of this analysis. As mentioned
in the previous section, this paper focuses on Scenario 3. This experiment focuses on
understanding the sensitivity of depositors to switch from commercial bank deposits into
CBDC under different CBDC designs and system configurations. In particular, we analyze
the impact of designing CBDC with positive, negative or zero interest rates. We also
analyze the wealth transfer from deposits to CBDC under different levels of systemic risk.

Python 3.6+, PyTorch 1.7+ and scikit-learn 0.22+ are used to perform the analyses. To
optimize the loss function we used the Adam optimizer, with the momentum set to 0.9
and the learning rate to 0.07. The models were trained for 200 iterations on an NVIDIA
GeForce GTX TITAN GPU and the model with the lowest MAE (on the validation set)
was selected. The network training required 2 min per epoch on average and it took
0.52 milliseconds on average to process a case during testing. The source code is available
at https:/ / github.com/estherpuyol/CBDC_model.git.

With regard to the validation results, the MSE, MAE, MAPE and R2 are provided in
Figure 7. The loss change during training is shown in Figure 8. The system has a low MAE
and MAPE, with also a strong regression coefficient R2.

MSE MAE MAPE (%)  R%{%)
DNN with CBDC ~ 0.000028 0.0023 0.0144 0.97

Figure 7. Mean squared error (MSE), mean absolute error (MAE), mean absolute percentage error
(MAPE), and the coefficient of determination (R2).
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Figure 8. Loss change during training.

Once the model has been successfully calibrated, we used the DNN to simulate
how the wealth distribution amongst the different financial assets would change with the
introduction of CBDC. In particular, Figure 9 shows depositors’ sensitivity to CBDC interest
rate under three scenarios: (i) zero interest rate on CBDC, (ii) positive CBDC interest rate
set at 0.5%, and (iii) positive CBDC interest rate set at 1.0%. The first two rows represent
the October 2020 wealth distribution in the Euro area, and the average values since January
2003 respectively. October 2020 Euro area data has been used in all cases, while for CBDC
since data is not available, the risk was set at zero and the output followed the hypothesis

12
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that increases in systemic risk would lead to an increase in CBDC demand in line with the
current literature [41].

Interest Rate CBDC Change
Inputs Outputs

|_CASH |_DEP_HOUSE |_DEP_CORP |_CBDC R_CASH R_DEP_HOUSE R_DEP_CORP R_CBDCICASH DEP_HOUSE DEP_CORP CBDC
Oct-20 0 0.14 ~0.01 - 0 0.1 011 36%  69.8% 26.5% 5
Mean 0 132 0.97 - 0 0.19 019 33%  746% 221% .
Case 1 0 0.14 -0.01 [ 0 0.11 0.11 0 3.1% 66.0% 14.5% 16.4%
Case 2 0 0.14 -0.01 0.5 0 0.11 0.11 0 3.9% 61.5% 16.8% 17.8%
Case 3 0 0.14 -0.01 1 0 0.1 0.11 0 4.9% 56.5% 19.4% 19.2%

Figure 9. Wealth transfer sensitivity to changes in CBDC interest rate. Blue numbers represent the
model inputs.

Figure 10 shows depositor’s sensitivity to changes in the financial system risk under
three scenarios: (i) CISS set at 0.11 and in line with October 2020 data, (ii) CISS set at
0.5 representing a medium-high systemic risk, and (iii) CISS set at 0.9 representing an
extremely high systemic risk. Similar to the previous table, the first two rows represent the
October 2020 wealth distribution in the Euro area, and the average values since January
2003, respectively. It is particularly interesting to note the redistribution of wealth in Case 1
vs. the October 2020 scenario.

Financial System Risk Change

Inputs Outputs
|_CASH |_DEP_HOUSE |_DEP_CORP |_CBDC R_CASH R_DEP_HOUSE R_DEP_CORP R_CBDC CASH DEP_HOUSE DEP_CORP CBDC
Oct-20 0 0.14 -0.01 = 0 0.11 0.11 3.6% 69.8% 26.5%
Mean 0 1.32 0.97 - [ 0.19 0.19 3.3% 74.6% 22.1%
Case 1 0 0.14 -0.01 0 0 0.1 0.1 0 3.1% 66.0% 14.5% 16.4%
Case 2 0 0.14 -0.01 0 0 0.5 0.5 0 5.6% 29.3% 13.2% 51.9%
Case 3 0 0.14 -0.01 0 0 0.9 0.9 0 5.0% 6.2% 5.8% 83.0%

Figure 10. Wealth transfer sensibility to changes in financial system risk Blue numbers represent the
model inputs.

Finally, Figure 11 shows the transfer, mainly of commercial bank deposits given
that cash remained broadly unchanged, to CBDC. The results shown in the matrix below
represent the total volume of CBDC as a percentage of the total wealth. The colour code
also shows the risk of a digital bank run, given that in some scenarios the total holdings of
CBDC could reach as high as ca. 80% of the total.

Interest CBDC

-0.5% -0.25% 0.00% 0.25% 0.50% 0.75% 1.00% 1.25% 1.50%

33.3%
39.4% 40.5% 41.5% 42.4% 432% 43.9% 44.6% 451% 455%
50.1% 51.1% 51.9% 52.7% 53.3% 53.8% 542% 54.6% 54.8%
62.7%
70.9%

Financial System Risk

Figure 11. Wealth distribution sensitivity to CBDC interest rate and Financial System Risk.

5. Discussion

The results show that the introduction of CBDC would lead to an initial transfer
of wealth from commercial bank deposits to CBDC. Figure 9, Case 1 simulates a simple
scenario where the transfer of wealth from cash and commercial bank deposits to CBDC
takes place when CBDC is introduced for the first time with CBDC interest rate and
risk perception set at zero and the rest of the inputs set as at October 2020 levels. It is
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interesting to observe that cash would be slightly reduced from 3.6% to 3.1%, while both
household deposits and corporate deposits declined by 3.8 percentage points (pp) and
12 pp respectively, leading to a CBDC amounting to c.16.4% of the total wealth of the
system. We also note that an increase in CBDC interest rates of 50bps (Figure 9, Case 2)
and 100 bps (Figure 9, Case 3) leads to a moderate increase of total CBDC outstanding at
¢.17.8% and 19.2% respectively. The sensitivity of deposit outflows to CBDC interest rates
seems moderate, with ¢.2.3 pp of deposit outflows per 50bps of CBDC interest rate increase.
However, we note that deposit outflows sensitivity to CBDC is not linear as we show in
Figure 11.

Figure 10 shows that an increase in systemic risk could lead to digital bank runs. In
particular, the results show that a systemic risk indicator increasing from 0.11 to 0.5 would
lead to significant deposit outflows, increasing the total wealth stored in CBDC from 16.4%
to 51.9%. In an extreme scenario, with systemic risk as high as 0.9, over 80% of the total
wealth would be stored in CBDC, leading to a system-wide digital bank run. We note that
deposit outflow sensitivity to systemic risk is very high, which is in line with the majority
of the literature on the topic as we highlight in the introduction and theoretical background
sections of this document.

Figure 11 shows that deposit outflow sensitivity to financial system risk and CBDC
interest rate is non-linear. In particular, sensitivity to CBDC interest rate is moderate when
the systemic risk is at low or medium-high levels (with CISS ranging from 0.2 to 0.6), while
there is no sensitivity to CBDC interest rate with high or very high systemic risk levels
(with CISS ranging from 0.7 to 0.9). This suggests that under a stressed financial scenario,
a commercial bank deposit outflow would not be stopped by lowering the interest rate
of CBDC.

Furthermore, the results suggest that a maximum amount of CBDC per account set at
30% or 40% of total wealth per account would limit more effectively the potential deposit
outflows in the case of system-wide financial stress. Adding caps to the design of CBDC
could be somewhat seen as the physic limits that cash entails. In theory, the holdings of cash
are only limited by the total wealth of an individual, however, in practical terms, holdings
of cash are “virtually capped” by the storage and transport risks. Since CBDC would not
entail any storage or transport risks, it could be deemed appropriate to add certain limits
to the holdings of CBDC, particularly during the early stages of the introduction of CBDC.
However, this remains to be tested and further analyses on that point would add significant
value to the CBDC implementation debate.

In line with the above, some authors consider that a cap on CBDC would reduce the
effectiveness of it [18]. Somewhat linked to that point, new questions regarding the scope
of CBDC would need to be explored at some stage, including whether the introduction of
CBDC would represent just a first stage before moving into a financial system embracing the
concept of “sovereign money”, whether it should be designed to compete with commercial
bank deposits, or if it should be conceived as just a mere substitute of cash.

Limitations and Future Lines of Research

This methodology is not without limitations, with the lack of CBDC data being the
most notable. As described above, the model has been initially trained using real Euro area
aggregate data for all components but CBDC. In the case of CBDC, different assumptions
have been made, which leads to a certain degree of subjectivity. On the other hand, the
model proposed allows other researchers to modify such hypotheses concerning CBDC
initial calibration.

Next, we discuss some of the potential implications of CBDC for the banking sector.
The following points constitute hypotheses to be tested and do not express the authors’
views on the subject. The goal of the remainder of this section is to stimulate the debate
regarding the introduction of CBDC and the potential impact on the banking sector and on
bank runs in particular.
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In the scenario described in this work, commercial banks would compete for deposits
with Central Bank, leading banks to increase interest on customer deposits, hence eroding
its margins. After the introduction of CBDC, and as per the results obtained in Figures 9-11,
banks would need to reduce their balance sheet and increase lending rates, potentially
tightening the access to credit. However, under this hypothetical scenario banks could use
several strategies, including cross-selling techniques to retain deposits, and other measures
such as offering lower loan rates to corporate clients holding deposits in the bank, or lower
mortgage rates to retail customers using banks’ deposits and payment services. Exploring
this area would help to measure the impact on banks’ accounts and indirectly the potential
spillover effects on the availability of new credit.

Furthermore, banks would try to replace some deposits lost with other forms of
funding, such as wholesale funding, leading to a higher cost of funding. In turn, higher
wholesale funding reliance, and depositors’ choice to transfer funds to CBDC could lead to
higher market discipline in the banking sector. Some authors question whether the need
for a deposit guarantee scheme would still be justified after the introduction of CBDC [42].
As described on the European Commission website, a fundamental principle underlying
the Deposit Guarantee Scheme (DGS) is that they are funded entirely by banks and that no
taxpayer funds are used. In line with this, a DGS would in part mitigate digital bank runs
under stressed scenarios.

This work uses Euro area data to train, validate, and test the model. The authors would
like to suggest the development of similar analyses with data from different geographic
areas and regions as an interesting future line of research. Results obtained from Euro area
data could differ from results in regions where there is not just a common monetary policy,
but also a single fiscal policy.

The study uses a model based on a closed economy where only domestic use of CBDC
was possible. However, we would encourage other researchers to elaborate on the subject
of whether CBDC should be used exclusively in the national territory or whether the CBDC
should be open to international use too.

As described in the introduction of this work, designing a CBDC that contributes to the
sustainability of the financial system is relevant. In particular, some authors consider that
features enhancing financial inclusion could limit the effectiveness of CBDC as a system of
payments [43]. The relatively scarce literature on CBDC and financial inclusion suggests
that further empiric analysis on that topic would be relevant for the current literature
on CBDC.

So far, the literature is strongly focused on the impact on banks’ funding costs, which
as highlighted by many authors, could lead to disintermediation of the banking sector.
However, it would be interesting to explore further whether the Loss Given Default of debt
instruments and banks’ cost of equity should remain unchanged or increase/decrease after
the introduction of CBDC and the potential spillover effects mentioned above. Moreover,
macroprudential and policymakers’ options remain in place to contain a potential increase
in banks’ funding costs. Such options could include banks’ debt being eligible for quantita-
tive easing programs launched by central banks. Furthermore, it could be understood that
in a hypothetical scenario where the public has the option to keep money in the form of
CBDC at the Central Bank, the need for strict regulation over the sector declines. Capital,
liquidity and loss absorption requirements could be loosened, leading to lower regulatory
costs for banks, particularly on the funding side.

In line with the above, another question to explore under the hypothesis of CBDC
introduction is whether banks should need to maintain a capital structure in line with Basel
III, and complying with bank-specific capital and loss absorption requirements such as
SREP (Supervisory Review and Evaluation Process), MREL (Minimum Requirement for
own funds and Eligible Liabilities), or TLAC (Total Loss Absorbing Capacity).

Itis also particularly important to design a solid transitional framework should CBDC
be introduced. The transfer of significant amounts of commercial bank deposits to CBDC
would add additional pressure to the stability of the banking system, hence raising the
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questions of whether and under which conditions the Central Bank may temporarily
replace commercial banks” deposits lost with Central Bank lending. A phase-out calendar
matching the maturity of the outstanding loans in the balance sheet could be adopted, with
Central Bank lending in place during the phase-out period.

6. Conclusions

This paper develops a Deep Neural Network (DNN) design to assess the potential
impact of the introduction of CBDC on the banking sector, and in particular, focuses on
the link between CBDC and the bank run phenomena. This work represents an innovative
method to assess the implications of the introduction of CBDC, allowing the simulation of
the transfer of wealth between different financial assets depending on the design of a CBDC.
The transfer of flows from one asset class to another can be used as a proxy to understand
the dynamics that one could expect in the event of CBDC introduction. Below we conclude
by highlighting some of the findings or relevant points highlighted in this work:

First, this paper describes the use of a DNN design, representing a multivariate regres-
sion model that learns the mapping function between the input vector, which represents
the interest and risk for a sample of financial assets, and output vector which represents
the wealth allocation into the different financial assets available. Several scenarios are
described, and the model is finally calibrated using 315 real data samples corresponding to
Euro area aggregate data including cash and loans volumes, interest rates and systemic
risk metrics. The calibration of CBDC to be used in the training phase of the algorithm
represents an important limitation linked to this type of technique. On the other hand,
using different hypotheses vis-a-vis the calibration of CBDC data allowed the authors to
draw conclusions on the impact of CBDC in a financial system.

This work considers that different designs of CBDC would lead to a wide range of
outputs in terms of success and acceptance of CBDC, and the ability to increase financial
inclusion through the deployment of CBDC is, by all means, one of the characteristics that
this new form of money should pursue.

Second, the results point out that the introduction of CBDC would lead to an outflow
of commercial bank deposits into CBDC, particularly given the “risk-free” nature of CBDC,
while commercial bank deposits have an inherent (low) risk perception. Interest rates on
CBDC are an important but not leading factor when analyzing the risk of commercial bank
deposit outflows, as per the results shown in Section 4. However, as discussed, it is highly
likely that the outflows from commercial bank deposits to CBDC would become barely
interest-sensitive in the event of severe financial distress. The likelihood of digital bank
runs seems strongly driven by the overall financial risk perception, modelled through
the CISS indicator in this work. Other levers such as the full guaranteed convertibility
of bank deposits into CBDC or limits on the CBDC accounts could be used to limit bank
runs at this stage with potentially higher success rates. However, the higher the number of
frictions introduced in the CBDC design, the lower the utility of it. Further research would
be required to fully understand the trade-offs of suboptimal CBDC designs to partially
protect the banking sector.

Third, the DNN architecture used in this paper to model the introduction of CBDC is
highly scalable, allowing us to build a series of different blocs or new elements on top of
the basic system analysed in this work. The authors would like to invite other scholars to
continue assessing the implications of the potential introduction of CBDC through Deep
Neural Network designs. The authors consider that after proving that DNN constitutes an
adequate and valuable method to analyze the potential different designs of CBDC and its
implications not just for the banking sector, but for the broader economy;, this technique
could be used more frequently for analyzing problems of a similar nature.

Finally, the potential introduction of CBDC could represent one of the most disruptive
changes introduced in the financial system in a long time. Hence, a scrupulous analysis of
the trade-offs derived from introducing CBDC is paramount. This paper contributes to the
research in the segment of the interaction of CBDC with the banking sector by proposing
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an innovative method to assess the likelihood of a sudden and significant transfer of funds
from commercial bank deposits to CBDC. This is a relatively new concept to most of us
but threatening to be a source of intense debate and concern in the years to come: Digital
Bank Runs.

Author Contributions: Conceptualization, M.S.-R. and E.P-A_; methodology, M.S.-R. and E.P-A;
software, E.P.-A_; validation, M.S.-R. and E.P.-A_; formal analysis, M.S.-R. and E.P.-A_; data curation,
M.S.-R. and E.P--A ; writing—original draft preparation, M.S.-R.; writing—review and editing, M.S.-R.
and E.P.-A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The database and the code used for this study is freely available at
https:/ /github.com/estherpuyol/CBDC_model.git.

Acknowledgments: This research has been conducted using a GPU generously donated by NVIDIA
Corporation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bank of International Settlements. Central Bank Digital Currencies: Foundational Principles and Core Feature; No. 1, 26; Bank of
International Settlements: Basel, Switzerland, 2020.

2. Mancini-Griffoli, T.; Peria, M.S.M.; Agur, L; Ari, A; Kiff, J.; Popescu, A.; Rochon, C. Casting Light on Central Bank Digital
Currency. IMF Staff Discuss. Note 2018, 18, 8. [CrossRef]

3. Riu, M. Banking and Society in Late Medieval and Early Modern Aragon. In The Dawn of Mediaeval Banking; Center for Mediaeval
and Rennaissance Studies; University of California: Los Angeles, CA, USA; Yale University Press: New Haven, CT, USA, 1979.

4. Bindseil, U. Central Bank Digital Currency: Financial System Implications and Control. Int. J. Political Econ. 2019, 48, 303-335.
[CrossRef]

5. Barotini, C.; Holden, H. Proceeding with Caution-A Survey on Central Bank Digital Currency. Bank Int. Settl. 2019, 101, 1-15.

6.  Auer, R,; Cornelli, G.; Frost, J. Rise of the Central Bank Digital Currencies: Drivers, Approaches and Technologies. In BIS Working
Papers; No. 880; Centre for Economic Policy Research: London, UK, 2020.

7. Central Bank of The Bahamas. The Sand Dollar Is on Schedule for Gradual National Release to The Bahamas in Mid-October 2020;
Central Bank of The Bahamas: Nassau, Bahamas, 2020.

8. Berentsen, A.; Schér, F. The Case for Central Bank Electronic Money and the Non-Case for Central Bank Cryptocurrencies. Fed.
Reserve Bank St. Louis Rev. 2018, 100, 97-106. [CrossRef]

9. Ordoénez, M.F. Adids a Los Bancos; Taurus: Georgia, GA, USA, 2020.

10. Bech, M.; Garratt, R. Central Bank Cryptocurrencies. In BIS Quarterly Review; Bank of International Settlements: Basel, Switzerland,
2017; pp. 55-70.

11.  Auer, R;; Bohme, R. The Technology of Retail Central Bank Digital Currency. In BIS Quarterly Review; Bank of International
Settlements: Basel, Switzerland, 2020; pp. 85-100.

12.  Adrian, T.; Mancini-griffoli, T. The Rise of Digital Money; IMF: Washington, DC, USA, 2019; pp. 1-16.

13.  Meaning, J.; Dyson, B.; Barker, J.; Clayton, E. Broadening Narrow Money: Monetary Policy with a Central Bank Digital Currency.
No. 724. SSRN Electron. |. 2018. [CrossRef]

14. Engert, W,; Fung, B.S.C. Central Bank Digital Currency: Motivations and Implications. In Bank of Canada Staff Discussion Paper;
Bank of Canada: Ottawa, ON, Canada, 2017; pp. 1-30.

15.  Raskin, M.; Yermack, D. Digital Currencies, Decentralized Ledgers, and the Future of Central Banking; National Bureau of Economic
Research: Cambridge, MA, USA, 2016.

16. Allen, S.; Capkun, S.; Eyal, I; Fanti, G.; Ford, B.A.; Grimmelmann, J.; Juels, A.; Kostiainen, K.; Meiklejohn, S.; Miller, A.; et al.
Design Choices for Central Bank Digital Currency: Policy and Technical Considerations; National Bureau of Economic Research:
Cambridge, MA, USA, 2020; Volume 53.

17.  Alonso, S.L.N.; Fernandez, M.A.E.; Bas, D.S.; Kaczmarek, J. Reasons Fostering or Discouraging the Implementation of Central
Bank-Backed Digital Currency: A Review. Economies 2020, 8, 41. [CrossRef]

18. Girtler, K.; Nielsen, S.T.; Rasmussen, K.; Spange, M. Central Bank Digital Currency in Denmark? Danmarks Nationalbank:
Copenhagen, Denmark, 2017.

19.  Andolfatto, D. Assessing the Impact of Central Bank Digital Currency on Private Banks. Econ. J. 2020. [CrossRef]

20. Sveriges Riksbank. E-Krona: Part 2; No. October; Sveriges Riksbank: Stockholm, Sweden, 2018.

17



Sustainability 2021, 13,1513

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42,
43.

Sanchez-Roger, M.; Oliver-Alfonso, M.D.; Sanchis-Pedregosa, C. Bail-In: A Sustainable Mechanism for Rescuing Banks. Sustain-
ability 2018, 10, 3789. [CrossRef]

Shin, H.S. Reflections on Northern Rock: The Bank Run That Heralded the Global Financial Crisis. J. Econ. Perspect. 2009, 23,
101-119. [CrossRef]

Calvo, G.A. Financial Crises and Liquidity Shocks: A Bank-Run Perspective; National Bureau of Economic Research: Cambridge, MA,
USA, 2009.

Engert, W,; Fung, B.S.C.; Hendry, S. Is a Cashless Society Problematic. In Bank of Canada Staff Discussion Paper; No. 2018-12; Bank
of Canada: Ottawa, ON, Canada, 2018; pp. 12-18.

Kumhof, M.; Noone, C. Central Bank Digital Currencies—Design Principles and Balance Sheet Implications; No. 725. SSRN
Electron. J. 2018. [CrossRef]

CPMI-MC. Committee on Payments and Market Infrastructures Markets Committee Central Bank Digital Currencies; CPMI-MC: Basel,
Switzerland, 2018.

Ward, O.; Rochemont, S. An Addendum to “A Cashless Society-Benefits, Risks and Issues (Interim Paper)” Understanding Central Bank
Digital Currencies (CBDC); Institute and Faculty of Actuaries: London, UK, 2019.

Dyson, B.; Hodgson, G.; Van Lerven, F. Sovereign Money: An Introduction; Positive Money: London, UK, 2016.

Bank of England. Central Bank Digital Currency Opportunities, Challenges and Design; No. March; Bank of England: London, UK,
2020; pp. 77-82.

Bousono-Calzon, C.; Bustarviejo-Munoz, J.; Aceituno-Aceituno, P.; Escudero-Garzas, J.J. On the Economic Significance of Stock
Market Prediction and the No Free Lunch Theorem. IEEE Access 2019, 7, 75177-75188. [CrossRef]

Bahrammirzaee, A. A Comparative Survey of Artificial Intelligence Applications in Finance: Artificial Neural Networks, Expert
System and Hybrid Intelligent Systems. Neural Comput. Appl. 2010, 19, 1165-1195. [CrossRef]

Sheskin, D.J. Handbook of Parametric and Non-Parametric Statistical Procedures; CRC Press: Boca Raton, FL, USA, 2020; Volume 46.
[CrossRef]

Deng, L.; Yu, D. Deep Learning: Methods and Applications. Found. Trends Signal Process. 2014. [CrossRef]

He, K; Zhang, X.; Ren, S.; Sun, J. Delving Deep into Rectifiers: Surpassing Human-Level Performance on ImageNet Classification.
In Proceedings of the IEEE International Conference on Computer Vision; IEEE Computer Society: Washingto, DC, USA, 2014;
pp. 1026-1034.

Belagiannis, V.; Rupprecht, C.; Carneiro, G.; Navab, N. Robust Optimization for Deep Regression. In Proceedings of the IEEE
International Conference on Computer Vision, Santiago, Chile, 7-13 December 2015; pp. 2830-2838. [CrossRef]

Huber, PJ. Robust Estimation of a Location Parameter; Springer: New York, NY, USA, 1992. [CrossRef]

Hollo, D.; Kremer, M.; Lo Duca, M. A Composite Indicator of Systemic Stress in the Financial System; Macroprudential Research
Network: Frankfurt, Germany, 2012.

Esselink, H.; Hernandez, L. Occasional Paper Series the Use of Cash by Households in the Euro Area; European Central Bank (ECB):
Frankfurt, Germany, 2017.

Lalouette, L.; Esselink, H. Trends and Developments in the Use of Euro Cash over the Past Ten Years; ECB Economic Bulletin, European
Central Bank (ECB): Frankfurt, Germany, 2018.

Bundesbank, D. Cash Hoarding by German Households—How Much Cash Do They Store and Why? Deutsche Bundesbank: Frankfurt,
Germany, 2020.

Mersch, Y. Virtual or Virtueless? The Evolution of Money in the Digital Age; In Lecture at the Official Monetary and Financial
Institutions Forum: London, UK, 2018.

Institute of International Finance. Money Redesigned; Institute of International Finance: Washington, WA, USA, 2020.

Maniff, J.L. Motives Matter: Examining Potential Tension in Central Bank Digital Currency Designs; Federal Reserve Bank of Kansas
City: Omaha, NE, USA, 2020.

18



Q‘g? sustainability

Article

Blending in: A Case Study of Transitional Ambidexterity in the
Financial Sector

Beniamino Callegari and Ranvir S. Rai *

Citation: Callegari, B.; Rai, R.S.
Blending in: A Case Study of
Transitional Ambidexterity in the
Financial Sector. Sustainability 2021,
13, 1690. https://doi.org/
10.3390/su13041690

Academic Editor: Andrea Pérez
Received: 31 December 2020
Accepted: 2 February 2021
Published: 4 February 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Economics, Innovation, and Technology, Kristiania University College, Oslo 0107, Norway;
Ben.Callegari@kristiania.no
* Correspondence: Ranvir.Rai@kristiania.no

Abstract: Organizational ambidexterity is widely recognized as necessary for the economic sustain-
ability of firms operating in the financial sector. While the management literature has recognized
several forms of ambidexterity, the relationship between them and their relative merits remain unclear.
By studying a process of implementation of ambidextrous capabilities within a large Scandinavian
financial firm, we explore the role of top-down reforms and bottom-up reactions in determining the
development of sector-specific innovative capabilities. We find that blended ambidexterity follows
naturally from the attempt to correct the tensions arising from harmonic ambidextrous blueprints.
The resulting blended practice appears to be closely related to the reciprocal model of ambidexterity,
which appears to be a necessity rather than a choice, for large firms attempting to develop innovative
capabilities. Consequently, we suggest to re-interpret current taxonomies of ambidexterity not as
alternative blueprints, but rather as stages in a long-term process of transition.

Keywords: economic sustainability; organizational ambidexterity; blended ambidexterity;
innovation process

1. Introduction

Organizational ambidexterity has gained considerable attention in management lit-
erature since it was first introduced by Robert Duncan in 1976. Originally referring to
the ability to use both hands adroitly, the term has been increasingly used in reference to
organizations attempting to simultaneously manage both exploitation and exploration to
ensure long-term sustainability and competitiveness. Exploitation extends upon current
knowledge, seeking greater efficiency and incremental innovation. Exploration, on the
other hand, entails the development of new knowledge, experimenting and reaching for
more radical innovation [1]. Pursuing and maintaining such opposing business logics and
concurrently alleviating related tensions is at the very core of organizational ambidexterity.

The relevance of ambidexterity has been further highlighted by present demands for
a transition towards more sustainable business practices. While entirely novel business
models can be pioneered by new entrants, spinoffs, and other dedicated experimental
market niches, meeting the sustainability challenge also requires incumbents to gradually
transform their activities. Such transformation, however, must be conducted while simulta-
neously maintaining their operations functional and their customers satisfied; while more
sustainable options must be explored, exploitation of current opportunities must similarly
continue. In other words, from an incumbent perspective, the sustainability transition
implies the development and application of ambidexterity.

Extant literature suggests multiple paths to ambidexterity; structural [2], contextual [3]
and sequential [4,5]—usually treated as mutually exclusive pathways. However, as recently
proposed by Foss and Kirkegaard [6] and as evident from this case study, various modes
of ambidexterity may be present at once—ambidexterity can be “blended”. Blended
ambidexterity may portray a messier yet more realistic picture of “ambidexterity in the
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happening” as companies attempt to lessen some of the negative aspects inherent to any
specific ambidexterity mode.

In our study, we focus on the dynamic issues related to the implementation of blended
ambidexterity at a large financial organization. More specifically, we examine the issue
through a case study of a Norwegian bank—currently undergoing a digital transformation
towards becoming a technology-based provider of financial services. In line with previous
research [7,8], we investigate how the organization is transitioning between different
ambidexterity modes over time in accordance with various challenges and opportunities
facing the firm. Our objective is to highlight the unique implementation challenges faced
by a top-management team using blended ambidexterity. In particular our theoretical
framework leads us to believe that the organization will suffer from significant tensions
and paradoxes as they transition from different modes of ambidexterity over time. Our
empirical study focuses on exploring the evidence relevant to these transitional changes,
and the relative managerial response. We find evidence of a specific transitional trajectory
of ambidexterity accompanying the implementation of new practices. The transitional
trajectory, and the factors underpinning its course are examined and discussed as part of
a transformational strategy for the organization. Additionally, the emergence of specific
ambidextrous practices through time have implications for the question of the sustainability
of banking business models in the long term.

The article is organized as follows. After this introduction, Section 2 describes our
theoretical framework of reference. Section 3 illustrates our methodology. Section 4 contains
our findings, which are discussed in Section 5. Finally, Section 6 concludes.

2. Literature Review

Smith and Lewis [9] have argued that sustainability is indissolubly linked with the
concept of ambidexterity, the ability to balance activities dedicated to exploiting current op-
portunities and to exploring new methods, business models, and resources, an ability that
appears to be vital for the long-term survival of firms [8,10-13]. A successful, sustainable
firm is one able to exploit current opportunities and efficiently manage today’s demands
while also being open to the exploration of new possibilities [13]; to pursue new knowl-
edge while using existing knowledge optimally [12]. In short, a successful firm is more
and more commonly described as ambidextrous [4,14-16]. However, not only are there
significant differences within the academic community regarding the conceptualization of
ambidexterity and its antecedents, there is also substantial heterogeneity in its practical
implementation within actual firms.

The various positions can be classified along two main axes. The first regards the un-
derstanding of explorative and exploitative activities as either complementary or opposite.
The differentiation view argues that explorative and exploitative processes compete for the
same resources, their simultaneous implementation involving significant trade-offs [8,17].
The integration view argues instead for the presence of significant complementary benefits
between the two processes [3,18,19]. Consequently, the differentiation view supports im-
plementation strategies based on separate exploration and exploitation activities across
business units, while the integration view argues that the processes can, and should, coexist
within the same unit. The second axis relates to the temporal dimension of ambidexterity.
Exploitation can follow exploration in a more or less rigid alternating sequence [20] or the
two activities may always be available for managers and employees to decide when to
pursue them [3,21].

Combining these two axes, Simsek et al. [20] propose a classification of ambidexterity
in four categories: harmonic, partitional, cyclical, and reciprocal. Harmonic ambidexter-
ity refers to the simultaneous pursuit of exploitation and exploration within a business
unit, resulting in processes or systems enabling individual employees and managers to
autonomously decide about how to divide their time between conflicting demands [3].
Cyclical ambidexterity, based on the literature on “punctuated equilibrium”, refers to the se-
quential pursuit of exploitation and exploration within a business unit, alternating between
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long periods of exploitation and short bursts of exploration. Partitional ambidexterity
refers instead to the simultaneous pursuit of exploitation and exploration across business
units, what is commonly referred to in the literature as structural ambidexterity [8]. Finally,
reciprocal ambidexterity refers to the sequential pursuit of exploitation and exploration
within and across business units.

The latter configuration is certainly the most complex, requiring the establishment of
structurally independent units characterized by different, and differently evolving, strate-
gies, structures, and cultures [22]. While each unit operates at least partially independently,
they are interdependent with respect to the achievement of ambidexterity. In this recipro-
cal context, the outputs of exploitation from one unit become the inputs for exploration
activities conducted by other units, and vice versa [23]. Such complex configuration im-
plies ongoing information exchange processes, collaborative problem solving activities
and resource flows between middle management and the senior management team [24],
requiring the presence of a clear shared vision at all operative levels shared vision [25].

While the categorization proposed by Simsek at al. [20] is comprehensive and clear,
it is not surprising that empirical realities can be messier. Studying the operation of two
business units operating under the William Demant Holding corporate umbrella, Foss and
Kirkegaard [6] find evidence of “blending” modes of ambidexterity: the co-presence of
structural and contextual ambidexterity, or harmonic and partitional, following Simsek
et al. [20] classifications scheme. Specialized organizational units coexist and cooperate
with units pursuing both exploitative and explorative activities. Foss and Kirkegaard argue
that such configuration is not the result of muddled strategies or faulty implementation
processes, but rather the outcome of intentional attempts to mitigate some of the negative
aspects inherent to any specific ambidexterity mode, such as the potential loss of specializa-
tion advantages under contextual ambidexterity and the problem of diffusing the results of
the explorative units activities within exploitative units under structural ambidexterity [14].
The resulting blended approach could also alleviate paradoxical pressures created by the
demands of contextual ambidexterity on the individual, through the creation of dedicated
supporting units.

An additional issue regarding the classification of ambidexterity regards its evolution
over time. The question of how transitions between exploration and exploitation occur in
contexts of sequential ambidexterity is still open [19]. Furthermore, due to the limitations
linked with any specific approach to ambidexterity, Nosella et al. [7] and O’Reilly and
Tushman [8] argue that the most advantageous strategy would involve systematically
shifting between ambidexterity modes over time, according to current challenges and
opportunities facing the firm. The possibility of blended ambidexterity further muddles the
issue, as it is possible that empirical reality could be more correctly described as a shifting
mix of ambidexterity regimes, morphing through time. However, the factors dominating
the evolutionary shift of the ambidexterity mix through time are yet to be explored.

The link between ambidexterity and sustainability is in evidence within the corpo-
rate sustainability discussion that started in management literature in the mid-90s [26],
gaining progressively more focus and attention since then [27-29]. In general, corporate
sustainability refers to the ability of the firm to both make optimal use of environmental,
physical, human, and organizational resources in relation to current knowledge and the
existing set of opportunities and constraints as determined by the relevant constellation of
stakeholders, while simultaneously cultivating their development over time; a description
close to that of the ambidextrous firm [30]. Only through ambidexterity can the sustainable
firm guarantee its continued survival by generating value and improving the lives of its
stakeholders through time.

In their theoretical review, Sulphey and Alkahtani [31] argue that there is substantial
overlapping between corporate ambidexterity and sustainability. The two are argued to
complement each other, with sustainability providing the aims and general perspective,
and ambidexterity the means and practices. The argument is similar to the one developed
by Hahn et al. [32] in regard to the relationship between ambidexterity and corporate social
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performance. Ciasullo et al. [33] provide empirical evidence for structural ambidexterity
as a key factor for the realization of sustainability among Chinese multinational firms.
Similarly, Gomes et al. [34] illustrate how ambidexterity is an important determinant
of environmentally sustainable production in the area of quality management. Using a
qualitative approach, instead, Minatogawa et al. [35] come to the same conclusions in their
study of a small e-commerce company.

The relevance of the topics of sustainability and ambidexterity in the banking industry
context is well known. Financial services offered by banks can be considered transformative
services [36], indispensable components of the social infrastructure, whose changes and
development over time can trigger wide-range socioeconomic change. On a macroeconomic
scale, the composition of their investment portfolios affects both the pace and composition
of economic development, while the development of new financial instruments can either
support or undermine financial stability. Technological changes, such as digitalization,
can also bring substantial social consequences. Wang and He [37] illustrate how digital
access to banking services decrease the vulnerability to risk of poor farmers in China, while
Yeo and Jun [38] show how P2P lending is changing credit conditions for borrowers with
low-to-mid credit ratings.

As service firms, banks rely on intangible assets and knowledge to provide a superior
customer experience [39]. Innovative activity is required for the economic sustainability
of banks and the maintenance of their competitive advantage [40]. The banking industry
has witnessed fundamental changes and greater instability that heighten the importance
of successfully attaining ambidexterity to increase their performance [41]. Following the
intensified competition brought by the gradual process of deregulation that has taken place
in the last decades, bank units are expected to constantly improve existing products while
also reducing costs by optimizing current operations. To meet these challenges, banks have
integrated advances in information and communication technologies to introduce process
technologies, increasing internal efficiency and improving productivity. The need to merge
digital innovation with banking operations, however, have led to the emergence of new
challenges for the development of ambidexterity in banking.

Studying the implementation of sustainable business models in banking, Yip and
Bocken [42] notice the practical relevance of short-termism: the tendency to evaluate inno-
vative projects predominantly on their ability to generate value in the short-term. In this
sense, digitalization is often preferred because of its potentially calculable benefits, and its
relative quick scalability. However, Marabelli et al. [43] document how large banks, with
activities dispersed over large territories, facing the challenge to conjugate the need for
innovation with the constraints of the short term, are likely to adapt ambitious ambidex-
trous organizational approaches, despite the additional managerial and organizational
costs involved. Ambidexterity is found to require a managerial approach based on trust
and decentralization in boundary activities, confirming the importance of managerial
leadership [44,45] and a trust-based culture [21,46] as antecedents. Although somewhat
animated by short-term considerations, the digitalization process is also promoting the
development of ambidextrous capabilities, thus improving the general ability of financial
firms to engage in the transformation processes required by sustainability (new references
mentioned before). Thus, although superficially separated, the development of ambidex-
terity can be understood as an intermediate step in the gradual transformation of financial
services towards more sustainable configurations.

In conclusion, the literature reviewed reveals that sustainability in the banking in-
dustry requires the integration of ambidextrous business models. The questions of which
type of ambidexterity is preferable and how should it be implemented remain open,
however. Furthermore, actual implementation of new operational routines and innovation-
supporting tools appears particularly challenging in the heavily regulated and risk-averse
environment of large-scale banking. As low-interest rates persist and digital-based innova-
tive competitors enter the market; however, the challenge of ambidexterity must be met if
traditional banking is to retain its central position within the global financial infrastructure.
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3. Methods

This paper introduces a study of an on-going digital transformation in a large Nor-
wegian bank. More specifically, we examine the issue through a case study of a large
financial organization—DNB—currently transitioning from a traditional bank business
model towards a technology-based provider of financial services. DNB is Norway’s largest
financial services group and one of the largest in the Nordic region in terms of market
capitalization. They offer services to corporate, retail, and securities markets as well as
the public sector. In addition to being a world leader in shipping, the bank has a strong
position in the energy sector and seafood industries, reflecting traditional Norwegian
economic strengths. As one of the largest financial institutions in the Nordic region, our
case company is an excellent exemplar of an incumbent undergoing digital transformation
while intending to retain its dominant market position.

We conducted semi-structured interviews with key stakeholders across operations to
gain in-depth insight into organizational members’ reasoning and reflections. This allowed
us to comprehend the logic through which they viewed the world [47]. Furthermore, in-
depth interviews provide an effective means of obtaining rich insights into the phenomenon
of interest, as they provide access to detailed contextual information and individual insight
that cannot be obtained from surveys [48]. The informants were identified first through
expert sampling, and then through snowball sampling, ensuring that all protagonists of
the process have been interviewed, and their perspective integrated.

The respondents consisted of 12 managers directly involved in the company’s innova-
tion initiatives. They ranged from VP-level to middle management responsible for strategic
innovation projects or programs across all DNB areas: New Business (5 respondents),
Corporate Market (1 respondent), Consumer Market (2 respondents), Key Accounts (1 re-
spondent), and IT (3 respondents). Within these areas, there are several divisions—referred
to as “Innovation divisions” in New Business, “IT divisions” in IT, and “Business divisions”
in the remaining areas.

Interviews were conducted until information redundancy was achieved [49]. We
used semi-structured interview guides (see Appendix A), allowing for deviation from
the sequence in order to follow interesting lines of inquiry and go deeper into relevant,
emerging, topics. The approach was deemed particularly appropriate to this case study,
since the company was undergoing a complex transformation process, leaving many
informants to face significant, persistent uncertainty, which showed in their difficulties to
engage directly with our questions. The questions covered the company’s existing practices
at the time of interview, personal experiences with and interpretations of innovation
capabilities and tools, processes and resources, culture and values related to innovation
initiatives. Interviews lasted for 45 to 60 min; they were digitally recorded and transcribed
verbatim.

To structure respondent explanations and interpretations, we inductively examined
our data by following the procedure suggested by Gioia and co-authors [50,51], a method
considered particularly appropriate for research on strategic change and sensemaking [52].
In the first stage, we developed “open” codes by uncovering initial concepts from re-
spondents’ statements. Then, we confronted our results and integrated them, prioritizing
adherence to the respondents’ opinions in order to solve controversies. In the second stage,
we classified these into higher order themes through axial coding based on the relationships
among the initial first-order codes, translating the empirical results into relevant theoretical
constructs. Finally, we gathered similar themes into aggregate dimensions that provided
an overall structure to our narrative. We performed this procedure iteratively, going back
and forth between codes and data until consensus among the authors emerged. Figure
1 shows the final data structure. The vertical order of the aggregate dimensions offers
a broad timeline of the process of implementation of ambidexterity capabilities, starting
from original situation and the initial plan, moving gradually towards a blended approach
directed towards a reciprocal outcome. This narrative emerged during reflexive discussion
between the authors and was subsequent used to organize the exposition of empirical
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results. The following discussion provides a reconstruction and a potential explanation
of the phenomenon in theoretical terms, illustrating which elements are consistent with
existing literature, and which ones can be interpreted as an original contribution.

1st Order Concepts 2nd Order Themes ~ Aggregate Dimensions
Profitability and safety " ™
Extensive market knowledge -
Best in the market E> Explonz'tlve
Steady operative improvements expertise
A false sense of security? .
Distance between business developers, technical eperts |~ Banking
and management sustainabil ity

Excessive yetindispensable bureaucracy
Stifling regulatory framework creating fear of faiture

Information siloes | Explorative
i hnological deficiencies
Lack of innovation culture
Lack of codified innovation processes
Innovation as a marginal focus e /
DNB way to innovation framework f N\
Innovation theses Top=downposh
Innovationboards E> towards
Innovation scorecards ® <
New hiring practices ambidexterity .
Venture initiatives / Implementation
Tnnovationis about delivening new value to the Ve ™ of contextual
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Figure 1. Data structure.

4. Results
4.1. Banking Sustainability

Most respondents contextualized the current organizational reform process affecting
DNB as a reaction to a situation of complacency. The secure oligopolistic position held by
DNB within the Norwegian financial market ensures comfortable profit margins, superior
to most European counterparts, margins that are not currently under significant threat
from the local competition. The management however is conscious of the fact that such
rosy situation is unlikely to last indefinitely:

“I don’t think we’re going to be out-competed, but I probably think the margins
within some of our most profitable business models is going to come under
increasing pressure then in the years to come, and that requires us to innovate
our existing business models, we need to become more efficient in streamlining
our operations.” —Division Director IT Division.
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Lack of profitability pressures and steady profits have led to somewhat underdevel-
oped innovative capabilities:

“We are lacking some parts of what I would call innovation competence, such
as pure business model innovation, experiment design and execution. We have
some individuals, but not enough for a company of this size. When you look at
traditional business development, how to treat an idea, how to actually build
up partnerships, how to build services and products, we have that in house, but
using it for innovation is a different issue.” —Leader, Digital Innovation, B2C.

Furthermore, innovative resources and competences are not only relatively scarce, but
also unevenly distributed and isolated:

“Our innovation capabilities are kind of spread between business developers
with different types of roles. And then you have other sides of the innovation
capabilities, IT and people of operations in different service roles, like service
designers or literally IT architects.” —Senior innovation coach.

The interviews underlined how DNB lacked company-wide systems for knowledge
integration and sharing [53]. Respondents reported how they often struggled to access and
share specialized knowledge across departments in an effective manner:

“DNB actually does have a lot of insight, but we have difficulties in terms of
access across divisions (because we are legally not allowed to) and the systems
that we use.” —Senior innovation coach.

In addition to knowledge, all managers interviewed have described IT resources as
similarly scarce and difficult to mobilize, mostly tied up in the maintenance of inherited
old IT systems. The challenge appears to be particularly pronounced in connection to
innovative activities:

“Our IT department is at all times 100% sold out and over capacity, so that IT
with today’s setup does not have any capacity to assist in innovation work at
all. It is due to the management model, and partly because IT has a rather heavy
responsibility related to security, compliance, the Financial Supervisory Authority
and other things.” —IT Division Director.

4.2. Implementation of Contextual Ambidexterity

In reaction to these and other commonly perceived shortcomings, DNB has developed
the “DNB Way of Innovation” strategy, in order to develop harmonic ambidexterity capa-
bilities across the entire organization. This aim has been pursued through a series of top
down reforms, supported by attempts directed towards a comprehensive organizational
innovation culture transformation. Several top-down initiatives have been implemented
on a company-wide level in order to become more innovative through the integration of
more explorative methods, tools, and processes:

“I can’t really say that we have a clearly defined innovation framework or strategy,
but we do have some new initiatives (innovation boards). Moreover, we have
something called "The DNB Way of Innovation’ with certain practices and tools
that our innovation coaches should master quite well.” —Section Leader, New
Business Payments.

DNB is on a transformation journey from being a sheltered, oligopolistic financial
institution to a global competitor in the digital innovation arena. This means that DNB
must become more forward-looking and able to embrace failure as part of becoming more
innovative. However, such a mindset shift is entirely at odds with traditional banking, a
business model well-known for its conservative approach and strongly institutionalized
aversion to failure. One of the informants reflected on this:
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“We are supposed to depart from a culture in which we make ‘safe’ decisions
towards a culture where failure is allowed, and initiative is rewarded.” —Section
Leader, New Business Payments.

Although the aim is clear, the path remains challenging, however, with significant
tensions emerging within and between departments [54]:

“There are a lot of people at the IT department at DNB who do not dare to fail,
because there has been no room for failure in the past. It has been a fear-based
culture. Even though our CEO says we should dare to fail the organization is
rigged towards risk aversion.” —Leader, Accelerate Innovation—New Business.

4.3. Ambidexterity Paradoxes

Since DNB has only recently developed an innovation focus, with most of the processes
still to be fully implemented, few employees have actual experience with innovation
management practices. As many new tools and processes for innovation are introduced
“from above”, many informants still feel like their innovation projects are outcompeted on
resources against regular projects. One of the respondents commented:

“Some of us are supposed to think innovative according to our scorecards yet
we often get tied up to existing projects. I tell my employees to spend two-
thirds of their time on existing projects and one-third of their time on thinking
forwards, but this is not how it works out in reality.” —Section Leader New
Business Payments.

The lack of dedicated resources and structures supporting innovative efforts from the
bottom-up hampered the first attempts to apply the new strategy:

“I think the greatest potential for DNB is to innovate more on the things that we
already have. We have a lot of new initiatives [...] Yet, with few resources, time
and capacity on continuous improvement there is a need for a better balance.”
—New Business, Accelerate Innovation.

One of the respondents reflected further on this part:

“We are often saying that "hey, we would like to explore some of these opportuni-
ties” but then when you look how we invest, everything is core [. . .] that is not
necessarily the problem, but if you say that you don’t want to just do that, and
then you do it, that might be a problem.” —Senior innovation coach.

In response to these and other challenges, the company has established a new division
called “New Business”. This division works as a support department for the entire DNB
Group, contributing its innovation expertise to other divisions focusing on traditional
business areas. Furthermore, dedicated innovation coaches have been hired, to provide
support to bottom-up innovation processes. The collaboration, however, is more difficult
than expected, as the divide between those who innovates and those who do not becomes
more pronounced:

“you sit with one foot on the gas and one on the brake. So, then I kind of think it’s
either go or no go. Either you feel that you are allowed to work with innovation
as an employee, or you are one of those who feel that you are hired to make sure
things do not go wrong.” —Division Director of Innovation Division.

4.4. Blending Towards Reciprocal Ambidexterity
In order to alleviate some of the tensions described above, DNB is currently undergo-
ing a second reform wave. One of the informants noted:

“The competence in innovation in the bank is still extremely low [...] That is
why we have started this enterprise innovation program and created a separate
division for design and innovation.” —IT Division Director.
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Another solution to the lack of competence has been to prioritize external relationships.
Explorative units engage in comprehensive collaborations with universities, other financial
organizations, digital startups, and talented young programmers. Exploitative units absorb
the knowledge so attained through internal training and seminars. By collaborating with
innovative partners, introducing innovation coaches, and launching more standardized
exploration processes, DNB is supporting the implementation of its Way of Innovation with
decidedly structural changes. DNB has purchased “Luca Lab” to bolster the innovative
capabilities of its DNB Accounting business unit. In addition, DNB has partnered with “11:
FS” to develop a consumer finance solution (“Foundry”).

The data reveals that, despite the initial harmonic plans, during the process of imple-
mentation the organization has blended different modes of ambidexterity [6], introducing
structural solutions both within and across departments. The co-presence of various am-
bidexterity modes resulting in distinct management challenges and paradoxes across units
and departments. The company struggles to obtain mechanisms for linking and integrating
different modes of operation. In this regard, previous studies [22] have emphasized that
separate units may embody distinct strategies and operating logics and even cultures,
yet need to be coordinated through a shared vision animating the senior management
team’s actions:

“We notice that in very many of the discussions we have, there is a cultural
difference. I believe in creating a common culture, common goals and a common
understanding. So, even if someone is working with an agile approach and
others are doing more waterfall-type work that it is perfectly fine as long as we
are working towards some common organizational goals.” —Leader, Digital
Innovation, B2C.

Achieving such synergistic fusion, however, necessitates that different units work
interdependently in terms of ambidexterity:

“There is a gap in terms of implementing that innovation strategy and framework
and process in the organization. My impression is that there is little awareness
of the innovation strategy amongst managers and employees in general in the
organization at large.” —IT Division Director.

According to most respondents, the main challenge currently faced by DNB in the
process to further develop its innovative capabilities lies in the fact that significant amounts
of resources are spent on the idea generation and early development phases of new products
and services, before any attempts towards validation are made, resulting in significant
sunk costs.

“Now, people have a thousand ideas, and everyone works with them for a year,
and then you come to the IT team and do not get the resources to make it. We
need to become much better at prioritizing in early stages of projects and say no
to others, so that the things we actually choose to do we do properly with the
right resources.” —Division Director, Open Banking.

This has led to the implementation of practices aimed at earlier idea selection:

“One of the things that we try to work with in the innovation team is the number
of ideas we are able to kill, the so-called ‘kill-index’, which is quite important. We
have to teach the business areas that bad ideas are bad quicker.” —New Business,
Accelerate Innovation.

The reform involves the creation of dedicated testing units and resource pools, accom-
panied by a concerted effort to promote a testing culture: “So we are really pushing the
testing culture in the whole of DNB, building up a testing environment where you can
actually, everyone and I am not talking about Private Market only, but that all DNB, IT,
everyone is using the same platform, in terms of sharing their learnings.”—Section Leader,
Private Market—Digital Sales.
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The informants have also mentioned the lack of a rewards system for innovation
efforts: current incentives in the bank follow traditional practices. In this regard, O’Reilly
and Tushman [55] emphasize the importance of rewarding cross-unit accomplishments
tied to growth targets instead of specific unit goals. As incentive structures and operative
realities drift further apart, the opportunities for new paradoxes to arise increase.

These findings suggest that DNB is transitioning towards reciprocal ambidexterity,
with different units operating partially independent—attempting to obtain the synergistic
fusion of complementary streams of exploitation and exploration as depicted by Simsek
et al. [20]. According to Brix [19], the main difference between reciprocal ambidexterity and
partitional ambidexterity is that reciprocal ambidexterity is characterized by processes of
transferring knowledge back and forth between two separate units. Simsek et al. [20] assert
that this type of ambidexterity is more likely to emerge in complex environments—which
certainly is descriptive for DNB as an organization.

By transitioning between multiple modes of ambidexterity several paradoxes have
appeared to the surface. Structural reforms and company-wide change processes take time
to complete, and unforeseen challenges are almost inevitable in a large an organization as
DNB. Unclear mandates for innovation, uneven distribution of resources, especially IT, and
the lack of a distinct reward system for innovation exemplify some of the paradoxes and
inconsistencies that have emerged in a transitional ambidexterity process. We illustrate the
trajectory path of transitional ambidexterity at DNB in Figure 2.
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Figure 2. Suggested trajectory of transitional ambidexterity at DNB; from harmonic to recipro-
cal. The figure is an adapted version of organizational ambidexterity typology, as introduced by
Simsek et al. [20] (p. 868).

5. Discussion

The implementation of the DNB Way of Innovation strategy is ongoing and, given
the experimental, reflexive, and flexible approach undertaken by the top management
in its realization, its long-term results cannot be fully appreciated today. What the DNB
case can teach us, however, is how, while ambidextrous capabilities can be developed
and an ambidexterity strategy planned, its implementation will confront management
with certain realities imposing a specific direction to organizational reform, no matter
the original intentions. Not only are these findings relevant for our understanding of the
development of ambidexterity through time, it also matters for our analytical application
of the various types of ambidexterity discussed in the literature. The emergence of specific
ambidextrous practices through time have also important implications for the question of
the sustainability of banking business models in the long term.
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In this regard, it is notable how neither present profitability, nor a strong market
position, have blinded DNB management to the need for developing an ambidextrous
stance in order to ensure long-term economic sustainability. All our informants, no matter
how critical of the bank or its strategies, agreed on this point. A similar consensus was
obtained in regard to the satisfactory performance of the exploitative activities of the
firm, and its much less adequate explorative capabilities. Consequently, to achieve an
ambidextrous stance, a comprehensive reform of the innovation processes of DNB was
needed; this is what the DNB Way of Innovation is attempting to deliver.

The key aim of the new model is to achieve higher organizational explorative capa-
bilities by fostering the development of individual innovative ability among the general
workforce and, over time, within every business unit [56]. Employees are asked to devote
an increasing amount of their time and attention to explorative activities in addition to
routine exploitative tasks. Management is asked to support this shift by integrating a
variety of new tools and processes developed to support bottom-up innovation processes,
by allocating resources to such initiatives and by supporting the gradual diffusion of
innovative expertise and an innovation-friendly culture. While digital technologies are
involved in most innovative projects, the strategy itself is agnostic regarding content: any
proposal able to satisfy the requirements defined by the strategy and to gain the relevant
managerial support is welcome. The aim is to improve the general explorative capabilities
of the firm, rather than achieving a specific technological or market objective; a choice not
without consequences.

Although not labeled as such, the initial strategy has clearly been one of fostering
contextual, or harmonic, ambidexterity among several business units. This aim has been
pursued through the implementation of new practices and instruments, meant to both
support the development of existing innovative projects and ideas, and to foster a more
general shift toward an organizational culture more supportive of innovative individual
initiatives. The chosen approach reveals an understanding on part of the reformers of
the importance of a supporting organizational culture for contextual ambidexterity to be
successfully developed, as argued by Wang and Rafiq [21]. However, the implementation
of this consistent and theoretically sound plan reveals some inherent limitations.

Contextual ambidexterity encourages bottom-up innovation initiatives. However,
especially in the initial phases of a transition towards a more established ambidextrous
modus operandi, the burden of such efforts falls almost entirely on the shoulders of the
innovative individuals involved. The paradox of ambidexterity highlighted here is that,
while individual initiative is encouraged, it is only rewarded in case of success, if at all. The
rate of success of innovative projects, however, is always very low; in a context in which
explorative capabilities are lacking, and new instruments still being experimented with,
the probabilities of success can be described as abysmal. Thus, those individuals open to
innovation, receptive to encouragement, and hard-working and risk-tolerant enough to try
and kickstart an innovative idea while still keeping up with their daily routine, are likely
to encounter uncertainty, frustrations, and, ultimately, failure [57].

This undesirable outcome can be managed, but not entirely avoided. Establishing
instruments, practices, and cultural norms able to support reiterated individual failure is
a necessary goal on the road of establishing contextual ambidexterity capabilities. In the
initial stages, however, the goal of fostering bottom-up initiatives in order to test the
approach overrides any other concern, leading, in the best-case scenario, to a proliferation
of ideas and new projects to be managed. The newly established and still experimental
practices and tools are unlikely to be successful in providing sufficient support to all
of them. Selection is necessary and yet, paradoxically, undesirable [58]. Employees are
already asked to promote innovative ideas in addition to their normal tasks: to push severe
requirements on such ideas is likely to result in very few projects being generated. While
the low number of projects may very well be in line with initial managerial capabilities, an
optimal outcome even, it may also delegitimize the ambidexterity reform, undermining
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the proponents in the eyes of top management. Better to let a hundred flowers bloom; the
cruel harvest may come later.

Other paradoxes emerge in regard to the issue of organizational culture. If individual
employees are to be free to pursue explorative activities, their managers must be willing
and able to support such decisions. This requires the adoption of a perspective favorable
to contextual /harmonic ambidexterity, and the acceptance of the organizational value of
the new tools and practices which such approach entails. However, different business
units will have different perspectives on the relative importance of bottom-up innovation
processes for the sustainability of their operations. Thus, the single innovation vision pro-
moted from the top will shatter into several different interpretations during the process of
implementation. The understanding of what innovation is, how it should be pursued, and
what it could achieve was extremely heterogeneous across organizational lines. This is not
simply a matter of opinions: the role of management in supporting contextual /harmonic
ambidexterity is key [59]. While new tools, practices, and lingo can be adopted as a result
of a push from the top, their effectiveness will vary greatly according to the actual support
that local management is willing to offer to the new innovative projects, a key factor in the
tender early stages of the process.

However, these cultural differences are not created by reform attempts, but rather
brought to light. The resulting discussions and attrition play two constructive roles.
First, they promote a debate that, in the long term, can lead to a more homogeneous
organizational culture. Second, managerial criticism may reveal flaws and limitations of
the original strategy, either specific to a given business area or general, an input that, if
constructively received, can lead to general improvements in ambidexterity capabilities.
The paradox lies in the fact that, in the short term, attempts to foster a homogenous
innovation culture will highlight the fractured condition of the organization [60].

Ultimately, these tensions will lead to a struggle for resources, the practical embodi-
ment of the conflict between exploitative and explorative activities [61]. The initial push
supporting bottom-up initiative provides enterprising employees with the possibility to
allocate some of their work time to ideating an innovative project. Any serious develop-
ment, however, would require additional resources; however, under contextual /harmonic
ambidexterity, resources are not specifically allocated to exploration or exploitation, they
are flexibility redistributed according to needs. This means that bottom-up initiatives must
constantly leverage their resources into access to more resources, climbing the managerial
pole one meeting at a time. While the initial competition will be with other innovative
initiatives, eventually explorative and exploitative needs will come to a clash. From an
organizational perspective, this conflict is both inevitable and desirable: the ability to
constructively and efficiently solve such conflicts is contextual ambidexterity. It is clearly
an unfair fight, as the necessity and benefits of exploitation are well known, while the gains
of exploration are by nature uncertain. Furthermore, resources for innovative projects often
must be gathered across organizational lines, with the resulting organizational culture
differences further stacking the deck against the explorative alternative.

The situation is worsened by the early tolerance necessary for the testing phase to
begin in earnest. A hundred flowers bloom, but very few give fruit: the early impression
of vigor later gives rise to disappointment among the would-be innovators and a general
perception of wasted time, efforts, and resources among all involved. Two solutions to this
problem can be adopted; in our case, both roads have been travelled. The first is providing
more support to the innovators, to allow them to fight more effectively for the resources they
need. The second is to create resource pools dedicated exclusively to explorative purposes,
thus alleviating the need to compete with exploitative activities. These solutions to the
quintessential contextual ambidexterity issue, however, are clearly structural in nature [62].
The former implies the creation of groups and organizational divisions dedicated entirely
to explorative support; the latter makes the critical allocation of resources decision an ex
ante managerial prerogative, coming from the top rather than being endogenously defined
by bottom-up initiatives. While such an organizational response is not necessary, the issues
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it addresses are implied by any contextual /harmonic strategy. The choice appears to be
either to accept the paradoxes of contextual ambidexterity, and the organizational costs
they imply, or to try and fix the situation by blending in structural solutions.

The contextual/structural axis is not the only one that begins to blur, however. Inte-
grating a time perspective, it is possible to see that the DNB Way of Innovation intended to
pursue a harmonic strategy, integrating exploration as a continuous focus over time [63].
However, the bottom-up, decentralized nature of contextual ambidexterity, combined with
the broad integration of such practices over all business units, implies that the actual ratio
of resources engaged in exploration vs. exploitation cannot be planned for in advance.
Since most initiatives can be expected to fail in their early stages, most resources can be
expected to be spent on exploitative routines. However, exceptional projects will arise
from time to time, commanding a significant amount of internal resources. To be realized,
such projects will eventually need to access resources across business units’ lines, forcing
other units to play a supporting role. At the same time, other units will have to pick
up the exploitative slack, covering for the missing input for the temporarily explorative
unit. Furthermore, as the innovation process develops, the initial unit may de-escalate
its involvement, as other units with different capabilities and responsibilities take over
the lead.

From a theoretical perspective, this description can be summarized in the following
proposition: the implementation of a harmonic ambidexterity strategy within a large
organization will lead to reciprocal ambidexterity in practice. The process will be supported
by a gradual blending of contextual and structural elements, the latter introduced to diffuse
the tensions emerging from the former. The argument can be seen as an extension of
Andriopolous and Lewis’ [64] argument in favor of a multilevel approach: structural and
contextual ambidexterity are complementary strategies, covering each other’s limitations.
This does not mean that the resulting blend is devoid of paradoxes and tensions: our
results already reveal several emergent issues. It is likely that such issues will drive further
changes in the strategy. This reinforces our argument further: implementation challenges,
and their solutions, drive the development of ambidexterity capabilities, in an evolutionary,
path-dependent process illustrated in Figure 3, in which teleology can play only the role of
trigger [65]. However, does this process ensure corporate sustainability?
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Figure 3. Transitioning from harmonic to reciprocal ambidexterity.

Of the various components of the corporate sustainability construct, economic, en-
vironmental, social, operational, and strategic, all are involved within the process under
study, with one key exception. Strategic sustainability can be seen as the main aim of
developing ambidexterity capabilities. Economic sustainability is improved by ensuring
that a concern for maintaining the competitive advantage over time is diffused among all
organizational units and levels. Operational sustainability is supported by the reflexive
practices supporting the development of innovative capabilities. Social sustainability is also
improved, through expansion of collaborative explorative initiatives involving external
firms and organizations and by integrating customer feedback in the early stages of the
innovation process. What remains outside this process, however, is environmental sus-
tainability. The ongoing digitalization effort will have some modest positive consequences
on the environmental blueprint of the immediate bank activities, but this is accidental: as
discussed above, the ambidexterity process is technologically agnostic. We have found
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no evidence of significant environmental sustainability concerns at any organizational
level, nor was the issue mentioned as particularly significant for the future of the firm
at large. This blind spot will need to be addressed in the future, as the relevance of the
environmental aspects of sustainability will come to play an increasingly larger role in the
future [66].

6. Conclusions

The literature on ambidexterity has identified a number of alternative solutions to
the need of the firm to simultaneously engage in exploitative and explorative tasks in
order to secure its sustainability. Recent research has suggested that these solutions may
not be alternatives, but they can be in fact simultaneously pursued, in different mixes.
We add to this result by supporting the hypothesis that the limitations inherent in a
specific ambidextrous solution, namely, contextual ambidexterity, create conditions that
both invite and facilitate the introduction of structural solutions. Thus, a reflexive process
of implementation is likely to result in blending harmonic and partitional approaches.
Furthermore, we have provided evidence suggesting that, over time, the same process of
addressing emerging practical issues may lead to the emergence of reciprocal ambidexterity,
the most complex configuration identified by the literature.

Our research contributes to the existing literature by adding a temporal dimension to
the analysis of blended ambidexterity, and by integrating the dynamic concept of blending
with the static conceptual taxonomies of the ambidexterity construct. From a practical
perspective, we argue that, in dealing with an inherently paradoxical phenomenon such
as ambidexterity, internal consistency in planning should be sacrificed to operational
flexibility and the emerging need revealed by the process of implementation: the resulting
hybrid may well be more successful than its theoretical pure counterpart. From a theoretical
perspective, we analyze the phenomenon of blending over time, and its consequences for
our conceptualization of the phenomenon of ambidexterity. Furthermore, we question
the analytical validity of imposing dualistic structure to a phenomenon that appears to be
empirically dominated by crossed lines.

The research is characterized by a number of limitations. Firstly, we did not interview
lower level employees; A more comprehensive approach in the gathering of data would
strengthen the research and open new vistas on the bottom up struggles that characterize
any attempt at fostering contextual ambidexterity. Secondly, although clear reciprocal signs
are in evidence, the stability of this configuration cannot be taken for granted. On the
basis of current evidence, we believe that such configuration may be reasonably assumed
to be the final form that ambidexterity will take in DNB, at least in the medium-term.
The validity of such assumption should however be tested by future research. Third,
while the role of ambidexterity as an antecedent of sustainability is in our view sufficiently
established, the actual mechanisms linking ambidextrous capabilities with the development
of sustainable business practices should be subject to more direct investigation, something
we were prevented from doing by the presently modest attention dedicated by the subject
of our study to these concerns.
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Appendix A. Interview Guide

Resources: People and competence

How is the composition of people and competence in your division/section when it
comes to innovation?

Time and resource allocation

What are your views on how time and other resources are allocated to activities related
to innovation, exploration, reflection and problem solving, in your division?

Tools and frameworks

Are there any tools or frameworks available to manage and evaluate innovation?

Understanding of innovation

Do you perceive that DNB and your division understand what innovation is, its sig-
nificance and how to work on it?

Competition and market position

Does DNB, and your division, know how the market is structured and how to compete
init?

Processes

Do you perceive that your division is making sufficient efforts to explore new business
or technological possibilities?

Incubation

Are there effective ways to incorporate new ideas or solutions into the organization
and subsequently implement them in products or customer offerings?

Learning and unlearning

Has the divisions worked to promote, rearrange or change the competence and
capabilites in the organization to become competitive in a changing market?

Bureaucracy

Do you perceive that the inherent organizational bureaucracy is inhibiting how you
work with innovation?

Innovation strategy

Do you perceive that there is a clear strategy for innovation, and is it known among
the employees?

Strategy vs. operational

Do you feel that the innovation activity in your divisions is derived from or linked to
one common innovation strategy in the organization?

Culture for creativity

Are creative solutions or unconventional ideas encouraged—and are they explored or
implemented by your division?

Organizational dependencies

How does your division handle issues of being relevant both technologically and
business wise—and how do you consider future opportunities?

Decision basis and rules for innovation

Do you perceive rules for decision making and evaluation of new ideas to be clear
and suitable for enabling innovation?

External relations

How does how your division collaborate with or evaluate external actors to enable
innovation?

Clear decisions and division of responsibilities

Is it clear and appropriate how the mandate and responsibilities for innovation are
assigned in our division?

In general

What do you think are the most important factors that enable/inhibit innovation in
your division?
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Abstract: The digitalisation of banks is seen as the omnipresent challenge which the banking industry
is currently facing. In this digital change process, banks are facing disruptive innovation that requires
adaptation of almost all cooperative processes. Digital transformation in the financial industry is
associated with obstacles that seem to hinder smooth implementation of digital approaches. This
issue has not been adequately addressed in the current academic literature. The main purpose of this
qualitative exploratory study is to identify the main perceived obstacles to digital transformation in
both the private and commercial banking sectors from a managerial point of view and to analyse
them accordingly. The methodology is based on a methodological approach using a combination
of contextual interviews with German board members of banks, inductive content analysis, and
the exploration of best-practice approaches. The findings revealed that elements of strategy and
management, technology and regulation, customers, and employees receive a high level of attention
within the digital transformation. The other main barriers can be found in the areas of market
knowledge and products, employee and customer participation, and public benefit. Each main
barrier is characterised by several sub-barriers of varying importance for the digital transformation
of banks and is described in detail.

Keywords: bank; barriers; digitalisation; management; perception; transformation

1. Introduction

Over the past several years, digital transformation has received considerable attention
in the areas of management, business, information systems, information technology, and
marketing. The developments in information and communication technologies in the
digital age have significant and varying effects on organisations. Changes in traditional
business ecosystems have created new business environments called “digital business
ecosystems”. Changes in the business ecosystems affect the strategic decisions of the
organisations related to the internal and external environment. The size and frequency of
these changes are the parameters that make the concept of change more meaningful [1].
The rapid development of technology, as well as a great variety of changes in today’s
global marketplace, have led to the intensification of a new cooperative adaptation process.
This digital transformation and the adoption of new technologies raise a growing number
of questions about the changes that traditional companies, strategies, and management
practices need to implement in order to respond to them [2]. This response involves the
creation of new, innovative business models and/or changes and improvements to the
existing business models with the help of digital technologies [3]. The application of these
new technologies and their appropriate implementations to improve business performance
is an important issue for companies [4,5]. Today, complex transformations affect many di-
mensions, including strategic direction, competitiveness, business model, decision-making,
innovation itself, entrepreneurship, productivity, and customers [6-8]. Based on further
continuous development and ever-increasing digitalisation of lifestyles and changes in
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customer behaviour [9-12], the world has become more and more informed, transparent,
and efficient. Thus, new sales and service markets are coming into being, with continuous
changes in technology and customer behaviour [9-12]. As a result, traditional business
models in multiple industries are not just competing with each other, but also with new
models that are external to their business fields [13]. To satisfy these market-based changes,
enterprises have to adjust by reconsidering and reforming their traditional base [14,15].

Industrial companies, various administrations, educational institutions, the financial
sector, etc., are all undergoing digital changes, which have a noticeable impact on them.
One of the main drivers of digital economy development is the financial sector, which
takes the second position, just behind telecommunication [16]. The key underlying process
is the digital transformation of financial service systems through financial technology
(FinTech)—disruptive innovations by new market entrants that challenge the position of
mainstream financial institutions [17]. In particular, retail banks have been at the forefront
of technological revolution, characterised by rapid deployment and innovation of digital
services, exponential pace of change, and innovative breakthroughs that alter conventional
banking practice [18].

The main problem in banking seems to be that traditional financial service providers
have not yet implemented comprehensive digitalisation [19-22]. As a result, they often
offer an incomplete range of services and are confronted with both strategic and opera-
tional barriers within the digital transformation process. In contrast to established service
providers, there are new, innovative competitors with new concepts, products, and ser-
vices [23]—and, above all, with a modern multi-channel approach in terms of distribution,
communication and marketing, which approaches customers in a variety of ways. As a re-
sult, multi-channel business models have gained substantial market shares, as, for example,
in the case of the German company N26 [24]. Recent research confirms the growing and
prospective influence of these business models on the finance industry [25]. As traditional
companies and their industries adapt slowly and ineffectively to the modern changing
markets, there is a high risk of disruption caused by new technologies and business mod-
els [26,27]. “If such changes are missed by system-relevant financial institutions, such as
large banks or groups of smaller ones, then financial services and the whole economic
system will be endangered” [28]. Many existing financial service providers have already
recognised the need for basic changes in their business model, and have started to rethink,
or rather reform, their approaches [29,30].

This aspect of market-driven technological change, in particular, raises the overall
question of how new entrepreneurial approaches, management behaviour, and technology
changes in the world of banking, a long-established financial system, as well as how they
influence and change banking adjustment, thus leading to the following two research
questions (RQ):

RQ1: What are the main barriers to smooth implementation of digitalisation in banking?

RQ2: What are the “best practices” that are applicable in the implementation of the
digitalisation process?

Due to a complex adjustment process within the financial system and its all-encompassing
entrepreneurial influence, the identification and analysis of obstacles that hinder digital
adaptation in the context of an all-encompassing digitalisation is of great institutional im-
portance. For this reason, this paper contributes to the issue of digital bank transformation
and identifies obstacles to digital transformation in the sector from the perspective of the
management, as the management is ultimately responsible for appropriate bank develop-
ment and long-term business success. In line with this research objective, the present study
identifies and analyses implementation barriers to digitalisation using a methodological
approach based on a combination of contextual interviews with bank executives, inductive
content analysis, and exploration of multiple best-practice approaches.
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2. Literature Review

Digital transformation is a holistic concept that includes technologies, as well as organ-
isational and strategic changes [31]. Moreover, it is the process that an organisation goes
through when it changes from an outdated approach to new ways of working and thinking
by using digital, social, mobile, and new technologies [32]. It is driven by the advancement
in technology, the appearance of new business models, and changes in expectations of the
customer [33]. Several additional definitions of the term “digitalisation” are now commonly
accepted. According to Gartner [34], digitalisation represents improvement of existing
business models, creation of new revenues, and value-adding opportunities with the help
of digital technologies. It can be understood as a complex issue that encompasses several
areas like (i) shifts in thinking, (ii) changes in leadership, (iii) technology adoption, (iv)
digitalisation of resources, and (v) acceptance of innovation [35]. As became apparent from
the preceding classification, the term “digitalisation” should be distinguished from the
similar term, “digitisation”; the former rather addresses the impact of digital technologies
on the organization, while the latter represents the shift from an analogous solution to a
digital one. Digitalisation is organizational renewal through new information and com-
munication technologies [36]. According to Matt et al., digital transformation is a complex
issue that proceeds within a framework that includes (i) changes in value creation, (ii)
structural changes, and (iii) use of technologies and financial aspects [31]. It is no surprise
that digital transformation seems to be blocked by a set of barriers that may hamper or
even collapse the whole process of transformation. Digital transformation is considered a
driving factor that offers a solution to the challenges currently faced by the banks. The core
digital transformation practices, such as leadership, digital trends, digital transformation
skills, digital strategies, implementation of digital technologies, and a customer-centric
approach, are seen as influences brought to bear on digital maturity levels [37].

The term digital transformation (sometimes nicknamed digital entrepreneurship)
is often misunderstood as a straightforward deployment of the latest information and
communication technologies. In practice, technological investments entail not only risk, but
also require an understanding of the relationship between technological and organisational
culture and institutional change within certain boundaries of regulatory frameworks.
Digital transformation is far from simple, certain, or predictable. Moreover, it is likely to
be disruptive or transformative, with immutable impacts upon associated organisational
outcomes related to technical capabilities and behaviours [18].

In the face of the established regulatory standards known as Basel III, banks aim to
embark upon new technology standards, like Regulatory Technology (RegTech), which may
facilitate digital transition. RegTech is an emerging technological trend that leverages infor-
mation technology and digital innovations that can greatly assist with a bank’s regulatory
management process. It is advisable to incorporate RegTech into the digital transformation
strategy of a management function, such as a treasury. Integrated adoption would mean
that the digital platform can be deployed to support both strategic management activities
and enhanced regulatory processes within the treasury. With this arrangement, commercial
and prudential objectives are put in alignment [38].

Digitalisation plays a major role in contributing towards the United Nations Sustain-
able Development Goals. Without transformation of existing businesses, both economic
and environmental challenges of the future cannot be solved sustainably [39]. Digital
transformations will produce new social groups—partly human, semi-human, or non-
human—some of which already exist, and some which can be foreseen by extrapolating
from recent developments in the field of brain wearables, robotics, and software engi-
neering. Growing dependency on digital services and tools may pose problems for both
individuals and organisations [40]. Forcadell et al. [41] argue that digitalisation entails
challenges that can hinder the potential benefits and compromise their survival. That is
why corporate sustainability plays a significant role in enforcing digitalisation. It may
compensate for drawbacks of digitalisation. In particular, the combination of corporate
sustainability and digitalisation helps transform the organisational nature of banks by
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simultaneously narrowing their boundaries and expanding their scope. El Hilali et al. [42]
drew attention to possible ways of reaching sustainability during digital transformation
processes. They found that the companies achieved sustainability when effectively master-
ing customers, data processing, and innovation. On the other hand, they did not prove
that the competition played a significant role in enhancing the companies” commitment
to sustainability. This opinion was partly endorsed by Ordieres-Meré et al. [43], who con-
firmed the positive effects of knowledge creation facilitated by direct or indirect application
of digitalisation. Technology is reported to disrupt the financial industry, solve friction
points for consumers and businesses, and make the overall business more resilient and
sustainable. Sustainable financial technology may contribute to the overall stability of the
financial system as well [44]. Established technology-based business models can act as a
sustainability catalyst to trigger collaborative innovations between traditional financial
and banking institutions [45].

Effective risk management, including its diversification, is also ranked among the
contributors to sustainable bank development in the global economy [46]. Examination
of risk-mitigation strategies in Southeast Asia proved that the banks had become more
sustainable when implementing viable risk-mitigation strategies [47].

Nevertheless, when it comes to the barriers to change in the implementation of
digitalisation in the banking sector, few resources can be found in the literature. It is evident
that the banking sector is changing and institutions have to adapt to new technological
developments and customer behaviour. This trend is particularly evident in the increasingly
digital user behaviour, as mentioned in Table 1, to which bank executives have to respond.

Table 1. Share of payment instruments in Germany.

Revenue 2008 Revenue 2011 Revenue 2014 Revenue 2017
CAGR?3
€ % € % € % € %
cash 405486  57.89% 317,137  53.10% 267,249  53.18% = 297901 = 47.58% —2.16%
debit card 178,829  2553% 169,093  2831% 147,592  29.37% 212,576  33.95% 3.22%
credit card 25,538 3.65% 44,369 7.43% 19,582 3.90% 27,578 4.40% 2.12%
contactless payment - - 318 0.05% 386 0.08% 7103 1.13% 66.50% !
other cards 5127 0.73% 815 0.14% 486 0.10% 676 0.11% —19.16%
bank transfer 62,199 8.88% 49,181 8.23% 26,405 5.25% 34,749 5.55% —5.09%
direct debit 13,024 1.86% 4268 0.71% 14,881 2.96% 15,181 2.42% 2.99%
online payment 1939 0.28% 10,115 1.69% 13,986 2.78% 23,258 3.71% 33.45%
mobile payment - - - - 77 0.02% 124 0.02% 8.63% 2
other techniques 8297 1.18% 1984 0.33% 11,900 2.37% 6955 1.11% —0.71%

r

700,439 100% 597,280 100% 502,544 100% 626,102 100%

Note: ! CAGR (Compound Annual Growth Rate) calculated for 2011-2017. 2 CAGR calculated for 2014-2017. 3 Possibility of bias due to
different sample sizes (1) and individual transaction levels. Source: Authors” own representation based on Deutsche Bundesbank [9-12].

Financial technology (companies called FinTech(s)) plays an essential role here. It is
an industry composed of diversified firms that combine financial services with innovation
technologies offered to financial service providers [44]. Shin and Choi [48] define FinTechs
as platforms for the development of sustainable economic growth as well as a prompter
of the fourth industrial revolution. These types of companies have several advantages
over traditional banks. Typically, FinTechs may also provide a solution for sustainable
finance through microfinance or crowdfunding, among others. Moreover, some FinTechs
distribute insurance and other financial instruments or provide third-party services. Fin-
Techs promise to disrupt and reshape the financial industry by cutting costs, improving
the quality of financial services, and creating a more diverse and stabler financial land-
scape. Their existence is driven by sharing and the circular economy, as well as favourable
regulation, and information technology [44]. FinTechs have the potential to unbundle
core activities of the banking sector: clearing and settling payments, performing maturity
transformations, sharing risks, validating trust, and allocating capital. They have also
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created a new paradigm in which information technology represents a meaningful driving
force that gives rise to innovation [44].

Hereby, banks are under massive pressure to transform their approaches and business
models to a more customer-centric approach in order to remain competitive. The traditional
institution has felt the disruption and is working towards changing its business model from
product-centric to customer-centric [37]. Similarly Maracine et al. [49] suggest that five main
areas exist where FinTechs can provide improvements in business models for the banks:
introducing specialized platforms, covering neglected customer segments, improving
customer selection, reduction of the operating costs of the banks, and optimisation of
the business processes of the banks. As digital banking offerings have matured and
cost pressures have increased, it has become inevitable to make changes to the operating
models of banks. Driven by the sub-optimum performance of the existing business model,
the “digital” concept has evolved into more than a channel for accessing services. One
of the outcomes was a full-fledged branchless digital bank [50] or challenger bank. A
challenger bank stands for a financial institution that can be presented in the plain form of
an information-communication system [16].

Sadigov et al. [51] have proved that FinTech development contributes to economic
growth by increasing the GDP generated in the financial sector, and indirectly does so by
increasing e-commerce turnover and real sector financing, particularly by creating more
favourable lending conditions for small and medium-sized businesses.

As has become evident, business models adopted by FinTechs differ from those ap-
plied by traditional banks. Nevertheless, these differences do not mean that both types
of banks may eventually converge towards a common market by exploiting co-operation
strategies. Their business model is intangibly driven, combining e-finance, internet tech-
nologies, social networking, artificial intelligence, blockchains, and big data analytics.
Moreover, their revenue model is much more scalable than that of a typical bank [44].

Given the lack of literature on banking and existing research that followed a similar ap-
proach to identifying implementation barriers, those by Chan [52], Chan [53], Vikneswaran
and Anantharajah [54], Kamalulariffin et al. [55], and Yusof and Jamaludin [56] have to
be considered; barriers arise in connection with the implementation of new strategies and
management approaches. Given that these authors have already properly elaborated and
investigated the barriers to the implementation of new strategies, it is important to take
their research approaches into account.

In addition, the questionnaires they used have already been partially validated and
can, therefore, be a sound basis for this study. For some barriers, however, their question-
naires need to be reformulated or reworded, as they only allow a theoretical approach and
do not fully correspond to the specific terminology needed for this work. For example,
the study by Kamalulariffin et al. [55] focussed on environmental management in the
hotel sector; a closer look at the research findings revealed that this industry is facing a
situation similar to that which financial institutes are facing today, with new strategies and
business models being pursued internally and by competitors. In particular, new business
models are being developed that have never been established in their market before, thus
satisfying customer needs in the latest way and, at the same time, endangering traditional
business models.

Chan [52,53] already considered internal and external barriers, which he repeatedly
validated through his work. These findings can be summarised as (a) implementation
and maintenance costs, (b) lack of knowledge and skills, (c) lack of a sense of urgency,
(d) the ambiguity of modern banking, (e) lack of qualified consultants, (f) lack of moti-
vation and professional advice, (g) conflicting guidance, (h) outcome uncertainty, and (i)
inconsistent support.

Kamalulariffin et al. [55] mentioned the barriers of (a) regulation and government,
(b) customer demand, (c) level of competition, (d) cost of greenness at the organisational
level, and (e) attitude toward change. Vikneswaran and Anantharajah [54] referred to
(a) high maintenance and implementation costs, (b) lack of sufficient knowledge, (c) lack
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of resources (time, manpower, equipment, and money), (d) lack of momentum from the
company owners, (e) lack of a sense of urgency and ambiguity of guidelines, (f) lack of
qualified verifiers or consultants, (g) conflicting guidance, and (h) lack of government
regulations and enforcement, as well as (i) difficulty in operating an entity (difficult to
balance the quality of service performance). From the content analysis of all the related
literature, in summary, 12 pertinent barriers were identified by Yusof and Jamaludin [56].
Chan et al. [57,58] confirmed and extended these results again, which can also be inter-
preted in relation to banking, the associated digitalisation, and FinTech. Due to the more
appropriate and transparent approach of Yusof and Jamaludin [56], their analysis is not
considered holistically in this elaboration.

Due to the holistic nature of these works, these results served as a textual foundation
for the preparation of the interview questions; consequently, they were derived mainly
from the proven works of Chan [52], Chan [53], Vikneswaran and Anantharajah [54],
Kamalulariffin et al. [55], and Yusof and Jamaludin [56], which are considered reliable
and valid.

3. Methodology
3.1. Data

Due to their strong market positioning, the German savings banks and cooperative
banks were the focus of this study and, thus, the focus of the data collection process.
Both types of banks are equally ranked among the good service providers. They provide
the majority of regional and supra-regional branches in retail banking and are the most
strongly represented group in banking from a personnel point of view [59-63]. In addition,
they offer an almost identical product range to their customers. Although they differ only
marginally in their products and services, they differ on an organisational and structural
level with regard to their business model [64].

3.1.1. Interview Process

In total, for this study, 34 interviews were conducted with German bank managers—
more precisely, bank executives. Two of them had to be disregarded, as they did not fit
into the relevant target group; thus, 32 interviews, with an average interview duration
of 34 min, were considered for further evaluation. The valid interviews lasted between
22 min in the shortest case and 1 h and 7 min in the longest case; the total length of the
interviews was 17 h and 53 min. Two of the 32 valid interviews were interrupted, either
due to technical problems or due to interruptions in the person’s environment, so in these
cases, several recording files were created for each interview; however, this does not affect
the validity and substance of the discussions.

These were determined as Table 2.
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Table 2. Numerical interview data description.

Duration Bank Experience

Interview Gender  Validity
(mm:ss) (In Years)
1. 27:57 20 M v
2. 31:25 5 M v
3. 24:15 42 M v
4. 38:57 9 M v
5. 23:02 17 M v
6. 23:48 33 M v
7. 13:12 25 M X
8. 39:39 32 M v
9. 29:04 7 M v
10. 25:24 20 M v
11. 28:05 17 M v
12. 34:19 8 M v
13. 27:03 27 M v
14. 34:46 34 M v
15. 27:13 11 M v
16. 66:58 22 M v
17. 46:48 19 M v
18. 25:57 28 M v
19. 34:48 12 M v
20. 31:49 26 M v
21. 35:18 30 M v
22. 38:02 17 M v
23. 35:59 28 M v
24. 22:54 23 M v
25. 52:55 20 M v
26. 46:59 10 M v
27./28.* 54:05 44/11 M v
29. 37:31 25 M X
30. 28:43 30 M v
31. 33:31 20 M v
32. 35:14 27 M v Duration (hh:mm:ss)
33. 37:02 20 M v Y (total) 18:43:56
34. 31:14 25 M v Y (valid) 17:53:13

Source: Authors” own representation.

3.1.2. Data Preparation

The data were prepared by transcription according to “simple rules”, whereby the
audio recordings were transcribed word by word, but not repetitions, word deletions,
or non-verbal utterances. Signals of understanding or confirmation, such as “mhm, aha,
yes, exactly”, etc., were not transcribed. The form of the transcription was based on
Kuckartz [65] and Dresing and Pehl [66]. The interviews were transcribed verbatim, but
dialectal variants were not transcribed, and slight dialectal utterances were translated in
the standard language. Colloquial language was retained. The sentence form, definite and
indefinite articles, etc. were retained, even if they contained errors.

3.2. Analysis Procedure

By means of an explorative interview framework [67], the main goal of this study
was to generate impulses for an individual narrative of implementation barriers in digital
transformation. In guided interviews, pre-defined questions were asked, but these could be
answered very openly by interviewees; the procedure was less strict than in other interview
methods. In a semi-structured interview, also called a guided interview, the interviewees
are not given specific answers; they can report, comment, and explain freely. The advantage
of this method is that, although the interviewer asks concrete questions by means of his or
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her questionnaire, the interviewee can answer openly and possibly focus the interview on
new aspects and expand the entire interview.

Following Mayring [68], a theory-based analysis model was set up for the analysis,
which was carried out by summarising and through inductive category formation. The
selection of interviewees, as well as the number and scope of the answers given, is of
crucial importance in the interview method [69]. As is the case in similar work on expert
knowledge, the quality depends crucially on the selection of so-called experts—in this
case, the interview participants [69]. Experts are understood to be individuals to whom
knowledge of the surveyed topic area is attributed due to their activity and resulting
practical expertise, as well as their specific educational qualifications [70]. This usually
exceeds the knowledge of people who are unfamiliar with the topic being surveyed [71].
According to Chan [52], these are the managers and executives of an industry. For this
study, interviewees are bank experts who are the actual decision-makers (the executive
management) of a bank, with budget and personnel responsibility, as well as bank experts
with specific knowledge and professional experience in the fields of banking, digitalisation,
entrepreneurship, finance, financial technology and innovation, and many more.

A larger sample often leads to more confident and more reliable statements on what
to look for [69]. The size of the samples for qualitative analyses is usually smaller than
for quantitative analyses. Frequently, more accurate and more representative inferences
about the population can be made in the case of large sample proportions; however,
interviews will only be carried out as long as new information is perceived. In principle,
the sample sizes should be large enough to obtain sufficient data to adequately describe
a phenomenon of interest and to enable the research questions to be answered. The aim
of this and all other qualitative studies is to obtain saturation of the sample; saturation
occurs when the inclusion of additional participants does not lead to new perspectives or
information. Glaser and Strauss [72] suggested the concept of saturation in order to achieve
an appropriate sample size in qualitative studies. A number of guidelines have been
developed for this purpose. Morse [73] suggested about 30-50 interviewees in ethnography
for grounded theory. Creswell [74], in contrast, suggested only 20-30, and possibly as few
as 5-25 for phenomenological studies, and Morse [73] suggested at least six.

The population is understood to mean the total regional savings and cooperative, and
private banks. It can be assumed that at least one decision-maker/expert can be assigned
to a bank. However, it may also be assumed that the actual population is much greater, as
banks are not authoritarian institutions and their decisions are not made by one person
alone; the prevailing ownership and organisation structures have an additional impact on
a bank’s business orientation.

In the context of explorative inductive content analysis with category formation,
one can rely on work that has already been done. According to Mayring [75], the basic
principle of inductive content analysis is that categories are derived directly from the
respective research material in a generalisation process, without referring to previously
formed theoretical concepts. When the terms “categories” and “barriers” are used in the
following, they are synonymous and refer to the hurdles of digitalisation. Within the
qualitative approaches, the inductive approach has great importance [76]. Its objective is
to capture a naturalistic, object-like representation of the investigation material without
distortion through presuppositions. This approach is a central process within “Grounded
Theory” and is called “open coding” [75]. Within the analysis, this category-building
process can be described as systematic, using a step-by-step and line-by-line approach. In
this logic, the topic of category formation must first be determined on the basis of theory;
i.e., a selection criterion is introduced that determines which material is intended to be
the basis for further category definition. Insignificant contents are thus excluded from the
analysis. The thematic question of the study is of great importance and in accordance with
the main question of this study; it defines the focus of the content. Likewise, within this
approach, the category dimensions and the level of detail have to be defined in advance, as
well as the analysis units [68].
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These were determined as Table 3.

Table 3. Category dimensions.

. . What obstacles do banks face when implementing digital banking
Evaluation question .
approaches according to the respondents?

Subjective as well as objective assessments and perceptions of
decision-makers and experts on the topic of digitalisation and the
Category definition associated implementation barriers. All related issues affecting the
industry and the specific situations of individual institutions in the
banking sector.

Concrete content on the subject of digitalisation for people,

Abstraction level .
straction leve departments, companies, customers, and the market.

Clear and meaningful elements in the context of digitalisation in

di it : . . .
Coding uni banking and general financial services.
Context unit The whole interview with a person—verbatim transcription.
Analysis unit All valid research material from the 32 interviews.

Source: Authors’ own representation based on Mayring [68].

The analysis approach to inductive content analysis with category formation follows
a predefined process model, which is outlined in Figure 1.

Subject of the analysis
—> research question <
Goal of the analysis Theory

!

Defining the selection criterion
and level of abstraction

|

Material processing (line-by-line)
Category formulation
Subsumption or new category formation

!

Revision of the categories after
10-50% of the material

!

Final Review

l

— Interpretation, Analysis

Figure 1. Sequences of inductive content analysis with category formation to illustrate the method of

qualitative analysis according to Mayring [68,75].
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In the analysis, taking into account the level of abstraction and the category definition,
a suitable text passage is identified in the test material during the analysis, and a category
is constructed. A term or phrase that comes as close as possible to the material is then
used as the category name. Whenever a new passage is found in the further course of
the text analysis that matches the selection criterion and category, it is also assigned to
the same category. This is also referred to as “subsumption”. However, if it turns out
that no assignment to already existing categories is possible, a new category is inductively
formulated from the specific material [75].

After a certain percentage of the material (often at 10 percent to 50 percent), when
almost no new categories can be created, this is the moment for revision of the category
system [68]. It is then necessary to check whether or not the logic is clear and the degree of
abstraction fits the object and the question posed.

In the course of this qualitative analysis, the coded text passages are first paraphrased,
then generalized, and finally form the actual category. The result of this process is a series
of categories assigned to a specific topic and corresponding text passages in the research
material. In the further course of the process, the interpretation is then made with regard
to the overarching research question, taking into account the present approach and its
findings. Due to the complexity of the interview topic, the respondents preferred to conduct
the interviews in their first language. Given the availability of information, the generalised
statements of the interviews were first formulated in German and later translated into
English for this work. Thus, the internationality of the results is taken into account. In
order to ensure the overall consistency of the generalisation, as well as the equivalence of
the translations, a re-translation procedure was applied [77], carried out by a professional
bilingual translator.

3.3. Structure of the Interview Guideline

The semi-structured interview guide was divided into a German and an English ap-
proach, depending on the interviewee. Both were based on previously extracted theoretical
findings, which were used accordingly to interview decision-makers at banks. The barriers
mentioned in Section 2 were fully taken into account. Furthermore, due to the different
perspectives of the individual respondents, the guidelines were also adapted to each in-
dividual situation. They therefore differed slightly and were divided into two categories:
banks and financial service providers. However, the basic structure of the interview guide
was not changed. First, the interview topic was introduced and introductory questions
about the person were asked. In the first section of the interview, the interviewees placed
themselves in their respective positions in the company and described their level of knowl-
edge on the topic of digitalisation in banking. This was to determine the suitability of each
interview partner in advance. In the further course of the interview, questions regarding
the banking sector and digitalisation were asked in detail, taking into account the findings
of Chan [52], Chan [53], Vikneswaran and Anantharajah [54], Kamalulariffin et al. [55], and
Yusof and Jamaludin [56].

3.4. Conducting the Survey

The guideline survey focused on interviews with decision-makers at banks. These
were identified through personal contacts in the financial and banking industry and active
approaches toward banking associations and local banks, as this is where access prob-
lems appear to be the lowest [70]. Furthermore, recommendations played an important
role in the acquisition of interview partners. Consequently, further contacts with experts
were established. Due to the geographical distance from the respective interview part-
ners, the interviews were not exclusively conducted in person, but also via telephone or
video conferencing [70].

In order to ensure the clarity of the individual questions, a pre-test with three test
subjects was carried out in advance. As a result, the interview framework was confirmed,
and no further adjustments had to be made. In order to comply with the applicable
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provisions of the General Data Protection Regulation (GDPR), respondents were required
to sign a consent form. The interviews conducted were recorded using the memo function
of a smartphone. Here, it is important to mention that all respondents were interviewed
regardless of ethnic and social origin, age, gender, sexual identity, religion, ideology,
or other ethically questionable aspects [78]. Furthermore, all of these interviews were
voluntary and the participants consented to the GDPR.

4. Qualitative Evaluation
4.1. Consistency of Coding

In quantitative content analysis, the term “inter-rater reliability” is generally under-
stood to refer explicitly to the quantitative quality criterion of reliability. The term is
connected to measurement theory and claims to be replicable. Here, a distinction has to be
made between a possible agreement in the formation or direct application of an existing cat-
egory system. Since the formation of inductive categories according to Mayring [68,75,76]
is the result of a construction process, the formation of a category system cannot be claimed
to be consistent [65]. A coefficient that measures the agreement between two category
systems created by two or more different coders using the same data material says lit-
tle about the quality of the category system. Rather, it could measure something that
was not intended to be measured [65]—for example, the logic by which people create
category systems. Accordingly, Kuckartz [65] concludes that the demand for agreement
among coders thus refers primarily to the application of categories, i.e., the coding of data.
However, the classical quality criteria for determining reliability in quantitative content
analysis cannot be transferred to qualitative content analysis. Kuckartz [65] justifies this
with the fact that, in quantitative content analysis, the coding units are defined before
coding. In this quantitative case, relative matches and coefficients, such as Cohen’s Kappa,
Krippendorff’s Alpha, or Scott’s Pi would then be calculated [65]. In qualitative content
analysis, the material is usually not segmented in advance, which is why Kuckartz sees
two ways of identifying the concordance between coders, according to which the present
study is oriented:

1. A qualitative path by means of the joint checking of codings, called consensual
coding, and

2. aquantitative path by calculating percentage agreement and, under certain circum-
stances, a suitable coefficient [65].

4.2. Consensus Coding

Subjective assessment is understood by Kuckartz [65], referring to Guest, MacQueen,
and Namey [79], as a situation in which two coders encode a text independently and then
compare it subsequently. This process is also called consensual coding [65,80]. Here, the
second coder notes questions and problems that arise in the process and discusses them
at the end of the individual coding session. Using the formulated category definitions of
disputed codes, a coding is agreed in the best case and, if necessary, the category definition
is revised. If no consensus can be reached, another person is consulted, who then decides
on the controversial case [65].

Since the qualitative data collection resulted in a total of 32 valid interviews, the
second coder was provided with a selection of interviews. Due to the large amount of
interview material, a complete second coding seemed unreasonable for an external coder.
It was agreed that at least 10 to 30 percent of the interviews should be independently
coded a second time, as this seemed to be feasible in terms of the time and motivation
required. In order to ensure an independent selection of interviews, the principle of
drawing random numbers (1 to 34) was applied with the help of a random number
generator from Random.org. Interviews 7 and 29 were omitted; the respondents did
not fit the target group because their business model was different from that of banks.
Thus, a total of six interviews (4, 13, 20, 24, 27/28, 31) were coded by the second coder,
which means that about 19 percent of the entire data material was used to verify the
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results. Furthermore, based on the sum of valid interviews, one is at least within the
methodological revision range of 10 to 50 percent of the categories, which is consistent
with Mayring’s approach [68,75,76].

Within the coding process, the second coder was first introduced to the developed
coding system and the category set, including all sub-categories. For better interview
analysis, MAXQDA Analytics Pro 2020 (Release 20.0.8), a qualitative analysis software,
was used for the actual coding process.

In a personal meeting, classifications were discussed and definitional assignments
were reconsidered. During this process, all six interviews were discussed step by step, or
coding by coding. It is worth mentioning that the already provided coding set did not
require any improvements and could be used by the second coder without additional
modifications, or interpretation difficulties. In addition, there were no problems with the
coding. Based on the fact that the second coder experienced the coding system as quite
complex during familiarisation with the topic and approach, the first two coded interviews
were revised a second time at the end of the coding process to increase reliability. At this
stage of the qualitative evaluation, no numerical analysis of coders” agreement was carried
out, since the interviews as a whole, rather than individual sections, were the subject of
discussion and appropriate review.

4.3. Calculation of Inter-Rater Reliability

Inter-rater reliability (IRR) is a measure of the level of agreement between the inde-
pendent coding choices of two (or more) coders [81-83]. Of course, it is expected that
the allocation is not arbitrary, but that it is done in such a way that a certain reliability
is achieved. In qualitative research, it is important to improve the agreement and to dis-
cuss together where there are differences in coding and why these differences exist. The
MAXQDA Intercoder Matching function enables comparison of the codings of two persons
coding independently of each other. It supports determination of the consistency of coding
and can be used to establish the deviation of a coder’s choices from the ideal or “true codes”
(“true codes” are those that garner general consensus among multiple coders). There are
a variety of statistics that can communicate a measure of inter-rater reliability, but one
of the most common (and most appropriate for the study in question) is Cohen’s kappa
coefficient [84]. Cohen'’s kappa is considered one of the most robust measures of IRR and is
used widely in science [85]. It is calculated based on the percentage of consistency between
two or more coding collections and accounts for the possibility of chance consistency.

For further investigation, it is recommendable to define in advance the segments or
citations to be coded. In the present analysis, due to the large amount of data, the selection
refers to entire interviews and not to individual segments in order to ensure a holistic
approach. Interviews were selected randomly, i.e., six interviews (4, 13, 20, 24, 27/28,
31). Only if this is the case does it make sense to calculate a coefficient to determine the
concordance [65]. Based on the selected interviews, the evaluation checked whether the
two coders matched in the coding of the individual segments and whether conclusions
could be made regarding the reliability of the overall coding. The IRR approach is the
comprehensive and typical variant of qualitative coding [84]. Since texts in qualitative eval-
uation procedures are often not divided into fixed text units, the verification of conformity
is carried out by default for each segment encoded by the two coders (evaluation: segments
of both documents). A percentage value was defined when two coded segments were
considered to be a match. The default value was 90 percent. For this study, the value was
set at 60 percent due to the high level of detail of the code set and the number of possible
codings, as this allowed for more precise evaluations during the later discussion of the
results with Coder 2. With this approach, at the end of the evaluation, for every 60 percent
overlapping coded segment, there is a match that can be used for further analysis.

To interpret the Kappa values, ranges from 0.61 to 0.8 are considered acceptable agree-
ment, and from 0.8 upwards, almost perfect agreement [65,86-88]. Further analysis of
the relative number of matching codes was also carried out (see Table 4). The “Percent-
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age” column shows the percentage of matches per interview. This resulted in an overall
percentage agreement of 84.66 percent. It was calculated as follows: Matches/(matches +
non matches). In the “Kappa (RK)” column, the result table gives a randomly corrected
value for the percentage match [83]. This takes into account the probability of two people
randomly selecting the same codes in a document (if they would simply select codes
randomly without considering the data material). The calculation only makes sense if the
option “Unassigned codes as matches” is selected, which is the case here [83].

Table 4. Code consistency between documents.

File Match Non-Match Percentage Kappa (RK)
Interview 4 57 6 90.48 0.90
Interview 13 56 7 88.89 0.89
Interview 20 53 10 84.13 0.84
Interview 24 54 9 85.71 0.86
Interviews 27 and 28 46 17 73.02 0.73
Interview 31 54 9 85.71 0.86
<Total> 320 58 84.66

Source: Authors” own representation based on MAXQDA.

In determining the kappa coefficient, “P observed” represents the simple percentage
of agreement. The calculation of “P chance”, the random match, is based on the calculation
by Brennan and Prediger [89], who have intensively studied the optimal application of
Cohen’s kappa and its problems with unequal marginal sum distributions. Using this
calculation method, the random match is determined by the number of different categories
used by both coders. This corresponds to the number of codes in the “code specific result
table”. The calculation of Cohen’s kappa of the randomly selected interviews resulted in a
value of 0.68 after a renewed review of the coded sequences with Coder 2, which can be
regarded as a substantial agreement and supports the code set (Figure 2).

Coder1

il 0
Colerd 1 a=480 b=70 550
0 c=150 0 150

630 70 700

P(observed) =Po=a/(a+b+c)=0.69
P(chance) = Pc =1/ Number of codes=1 /58 =0.02

Kappa =(Po-Pc) /(1-Pc) =0.68

If the number of codes per segment is unequal or if one code alone is evaluated:
P(chance) = Pc = Number of codes / (Number of codes +1)” =0.02

Kappa =(Po- Pc) /(1 -Pc) =0.68

Figure 2. Calculation of the overall kappa coefficient values based on MAXQDA, representing results
by Coder 1 and 2.

When classifying the resulting characteristics of the IRR, it should be taken into account
that the second coding was carried out under honorary conditions of a scientific research
assistant to a professor and not under the conditions of a paid scientific research group.
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Against this background and the fact that six interviews were double-coded holistically and
not just isolated sections, the reported results appear significant for further interpretation.

5. Results

The analytical approach enabled us to answer the two research questions formulated
above, which are answered in more detail in this chapter. The first RQ referred to the
contribution to theory, while the second referred to the contribution to practice.

5.1. Contributions to Theory

RQ1: What are the main barriers to smooth implementation of digitalisation in banking?

From December 2019 to March 2020, a total of 32 semi-structured interviews were
conducted with board members in banking. This study contributes to the literary expansion
and the first definition of barriers to implementation of digitalisation in the banking market,
which can be used for further research. A total of 63 codes were worked out according to
Mayring’s method, which form the preliminary main category set (see Appendix A). Due
to the complexity of the analytical approach, only the steps following the generalisation
of Mayring’s method can be presented in the Appendix A. Detailed representations are
not feasible due to graphical limitations. Corresponding definitions for the respective
sub-barriers enable interpretation for future analyses. Main categories represent the su-
perordinate classification level of the respective sub-category set, but are not characterised
by an independent definition. Table 5 presents a summary of the set of categories that
represent the main barriers to smooth implementation of digitalisation in banks, with
respect to savings and the cooperative bank sector.

Table 5. Category summary.

Main Category Number of Sub-Categories
Benefits 1
Customer 11
Employee 8
Knowledge and Product 4
Market 4
Participation 2
Strategy and Management 25
Technology and Regulation 8

Source: Authors” own representation.

5.2. Contributions to Practice

RQ2: What are the “best practices” that are applicable in the implementation of
digitalisation process?

For this study, 34 interviews were conducted with bank executives on the topic of
digitalisation in the banking sector, with emphasis on the digitalisation of their own banks.
A total of 32 interviews were identified as valid for the case-analytical approach in this
chapter and were used accordingly for the practical interpretation of the study results.
A similar approach to interpreting interviews had already been followed in an earlier
publication by Diener and Spagek [90]. The bank managers were not asked about the
problems they encountered in practice, but rather about their best-practice approaches to
digital transformation. All interview partners were asked the same question for reasons
of consistency.

What concrete measures have you/has your bank taken in the past to keep pace with
digital competition and the changing pace of digitalisation? (Interview Question 10)
This question was deliberately kept general in order to give respondents the greatest
possible scope for answering it. As this is also highly sensitive information, data protection

had to be guaranteed and data protection rules had to be respected. In particular, the
respondents insisted on anonymity. Due to their professional status, the interviewees
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quoted in this chapter explicitly stressed the wish not to be named or quoted in person. The
same applies to their banks. Official interview material would require explicit permission
by the bank before publication, which is not feasible in the context of this scientific analysis
and would lead to biased answers. For this reason, the original transcripts of the interviews
were used for this study and the respondents were only mentioned anonymously. The
interviewees are therefore only referred to as “Interviewee” in the following.

The analysis of the interviews showed that all decision-makers were generally aware
of digital change in banking and particularly aware of digital changes and the issue of
digitalisation in their own banks. Banks are even hiring a board member specifically
focused on digitalisation. “[ ... ] many banks are now hiring a Chief Digital Officer. There is a
new position that was actually created” (Interviewee 20—Section 49).

This move towards more digital orientation and new approaches to customer service
may lead to a complete shift in personnel structures in some departments. As a result,
employees no longer work in the bank branches that have been known for decades, but are
now able to offer a full range of services independently of their geographical location. This
development takes into account the efficiency concept of the branch and the increasing
competition, which, according to the assessment of the interviewees, will lead to far-
reaching structural changes within the banking sector in the future. However, with constant
digital development, the question arises how a branch without customer traffic can be
physically maintained in the future and what justifies the maintenance of cost-intensive
branches. These descriptions from the interviewees indicate that they actively try to react
to corresponding market developments within the scope of what is economically feasible
and to develop further. One interviewee confirmed that his bank is actively addressing new
trends and issues in order to take them into account in its corporate focus. “In particular, we
are very active in the field of trend scouting and in identifying and evaluating the strategic relevance
of various trends and technologies. [ ... ] We have an innovation lab where we do trend scouting
and observe about 170 trends and technology duration” (Interviewee 26—Section 29). Another
manager emphasised that the integration of employees into the thinking process of change
is fundamental and that this should be secured and promoted by the necessary freedom of
thought and continuous exchange between employees and management. “[ ... ] we have set
up a room of ideas where every employee, from trainee to board member, can say: ‘I have a cool idea
and would like to present it.” There is a group of supporters who—for example, when trainees come,
are perhaps not yet very good at presenting—support the employees in creating a small presentation.
And then they can present directly to the board of directors” (Interviewee 14—Section 139).

The interviews also revealed that cooperation with external partners plays an impor-
tant role in the further development of banks and that cooperation within the banking
association is fundamental, but also leads to a slow-down due to increased structural com-
plexity. Banks today cooperate with partners such as university institutions, which support
them in the further and new development of applications, as well as future strategies,
and provide them with the necessary know-how for digital corporate transformation. In
particular, the participation of the target group at the university level, such as the actual
developers of the applications, helps to align and develop the bank’s range of products
and services to the needs of the customer, which contributes to a tailor-made fit of banking
solutions—at least for the younger generation of customers. One interviewee mentioned:
“In two years we have made a lot of progress in this area, and in the meantime we have widened
the channels. In other words, we have provided a chat solution to improve customer contact. At
the same time, a video service consulting branch is also starting this year. This means a branch in
which there are no employees any more, but the branch is looked after centrally from the customer
dialogue centre with extended service times from 08:00 to 18:00. [ ... ] What we have achieved for
ourselves is to work together with universities, often here in the region, to design things in a way
that is appropriate for the target group. [...] Together with a university, we have developed an app in
the youth market” (Interviewee 17-Section 79).

The digital transformation in banking is progressing at an ever-increasing pace. Far
away from interface requirements forced by regulatory laws, just a few institutions are
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creating application interfaces on their own initiative, which enable them to integrate
innovative business models and/or products. “We also support via the Banking-API (Ap-
plication Programming Interface) such innovations as Google Assistant or Alexa and many other
things” (Interviewee 21—Section 14). However, the main focus is still on realising stronger
networking, which ultimately benefits both the banks themselves and the bank customers.
It enables a more comprehensive range of products and services. Digitalisation, in this
context, implies not only the development of internal approaches and ideas, but also the
intended cooperation with other credit institutions, external partners, and FinTechs, which
is to be enabled and realised via application programming interfaces “[ ... | so that we
can also integrate our technical processes, which we have for product closures and transactions,
into third-party platforms in order to network more closely with each other” (Interviewee 21—
Section 14). It seems obvious that the management has recognised digital transformation
and is focusing on it accordingly in its banking activities.

In order to adopt and pursue new digital approaches, far from merely perceiving
trends, managers are responding by elaborating in detail practical approaches that will
facilitate and fundamentally enable future digital implementation. This process, however,
requires the availability of appropriate resources, as implementation is ultimately only
made possible by making them available. On this point, a large discrepancy is evident
between small, medium, and large banking institutions—major challenges of a possible
holistic digitalisation can be advanced together in a more targeted way. For a small
bank, topics such as “quantum computing”, which could be highly important within
the next 10 to 15 years, simply cannot be tackled today from a financial point of view,
since the costs exceed the available resources. It is crucial, though, that banks, regardless
of their size, systematically address tomorrow’s digital issues today, so that they can
"have the necessary know-how to deal with them proactively at the appropriate time. There is
no doubt that banks definitely want to know what is happening and have a clear opinion on it”
(Interviewee 26—Section 29). Knowledge and the ability to react are important here; “[ ... ]
one has to be familiar with the complex issues in good times, otherwise one cannot react accordingly”
(Interviewee 26—Section 33).

Today’s bank management attributes an important role model to the employees, as
they implement digitalisation in the company in a targeted manner and bring it closer to
the customer. It is, therefore, essential that employees are informed regarding technological
applications and know how to apply them properly and safely. Employees and customers
have to be taken along and introduced to the technology. Since this has to be done
holistically and not only for specific target groups of customers and employees, it is
important to differentiate between individual groups of both customers and employees
and their individual age structures to introduce them to the technology in a targeted
manner. Specific educational programmes and events for customers and employees are
being introduced in banks to facilitate the implementation of digital approaches and,
ultimately, bank digitalisation, as well as to enhance the acceptance and integration of
employees and customers. “Not long ago, we held a digitalisation fair just for our employees.
[...] It cost a lot of money. So we did it professionally, with professional providers. Just to show
our employees what's available. There were various stands with different focal points. So that you
have topics that you can understand. Online brokers were there. There were 3D glasses where
you can look at a house that we sell. And things like that. A multitude of things. And for us it is
just important to take the employees with us. They know that digitalisation is destroying jobs |[...]
the trade fair has certainly contributed to the fact that the mood in our company is quite good at
the moment. So the employees are going with us. One of the main problems is that some of our
employees don’t deal with things privately” (Interviewee 27/28—Section 47).

According to the executive management, internal experts prove to be of great value,
as they can deal with a specific digitalisation topic, communicate it to the respective
individuals, and support them accordingly. “For example, we have set up a programme with
other partners, called Digital-Tiger, where we have specially trained one employee in each market
area as a Digital-Tiger (an expert). He then serves as a multiplier, which also serves to encourage
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the employees more [ ... ] We actually have seven experts in the entire company, e.g., in the
corporate customer area and real estate centre. There is an expert in every branch office who is
regularly trained. Then, in turn, he transfers the already existing knowledge and new knowledge or
new products to the employees” (Interviewee 13—Section 45). This development indicates
that the relevance of a topic is becoming increasingly important and that the necessary
financial and humanitarian resources are being mobilised in order to pursue and promote
topics internally. However, this is, without question, highly dependent on the individual
perception, understanding, and acceptance of the management on the topic as well as on
the general financial situation of each individual bank. It also depends on the availability
of trained employees, the actual specialists, as people have to be mobilised for (change)
projects and show the will to change and participate. In addition, the respective corporate
“change culture” within the bank is crucial, as employees also have to be prepared to be
led by specialists and managers and should not be completely opposed to new methods
and change. Only through such a culture can new topics or digitalisation be realised. New
topics and, ultimately, digitalisation can only be realised holistically and effectively if these
framework conditions are met. “In a traditional company like ours, with people who are very
security-oriented and very conservative in their attitudes, this is a challenge in itself. That means
accompanying this human resource development or mentality development culture, development
process” (Interviewee 17—Section 29).

Furthermore, the technological framework conditions have to be in place for digital
change and have to meet certain prerequisites, but this still fails because of problems such
as IT infrastructure, both on the bank side and on the side of the infrastructure provided
by the state. “You first have to create the basis [...] so there’s a big hurdle of servers and WLAN
or LAN speed. You first have to create this for every branch in principle, for every stationary
location [...]. And that is a big challenge, all the more in rural areas. [...] The wires have not
been laid in the past. Twenty years ago, no one needed a strong internet connection. So now the
question is: Is it possible from a constructional and technical point of view? What does it cost? In
principle, that’s where it starts” (Interviewee 10—Section 49). In order to be able to address a
complex topic such as digitalisation in an individually customer-oriented way, banks are
currently still very much dependent on the cooperative associations and linked to them on
a technological level. There is less focus on independent in-house innovation development,
which could enable a more tailored transformation on its own. Nevertheless, there are
banks that have dedicated themselves to the topic. “We started a few years ago, for example,
to set up an Innovation Lab in our company. [...] Then, of course, we also started to adopt the
new technologies and implement agile concepts in our company. This led to the fact that at some
point people said that we wanted to create a whole programme and ultimately digitalise the whole
company” (Interviewee 31—Section 57). This approach presupposes the availability of the
resources necessary for implementation, but supports the independent development of
the corporate identity and can, ideally, address the needs of customers and employees in a
precise manner at the same time.

The approaches discussed above represent a variety of elements that, from a man-
agerial perspective, are or can be seen as fundamental for a holistic, fast, and tailor-made
digital transformation and at least promote it significantly.

Multiple measures are being taken to promote digital transformation within banks.
These include, in particular, measures to introduce employees and customers to new digital
processes and technology in general in order to integrate these two groups into the process
of transformation. However, funding that is sustainable at the technological level and
that leads to a faster technological transformation cycle or to the reduction of regulatory
research or its process-optimised (over)fulfilment is only addressed in a limited, global
manner and does not address specific issues.

The measures currently taken and the managers” descriptions indicate that technologi-
cal integration itself seems to be the most effective tool for successful change. This way of
thinking is shared by large and small banking institutions alike. It is apparent, however,
that small banks expect membership in an association to be the factor that determines
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success in further development, and that technological solutions should primarily be made
available centrally. However, independent development and implementation of digital
approaches are hardly taken into account in small-to-medium-sized institutions (SMEs),
and are sometimes not even considered for reasons such as affiliation with an association
or the requirement for excessive expenditure. This goes against the self-development
approach of applications based on open-source solutions, which can now be realised at
low cost and could be used, at least regionally, if an appropriate interface were provided.
These considerations, therefore, contrast with the understanding of management and
their arguments against self-development. “Simple issues have to be implemented quickly
and directly. Of course, this currently overwhelms many employees. But this will change
slowly and continuously in three or four years. Open source, for example, now offers so
many possibilities that you can virtually develop software in a very short time. The cost
driver has to be assessed quite differently today than 15 years ago. The reason for this is that
IT development is now possible in days, weeks, and months and no longer in years. Until
then, banks often had three- to five-year development plans” (Interviewee 33—Section 20).
If one considers the prevailing view of the current management, however, it is pri-
marily the situation of a resource-related discrepancy between small and large banks that
weakens rural banking structures and increasingly drives these small banks into an associ-
ation structure and, thus, into increased dependency. Nevertheless, this view cannot be
supported on the basis of the above-mentioned low-cost technological approaches, such as
open-source technologies and an ever more widespread API and interface structure.
Measures such as staff and customer fairs on technology topics, specially trained
staff who supervise digital topics, creative rooms, and innovation labs are approaches
that can be implemented efficiently and in a resource-saving manner within banks and
can contribute to direct development. The innovation lab, admittedly, is associated with
volatile costs, depending on the particular use and programmatic design, which should
be carefully examined. However, the increasingly standardised interface programming,
APIs, and open-source approaches can also improve and optimise the entire internal bank
process structure, as an accelerated and targeted integration of applications of new offers
is ultimately made possible. The first approaches mentioned are, from a creative point of
view and a resource-conscious leadership approach by the management, especially easy to
implement and equally easy to realize.
With regard to the findings on “Complex technology and increased regulation”, there is
a need for banks to catch up in order to implement digitalisation in a competitive and
sustainable way so that they can become even more digital in the future. A few individual
approaches by banks demonstrate that there are technologies that allow developments to
take place at low cost. “Open source offers many new potentials” (Interviewee 33—Section 60).
The only thing that needs to be done is to find and attract the appropriate IT staff who are
specifically trained to deal with these issues. “In order to develop digital business models that
represent a unique selling proposition, not only central but also decentralised IT know-how is needed.
Central IT development alone will not be sufficient in the future” (Interviewee 33—Section 17).

6. Conclusions and Further Research

In this study, qualitative findings were combined with best-practice approaches from
the banking sector with regard to digitalisation and the barriers that arise in this context.
Here, for the first time, qualitative derivations were made that require further investigation.
The interest of the interview participants, as well as their voluntary and open-minded
participation in the study, once again underlines the importance of this explorative ap-
proach. The results also show a wide-ranging, still-young field of research, which needs
further attention. This is underlined by the problematic nature of the literature analysis
and the need to draw on derivations from sectors with similar challenges. Based on the
present results, it is suggested that the identified transformation/implementation barriers
and the reasons for a prevailing discrepancy between perceived and actual responses to
digitalisation should be analysed and scrutinised in detail in further research. It could be
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the case that the large number of barriers identified limits the possibilities for interpretation,
so a further reduction of the subcategories could be considered. There is also the possibility
that other influencing variables can be identified.

In addition, management perceptions of the scale of barriers could be studied in more
detail and practical transformation approaches could be analysed in more depth. Studies
could also focus on examining banks and their management more deeply in terms of
their approaches to digital transformation and identify further best-practice approaches.
Furthermore, it is recommended that, in future studies, the results should be examined
with a larger number of participants in all methodological approaches to maximise the
possibility that further recommendations can be derived on the basis of existing bank
structures or their business models. The differences between individual banks could
provide insights to obtain more detailed results on barriers to implementing digitalisation.

The development of a comprehensive normative model for scientific and sectoral en-
richment would be desirable. It would also be advisable to quantitatively record individual
correlations between main and sub-barriers and to implement sustainable aspects in the
research approach. An additional topic for further research is the study of the impact of
digital transformation on the sustainable growth of banking organisations. This topic does
not seem to be addressed in sufficient depth; a thorough investigation of the preconditions
for digital transformation, which are prerequisites for sustainable development, is crucial.
The development of a questionnaire is indispensable for the implementation of further
quantitative studies so that analyses at the main barrier level or even studies of sub-barriers
can be enabled. These further approaches could lead to the enrichment of not only the
investigation of digital transformation, but also the banking sector in general, and could
enable further industry studies, including in other industry sectors.
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Appendix A
Main Category Sub-Code Code Description glllll;_l (l:)gfigg
No public funding is known or available for the (further) development of
Benefits No public banking technologies. It is assumed that banks have the necessary financial o7
funding resources to implement digital transformation themselves and, therefore, do
not need support.
Customer Customers have concerns and reject digitalisation in general. 1
Accentance Customer acceptance and trust in the application/technology varies from person 18
p to person and is an essential factor that has to be created and considered.
State of the art More and more is expected from and offered to the customer. However, 6
Customer customers are not always able to use the technology to its full extent.
Ace structure Based on their different ages, customers have different knowledge and 13
g expectations towards digital technology and possibilities to use it.
U The customer’s behaviour is changing in the sense that he/she is evolving
sage L . : L
s from an analogue to a digital customer. Services, especially digital ones, 12
behaviour

should be available at all times, but old services should be retained as well.
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Main Category Sub-Code

Code Description

Number of
Sub-Codes

Expectations

Customer expectations are very diverse. On the one hand, some
expect the permanent availability of technology and, at the same
time, the possibility to continue to use personal consultants. On the
other hand, others do not expect multi-channel offers. Both,
however, are characterized by the expectation of security.

28

Knowledge

Today’s customers are often well informed, but this knowledge as
a whole is very heterogeneous, though increasing.

Non-existing

Customer knowledge

Customers are not informed about the existing possibilities and
are not familiar with banking and technology issues.

Existing knowledge

The customers have knowledge and are well informed. Knowledge is
acquired online. For certain topics, no consultants will be needed in
the future.

Customer proximity

Digitalisation and the resulting consequences of branch closures
lead to a minimization of personal customer contact.

12

Switching behaviour

Digitalisation leads to a reduction in customer retention and
loyalty. Customers become more open-minded for new things and
“everything from one single source” is less important than before.

Employee

Employees will be needed less in the future. However, digital
transformation is not possible without a minimum number of
employees, who, in turn, can only be maintained with appropriate
compensation (war for talents). Existential worries, fears, and
inhibitions arise, which are individually pronounced for
each employee.

14

Flexibility

Employees are often overwhelmed by digitalisation and reach
their limits. In the future, they need to be flexible and fast enough
to adapt to and deal with new developments.

Acceptance

Employees do not show acceptance at the beginning of a change
and often reject the new at first. Employees have to be involved in
the change process and learn how to deal with digitalisation and
corresponding innovations. It is fundamental that employees
should use software and hardware themselves.

20

Employee Qualification

Relevant qualifications for employees are not sufficiently available,
and this turns out to be a disadvantage for the implementation of
complex digital topics and the general digital change in banks.
Qualifications will have to be adapted in the future.

16

Availability

There are not enough people on the market to fill open IT
vacancies for a decent salary and, ultimately, to work on digital
issues and enable digital transformation.

15

Friendliness

Employee friendliness could be improved.

Age structure

The age structure in banks will change in the future. Increasingly
obsolete employees will lead to the need for digitalisation. It is
assumed that the majority of predominantly older employees will
slow down or even prevent change. Young people, on the other
hand, will not, as they have grown up with digital media
and processes.

10

Transparency

Digitalisation leads to increased employee and process
transparency, which, in turn, is feared by employees.

Product and Bank
complexity

The banking world and its range of products and services is
becoming increasingly complex. Here, the complexity of the offer
determines whether analogue or digital consulting services are
used. Customers often obtain information online and then contact
their bank offline. Complex topics can currently only be digitally
modelled to a limited extent. However, numerous simple
processes are also still offered exclusively in analogue form.

Human uncertainty

Knowledge and factor

Product

Man-made mistakes lead to widespread effects in a centrally
organized (IT) infrastructure. Digitalisation can increase
transparency and minimise error, but it can also promote them
and create uncertainty.

Experts
(internal)

Experts on digital issues are (still) available internally to a certain

extent and are fundamental for digital transformation in banking.

Decentralised digitalisation will require more qualified personnel
in the future.

19
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Main Category Sub-Code Code Description 18\1111111)1-1 ngl(e):
External (digital) experts/consultants are available to banks in
Knowledge and Experts large numbers. Universities also support banks. Both are available 23
Product (external) to banks for digitalisation projects if required. External
consultants usually charge high costs.
Investments in digitalisation require capital. The current market
Market situation situation poses challenges for banks: Only lower earnings are 8
being generated due to the interest rate policy.
The results of the digitalisation process cannot be measured yet.
Market uncertaint Future market developments and uncertain success are 1
y determined by the customer. Banks are concerned about the right
Market corporate positioning, as there are few sustainable approaches.
The current market situation poses challenges for banks. With
Market power their increased market power, they can block competitors and thus 2
defend their position.
. The increased competitive pressure due to technical and
Market/competitive . o N
ressure market-driven developments will increase in the future, not only 22
P between FinTechs and banks, but also between banks themselves.
Employees are actively involved in digitalisation issues by
management and are encouraged to develop and implement their
. own ideas. The management creates the appropriate space for this.
Employee involvement In the end, they can (better) identify themselves with the 18
o transformation and become a part of it. It is fundamental that
Participation employees should apply the technology themselves.
Customers are seen as partners. They are actively involved in
Customer integration development and in ongoing processes. By involving them at an 15
& early stage, their needs can be taken into account and they can
actively participate in shaping the process.
FinTechs
(partners/ FinTechs can be both partners and competitors. 5
(non-)competitors)
FinTechs have become much more like partnership-based
FinTech (partners) companies (partners) that want to advance their own ideas 8
p through cooperation and are looking for banks to support them
in this.
Banks will continue to exist in the future and will be increasingly
FinTech digitalised through constant development. FinTechs should be 10
(non-competitors) seen as a complementary approach and not as a competitor that
poses a threat to banks.
Competition is increasing in the financial industry and FinTechs
FinTech (competitors) are now seen as competitors, forcing banks to react and bring their 22
own digital solutions to the market.
Banks seek proximity to external FinTechs or try to become active
themselves in the FinTech sector with their own developments.
Banks want to Th - P ffor i . [ itions: 23
cooperate ese young companies very often offer innovative solutions:
Accordingly, banks would like to cooperate with them in order to
Strategy/ develop themselves further.
Management Banks are unwilling or unable to cooperate with FinTechs for
Banks will not/cannot organisational or interface reasons. The dominant positioning of 6
cooperate banks is intended to make market access more difficult
for FinTechs.
D Banks and FinTechs need customers and their data. There is a risk
ependence on f depend ternal providers and loss of control over thei 5
roviders of dependence on external providers and loss of control over their
P own business. Only in exceptional cases is cooperation favoured.
Banks are reacting to market and competitive situations and are
Reaction to trying to keep up with the latest developments in analogue and
market digital services. They rely on systematic development, which is 26
development implemented with the help of internal innovation management.
This approach is embedded in their strategy.
In a large and differentiated corporate structure, banks have to
Complex corporate meet multiple and often complex customer needs of different age
structure and multiple groups. Expectations of permanent analogue and simultaneous 16

interests

digital accessibility increase the complexity of today’s
banking business.
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Main Category Sub-Code

Code Description

Number of
Sub-Codes

(Re)structuring

Banks will have to restructure themselves in the future and
rethink both new and traditional approaches. This requires
change processes that are appropriate to the bank’s size.
Restructuring leads to obstacles/resistance among employees and
customers, which are very much shaped by individual humanity.

19

Reputation
worries

Banks are concerned about negative reputational consequences if
the cooperation with or participation in FinTechs fails.

Risk aversion

Managers avoid the risks associated with new issues such
as digitalisation.

Organizational
dependency

Banks often organise themselves in a central association structure
and can thus position themselves more strongly as a group.
However, this leads to dependencies on central services and
technologies and limits decision-making options. The
individuality of each bank is lost, as organisations dictate the
corporate guidelines.

27

Reaction speed

Due to the historically evolved and centralised organisational
structures of banks within a banking group, the speed of reaction
of an institution depends strongly on centralised developments.
Banks are therefore slower in digitalisation compared to FinTechs.

23

Digitalisation strategy

Digitalisation is an essential part of the current strategy of
financial institutions. One is aware that the future of the financial
markets will be strongly influenced by digital topics. The basic
prerequisite for sustainable development in the future must be
created today.

28

Transparency

Digitalisation leads to transparent markets and products. Offers
and banks can be compared by the customer, allowing them to
choose the most suitable solution.

Corporate
culture/tradition

Strategy/
Management

Banks are shaped by the historical corporate culture and tradition
that has been established over many decades. This is precisely
what determines the processes and the orientation of banks.
Young customers, in particular, are questioning this. Management
must rethink and a change in leadership from old to young
is required.

17

Management
perception

The management sees the importance of the topic of digitalisation
and takes the need for further development and its influence. In
their opinion, digitalisation will contribute to process
optimization and automation in the future. It is assumed that
banks are on the right track, but only a small part of what is
possible has been implemented to date.

33

Resources not available

Resources are not available for digital in-house and further
development of products and approaches.

13

Resources
limited

Resources for digital developments are limited.

Resources available

Resources are available for further digital development or are
mobilized if the company positions itself digitally accordingly.

16

Resource allocation

Resources must be allocated within established structures in such
a way that they finance existing and new approaches adequately
and that institutions do not fall behind. Misallocation can slow
down important developments such as digitalisation.

19

Costs

Digitalisation and the infrastructure required for it is associated
with high costs, which a bank has to finance independently.
Investment decisions are closely monitored, as they are ultimately
borne by the bank’s customers. Potentials such as cost savings in a
corporate structure can be achieved through digitalisation. The
costs can be seen as an obstacle.

18

Decision-making
process

The decision-making process is time-consuming. Many internal
and external interests have to be taken into account. Additionally,
decisions are influenced by umbrella organisations. The boards of
directors of banks still make their decisions largely independently,
but the basis is increasingly integrated to create greater acceptance

for change.

16
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Main Category Sub-Code Code Description ls\ll‘:;[_l ](?Z:l(e):

Banks face technological developments and the associated risk of
disruption in an increasingly fast and competitive market. They

Migaati%r):e/ nt Disruption have to adapt to technologies and, at the same time, to the pace of 15
& digitalisation, without losing their own identity, in order to
survive and remain competitive.
Usability is essential for customers in digital applications.
Useability Customers must be taken into account—for certain customer 3
groups, usability is not a given.
The technical and cost-related expenditures for banks for the new
Technical effort and further development and adaptation of solutions are very 13
high. This makes digitalisation more difficult, which ultimately
becomes an obstacle.
Regulatory requirements must be met by banks by law. This
Regulatory confronts them, from an internal and external perspective of 01
obstacles further development, with major obstacles that slow
down digitalisation.
Banks and FinTechs are becoming more and more networked, and
customers are becoming more and more transparent, particularly
Data through free access and exchange of data. In this context, data are
protection/security and subject to special protection requirements, which poses a 18
Technology and integrity challenge for both banks and FinTechs. This is slowing down
Regulation digitalisation. Banks are subjectively more strongly monitored
and are more in public focus than FinTechs.
The implementation of new processes and technologies in banks,
Implementation taking into account legal requirements and the growing IT
plement infrastructure, causes implementation problems of digital 13
difficulties S
approaches and slows down or even completely inhibits
digitalisation in banking.
. The public infrastructure does not meet the requirements for
Public infrastructure . NI 6
comprehensive digitalisation of banks.
The demands on banking IT are increasing together with the
Outdated IT speed of technology cycles and the associated technological
. developments. Banks will never be able to keep up with the latest 7
infrastructure - e
developments. Legacy IT infrastructures place limits on
digitalisation in banks.
Centrally provided technology and corresponding interfaces are
State of the not sufficiently developed to allow technical approaches to be 11
art/integration (today) integrated into banks without problems and to enable
holistic digitalisation.
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Abstract: In recent years, due to smartphones being more popular and the wireless network
infrastructure improving, individuals are no longer constrained by the workflow on personal
computers. Therefore, business operators are constantly launching new mobile application services
for everyday life. This study mainly explores how mobile payment adopts the determinants, and
adds utilitarian value, hedonic value and salesperson performance as antecedences to understand
whether utilitarian value, hedonic value and salesperson behavior can affect satisfaction through
determinants, as well as to understand consumers” mobile payment usage intention through the
stimulus-response model. The research objectives of this study are mainly mobile payment users
in Taiwan. 425 valid questionnaires were received. This study uses a structural equation model to
analyze the data. This study’s results indicate that utilitarian value, hedonic value and salesperson
selling behaviors positively affects customers’ satisfaction, which customers’ satisfaction positively
affects mobile payment usage intention. The research results could provide mobile payment operators
with references in the design and implementation of the mobile payment and application process,
thereby accelerating the popularization of mobile payment.

Keywords: stimulus-response model; utilitarian value; Hedonic value; salesperson selling behaviors;
customer satisfaction

1. Introduction

Research Background and Motives

With the popularization of the 4G mobile network and the diversified development of smart phone
applications, the time spent by Taiwanese on mobile phones is increasing year by year. According to the
report of the Institute for Information Industry, 51.5% of the people belong to moderate users of mobile
phones, while 28.1% spend more than 5 h on mobile phones every day, making them heavy users [1].
It is worth noting that entertainment content has become the focus of the use of these mobile phones.

Consumers can pay for things in stores by scanning the bar codes, or sensing through their mobile
phones, as long as their mobile phones are bound to their credit cards, bank accounts or electronic
wallets, sparing them the trouble of carrying credit cards and cash.

According to the estimation of Statista, an international research institute, global mobile payment
transactions will grow from 391.4 billion USD in 2018 to 1 trillion USD in 2021 and 1.3 trillion USD
in 2022, with an annual composite growth rate (CAGR) of 35.7%, while the number of global mobile
payment users is looking forward to growing up to 970,000,000 by 2022, which number was 530,000,000
in 2018, and its annual composite growth rate is 16.2% [2]. Pursuant to the statistical data of the
Institute for Information Industry, the penetration rate of mobile payment in 2017 is 39.7%, which is a
growth in multiple compared with 19% in 2015.
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In response to consumers’” willingness to use mobile payments, many studies suggest that
strategies which improve the usability and ease of use of mobile payments enhance customer value,
and the reduced perceived risks will increase the customers’ willingness to use mobile payments.
The survey of the Institute for Information Industry [3] finds that about 39.7% of Taiwanese smart
phone users used mobile payment in 2017, and consumers’ perception of mobile payment increased
from 84% in 2016 to 91% in 2017. The above data show that consumers’ experience and perception
of mobile payment is significantly improved. However, the proportion of mobile payment is still
low compared with other payment markets. Although the acceptance of mobile payment among the
public is gradually increasing, mobile payment has not reached the expected popularity. With the
advent of the Banking 4.0 era, the behavioral patterns of financial consumers changes dramatically. Key
factors for progress include consumers’ perceived value, as it can attract new consumers and retain the
original consumers [4]. Cognition and emotion would affect consumers” willingness to use technology
services [5]. From the perspective of system design, consumers’ use of mobile payment seems to
bring more convenience to their life and it deserves to be their preference. Lee et al. (2004) points
out that personal anxiety about technology will affect users” willingness to use mobile payment [6].
So as to achieve the popularization of mobile payment, we should not only strengthen the demand
side (the perceived value of consumers), but also consider the supply side (the willingness of stores to
provide good mobile payment services, including the salesperson’s behaviors). The main purpose
of many companies launching mobile pay is to utilize the convenient consumption model to assist
the integration of online and offline virtual channels, cultivating loyal member customers and also
grasping the contours of consumers’ behavior based on consumers’ big data. Then they shall launch
products that are closest to customers’ needs and propose the marketing strategy, so that the company
can grasp the customers’ consumption trends and respond to the market environment.

In review of literatures on the research of mobile payment use intentions in recent years,
Lee et al. (2009) studies the interaction between the mobile payment platform and customers, pointing
out that consumers will have an impact on network externality [7]. Consumers tend to use mobile
payment under peer influence, while their purchase decisions are not easily subject to the influences of
web advertising and promotion. Through the analysis based on innovation diffusion theories, Sharma
(1999) brings up that trust is the most significant factor in mobile payment [8]. Customers make decisions
on the use of mobile payment mainly according to the reputation, convenience and specifications
of the payment platform. In the past studies, there is rare research on the intention to use mobile
payment from the point of view of customer demand, except for Wang (2008) from interviews with
mobile payment users’ switching behavior, based on the Push-Pull-Mooring Theory, which came to
the finding that privacy concerns are the determinant on consumers’ decisions about whether to use
the mobile payment [9]. Our study aims to understand the impacts of environmental stimulus and
internal psychological state on consumers’ intentions to use mobile payment from the view of points
of customer demand, in order to compensate for the lack of previous literature on mobile payment,
and to achieve the goal of sustainable operation. This study uses a stimulus-response model to analyze
customers’ consumption psychology.

2. Literature Review

2.1. Mobile Payment

As of late, with the consistent innovation and developing of Internet technology and e-commerce,
mobile devices have become an inseparable companion of people in their daily life. They can use
smart devices in their hands for socializing, playing games, sending and receiving e-mails, browsing
messages, taking photos, or even shopping. Among them, the payment method has changed from
simple cash or credit to mobile payment. Therefore, more and more people worldwide are using mobile
payment. According to EMarketer (2018) research, 34.9% of smart phone users will pay through mobile
phones in retail channels at least every six months [10]. Advances in mobile payment technology have
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reduced technology barriers to mobile payment, and coupled with the rise of financial service Apps
and the expanding accessibility of mobile devices, we believe that mobile payment will become more
common and simple in the future [11]. Consumers can apply to the credit card issuing bank for this
e-wallet. The e-wallet stores users’ profiles, facilitating consumers to use it online. The operating
mechanism is that the buyer’s credit information will be encrypted before transmitting it to the seller’s
server. After the bank receives the encrypted data, the confirmation message is also encrypted into the
credit card data, and this then transmits to the relevant bank network. Mobile payment is to use a
Smartphone as an electronic wallet, so that consumers can use several services and pay for physical
goods without using coins or credit cards. There are five types of mobile payment methods: SMS-based
transfer payments, mobile bill payments, wireless application protocol payments (WAP), application
payments (APP) and Near-field communication payments (NFC).

Mobile payment can be divided into two different types: Remote payment and short-range
payment. Remote payment allows consumers to access financial accounts remotely, and can remit
money or get other online services by using mobile devices and mobile websites, including mobile
banking, mobile network payment, and so on [12]; short-range payment is also known as mPOS
payment, which refers to payments that occur when customers and merchants are very close. In this
type of payment, the vouchers of transactions displayed on cell phones and traded over short distances
uses barcode scanning or radio frequency identification (RFID) technology [13]. In other words,
consumers and physical store owners must make transactions face to face. Commodity trade and
services occur in adjacent fields, for example, paying for transport tolls, dinner or shopping payment
services in physical stores. Offline physical transactions use mobile tools and the merchants’ equipment
to transmit data to complete the cash flow. At present, there are two common ways of information
communication, namely NFC sensing and bar code scanning. Mobile payment with NFC sensing
technology requires consumers to install the mobile payment App on their mobile devices and store a
variety of payment tools. Businessmen must build POS terminals for NFC payment [14]. This study
considers mobile payment as a kind of payment, with smart phones as the tools to complete the
transaction for purchases in physical stores, by using non-cash financial instruments with certification
steps through specific transmission technologies or devices.

2.2. SOR (Stimulus-Organism-Response) Framework (Stimulas-Response Model)

Mehrabian and Russell (1974) originally proposed Stimulus-Organism-Response (S-O-R) from
environmental psychology [15]. In the S-O-R framework, it is assumed that stimulus has an impact on
the emotional state of an individual. This internal processing involves the individual’s cognitive and
emotional responses, such as the perception of stimuli; response represents the individual’s behavioral
outcomes, which can show that SOR is a physical and intangible form [16]. SOR stimulates individual’s
emotional and cognitive state through environmental cues, leading to certain behavioral outcomes [17].
Using the SOR model in the study of consumer behavior is helpful to distinguish environmental stimuli
from consumers’ internal and external behavior. Therefore, this S-O-R framework is considered to be a
popular psychological theory in consumer behavior research [18].

The target of this study is to scrutinize consumers’ consumption behavior of mobile payment
from their cognitive and emotional responses through the S-O-R framework, the Stimulus factors
consumer’s hedonic value and utilitarian value and salesperson selling behaviors during this study.
The reason is that consumers are exposed to the situational stimulus in the use of mobile payment in
physical stores. Organism refers to the users’ emotional and cognitive state, including their views,
experiences and evaluations, and its factor selected in this study is satisfaction. Finally, Response is the
intention of use. The study of Hossain et al. (2018) using SOR for mobile payment is the only one
that uses stimulus-organism-response (SOR) as the study framework to understand the customer’s
purchase intentions and satisfaction of using mobile payments [19].
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On the whole, when consumers are using mobile payment, the stimulation of perceived value
which comprises hedonic value and utilitarian value and salesperson selling behaviors will affect their
inner cognitive state (satisfaction) and their behavioral response (intention to use mobile payment).

2.3. Utilitarian Value

Value can influence consumers’ views and considerations in purchasing products. In the same
shopping situation, consumers with different shopping values will show different consumption
behaviors [20]. Perceived value has two consumption values: Hedonic value and utilitarian value [21].
These two levels of value gave a complete picture of consumers’ values [22]. Babin et al. (1994) points
out that the utilitarian value represents that the usefulness, functionality and cognition of the tools
and tasks related to consumption are essentially means to achieve goals [21]. Overby and Lee (2006)
argue that the utilitarian value is the consumer’s assessment of the cost and substantial advantages of
products, services and prices after considering their characteristics [23]. Lowe and Alpert (2015) point
out that the consumers’ product perceptions, such as concepts, technological novelty and comparative
advantages, all affect their hedonic and utilitarian values [24]. Overby and Lee (2006) point out that
consumers mostly consider rational factors, i.e., judgment of economic benefits in terms of money,
convenience and time cost [23].

2.4. Hedonic Value (HV)

Jong et al. (2010) believe that consumers with hedonic motivation would give themselves reasons
to indulge themselves in shopping, with reasons including the elements of fun, happiness, joy and
excitement [25]. Hedonism is related to the desire to pursue happiness and self-realization. Babin et al.
(1994) regards shopping as enjoyment, which can relax the mood, relieve the pressure in the real life,
and arouse a happy response naturally in the inner heart [21].

Roy and Ng (2012) argue that hedonic value is the comparatively strong emotion that consumers
usually have toward a product [26]. They would consider all kinds of feelings that a product can
bring, and evaluate the costs they would pay and the experienced benefits they would get, such as
the feelings of pleasure, enjoyment and escaping from reality [23]. Soman (2003) puts forward the
concept of payment transparency and regards mobile payment as an intangible way of payment which
indirectly reduces customers’ pain in payment, and thus reduces their negative emotions, so that
consumers may pay more attention to the benefits of purchasing products than to the costs of using
mobile devices to pay for them [27-29]. In terms of the development of hedonic value, Chitturi et al.
(2007) put forward the principle of “hedonic advantage”, that is, when all products to be purchased
meet or exceed the standard value of utility and hedonism, consumers will pay more attention to
hedonic benefits when choosing products [30]. Chitturi et al. (2008) indicate that consumers’ pleasure
could be generated through the promotion activities of stores, or when the products themselves could
satisfy consumers’ hedonic demands [31].

2.5. Salesperson Selling Behaviors

In the retail environment, the interaction between salesperson and customers is an important
behavioral relationship. Jones et al. (2005) point out that because of the rapid changes in information
technology and customer preferences, consumers’ requirements for products and services and their
expectations for salespersons are getting higher and higher [32]. Some consumers like to interact
with salespersons when shopping, thereby establishing business friendship between salesmen and
consumers, which often involves emotional elements [33]. Many enterprises begin to emphasize the
customer-oriented marketing concept. How to improve customer value, customer satisfaction, service
quality and retain customers has become the direction that enterprises must think about [34].

Service behavior is defined as the behavior of a salesperson after the initial point of sale by
Ahearne et al. (2007) [35]. This ongoing behavior aims at cultivating and developing exchange
relationships, and identifies five aspects of the salesperson’s service behavior: Diligence, information
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communication, induction, sportsmanship and empathy. Darian et al. (2005) defines salesperson
selling behavior as the consumers’ feelings brought by the interaction between the salesperson and
consumers in the shopping procedure [36]. Salespersons assume a significant job in sales, as they
contact and interact with customers on behalf of the manufacturers. The success of marketing strategy
mainly depends on the salesperson [37]. For consumers, the friendliness of salespersons has an
important impact on whether they could feel comfortable or stress-free during the shopping process.
Rapp et al. (2014) interpret that a salesperson is like a knowledge broker, whose important job is to
obtain information about their merchandise and industries, in order to explain and resolve customers’
matters [38]. Therefore, salespeople should constantly enrich their knowledge about new products, so
as to make an adequate product introduction to customers. Meanwhile, if the salesperson responds
to the information needed by the customer in time, it will help the customer save time cost, and
avoid negative emotions. Sharma (1999) points out that if retailers want to improve customer service,
they should pay attention to the salesperson’s selling behaviors, as when consumers feel the positive
emotions conveyed by the salesperson, the message transmission and persuasion will be improved [8].
Lee and Dubinsky (2003) believe that not only the store environment will affect customers’ purchasing
mood, but the interaction between salespersons and customers will also promote the customers’
purchasing mood [39]. With technological advances and rapid changes, consumers’ unfamiliarity with
the use of equipment may inhibit their adoption of the equipment. Friendly salespeople should use
sales service technology to help inexperienced consumers to extend their consumer experience rather
than to act as barriers.

2.6. Mobile Payment Usage Intention

The Rational Behavior Theory (TRA) proposed by Fishbein and Ajzen (1975) holds that we can
predict individual behavior, and behavioral intention can also influence individual behavior, that is too
say, the actual behaviors can be predicted through behavioral intention, which is a method of people’s
intention to engage in a particular behavior [40]. The key indicator in measuring the use of information
technology is Behavioral intention, and it is the basis for developing information technology as well.

Behavioral intention is an individual’s belief in what he wants to do in certain situations [41].
Zeithaml et al. (1996) divide behavioral intention into positive intention and negative intention.
When consumers have positive intention, they will generate positive word-of-mouth, and then
recommend products or services to their friends and relatives; if they have negative intention, they
may choose to change products or reduce the number of purchases [42]. When behavioral intention
is applied to the degree of an individual’s willingness to use the technology information system in
the future, that is, when an individual intends to use the system subjectively, he has generated the
usage intention [43]. Consumers’ usage intention is related to their experience of trying the products
or services, as well as the continuous of consumers to use the products or services if they have positive
usage experience [44].

A research on the usage intention of interactive information is proposed by Lin et al. (2008),
and it states a model which shows that the usage intention is positively affected by satisfaction.
Usage intention is usually considered to be as a prior variable for consumers” actual use of a mobile
service [45,46].

3. Research Design

3.1. Research Structure

This research is based on the S-O-R framework, supplemented by the two consumption values
(hedonic value and utilitarian value) proposed by Babin et al. (1994), and combined with the external
factor of salesperson selling behavior, which are integrated into the three main constructs of “utilitarian
value”, “hedonic value” and “ salesperson selling behavior” as the external stimulus influencing
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individuals (stimulus), which further influences the consumers” mobile payment usage intention
(response) by influencing customer satisfaction (organism) [21].

3.2. Hypothesis Deduction

Customers’ perceived value originates from their personal experience and interaction with the
products or services [47]. Understanding the value of products or services from a user’s perspective
is long considered a successful customer strategy, and is usually related to the overall business
performance [48]. Terpstra and Verbeeten (2014) find that many studies show that the relevance
between perceived value and customer satisfaction, along with customers’ perceived service value,
positively affects customer satisfaction [49]. According to the past literature, empirical studies of
traditional retailers have confirmed that perceived value positively affects the customers’ satisfaction
in most cases, and similar conclusions have been drawn from researches on online shopping websites
and e-commerce [50,51]. In light of the above literature, we deduce some hypotheses listed in the
following on the mobile payment context in this study:

H1. Utilitarian value has a positive impact on customer satisfaction.

Although the relative importance of hedonic value and utilitarian value is different, hedonic
value may be regarded as the user’s psychological needs compared with the basic functional
needs of utilitarian value [52]. Past literatures show that hedonic value is an important factor
affecting satisfaction [12]. Yoo et al. (2010) also propose that in the interactive relationship between
suppliers and purchasers, customers experience intimate relationships, making e-commerce users
happier [53]. According to the above literature, our study deduces the following hypothesis in mobile
payment context:

H2. Hedonic value has a positive impact on customer satisfaction.

Mobile payment is a new technology for Taiwanese consumers. Every new technology must
be considered from a consumer perspective before its launch. Therefore, the salesperson assumes a
significant job in the promotion. When the consumer uses the electronic wallet, all the personal data
can be integrated on one mobile phone. However, there are many banks and telecommunications
companies that are actively investing in how to make the most adhesive with consumers through the
relationship between salespeople and customers. The salesperson’s behavior and attitudes directly
affect consumers’ satisfaction [19]. The interaction between salespersons and consumers is very
important. Compared with competitors, assuming that the salespersons can offer consumers with
more merchandises’ knowledge, they will create higher added value for customers, which will affect
the performance of their retail stores [36].

Lee and Dubinsky (2003) hold that the reliability, professionalism, empathy, friendliness,
enthusiasm, similarity and professionalism of salespersons all affect customers’ mood and satisfaction
in their consumption, and then affect their purchase intention [39]. Amyx and Bhuian (2009) find
that the customer evaluation of salesperson selling behavior reflects customers’ satisfaction of the
service and brand loyalty [54]. In addition, scholars support the concept that adaptive sales could
have distinctive customer satisfaction, for example, supplier satisfaction, and satisfaction with
services/products [55,56]. In light of the above literature, this study deduces the following hypothesis
in the mobile payment context:

H3. Salesperson selling behaviors have a positive impact on customer satisfaction.

Practical value and hedonic motivation are important factors affecting consumers’” online shopping,
and are also important for repeat purchasing intention [22,57]. In the past literature, some scholars
propose that cognition and emotion would influence consumers” willingness to use technology
services [5]. In terms of mobile services, Pihlstrom and Brush (2008) propose that money, convenience
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and emotional value would influence repurchase intention [58]. In light of the above literature, this
study deduces the following hypotheses in the mobile payment context:

H4. Utilitarian value has a positive impact on mobile payment usage intention.
HS5. Hedonic value has a positive impact on mobile payment usage intention.

The salespeople of electronic payment are very important to the consumer because they have
usefulness, emotion and security [19]. In addition, they can also understand consumers’ needs and
deliver the opinions of consumers to the company. The salesperson’s empathy (cognition and emotion)
and professionalism (sales wisdom and communication ability) have an impact on product sales.
Salesperson’s characteristics will affect consumers’ repurchase intention [59]. Kennedy et al. (2001)
also believes that salesperson’s professional ability and sales skills will affect customers’ satisfaction
with salesperson and repurchase [60]. Haas and Kenning (2014) hold that salespersons have influences
in determining customers by providing information [61]. The salesperson is also an important factor
influencing purchase intention [62]. In light of the above literature, this study deduces the following
hypothesis in the mobile payment context:

Heé. Salesperson behaviors have a positive impact on mobile payment usage intention.

Satisfaction means the comprehensive evaluation of a service or a product after consumption, which
includes the satisfaction degree at the cognitive and emotional levels. The satisfaction degree serves as
a basis for the judgment of the successive consumers’ behavioral intentions [63]. Customer satisfaction
can lead to subsequent behavioral intention, like repurchase intention and behavioral intention [64,65].
Expectation uncertainty theory is universally used to disclose customer satisfaction [66]. Satisfaction
comes from the comparison between the performance and expectation perception. On the assumption
that the performance meets customer expectations, it is satisfactory; otherwise, when performance is
lower than customer expectations, it is unsatisfactory. In addition, Chen et al. (2012) mentions that
the subject of expectation uncertainty theory is that repurchase behavior depends on satisfaction [67].
Satisfied customers often tend to make positive word-of-mouth, and have a strong intention to keep
using the service [68]. The research structure is shown in Figure 1. This study deduces the following
hypothesis, in light of the above literature:

H?7. Customer satisfaction has a positive impact on mobile payment usage intention.

Stimulus Organism Response
Utilitarian Value
7__““—‘_‘_‘!14
H1 T
f—_ B
H3 HE

Salesperson

Behaviors

Figure 1. Research model.
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3.3. Definition of Variables and Questionnaire Design

The reason why we do this study is to scrutinize the relationship between the mobile payment
users’ satisfaction formed by their perceived utilitarian value, hedonic value and salesperson selling
behaviors and their usage intention. This study adopts a method of investigation and research,
and a structured questionnaire as the research tool. The subjects of this study are those who have
experiences of using mobile payment in consumption in physical stores in Taiwan. Questionnaire
data is received online. The content of the questionnaire was developed by collating the items of the
scales already developed by experts and scholars that incorporate three segments: The initial segment
is the experience of using mobile payment, the second segment consists of the questionnaire items,
in order of utilitarian value, hedonic value and salesperson selling behaviors, customer satisfaction
and mobile payment usage intention. Likert’s 7-point scale was used as the measurement scale to
quantify the data filled in by the respondents, ranging from 1 to 7 points, with 1 point representing
“Strongly Disagree” and 7 points representing “Strongly agree”, and finally, the third part is the basic
data. Based on the research purpose and the need of research hypothesis, this study makes use of
the operational characteristics of the structural equation model to measure the causal relationship
between the measurement dimensions. The statistical software IBM SPSS AMOS 22 was used to make
the model analysis and statistical software IBM SPSS Statistics 22 was used for statistical analysis of
data (see Table 1).

Table 1. The demographic characteristics of the sample.

Frequency Percentage
Gender
Female 201 47.3
Male 224 52.7
Age
20- 5 1.2
21-30 47 11.1
31-40 181 425
41-50 124 29.2
51+ 68 16.0
Education
Diploma 35 8.2
Bachelor 286 67.3
Masters and Ph.D. 104 24.5
Income

20,000— 13 3.0
20,001-35,000 47 11.1
35,001-50,000 128 30.1
50,001-65,000 110 259
65,001+ 127 29.9

3.4. Sample Data

In this study, samples were selected mainly from users who use mobile payment, mainly through
an online questionnaire. The online questionnaires were mainly distributed through My Survey
network platform. The questionnaires of this study were distributed in October 2018 and received in
February 2019. The entire 526 questionnaires were received. After excluding 101 invalid questionnaires,
there remained 425 valid questionnaires. The respondents of the questionnaires were consumers with
experience in mobile payment in Taiwan in the past six months.

3.5. Measurement

In this study, analysis was made on five dimensions: Utilitarian value, hedonic value, salesperson
selling behaviors, customer satisfaction and mobile payment usage intention by using Likert’s 7-point
Scale from 1 (“strong disagree”) to 7 (“strong agreement”). The definition of utilitarian value is the
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consumers’ assessment of the actual advantages and costs of using mobile payment services, with
reference to [23]. The definition of Hedonic value is the degree to which consumers acquire emotional
and sensory experience in using mobile payment services, with references to [68]. The salesperson
selling behaviors are defined as the feelings brought to consumers by interaction between salesperson
and consumer in the sales process, with reference to 36]. Customer satisfaction is the consumers’
overall evaluation of use of the mobile payment service, with reference to [64]. Mobile payment usage
intention is considered to be the willingness of people to pay through the mobile vehicle, with reference
to [69,70].

4. Data Analysis

4.1. Reliability and Validity Analysis

We use Harman'’s factor test method to conduct exploratory factor analysis (EFA) on all items in
this study. Table 2 shows that five factors are extracted, and the explanatory power of the first factor
is 34.265%, which was less than 50%. We can infer that there was no serious deviation in common
method in the sample data of this study. In addition, we use single factor confirmatory factor analysis
(CFA) for the test, which included all of the 25 items in the single-factor test. The results of the test
indicate that the factor load level of 12 items exceeds 0.5, and none of the items is significantly higher
than the load level of 0.5. The model values of this single factor validation analysis show that not all
the constructional correlations in this study are derived from common method variations.

Table 2. Initial eigenvalues.

Component Eigenvalues Variance (%) Cumulative Variance (%)
1 8.566 34.265 34.265
2 3.646 14.584 48.848
3 3.003 12.012 60.860
4 1.640 6.560 67.421
5 1.408 5.630 73.051

In terms of reliability, the combination reliability can be used as a test of internal consistency.
It could be found through Table 3 that the values of combination reliability (CR) are from 0.846 to
0.9421, and all of them are larger than 0.6, indicating that each dimension of the measurement model
has a certain degree of reliability. Table 3 shows the measurement model. Among them, the values of
average variance extracted (AVE) were between 0.599 and 0.699, all larger than 0.5. In addition, the
values of AVE open root sign are also larger than the correlation coefficient of each construct, which
means that each construct has discriminant validity. This study conducts verification of discriminant
validity according to the two criteria put forward by Gaski and Nevin (1985): If (1) the correlation
coefficient between two constructs is less than 1; (2) the correlation coefficient between two constructs
is less than the individual reliability coefficients Cronbach’s «, and thus it indicates that the two
constructs have discriminant validity. In addition, using Fornell and Larcker’s (1981) method, we got
the third criterion for verification of the discriminant validity: (3) If the correlation coefficient of the
two constructs is less than the square root of AVE, it indicates that the two constructs have discriminant
validity [71,72]. In addition, we use SPSS 22.0 and AMOS 22.0 to analyze the correlation coefficient
matrix of measurement variables in this study, with the analysis data received in the table, all of which
conform to the above three criteria for verification of the discriminant validity, showing a good validity
of each dimension. In Table 4, all CR values of the structural model are greater than 0.7, which verifies
that the measurement items of each dimension have internal consistency, and all AVE values are larger
than 0.5. Therefore, the proposed framework has convergent validity and the measurement model of
this study has good convergent validity, discriminant validity and reliability.
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Table 3. Main statistics.

. Composite .Average of
MLE Estimates Reliability (CR) Variance Extracted
(AVE)
Constructs
Factor Loading Measurement
Ax/Ay) (8/¢)
Utilitarian Value 0.889 0.068
Uv1 0.824 *** 0.321
uv2 0.846 *** 0.284
uv3 0.816 *** 0.334
Uv4 0.781 *** 0.390
Hedonic Value 0.936 0.678
HV1 0.849 *** 0.279
HV2 0.793 *** 0.371
HV3 0.822 *** 0.324
HV4 0.827 *** 0.316
HV5 0.821 *** 0.326
HVe6 0.813 *** 0.339
HV7 0.839 *** 0.296
Salesperson Behaviors 0.882 0.599
SB1 0.721 *** 0.480
SB2 0.800 *** 0.360
SB3 0.815 *** 0.336
SB4 0.753 *** 0.433
SB5 0.765 *** 0.415
Satisfaction 0.874 0.636
Satl 0.849 *** 0.279
Sat2 0.839 *** 0.296
Sat3 0.792 *** 0.373
Sat4 0.699 *** 0.511
Usage Intention 0.920 0.699
uIl 0.856 *** 0.267
UI2 0.775 *** 0.399
UI3 0.797 *** 0.365
Ul4 0.856 *** 0.267
Ul5 0.892 *** 0.204

Note: UV: Utilitarian HV: Hedonic SB: Salesperson Behaviors US: Usage ***; p < 0.001.

Table 4. Correlation matrix for measurement scales.

Constructs Utilitarian Value  Hedonic Value  Salesperson Behaviors Satisfaction Usage Intention
Utilitarian Value 0.817
Hedonic Value 0.214 0.823
Salesperson 0.132 0.166 0773
Behaviors
Satisfaction 0.520 0.231 0.227 0.797
Usage Intention 0.356 0.572 0.284 0.376 0.836

4.2. Model Fitness Analysis and Results

The results of the basic fit criteria are that the error variance of the theoretical model is not negative,
the load of standardization factors is not less than 0.50 or more than 0.95, and all of them reach a
significant level, and no higher standard errors are found (see Table 5). Therefore, the basic fitness of
the research model should reach an acceptable level. The absolute fit measure index of the overall
fitness of the model is as follows: x2 = 556.336, d.f. = 265, GFI = 0.908, AGFI = 0.887. Except that AGFI
is slightly lower than the standard, various indices are in the criteria, and the index of incremental
fit: NFI = 0.926, CFI = 0.908, both within the acceptable range; the brief fit measurement index is:
PNFI = 0.818, PGFI = 0.740, both within the acceptable range (>0.500). On the whole, judging from all
indices, in this study, the overall fitness of the theoretical model is good.
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The significance of the internal structural fitness of the model in evaluating this model’s parameters,
and the reliability of the indices and potential variables, can evaluated from whether the CR of the
potential variables is above 0.70, whether the AVE of the potential variables is above 0.5, or whether
the Individual Item Reliability is above the acceptable level of 0.5. Both the CR and AVE reach the
standard value. On the whole, the evaluation results of the CR and AVE of potential variables show
that this study’s theoretical model has great fitness of internal structure.

Table 5. Standard coefficients and significance values.

Paths Path Coefficients Hypotheses Test Results
Utilitarian Value - Satisfaction 0.624 *** H1 Supported
Hedonic Value - Satisfaction 0.136 ** H2 Supported
Salesperson Behaviors - Satisfaction 0.320 *** H3 Supported
Utilitarian Value - Usage Intention 0.173 ** H4 Supported
Hedonic Value - Usage Intention 0.528 ** H5 Supported
Salesperson Behaviors - Usage Intention 0.245 *** Hé Supported
Satisfaction - Usage Intention 0.130 ** H7 Supported

Note: ***; p < 0.001; **; p < 0.005.

4.3. Mediation Effect Analysis

There are three mediating effects in this study. Customers’ satisfaction has a mediating effect on
the mobile payment usage intention and the utilitarian value. Customers’ satisfaction has a mediating
effect on hedonic value and mobile payment usage intention. Customers’ satisfaction has a mediating
effect on salesperson selling behaviors and mobile payment usage intention.

In this study, the results of the Sobel test show that the result of values of this Sobel test are all greater
than 1.96 (Sobel, 1982), and that all 95% confidence intervals for 5000 simulation analyses through
Bootstrapping analysis did not include 0 (Efron and Tibshirani, 1993) [73,74]. The study indicates that
customer satisfaction has significant impacts on utilitarian value, hedonic value, salesperson selling
behaviors and mobile payment usage intention (see Table 6).

Table 6. Sobel test and bootstrapping confidence interval of mediator effects.

Bootstrapping 95%Confidence I

v M DV Sobel Test

Percentile CI Biased Method CI

Lower Upper Lower Upper
uv PS Ul 4.683 0.077 0.189 0.075 0.201
HV PS Ul 3.898 0.032 0.0954 0.0351 0.117
SSB PS Ul 3.9787 0.0516 0.1515 0.0548 0.513

5. Conclusions and Suggestions

5.1. Conclusions

Empirical research shows that consumers’ utilitarian value, hedonic value and salesperson
selling behaviors positively affect customers’ satisfaction, and Utilitarian value is considered to be an
assessment of all the utilitarian costs and benefits. Hedonic value refers to the emotions about products,
services and activities generated on the basis of hedonic activities, focusing on the experiences of the
product purchasing process. For the first purpose, we can find that customer perceived value which
comprises hedonic value and utilitarian value, also salesperson selling behaviors, all have positive
impacts on customer satisfaction.

When people use mobile payment, they also enjoy the pleasure of consumption. The salesperson
will explain the usage of mobile payment according to consumers’ perception and will operate it to
show to consumers. When consumers feel the behavior of the salesperson, their satisfaction will be
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relatively improved. Therefore, the perceived value which comprises hedonic value and utilitarian
value and salesperson selling behavior has positively affected customers’ satisfaction. In the part of
customer satisfaction, this study finds that consumers’ utilitarian value, hedonic value and salesperson
selling behavior have positive impacts on customer satisfaction. This shows that customers tend to
attach more importance to the acquisition of immediate benefits.

Many customers think that they will feel the existence of individual uniqueness at the moment
of mobile payment, making them feel different from others, which will lead to the improvement of
customer satisfaction. In terms of salesperson selling behavior, it can be clearly found that when
consumption is made through mobile payment, the salesperson’s introduction and assistance in actual
operation will greatly improve customer satisfaction and will make the customers more likely to use
mobile payment and consider mobile payment as one of the most critical options for payment. In short,
when customers use the mobile payment function and consume through mobile payment, they will
understand the satisfaction brought by mobile payment, and have relatively greater intention to use
mobile payment. Consumer’s perceived value, which comprises hedonic value and utilitarian value,
comes from their perception. When consumers feel the convenience and happiness brought on by
mobile payment, or feel the good performance of salesmen in the operation process, they will have
greater intention to use mobile payment during consumption.

Therefore, operators can make use of the utilitarian value or hedonic value of mobile payment
to create topics, encourage consumers to use mobile payment in consumption, and make use of the
explanations of salesmen to make consumers more willing to use mobile payment. The mediating
mechanism of customer satisfaction can assist the consumers” hedonic value and utilitarian value, the
salesperson selling behaviors and the mobile payment usage intention.

The study finds that customer perceived value (utilitarian and hedonic) and salesperson selling
behaviors can improve customer usage intention through customer satisfaction. It means that when
promoting mobile payment products, the sellers shall first make customers free from vigilance towards
the usage of mobile payment, so that customers can slowly tend towards mobile payment. In addition,
they shall explain the mobile payment functions to customers. After trying the usage of mobile
payment, customers can understand the convenience of mobile payment and experience the pleasant
atmosphere brought by new payment means. In addition, if there is a salesperson to guide them, it can
reduce customers” doubts about mobile payment and increase their mobile payment usage intention.
Therefore, customer perceived value and salesperson selling behaviors can increase mobile payment
usage intention through customer satisfaction.

5.2. Suggestions

1. Stores can share free Internet or WIFI and improve the security of mobile network transmission.
Many consumers are less willing to use mobile payment because they do not have access to the Internet,
or the signal is very weak during their consumption.

2. Business operators can adopt cross-industry alliances to provide more diversified and
preferential promotion programs or lottery activities. Consumers will be more willing to use mobile
payment if they can enjoy promotion programs together with lottery activities in consumption.

3. Business operators can strengthen the promotion and marketing of mobile payment through
online social media. To popularize mobile payment, in addition to the cooperation and promotion
of government policies, businesses operators can strengthen the promotion and marketing of mobile
payment through online social media. The study finds that salesperson performance is significantly
correlated with satisfaction. Because the mobile payment function is more reliable and faster, it is
recommended that the company can regularly hold employee on-the-job training, so that employees
can immediately operate it to reduce customers’ waiting time. This study adopts the cross-section
method, and that may be this study’s main limitation, so it is only based on observing the data at a
certain point in time as the basis for inference and verification. Therefore, it is impossible to understand
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the relationship between variables in the longitudinal section, and the inference and development of
causality have limitations.

Author Contributions: Conceptualization and data curation: S.-C.C., formal analysis and methodology: K.C.C.,
writing-review and editing: M.Y.T.

Funding: This research received administrative and funding support from a project of Ministry of Education,
R.O.C., Taiwan.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

Institute for Information Industry. Taiwanese People Are More Sticky Phones! Nearly 80% of the People Use
Mobile Phones Every Day for More Than 2 Hours. 2018. Available online: https://www.iii.org.tw/Press/
NewsDtl.aspx?nsp_sqno=2081&fm_sqno=14 (accessed on 1 December 2018).

Statista. The Key to Mobile Payment and Electronic Payment. 2018. Available online: https://www.statista.
com/study/39303mobile-payment-usage-worldwide/ (accessed on 2 December 2018).

Institute for Information Industry. Nearly 40% of Mobile Phone Users Have Used Mobile Payment Line
Pay, Apple Pay Has the Highest Awareness. 2018. Available online: https://mic.iii.org.tw/news.aspx?id=486
(accessed on 1 December 2018).

Al-Sabbahy, H.Z.; Ekinci, Y.; Riley, M. An investigation of perceived value dimensions: Implications for
hospitality research. J. Travel Res. 2004, 42, 226-234. [CrossRef]

Kulviwat, S.; Bruner, G.C.; Kumar, A.; Nasco, S.A.; Clark, T. Toward a unified theory of consumer acceptance
technology. Psychol. Mark. 2007, 24, 1059-1084. [CrossRef]

Lee, C.P.; Warkentin, M.; Choi, H. The role of technological and social factors on the adoption of mobile
payment technologies. In Proceedings of the 10th Americas Conference on Information Systems (AMCIS
2004), New York, NY, USA, 6-8 August 2004; pp. 2781-2786.

Lee, M.; Kim, Y.; Fairhurst, A. Shopping value in online auctions: Their antecedents and outcomes. J. Retail.
Consum. Serv. 2009, 16, 75-82. [CrossRef]

Sharma, A. Does the salesperson like customers? A conceptual and empirical examination of the persuasive
effect of perceptions of the salesperson’s affect toward customers. Psychol. Mark. 1999, 16, 141-162. [CrossRef]
Wang, Y.S. Assessing e-commerce systems success: A respecification and validation of the DeLone and
McLean model of IS success. Inf. Syst. ]. 2008, 18, 529-557. [CrossRef]

Emarketer. 2018. Available online: https://www.emarketer.com/content/emarketer-releases-new-global-
proximity-mobile-payment-figures (accessed on 1 December 2018).

Qin, Z.; Sun, J.; Wahaballa, A.; Zheng, W.; Xiong, H. A secure and privacy preserving mobile wallet with
outsourced verification in cloud computing. Comput. Stand. Interfaces 2017, 54, 55-60. [CrossRef]

Kim, C.; Mirusmonov, M.; Lee, I. An empirical examination of factors influencing the intention to use mobile
payment. Comput. Hum. Behav. 2010, 26, 310-322. [CrossRef]

Qasim, H.; Abu-Shanab, E. Drivers of mobile payment acceptance: The impact of network externalities.
Inf. Syst. Front. 2015, 8, 1-14. [CrossRef]

Morosan, C.; DeFranco, A. It’s about time: Revisiting UTAUT2 to examine consumers’ intentions to use NFC
mobile payments in hotels. Int. |. Hosp. Manag. 2016, 53, 17-29. [CrossRef]

Mehrabian, A.; Russell, J.A. An Approach to Environmental Psychology; MIT Press: Cambridge, MA, USA, 1974.
Jacoby, J. Stimulus-organism-response reconsidered: An evolutionary step in modeling (consumer) behavior.
J. Consum. Psychol. 2002, 12, 51-57. [CrossRef]

Chan, TK.; Cheung, C.M.; Lee, Z.W. The state of online impulse-buying research: A literature analysis.
Inf. Manag. 2017, 54, 204-217. [CrossRef]

Chang, H.J.; Eckman, M.; Yan, R.N. Application of the stimulus-organism-response model to the retail
environment: The role of hedonic motivation in impulse buying behavior. Inf. Rev. Retail 2011, 21, 233-249.
[CrossRef]

Hossain, M.S.; Zhou, X. Impact of m-payments on purchase intention and customer satisfaction:
Perceived flow as mediator. Int. J. Sci. Bus. 2018, 2, 503-517.

Scarpi, D. Hedonic and utilitarian behaviour in specialty shops. Mark. Rev. 2005, 5, 31-44. [CrossRef]

75



Sustainability 2019, 11, 6314

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Babin, B.J.; Darden, W.R.; Griffin, M. Work and/or Fun: Measuring hedonic and utilitarian shopping value.
J. Consum. Res. 1994, 20, 644-656. [CrossRef]

Ryu, K.; Han, H.; Jang, S. Relationships among hedonic and utilitarian values, satisfaction and behavioral
intentions in the fast-casual restaurant industry. Int. J. Contemp. Hosp. Manag. 2010, 22, 416-432. [CrossRef]
Overby, ].W.; Lee, E.J. The effects of utilitarian and hedonic online shopping value on consumer preference
and intentions. . Bus. Res. 2006, 59, 1160-1166. [CrossRef]

Lowe, B.; Alpert, F. Forecasting consumer perception of innovativeness. Technovation 2015, 4546, 1-14.
[CrossRef]

Jong, U.K.; Woong, ] K.; Sang, C.P. Consumer perceptions on Web advertisements and motivation factors to
purchase in the online shopping. Comput. Hum. Behav. 2010, 26, 1208-1222.

Roy, R.; Ng, S. Regulatory focus and preference reversal between hedonic and utilitarian consumption.
J. Consum. Behav. 2012, 11, 81-88. [CrossRef]

Soman, D.T. The effect of payment transparency on consumption: Quasi-experiments from the field.
Mark. Lett. 2003, 14, 173-183. [CrossRef]

Raghubir, P; Srivastava, J. Monopoly money: The effect of payment coupling and form on spending behavior.
J. Exp. Psychol. Appl. 2008, 14, 213-225. [CrossRef] [PubMed]

Chatterjee, P.; Rose, R.L. Do payment mechanisms change the way consumers perceive products?
J. Consum. Res. 2012, 38, 1129-1139. [CrossRef]

Chitturi, R.; Raghunathan, R.; Mahajan, V. Form versus function: How the intensities of specific emotions
evoked in functional versus hedonic trade-offs mediate product preferences. |. Mark. Res. 2007, 44, 702-714.
[CrossRef]

Chitturi, R.; Raghunathan, R.; Mahajan, V. Delight by design: The role of hedonic versus utilitarian benefits.
J. Mark. 2008, 72, 48-63. [CrossRef]

Jones, E.; Brown, S.P; Zoltners, A.A.; Weitz, B.A. The changing environment of selling and sales management.
J. Pers. Sell. Sales Manag. 2005, 25, 105-110.

Price, L.L.; Arnould, E.J.; Deibler, S.L. Consumers’ emotional responses to service encounters: The influence
of the service provider. Int. J. Serv. Ind. Manag. 1995, 6, 34-63. [CrossRef]

Siu, N.Y.M.; Cheung, ].T. A measure of retail service quality. Mark. Intell. Plan. 2001, 19, 88-97. [CrossRef]
Ahearne, M.; Jelinek, R.; Jones, E. Examining the effect of salesperson service behavior in a competitive
context. J. Acad. Mark. Sci. 2007, 35, 603—-616. [CrossRef]

Darian, J.C.; Wiman, A.R.; Tucci, L.A. Retail patronage intentions: The relative importance of perceived
prices and salesperson service attributes. . Refail. Consum. Serv. 2005, 12, 15-23. [CrossRef]

Johnson, M.S.; Sivadas, E.; Kashyap, V. Response bias in the measurement of salesperson orientations:
The role of impression management. Ind. Mark. Manag. 2009, 38, 1014-1024. [CrossRef]

Rapp, A.; Bachrach, D.G.; Panagopoulos, N.; Ogilvie, ]. Salespeople as knowledge brokers: A review and
critique of the challenger sales model. |. Pers. Sell. Sales Manag. 2014, 34, 245-259. [CrossRef]

Lee, S.; Dubinsky, A. Influence of salesperson characteristics and customer emotion on retail dyadic
relationships. Int. Rev. Retail Distrib. Consum. Res. 2003, 13, 23-36. [CrossRef]

Fishbein, M.; Ajzen, 1. Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research;
Addison-Wesley: Boston, MA, USA, 1975.

Fishbein, M.; Ajzen, 1. Understanding Attitudes and Predicting Social Behavior; Prentice-Hall: Englewood Cliffs,
NJ, USA, 1980.

Zeithaml, V.A,; Berry, L.L.; Parasuraman, A. The behavioral consequences of service quality. J. Mark. 1996,
60, 31-46. [CrossRef]

Taylor, S.; Todd, P.A. Understanding information technology usage: A test of competing models. Inf. Syst. Res.
1995, 6, 144-176. [CrossRef]

Zhang, X.; Prybutok, V.R. A consumer perspective of e-service quality. IEEE Trans. Eng. Manag. 2005, 52,
461-477. [CrossRef]

Lin, C.P,; Huang, H.N.; Joe, S.W.; Ma, H.C. Learning the determinants of satisfaction and usage intention of
instant messaging. Cyber Psychol. Behav. 2008, 11, 262-267. [CrossRef] [PubMed]

Shin, D.H. Towards an understanding of the consumer acceptance of mobile wallet. Comput. Hum. Behav.
2009, 25, 1343-1354. [CrossRef]

76



Sustainability 2019, 11, 6314

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Turel, O.; Serenko, A.; Bontis, N. User acceptance of wireless short messaging services: Deconstructing
perceived value. Inf. Manag. 2007, 44, 63-73. [CrossRef]

DeSarbo, W.S.; Jedidi, K.; Sinha, I. Customer value analysis in a heterogeneous market. Strateg. Manag. |.
2001, 22, 845-857. [CrossRef]

Terpstra, M.; Verbeeten, FH.M. Customer satisfaction: Cost driver or value driver? Empirical evidence from
the financial services industry. Eur. Manag. ]. 2014, 32, 499-508. [CrossRef]

Eggert, A.; Ulaga, W. Customer perceived value: A substitute for satisfaction in business markets. J. Bus.
Ind. Mark. 2002, 17, 107-118. [CrossRef]

Hsu, H. An empirical study of web site quality, customer value, and customer satisfaction based on e-shop.
Bus. Rev. 2006, 5, 190-193.

Oliver, R.L. Satisfaction: A Behavioral Perspective on the Consumer; Routledge: New York, NY, USA, 2014.
Yoo, W.S.; Lee, Y.; Park, J. The role of interactivity in e-tailing: Creating value and increasing satisfaction.
J. Retail. Consum. Serv. 2010, 17, 89-96. [CrossRef]

Amyx, D.; Bhuian, S. Salesperf: The salesperson service performance scale. ]. Pers. Sell. Scdes Manag. 2009,
29, 367-376. [CrossRef]

Roman, S.; Juan Martin, P. Does the hierarchical position of the buyer make a difference? The influence of
perceived adaptive selling on customer satisfaction and loyalty in a business-to-business context. J. Bus.
Ind. Mark. 2014, 29, 364-373. [CrossRef]

Roman, S.; Tacobucci, D. Antecedents and consequences of adaptive selling confidence and behavior:
A dyadic analysis of salespeople and their customers. . Acad. Mark. Sci. 2009, 38, 363-382. [CrossRef]
Bridges, E.; Florsheim, R. Hedonic and utilitarian shopping goals: The online experience. . Bus. Res. 2008,
61, 309-314. [CrossRef]

Pihlstrom, M.; Brush, G.J. Comparing the perceived value of information and entertainment moible services.
Psychol. Mark. 2008, 25, 732-755. [CrossRef]

Pilling, B.K.; Eroglu, S. An empirical examination of the impact of salesperson empathy and professionalism
and merchandise slability on retail buyers evaluations. J. Pers. Sell. Sales Manag. 1994, 14, 45-58.

Kennedy, M.S.; Ferrell, L.K.; LeClair, D.T. Consumers’ trust of salesperson and manufacturer: An empirical
study. J. Bus. Res. 2001, 51, 73-86. [CrossRef]

Haas, A.; Kenning, P. Utilitaria and hedonic motivators of shoppers” decision to consult with salespeople.
J. Retail. 2014, 90, 428-441. [CrossRef]

Sun, T.R.; Yazdanifard, R. Review of physical store factors that influence impulsive buying behavior. Int. J.
Manag. Account. Econ. 2015, 2, 1048-1054.

Chea, S.; Luo, M.M. Post-adoption behaviors of e-service customers: The interplay of cognition and emotion.
Int. |. Electron. Commer. 2008, 12, 29-56. [CrossRef]

Anderson, E.W.; Sullivan, M.W. The antecedents and consequences of customer satisfaction for firms.
Mark. Sci. 1993, 12, 125-143. [CrossRef]

Gotlieb, ].B.; Grewal, D.; Brown, S.W. Consume. satisfaction and perceived quality: Complementary or
divergent constructs? J. Appl. Psychol. 1994, 79, 875-885. [CrossRef]

Chou, SW.; Min, H.T,; Chang, Y.C; Lin, C.T. Understanding continuance intention of knowledge
creation using extended expectation-confirmation theory: An empirical study of Taiwan and China online
communities. Behav. Inf. Technol. 2010, 29, 557-570. [CrossRef]

Chen, S.C; Yen, D.C.; Hwang, M.IL. Factors influencing the continuance intention to the usage of Web 2.0.
Comput. Hum. Behav. 2012, 28, 933-941. [CrossRef]

Chen, J.H.; Fu, ].R. On the effects of perceived value in the mobile moment. Electron. Commer. Res. Appl.
2018, 27, 118-128. [CrossRef]

Escobar-Rodriguez, T.; Carvajal-Trujillo, E. Online purchasing tickets for low cost carriers: An application
of the unified theory of acceptance and use of technology (UTAUT) model. Tour. Manag. 2014, 43, 70-88.
[CrossRef]

Schierz, P.G.; Schilke, O.; Wirtz, B.W. Understanding consumer acceptance of mobile payment services:
An empirical analysis. Electron. Commer. Res. Appl. 2010, 9, 209-216. [CrossRef]

Gaski, J.F.; Nevin, ].R. The differential effects of exercised and unexercised power sources in a marketing
channel. J. Mark. Res. 1985, 22, 130-142. [CrossRef]

77



Sustainability 2019, 11, 6314

72.  Fornell, C.R,; Larcker, EF. Structural equation models with unobservable variables and measurement error.
J. Mark. Res. 1981, 18, 39-51. [CrossRef]

73.  Sobel, M.E. Asymptotic confidence intervals for indirect effects in structural equation models. Sociol. Methodol.
1982, 13, 290-312. [CrossRef]

74.  Efron, B.; Tibshirani, R.J. An Introduction to the Bootstrap; Chapman and Hall: London, UK, 1993.

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

78



a‘r sustainability m\p\py

Atrticle

Evaluation and Classification of Mobile Financial
Services Sustainability Using Structural Equation
Modeling and Multiple Criteria
Decision-Making Methods

Komlan Gbongli I*, Yongan Xu >*, Komi Mawugbe Amedjonekou ® and Levente Kovacs !

1 Institute of Finance and Accounting, Faculty of Economics, University of Miskolc, 3515

Miskolc-Egyetemvaros, Hungary; kovacs.levente@uni-miskolc.hu

School of International Business, Southwestern University of Finance and Economics, 55 Guanghuacun

Street, Qingyang District, Chengdu 610074, China

3 Business School, York St John University, Lord Mayor’s Walk, York Y031 7EX, UK;
komi.amedjonekou@yorksj.ac.uk

*  Correspondence: samxp12@yahoo.fr or pzkgbong@uni-miskolc.hu (K.G.); xyan88@swufe.edu.cn (Y.X.)

Received: 23 December 2019; Accepted: 5 February 2020; Published: 11 February 2020

Abstract: Despite the fast emergent of smartphones in day-to-day activity, the sustainable development
of mobile financial services (MFS) remains low partially due to online consumer’s trust and perceived
risk. This research broadens the trust and the perceived risk at the multi-dimensional for understanding
and prioritizing alternatives of MFS decision. A combined methodology; structural equation modeling
(SEM) with two multiple criteria decision-making (MCDM) methods such as a technique for order
of preference by similarity to ideal solution (TOPSIS) and analytic hierarchy process (AHP) were
applied for data analysis. The two steps SEM-TOPSIS techniques were adopted through a two-types
survey on datasets consisting of 538 MFS users, and 74 both experienced MFS users and experts in
Togo. The SEM is used for causal relationships and assigning weights for the TOPSIS input. TOPSIS
was applied for providing MFS alternative classification, in which the results were compared with
prior research using the SEM-AHP technique on the given population. The results via SEM revealed
particularly strong support for the dispositional trust and perceived privacy risk. Trust has a negative
relationship with perceived risk. Except for perceived time risk, all the antecedents of perceived
risk and trust validated the proposed relationship. The findings of TOPSIS uncovered that mobile
money transfer (MMT) remains the core application used, followed by mobile payment (MP) and
mobile banking (MB) and, therefore, consistent with AHP. However, the TOPSIS technique is better
suited to the problem of MFS selection for this study field. This research offers a novel and practical
modeling and classification concept for researchers, companies’ managers, and experts in the areas of
information technology. The implications, limitations, and future research are provided.

Keywords: mobile financial services (MFS); trust; perceived risk; structural equation modeling (SEM);
multiple-criteria decision-making (MCDM); technique for order preference by similarity to ideal
solution (TOPSIS); analytic hierarchy process (AHP)

1. Introduction

As a part of the shift of technology in the financial business, mobile financial services have been
exploring at an accelerate speed [1]. Innovations and technological expansion have emerged with
significant advantages to the recent commercial market. Over the past few years, businesses have been
redirecting their goals to making information system technology an essential part of their processes [2].
Therefore, more and more literature is diverted to the IS-related field [3]. The investigation of some
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existing studies which recommend integrating various theoretical models to understand the IT adoption
has stressed that a comprehensive analysis in the context is required [2,4]. From these perspectives,
an increasing number of researchers are focused on mobile financial services (MFS) considered as the
development of the information system (IS) domain [5-8].

MEFS refers to any financial transaction remotely conducted by the application of a mobile phone
(e.g., smartphone or tablet) and mobile software (e.g., apps programs) either through banking service
or network provider service [9,10]. MFS providers allow their consumers the flexibility to access
their financial services (access information inquiry, bill payment, and money transfers) anywhere and
anytime via a mobile phone, to support and improve service relationships by investing lots of resources
using wireless Internet technology [11].

The studies of MFS that emphasized on electronic money transfer include three major mobile
technologies-related fields of study, primarily mobile banking services (MB), mobile payment services
(MP), and mobile money transfer (MMT) services [10]. MB remains part of the latest in a sequence of
new mobile technological wonders [12]. Therefore, an expectation toward it should be for a significant
impact on the market [13]. Payment today has now progressed to mobile devices (m-devices) identified
as mobile financial services, particularly mobile payments [14]. Mobile money has appeared as a
significant innovation with a potential expansion to financial inclusion in developing countries in
various ways [15]. It is, therefore, growing access to financial services for a large number of people,
who are entirely disregarded by banks because of longer travel distances or insufficient funds to fulfill
the minimum deposit recommended for opening account in a bank [16,17], low-income population in
developing countries [18], insofar, as it has several advantages [15,19,20]. In addition to the advantages
granted to certain persons and companies, there are also advantages at the national economy level,
primarily in emerging economies such as Hungary. The use of increasingly more accommodating
tools may incentivize the suppressed use of cash, parallel to which, the countability of economic
performance with statistical instruments continues to improve; meanwhile tax payment discipline also
improves and the total social cost of payments decreases, etc., that is, overall the economy begins to
whiten, leading to improved competitiveness [21].

While tremendous benefits are associated with adopting MFS as opposed to traditional payment
methods, such as physical exchange notes, cheques, coins [18], the adoption rate is far from full
utilization in many developing countries. This is characteristically the situation of West African
Countries and particularly Togo. Given the statistical information on the Statista Portal (2016),
the population using smartphones worldwide is predicted to be over five billion marks in 2019.
Approximately 67% of the Togolese population subscribed to the mobile phone in 2015, while users of
mobile Internet doubled between 2014 and 2015. However, the percentage rate of users of banking
services is less than 15% [22] and, the rate of consumer acceptance of mobile banking remains trivial
(around 1%) when considering the expectation [23]. It is, therefore, leading to deduct that mobile
money services should fill this lacuna by providing significant input to increase the acceptance of
MFS. This hope is far from being the case. The experiences of more developed countries also suggest
the same, not technological limitations were the primary obstacle of the extension of the innovative
payment solutions [24]. Therefore, the motives for the successful evolution or not together with the
causes and motives for mobile money adoption, remain not understood sufficiently, which infers that
the technology has not been extensively adopted. These trends reveal partial knowledge regarding the
motivators and inhibitors that impact the acceptance of this mobile service [25].

Understanding why it is worth to select to use MFS can help in strategy development and allow
businesses to effectively communicate benefits to their customers [26,27]. Mobile financial service
operators might increase their attractiveness and competitiveness if they were able to enhance their
strategies to satisfy the demand of their consumers. Therefore, there is a necessity of understanding
the various requirements of MFS users and the comparative weight of each factor or criteria that could
affect the demand of consumers. One possible motive for the existence of a gap between these could
be the perception of risk that limits consumers’ capability to make informed decisions to partake
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the benefit of MFS technology in Togo [28]. This is particularly true for emerging nations, mainly
in an unstable country where the consideration of the loss of privacy in the security system and the
associated risk played a crucial part in adopting IT [29]. Moreover, the studies in the past revealed that
once there are risk issue concerns, the demand for trust becomes a necessity, since trust and risk are
interrelated facets [28,30]. Not only the developing countries facing the issue of e-business but also the
reflection of the online risk has called for a considerable attention among the developed countries like
Hungary, particularly in 2014 when the case of fraud risk in electronic payment transactions ascended
in Hungary (the case was discussed in the work of Kovacs and David in detail [31]).

Driven by studies toward the multiple scopes for risk and trust and the central research on trust
in contrast to risk in novel information technology perspective [32], we suppose that initiating research
into novel IT artifacts such as this research could enlighten how trust and perceived risk could influence
the ultimate adoption of novel technologies in developing countries.

The goal of this study is to disclose mechanisms related to behavior associated with MFS adoption
and sustainable development when decision-making involves multiple criteria issues. One main
research question is to understand how multi-dimensional trust and multi-faceted perceived risk
perceptions affect a new emerging information technology such as MFS adoption at the individual
level in an unstable country. Our approach differs from most prior studies that assess trust and risk
perception of individual behavior. Indeed, most of the research that investigated the acceptance
and application of communicative IT has been done within stable, capitalist, and highly-developed
communities. Moreover, the majority of research undertakes that individuals have freedom of speech,
and safety of their lives, basic protection and business offered by the government. However, little has
been known regarding the adoption of IT in emerging and dynamic societies [33,34]. Therefore, we
explore the fundamental trust and risk allied with MFS technology usage in high poverty.

The majority of prior research typically tests trust as a single construct [35-37] or investigates trust
constructs and risk dimensions disjointedly [27,38]. In other words, how to effectively assess trust and
risk concerns concurrently remains a black box. Drawing on research in information technology [39,40],
we stress that multi-dimensional trust and perceived risk concepts may jointly play an integral part in
individual behavior with regard to adopting a novel MFS, and it is of paramount importance for this
to be investigated, particularly in developing countries such as Togo.

Furthermore, a plethora of research has been done in order to fully understand the factors
that affect MFS adoption and its significance. However, most prior studies in this perspective have
emphasized the general factors regarding the adoption of MFS, using explanatory statistical analysis
as the research method [41,42]. The beta coefficients gained in multiple regression techniques can be
considered as the relative weights of the constructs, however, their values are obtained indirectly via
the testing result. Additionally, a negative value of beta can be found, making it quite complex for
the justification of the importance of the resultant value [43]. Making decisions has continually been
an essential activity in day to day life. Therefore, using services such as MFS necessitates a careful
decision from an individual so that he/she would not regret his/her decision, ever since decision-making
has emerged as a mathematical science today [44]. From there, multiple criteria decision-making
(MCDM) techniques constitute a critical framework through which companies focus on which strategy
to implement to meet the needs of consumers, to acquire the appropriate income, and to prosper in the
competitive milieu [45].

In order to advance current IS researches, Esearch and Koppius [46] stressed that there is a
necessity to integrate decision modeling methods in IS research to generate data estimates as well as
methods for assessing the analytical power of the result. Therefore, applying a combined analytic
method stressed how integrating two or multiple data analysis techniques in either methodology or
investigation can patronize the confidence and validity in the resulting outcome [15,47]. Additionally,
most managers make strategic decisions based on a single goal or dimension, but strategic planning is
impacted by many different factors and regarded from several perspectives [48]. As the traditional
notion of strategic planning lacks multidimensional prominence, this paper integrates the structural
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equation modeling and technique for order preference by similarity to ideal solution (SEM-TOPSIS)
method to construct the relationships between decision factors for MFS adoption, while classifying the
alternative of MFS. It is a unique decision support technique grounded in structural modeling.

The primary objectives of this research are: To explore the influential antecedent of trust and risk
perception at the multidimensional level regarding MFS adoption in Togo; to propose and validate
model MFS acceptance using an SEM technique by employing data collected through experts of MFS
and MFS experienced users; to develop an SEM-TOPSIS-based model for multi-criteria decision-making
by selecting the appropriate MES type for MFS, grounded in experts’ view, and by prioritizing the
operative trust-risk factors while exposing the veiled relationship among the factors that influence
customers in the MFS. The present study has the following contributions.

Primarily, a growing number of recent studies link the multiple criteria decision-making (MCDM)
techniques to financial decision making [49]. In the majority of cases, the traditional model of MCDM
considers the criteria (factors) are independently and hierarchically organized. Nevertheless, problems
are often organized by interdependent criteria and dimensions and might even reveal feedback-like
effects [50]. TOPSIS is one of the most extensively adopted decision methodologies in technology,
engineering, management, science, and business. TOPSIS approaches, as part of MCDM, have an
impact on improving the quality of decisions by generating the development more efficient, rational,
and explicit. However, previous works have not sufficiently kept pace. Thus, we believe that there is a
necessity for the methodical integration of SEM-TOPSIS to merge a recent study performed in this
field of study. This study incorporates a complex multi-criteria decision-making problem by assessing
types of multidimensional trust and risk in MFS that have rarely been investigated and touched in
past studies. As such, a literature review is conducted, and then SEM analysis is used to construct a
hierarchical structure for trust and risk factors, which includes a total of ten sub-factors. According to
the identified criteria and sub-criteria and by considering relationships among them, TOPSIS is adopted
for selecting the appropriate types of MFS, based on the critical factors that influence customers’ trust
and risk. Hence, the study contributes by proposing a solution that could effectively enhance trust
and mitigation-perceived risk measures through a multi-level approach considered as a new added
concept to planning strategy from the MFS perspective.

Second, one of the contributions of this research is based on the comparison of the results of both
TOPSIS and analytical hierarchical process (AHP) technique, for a given model, to inspect if there are,
indeed, noteworthy differences. The result of AHP is derived from the earlier work of Gbongli [10] in
which the SEM-AHP technique has been applied for assessing the issues of risk and trust using the
specified population. Similarly, the main work is derived from previous work in which SEM-TOPSIS
has been extensively adopted on the equal given population [51]. As a result, this study shows that
both approaches achieved comparable results and were well consistent and, in general, agreed with
each other. In other words, both methods classify mobile money services as the most important MFS
used, followed by mobile payment as the second and mobile banking as the last. However, the TOPSIS
method is better suited to the problem of MFS selection for this study area since AHP requires a long
process of pairwise comparison, and the requirement of the consistency ratio should also be considered
in the process. The paper provides a detailed methodology application that could provide very useful
insights for managers and researchers for their specific application.

The remainder of this paper is structured as follows. In Section 2, we offer a succinct overview of
the literature and theory review. For Section 3, we present the theoretical framework. In Section 4, the
description of the research methodology and the procedure of this research are presented. Section 5
provides findings based on the research objectives. We conclude the work with discussions of the
findings, implications, limitations, and future study suggestions.
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2. Literature and Theory Review

2.1. Understanding Mobile Financial Services (MFS)

The rapid adoption of mobile devices in developing countries [52], together with widespread
mobile financial services, has recently drawn practitioners and academics’ attention [53]. Since
consumers are spending gradually more and more time in online and are “going mobile,” financial
digitalization is now driving banks and network companies’ providers to undertake the most extensive
transition in their history. Mobile financial services (MFS) denotes the financial services and financial
transactions performed using the channel such as mobile devices [54].

MFS characterizes an area of innovation and strategic importance for global initiatives to counter
poverty and mobile telecommunication providers [55]. It has been said to have carried about a positive
shift in customers’ perceptions in many countries. Mobile operators grasp MFS as an opportunity to
engender revenue via an adjacent business (both basic payment and services) and recovery of cost
and investments through enlarged data usage by consumers [56]. The goals of MFS are accompanied
by various advantages for banks, such as the decreased use of cash, while cost-effectively serving the
unbanked population, protecting current accounts and products. The major benefit of MFS regarding
trade involves higher point-of-sale (PoS) throughput, real-time messaging to users, and fewer cost
for cash handling. Accessing transaction information and ownership of the user interface are further
viewed as an important perceived value of MFS. For the customer, MFS makes payments possible
anytime, anywhere, and with the alleviated risk of theft (i.e., cash, particularly in underdeveloped
communities) [55].

These advantages could be equally valid for Togo. Not much attention has been given to the
empirical research on the adoption of MFS in Togo. Furthermore, in less affluent nations stricken with
socio-political instability and vulnerability, MFS technologies may have different implications toward
usage and are likely to impact the initial decisions to adopt [57,58]. The country of Togo sometimes
encounters a kind of socio-political crisis. Given a negative socio-political and external influence such
as the physical atmosphere of development and growth, policies, regulations, and social environment
unsupportive of adoption are suggested to hinder innovation adoption [59]. MFS unavoidability might
confront such challenges because of consumers’ lack of trust in the novel wireless technology, and their
risk perceptions. We thus stress that users’ trust and risk perception may impact their adoption of
MEFS services.

2.2. Theory and Past Research

As an emergent service, mobile financial services (MFS) has not been widely adopted by users.
Therefore, scholars have paid attention to assess the factors impacting their user adoption. Furthermore,
technology adoption is one main area of focus for information systems (IS) researchers. A diversity
of theoretical perspectives has been developed to study MFS adoption. More assertively toward
another direction, the current literature on consumer behavior related to acceptance of IT, such as MFS,
tends to elaborate on a theoretical model of technology adoption theories [60]. They often employ the
traditional information system models to explain user adoption of IT like theory of reasoned action
(TRA), motivational model, diffusion of innovation theory (DOI), technology acceptance model (TAM),
innovation diffusion theory (IDT), theory of planned behavior (TPB), and unified theory of acceptance
and use of technology (UTAUT). Numerous studies have employed these traditional frameworks to
perform their researches, and the rest integrated either previous models or added new variables to
construct models to carry out their study. They examine whether the models’ theoretical constructs are
likely to affect the consumer acceptance of an MFS [15,61-63] or assess whether consumers are ready
to adopt m-payments grounded in the supposed factors [64].

The TRA model stipulates that a particular behavior is directed by the individual’s intention to
conduct that action, which itself hinges on the attitude to behavior and subjective norms [65]. For the
TPB model, the perceived behavior was added to the attitude toward behavior and subjective norms
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that affect both the intentions of people’s perceived behavior and actual behavior [66]. Past studies
elucidated behavioral perception control as the degree to which one has control over launching a
particular behavior as well as facing the circumstances, while the full volitional control over the behavior
of interest is found limited [67]. Although their finding pinpointed the internal and external factors of
perceived control, as an example, self-efficacy and facilitating condition, technology, and government
sustenance, the utmost impact on the behavior is somehow associated with the type of innovation. The
TAM model, as the extension to the TRA and TPB models, bears a significance of perceived usefulness
and perceived ease of use factor to affect actual behavior geared toward innovation [68]. Based on
the review of TAM literature, Maranguni¢ and Grani¢ [69] revealed seven past TAM-related studies.
However, the goal of these works and the various analysis techniques adopted differ. For instance,
Legris et al. [70] examine the question of whether the TAM explains actual use while Mortenson and
Vidgen [71] conducted the review of TAM studies employing the computational literature review
(CLR). Moreover, TAM [72] and its extended version has been used in various online milieu to assess
the adoption of consumer’s online-system [15,73-75].

The TRA model, however, has some drawbacks, comprising a major threat misleading between
attitudes and norms because attitudes can commonly be viewed as norms and conversely. Similarly,
further explanatory variables are required for TRA [76,77]. As such, TAM has then been successfully
combined with TRA and TPB in parsimonious capability [78]. The theory of adoption, such as
DOI theory [79], is a handy systemic background to define either adoption or non-adoption of new
technology. The theory put forward is that people will be more likely to accept innovation grounded
in the innovation facets and appearance of comparative benefit, compatibility, intricacy, trialability,
and observability [80]. Regardless of the enlightened strength of this model, the weaknesses go a
long way in decreasing its power. For instance, the relationship between attitude and espousal or
rejection of innovation was restricted [81,82]; the innovation-decision process and the features of
innovation remain unclear as well. The theory posits technology to pass via a linear stage; however, an
intricate technology [83] has been perceived not on linear stages. Rendering to the critical review and
meta-analysis of TAM [70], it was suggested as a useful model; although, it suffers from the trade-off of
dropping information richness resulted from the investigation [84].

Despite the various advantages that might be incorporated into every theory or model, their
competency in predicting and elucidating is due to the degree to which the predictor could get a
sound proportion of variance explained in intention and usage behavior [85,86]. Even though the
prevailing models are indicative of e-service or MFS acceptance behavior, many researchers believe
that they are not sufficiently robust with regard to assessing all the aspects clients intend obviously
throughout the various phases of their decision-making process and thus require further integration [87].
George’s findings [88], after the review of previous information acceptance models, revealed that trust
consideration could be a major laudatory and backup for an online vendor.

It is important to recall that trust and risk are interrelated facets [30], where the degree of
importance of the situation depends on the impending outcome of risk. Given that the adoption of MFS
becomes an important decision that consumers are required to make for a long-term impact, the function
of risk is more likely to be vital. The extensive review of the literature revealed diverse antecedents to
the adoption of mobile banking [27,89-92]. Studies were carried out in both developing and developed
countries; however, a limited number have been conducted in Togo [7,93]. These outcomes are,
therefore, insufficient to offer meaningful insights into predicting which multi-dimensional trust and
risk influence customers’ use of MFS in Togo while providing a strategy decision analysis framework
for understanding the multiple factors that entail the decision of the acceptance. Moreover, many of
these theories and models were used in developed countries, and their direct application in developing
countries such as Togo might not be sufficiently robust for the economic situation of the country. Given
that MFS belongs to information technology to which some adoption model might exist, it requires a
distinctive conceptualization that might better pronounce the fact in emerging countries’ situations.
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Regarding these ends, this study uses components from both trust and risk dimensionality
literature. It proposes conceptual research to envisage consumer appraisal of MFS (mobile banking,
mobile payment, and mobile money transfer) adoption in Togo while ranking their perspective.

3. Theoretical Framework and Hypotheses

3.1. Antecedent of Trust

The concept of trust remains an intricate, multi-dimensional, and context-dependent paradigm [94].
Past researchers emphasize the diverse aspects of trust, a fact that frequently leads to discrepancies
between numerous studies outcomes. After the appeal from Gefen et al. [32] for additional new
IT-related research on trust, there is a need to collectively assess the most crucial trust’s dimension,
such as a disposition to trust, technology trust, and vendor trust that seems to impact MFS.

Some scholars have proposed trust dispositional, trust belief, structural assurance [95]. From
others’ point of view, the interpersonal trust, the dispositional trust, and institutional trust are also
essential constituents of the trust dimension [96]. Others found the dimension of trust to be trusting
behavior, dispositional to trust, and institution-based trust [97]. Disposition to trust denotes the general
susceptibility for a person to trust others [98]. It is grounded in the personality, which explains the
reason why some of us have a tendency to either trust or mistrust and doubt others [99,100]. Disposition
to trust is, therefore, crucial for the establishment of initial trust and subsequently accommodating to
less importance in the presence of pre-existed trust belief [101].

Technology trust is considered as an antecedent of trust. It connotes the readiness of an
individual, or individual’s technological dependency, to achieve a designated task by the positive
feature incorporated in the technology [102] and the benefit arises from the particular technology [103].
With this view, technology trust refers to the role of technology in building a trusting relationship
with the user [104]. From the above perspective, when an MFS user considers the technologies that
are being applied to be reliable and consistent, then the probability to assess the aggregate service
seems more promising, and trust will increase. Although admitting that the three-fold technology
aspect affects the environment of MFS (i.e., website, network, and mobile technology), the present
study intends to treat them as a whole without separating them. As such, the user or potential user is
called upon the strong level of comprehensive understanding purposively for MFS optimum usage.
Past research has revealed much importance and many benefits of technological trust in the behavioral
field of application [102,105-107].

Vendor trust denotes the extent to which the consumer sees and believes that the vendor will
accomplish the designated transactional requirements in risky or ambiguous conditions [108]. Many
situations can raise consumer’s trust toward the vendor. An online consumer who perceives the vendor
in presenting an opportunistic behavior can create a kind of reluctance within that particular consumer.
Earlier studies have revealed a negative relationship between the online vendor’s opportunism and
online consumer’s trust [109]. Trust, and in specific the confidence in the mobile vendor, plays an
exceptionally important role in the digital environment [110-113]. For Roger C. Mayer et al. [114],
vendor ability, integrity, and benevolence are crucial vendor trust features, although ability can also be
regarded as vendor competence [115]. By relating that logic to the MFS environment, vendors with
a good reputation/integrity will be less expected to bear unscrupulous behaviors and threaten their
status. As a result, we posit the succeeding three assumptions to inspect the causal effect relationships
between trust’s antecedents and trust in the MFS perspective.

Hypothesis 1. The dispositional trust would significantly influence users’ general trust in using MFS.
Hypothesis 2. The technological trust would significantly influence users’ general trust in using MFS.

Hypothesis 3. The vendor trust would significantly influence users” general trust in using MFS.
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3.2. Antecedent of Perceived Risk

Perceived risk can denote a combination of uncertainty added to the severity of the consequence
involved [116]. It is similarly taught as a kind of uncertainty and outcome [117]. In the psychological
field, perceived risk is the emotional sensitivity and subjective thoughts of various objective risks.
Although it is the derivative of the objectives risk, nevertheless, they are different from each other. From
the perceptive of trust-risk relationship, prior researchers understood that the readiness to take risks is a
general characteristic of all trust circumstances [28,118,119]. From this point, consumer trust could be
noticed and subjected to the degree of the intricate risk presented in the situations [120]. Awkwardly
perhaps, because of the complex nature of trust and risk variables, countless scholars have disregarded
the function of risk perceptions [121]. E-commerce trust investigators have shown that, when trust
increases, the trustee’s perception of risk reduces and impacts their attitudes to the trustor, which
successively, influences the readiness to procurement [122]. In the view of the risk management field,
the risk is the construct associated with the cost of outcomes, empowering trust and risk as mirror
images while both incorporate differing relationships [123]. The study focuses on the rapport among
trust and risk [121], and the trust-related works and empirical confirmation predominantly emphasize
on industrial relationships, nonetheless theoretical and empirical support encountered in MFS is limited.
When people trust others, they believe that those they trust will act as anticipated, which diminishes the
intricacy of the interaction. Understanding the high convolution of the relationship between trust and
risk concept, and considering likewise the absence of scholarly unanimity that lack on how to account
their relationship via model [124], this study takes the view of a mediating relationship [121] instead.
On the mediating standpoint, if trust exists, then the risk perceived is reduced, which successively will
impact the degree of decision-making to use MFS. Thus, higher trust in a technology would lower its
perceived risk and consequently positively affect behavioral intention [125].

These ideas of risk and others will endure a detrimental dominance on the acceptance of MFS.
For instance, Swaminathan et al. [126] revealed consumers” opposition to providing their credit card
information through the Internet. With MFS, the consumers are required to entrust not only their credit
card information but a whole account of information in most cases. Wide-ranging, trust ameliorates
the consumer’s conception toward online service and the related component, diminishing the level of
the risk perception allied with the transaction process.

From the attribute of risk opinion, a plethora of researchers brought that studies on consumer’s
risk perception are a kind of a multi-facet concept [28,39,127], which becomes the root of the aggregate
perceived risk. To date, perceived risk has been employed to elucidate both offline and online
risk shopping behavior. The finding derived from the work of Featherman and Pavlou [127] on
the consumer’s adoption of e-services has been widely accepted, which classified perceived risk
dimensions as an economic risk, social risk, time risk, functional risk, psychological risk, and privacy
risk. Bellman et al. [128] informed regarding the prominence of time concerns and argued that it is a
substantial predictor of online buying behavior. According to the finding, consumers in a hurry who
have less time are more plausible to buy on the Internet. The perception of time risk can refer to the
integration of time lost and determination expended in acquiring any item and service [129]. Grounded
in this similar logic, the current study proposes that consumers are time-oriented, time-conscious,
and therefore value the potential time they might spend in implementing, searching and learning the
application process of the new MFS.

Security/privacy risk is categorized as an intrinsic loss undeviatingly to fraud, scam, or hacktivists
haggling the security of the user of an e-service [130]. The security or privacy issues mostly arise
when a customer is transferring money from his/her account or dealing with his/her secluded economic
information, whereas others view this information without his/her consent. The perception of costs
applied to the MFS application reveals fear among the consumers. Empirical evidence stressed that
mobile banking acceptance is highly sustained by economic aspects such as beneficial fees regarding
transaction service [131]. Alternatively, it is impeded by economic considerations (issues centered on basic
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fees for assessing mobile banking), like cost burden [132] or high payment incorporated in using mobile
banking [133]. Therefore, the perception of cost risk tends to negate the adoption of mobile banking [134].

Centered on the work of Featherman and Pavlou [127] predominantly, and throughout the previous
studies toward risk components so far; the present study deduces four important dimensions of risk
perceived, which are expected to influence the consumer’s overall risk concerning the MFS adoption. They
are the perceived privacy risk, time, security, and financial risk in the form cost perceived. Hence, we can
posit the following assumption based on the discussion being done under this section.

Hypothesis 4. Consumer’s general trust would negatively associate with the perceived risk in MFS.
Hypothesis 5. Perceived privacy risk would significantly influence users’ perception of risk of using MFS.
Hypothesis 6. The Perception of time risk would significantly influence users” perceived risk of MFS.
Hypothesis 7. Perception of security risk would significantly influence users” perceived risk of MFS.

Hypothesis 8. Cost perceived would significantly influence users” aggregate perceived risk of using MFS.

3.3. Antecedents of MFS Adoption

Under this section, three antecedents (dispositional trust, trust, perceived risk) of MFS adoption
will be taken into consideration. Being part of a personality trait, a disposition to trust can denote
an individual’s predilection to show reliance on humanity and to support a trusting standpoint
concerning others [135,136]. Many researchers hypothesize the disposition to trust as partaking a
positive impact on trust toward online shopping websites [136]. This relationship was also supported in
various IS research, particularly in e-commerce [94,137,138], and in mobile banking [139]. Accordingly,
Gefen et al. [101] pointed out that disposition to trust is crucial, particularly for the development of
early trust and befits less significant for established trust or pre-existing relationships trust beliefs.
Once encountering people with trifling or no experience using the wireless Internet as a platform for
financial transactions, a disposition to trust is predictable to affect their trusting perception on the
Internet. People partaking high disposition to trust are more favorable to feel relaxed or secured when
using wireless Internet for financial transactions [39]. Inferring from this lucidity to the MFS, we expect
that consumers having a higher disposition to trust are more probable to espouse MFS than those with
a lower disposition to trust.

The next antecedent of MFS adoption resides in risk perception. Since its application among
consumer behavior literature [116], the conception of perceived risk has been reviewed from a
multiplicity of viewpoints. The classical decision concept considers risk perception as a function
of the distribution of probable outcomes of conduct, its likelihoods, and subjective values [140].
Accordingly, risk encompasses two dimensions: uncertainty and outcome, where there is the possibility
of experiencing a loss as a consequence of a behavior and the significance accredited to the loss [141,142].
While various researchers have criticized this approach because of its strictness to apprehend a perceived
risk variable equally to be ambiguous and indistinct [142], some others were heightened to this concept
definition as expected utility theory [143,144]. Explicitly risk, therefore, carries on the subjectively
driven expectancy of loss by the customer when denoting the perceived risk [145]. Internet banking
and MFS, predominantly mobile banking, rely on a similar type of risk [146], only, the information
media channels differ. Prior IS studies showed that the imperative attitudinal of perceived risks impact
adoption behavior where much is based on the privacy risk and transaction security risk [6,147-150].
Preceding studies have equally supported the negative effect of the perceived risk of online usage and
purchasing behavior [151-154]. Likewise, earlier researchers agreed that the more risk is perceived by
someone in purchasing context, the less probable he/she will be resolved to buy [155]. Furthermore,
the level of personal participation in the decision-making process exposes the degree of risk perceived
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combined with the significance attributed to the choice of the object while allowing for the desires,
interest, and personal values of the individuals [156,157]. Based on the perception of risk assigned
in past works as the main inhibitor elements of various IS arena; similarly, it is expected to affect the
acceptance of MFS negatively.

Taking the antecedent of MFS from a different angle, the importance of trust has been revealed
to be an extensive subject matter. Trust, combined with the previous definitions so far, denotes the
readiness of one party to be exposed to the actions of another party deal with the hope that the other
will accomplish the designated task needed to the trustor [30]. The empirical findings of Jarvenpaa and
Tractinsky [158] revealed the trust element to influence the decision to purchase in various manifold
cultures. The prominence of trust is so decisive that it may be extended to be viewed as the “wild wild
west” of the 21st century [136]. The more MFS users or potential users believe and trust the services,
the more they can develop an affirmative goal for its usage. User trust, which has been revealed to be
an important adoption facilitator in many IS environments, lacks adequate inspection in the context of
MFS as a whole. In line with the literature allied with the antecedent of adoption of MFS in this study,
we can, therefore, posit as follows:

Hypothesis 9. Disposition to trust would have a positive effect on an individual” espousal of MFS.
Hypothesis 10. User aggregate risk perceived would have a negative impact on the adoption of MFS.

Hypothesis 11. User general trust will positively influence an individual’s acceptance to use MFS.

3.4. Conceptual Framework

To assess how trust and risk perceptions at the multidimensional level affect the mobile financial
services (MFS) acceptance in Togo, we propose a research model. Figure 1 summarizes the relationships
described in the research hypotheses. The proposed model is used to identify several attributes as
predictors of MFS. Based on the above discussion related to the suggested hypotheses, we considered
three antecedents (dispositional trust, technology trust, and vendor trust) as a multi-dimensional
trust for the general trust, four antecedents (privacy risk, time risk, security risk, and cost) regarded
as multi-facet perceived risk for the aggregate perceived risk. The remaining three antecedents
(dispositional trust, perceived aggregate, and general trust) are used for consumers’ intention toward
the adoption of mobile financial services. Demographic variables entailing age and education levels
are included in the model as control variables.

i Multi-dimensional Trust

]4[ Dispositional Trust K
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j I Technology Trust ‘—HZ _
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| I Vendor Trust |/

o H4 Adoption of Mobile
Multi-facet Perceived Risk Financial Services
[ Perceived Privacy Risk ’\

H>5 H10
[ Perceived Time Risk ‘———Hﬁ Aggregate Perceived Risk
I Perceived Security Risk ‘/ H8
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I Perceived Cost Age || Bducation
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Figure 1. Proposed research model.
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4. Research Methodology

4.1. Design and Data Collection

Various schools of thought questioned how data collected would be executed as well as the
content of the studies. Among them, Cooper and Schindler [159] have suggested two approaches of
scrutinizing issues: One technique called observational approach is to gather data on people, event,
situations, and behavior; while the next one, the so-called communication approach, has considered
the attitudes, expectations intentions, and motivator aspect.

This research, as a result, used data collection via the communication approach, taking a form
of the survey since the motive of the study turns to capture the influential factor of MFS adoption
once testing the research model. A survey instrument was then established for indicators and criteria
development, which primarily got ratified after revising the suitability of the constructs by the chosen
experts of MFS. The preliminary draft of the questionnaire was prepared in English then translated
into French (the official language of Togo) for its assessment as well. Both questionnaires in English
and French have been retained as to avoid any confusion related to the scope, purpose, and content;
so far, allowing the comparison of the versions for discrepancies concerns, steadfastness to be easily
acknowledged and established. Following the advice and the opinion from the experts, redundant
and confusing items were either improved or removed. As a result, new items were included in
the questionnaire lastly, permitting the validity of the survey instrument employed. The research
model embodies ten factors; each factor remains evaluated with multiple items. Also, all items were
accommodated from existent literature to increase content validity [160]. There were two types of
questionnaires. The first type (SEM questionnaire) was divided into two parts. The first part was
distributed with bio-data of the sample, and the second part answered the MFS questions using the
five-point Likert scale bounded from strongly disagree (1) to strongly agree (5). The final measurement
scales, items, and their sources are listed in “Appendix A”.

For the second type of questionnaire (TOPSIS questionnaire), we arbitrarily contacted users and
potential users and questioned them whether they had mobile MFS usage experience to ensure their
familiarity to some extent as recommended [10,161]. Thus, those with two or more MFS experience
years were further invited to fill the TOPSIS questionnaire format.

The empirical study took almost three months of the span for data collection because of the
delay in obtaining some participants’ responses and an awkward time-period indicated by some
of them. Data were collected at some of the busiest and most crowded places of the capital town
Lomé (i.e., Assivito, Dekon, Be, and Université de Lomé) where potential users and currents users
of mobile financial services (MFS) can relatively be found and inspected better than in other sectors.
Literate people filled in their survey questionnaires themselves, whereas for illiterates, help was given.
The questionnaire took almost 10-15 min to complete by a given participant. The estimated accessible
population of Lomé is 837,437 [162]. Therefore, the estimated adjusted sample size for this research
should have a minimum of 399.8090 = 400 [163]. In the situation which involves minor participants,
informed consent has been given by legal representatives together with the minor participants “assent”
before partaking in a study. An exception to this procedure was when teenagers are employed and
living on their own.

Once the data collection procedure was completed, we examined all questionnaires and discarded
cases with too many missing and or rushed responses.

As such, 538 questionnaires, which fulfilled the minimum requirement, were both ready and
yielded usable samples. Among them, 294 (54.6%) were male and 244 (45.4%) female. Seventy-five
(13.9%) respondents were aged below 18 years, 145 (27%) aged between 19-24 years, 199 (37%) aged
between 25-30 years, and 119 (22.1%) aged above 31 years. Regarding educational qualifications, the
majority of respondents (two hundred and sixty-seven) had a high school certificate or below, i.e.,
Baccalaureate (49.6%), 203 (37.7%) had a graduate degree, while 57 (10.6%) had a master’s degree. The
remaining 11 (2%) had a doctorate. Concerning MFS years of experiences, 187 (34.8%) of respondents
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claimed to have no experience with MFS, 194 (36.1%) used it for less than one year, 125 (23.2%)
MFS usage ranged from the 1-2 years, 26 (4.8%) were found between 3—4 years of MFS experience.
Only 6 (1.1%) had MFS experience for more than five years. Hence, very few respondents had MFS
experience above three years from the deduction. Moreover, they are those respondents engaged
in MFS application at the early stage of its implementation (Most MFS companies in Togo started
launching their activities in the year 2013) and dwell on it.

4.2. Proposed Technique of Data Analysis: SEM-TOPSIS Methods

The SEM-TOPSIS technique was employed to construct the MFS evaluation decision support
system. Therefore, SEM was utilized to generate critical criteria and weights, whereas TOPSIS was
used to engender the rank and score of alternatives as well permitted the fullness of the data, improved
the data accuracy via group decision making.

SEM is suitable to estimate and test casual relationships by employing a combination of statistical
data and qualitative assumptions [15,164]. It remains a second-generation multivariate technique
that tolerates the simultaneous assessment of multiple equations, embraces multiple regression
analysis, factor analysis, and path model analysis [165]. SEM incorporates the whole analysis of
construct concurrently rather than separately [166], with this application being emergent in the social
sciences [167]. Accordingly, it is the handiest method adapted for checking causative relations between
predictors and adoption behavior [168,169]. It offers greater flexibility in matching a theoretical model
with a data sample when compared with techniques like PCA and factor analysis [170].

TOPSIS: Technique for Order Preference by Similarity to Ideal Solution. The various process of
TOPSIS will be explained in the analysis section.

5. Data Analysis

5.1. Measurement and Hypotheses Testing with SEM Analysis

We performed exploratory factor analysis (EFA) employing maximum likelihood estimation with
Promax because of the large sample of data set (n = 538) and its intricacy related to the outcome’s
elucidation, which is trivial in resolving the correlated. The EFA reveals the output of KMO as 0.809
and Bartlet’s test of sphericity to be significant at « = 0.000 with a Chi-square of 11,598.920, indicating
the relevance for performing exploratory factor analysis [171]. Besides, the communalities for each
variable were sufficiently high (lowest was 0.343, the majority were beyond 0.597, and the greatest
was 0.975), showing the evidence that these variables were effectively correlated for factor analysis.
The ten-factor model obtained a total variance explained with more than 60% along with all extracted
factors partaking eigenvalue beyond 1.0.

To continue assessing our quantitative model, we settled the subsequent analysis in two
phases [167]: first, via confirmatory factor analysis (CFA), we appraised both reliability and discriminant
validity of the ten constructs [172]. The outcomes will achieve validity unless the researchers employ
constructs that diverge from another construct in a similar model [172]. From the second step,
we valued the structural model then SEM for hypotheses testing. These last two steps are adopted
from previous studies [28,173]. Hence, we estimated the reliability of each construct based on three
indices, such as composite reliability (CR), average variance extracted (AVE), and Cronbach’s alpha
(CA). The suggested values for good measures were at least 0.70, 0.50, and 0.70, respectively [174], (see
Table 1). In patronage of convergent validity, the AVE found to be higher than 0.5 for all constructs,
and all item factor loadings remain beyond the minimum threshold of 0.4 [175].
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Table 1. Reliability and validity in confirmatory factor analysis (CFA).

CR AVE MSV MaxR (H) 1) 2 3) @ (5) (6) (7) ®) ) (10)

1) 0846 0.647 0.227 0.848 0.804

(2) 0933 0779 0.133 0.965 0.108 0.883

() 0904 0.704 0.087 0.975 0.216 0.067 0.839

@ 0860 0.609 0.057 0.979 0.168 0.157 0.155 0.780

(5) 0855 0.664 0.227 0.981 0.476 0.020 0230 0.144 0.815

(6) 0843 0577 0.056 0.984 0.236 0.061 0.114 0.011 0.235 0.760

(7)  0.856 0.600 0.133 0.985 0.041 0.365 0.044 0.238 -0.022 -0.072 0.775

(8) 0811 0594 0.065 0.987 0.127 0.155 0.113 0.232 0.091 0.035 0.255 0.771

(9 0798 0571 0.013 0.987 0.102 0.098 0.065 —0.004 —0.035 0.086 0.075 0.115 0.756

(10)  0.820 0.610 0.087 0.988 0.228 0.051 0295 0.064 0.198 0216 -0.042 0.019 0.104 0.781

Note: (1) DTrust: dispositional trust; (2) TTrust: technological trust; (3) Vtrust: vendor trust; (4) PPrivR: perceived
privacy risk; (5) PTimeR: perceived time risk; (6) PSecurR: perceived security risk; (7) PCost: perceived cost; (8)
PRisk: perceived risk; (9) AAMFS: adoption of MFS; (10) G-trust: general trust.

Moreover, all loadings of items arose in the corresponding construct, and no item loaded with the
high value in another construct. This technique was espoused in past research [15,176,177]. As such,
we established that our ten constructs displayed convergent validity (see Table 1 below).

We designed Table 2 to portray the goodness of fit of CFA and SEM. Apart from the goodness-of-fit
index (GFI) for CFA slightly below the recommended, as this index is sensible to sample size, and in
this study, we use large sample size (n = 538); for all indexes, our measurement model and structural
model indicated sufficient goodness of fit.

Table 2. The goodness of fit (CFA and structural equation modeling (SEM)).

Indices Abbreviation CFA Value SEM Value Thresholds
Chi square x2 1068.904 30.445 p value > 0.05
Normed chi square X2/DF 2.104 1.903 1<x2/df<3
Root mean square residual RMS or RMR 0.066 0.015 <0.08
Goodness-of-fit index GFI 0.889 0.991 >0.90
Adjusted GFI AGFIL 0.862 0.955 >0.80
Normed fit index NFI 0.900 0.941 >0.90
Comparative fit index CFI 0.944 0.968 >0.93
Tucker-Lewis index TLI 0.935 0.869 0<TLI<1
Root mean square error of approximation RMSEA 0.045 0.041 <%82§Xg§3§n§tﬁt

Before the structural model, we conducted a common method bias. Since the data for the variable
were led through a single method (survey), we performed a test to check if a common factor might
have been impacted our outcomes. Hence, the test adopted was an unmeasured latent factor suggested
by Podsakoff et al. [178] and Siemsen et al. [178] toward studies that do not obviously measure a
common factor, mentioned as a common latent factor (CLF) method. The most prevailing and best
method in checking the CMB is the zero-constrained test where the CLF is involved along with
Marker if accessible [178]. This approach checks whether the shared variance across all variables
differs significantly from zero. In a case it is, then there are bias issues. To proceed, we computed
the chi-square difference test among the unconstrained model and the model per all paths regarding
the CLF constrained to be zero. Since the result is markedly different from zero, we can conclude
that method bias does occur in our measures. Thus, moving to the causal model based on the result,
CLF was retained for our structural model (by imputing composites in AMOS in the presence of CLF),
which provided CMB-adjusted values.
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We also check for invariance (configurable and metric) because of the presence of two groups, such
as gender included in our data to see whether the factor and loading are adequately equivalent across
groups. Davidov [179] has claimed that the assessment of path coefficients could only be useful if the
invariance test has been done beforehand. The result signpost that the model fit of the unconstrained
measurement models (per groups loaded distinctly) presented a sufficient fit (x2/DF = 1.623, TLI = 0.928,
CFI = 0.938, RMSEA = 0.034) when assessing a freely estimated model across genders. Grounded on
the result, the model is configurally invariant. Once the model was constrained to be equal, the result
of the chi-square difference test reveals the p-value (0.226) to be nonsignificant. So, the measurement
model satisfies the benchmarks criteria for metric invariance across gender as well. Then and there,
we move on making the composite from this measurement model to build SEM for verification of
hypotheses testing. The results of the structured model, together with parameters, were obtained
while controlling for age and education. The standardized path coefficients, path significances, and
explained variance R? of the structural model (see Figure 2).

Multi-dimensional Trust

7~I Dispositional Trust ’\HI B=0.207*** R=0.15

I Technology Trust };Hz B=0.222% |

—»
I Vendor Trust ’/HS p=0251

General Trust
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H4 B=-0.070* Adoption of Mobile
Multi-facet Perceived Risk Financial Services
Perceived Privacy Risk F _ e R2=0.25 T
l Yy HS 6=0.309 1110 - -0.097"

Perceived Time Risk H6 p=0.032ns. ¥

H7 B=0.142%**

[ Aggregate Perceived RisD__‘
l Perceived Security Risk

H8 p=0.146"* Control Variables |
Perceived Cost N/ .| Age || Bducation | |

Figure 2. Final model after validation.
5.2. TOPSIS Analysis

The technique for order preference by similarity to ideal solution (TOPSIS) is a multiple criteria
decision-making (MCDM) technique developed by Hwang and Yoon [180]. It is grounded in the
criteria that the alternative should have the shortest distance from the positive ideal solution and
the farthest from the negative ideal solution [181]. It has been extensively employed by researchers
for the ranking of alternatives centered on different criteria [7,161,164,182,183]. When compared to
other MCDM methods, TOPSIS necessitates limited subjective inputs from decision-makers [184] and
remains a deterministic technique. It provides solution on both positive and negative way, which is
beneficial for applications where there are considerations such as cost and benefits; and it is a rational
method which works agreeably across various application areas [185]. Recall that the process of the
SEM-TOPSIS can be characterized as follows. Primarily, SEM was applied to compute the hierarchical
criteria and their relatives to ensure their significance. This is the reason why having the relative
weightage obtained from SEM is reflected more valid than via any other method. The antecedent
of trust and perceived risk given by the SEM model were deliberated for the relative weightage of
the sub-criteria.
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The computation of TOPSIS methods grounded on Hwang and Yoon [180], Lin and Tsai [186], and
predominantly the one required for grouping decision Shih et al. [187] were adopted and presented
as followed:

Step 1: construction of decision matrix Dk, k = 1,..., Kfor each DM. The matrix structure can
be viewed below:

n Criteria
X1 Xo .0 Xp oo Xy

a0k

A2 xlzfl xlz‘2 e xlz‘]. e xlz‘n
Dk — )

Ai X}‘(l X;(z . x}; . x}‘n

Am Xhﬂ X;z .. anj oxk
where A; refers to the likely alternatives of the decision process i withi = 1, ..., m; X j denoting
the attribute or criterion j, j = 1,..., n; with both quantitative and qualitative data. The value x§

remains, therefore, the performance score of alternative A; in relation to attribute X i by decision-maker
k, k = 1,..., K, while xi.‘, is the element of DX. Tt is of importance to mention that there should be K
decision-maker matrices designed for K participants of the group.

Step 2: the normalized decision matrix Rk, k =1, ..., Kis generated for each DM. Vis-a-vis to
any DM k, the vector normalization technique is used for computing the element rf‘] from the decision

matrix RX which can take any linear-scale transformation to preserve 0 < ri.‘j < 1inequality. Since we

consider the vector normalization operation, then ri.‘j is given as:

= —— )

K 2
n
jzl(xn)

wherei = 1,2,...,m;j = 1,2,..., m;and k = 1,2,...,K. Itis also necessary to clue that the vector
normalization method makes provision as to which one represents a cost criterion for additional
management. Moreover, there is no need to directly assess the weighted normalized as per the case of
the original TOPSIS [188].

Step 3. The positive ideal solution V¥* (PIS), is made of all the best performance scores and the
negative-ideal solution VK= (NIS) is made of all the worst performance scores at the measures in the
weighted normalized decision matrix for each DM k = 1,..., K. For any given DM k, his/her PIS and
NIS can be characterized in the form of

k k

PIS = VKT = (it 5t} = {|max r fje||min r fjeJ’ 3)
b bij
k k

NIS = VK= = {7, 5} = {|min 7 fje]||max r fje]’ )
1 .. 1 ..
ij ij

where | is related to the benefit criteria and J” allied with the cost criteria, i = 1,...,m;j = 1,...,m;
andk = 1,...,K.

Step 4. A weigh vector W is allocated to the attribute set for the group. Each DM will produce
weights for attributes as w]]? where j = 1,...,nand Z].“= 1 w]]‘ = 1;and foreachDMk = 1,...,K.
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Each element of the weigh vector W will result from the operation of the corresponding components of
the attributes’ weights for every DM.

Step 5. Evaluate the separation measure through the positive ideal and the negative ideal solutions,
Sf and §, relatively to the group. Because of the group decision with respect to this research, this step
requires two sub-steps, where the initial one considers the distance measure for individuals while the
next one aggregates the measure for the group.

Step 5a. Assessment of the measure from PIS and NIS individually. The n-dimensional Euclidean
distance can compute the distance of an alternative j to the ideal solution. Separation of each alternative
from the positive ideal solution Sf* is then provided by the Equation (5) below:

®)

©)

Step 5b. Assessment of the measure from PIS and NIS for the group. In this part, the individual
group measure of each alternative is to be integrated via an operation ® for all DMs, k = 1,...,K. As
such, the two-fold measure of the PIS and NIS are presented below

Sf = SIH ®-® Sf.“, for alternative i, (7)
ST = SlT ® - ® SiT, for alternative i. (8)

1

Though this operation can provide various choices like geometric mean, arithmetic means with
their related extended; this study pondered only on the geometric one for the group computation. Its
calculation’s formulae are below shown for PIS and NIS (Equations (9) and (10))

1
K k4
St = [H Sf*] , for alternative i, 9)
k=1
o K h:4
Si_ = [H Sf‘] , for alternative i. (10)
k=1

wherei = 1,...,m;k = 1,...,K.
Step 6: The ranking score C; is computed as
_ 5

%

C=—"""i=1,..m 1
Iosh+ss (an

With 0 < C_; < 1. When Clis close to 1, the alternative is considered as ideal; and when C; is close
to 0, the alternative is considered as non-ideal. The larger the index values, the higher the rank order,
and so, the better the alternative’ performance.

5.3. Case Study Using Combined SEM-TOPSIS Techniques

To establish the applicability of the suggested methodology (SEM-TOPSIS), a case study is
carried out in this paper. The data examined were provided by respondents (74 MFS experienced
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users and experts) of mobile financial services, particularly for adopting the TOPSIS technique.
The relative weightage is computed from the standardized total effect, normalized obtained from the
SEM technique [10,189], and presented in Table 3. The weightings showed the importance of each
sub-criteria for the MFS companies.

Table 3. Relative weightage of sub-criteria.

DTrust TTrust VTrust PPrivR PTimeR PSecurR PCost
0.265 0.128 0.177 0.200 0.021 0.109 0.101

Note: (1) DTrust: dispositional trust; (2) TTrust: technological trust; (3) Vtrust: vendor trust; (4) PPrivR: perceived
privacy risk; (5) PTimeR: perceived time risk; (6) PSecurR: perceived security risk; (7) PCost: perceived cost.

To compute the relative weightage of MFS alternatives to each sub-criteria toward the criteria
(trust and risk), the decision matrix of alternative performance evaluation (Equation (1) step 1) was
created. Moreover, the output of the qualitative attribute from each alternative can also be set as
discrete value or linguistic values (referring to Table 4) intentionally that the quantitative values could
be set in the decision matrix above. Participants were asked to provide a set of values within the range
of one to nine for the sub-criteria using Table 4 as measurement scale.

Table 4. Transformation of linguistic scale into quantitative values.

Quantitative Values

Linguistic Scale

Benefit-Max Cost-Min
Very High 9 1
High 7 3
Average 5 5
Low 3 7
Very Low 1 9

Intermediate values between the two-adjacent judgment: (2,4,6,8)

Following the procedure of the TOPSIS method, through a TOPSIS algorithm built-in MATLAB
technical computing tool, the relative weightage of MFS allied with each sub-criterion is calculated
and shown in Table 5. After aggregating the individual PIS and NIS via geometric mean from the Step
5b Equations (7) and (8), then the final score C_; is computed using Equation (11) of Step 6, followed by
the ranking of the MFS alternatives as being portrayed in Figure 3 and Table 6.

Table 5. Summary of the relative weightage of mobile financial services (MFS) to each sub-criterion.

Relative Weightage of MFS to Each Sub—Criterion

Sub~—criteria weightage 0.265 0.128 0.177 0.200 0.021 0.109 0.101
Sub—criteria DTrust TTrust VTrust PPrivR PTimeR  PSecurR PCost
MB 5.40 4.78 6.23 -3.56 -7.53 -4.20 —-6.50
MP 8.50 5.40 443 -2.34 —-8.20 -5.00 -7.00
MMT 7.30 4.70 5.11 -1.42 —-8.00 —4.48 -7.20

Note: MB: mobile banking; MP: mobile payment; MMT: mobile money transfer.
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= Mobile Money Transfer Mobile Payment = Mobile Banking

Figure 3. Classification of MFS alternatives using TOPSIS (% representation).

Table 6. Results of three alternatives of MFS ranking using TOPSIS.

MFS (T; Rank % Distribution of Coefficient
MMT 0.7454 1 46.68%

MP 0.6106 2 38.24%

MB 0.2407 3 15.07%

6. Discussion

New technology adoptions are impacted mainly by many factors, which may vary from technology
concerns to the trust dimension, the perception of risk facets, and the behavior of users, to mention a
few. The intricacy and significance related to the effort in elucidating the motives or reasons for users’
adoption or rejection of new IT have led to the development of various concepts. Furthermore, there
are a plethora of studies on the influence of trust and perceived risk with their determinant toward the
adoption decision in an online environment.

Conversely to prior research works, this study scrutinizes the influence of critical variables such
as multi-dimensional trust and perceived risk facets on the consumers’ adoption behavior of MFS
and incorporates each of them into the MFS alternative decision-making scenario. Some postulations
were made toward the possible relationship among the factors. The findings are yet to be probed
purposively to draw an important conclusion and implication. The result of the MFS structural model
analysis regarded as a final model after validation is summarized and portrayed in Figure 2. To be
specific, the discussion section is scheduled to be under two sections. The first section will be made
with SEM methodology grounded on hypotheses results, which are comprised of three sets. First set:
hypotheses associated with trust; second set: hypotheses associated with perceived risk; and third set:
hypotheses associated with MFS adoption constructs. The last section of the discussion is booked for a
succinct analysis of TOPSIS output obtained via the SEM-TOPSIS hybrid technique.

It should be mentioned that all hypotheses were tested when controlling for age and education.
The reason for controlling variables is to support mitigating the unrelated effect. Moreover, its use
contributes to improving the robustness and validity of the outcome. In terms of relationships, the
study account for the p-value column allied with each variable where the related p-value of less than
0.05 indicates a significant relation associated. The results of the entire tested eleven hypotheses were
statistically significant except for the relationship between perceived time risk (PTimeR) and perceived
risk (PRisk, i.e., H6 as displayed from Figure 2).

The first set of hypotheses is related to trust, which was scrutinized by H1-H3. Empirical
evidence is found to accept hypothesis H1 (3 = 0.207, p < 0.001), which refers to the positive effect
the disposition to trust has on general trust in MFS. Payne and Clark [190] showed that the general
disposition to trust exerts substantial control on the trust among senior managers in an industrial
context. Moreover, consumers’ disposition to trust has been revealed to maintain a strong influence on
their trust in an e-vendor. Although most of the previous studies did not plainly define the direction of
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the impact, the present study ratifies that disposition to trust and trust are positively related in MFS.
Such information comes to back the knowledge that consumers who unveil a greater disposition to
trust will more willingly trust the e-vendor [137] compared to those who will require more info [191].
However, our results are contradicted by earlier e-services [110], particularly in mobile banking. The
reason might be that when consumers are to encounter a choice within MFS perspectives (mobile
banking, mobile payment, mobile money), their trust disposition significantly affects the general trust
more or less that of the single type of MFS. As a result, companies dealing with MFS should be aware
of this critical effect and prepare for any competitive advantage strategies in the marketplace.

H2 ( =0.222, p < 0.001) tested the effect of trust in technology on trust in general, and the findings
stressed that technology trust has a strong positive impact on trust. Given technological trust as a sole
antecedent of trust whereby the object upon which the trust remained imparted when referring to the
inert technology [192], then, our empirical results are in line with previous findings in the context of
mobile banking [110]. Furthermore, previous works [193] implicitly incorporated the concept of trust
technology to trust with its importance being emphasized as a facilitator of e-commerce adoption.

Trust in the vendor was also found to have a positive influence on general trust, which supports
H3 ( = 0.251, p < 0.001). The results of this research are reliable with the previous finding in which
vendor trust has been defined as multi-dimensional and influential levers that the vendors could
employ to build consumer trust [113]. Vendor trust remains so vital to promoting trust in changing
a potential consumer from a curious viewer to one that will be ready to perform MFS. Thoughtful
discerning of the essence and antecedents of consumer trust in MFS can support e-vendors with a set
of controllable, strategic levers to develop such trust, which will encourage greater MFS acceptance
and usage.

As a result, lack of consumer trust (trust disposition, technology trust, and vendor trust) in the
overall online environment has been, and persists in being, a hamper to IS adoption [194] and thus
to MFS. All these could serve as a clue to the concept that the consumers’ espousal of MFS may be
shaped accordingly.

The second set of hypotheses is associated with perceived risk. From this part, perceived risk
has five antecedents, such as H4 and H5-HS. The investigation of the relationship between trust and
perceived risk has been one of the main issues in the development of IS [195]. Our result shows that
general trust has a negative influence on perceived risk, which supports H4 (3 = —0.070, p < 0.05). The
literature offers supportive studies on the import of this relationship [8,195]. Various researchers have
also contributed to the belief that trust mitigates consumers’ perceived risk [196-198] as well as affecting
perceived benefit in e-commerce [199]. Lots of incentives that increase trust are similar incentives
that reduce perceived risk. This result clarifies to some extent, the doubt related to the direction of
the causality between trust and risk, which were found deficient from the past literature [121]. From
H5-HS8, the empirical study found to patronize all the hypotheses at a different level of p-value mention
that each dimension of perceived risk has a positive influence on the overall perceived risk except
H6 (see Figure 2). At that point, the moderate to weak positive relationships between the perceived
risk (aggregate) and the risk component offers further reinforcement that risk can be researched as a
multidimensional phenomenon [200]. These results are also consistent with the work of Featherman
and Pavlou [127], which validated a majority of these antecedents as a risk dimension; therefore, being
the influential element of the aggregated risk. Again, the outcomes reveal the multidimensional nature
of perceived risk in information technology, mainly MFS. Boksberger et al. [201] are supporters of these
findings in the area of air travel. Again, the results show that perceived privacy risk H5 ( = 0.309,
p <0.001) is indeed the predominant perceived risk dimension for the partakers of MFS, shadowed
by the perceived cost H8 ( = 0.146, p < 0.001) and perceived security risk H7 (f = 0.142, p < 0.001).
Moreover, this study confirms the positive effect of the perceived cost on the consumers’ perceived
risk, such as that the lower the cost, the more minor the perception of risk and the more the likelihood
of MFS adoption. As such, the involvement aspect of the risk [202] is importantly observed when the
price or cost is high, and the consumers risk losing money.
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This research reveals no statistical evidence to support the hypothesis H6 ( = 0.032, p < 0.342)
that perceived time risk has a positive influence on the aggregate perceived. Although Hé is rejected;
the expected direction of the relationship is kept just so that the p-value is not statistically significant at
0.05. However, our findings are controverted by prior online payment research that has indicated a
positive relationship between time risk and perceived risk [203]. It has stressed that consumers lack
patience in waiting a long time because they are always delighted in pursuing new things [203]. Then,
a longer waiting time for service delivery would deter the desire, impact their buying disposition or
decision to adopt as well. In the view of this current study, the perceived risk dimension, such as
perceived time risk, does not appear to impact the specific information technology acceptance, at least
for the Togolese MFS investigated in this research. The reason may be related to the participants’ (user
and potential user) MFS experience. Since quite many of them lack experience in MFS, they might not
be conscious regarding the real time needed for a service to be completed. This implies that the effect
of time risk perceived is worthy of further development in future researches and MFS companies are
encouraged to continue easing the transaction process of MFS in terms of time spent.

The third set of hypotheses is associated with the adoption of MFS. Among them, the hypothesis
associated with the positive relationship that the dispositional trust has with MFS adoption was
supported by the test result; hence, H9 ( = 0.355, p < 0.001) is accepted (Figure 2). This infers that
when increasing the level of trust disposition, individuals tend to adopt MFS technologies without
necessarily cogitating on the general trust. The finding is consistent with e-commerce adoption for
SMEs [204]. Moreover, the scholars reported that indicators for the dispositional trust should be
incorporated into empirical studies either as a moderating variable or as a precursor of trusting beliefs,
intentions, and behaviors [205]. Being an antecedent of trust, a disposition to trust remains one of
the most operative elements required during the launch phases of a relationship when parties are
generally unacquainted with each other [206]. Given that MFS is still in the early stages of adoption in
Togo, services providers are recommended to promote the variable that could increase the consumer’s
dispositional trust.

From Figure 3, perceived risk significantly negates the adoption and usage of MFS, rendering the
support of H10 (f = —0.097, p < 0.022). It is so crucial to signpost the feasibility of this outcome to be
enlightened by the theory of consumer behavior [116] allied with risk perception. The importance of
perceived risk in the study also confirms previous studies that demonstrate that consumers’ perceived
risk is more efficacious at clarifying purchasing or adoption behavior inasmuch as consumers are more
recurrently driven to avert mistakes than to capitalize on utility in purchasing [207]. This output is
also coherent with a recent report on mobile payment adoption, which underlines rapid technology
innovation while stressing the importance of perceived risk in the form of security [208,209].

Last but not least, the study entails and accepts the hypothesis H11 (§ = 0.108, p < 0.008) in
which general trust has a positive influence on MFS adoption. Generally, trust remains a vital factor in
various economic and social relations involving uncertainty and reliance [210,211], particularly those
regarding important decisions [212] and new technologies [198] as an MFS perspective. Accordingly,
our findings are sustained via the idea that trust in business rests on the pertinent and crucial stimulus
of behavior in general [213-215], and the facilitator factors for MFS adoption and usage in particular.

Under this set, it can then be deduced that both improving trust and decreasing risk continue to
raise the likelihood level of consumers” engagement in MFS transaction. Companies are required to
take the necessary precaution to balance the trade-off.

SEM-TOPSIS: It is noteworthy to recall that the second section of discussion concerns the output of
MEFS alternatives computation. The overall result from the TOPSIS technique shows the preference of
each alternative regarding the various sub-criteria. The relative closeness C_; results obtained satisfies
the sine qua non-condition, i.e., 0 < E} < 1. Furthermore, TOPSIS technique is grounded on the
principle that the higher the value of C¥, the high the rank order, and consequently, the more the chosen
alternatives are favored over others. The final result reveals that mobile money transfer (MMT) is the
most preferable MFS to adopt and use with C_; tantamount to 0.7454 signifying 46.68% compared to
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the last two remainings. Mobile payment (MP) with 0.6106 (38.24%) was found to be the second MFS
alternative used, whereas mobile banking (MB) adoption with 0.2407 (15.07%) is considered minor.
This finding is relatively supported by the prior study on mobile banking and mobile payment, where
82% of participants under 35 years old have made mobile payments as compared to 79% who used
mobile banking [216]. A similar past study has further shown that mobile payment usage among
USA millennials was higher than that of mobile banking generally. The likely motive of the MFS
preference acknowledged in this study can be explained based on the significant issues of concern
toward perceived privacy risk. Using mobile money transfer or mobile payment service does not
necessarily involve consumers’ personal information or an account that needs to be connected to a bank
account. By that, lots of end-users would rather opt for mobile money transfer and mobile payment
than for mobile banking accordingly.

Table 7 below compares the outputs of TOPSIS and AHP and reveals the same results for the
choice of the alternative ranking of mobile financial services (MFS). It was found that the outcomes
were well consistent and, in general, agreed with each other. Based on the results of the ranking
of the two techniques, mobile money transfer (MMT) was chosen as the most appropriate among
the mobile financial services followed by mobile payment and mobile banking. However, there are
slight differences found in the percentage of coefficient distribution among the classification of their
alternatives. For instance, AHP reveals that MFS consumers have a high preference in using mobile
money services (i.e., the difference in the percentage of coefficient: 13.32%) as compared to TOPSIS
results. Contrarily, the TOPSIS result shows that consumers are more interested in using mobile
payment when considering the difference in percentage sharing between the two techniques (i.e., the
difference in the percentage of coefficient: 13.75%).

Table 7. Comparison between TOPSIS and analytic hierarchy process (AHP) outputs.

s TOTSEBIT forsis e AP g T D e
MMT 46.68% 1 60% 1 13.32%
MP 38.24% 2 24.49% 2 13.75
MB 15.07% 3 15.26% 3 0.19%

Note: The outputs of AHP are derived from the previous work of Gbongli [10].

However, the results regarding the difference in percentage distribution of coefficient between
TOPSIS and AHP in terms of mobile banking selection remain trivial. These results stressed that MFS
consumers would not prefer using mobile banking if they have a choice between the proposed mobile
financial services (MFS).

The difference between the finding of TOPSIS and AHP in the choice of MFS depends on their
strengths and weaknesses, which are thoroughly pronounced in the literature [161,217]. For instance,
the core advantages of AHP over TOPSIS can be attributed to its intuitive appeal to decision-makers,
and its ability to check inconsistencies. Furthermore, decision-makers find the pairwise comparison
system of data input convenient and straightforward. However, the application of AHP leads to
the decision problem being decomposed into numerous subsystems, which require a considerable
number of pairwise comparisons to be completed. Therefore, it is a complex and time-consuming
implementation. In the situation of TOPSIS, the non-linear relations between one-dimensional scores
and distance ratios lead to the consideration of both negative and positive ideal solutions. Also, in the
TOPSIS framework, we can use variables with different units of measurement. It is very simple and
easy to implement so that it is adopted when the user prefers a simpler weighting approach. However,
TOPSIS, in its standard and original form, is deterministic and does not embrace uncertainty in the
calculations associated with final weightings.
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7. Conclusions

The objective of this study was to examine the influence of both multidimensional trust and
perceived risk facets at the individual level concurrently on the acceptance of mobile financial services
(MFS) when prioritizing the MES perspective. This paper’s goal is to illuminate, to some extent, the
MFS accessibility in Togo allied with the potential facilitators or inhibitor factors. Also, to evaluate
them based on the consumer’s experience and experts through a benchmark robust SEM-TOPSIS
methodology. A qualitative study in the context of the Togolese was performed together with a
literature review to derive the most probable factors that might influence end-users” perception of
MFS since there was a scarcity of research investigating general trust and perceived risk antecedents.
A quantitative study was then propelled to test the hypotheses formulated through the collected
information obtained.

Our research model efficaciously integrates these dimensions, such as trust (dispositional trust,
technological trust, and vendor trust), perceived risk (privacy, time, security, and cost) viewed as
complex multidimensional factors. The data support the underlying assumption of the study except for
Hé (see Figure 2). Mainly, our study is partially similar to the recent study done in Ghana (neighboring
country of Togo) in which the perceived risk found to be related to the customer’s trust in service
providers regarding the adoption of mobile money [218]. In this line, our study provides more
information to the various role-players of MFS about the necessity to emphasize on the trust and risk
at the multidimensional level while making strategic and multicriteria decision-making.

Among the MFS alternative, the ranking result revealed mobile money to be the preferable MFS
type used, followed by mobile payment and mobile banking with a minor percentage. When the
ranking of TOPSIS was compared with those obtained by the AHP techniques in a similar given
population, the findings were well consistent and, in general, approved with each other. However, a
slight difference was found between both techniques and therefore placing TOPSIS better suited to the
problem of MFS classification for the study area.

8. Implication

8.1. Implication for Practice

The outcomes of this study expose and validate the factors that impact consumers” adoption of
MFS. First, the relative level of the path coefficients in our analysis model recommended that disposition
to trust (an antecedent of trust) be the most salient factor that facilitates either directly or indirectly the
adoption of MFS. The perceived privacy risk (an antecedent of perceived risk) as the next influential
factor, however, hinders MFS adoption. Given this trusting disposition is developed throughout
a lifetime [206] and reveals social impact over broad periods [198], it implies that there might be a
presence of a cross-cultural difference in trust. If so, MFS companies’ providers must expect various
levels of trust, and thus, different proportions of MFS adoption as well. As a deduction, companies are
recommended to be acquainted with building trust-based tools and for instance, increasing awareness
and firms’ reputations by keeping their promises while treating the customer as individuals, mainly in
societies that acknowledge exhibiting a lower level of trust. MFS service providers could meritoriously
upsurge adoption behavior by publicizing the advantages of MFS to potential consumers, seeing that
the findings supported trust with all of its antecedents.

Moreover, by modeling perceived risk with various facets, this study’s finding imparts numerous
risk effect concerns. From this perspective, when companies propagandize their MFS services to
ease the adoption issues, they should realistically underline a neutralizer or counter step for those
risks’ perceptions. The prominence of privacy risk and financial risk in the form of perceived cost as
confirmed by this study and others prior research [219] signposts that customers still have doubts
about the security of virtual transactions. For instance, these companies may stimulate a privacy risk
protection strategy and grant technological support and anti-fraud to guarantee potential end-users
minimal security risk. It is typical in the practice of emerging and developed countries (and it should
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be considered in developing countries as well) for payment service providers to try and promote trust
in mobile financial services, in payments in general, as well as in other banking services by improving
the general financial literacy of the population and small and medium enterprises. This is important,
as those individuals who are familiar with financial processes and concepts demonstrate more trust
toward financial services and can assess their risks better [220]. An increasingly popular practice is for
certain governments to aid this process through an appropriate strategy and programs that serve the
execution of that strategy. Because perceived time risk did not hold statistical significance in Togo, this
phenomenon pinpoints that using MFS has little to do with the time spent. As such, service providers
should preserve those features that ease the MFS application in the time-frame.

Lastly, the outcome of TOPSIS through an SEM-TOPSIS integrated study specifies that mobile
money transfer (MMT) is indeed the predominant mobile financial service (MFS) alternative used in
Togo followed by mobile payment (MP), while mobile banking (MB) is reflected as trifling. In general,
MFS companies should concede that consumer trust and risk with their antecedent create a tremendous
barrier to MFS transactions. This study still demonstrates that among the MFS companies, mobile
money transfer companies are not powerless. It provides a practical guideline toward mobile financial
service companies compared to the prevailing competitors within the related field such as online
banking and ATM, for constructing more trust-based strategies to manipulate favorable consumer
attitudes certainly, actions, and eventual transaction behavior whereas mitigating the perceived risk
factors. Regarding MFS, companies offering mobile money transfer are suggested to sustain the
adoption growth, while those performing mobile payment, mobile banking predominantly, are to bear
their target consumers at the core of the business model by diversifying market strategy.

With regard to the above, we cannot ignore the network nature of the payments market, an
essential characteristic of which is that the market’s dynamics (all the services provided and their prices)
depend on the cooperation between many actors. Therefore the optimizing and maximizing effect of
the traditional, individual competition on efficiency does not necessarily prevail by itself [24]. This may
account for why collaboration between actors plays a positive and decisive role in improvements in
the fields of trust and encountered risks.

8.2. Implication for Methodology and Theory

This research remains the first to assess the multi-dimensional trust and perceived risk facet
concurrently toward consumers’” adoption decisions in mobile financial services while ranking
their perspective.

The result obtained will open doors for scholars to explore further trust and perceived risk
antecedents. It will support the theory of trust and risk literature in general and IT in particular,
since many prior studies lacked conclusive outcomes about the directivity of the causative relationship
between trust and perceived risk [30,121,211]. Our finding acknowledges the trust to be the potential
predictor of risk in technology adoption. The scale items employed were greatly adopted from the
prevailing studies in developed countries that are allied with technology acceptance adoption behavior,
trust, and perceived risk. This section provides a crucial methodological implication for the marketing
scholar, who might require a hint to cross-cultural appraisal concerning the application of scales,
like those established in the United States and their relevance or relatedness in Togo. Our study
outcomes not only enhance the clarification of mobile financial services adoption via the effect of trust
and perceived risk but also hold some strategic implications for the global expansion of managerial
implementation decision tools. This study provides a benchmark integrated methodology based on an
SEM-MCDM application, which found lacking in the adoption decision in general. The theoreticians
and practitioners should comprehend that the prominence of the integrated SEM-TOPSIS is rooted
in its robustness to test multifarious postulations made, combined with the high level in ranking the
countless alternatives when multiple criteria issues arise in decision making.

101



Sustainability 2020, 12, 1288

9. Limitation and Future Research

Notwithstanding some contributions to the literature, practical, theoretical, and methodological
applications, all research unavoidably entails drawbacks that should be addressed. Our study outcomes
are unique to Togo, although they are similar to IT in general and mobile financial transactions studies,
predominantly. Preferably, a longitudinal study on our framework might need to gain a better
understanding of how the variables relay over time. We expect future research will address these
concerns. This research displays that time risk concerns are not significant antecedents of perceived
risk. We hope that future research will further elucidate the relationship between time risk issues
and adoption behavior in other populaces and circumstances. Emphasizing multi-dimensional trust
and perceived risk influences; this research projected to offer a wide-ranging still parsimonious
decision-making model for MFS acceptance. However, the present model expounds only 13.1% of the
variance in behavior to adopt. Future studies can incorporate additional variables, such as usefulness,
perceived ease of use, and familiarity, in an attempt to enhance the explanatory power. Based on
the respondent’s educational background, our distributed questionnaire appears to be limited to the
more educated and technically competent elements of society, who would be more inclined to accept
MFS applications. Therefore, researchers interested in MFS for adoption and sustainability should
focus more on the underbanked population where illiterate people might be found in the majority.
Comparison studies between statistical methods (regression or structural equation modeling (SEM))
and the MCDM method are welcome for future work.
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Appendix A

Table A1l. Measurement scales and items.

Measurement Scales
General Trust (G-trust) [221]

Mobile financial services are trustworthy (G-trustl)

Mobile financial services keep their promises(G-trust2)

Mobile financial services keep customers’ interests first(G-trust3)

Dispositional Trust (DTrust) [222]

It is easy for me to trust a person/thing. (DTrust1)

My tendency to trust a person/thing is high. (DTrust2)

T tend to trust a person/thing even though I have little knowledge of it. (DTrust3)

Trusting someone or something is not difficult. (DTrust4)
Technology Trust (TTrust) [223]

I think the application of the mobile device for financial products or services will improve my decision on the financial transaction.
(TTrustl)

Iwould like to try financial products such as money transfer using mobile devices application. (TTrust2)

I think there is no technical risk in using mobile phone technology to access financial products. (TTrust3)
Vendor Trust (Vtrust) [224]

The vendor can safeguard the interests of consumers. (Vtrustl)

The vendor hopes to maintain a good reputation. (Vtrust2)

Overall, the vendor is credible. (Vtrust3)
Perceived Risk (PRisk) [127]
Using MFS would expose me to any kind of risk perception. (PRisk1)
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Table A1l. Cont.

Measurement Scales

When MFS users” accounts suffer from fraud, they will have a possible loss of status in a social group. (PRisk2)

Overall, due to transaction errors, there might be a loss of money with high risk. (PRisk3)

Ibelieve that the overall riskiness of mobile financial service systems is high. (PRisk4)

Perceived Privacy Risk (PPrivR) [158]

The chances of using MFS and losing control over the privacy of my payment information are high. (PPrivR1)

My Personal information could be exposed or access when using m-payment. (PPrivR2)

My Privacy information might be misused, sold or inappropriately shared. (PPrivR3)

Information about my MFS transactions would be known to others. (PPrivR4)

The potential loss of control over personal information is high with MES. (PPrivR5)

Perceived Time Risk (PTimeR) [203]

Losing of Time could be caused by instability and low speed. (PTimeR1)

I might waste much time fixing payment errors if m-payment leads to a loss of convenience. (PTimeR2)

The possible time loss from having to set up and learn how to use MFS is high. (PTimeR3)

I may lose time when making a wrong procuring decision by wasting time seeking and making the purchase using MFS. (PTimeR4)

Perceived Security Risk (PSecurR) [225]

My personal information could be collected, tracked, and analyzed. (PSecurR1)

Losing my phone might allow criminal to gain access to my MFS PIN and other sensitive information. (PSecurR2)

I think my Identity can be stolen and used to do mobile payment transaction fraudulently. (PSecurR3)

MES is one of the new useful IT applications, and I am aware of its security issues in the transactions. (PSecurR4)

If T lose the mobile phone as an MFS user, in the meantime, I could lose my e-money as well. (PSecurR5)

Perceived Cost (PCost) [134]

I'have to pay higher costs when using MFS in comparison with other banking options. (PCost1)

Using mobile financial services is a cost burden to me. (PCost2)

It costs a lot to use mobile financial services. (PCost3)

MES lacks promotion and other incentives according to the cost offers. (PCost4)

Adoption of Mobile Financial Services (AdMFS) [226]

T'will opt for mobile financial services anytime I have the opportunity to use it. (AdMFS1)

I'would embrace mobile financial services usage. (AdMFS2)

I think adopting a mobile device for fund transfer is attractive. (AdMFS3)

T will use Mobile Financial Services for all my financial transactions. (AdMFS4)

Mobile Financial services are the newest transaction tool that I opt to use. (AdMFS5)
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Abstract: Purpose—This research discusses emerging trends in financial inclusion, barriers and
factors influencing mobile banking as an innovative solution for increasing financial inclusion in
sub-Saharan Africa (SSA) with a specific focus on Nigeria. Design/methodology/approach—Using a
qualitative meta-synthesis (QMS), an interpretivist research paradigm, authors provide an analytical
tool for understanding the subject of inquiry by integrating findings from previous studies and
relevant data from the reports of the Central Bank of Nigeria on emerging trends in financial inclusion.
Findings—Three major factors emerged as drivers of mobile banking in Nigeria: (a) the ease of using
mobile devices for personal banking transactions including prompt information about users’ financial
transactions (savings and withdrawals) immediately through SMS (short message service) alert
(easy management of my account); (b) the security/safety concerns of theft and cyber fraud; (c) social
influence of friends, relatives, policy makers and social trends. Implications—In contextualizing
mobile banking in SSA and in Nigeria in particular, this paper contributes to exploring the growth in
the use of mobile banking by linking it with the “value in use” (VIU) perspective. This approach of the
service dominant logic involves three sub-constructs (experience, personalization, and relationship),
which all validate and support the proposed assertion that mobile banking is adopted by users because
of utility expectancy (perceived usefulness), effort expectancy (perceived ease of use), and social
influence expectancy (opinions of friends/relatives). Originality/value—This research, although
qualitative in nature, validates information technology (IT) adoption theories/perspectives and
enriches the “value in use” approach.

Keywords: financial inclusion; innovative solution; mobile banking; Nigeria; sub-Saharan Africa (SSA);
qualitative meta-synthesis (QMS); banking industry; digital transformation; value in use approach

1. Introduction

The global economy faces extreme poverty, slower growth, climate change, widening inequalities,
unemployment, and growing inconstant working conditions, but the plight of sub-Saharan Africa (SSA)
is worse because more than 204 million people are unemployed, and the worsening unemployment
situation provides breeding grounds for forced labour, slavery and human trafficking [1]. Additionally,
the report of the World Bank from 2019 [2] identified extreme poverty, growing public debt/debt risk,
slow growth of the labour market, rising labour force, and gender disparities as the critical inhibiting
factors holding back economic growth and sustainable development in SSA.
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In the midst of the economic crisis explicated above, the people and businesses in the area,
including Nigeria, suffer an extremely low level of financial inclusion [3,4]. Studies have explicated
that the phenomenon of the lack of access (financial exclusion) to basic financial services is a global
problem, but the problem is most pronounced in emerging economies including SSA [5,6].

At the global level, financial inclusion has occupied the attention of international organisations
especially the agendas of the millennium development goals (MDGs) and sustainable development
goals (SDGs). Some of the targets of the expired MDGs alert the United Nations member countries to
the pressing issue of financial inclusion and its complexity. Specifically, the goals of fighting extreme
poverty foundationally (MDG1); achieving gender equality to promote equal opportunities for women
to access employment, social protection, and training (MDGS3); and forging a global partnership for
development (MDG 8) directly address financial inclusion challenges. Similarly, the targets of the
ongoing SDGs that directly impact on financial inclusion include: no poverty (SDG1), zero hunger
(SDG2), good health and wellbeing (SDG3), quality education (SDG4), decent work and economic
growth (SDGS), industry, innovation, and infrastructure (SDG9), reduced inequality (SDG10), peace,
justice and strong institutions (SDG16) and partnerships for the goals (SDG17).

In Nigeria, several attempts have been made by the government to improve financial inclusion
through a number of public-sector led credit schemes and poverty alleviation programmes such as
National Economy Reconstruction Fund (NERFUND); the People’s Bank, Community Banking Models,
the Bank of Industry (BOI), the Microfinance Institutions (MFIs) the Small and Medium Enterprises
Equity Investment Scheme (SMEEIS), National Poverty Eradication Programme, Youth Enterprise with
Innovation in Nigeria (You Win) Programme, Subsidy Reinvestment and Empowerment Programme or
SURE-P, National Enterprise Development Programme or NEDEP and several others [7,8]. In spite of
the financial inclusion intervention schemes, the National Financial Inclusion Strategy (drafted in 2012
and revised in 2018) and the “cash-less Nigeria policy”, the efforts failed because of the government’s
inability to properly nurture its development programmes, weak reward system, dysfunctional
structures and endemic poor programme implementation [8-11]. In the early 2000s, mobile banking
emerged as an information technology (IT)-driven innovative technology, which greatly improved
the degree of financial inclusion in the continent [5,12-15]. Mobile banking provides virtual access
for individuals and businesses to procure financial transactions such as savings, funds’ transfer,
and stock market deals with banks at any convenient time and place [16]. The receptiveness to
mobile banking is impressive, as the majority of the banks in Nigeria have adopted and introduced
mobile banking applications. Additionally, mobile banking has thrived because Nigeria has the fastest
growing telecommunication infrastructure in Africa and the third in the world [17]. The benefit
of IT infrastructure is supported by the population of over 150 million people [18]. Providing an
enabling environment for better and improved financial inclusion, Nigeria justifies the adoption and
introduction of mobile banking to strengthen local and international efforts towards financial inclusion
(the timely introduction of mobile phone technology in the continent within the last 10 years resulted
in 82% mobile banking penetration in Nigeria, the highest penetration of mobile banking across
developing markets [19].

It is possible to state that research on financial inclusion in SSA is just emerging [20-22]. To enrich
the body of knowledge in this important field of financial inclusion, there is a need to explore empirical
evidence. Financial inclusion, in fact, has been delayed in the continent prior to the liberalization of
the financial sector in the 1980s, because many African banks were owned, controlled and heavily
regulated by the governments as monopolies, a situation that restricted the adoption of innovative
technologies in banking operations [3,6,23].

Thus, the purpose of this exploratory qualitative research is to critically discuss the emerging
trends in financial inclusion, the barriers to financial inclusion and factors influencing mobile banking
adoption as an innovative solution for increasing financial inclusion in SSA with a specific focus
on Nigeria.
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There are several parts to this paper. The first part presents the introduction of the thematic
issue of mobile banking and financial inclusion. The second part focuses on the definition of financial
inclusion and mobile banking from both managerial and academic perspectives, examining barriers to
financial inclusion and factors influencing adoption of mobile banking in Nigeria. Then, this paper
discusses methodology and proposes findings and discussions of thematic issues. The concluding
part discusses the implications and recommendations on the mobile banking agenda and direction in
sub-Saharan Africa.

2. Theoretical Background

2.1. Financial Inclusion: Definitions and Features

The need to achieve the sustainable development goals brings to the attention of the authorities a
pressing issue, namely the complexity of the phenomenon, the multitude of tools that could be used to
achieve the set targets, the large number of stakeholders involved or that may be involved and the lack
of financial funds [24-27]. For these reasons, financial inclusion has become important, both at the
microeconomic and macroeconomic levels, as it can be a tool for promoting the principles of sustainable
development [28-36]. Financial inclusion is not only a concern of financial institutions that are trying to
attract more and more categories of consumers and have a responsible attitude towards them but also
of public authorities [33,37-42]. In fact, there are specialists who consider financial inclusion, for some
countries, even a catalyst for sustainable development, a tool for poverty reduction and a facilitator
of economic growth [27,43-45]. Financial inclusion is a complex concept in a continuous evolution
taking into account the transformations that are taking place worldwide from an economic, social and
political point of view. Financial inclusion refers to “access to and usage of appropriate, affordable,
and accessible financial services” [46]. Given the complexity of the phenomenon and the importance
of national and regional characteristics on it, financial inclusion presents multiple definitions in the
literature, which emphasize certain aspects such as financial innovation, microfinance and the use of
mobile phones [47]. According to the World Bank, which is a main international financial institution
with preoccupations in this field, financial inclusion is defined as “access to useful and affordable
financial products and services that meet their needs—transactions, payments, savings, credit and
insurance—delivered in a responsible and sustainable way” [43].

Apiors and Suzuki (2018) consider that financial inclusion supposes “the full range of services
(payments, savings, credit, and insurance), to specific quality features of delivery (for example, stability
and affordability), inclusiveness (with special focus on the poor), and choice (offer of service by a range
of institutions)” [48].

The concept of social inclusion emerged as a solution to the phenomenon of social exclusion
that has been identified by geographers who have observed limited access of certain categories of
citizens to basic financial services [49]. After the emergence of the concept of social exclusion, the 90s
were characterized by intense scientific concerns regarding citizens” access to financial services for
payment, savings, and credit, but also to insurance services. Subsequently, the European Commission
focused on this issue, considering that financial exclusion is a component of the phenomenon of social
exclusion that affects, in various forms, important categories of citizens of the European Union [45].
Financial exclusion targets people that “encounter difficulties accessing and/or using financial services
and products in the mainstream market that are appropriate to their needs and enable them to lead a
normal social life in the society in which they belong.” It must be highlighted that the phenomenon of
financial exclusion affects both developed and developing countries, but the share of the non-banked
population is different across the world, depending on the level of development of that country [45].

Although the concept of financial exclusion has emerged in the UK [50], the phenomenon mainly
affects developing countries characterized by a precarious financial infrastructure from an institutional,
technical, legislative, or social point of view. Given the manifestation of the phenomenon of financial
exclusion predominantly in developing countries, more and more definitions and approaches [51,52]
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focus on: (i) citizens’ access to the formal or semi-formal financial sector composed of commercial banks,
development finance institutions, post offices, microfinance banks, credit unions and cooperatives,
(ii) improving the process of saving but also accessing loans, (iii) enhancing risk management,
(iv) developing innovative financial solutions, (v) protection of consumer rights.

The concerns of international financial institutions such as the World Bank, development agencies,
national market supervisors and regulators have intensified [53] in order to attract an increasing number
of citizens to gain access to products and services. As the financial inclusion is a multidimensional
concept [47], various categories of stakeholders from supply and demand sides must be involved.
Public authorities and financial institutions must offer sustainable alternatives to consumers, and citizens
must make efforts to increase the degree of financial education by participating in programs conducted
in this regard by various entities [45,54-58]. Given the multiple crises and scandals that have particularly
affected the banking market, financial institutions need to substantially improve their behaviour so as to
inspire consumer confidence. Therefore, consumers are also required to use the proper financial services
according to their ability to understand financial phenomena or income level [59,60]. In addition,
in certain particular situations, such as immigrants, financial consumers have to overcome certain
language, cultural, and religious barriers [45,48,61]. Consumers must not only show responsibility
when making financial decisions but must also have the ability to learn and adapt to the new conditions
of the financial market generated by the digitization of operations. Achieving the objectives set at
national level, usually by launching financial inclusion strategies, therefore requires sustained efforts
both by the population and by the financial authorities and institutions.

Given the large number of definitions [47], three dimensions of financial inclusion have been
established, namely access (refers to physical proximity and affordability), usage (refers to regularity,
frequency, duration of time used) and quality (refers to products well-tailored to clients’ needs and
to appropriate segmentation to develop products for all income levels). To the three dimensions,
other specialists [44,62] added an additional dimension—choice (Figure 1).

ACCESS
physical-proximity-and-affordability-u
USAGE
FINANCIAL regulaﬂty,ﬁ'equmay‘;f;a;:{hm-of-nme-used::
INCLUSION= QUAL

the-products-are-well-tailored-to-client-needs-and-to-appropriate-segmentation-to-
develop-products-for-all-income levels:
CHOICE

existence-of similar-products-or-seroices:

Figure 1. Dimensions of Financial Inclusion. Source [47].

Mobile banking largely stimulates and promotes financial inclusion in developing economies,
especially in sub-Saharan Africa [13], mobile penetration promotes financial inclusion, and significantly
reduces the probability of a household becoming poor [63-69]. Having briefly synthesized this complex
topic, this paper will focus on the analysis of financial inclusion, taking into consideration Nigeria.
Nigeria is one of the leaders on the African continent along with Kenya in the process of increasing the
degree of financial inclusion through the use of mobile banking. In addition, the successful experiences
registered in these countries have been models for other countries in the areas of implementation and
development of mobile banking systems. Despite the similarities between the two countries in terms
of the level of development, the degree of financial exclusion penetration rates in mobile phone usage,
the structure of the banking system and the approach to the need to increase financial inclusion were
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undertaken with different instruments. The reluctance of the Central Bank of Nigeria to use this model
based on a mobile phone company monopoly, the structure of the mobile phone market and the late
launch of initiative that coincided with the onset of the 2008 international financial crisis made the
results modest. Therefore, the model of “bank-led” (or a non-MNO-led-mobile network operators-led)
ecosystem used in Nigeria generates different network externalities compared to mobile network
operator systems used in Kenya [70-73].

2.2. Barriers to Financial Inclusion

In developing countries, financial exclusion is fuelled by the country’s economic structure
(mainly agriculture), the location of the majority of the population is in the rural areas with poor
banking intermediation and low spread of money deposit bank branches across different parts of
the country due to the policy of commercial financial institutions [27]. Other factors that limit the
financial inclusion of the population are bureaucracy, high costs of banking products and services and
distance [52,74,75].

Leveraging on past studies developed in Nigeria, Table 1 below clearly shows the degree of
financial inclusion in the country measured in terms of five metrics, namely (a) % of adult using
formal payment systems, (b) % of adult with savings accounts, (c) % of adult with credit from the
bank, (d) % of adult with insurance policies, (e) % of adult with pension schemes and (f) % of adult
financial exclusion.

Table 1. Access to financial services in Nigeria (2010-2018).

Focus Area 2010 2012 2014 2016 2018
% of Adult using Formal Payments System 22 20 24 38 40
% of Adult with Savings Accounts 24 25 32 36 24
% of Adult enjoying Credits 2 2 3 3 2
% of Adult with Insurance Policies 1 3 1 2 2
% of Adult with Pension Schemes 5 2 5 7 8
% of Adult Financial Exclusion 46.3 39.7 39.5 41.6 36.8

Source: [76].

The barrier of distance mentioned above is generated both by the weak representation in the
territory of commercial banks, but also by the state of infrastructure that exacerbates the problem of
moving citizens from rural areas to cities to make various financial operations [77]. Moreover, Table 2
below shows that weak representation of deposit money bank branches engenders the problem of
financial inclusion in Nigeria. In fact, states in Northern Nigeria such as Adamawa, Jigawa, Bornu,
Bauchi, and Kwara with a large population have very few bank branches, whereas smaller cosmopolitan
states with a relatively low population have large bank branches.

Table 2. Number of deposit money bank branches in Nigeria by state 2010-2019.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Number of Banks 24 24 21 24 24 25 25 26 27 29
Branches Abroad 2 2 2 1 1 2 2 2 2 2
Abia 146 125 138 147 144 135 142 137 135 135
Abuja (FCT) 398 359 379 397 380 369 421 437 382 390
Adamawa 67 79 63 61 47 47 57 64 66 60
Akwa-Ibom 99 92 100 94 92 103 106 114 88 102
Anambra 237 222 228 224 219 218 219 214 209 227
Bauchi 53 50 46 46 47 48 50 47 55 47
Bayelsa 37 37 37 38 38 38 38 39 35 35
Benue 75 57 73 76 67 63 69 71 78 65
Borno 79 68 71 69 83 72 60 61 58 56
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Table 2. Cont.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Cross-River 79 76 76 80 79 74 78 79 72 75
Delta 198 177 194 198 178 180 200 205 183 183
Ebonyi 35 45 33 33 59 61 37 36 59 42
Edo 183 162 188 192 144 165 178 188 159 177
Ekiti 80 60 64 76 91 87 86 92 76 77
Enugu 141 116 142 147 158 151 159 162 127 148
Gombe 40 36 36 37 43 41 36 37 65 34
Imo 104 97 100 102 110 105 98 100 99 94
Jigawa 39 37 36 38 63 66 38 36 43 34
Kaduna 183 170 169 171 154 164 168 173 169 157
Kano 193 186 183 183 174 170 178 179 195 161
Katsina 62 55 58 59 73 78 56 55 52 47
Kebbi 40 40 37 38 95 37 37 35 49 61
Kogi 80 77 82 84 88 80 79 82 70 71
Kwara 79 139 75 79 104 101 78 84 100 85
Lagos 1766 1453 1692 1678 1443 1486 1645 1686 1478 1624
Nasarawa 58 51 49 48 68 69 49 49 67 52
Niger 80 76 79 82 67 65 78 86 64 71
Ogun 175 402 161 154 137 142 154 172 153 169
Ondo 121 109 110 119 106 101 113 120 120 112
Osun 105 118 101 104 101 99 106 108 86 929
Oyo 236 203 223 237 347 343 222 237 195 223
Plateau 79 72 77 75 75 71 70 67 75 83
Rivers 302 246 310 311 292 275 312 319 275 301
Sokoto 53 53 52 52 43 45 53 52 60 47
Taraba 37 41 35 35 40 40 34 27 39 30
Yobe 35 35 33 35 38 41 34 31 27 29
Zamfara 35 33 34 40 39 38 30 31 38 34
TOTAL 5809 5454 5564 5639 5526 5470 5570 5714 5301 5437

Source: [78].

In addition, the rapid growth of the population in developing countries contributes to the
deepening of the phenomenon of population impoverishment, and implicitly of social exclusion.
Despite the efforts made by the public authorities in the banking sector and by the credit institutions,
the population growth precedes the growth of the banked population, there are also multiple regional
differences [45].

The ways of manifesting the phenomenon of financial inclusion and financial literacy differ
depending on consumers’ level of income and the development level of the countries [44,77,79].
In high-income countries, financial exclusion affects a small part of the population, and citizens have
concerns about making sophisticated investments in the financial market and an investment plan
for retirement [80]. In low-income countries, the concerns of financial authorities and institutions
regarding financial inclusion are much more complex and lasting because they concern a considerable
proportion of the population being attracted from the non-formal to the formal sector, and the causes of
financial exclusion are generated by the economic situation, and not only the poor financial education
of the population [80]. In these countries, citizens have problems when simply trying to open a bank
account or purchase insurance.

In developing countries, the main cause of low financial inclusion is extreme poverty that affects a
large part of the population. Citizens of these countries do not have bank accounts because they do not
have enough money to save [47,52]. Studies conducted for African countries have revealed a positive
link between per capita income and financial inclusion. Thus, the study conducted by Alenoghenain
(2017) for 15 African countries for the period 2005-2014 showed that a high income per capita generates
a higher financial inclusion [81].

118



Sustainability 2020, 12, 10130

Therefore, a phenomenon with multiple economic and social implications such as financial
exclusion/inclusion has a complex of determining factors, and solving the problem requires a systemic
approach and the involvement of several categories of stakeholders.

In addition, financial exclusion affects not only poor people and women but also
migrants [44,82-84]. The trend of international migration has also generated financial problems,
as migrants have to overcome certain psychological barriers generated by distrust in complex banking
systems (compared to those in the country of origin), lack of financial education specific to developing
countries or the time horizon (if the stay is prolonged, there is a change in attitude towards the banking
system). The phenomenon of saving specific to migrants is followed by the periodic sending of large
sums of money to the family in the country of origin, which is why having a bank account to make
bank transfers is essential [85,86]. The frequency of remittances is different, being influenced by the
needs of the family, the sex of the migrant, the prospects of opening a business in the country of origin
or buying a home and by the intention to reunite the family in the destination country [61,87].

2.3. Drivers of Mobile Banking

The adoption of mobile banking has improved all aspects of financial transactions for both
corporate and non-corporate customers of banks in Nigeria [21,88,89]. Conceptually, the term mobile
banking is understood as the use of mobile devices for undertaking virtual financial transactions
(especially savings, funds’ transfer, and stock market transactions) with banks by customers at any
convenient time and place [16]. Financial consumers are increasingly interested in achieving easy
access to banking services and products, either to save money or to pay for goods or to send money
to relatives or friends. In this sense, the statistical data provided by Global Findex [90] show the
increase in the percentage of the population that makes domestic remittances. The intensification
of the international migration process has also led to an increase in the frequency and value of the
remittances sent by migrants to origin countries, mobile banking being a feasible solution that allows
financial transfers but it also contributes to increasing the degree of financial education and financial
inclusion in these countries. The feasibility of this method is also supported by the low costs generated
by the intensification of competition between banks. From the consumers’ perspective, the future of
mobile banking depends on essentials such as ubiquity, instant connectivity, pro-active functionality,
convenience, access to the service regardless of time and place, privacy, and savings in time and
effort [91-93] (Singh 2012, Tiwari et al., 2016, Akturan and Tezcan, 2012). In addition, “The younger
generations of the society seem to be fascinated by modern data and telecommunication services” [92].
The analysis of financial inclusion vis-a-vis mobile banking and information technology (IT) has to
be embedded in IT adoption theories/perspectives. According to Bankole et al. (2011), the widely
used theories in mobile banking [16] include the technology acceptance model (TAM), the extended
technology acceptance model (TAM2), the theory of reasoned action (TRA), the theory of planned
behavior (TPB) and the unified theory of use and acceptance of technology (UTAUT). Other specialists
have focused on the task—technology fit (TTF) theory and the diffusion of innovation (DOI) in order
to explain the determinants of the acceptance of mobile banking [94,95] (Munoz-Leiva et al. 2017,
Sharma 2019). The technology acceptance model (TAM), the main influential model, focuses on
two main issues—perceived usefulness and perceived ease of use—to explain the variance in users’
intentions [96] (Luarn and Pin, 2005). According to Nasri and Charfeddine 2012, the “TPB suggests that
in addition to attitudinal and normative influence, a third antecedent to the theory called perceived
behavioral control, perceived behavioral (PBC), also influences behavioral intentions and actual
behavior” [97]. Particularly, TAM and TPB were used by several researchers to investigate the factors
influencing users” behavioural intentions towards mobile banking [16,98]. Summing up the insights
from all the IT adoption theories, proponents argued that mobile banking is an off-shoot of IT that is
adopted by users for financial transactions because of key factors, namely performance expectancy
(perceived usefulness), effort expectancy (perceived ease of use), social influence (opinions of friends,
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relatives), facilitating conditions, trust and privacy, convenience and cost, user satisfaction and national
culture [98-100].

Starting from these premises, the receptiveness of Nigerian customers towards mobile banking
is impressive, as all banks have adopted and introduced mobile banking applications (the popular
mobile banking apps in Nigeria include Diamond Mobile Banking, Stanbic IBTC Mobile Banking,
First Bank Mobile Banking, Eco Bank Mobile Banking, Access Bank Mobile Banking, Fidelity Bank
Mobile Banking and Sterling Bank Mobile Banking). Several factors have been identified by scholars
as the determinants influencing mobile banking in the country. In a sequential order, the following are
insights on factors influencing the adoption of mobile banking.

Anyasi and Otubu (2009) noted that mobile banking was adopted in Nigeria as a preferred means
of accessing financial services with or without access to traditional banks, it also offers a way to lower
the costs of transferring funds from place to place, while at the same time improving financial inclusion
by bringing unbanked people into contact with the formal financial systems [101]. A decade ago,
a result of the research of Oni et al. (2010) indicated that the e-banking system in Nigeria is widely
adopted and preferred by customers because it is convenient, easy to use, time efficient, and appropriate
for financial transactions. However, the users have concerns for the network security especially the
privacy of transactions [102].

Moreover, Bankole et al. (2011) explained that utility expectancy and effort expectancy are major
factors influencing behavioural intention to adopt mobile banking in Nigeria. Specifically, the ease of
using a mobile device for personal banking transactions (easy management of accounts); the security
and safety concerns of moving cash around regarding cyber fraud; and prompt information about
users’ financial transactions (savings and withdrawals) immediately through the SMS alert. However,
the social influence of friends, relatives, colleagues at work and the service providers (banks) is not a
major influence on mobile banking users in Nigeria [16].

Nevertheless, Aliyu et al. (2012) contended that the six critical success factors that influence the
adoption of mobile banking in Nigeria include awareness, ease of use, security, cost, reduced reluctance
to change and accessibility of mobile devices for undertaking financial transactions [103].

Furthermore, Balogun et al. (2013) affirmed that three factors largely influenced customers’
satisfaction with different aspects of e-banking in Nigeria, such as telephone banking, mobile banking,
point of sale terminals, smart cards, and television banking. These factors are the quality services
provided by banks through SMS alerts and e-mail alerts; the second factor is access to the option of
electronically opening a bank account, and the third factor is availability of automated teller machines
in strategic locations for making withdrawals when needed without going into the banks [104].

However, Adewoyein (2013) reported that the adoption of mobile banking by customers is premised
on a number of factors such as transactional convenience, better turn-around time (saving time),
quick transaction alert, reduction in service cost and overall customer satisfaction [105]. Similarly,
Njoku and Odumeru (2013) opined that seven factors positively influence the adoption of mobile
banking in Nigeria, these include relative advantage that mobile banking gives to bank customers;
less complexity of mobile technology; compatibility of mobile banking with customers’ norms, belief,
existing values, and past experience; perceived trialability/ease of mobile banking when experimented
with by the customers; perceived observability/visibility of the outcomes of mobile banking to
customers; age of customers using mobile banking; and educational qualification of customers using
mobile banking [7].

Moreover, Agwu and Carter (2014) noted that the use of mobile phones for mobile banking
has fundamentally changed the way Nigerians (as individuals and businesses) conduct financial
transactions [106]. Particularly, mobile banking is more established than internet banking and ATM
(automated teller machine) services because it has wider reach than both internet banking and mobile
banking (effort expectancy).

Three factors identified by Tarhini et al. (2015) as key drivers of mobile banking adoption [107] in
Nigeria include: (a) functionality factor that consists of awareness, ease of use and accessibility; (b) risks
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factors that comprise trust, security and privacy; and (c) context factor that includes convenience.
From the viewpoints of Agu et al. (2016), mobile banking became a prominent feature in banking
operations in the country because it is an effective technology for providing the growing population
of customers with fast, accessible, reliable and quality services. Secondly, as an innovative option,
mobile banking enables users carry out banking transactions anywhere and anytime and it provides
an easy platform for paying for goods or services [108].

In the view of Khan and Ejike (2017), widespread adoption of mobile banking is influenced by
access to technological domains, which enhance good knowledge regarding mobile devices, but the
degree of convenience and satisfaction of usage are very low [109]. Additionally, Bagudu et al. (2017)
explained that the singular and most important success factor for the widespread adoption of mobile
banking in the country is access to functional mobile technology, which makes it easy for customers to
carry out financial transactions on their mobile handsets with ease [110].

In SSA, there has been an increase in both registration and usage of financial inclusion tools such
as mobile banking and related systems. This fact is corroborated by Bille et al., (2018) who reported that
as of 2018 there has been an encouraging improvement in financial inclusion because unbanked people
and the small and medium-sized enterprises (have been well integrated into the financial landscape
in sub-Saharan Africa as a result of improved access to financial inclusion tools, which have been
made accessible by the financial service providers, especially banks, microfinance institutions, different
mobile network operators and licensed payment service providers [111]. Particularly, the World Bank
report indicated that financial inclusion has reached over seven million new financial services users
across SSA, from Senegal to Tanzania, from Nigeria to Zambia [111] (Bille et al., 2018).

3. Methodology

In view of the exploratory nature of this research, a qualitative meta-synthesis (QMS),
an interpretivist research paradigm, provides a rich analytical tool for this study.

The qualitative meta-synthesis was applied as a suitable approach and essential stage towards
enlarging the research and setting the basis for analysing the contributions of this paper [112]. This step
makes it easy to identify boundaries of the conceptual content of the field and contribute to theory
advances [113]. In line with the qualitative research tradition, a qualitative meta-synthesis is an
analytical approach that is widely used in meta study to integrate different findings from diverse
studies on the same subject of inquiry from different contexts [8,114].

The purpose of integrating findings and insights from groups of studies in a qualitative
meta-synthesis is to develop an explanatory theory or model that explains the phenomenon being
investigated better and richer [115]. With regard to steps involved in carrying out a sound QMS,
Walsh and Downe (2005) proposed seven steps for using qualitative meta-synthesis in research [116].

(1) Framing a meta-synthesis exercise: our topic from the outset is framed for a qualitative
meta-synthesis exercise.

(2) Locating relevant papers: we searched and located several papers on mobile banking within and
outside SSA to gain richer insights on the subject of inquiry.

(3) Deciding what to include: after a literature audit of searched and located papers on mobile
banking, we selected those related to mobile banking issues and financial inclusion in SSA in line
with the qualitative meta-synthesis tradition.

(4) Appraising studies: the selected papers from SSA were then appraised to draw rich and
meaningful information for making informed and evidence-based findings in line with the
qualitative meta-synthesis tradition.

(5) Comparing and contrasting exercise: the findings in the selected papers from SSA were compared
and contrasted.

(6) Reciprocating translation: we offered an explanation for the similar and opposing findings.
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(7)  Synthesizing translation: the mixed findings extracted from different papers selected were then
fused and synthesised to give a unique explanation for the trends and direction of mobile banking
in relation to financial inclusion in SSA.

These steps were followed in the above study.
First of all, in order to manage the groundwork for the following QMS, and to identify emerging
trends in financial inclusion, the key items were defined. In line with the mentioned definitions
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and features, but extending to related terms, “financial inclusion”, “in-debtedness”, “microfinance”,
“digital financial services”, “mobile banking”, and “Nigerian banks” were used for identifying related
peer reviewed journal articles. The main reason for searching with these alternative items/terms was to
ensure the comprehensive nature and content validity of our key terms.

The exploration for meaningful publications was conducted through databases such as Wiley,
Elsevier, Scopus, Emerald, and Springer. The selection of these databases was based upon their use by
academics in past systematic QMS in the fields of business, management, marketing, communication,
and social sciences, along with the openness of the data for the analysis. In addition, the analysis
was conducted by selecting only papers with a managerial/marketing perspective in peer-reviewed
scientific journals published in the English language. Several papers in different languages or with a
dissimilar focus were excluded. The list with articles used for this analysis is presented in Appendix A.
The list of relevant papers was attained after removing duplicated articles and then exploring the
filtered articles. Appendix A also refers to some relevant topics that are analysed in each paper, such as
number of factors affecting mobile banking and type of specific factors affecting mobile banking.

Additionally, Appendices B and C show selected articles classified under several categories:
number of research publications per year and classification based on number of determinants/factors
able to influence mobile banking development. Moreover, for a meaningful selection of scholarly
papers, a search for relevant articles on financial inclusion and mobile banking was carried out using
a purposive sampling technique. Furthermore, 58 sampled articles that focused on Nigeria were
systematically reviewed and synthesized with insights from the reports of the Central Bank of Nigeria
to form integrated findings that explain the emerging trends in financial inclusion [117] and the barriers
and factors influencing mobile banking in Nigeria.

The analysis and synthesis of papers aimed to reach two main objectives, first of all,
briefly summarise existing research by identifying hot themes/matters; afterwards, contribute to
shape the conceptual field of study. Obviously, the authors found it challenging to read everything
about financial inclusion and mobile banking, especially if it is considered that the topic is not always
called this label or the research is not always related to the selected country: Nigeria.

4. Findings and Discussions

Leveraging on the qualitative meta-synthesis, the findings that emerged could be classified into
emerging trends on financial inclusion and the barriers and factors that influenced the adoption of
mobile banking in Nigeria.

On the emerging trends of financial inclusion in connection with mobile banking, the research
found that several attempts have been made by the government to improve financial inclusion in the
country through a number of public-sector led credit schemes such National Economy Reconstruction
Fund (NERFUND); the People’s Bank, Community Banking Models, the Microfinance Institutions
(MFIs), the Bank of Industry (BOI), the Small and Medium Enterprises Equity Investment Scheme
(SMEEIS), National Poverty Eradication Programme, Youth Enterprise with Innovation in Nigeria
(You Win) Programme, Subsidy Reinvestment and Empowerment Programme or SURE-P, National
Enterprise Development Programme or NEDEP and several others (Table 3).
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Table 3. Emerging trends in financial inclusion and mobile banking.

SN Policies on Financial Inclusion Governance Level Target Audience
1 National Economy Reconstruction National Individuals and Businesses
Fund (NERFUND) across Nigeria

Individuals, petty traders,
2 People’s Bank of Nigeria National artisans and small businesses
across Nigeria

Individuals, petty traders,

3 Community Banking Models National artisans and small businesses

Individuals, petty traders,

4 Microfinance Institutions (MFIs) National . .
artisans and small businesses

Corporate entities—SMEs
5 Bank of Industry (BOI) National (small and medium-sized
enterprises) across Nigeria

Small and Medium Enterprises Equity Corporate entities—SMEs

6 Investment Scheme (SMEEIS) National across Nigeria
7 National Poverty Eradication National Individuals, petty traders,
Programme (NAPEP) artisans and small businesses
8 Youth Enterprise with Innovation in National Individuals, petty traders,
Nigeria (You Win) Programme artisans and small businesses
9 Subsidy Reinvestment & National Individuals, petty traders,
Empowerment Programme (SURE-P) artisans and small businesses
10 Millennium Development Goals International National institutions, People
(MDGs) and businesses
1 Sustainable Development Goals International National institutions, People

(SDGs) and businesses

Source: authors, based on summary of reviewed literature on barriers to financial inclusion.

At the global level, financial inclusion has also occupied the attention of international organisations
especially the agendas of the millennium development goals (MDGs) and sustainable development
goals (SDGs). Some of the targets of the expired MDGs and SDGs alert the United Nations member
countries to the pressing issue of financial inclusion and its complexity. Providing an enabling
environment for better and improved financial inclusion in Nigeria justifies the introduction of
mobile banking.

Considering the barriers to financial inclusion, this research identified a number of institutional
and environmental barriers (Table 4). These barriers provided enabling grounds and springboards for
the introduction of mobile banking in Nigeria. Financial inclusion intervention schemes failed because
of the government’s inability to properly nurture its development programmes, weak reward system,
dysfunctional structures, and endemic poor programme implementation. Related to the barriers above
are issues of bureaucracy of financial operations, high costs of banking products and services and
distance of banks to the population.

With regard to drivers of mobile banking, this research identified three major factors as
influencers of mobile banking in Nigeria; the ease of using a mobile device for personal banking
transactions including prompt information about users’ financial transactions (savings and withdrawals)
immediately through the SMS alert (easy management of account); the security and safety concerns of
moving cash around regarding cyber fraud; social influence of friends, relatives, policy makers and
social trends. With regard to the contextualization of the findings, the three factors that emerged could
be categorized as (a) utility expectancy (perceived usefulness), (b) effort expectancy (perceived ease of
use), and (c) social influence expectancy (opinions of friends, relatives). Each of the three factors has
specific elements assigned to them as shown in Table 5.
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Table 4. Barriers to financial inclusion (summary of reviewed literature on barriers to financial inclusion).

SN Nature of Barrier Barrier Classification

Government’s inability to properly nurture its financial

! inclusion interventions and programmes Institutional factor
2 Dysfunctional structures and enc}emic poor programme Institutional factor
implementation
3 Structure of the economy (Agriculture-based economy) Institutional factor
4 Location of the majority of the population Environmental factor
5 Bureaucracy of financial operations Environmental factor
6 High costs of banking products and services Environmental factor
7 Distance of banks to the population. Environmental factor
8 Number of money deposit bank branches Environmental factor

Source: authors, based on summary of reviewed literature on barriers to financial inclusion.

Table 5. Contextualizing the factors influencing mobile banking (summary of reviewed literature on
drivers of mobile banking).

Value in Use Determinants/Drivers . ‘e
SN (VIU)Sub-Constructs of Mobile Banking Main Specific Factor Elements
1 Experience Utility expectancy Prgmpt, trapsactl.on nofuﬁcatlon., Trust z?nd
privacy, Satisfaction using mobile banking
2 Personalization Effort expectancy Convenience and cos.t, Ease of ma.nagement,
personal banking transactions
Influence of advert, opinions of friends and
. . Social influence relatives, behavioural influence of people
3 Relationship . A .
expectancy on mobile banking, institutional policy on

cashless policy, other pressures

Source: authors, based on summary of reviewed literature on barriers to financial inclusion.

These three key factors seem to be in line with the complex perspective of the “value co-created in
use”, a very well-known facet of the service dominant logic (SDL) [118]. This approach considers value
as co-created in use (VIU) because consumers assess and decide the value of a proposition based on
their usage [119]. The VIU involves three sub-constructs: experience, personalization, and relationship.

Taking into consideration the first item, experience indicates an impressive, cognitive and/or
emotional interface that creates essential value [118]. In our case, utility expectancy (perceived
usefulness) can be perceived as a factor that is able to generate value for customers pushing them to
use the banking sector’s services as they are strongly based on setting a positive experience for these
kind of potential clients through mobile banking.

On the other hand, personalization highlights the distinctiveness of the usage process, the value
developed by individual needs [118]. In the current analysis, this is expressed by the effort expectancy
(perceived ease of use). In fact, due to the fact that mobile banking is seen by customers as feasible
and not too complicated, this also affects the perception that consumers have of banking services in
general, before they were considered as misleading and problematic; nowadays, this trend is changing,
setting the place for a new horizon in the sector.

Finally, relationship considers a mutual, continuing exchange and alliance not only among
consumers, but also between the company and its clients, following an active communication
setting [118]. The sub-construct of relationship, expressed in our study by the factor of social influence
expectancy (opinions of friends, relatives), is able to empower current and potential consumers to
resolve daily problems; thus, engendering mobile banking with a value that was not taken into account
by people that until now decided to not use any kind of financial product [120].
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5. Implications, Limitations and Future Research

This paper has the merit to deepen the understanding of current trends in financial inclusion.
This topic can be considered nowadays as a catchphrase for banking specialists, researchers and
other categories of stakeholders considering its implications on economic growth and achieving the
SDGs [51,88,121]. Financial inclusion can be considered as an international challenge [122] but on
the African continent, this issue is more stringent as there are high rates of financial exclusion and
in addition, the heterogeneity generated by the specific economic situation, ethnic warfare, religious
considerations and cultural perceptions is very high [123]. Little is known about emerging trends in
financial inclusion and mobile banking, barriers to financial inclusion and factors influencing mobile
banking especially in SSA and particularly in Nigeria. Exploring the trends, factors, barriers, and main
items that impact on financial inclusion is essential, particularly in the African context where the level
of financial inclusion is extremely low. Thus, this paper has contributed to the existing literature
as it focuses on the importance of mobile banking as an innovative solution for increasing financial
inclusion in a specific sub-Saharan African country: Nigeria.

Connecting back to previous conceptual research on VIU and SDL, a key theoretical contribution
of this study lies in its extension of the boundary of this approach. Our study empirically illustrates
the effects of VIU and of its variables in the field of mobile banking. In line with Ranjan and Read
(2016) [118], our results empirically validate that consumers” VIU is due to personalized, memorable
experiences and positive relationships with mobile banking features and applications. The three factors
presented, in fact, not only increase consumers’ propensity to continue to use mobile banking for the
valuable services it provides to them but also nurtures a solid loyalty towards the banking sector that
was never so developed before in the selected area.

From a managerial point of view, our findings regarding the applicability of SDL and the
importance of VIU in mobile banking can be of special interest to managers and mobile app designers.
Our results highlight that VIU is essential to boost financial inclusion towards banking services and
financial products. From the VIU perspective, in fact, consumers are dynamically engaged in the value
co-creation process, which relies on experience, personalization and relationship. This statement sets a
challenge for managers and mobile app designers because for a client to play a role in the co-creation
process, she/he have not only to download and utilize the app but log into the app for practitioners to
attain her/his suggestions/comments/opinions. For instance, managers have to create more chances
to co-create VIU with the client because the bank/financial institution needs to propose appropriate
customized services and customer care that produce better experiences and set the basis for long term
relationships with the customers. Additionally, leveraging on personalization is another key asset for
managers, banks have to “push” clients to try new personalised financial services through mobile
banking apps, offering to pioneer several incentives in order to reward their positive attitude towards
the organisation and its services.

Moreover, this paper states that financial inclusion is a complex phenomenon and the solutions to
reduce financial exclusion are economic, technical and social and have to be used in a mixed set up by
public authorities and financial institutions.

For this reason, our work shows policy makers that the strategy of increasing financial inclusion
must be based on the collaboration between different categories of stakeholders such as financial
consumers, credit institutions, public authorities with supervisory and control attributions in financial
markets, schools and universities.

From this perspective, this paper suggests that policy makers play an important role in creating
online communities for consumers that use mobile banking. They could foster financial inclusion
practices in virtual places, guiding users and acting as a reference point, or simply answer questions
and solve doubts that consumers may have regarding using the financial products. In fact, policy
makers should act as a “filter” between banks and users. This involves them being the first to catch
customers’ specific requests and needs and presenting them to banking managers.
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Additionally, they can be useful in explaining how to use more complex software to banking
clients who are now choosing to employ only services with a low level of complexity; in this case,
policy makers can show to users that a major degree of personalization in services is not going to harm
them, instead it should be preferred as it can give them more benefits. Actually, if they are involved in
presenting these new personalised services, users could be more interested in approaching them as
they trust these kind of players more than employees or spokespersons who are directly paid by banks
and other financial institutions.

Having said that, these individuals should be rewarded for their important contribution inside
the community with tax incentives, financial benefits, easy-terms loan, soft financing, etc. Actually,
feedback posted in online communities can be also appreciated by managers, who can follow the users’
point of view to find new ways to increase the level of personalization of services offered through
mobile banking.

In addition, public service announcements and other kinds of social advertising should be created
by policy makers to communicate to the public that financial inclusion (spread thanks to mobile
banking) can highly benefit not only the economy of a country but also the whole society’s lifestyle
and level of education.

On the other hand, it must be highlighted that our analysis shows several limitations that provide
some precious opportunities to future researchers in this underestimated area of research.

We acknowledge that the highlighted features of financial inclusion, explored in this paper, do not
represent a comprehensive list of factors expressing all the potentialities hidden inside this concept as
we took into consideration a specific country and its peculiarities. This proposes opportunities for
further analyses in this vast area employing other specific methodologies and context-related factors.

Each of the labels chosen to conduct the qualitative meta-synthesis are strictly linked with the
concept of financial inclusion but, of course, they are not part of an exhaustive list. Therefore, an increase
in the labels used may help in the future to better understand how the concept has evolved through the
years. Given the different approaches of central banks in Nigeria and Kenya to mobile money services,
one of the areas that future studies should investigate is the adequacy of existing financial regulations
and policies in SSA regarding mobile banking, particularly because mobile banking is an interface
between financial services and telecoms. Another important raging issue that should be explored in
the future is the moderating effect of culture on the relationship between mobile banking and financial
inclusion in developing countries. Finally, as the financial inclusion represents a challenging area
of research that is continuously evolving, we were unable to include all features of this topic in our
analysis. In fact, what is clear now is that the main characteristics of financial inclusion may vary
over time as they are highly affected by other factors and by technological developments. Therefore,
we encourage future researchers to conduct a longitudinal analysis by including a wider range of
factors, especially those related to the online world. Considering the intensification of the financial
innovation process and the increase in the standard of living, consumers are oriented towards more
and more complex products and services. For this reason, a future direction of research may be towards
mobile financial services as a tool for financial inclusion. Such efforts will surely further contribute to
the theoretical development of this research area.

6. Towards Conclusions

This study discusses the emerging trends in financial inclusion and the barriers and factors
influencing mobile banking as an innovative solution for increasing financial inclusion in SSA with
a specific focus on Nigeria. After a qualitative meta-synthesis of the literature and other secondary
materials, it was found that mobile banking was introduced by the government and adopted by
major banks in the country to strengthen national and international efforts towards financial inclusion
in spite of institutional and environmental barriers engendering financial inclusion. Three major
factors emerged from the qualitative meta-synthesis as drivers of mobile banking in Nigeria. Firstly,
the ease of using a mobile device for personal banking transactions including prompt information
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about users’ financial transactions (savings and withdrawals) immediately through the SMS alert
(easy management of account). Secondly, the security and safety concerns of theft and of cyber fraud.
Thirdly, social influence of friends, relatives, policy makers and social trends.

In contextualizing mobile banking in sub-Saharan Africa in general and Nigeria in particular,
it could be stated that the growth of the use of mobile banking is largely supported by the IT adoption
theories/perspectives, such as the technology acceptance model (TAM) and the extended technology
acceptance model (TAM2), which all validate and support the assertion that technology is adopted by
users because of (a) utility expectancy (perceived usefulness), (b) effort expectancy (perceived ease of
use), and (c) social influence expectancy (opinions of friends, relatives).
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Appendix A
Table A1l. Focus of Selected Paper.
Number of Factors Type of Specific Factors
Article Title Author Year Affecting Mobile Affecting Mobile
Banking Banking
Toward an Understanding of Perceived credibility,
1 Behavioural Intention to Use Luarn & Lin 2005 3 self-efficacy and
Mobile Banking financial cost
Patronage, quality of cell
5 M-Commerce Implementation in Ayo, Ekong, 2007 4 phones, lack of basic
Nigeria: Trends and Issues Fatudimu & Adebiyi infrastructure and
security issues
Internet Diffusion in Nigeria: is Muganda, Bankole &
3 the ‘Giant of Africa” waking up? Brown 2008 ! Infrastructure
Culture, user satisfaction,
Mobile Commerce User . trust, privacy protection,
4 Acceptance Study in China Min & Qu 2008 7 quality, experience,
and cost
Mobile phone technology in Convenience,
5 banking system: Its economic Anyasi & Otubu 2009 3 accessibility and
effect affordability.
Convenience, ease of use,
An Empirical Investigation of the . time saving, privacy,
6 Level of Users’ Acceptance of O, Aie:)onke & 2010 6 appropriateness for their
E-Banking in Nigeria. Y transaction needs,
and network security
Mobile phones and economic Ease of use, fast services
7 phones and ecor Aker & Mbiti 2010 3 and reduced
development in Africa S
communication costs
8 Mobile banlfmg Aadoptlon in Bankole, Bankole & 2011 1 Cultural Values
Nigeria Brown
An exploratory study on adoption Accessibility, reluctance
9 of electronic banking: underlying Aliyu, Younus & 2012 6 to change, cost/price,

consumer behaviour and critical
success factors: case of Nigeria

Tasmin

security concern, ease of
use, and awareness
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Table A1. Cont.

Number of Factors Type of Specific Factors
Article Title Author Year Affecting Mobile Affecting Mobile
Banking Banking
relative advantage,
complexity,
Going cashless: Adoption of . compatibility,
10 mobile banking in Nigeria Njoku & Odumeru 2013 7 observability, trialability,
age and educational
background
1 Global fmanc.lal de.vel.opme.nt World Bank 2013 2 Economic gmv\./th. and
report 2014: Financial inclusion poverty alleviation
An investigative study on factors
influencing the customer Balogun, Ajiboye & . .
12 satisfaction with e-banking in Dunsin 2013 1 Quality of the service
Nigeria
Transactional
Impact of mobile banking on convenience, savings of
13 service delivery in the Nigerian Adewoye 2013 4 time, quick transaction
commercial banks. alert and save of service
cost
Broadening access,
greater household
savings, capital for
14 Financial inclusion in Africa Triki & Faye 2013 investment, expansion of
class of entrepreneurs,
and human capital
investment
15 The opportunities of digitizing Klapper & Singer 2014 2 Access and Participation
payments
International remittances and Increases the probability
16 financial inclusion in Sub-Saharan Aga & Peria 2014 1 of households opening
Africa bank accounts
Cost of maintenance,
. L S Users’ education,
17 Mnbﬂ? phone banking in Nigeria: Agwu & Carter 2014 4 poverty and
benefits, problems and prospects B
infrastructure
availability.
Financial inclusion and Beck, Senbet & X Inglus1ve 3“’?”‘1"
18 . N . n X 2015 3 financial deepening and
innovation in Africa Simbanegavi
access
19 Financial Inclusion: Can It Meet Sahay, Cihak, M & 2015 3 Access to credit, Savings
Multiple Macroeconomic Goals? N'Diaye and Economic growth
Access to Islamic
Can Islamic Banking Increase Ben Naceur, Barajas banking products,
20 y . A 2015 3 . .
Financial Inclusion? & Massara improved savings,
investment
21 User adoption of online banking ~ Tarhini, Mgbemena, 2015 3 Security, religion and
in Nigeria: A qualitative study Trab & Masa’ Deh culture
. 5 . Gender, economic status,
22 The d‘e terxl:[}nar?ts of f}nanclal Zins & Weill 2016 4 education and age
inclusion in Africa R
influence FI
Handset operability,
23 Mobile banking-adoption and Agu, Simon & 2016 5 Security, Scalability and
challenges in Nigeria Onwuka reliability, Geographic
distribution and Age
F]l.nar\clal g\cluslon in Afnca: Gebrehiwot & GPP per capita, mobile
24 evidence using dynamic panel R 2016 3 infrastructure and
3 Makina
data analysis. remoteness
Gender, education, age,
income, residence area,
Analysis of the determinants of Soumaré, employment status,
25 financial inclusion in Central and TchanaTchana & 2016 9 marital status,
West Africa Kengne household size and
degree of trust in
financial institutions
Is the rise of Pan-African banking szi::;gz{(ze;ﬁgal
26 the next big thing in Sub-Saharan PWC 2017 2 . .
Africa intra-regional trade

linkages
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Table A1. Cont.

Number of Factors Type of Specific Factors
Article Title Author Year Affecting Mobile Affecting Mobile
Banking Banking

Mobile banking in Sub-Saharan

Extension of remote
rural locations and

27 Africa: setting the way towards Rouse &Verhoef 2017 . .
. . introduction of
financial development. . N
innovative products
What determines financial - Tlliteracy is the major
8 inclusion in Sub-Saharan Africa? Chikalipah 2017 hindrance to FI
Mitigation of credit
. . . . constraints, boosting
Financial inclusion, entry barriers, ¢ {al activities
29 and entrepreneurship: evidence Fan & Zhang 2017 entrepreneurial activities
. and reducing
from China i i
information asymmetry
in financial transactions
Demand side factors
. e . (level of income and
Determinants of financial Opyelami, Saibu & literacy) and Supply side
30 inclusion in Sub-Sahara African Y ' 2017 Y ik
. Adekunle factors (Interest rate and
countries . .
bank innovation proxy
by ATM usage).
Good knowledge of
An assessment of the impact of mobile devices, access to
31 mobile banking on traditional Khan & Ejike 2017 mobile banking,
banking in Nigeria convenience and
satisfaction of usage
The effect of mobile banking on Bagudu, Mohd Khan More access to mobile
32 the performance of commercial 2017
R & Roslan handsets
banks in Nigeria
Sustainable
33 Fmar\cla‘l inclusion as a tool for Voica 2017 develo}?ment, Cor\sumeir
sustainable development protection and economic
literacy
Increase in formal
The effect of financial inclusion on opening of bank
34 welfare in sub-Saharan Africa: Tita & Aziakpono 2017 accounts, financial
Evidence from disaggregated data infrastructure and
economic activities
Infrastructure def.1c1enc1es apd Mothobi & physical infrastructure
35 adoption of mobile money in Grzybowski 2017 and level of income
Sub-Saharan Africa 4
Mobile Money and Financial Existence of social
36 Inclusion in Sub-Saharan Africa: Bongomin, Ntayi, 2018 networks of strong and
the Moderating Role of Social Munene & Malinga weak ties among mobile
Networks money users
Can mobile money help firms
mitigate the problem of access to . Access to finance, or
7 finance in Eastern sub-Saharan Gosavi 2018 lines of credit
Africa?
Number of banked
EFInA Access to Financial population, awareness &
38 Services in Nigeria 2010-2018 EFInA 2018 knowledge, institutional
survey exclusion and
affordability
The Global Findex Database 2017: Demirguc-Kunt,
39 Measuring financial inclusion and Klapper, Singer, 2018
the FinTech revolution Ansar & Hess
Financial Inclusion and Per Capita Per capital incomes,
40 Income In Africa: Bayesian VAR Alenoghena 2019 deposit interest rate and
Estimates. the internet
M-PESA and Financial Inclusion Phone owners, Better
41 in Kenya: Of Paying Comes Van Hove & Dubus 2019 WIErs,
. educated
Saving?
Migrant remittances and financial Rie:ce:sat if‘rtirz\llitsaengfes
42 inclusion among households in Ajefu & Ogebe 2019 ses .
Lo formal financial services
Nigeria. .
and migrant networks
The Impact of Mobile Money on :
43 the Financial Performance of the Talom & Tengeh 2019 Access to the internet,

SMEs in Douala, Cameroon

cost and efficiency
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Table A1. Cont.

Number of Factors Type of Specific Factors
Article Title Author Year Affecting Mobile Affecting Mobile
Banking Banking
Digitising Financial Services: A Tackle poverty, promote
44 Tool for Financial Inclusion in Shipalana 2019 3 inclusive development
South Africa? and address the SDGs
See the best Nigerian mobile Access to mobile device,
5 banking apps in H1 2019 Benson 2019 2 network connection
Financial Inclusion and :
46 Achievements of Sustainable Ma'ruf &Aryani 2019 2 aﬁfihlz\:/eer::tenatli)(:vsiacti;
Development Goals (SDGs) P Y
N . . Accessibility, reluctance
Financial inclusion and Soyemi, Olowofela & to change, cost/price,
47 sustainable development in yem, Low 2019 6 nange, cost/price,
L Yunusa security concern, ease of
Nigeria.
use, and awareness
Financial inclusion in sub-Saharan Asuming, évgezlflf uc;otisz; f;:;d:fr/
48 Africa: Recent trends and Osei-Agyei, L.G. & 2019 6 /8
. GDP and access to
determinants Mohammed ) .
financial institutions
Commercial bank
Enhancing Financial Inclusion in d:rzli\i}}iz’ff}iz infa]
49 ASEAN: Identifying the Best Loo 2019 4 post w
. areas, loan to rural areas
Growth Markets for Fintech .
and human capital
development
Social and Financial Inclusion A.CCESS to flnanF ml.
. o Yue, Cao, Duarte, services, communication
50 through Nonbanking Institutions: 2019 3 . .
. Shao & Manta technologies, digital
A Model for Rural Romania. .
mobile platforms
Do mobile phones, economic econhfrz?élzglx;esb,ank
51 grow.tl}, bank compet}hon zlmd Chinoda & Kwenda 2019 4 competition and stability
stability matter for financial H X .
. o . impact financial
inclusion in Africa? . .
inclusion
50 Financial Il?ClLlSlOn COf\dlflOn of Chinoda & Kwenda 2019 5 Access 4and usage facﬁors
African Countries affect financial inclusion
Mobile penetration,
Mobile telephony, financial Abor, Amidu & pro-poor development
53 . . . . 2019 3 .
inclusion and inclusive growth Issahaku and improved
livelihoods
Barriers are preference
54 Financial Inclusion in Ethiopia: Is Berhanu Lakew & 2020 3 for informal saving club,
It on the Right Track? Azadi unemployment and low
income
. . Access to innovative
Readmgss 1?01‘ bankmg Berndt, Saunders & banking technologies
55 technologies in developing 2020 2
. Petzer and technology
countries .
readiness of the people
Quality of life, poverty
reduction, facilitating
56 Financial Inclusion World Bank 2020 3 investments in health,
education,
and businesses
Dominant issues covered
in FI are
conceptualization,
contributors,
Financial exclusion in OECD Caplan, Birkenmaier and impacts of FI. Less
57 . . . 2020 6 covered are
countries: A scoping review & Bae
measurement,
prevention,
and contemporary
practice trends in
financial exclusion.
. Promotes investment,
58 Financial inclusion-and the SDGs UN Capital 2020 3 consumption and

Development Fund

resource mobilization

Source: authors, based on the summary of the reviewed literature.
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Appendix C. Year-Wise Distribution of Specific Factors Affecting Mobile Banking Explored by
Former Publications
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Figure A2. Source: authors, based on the summary of the reviewed literature.
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Abstract: To determine the micro-operating mechanism(MoM) of enterprises participating in
the regulatory sandbox policy in fintech, this study analyzes the structure of enterprise innovation
competencies and derives relevant implications. The results reveal that large, middle-standing,
and small and medium-sized enterprises focus on security, infrastructure, and user-related technology
development, respectively, to enhance their innovation competencies. The security-related issues
considered by large enterprises entail relatively high costs in initial technology development
and are closely related to infrastructure building. Large enterprises are focused on developing
overall security-related technologies, whereas middle-standing enterprises are striving to develop
infrastructure-related technologies, with particular emphasis on elementary technologies. Small
and medium-sized enterprises are also making efforts to develop user-centered technologies that can
directly be used in fintech. As a method to implement regulatory sandboxes tailored to the needs
of participating enterprises in South Korea, this study will help to determine the MoM of such
participants and establish strategies to support them sustainably in terms of evidence-based policy.

Keywords: MoM(micro-operating mechanism); regulatory sandbox; fintech; type by enterprise;
innovation competencies; patents data; evidence-based policy

1. Introduction

Many countries around the world are implementing regulatory reform through regulatory
sandboxes, which were first attempted in the fintech field as a way to create new technologies
and services that have been blocked by regulations [1-3]. However, due to the side effects of being
transplanted overseas, we have begun to recognize the need for an institutional transplant process
tailored to different financial environments and characteristics at individual companies by countries.
Until now, research on the regulatory sandbox itself has been limited because it has been dominated
by government-oriented studies [4,5]. This study focuses on the innovation capabilities of Korean
companies participating in the regulatory sandbox within the fintech sector and aims to help establish
a tailored policy based on a company’s characteristics. To evaluate these ideas, this research utilized
semantic analysis focusing on the contents and titles of patents, which are unstructured data, to
overcome the limitations of earlier studies [6,7]. The former research mainly focused on the frequency
and regional distribution of patents, so there was a limitation to utilize (unstructured data) the contents
of patent creation. So, this research tries to utilize the characteristics of each company occurring in
actual innovation creation activities. The micro-operation mechanism implies that it is necessary to
design policies suitable for each characteristic by analyzing micro-structural characteristics appearing
in the process of actual system implementation.

The regulatory sandbox policy in fintech began with concerns about the weakening of global
competitiveness due to limitations imposed by the government’s regulatory policy on the ability
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to rapidly develop technology [8]. In particular, data collection and utilization have important
value through the transition to the data economy; as data-based services are launched, the fintech
industry is being activated [9]. As new technologies and services are developed, efforts are being
made to overcome difficulties caused by institutional voids in government policies [10]. In particular,
the fintech field has high initial infrastructure costs which means that they should often be conducted
as a government-led business. In this process, government-led system design should preemptively
respond to regulations by selecting the impeding factors of new industries and services due to likely
issues, such as overregulation, system vacancy, and system duplication. The regulatory sandbox
promotes policies that value speed as a means of regulatory reform.

This study is significant since it helps to analyze the innovation competencies of the enterprises
participating [11-13] in the regulatory sandbox policy. Itis implemented as part of regulatory innovation
and uses these competencies as a reference that establish related tailored policies in the future in terms
of evidence-based policy.

2. Literature Review

The micro-operation mechanisms’ theoretical evolution comes from the rational selection system,
policy network model, and policy advocacy coalition model. These items explain the system and describe
the mechanism of the policy process centered on the constituent variables within each theory. Nevertheless,
there was a limitation in being unable to explain the specific mechanism of the policy process by linking
macro and micro variables. Therefore, in order to overcome the limitations of existing studies, this study
utilized ACI as a basic theoretical framework for research on micro-operation mechanisms.

Examining regulatory sandboxes using MoM (micro-operating mechanism), actor-centered
institutionalism (ACI), which can analyze regulatory policy with a focus on interactions among actors
within the system, was considered suitable for this study. Furthermore, the study utilized a scientific
analytical technique to analyze innovation competencies [14-16], as well as unstructured data that
were the contents or titles of patent data for each type of enterprise; accordingly, enterprises were
categorized into different types to clarify their structures and characteristics.

ACl is suitable for examining the complex mechanisms of policies as a single theory, rather than
an integration of multiple theories. Proposed by Scharpf [17,18], ACI postulates that policies are
produced because of interactions among actors in institutional settings. It is similar to the rational
choice model in that it focuses on actors’ preferences and strategic choices. It also takes the same stance
as historical institutionalism in that it acknowledges institutional influence over actors. However,
institutional influence over actors merely restricts the scope of actors” appropriate actions; the specific
action to be taken within that scope is determined by the actors’ preferences and strategic choices. In
other words, active actors are postulated, which distinguishes ACI from historical institutionalism,
which focuses on the passive role of actors. Moreover, since it enables the formation of actors’
preferences and strategic choices in the institutional context, ACl is different from the rational choice
model, which limits the actors’ preference for specific economic interests. In other words, ACI is
a model that combines the rational choice model, which emphasizes the strategic choice of actors,
and historical institutionalism, which stresses institution.

To date, research on ACI has focused on how the actors influenced by an institution behave,
rather than how the institution influences the actors. Institutional settings that affect actors’ choices are
the remote causes of policy outcomes, whereas the results of actors’ interactions are the proximate
causes of policy outcomes [18] (p. 3). Therefore, ACI assumes policies to be linked to constellations
and modes of interactions comprising institutional settings, actors with capabilities and orientations,
combinations of strategies, and appropriate payoff [17].

First, the institutional setting is a factor that restricts the behaviors of participating actors since
it serves as a venue for interactions among the actors and determines the overall framework of
the game. However, since these constraints are not decisive, the final policy outcome is determined by
the interactions among actors. Second, actors are composite constructs characterized by capabilities
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and orientations (preferences and perceptions) [18] (pp. 43—44). Capabilities are behavioral resources
that enable or limit competencies, as well as the right to participate, refrain from participating, or
make autonomous decisions in the policy process. In other words, they refer to not only financial
and human resources but also the actors” competencies and roles defined by the law and sustained
relationships. Orientations indicate perceptions of and preferences for the maintenance of status quo,
causes of problems, efficacy in the behavioral process, and the process’” outcomes [18] (pp. 62-63).
Perception is a subjective cognitive orientation regarding phenomena, including facts and causal
relations, and the criteria for judgment are established under a theory or an institutional structure
that make autonomous decisions in the policy process. Furthermore, preference is a concept that is
classified into interests, norms, identities, and interaction orientations [18] (p. 64). Third, constellations
refer to the static picture that appears in interactions and combines actors’ characteristics (perceptions,
preferences, and capabilities) with a combination of strategies, represented by the game matrix [18]
(pp. 44-72). Constellations comprise players who participate in the specific game, their strategy
options, outcomes of a combination of strategies, and the preferences of these outcomes. These game
constellations do not individually affect interactions but affect them in a configurational manner; hence,
various elements must all be considered in the analysis. Game constellations in interactions appear at
the level of potential conflicts in actual policy interactions. Moreover, they are related to the type of
game, as that determines different aspects of how the conflicts will be resolved and how the players
will maximize their interests by adjusting their strategies or making decisions with others. Therefore,
constellations are the appropriate measure to determine the choices of players among actual policy
options [17] (p. 72).

Finally, the variable of interactions is a dynamic aspect within which conflicts are developed;
the types of interactions include unilateral action, negotiated agreement, majority vote, and hierarchical
direction. These are standardized interaction types that appear in combination in real life and are
influenced by the institutional structure [17] (p. 47). This aspect of interactions is a key variable that
affects the determination of the direction of final policy outcomes along with the institutional setting.

Therefore, this study used ACI as a theoretical framework to determine the MoM of enterprises.
The use of ACT helped to structuralize various entangled factors and determine their characteristics.
This study’s analysis of enterprise structural characteristics has implications for the establishment of
tailored policies through regulatory sandboxes in fintech.

To date, studies on regulatory sandboxes have mostly focused on the introduction of regulatory
institutions in certain countries [3,5-13] or on the current state of such institutions implemented in
certain fields [1,14,15]. However, these studies have been limited by their inability to adequately
determine the MoM innovation capacities. Therefore, this study is significant in that it analyzes
innovation competencies as the MoM of enterprises participating in the regulatory sandbox policy in
fintech and discusses its implications.

3. Methodology

By using patent contents, this study examined the MoM of enterprises participating in
the regulatory sandbox policy in fintech. The structural characteristics and innovation competencies of
participating enterprises were analyzed by using MoM of regulatory sandboxes and the presented
methods to apply them back to tailored policies [19,20].

To do so, the study first adopted the regulatory sandbox policy as part of the regulatory innovation
at the governmental level to create new industries and services that could overcome the difficulties
caused by existing regulations. Accordingly, prior to analysis, this study conducted a literature review
on the regulatory sandbox policy and examined various related trends.

Second, this study interviewed relevant experts (around 20 peoples between 1 April and 30
June 2020) to understand the innovation competencies of regulatory sandbox polices.
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Third, this study searched for credit information data using a list of participants limited to
participants in the fintech sector of the regulatory sandbox and classified them by type of enterprise
into large, middle-standing, and small and medium-sized enterprises.

To search for patent data, the names of the participating enterprises were converted into applicant
codes by utilizing the Korea Intellectual Property Rights Information Service of the Korean Intellectual
Property Office. Using these applicant codes and categories, patent data spanning 10 years (from 1 July
2011 to 1 July 2020) were collected. Among the types of patent-related attribute data that were collected,
unstructured data pertaining to titles and contents were used to examine the MoM of enterprises.

Further, a group network analysis using NetMiner, a network analytical tool, was performed on
the collected data. The results were used to process the data and confirm the ratio by organization
and group, then derive conclusions (see Figure 1).

Collecting Collecting Restructured
L) patents data by type
participants data of industry

Literature
review

T Conclusion
’ analysis ’ o

discussion

Figure 1. Research process.
4. Results

This study aimed to analyze the innovation competencies of enterprises participating in
regulatory sandboxes in fintech. To clarify innovation competencies from a microscopic perspective,
an analysis was conducted by classifying enterprises by type into large, middle-standing, and small
and medium-sized enterprises based on patent data (see Figure 2).
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Figure 2. Results of group network analysis. Note: Nodes represent keywords, links show the relationship
among nodes that appear as a result of analysis. The size of the nodes is related to their weight (the larger
the node, the higher the frequency). Through semantic network analysis, the connection between nodes
was visualized with the relationship frequencies.
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The following shows the main keywords, frequency, and centrality of each group from the cluster
group analysis result. As a result of patent analysis, companies in the fintech field that participate in
the regulatory sandbox can be divided into three groups. These can be labeled as infrastructure-related
issues (G1), complementary issues (G2), and G3 (user-related issues).

First, infrastructure-related issues (indicated as G1) represented major issues related to
the infrastructure of fintech; relevant keywords were apparatus, device, information, and computer.
These issues revealed that the infrastructure-related innovation competencies that can support security
in enterprise are enhanced by the application of new technology in fintech. It is important to build
infrastructure that can safely manage and distribute users’ funds. Furthermore, it was indicated
that the industry developed because of the advancement of infrastructure-related technology to
supplement funds.

Second, security-related issues (G2) included keywords such as system, server, network, control,
payment, and security. The establishment of security technology in fintech enterprises helps to protect
users when a financial company needs to prove that users permitted its transactions. Currently, the issues
in developing technology for security are concentrated in systems, servers, and networks. This shows
that security-related issues are closely related to the overall system operations of fintech, which are
closely related to G1 (infrastructure-related issues). In particular, security-related issues involve
the overall system, unlike infrastructure-related issues, whereas infrastructure represents detailed
physical technical factors.

Third, user-related issues (G3) showed high frequencies for keywords such as method, service,
call, processing, and credit. This indicates that technology related to stability in fintech transactions
has been developed through credit guarantee in transactions. This shows that technology has been
developed in terms of methods and services for credit guarantee, since there is an urgent need to
establish safeguards for users with the development of fintech (see Table 1).
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Subsequently, this study analyzed the structural characteristics of innovation competencies for
each participant in a regulatory sandbox in finance. It was possible to understand the characteristics of
each institution through the process of reclassifying the participants participating in the regulatory
sandbox system in the fintech by institution.

First, large enterprises actively responded to security-related issues (G2) (35.3%). Furthermore,
infrastructure-related (G1) and user-related (G3) issues showed the same ratio (32.4%).

Middle-standing enterprises showed the highest ratio of infrastructure-related issues (G1, 37.7%),
which were followed by user-related issues (G3, 33.2%) and security-related issues (G2, 29.1%).
Furthermore, it was found that middle-standing enterprises were focusing on the development of
infrastructure-related and user-related technologies in fintech.

Finally, small and medium-sized enterprises showed the highest ratio of user-related issues
(G3, 37.1%), which were followed by infrastructure-related issues (G1, 34.6%) and security-related
issues (G2, 28.3%). In other words, small companies were developing technologies with a focus on
users. (see Table 2).

Table 2. Results of group network analysis by industry categorization.

Large-Sized Enterprise of Sn.lall an.d
. . Medium-Sized
Company Middle-Standing . Total b
Division Enterprises y
Group
Freq. % Freq. % Freq. %
G1 (infrastructure-related issues) 9290 32.4% 693 37.7% 275 34.6% 104.6%
G2 (security-related issues) 10121 35.3% 535 29.1% 225 28.3% 92.6%
G3 (user-related issues) 9297 32.4% 611 33.2% 295 37.1% 102.7%
Total 28708 100% 1839 100% 795 100% -

Regarding the characteristics of each participating enterprise, the results show that large
enterprises are focusing on the development of security-related technologies, whereas middle-standing
enterprises are focusing on infrastructure-related technologies and small and medium-sized enterprises
on user-related innovation competencies. Furthermore, large enterprises are developing security
technologies that require relatively high initial costs, which play a key role in infrastructure building
for fintech.

Security technology is switching the direction from ex-post exposure to ex-ante prevention
for the development of digital technology, which indicates the need to establish a system for risk
management and relevant risk prevention. Middle-standing enterprises are improving efficiency
and safety in fintech by developing infrastructure-related technologies. Although infrastructure-related
technologies are closely related to security-related technologies, they are different in that the former are
more focused on detail. An examination of such microscopic mechanisms indicates that it is necessary
to establish policies suited to the characteristics of each enterprise type to facilitate institutional
development in fintech. (see Figure 3).
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Figure 3. Group network analysis by industry categorization. Note: Data are classified by company
and compared with the frequency of words belonging to each group.

5. Discussion

The current study analyzed the structural characteristics of the innovation competencies of
participating enterprises after the implementation of the regulatory sandbox policy and helped use
these characteristics to establish future policies in Korea. Furthermore, this study provides several
implications for the development of a regulatory sandbox policy in terms of evidence-based policy.

To date, in the regulatory sandbox policy in Korea, a few policy makers have been effectively
supplying policies that consider equity among participants. However, these policy makers have not
made sulfficient effort to determine the structure and characteristics of the innovation competencies of
policy users in terms of the supply process [21-23] because policy makers do not have adequate time
and funds to determine innovation competencies. Hence, the efficiency of user-centered policies can
be improved by developing a scientific analysis method to analyze the competencies of policy users
and including them in policies.

This study determined the MoM as a method to overcome policy failure by completely adopting
the best practices implemented in other countries. The study results will help to implement regulatory
sandbox policies tailored to the characteristics of South Korean participants to establish a differentiated
system and establish strategies to support the participants” MoM.

To examine the MoM of regulatory sandboxes, this study used ACI, which analyzes policies
focusing on interactions among actors. The application of ACI determines the institutional settings that
affect the policies and examines how actors interact with different preferences and value systems under
the constraints of institutional settings [19-24] to better explain the complicated aspects of the process
of implementing regulatory sandboxes.

Future research projects can further explain the responses to regulations. For the successful
execution of regulatory policies, it is necessary to obtain the compliance of subjects. Additional research
using compliance theory must be conducted to explain the responses toward regulations [24-26].

This study has some limitations. It focuses on the innovation competencies of enterprises
participating in the sandbox policy, rather than explaining the regulatory sandbox policy itself [27].
Therefore, in-depth discussions and considerations of the regulatory sandbox policy itself are necessary
in the future.

6. Conclusions

This study focused on the structural characteristics of each type of enterprise participating in
the regulatory sandbox policy and attempted to remove difficulties that new industries and services
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experiences during creation due to regulations. To examine the enterprises” MoM, this study collected
and analyzed the patent data created by enterprises to analyze their characteristics and help design
tailored policies in the future. The results of the analysis are as follows:

By analyzing the enterprise data by group, the innovation competencies of regulatory sandbox
participants were classified into infrastructure-, security-, and user-related issues. Infrastructure-
and security-related issues were closely related, and user-related issues occurred in the development
of technologies related to stability in fintech transactions. Furthermore, it was found that fintech
technology was developed with a focus on credit guarantee. Previously in Korea, the fintech sector
was fostered by the private sector, but the intention is to have the government foster the section. Since
the existing regulatory issues can be solved by the government’s policy, the government’s efforts can
have a great impact on the technology development in the fintech field.

The results of the analysis for each type of enterprise reveal that large enterprises are focusing on
security, middle-standing enterprises on infrastructure, and small and medium-sized enterprises on
user-related issues to develop their innovation competencies. In particular, the security-related issues
considered by large enterprises involve relatively high costs in terms of initial technology development
and are closely related to the construction of infrastructures. Contrarily, small and medium-sized
enterprises are developing technologies and services in fintech with a focus on users. Since
the infrastructure sector in the fintech sector in Korea is a sector that requires a high initial cost,
it is the role of the government to establish an institutional foundation for well-equipped infrastructure.
Therefore, the government’s institutional support for each of the infrastructure and technology
development sectors should be strengthened in future institutional design of the fintech sector in Korea.

This study can be used to formulate regulatory sandbox policies in the future by determining
the MoM of enterprises. In particular, it can be used as a reference to establish policies tailored
to the characteristics of each organization type by analyzing the innovation competencies of each
enterprise. The regulatory sandbox system in Korea is progressing at a rapid pace with the aim of
creating new industries and services in all industries. However, in the process of solving the issues
arising in the actual system process behind the creation of results through this sense of speed, a process
of transplanting the system suitable for the characteristics of Korea is necessary. Therefore, this research
suggests that there is a need for a policy alternative to feedback that can identify the characteristics of
companies participating in the regulatory sandbox in the fintech sector and reflect this in the policy.
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Abstract: The financial services sector, perhaps more than any other, is being disrupted by advances
in technology. The purpose of this study is to provide comprehensive data and evidence on value
of the FinTech innovation event. First, a text-based filtering method for identifying FinTech patent
applications is provided. Using machine learning applications, innovations are classified into major
technology groups. The methodology for valuation of FinTech innovation is based on data of stock
price changes. To assess the value impact, Poisson flow rates and stock price movements were
combined. Further, to evaluate the effect of FinTech patents on the company’s value, a combination of
CAR of patent application and Poisson intensities were used. Research findings provide evidence that
FinTech innovations bring significant value for innovators and Blockchain being especially valuable.
Such innovations as blockchain, robo-advising and mobile transactions are the most valuable for the
financial sector. On one side of the spectrum, the financial industry can be affected more negatively by
the innovation of nonfinancial startups that carry disruptive technology at their core. However, on the
other side of the spectrum, market leaders who make significant investments in their innovations can
evade most of these negative effects. This helped to form an overall view of FinTech innovations.

Keywords: FinTech innovation; valuation; patent application

1. Introduction

Recent development of FinTech raised significant interest within the financial sector and beyond.
This sudden evolution and development of financial technology was welcomed by many experts,
claiming that FinTech has the potential to disrupt and transform the financial sector by making it more
transparent, secure and less expensive [1-3]. For the past decade, sector leaders, represented by large
financial institutions, have increased their interest along with investments in FinTech innovations [4,5].
The first two quarters of 2019 raised USD 37.9 billion of global investments in FinTech [6]. According to
the Harvey Nash CIO Survey, in 2019, most competitive financial institutions considered FinTech to be
their major investment [7].

Despite all of this, it is currently not entirely clear how this new and fast emerging technology
can influence existing financial institutions and their business models; which emerging financial
technologies will prove of bearing highest value to their creators. It is expected that with the help of
FinTech innovations, financial institutions will be able to lower costs and increase customer inclusion
that will lead to an increase in future profits [8]. At the moment, new sector entrants are already
capitalizing on the growing demand for new, more customer-centric and digitally enabled services.
With key technology continuing to evolve rapidly alongside changing consumer needs, industry leaders
will be forced to compete with start-ups and tech companies for the new business models. It is difficult
to properly asses the circumstances without systematic data analysis on FinTech innovations.

Gonzalez, Gil, Cunill and Lindahl [9] state that financial innovations increase with increasing
growth of volatility among sectors more dependent on external financing, as well as with higher
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non-stability (growth of instability) of banks, with higher volatility of bank incomes and higher losses
of banks. Beck, Tao, Chen and Song [10] presented study based on data analysis of 32 countries over
the period 1996-2010. Authors pioneer in assessing the relationship between financial innovation,
at one end of the spectrum, and bank growth, as well as economic growth, on the other end.
Minhua and Yu [11] use a well-established event study methodology to observe average positive
market reactions to announcements of financial innovation regulations, thus implying positive impacts
of regulations on company’s operations and refer to such an impact as an ‘innovation effect’. Lerner [12]
studied patenting activities of investment banks and revealed a correlation with their size. Later,
he tried to take into account the features of empirical research and the fact that granted patents were
rarely used. Implemented analysis focused on organizations introducing financial innovations through
the study of a number of hypotheses proposed in the literature. The results showed that the generation
of innovation is inversely proportional to the size of the organization, emphasizing the failure of small
companies to obtain their patent rights. Schmedders and Citanna [13], studied how the coefficient of
incompleteness and structural changes in the financial market affect asset price volatility.

Summarizing the extensive theoretical literature on financial innovation and patenting, main areas
of scientific research can be distinguished:

e Nature and design of financial innovation;

e Adoption of financial innovations and its motives;

e  Conditions of the economic environment that stimulate financial innovation;
e  Effects of financial innovation on profitability and economic well-being;

e  Review of financial innovation.

However, key issues regarding the characteristics of financial innovations and their distribution
remain unresolved. These issues relate to the nature of financial innovation, and the mathematical basis
for assessing the impact of financial innovation in the financial market. In this regard, authors attempted
to create a methodology for assessing the impact of financial innovations on the financial market.
The proposed model is theoretical in nature and (since empirical studies for the totality of financial
innovations are not possible) shows the relationship of the elements that affect the financial market.

The aim of study is to provide comprehensive data and evidence on the value of the FinTech
innovation event. In search of a reliable set of innovative measures, some scholars show that researchers
used various data collection tools, ranging from unstructured interviews, in which respondents were
asked to list a number of measures (important for evaluating financial innovation), to structured
interviews that required the respondent to list the list of measures affecting innovative strategies [14].

This paper builds upon a number of various articles and reports. Analysis of Fintech innovation
value is based on the data of stock price changes linked with patent application disclosure. Results of
the study can be used for further analysis of the reaction of financial sector to the innovation.

2. Literature Review

2.1. Analysis of Key FinTech Innovations

Financial technology or FinTech is a term used to describe the impact of new technologies on
the financial services industry [15]. It covers a variety of products, processes, applications and
business models that intend to transform the traditional understanding and way of providing
financial services [16].

According to the Financial Stability Board FSB definition, “FinTech is technology-enabled
innovation in financial services that could result in new business models, applications, processes or
products with an associated material effect on the provision of financial services” [17].

From the point of view of procedures, FinTech refers to new applications, processes, products or
business models in the field of financial services, consisting of one or more additional financial
services, provided in whole or for the most part via the Internet. Services can be provided
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simultaneously by various independent service providers, typically including at least one licensed
bank or insurance company [18].

Based on data analysis, different reports and scholars [15,17,19], the FinTech landscape can be
mapped across four broad dimensions and technologies classified into major innovations groups that
are ultimately developed for the purpose of application (present or future) in financial services (Table 1):

Table 1. Key FinTech innovations transforming financial services (source: elaborated by authors,
based on articles, surveys and industry reports).

Technology Innovation

Financial Services

Machine learning (ML)
Predictive analytics
Data analytics

Artificial intelligence (AI)
Big Data

Investment advice
(robo-advising)
Credit decisions

Asset Trading

Digital currencies

Distributed ledger (DLT) Back-office, recording

Distributed computing

. . Blockchain Settle payments
Dimension
Smart contracts Automatic transactions
Cryptography Biometrics Identity protection
Cybersecurity Cybersecurity
Digital wallets Crowd funding

Application programming
interfaces (APIs)
Mobile transactions
Internet of things (IoT)

person-to-person
transactions (P2P)
Smartphone wallets
Inter-operability and
expandability

Mobile access internet

Table 1 implies all the listed innovations should be considered FinTech as their implementation
lies (or is intended for) in financial services.

The study presents how FinTech innovations in all four dimensions influence value from the point
of view of individual traditional companies, i.e., market leaders and competitors. Theoretical discussion
implies that disruptive innovations of potential market participants can be particularly unpleasant
for industry leaders who struggle to adapt to changes and focus on customers. On the other hand,
market leaders can benefit from disruption, because they have more financial resources and greater
economies of scale for introducing new lines of business compared to competitors [20]. Empirical tests
confirm the latest predictions that the amount of resources allocated to R&D&I can increase the agility
of market leaders to damage from potential external disruptive innovations.

An analysis of the value of Fintech innovations requires reliable estimates (statistical data)
of their value. Research on corporate innovation states that the reaction of stock prices to patent
applications can be used to examine the valuation (value) of innovations [21]. However, it is less
valuable that the reaction of price to a patent publication reflects an unexpected factor: market investors
can anticipate a future event and partially include this expectation in the price of the firm’s shares
today. Without adjusting for the rational anticipation of the abnormal reaction of stock prices to
a disclosed patent application, it will not give a rational assessment of innate value of financial
innovation. Previously conducted research of stock price reactions to patent applications do not take
into consideration the possible expectation of investors. However, in the study of Kogan, Papanikolaou,
Seru, and Stoffman [22] the value of patents using pending adjusted price responses to patent grants
was evaluated. Authors state that the market can expect several future financial innovations, but in
this article, we focus on the Poisson distribution.
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2.2. Classification of FinTech Innovations with Machine Learning

The application of a machine-learning method was used for the purpose of classifying patent
applications based on textual data. Method was applied in three steps: 1—processing of textual data
of applications; 2—building sample unit; 3—training algorithm to single out categories of innovations.

Table 2 presents the results of a machine-learning method performance—neural networks
(out-of-sample). Such measures as “accuracy”, “precision”, “recall”, and a combination of the last
two called “F1 score” are used to determine classification performance [23]. Neural networks method

carries three layers with neurons: 1.124 in first, 286 in second and 42 in third.

Table 2. Performance of machine-learning method (source: author, based on [24]).

Neural Network (%)
Accuracy 94.7
Precision 98.8
Recall 97.4
F1 score 98.1

Table 3 reports performance scores of five main FinTech categories that were selected during text
based filtering: (0) nonfinancial innovations, (1) blockchain, (2) cybersecurity, (3) mobile transactions,
(4) robo-advising, (5) IoT.

Table 3. Performance of the neural network method for sample training (created by authors).

No. of
No. of Applications No. of
Category Precision (%) Recall (%) Applications ppoical L
. in Predicted Applications
in Category
Category
0 98.9 97.2 517 514 44916
1 100.0 99.5 104 112 1.446
2 97.9 97.4 269 264 5.127
3 96.3 97.1 213 214 3.165
4 97.8 97.7 91 91 1.512
5 97.6 95.3 76 77 1.251
Total: 98.1 97.4 1.270 1.270 59.417

Performance of the used machine-learning method is summarized in Table 2. This algorithm
has 98.8% precision and 97.4% of recall. Column of No. of Applications presents the text-filtered
set of patent applications that were assigned into each of the five categories by the used algorithm.
Created sample consists of 86% of nonfinancial innovations and 14% of FinTech patent applications

3. Methodology and Data

3.1. Methodology for Assessing Worth Based on Values with Reactions of Stock Market

The worth of FinTech innovations needs to be reliably estimated to be able to carry out empirical
analysis. Lately, the research literature has acknowledged that new patent values can be studied on
the basis of the fluctuations of the stock prices. However, there is a catch to it, as one must take into
consideration the possibility of investors anticipation of the future patent case, that might correct the
company’s stock price prior the patent event itself. Consequently, to evade the biased estimation of the
innovation value, a rational anticipation correction has to be implemented into the model. Most studies
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of the stock fluctuations do not take into consideration that possible future insight of the investors
anticipating the possible patenting events.

Sometimes, more than one future innovation can be anticipated by the market. Thus, it is
important to be able to evaluate the value of FinTech innovations, considering the possibility of
multiple innovations. We created a method, that in itself was sufficiently general while giving
a possibility to be used with a wide range of data count models (i.e., Poisson, negative binominal, etc.).
To simplify the process, however, the focus was on the Poisson count distribution, which is used in
many studies of patenting activity such as [25].

V) is the company value before the patent event, V* is the value increase caused by one patent
event. The count of the patents N that will happen over a period (¢, t + T) under our assumption is
following a Poisson distribution:

Ae=h
Price(N:kllt) = T, k:0,1,2,... (1)

Here the information set of the participants in the market is marked by I}, at specific point in time
marked by t. The time t + T change value for the company is kKV* when the exact count of the patent
events is k. We can express the value of the company before patent disclosure happens:

— o Akeh
Vig=Vio ) | (kAV;) + AAV; @)

If we take independency of patent events as a constant, then the event of a patent produces
a conditional distribution over further patents, which is a ZTP conditional Poisson distribution:

Akg=2
PV(N:klN Z].,If): m,k::l,z,... (3)

So we can express the actual value of the company after the patent disclosure happens:
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Following Equations (2) and (4) we can express the value increase caused by one patent event as:

AV =V 4 Vj correspond to the company value change after the patent application disclosure.
In Equation (5) we made an uncomplicated calculation of the increasing value of a patent V* using
data of the observations. Mainly we could calculate the change of the market value AV based on the
irregular reactions of the stock prices. We could also calculate intensity parameter A using empirical
models of the patent counts, for example Hausman et al. [25].

3.2. Methodology of Assessing the Intensities of Innovations

The innovation intensity parameter A has to be assessed as the time-variable value. To do that
we used the innovator panel data from the patent filing counts and integrated it into the series of
Poisson regressions. As there was a possibility of dependencies between the intensity of innovation
and the specifics of the technology or the characteristics of the innovator, we constructed different
combinations of the type of the technology and the innovator and we integrated them into the models
separately. Total assessed count of the models was 18, which included 5 FinTech categories (15 models)
and 3 models for benchmarking financial innovations that were not FinTech.
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When evaluating public companies for a specific category of technology k, we used MLE
(maximum likelihood estimation):

log(}l,-,k,t) = a+ ﬁ]ASSEt,‘,t + ﬁzR&D&L‘/f —+ ﬁSR&D&Ii,t—l + [‘34R&D&L‘,t_2
+B5R&D&I; i3 + BsAgei+ + PePreviousFinTech; y (6)
+BePreviousOtherF;; + B7PreviousNonF;; 4+ i + 0t + €kt

Here t and i are, respectively, year and innovating company. In this regression total assets
are Asset;;; R&D&I spendings n + 1 years before the present year are R&D&I;,.,; total age of the
company since the founding is Age; the stock of company’s FinTech applications before the t year is
PriorFinTechj;; the stock of the company’s nonfinancial filings before the f year is PriorNonF;;; the stock
of company’s non-FinTech financial applications before t year is PriorOtherF;;. Indexes y; and 0; are
used to express the fixed effects of innovator and year and all other non-indicator controls are expressed
in natural logarithm.

For private companies the following regression is assessed:

10g()\,~,k,t) = a+ By PreviousFinTech;; 4 poPreviousOtherF;; 4 pzPreviousNonF;;

7)
+yi+ 0t + €y

Results of the Poisson regressions are represented in Table 6. As the table data suggests,
more FinTech patent applications were completed by larger companies. Additionally, for the private
companies, there were solid positive predictors of the innovations in FinTech in the form of company’s
age and amount of the prior non-FinTech applications. Further, for the individuals, the prior innovation
experience in non-FinTech areas of finance was the most robust predictor of FinTech filing activity.

3.3. FinTech Innovation Patenting Data

Preparing data for the further analysis authors relied on various researches and data sources, such as
open databases along with additional information processing and data matching. No commercial
bulk data sources were used, therefore some limitations concerning data were necessary.

For the purpose of providing solid proof on the FinTech innovation event and value, a data set based
on publically available patent applications was constructed. Patent applications were analyzed using
publicly available data from World Intellectual Property Organization (WIPO) [26], European Patent
Office (EPO) and Google Patents databases. This study was based on patent applications and not
granted patents mainly for the reason that granting a patent takes years and FinTech is a relatively new
field thus many of the patents were applied only recently.

We started by limiting the time span of patent application search to the period of 2015-2019.
Which gave a search result of 1,511,546 applications. These applications were then limited to the
International Patent Classification (IPC) classes “G” and “H”, which were considered to potentially
relate to FinTech [27]. It should be noted that not all developments relating to finance and business can
be the subject of a patent [28].

Text in the abstract and description sections of patent application and information of assignees
was used in order to distinguish assignees into groups of private/individual investors, private and
public companies.

Due to the absence of clear and standard definitions of what explicit technologies FinTech covers,
a list of terms related to finance was generated to pin down patent applications to those that represent
financial services and products.

Table 4 shows main filtering (elimination) steps of applications to match specified criteria and the
number of valid applications left for further analysis.
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Table 4. Creating a sample for filtering patent applications (created by authors).

Steps Eliminated Applications Valid Applications

Total number of patent
1 applications from 2015 to 1,511,546
12019

Eliminate applications
that do not fall under the
2 “G” or “H” classes of 790,631 720,915
International Patent
Classification (IPC)

Eliminate nonfinancial
applications that do not
3 meet the definition based 731,214 59,417
on selected financial
terms

Eliminate applications
that fall under the
category on
“nonfinancial” after use
of machine-learning
algorithm

39,709 19,708

Eliminate applications
5 with incomplete 8867 10,841
information

Eliminate applications of
6 universities, research 128 10,713
institutes

Eliminate applications of
7 companies that don’t 5801 4912
have public trading data

Patent applications left

8 in the set: 4912
9 FinTech applic;?tions-
where the applicant is:
Public company 1159
Private company 2974
Individual 779

1 Data from database was retrieved on November 2019. Therefore, not covering full year.

Total set of applications classified by machine learning method based on text filtering was 59,417,
finance related was 19,708. From 19,708 applications, 8867 were eliminated as invalid, for the reason
of missing necessary information (data). Finally, the data set was left with 4912 applications that
were used for further analysis: 1159 on public companies; 2974 on private companies and 779 on
individual innovators.

After application of machine learning algorithms to gathered data, the main innovations
categories were distinguished: blockchain, mobile transactions, P2P, cybersecurity, IoT, data analytics
and robo-advising.

In Table 5 applications are classified by different types of innovators. Data required for determining
status, classification and dates were gathered from public sources. An interesting observation that can
be drawn from this data is that private companies are most active and prevail in most of categories of
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FinTech innovations. Public companies bring substantial contributions to innovations in robo-advising,
while individuals contribute more in cybersecurity.

Table 5. FinTech patent applications by innovations applicants’ type (created by authors).

Category Individual Public Company Private Company
blockchain 5 94 109
cybersecurity 514 931 1.271
mobile transactions 162 88 993
robo-advising 89 17 347
IoT 9 29 254

Total: 779 1.159 2.974

It can be stated that public companies (as a group) stimulated (promoted) the introduction of only
a small number of Fintech innovations.

In order to determine the value of a FinTech innovation patent application to several publicly
traded companies new methodology was developed. Stock market reaction to the event of patent
publication was used as basis for valuation. To understand intrinsic value of every innovation for the
company, predicted count intensity and stock price change of company needed to be combined.

Such an approach gives an opportunity to determine how much companies operating in the sector
of financial services tend to profit from their own FinTech innovations. Overall study shows that
blockchain, robo-advisors and cybersecurity are among the innovations carrying the largest value to
the companies. The developed method allowed us to determine how innovation’s value impacts the
financial industry using stock price data, which means it is limited to measure the effect of publicly
traded companies.

Among the listed categories of FinTech, cybersecurity and mobile transactions had the largest
number of innovations over the period of the historical sampling. Blockchain as a category secured
its position as the fastest growing innovation in the field of FinTech. To study the consequences of
introducing FinTech innovations, a methodology for evaluating financial technologies in the financial
market (based on the cost of patent applications for one or more companies traded on the stock
exchange) was developed.

The valuation was based on the observed reaction of the stock market to the disclosure of patent
applications. It is important to note that this approach took into account market expectations regarding
various types of patent applications filed by different categories of entities. Initially, the intensity of
innovation was assessed using a Poisson regression model, which takes into account factors such as
the type of technology, time effects and previous experience of the patent applicant. Then, for each
patent application, the predicted counting intensity was combined with the movement of company
stock prices to determine the implicit value of innovation for the company. Applying this approach of
valuation, we analyzed the number of companies in the financial market that have benefited from their
own innovations in the field of financial technology. Calculations showed that the value of FinTech
innovations (i.e., the value received by innovator) in general is positive.

Further study presents how value is influenced by FinTech innovations from the viewpoint of
traditional companies, i.e., market leaders and their competitors. In different studies, the presented
theoretical discussions imply that disruptive innovations presented by potential market participants
might be particularly unpleasant for industry leaders who find it difficult to adapt to changes and
focus on customers. At the same time, industrial disruption can be potentially beneficial to market
leaders, as they usually have greater economies of scale and more financial resources for introducing
new lines of business, compared with competitors. Empirical tests confirm the latest predictions that
market leaders’ ability to evade damage from disruptive external innovations is closely related to the
sum total of resources allocated for their own R&D&I.
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This study complemented a significant number of studies that use patent data to study the
innovative activities of companies [28,29]. Although the literature contains valuable information on
innovation and corporate patenting in general, most of the previous research was based mostly on
granted patent data and do not fully cover innovative activities in the field of FinTech, which actively
has been carried out during recent years. Placing the main focus on patent applications in the field of
FinTech innovation, we can mitigate problems of truncating data regarding patenting and provide
more complete picture of the latest trends and models.

The developed model expanded on recognizing the nature of innovative events over time,
which allowed us to more accurately assess the real value of such impact. In general, such approach
of combining reactions of stock prices with predicted Poisson flow rates is helpful in exploring
other different types of potentially recurring and to a certain extent expected phenomena, such as
a reassessment of analyst estimates, the sequence of news releases by a company, or a wave of possible
merges or bankruptcies.

Theoretical studies described in vast literature prove how external financial innovations can benefit
or harm existing companies and how traditional companies can protect themselves from external
threats by using their own innovations. It is rather difficult to test such theories because big samples of
data about possible competitive threats from innovation are very difficult to obtain. This study used
a new systematic data set in order to determine how innovations of potential participants can affect
individual companies in the industry.

The approach presented in the article of FinTech patent applications identification and classification
applying text analysis and machine learning contributes to literature that applies these methods to
finance and economics. Machine learning algorithms that are used to classify texts are actually new
to the financial field and can be used effectively to analyze a wide range of issues related to patent
applications, legal documentation and other textual data.

3.4. Assessing the Value of Own Patent Filings

Further we evaluated the effect that owning FinTech patents has on the value of the publicly traded
financial companies. To acquire this data, we used a combination of the cumulative (market-adjusted)
abnormal returns (CAR) over the period of event of patent application with the Poisson intensities.
We can use Equation (5)’s empirical analogue to assess the value of the innovation to the company:

A

vIND - T cpR M, ®

K ikt X Mt

Here the technology type of innovation is k, the company is i and the date of the publication of

the innovation is . A, is the intensity of innovation from the Poisson regressions that was projected

in Assessing the intensities of innovations Section; 7y ; refers to a number of patents that have been

disclosed on the date t by a company i; CAR; is a 4 day period calculation which starts 2 days prior the

patent disclosure date t; M;; refers to a company’s market capitalization 5 days before the disclosure
date t.

4. Results and Discussion

4.1. Results on Number of FinTech Innovation Events

This Table 6 presents Poisson regression models calculation on the number of FinTech innovation
events that occur in a given time period (2015-2019). Regression is calculated for every technology
category separately. Research and Development and Innovation are the company’s expenditures that
it spends on R&D&I before the year of patent application event. FinTech previous applications are the
number of company’s previous Fintech patent applications. Nonfinancial previous applications are
the number of company’s previous nonfinancial patent applications. All applications are counted in
the same IPC “G” and “H” classes.
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Table 6. Poisson count models calculated for FinTech innovations (created by authors).

Public Companies Blockchain Cybersecurity Mobile Transactions ~ Robo-Advising Internet of Things
Assets 0.943 *** 0.907 *** =1.277 ** —35.903 * —-0.355
(-0.193) (~0.349) (~0.541) (~20.399) (—0.486)
Research and Development ~ 0.073 1.753 *** -0.172 59.590 ** 1.988
and Innovation (=0.304) (=0.557) (-1.72) (—29.945) (-1.362)
Research and Development ~ 0.048 —-0.673 1.908 34.657 ** 3.738
and Innovation 1 (-0.3) (—0.66) (—2.245) (-16.662) (—2.336)
Research and Development ~ —0.236 0.364 0.287 —-22.221** ~7.361 ***
and Innovation 2 (-0.288) (—0.662) (-2.05) (-10.288) (—2.344)
Research and Development ~ —0.273 —0.935* —1.241 29.204 ** 2.111%
and Innovation 3 (~0.248) (-0.514) (—1.443) (—14.246) (-1.129)
Age —-0.201 —0.093 —3.693 ** 37.648 -0.295
(-0.591) (-1.329) (-1.514) (~139.437) (-2.107)
Fintech previous 0.111 —-0.092 * 0.244 —5.566 —1.126 ***
applications (-0.11) (~0.174) (~0.309) (-3.711) (~0.339)
Nonfinancial previous 0.253 ** 0.197 0.358 27.971* 1.243
applications (~0.101) (~0.176) (~0.278) (~12.487) (~0.305)
Private Companies
Age 1.145 ** 1.730 *** 3.399 *** 11.987 ** 3.547 ***
(~0.166) (-0.306) (~0.628) (~5.55) (~0.725)
Fintech previous —0.555 *** —1.103 *** —1.643 *** —2.790 ** —1.105 ***
applications (-0.09) (-0.137) (-0.267) (—1.304) (-0.27)
Nonfinancial previous 0.619 *** 0.818 ** 0.966 *** 8.111 *** 0.867 **
applications (~0.101) (~0.174) (~0.281) (-2.982) (~0.369)

Data in parentheses represent robust standard errors. * p < 0.10; ** p < 0.05; *** p < 0.01.

In Table 7 we see a cumulative data for private innovation values across seven different categories
and five major FinTech groups, FinTech innovations and non-FinTech financial innovations. CARs for
each of the five categories are provided individually. The data prove that FinTech innovations lead to
a notable value for the company. For the innovator value on average is 21.5 M USD and the median
reaches 41 M USD. Comparing these values to innovations that fall under the category of non-FinTech
financial, a substantially lower median value is created, that is USD 2.1 M, but the average value is
still similar to the value FinTech innovations. In most of the innovation types the mean CAR values
are positive. The fact that median and mean values in some innovation types have opposite signs,
shows the degree of substantial asymmetry in the distributions. Mobile transactions have the only
negative median value. Futher, the biggest values are seen in blockchain innovation, cybersecurity and
robo-advising (USD 99.4 M, USD 56.3 M and USD 52.2 M, respectively).

We use bootstrapping to evaluate the importance of the median and mean values.
Bootstrapped p values for medians and means are presented in the Table 7 in parentheses. We have
received results that show statistical difference of zero of the positive medians for blockchain,
cybersecurity, robo-advising and IoT. Additionally, the positive median for all FinTech innovations
shows high statistical significance. Thus, the statement, that FinTech innovations bear significant value
to their innovators is supported by the p values in Table 7.

Table 7 presents data on the value effect for the company of selected FinTech innovation categories.
Values, that are expressed in millions USD, from public company’s abnormal stock returns (CAR)
linked to their patent application event, are calculated according to Equation (8). CARs are calculated
over the period of 2 days: starting one day before the news of patent application. Data in parentheses
represent p-values for means and medians, and a bootstrapping method was used to calculate p-values.
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Table 7. FinTech innovation value for the company (created by authors).

Innovation Category CAR (%) Mean Median Standard Deviation

Blockchain 0.31 62.5 99.4 1768.50
(0.431) (<0.001)

Cybersecurity 0.47 492 56.3 1021.73
(0.456) (0.083)

Mobile transactions -0.36 -89.7 -18.4 1792.64
(0.385) (0.089)

Robo-advising 0.29 -104.6 522 964.1
(0.455) (0.011)

IoT -0.38 -314 22 817
(0.611) (0.783)

All FinTech Innovations 21.5 41.0 1548.80
(0.483) (<0.001)

Non FinTech Financial 19.6 2.1 3031.20

Innovations (0.564) (0.482)

Further we evaluate the effect that underlying technologies have on the value of FinTech
innovations. For this cause multivariate regressions are used. On the first stage the goal is a mitigation
of skewness and outliers in the distribution of the value. For this cause, a logarithmic transformation is
applied to the estimated values:

- { gl vV V>0 ©)
—log(1-V*); V<0

Here, V is a converted value that is later used in regressions as the dependent variable. V* is the
estimated in Equation (8) value. Further, following form regressions are estimated:

VIIND = a4 B TechDy + " Xigr + €14 10)

Here Vi,ok,WtN is the value (which is log transformed) of the patent application on a date ¢
of technology type k to a company i. TechD are the binary variables and express categories of
different FinTech. X contains controls of company size, company age before FinTech applications,
before applications in other financial areas and before nonfinancial applications in IPC “G” and “H”.
Company and year fixed effects, patent breadth and quality controls are also included. Nonindicator
controls are expressed in natural logarithm.

Table 8 presents regression results. According to the data, the most valuable innovation categories
are blockchain followed by robo-advising. These types of innovation have much more significant
value compared to mobile transactions baseline. However, it can be observed that other categories are
not that significantly different from mobile transactions. These data show that, regarding future cost
savings in financial services, there are big potential benefits offered by blockchain technology.

4.2. Discussion

In this analysis the value of FinTech innovation was presented through a patent lens. This is
a tangible measure that proves that protecting the output of companies’ investment can bear positive
value effect. Being an essential source of competitive intelligence, patents can help companies
to withstand introduction of disruptive innovation [30]. In this paper, the focus is put on patent
applications rather than on granted patents which provides more of a complete analysis of recent
trends in FinTech innovation.
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Table 8. Innovation category and company value of FinTech (created by authors).

Innovation Category Value
blockchain 2.022 **
(0.652)
cybersecurity 0.245
(0.533)
mobile transactions 1.341*
(0.731)
robo-advising 1.637*
(0.731)
IoT 0.704
(0.947)

*p < 0.10; ** p < 0.01.

The method that was developed complements other researchers that used stock prices to determine
the value of innovation. Presented study extends and combines reactions of stock prices with Poisson
innovation intensities. It can be used to analyze different types of recurring and partially anticipated
events. Approach used in this paper to identify and classify FinTech innovations using machine learning
and text analysis can contribute to the economic literature. The study demonstrates a correlation
between financial innovations and impact or value on the financial market.

Despite the current widespread of FinTech, the fundamental challenge that was faced analyzing
FinTech innovations is that there is currently no official definition or consensus about what FinTech is
and of what exact technologies or services it comprises [31].

4.3. Limitations

Patenting FinTech inventions has a number of challenges and one of the limitations is that
it reflects only part of financial sectors” innovation activities as not all of them can be subject to
patenting [32]. While previous researchers have focused more on the analysis of granted patents [33,34],
trends on machine learning technologies and applications [35,36], the presented study is based on
patent applications, mainly for the reason that granting a patent takes years and FinTech is a relatively
new field, thus many of the patents were applied only recently.

The other limitation is related to the complexity of companies R&D&I expenditures that makes
it hard to determine exact investments. Further research is needed for a broader understanding of
FinTech innovation impact on financial sector and society.

5. Conclusions

Such an increase of interest in FinTech-powered innovation during recent years brings out the
need for a deeper understanding of a potential value that these new emerging technologies can bear
to their inventors. There is an increase in general understanding that patents play an important part
in an organization’s innovation strategy. Different sectors adopt different strategies for generating
value from innovations. Currently there is an obvious difference between how financial services and
technology companies perceive patents.

Analysis of valuation of financial innovation presented in this paper was based on stock price data.
The developed model expanded on recognizing the nature of innovative events over time, which allowed
to assess value impact more accurately. For this purpose, Poisson flow rates and stock price movements
were combined, which proved to be useful exploring other partially anticipated recurring phenomena
such as the sequence of company news releases and wave of mergers or bankruptcies.
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The presented study provides evidence that FinTech innovations bring value to their inventors and
generally are valuable to the whole financial sector. Most valuable FinTech innovations are blockchain
innovation (USD 99.4 M), cybersecurity (USD 6.3 M) and robo-advising (USD 52.2 M).

On the other hand, some categories of FinTech innovation have a negative value effect on
companies. Findings state that market leaders that invest in their own R&D&I, have tendency to avoid
harm introduced by disruptive innovations.

For further research, the authors suggest to focus on a deeper analysis of the additional features of
FinTech innovations and how they affect the value of companies in the financial sector. What is more,
the conducted study can be used as basis for further research of social impact of FinTech innovation.
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Abstract: Multi-attribute decision making (MADM) is a cognitive process for evaluating data with
different attributes in order to select the optimal alternative from a finite number of alternatives. In the
real world, a lot of MADM problems involve some random and ordinal variables. Therefore, in this
paper, a MADM method based on stochastic data envelopment analysis (DEA) cross-efficiency with
ordinal variable is proposed. First, we develop a stochastic DEA model with ordinal variable, which
can derive self-efficiency and the optimal weight of each attribute for all decision making units (DMUs).
To further improve its discrimination power, cross-efficiency as a significant extension is proposed,
which utilizes peer DMUs’ optimal weight to evaluate the relative efficiency of each alternative.
Then, based on self-efficiency and cross-efficiency of all DMUs, we construct corresponding fuzzy
preference relations (FPRs) and consistent fuzzy preference relations (FPRs). In addition, we obtain
the priority weight vector of all DMUs by utilizing the row wise summation technique according to
the consistent FPRs. Finally, we provide a numerical example for evaluating operation performance of
sustainable development of 15 listed banks in China, which illustrates the feasibility and applicability
of the proposed MADM method based on stochastic DEA cross-efficiency with ordinal variable.

Keywords: stochastic DEA; multi-attribute decision making; ordinal variable; cross-efficiency

1. Introduction

Sustainable development (SD) is a widely used phrase and idea, which firstly emerged in the
context of environmental concerns [1-3]. However, with the development of society and economy,
we gradually realized the significance of sustainable development of economy. To some extent, the
operation performance of banks can reflect economic trends. Therefore, it is important to maintain the
sustainable development of banks. Recently, sustainable development of banks has become a hotspot.
Munir and Gallagher [4] proposed that optimizing the benefits and costs can improve sustainable
development of banks. Xue et al. [5] considered that adjusting and optimizing the layout of the physical
branches of commercial banks is crucial to its sustainable development. Jiang and Han [6] suggested
that adopting diversification strategy is beneficial to achieving sustainable development of banks.

Multi-attribute decision making (MADM) is one of the most common and popular research fields
in the theory of decision science [7]. It assumes that there exists a set of alternatives with multiple
attributes which decision makers (DMs) need to evaluate. The purpose of MADM is to select the
optimal one from a finite number of alternatives. Generally speaking, each MADM problem includes
two parts: classifying and ranking. Classifying can be considered as the grouping of the alternatives
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based on the similarities of attributes. Ranking is defined as the rank of alternatives from the optimal to
the worst [8]. In recent years, some methods have been proposed to handle MADM problems, such as
total sum (TS) method [9], simple additive weighting (SAW) method [10], the analytic hierarchy process
(AHP) method [11], multiplicative analytic hierarchy process (MAHP) method [12], the technique for
order preference by similarity to ideal solution (TOPSIS) method [13], and data envelopment analysis
(DEA) method [14].

In MADM problems, we need some decision making information including attribute values and
attribute weights, which denote the characteristics of alternatives and relative importance of attributes,
respectively [7]. Nevertheless, attribute values are known, so we have to obtain attribute weights by
the aforementioned approaches. However, DEA is a nonparametric programming efficiency rating
technique for evaluating the relative efficiency of DMUs with multiple inputs and outputs, whose
evaluation results come from input and output data [15-17]. Compared with other methods, attribute
weights derived by DEA is relatively objective. Therefore, DEA has been widely applied in many fields
for different purposes [18-20], such as assessment of environmental sustainability [21,22], supplier
selection [23-25], and evaluation of the influence of E-marketing on hotel performance [26].

Due to the inherent complexity and competition of the real world, MADM problems often involve
some random and ordinal variables. However, previous DEA studies have been undertaken in a
deterministic environment, which cannot solve the above situation. Therefore, it is necessary to
incorporate the stochastic variable into DEA. Then, we propose the stochastic DEA model with ordinal
variable. Recently, stochastic DEA has become the research hotspot. A well-known method to extend
DEA to the case of random inputs and outputs is to utilize chance constrained programming (CCP) [27],
which was proposed by Charnes and Cooper [28]. The CCP admits random data variations and
permits constraint violations up to the specified probability limit. Khodabakhshi et al. [29] extended
the super-efficiency DEA model to an input-oriented super-efficiency stochastic DEA model by CCP.
The major contributions on the stochastic DEA may be attributed to the work of Sengupta [30].
A prominent characteristic of his study is that stochastic DEA is transformed into a deterministic
equivalent [31]. In addition to Sengupta’s work, Sueyoshi [31] proposed a DEA future analysis method
that considered how to integrate future information into DEA, and then applied it to restructure
strategy of a Japanese petroleum company. Wu et al. [32] followed the Cooper’s approach to develop
stochastic DEA model by considering undesirable outputs with weak disposability.

However, although stochastic DEA model can evaluate MADM problems with random and
ordinal variables, the following disadvantages also exist. One is that DEA identifies many efficient
alternatives where efficiency score is equivalent to one, and cannot further discriminate them. Another
is that the ranking order of all alternatives cannot involve appraisal of peer DMUs and influences the
accuracy and persuasion of evaluation results in MADM problems. Faced with these drawbacks, many
researchers have taken efforts to modify DEA methods, including weight restriction, super-efficiency,
cross-efficiency and so on [33]. The weight restriction methods commonly attach additional constrains
to relative weights, including absolute weight restriction [34], common weights [35], and cone
ratio restriction [36]. Nevertheless, all weight restriction approaches use priority information or
predefined parameters, thus they are subjective to some extent. Andersen and Petersen [37] proposed
a super efficiency method for ranking DMUs. The cross-efficiency evaluation method is an important
extension, which is invented to utilize peer DMUs’ optimal weights to appraise relative efficiency of
each DMU [38—41]. Compared with the traditional DEA approach concentrating on self-efficiency
evaluation, cross-efficiency evaluation method has the following main characteristics: (1) taking
peer-evaluation of all alternatives into account and guaranteeing a unique ranking order for whole
DMUs, (2) eliminating unrealistic weight schemes without predetermining any weight restrictions,
and (3) effectively distinguishing better DMUs and poor DMUs [42]. Owing to these superiorities,
cross-efficiency evaluation results can be more reasonable and acceptable. Therefore, cross-efficiency
has been widely applied to diverse fields, including R&D project selections and the ranking of
universities’ comprehensive ability. However, there are few DEA methods to handle the issue that

166



Sustainability 2020, 12, 2375

MADM problems involve some random and ordinal variables. To further extend the application of
DEA on aforementioned MADM problems, we develop a MADM method based on stochastic DEA
cross-efficiency with ordinal variable.

The main purpose of this paper is to address the MADM problems with random and ordinal
variables. Therefore, we propose a MADM method based on stochastic DEA cross-efficiency with
ordinal variable. The major characteristics of this method are presented as follows. One is that both
stochastic variable and ordinal variable are incorporated into DEA model, which is considerably
consistent with the actual circumstance. The other is that it simultaneously considers the self-efficiency
and cross-efficiency in evaluation process of MADM problems, and then constructs corresponding
consistent FPRs. Subsequently, we calculate the priority weight vector of all alternatives by utilizing
the row wise summation technique and derive the full ranking order of them.

The rest of this paper is organized as follows. In Section 2, we briefly introduce the traditional CCR
model and its correlative properties. In Section 3, we develop a MADM method based on stochastic
DEA cross-efficiency with ordinal variable. Section 4 gives a numerical example for evaluating
operation performance of sustainable development of 15 listed banks in China, which illustrates the
applicability of this proposed approach. Finally, some conclusions and future research work are
presented in Section 5.

2. Preliminaries

In this section, we briefly review some basic concepts of DEA model. DEA is a data-oriented
methodology for identifying efficiency production frontiers and evaluating the relative efficiency
of DMUs that multiple inputs of production factors produce certain amount outputs [43]. Suppose
that there are n DMUs to be evaluated, where each DMU is characterized by its production
process of consuming m inputs to generate s outputs. For convenience, the inputs and outputs
of DMU;(j =1,2,---,n) are denoted as x;;(i =1,2,---,m) and y,j(r=1,2,---,s), respectively.
To evaluate performance of specific DMUj, Charnes et al. [44] proposed the following model to
calculate its relative efficiency under the assumption of constant returns to scale (CRS).

min Oy

n
S.t ‘Z1Ajyrj >y, r =1,2,-- 5,
i ¢y
'21 A]'X,‘]‘ < Qkx,'k,i = 1,2,"' ,m,
j=
Aj20,j=1,2,,n

The above model is called input-oriented CCR model, where A; are the nonnegative multipliers
used to aggregate existing DMUs into a virtual one [45], O is the relative efficiency score of DMUj.
To understand the CCR model clearly, we give the dual form of the CCR model:

maxz =
T

WrYrk
1

S

m

S
St Y wyyi— Y, uxi;<0,j=1,2,---,n,
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where Xij and Yrj are the inputs and outputs of DMUj( j=1,2,---,n), yj and w, are the input and
output weights. xj and y,; are the inputs and outputs of specific DMU, respectively. The optimal
solution of the objective function is the relative efficiency of DMUy. If the efficiency score of DMU is
less than one, the DM is defined as DEA inefficient. Conversely, if the efficiency score is equal to one,
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the DMUj is considered as DEA efficient. In the following, we extend the CCR model by incorporating
discretionary variable, ordinal variable and stochastic variable. Then, we develop a MADM method.

3. Multi-Attribute Decision Making Method

Generally speaking, MADM is an evaluation process where the optimal alternative needs to be
chosen from a finite number of feasible alternatives based on a set of attributes [8]. Owing to the
inherent complexity and competition of real world, MADM problems often involve some random and
ordinal variables. However, the traditional DEA approach assumes that all inputs and outputs are
discretionary where they are under the control of management, thus it insufficiently addresses the
above situation. Therefore, we propose a stochastic DEA model with ordinal variable, which constructs
production frontiers that incorporate inefficiency and stochastic error [45].

3.1. Stochastic DEA Model with Ordinal Variable

The basic CCR model supposes that all inputs and outputs are deterministic. In other words,
they are under the control of management [45]. However, in the real world, there are many situations
where some inputs and outputs are out of the control of management. Hence, the aforementioned
models need to be modified to adapt to these circumstances. First, we assume that I denotes the set
including all input variables, and then divide them into two categories: a set of discretionary inputs
Ip(i=1,2,---,p), and a set of ordinal inputs Io(i =p+1,p+2,--- ,m). We rewrite model (3) in a
new form as follows:

S
maxz = )Y, @Yk
=

Stzs:w, -—{: Iyl — f 2x2 <0
e YT H i=p+1 Hitij =% (3)
i ok f 1222 =
= i7ik i—pr1 i~k
w20, 20,u?20,j=1,2---,n

The above model simultaneously considers discretionary and ordinal inputs. The model (3) is
an output-oriented model in which we find the optimal output value on the condition that the input
values are fixed. The optimal solution of the objective function of model (3) is the self-efficiency of the
specific DMUj. The symbols y} and ‘uf represent weight multipliers of the discretionary inputs and
ordinal inputs, respectively.

It is notable that this study pays attention to real situations where we can control the quantity of
inputs, while being unable to control the outputs. The reason is that the quantity of outputs relies on
many external factors such as economic factors, political factors and other social factors. Therefore, the
output is commonly considered as stochastic variable. The traditional DEA model for performance
evaluation is deterministic type, which does not take the random errors of output variable into account
in production process. However, stochastic DEA constructs production frontiers that incorporate
both inefficiency and stochastic error, which moves the frontiers closer to the bulk of the producing
units [45]. Therefore, the measured technical efficiency of DMUs is improved comparing to the
deterministic model. In this subsection, we introduce the stochastic outputs into model (3). Suppose
that all stochastic outputs are denoted by y,;(r = 1,2,---,s), and each y,; has a certain probability
distribution. The following model (4) is developed:
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The above model is designed to evaluate the expected efficiency of the specific DMU,.
The inequality constraint guarantees that the probability of the efficiency score of DMUj less than
or equal to $; should be higher than 1 - «;. The symbols (wy, y}, y%) represent weight multipliers of
stochastic outputs, discretionary inputs and ordinal inputs, respectively. Pr denotes a probability and
the superscript “~” expresses that y,; is a stochastic variable. The other symbol g; is a predefined
value whose range is between 0 and 1. §; stands for a desirable level of efficiency of DMUj, which is
determined by outside conditions including decision level of management or market circumstances [31].
Meanwhile, a; is also a prescribed value whose range is between 0 and 1. It is considered as an
allowable risk level that violates the related constraints.

To obtain the computational feasibility, the stochastic DEA model should convert into the
deterministic DEA model. In this paper, we utilize the CCP technique to transform the second
constraint of model (4) into the following form.

s S ; v
;‘1 WrYrj — Z‘l w’yrj ﬁ]( L :“, i + Z Hl l]] rgl Wrr
ol 2 = P >1-a,j=12,,1 ()

e i

where 7, is the expected value of Jrj and

V(~?11)~ Cov(@r%‘) C"”(Zlf@sf) a
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U]-( j=1,2,---,n) represents the variance-covariance matrix of the DMU;, where the symbol “V”
stands for a variance and the symbol “Cov” denotes a covariance. To follow the CCP technique, this
subsection introduces a new variable which follows the standard normal distribution with zero mean
and unity variance.

S S
_ Zl wr?rj - Z wr?,j
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Therefore, the Formula (5) can be rewritten as follows:
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After a simple transformation, we can obtain the following formula.

ﬁJ(Z i ,,+ Z #, z,] éw%
T

where ® represents a cumulative normal distribution function and ®~! denotes its inverse function.
Based on Equation (9), the model (4) can be rewritten as follows:
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The second inequality constraint of model (10) includes quadratic expression and brings
computational difficulty. To further simplify the computational process, we suppose that each
stochastic.output is denoted by 'yv,]- = yrj + h,jé(r =12--,sj=1,2,---,n), where y,]. is the expected
value of y,; and I, is its standard deviation. ¢ is assumed to follow a standard normal distribution
N(0,1). Bj represents the covariance matrix of DMU;. Under such an assumption, B; can be defined
as follows:

Wy hghaj e hajh;
hohyy R Byl

I an
hs]hl] hs/hZ} M hf]

Hence, U; can be rewritten as the following form,

2
By Ml jhs w
hz 'hl i 2. e hz insj [} s 2
Uf:(wl wy - a)5)>< ]< ! _2/ 7 . :(Z wyhr]-),Vr:1,2,~~-,s;j:1,2,~~-,n. (12)
: : : : r=1
hsjhlj hsjhzj h%] Ws

By incorporating Equation (12) into model (10), then the stochastic DEA model with ordinal
variable can be transformed into the following equivalent linear programming;:

S
max Z W1

Stzyl zk+ Z ‘ul zk L (13)

S
B; Z ‘u1xl]+ Z ‘u] l/) Zla)ry,jz Y wrhrjd>_1(1—aj),
=
wrzo,p} 20,;11220,]71,2,~~~,n
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Here, the dual form of model (13) is presented as follows:

min 6

n
S.t Zl /\/(ﬁ]xllj) < kailk’i =1,2,--- 0,

\.

n

E‘l/\](ﬁ] 1])<9kxk’lfp+1p+2"'/ml (14)
- )

L A[5; 4 j0” (1—af)]2y,k,r=1,2,---,s,

=i

A 200<a]<10<ﬁ]<1]712

We can derive the optimal weights ( wy, [ul.l, yiz ) of outputs and inputs by solving model (13). Based
on the optimal weights of DMUj, the cross-efficiency of DMU; is calculated by the following formula:

S
Z WrkYrj
= ,k,j:l,2,~~~,n,k¢j. (15)
Z‘#zk 1]+ Z 'uzk 1]

Ey

which is the peer evaluation of DMUj to DM Uj. Then, we obtain the cross-efficiency matrix.

Eyy Epp - Ey
Exyy Ex -+ Egy

E=]| . . ) (16)
Enl EnZ e Enn

However, we cannot derive priority weight vector of all DMUs by cross-efficiency matrix E.
Therefore, we need to construct corresponding preference relations to yield the priority weight vector
of whole alternatives.

3.2. Constructing the Consistent Fuzzy Preference Relations for Ranking DMUs

It is known that traditional ways to construct a preference relation are based on experts’ subjective
evaluation involving their professional knowledge and ideas, which lead to different preference
information for different experts [46]. However, compared with traditional approaches, using the
pairwise efficiency derived by DEA method to construct a preference relation is more objective. In this
subsection, we present the following specific procedures of construction process. First, we can obtain
the efficiency scores Ejyy, E kjr E ks E jj(k, ji=12,--,n) by solving model (13) and calculating Equation
(15). Then, we construct corresponding fuzzy preference relations (FPRs)R = (rk]-)nxn, the element of R
is defined as follows:

E + Ejk

_— =05j=12,- 17
Ekk+Ek]+Ek+E/] j (17)

}’k]‘

where R = (rk j)nxn is characterized by ry; + rjx = 1 and rj; = 0.5. ry; represents the evaluation of unit k
over unit j. If rx; > 0.5, it denotes that unit k is superior to unit j. Conversely, if r; < 0.5, it stands for
that unit j is superior to unit k. Based on FPRs R = (rk f)nxn’ we can construct corresponding consistent

FPRs A = (akj)nxn by utilizing the following formulas.

n n
Ekk-‘rE]'k
Cp = E ki = _——— k=1,2,--- ,n. (18)
= / = Ex +E]‘k -‘rE]']' +Ek]'
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%75 Los 19
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Based on the consistent FPRs A = (akj)nxn' we can derive the priority weight vector of all

alternatives by using the row wise summation technique and obtain the whole ranking order.
The priority weight vector v (k = 1,2, -+ ,n) of DMUy is calculated by the following equation,

n n
Yag  Xatz-l
oL = (20)
U = non - .
nn-1
Y fay "

k=1j=1

In summary, we show the detailed procedures of MADM method based on stochastic DEA
cross-efficiency with ordinal variable.

Step 1: Solve model (13); we obtain the self-efficiency Eg(k = 1,2,--- ,n) and the optimal weights
y}*(i =12,-,p), [uiz*(i =p+1Lp+2- ,mwi(r=12,--,s).

Step 2: Utilize Formula (15) to calculate the cross-efficiency Ey;(k # j,k,j = 1,2,--+,n) by the
optimal weights of other peer DMUs.

Step 3: Use Equation (17) to calculate the value of rk]-(k, j=1,2,---,n) and construct the FPRs

R= (rkj)nxn'

Step 4: Construct corresponding consistent FPRs A = (akf)nxn based on the FPRs R = (rkj)nxn by
utilizing Equations (18) and (19).

Step 5: Obtain the priority weight vector vg(k =1,2,---,n) of DMUy by calculating the
Formula (20).

Step 6: Rank all alternatives in accordance with the descending order of priority weight vector
vk =1,2,---,n) and select the optimal one.

4. Example and Discussion

With the development of society, we gradually realize the significance of sustainable development
of economy. To some extent, the operation performance of banks can reflect the economic trend.
Therefore, it is important to maintain sustainable development of banks. In this section, we provide
a numerical example for evaluating operation performance of sustainable development of 15 listed
banks in China, which illustrates practicability and validity of the proposed MADM method based on
stochastic DEA cross-efficiency with ordinal variable. The 15 listed banks are Bank of China (DMU),
Construction Bank of China (DMU3), Industrial and Commercial Bank of China (DMU3), Agricultural
Bank of China (DMUy), Industrial Bank Co., Ltd. (DMUs), Bank of Communications (DMUg), Shanghai
Pudong Development Bank (DMUy), Ping An Bank Co., Ltd. (DMUg), China Minsheng Bank (DMUy),
China Merchants Bank (DMUj), China Citic Bank (DMU1), China Everbright Bank (DMU;,), Huaxia
Bank (DMU;3), Beijing Bank (DMU;4) and Shanghai Bank (DMUjs), respectively. Owing to operating
similar business, these banks compete with each other. Then, we want to know the bank with the best
performance under the same conditions. Therefore, we have to evaluate the relative performance of
all listed banks by aforementioned method and obtain a full ranking of them. Here, we employ the
intermediation approach to determine input and output factors of these banks. Compared with other
approaches, this method is more suitable for evaluating the whole bank and superior in evaluating
efficiency of bank’s profitability. Then, it also reduces heavy computation and is considerably consistent
with bank’s daily operation. Therefore, based on the intermediation approach, we determine four
input factors (m = 4) and two output factors (s = 2). The input factors consist of (i) fixed assets (x1),
which stand for the capital value of tangible assets; (ii) labor costs (x2), which refer to the costs of the
full-time employees; (iii) interest expense (x3) and the number of branches (x4). The output factors
include the amount of the loan (;) and the amount of deposit (12). Among these six attributes, x1, x»
and x3 are considered as the discretionary variables, x4 is the ordinal variable, y; and y, are assumed
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as the stochastic variables. Our data come from the national Tai’an database. Table 1 gives a summary
of the inputs and outputs. Table 2 gives order ranking for branches’ number of all listed banks. Table 3
gives descriptive statistics of raw data.

Table 1. Input and output variables.

Index Sym Item Unit
Input 1 Xi Fixed assets 100-million CNY
Input 2 Xp Labor costs 100-million CNY
Input 3 X3 Interest expense 10-billion CNY
Input 4 Xy The number of branches
Output 1 Y Loan 100-billion CNY
Output 2 Y, Deposit 100-billion CNY

Table 2. Order ranking for branches’ number of all listed banks.

Banks Rank Banks Rank
Bank of China 4 China Minsheng Bank 9
Construction Bank of China 3 China Merchants Bank 5
Industrial and Commercial Bank of China 2 China Citic Bank 7
Agricultural Bank of China 1 China Everbright Bank 9
Industrial Bank Co., Ltd. 6 Huaxia Bank 10
Bank of Communications 5 Beijing Bank 11
Shanghai Pudong Development Bank 7 Shanghai Bank 11

Ping An Bank Co., Ltd. 8

Table 3. Descriptive statistics of raw data.

Attribute  Fixed Assets  Labor Costs Interest Rank:ng of Loan Deposit
Expense Branches’” Number
Average 715.51 152.35 17.66 6.53 70.51 86.29
Min 43.95 27.62 4.59 1 6.43 9.24
Max 2161.56 402.22 37.56 11 198.93 232.26

There are two parameters which are not part of the given database: @ and p. We run the stochastic
DEA model (13) in Matlab software with different values for these parameters to see the sensitivity of
the result. Table 4 shows self-efficiency scores of 15 listed banks which are calculated with diverse
combinations between a = {0.05,0.1,0.2} and g = {0.8,0.85,0.9,0.95,1}. It presents the values of
three statistics of self-efficiency, including the minimum, maximum and the mean. As suggested by
Sueyoshi [31], regular trends are found in Table 4. It is notable that the mean, the maximum and the
minimum of the self-efficiency increase as a or f increases. However, there are two cases that exist
in Table 4 and cannot be viewed as exceptions. One is that an increase in  from 0.95 to 1 decreases
the maximum of self-efficiency from 1 to 0.9754 when a = 0.1. The other is that the maximum of
self-efficiency has no variation between g = 0.95 and = 1 under the condition of a = 0.2. It is obvious
that there is smaller difference among self-efficiency scores under the condition that a or f chooses
diverse values. Therefore, we choose @ = 0.1 and g = 0.95 for the rest of the paper.

With the original data, we complete Step 1 of the developed method. In the following, we will
accomplish Step 2 to 6. In Step 2, we use the optimal attribute weights of each bank to calculate the
cross-efficiency of the 15 listed banks by utilizing Formula (15) and the results are presented in Table 5.
In Table 5, Ekj(k =1,2,---,15) denotes the peer evaluation of DMUj to DMU;. In Step 3, we utilize
the Formula (17) to calculate the value of rkj(k, j=1,2,---,15) and construct corresponding FPRs
R = (rkj) 55" Table 6 shows the values of the FPRs R. In Step 4, we construct the consistent FPRs

A= (ak]-) 1515 by using Equations (18) and (19). Table 7 presents the values of the consistent FPRs A.
In Step 5, we obtain the priority weight vector of each listed bank by utilizing Equation (20). In Step 6,
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we can select the optimal one by ranking all listed banks in accordance with the descending order of
priority weight vector vy (k = 1,2,---,15) and the result is documented in Table 8.

Table 4. Self-efficiency under different & and f.

B a min max mean
0.8 0.05 0.4142 0.7649 0.6470
0.1 0.4528 0.8435 0.6791

0.2 0.5171 0.8716 0.7064

0.85 0.05 0.4401 0.8127 0.6874
0.1 0.4811 0.8963 0.7215

0.2 0.5494 0.9205 0.7502

0.9 0.05 0.4660 0.8605 0.7278
0.1 0.5094 0.9312 0.7576

0.2 0.5817 0.9593 0.7933

0.95 0.05 0.4919 0.9283 0.7696
0.1 0.5377 1.0000 0.8212

0.2 0.6141 1.0000 0.8365

1 0.05 0.5178 0.9561 0.8087
0.1 0.5660 0.9754 0.8434

0.2 0.6464 1.0000 0.8770

Table 5. Cross-efficiency and self-efficiency score.

El,j Ez,j Eg,j E4,j E5,]' Eg,i E7,j Es,]'

Ex1 0.9010 0.9493 0.9498 0.9507 0.9059 0.6197 0.8449 0.6523
Ex2 0.8762 1.0000 0.8815 0.8851 0.8317 0.5170 0.7675 0.6071
Ex3 0.9005 0.9246 0.9016 0.9259 0.8458 0.5912 0.7884 0.6076
Exa 0.8961 0.9374 0.9272 0.8707 0.8361 0.4318 0.7651 0.6326
Exs 0.7182 0.5316 0.5085 0.5325 0.8379 0.2974 0.7553 0.8421
Ei6 0.8000 0.7858 0.7684 0.7870 0.7827 1.0000 0.7508 0.6226
Ei 7 0.6880 0.4986 0.5146 0.4992 0.8108 0.4244 0.8102 0.5327
Ei s 0.5317 0.3765 0.3377 0.3772 0.7480 0.3673 0.6536 0.8627
Ei9 0.5940 0.4900 0.4691 0.4908 0.6672 0.5191 0.6298 0.6017
Ex 10 0.8565 0.8067 0.7437 0.8082 0.8942 0.9491 0.8380 0.9062
Ex 11 0.7483 0.5406 0.5460 0.5413 0.9022 0.4473 0.8256 0.6656
Ex12 04792 0.3245 0.3215 0.3250 0.6325 0.3444 0.5905 0.5295
Ex13 0.3340 0.2141 0.2176 0.2144 0.4578 0.2772 0.4225 0.3466
Ex1a  0.2555 0.1648 0.1631 0.1650 0.3608 0.4986 0.3379 0.3115
Ex1s  0.2065 0.1279 0.1230 0.1281 0.3217 0.4377 0.2799 0.3316

Eo,; E1o,j E11,j E1 E13 E1a Eis,j

Ei1 0.8543 0.6192 0.8056 0.7620 0.6979 0.7845 0.6618
Eyx 2 0.7839 0.5166 0.7338 0.6950 0.6278 0.6723 0.5966
Ex3 0.7981 0.5907 0.7465 0.7081 0.6484 0.7363 0.6161
Exa 0.8015 0.4315 0.7223 0.6923 0.6017 0.5903 0.5718
Exs 0.8082 0.2972 0.8971 0.8132 0.6871 0.4417 0.6563
Exe 0.7322 0.9484 0.7443 0.7046 0.7071 0.8947 0.6888
Ex7 0.7309 0.4241 0.8104 0.7341 0.7082 0.7067 0.6541
Exs 0.6590 0.3670 0.9505 0.8461 0.8474 0.4468 0.8502
Ex 9 0.7477 0.5186 0.6937 0.6462 0.6509 0.6153 0.6363
Ex 10 0.8242 1.0000 0.9245 0.8610 0.8855 0.8809 0.8901
Ex11 0.8133 0.4470 0.8555 0.8408 0.8092 0.7158 0.7597
Ex12 0.5678 0.3441 0.7268 0.6991 0.6749 0.5365 0.6391
Ex13 0.3933 0.2770 0.5495 0.4752 0.5377 0.4546 0.5040
Ex,14 0.2976 0.4982 0.4880 0.4076 0.5828 0.5987 0.5709
Ex15 0.2401 0.4374 0.5198 0.3980 0.7339 0.5277 0.6945
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Table 6. Fuzzy preference relations R.

1L 1 T3 T4 T54 To,j 7 T8,
T 1 0.5000  0.5035  0.4933 04883  0.4627 05421 04618  0.4730
T2 04965 05000 04925 04896 04278  0.5407  0.4254  0.4354
T3 05067 05075  0.5000  0.4959 04352  0.5423 04394  0.4430
T4 05117 05104  0.5041  0.5000  0.4453 05784  0.4446  0.4520
T 5 05373 05722 0.5648  0.5547  0.5000  0.6109 05043  0.4895
Iie6 04579 04593 04577 04216  0.3891  0.5000  0.4135  0.4312
Ii,7 05382  0.5746 05606  0.5554  0.4957  0.5865  0.5000  0.5303
Ii 8 05270 05646 05570  0.5480  0.5105  0.5688  0.4697  0.5000
Ii9 05668  0.5904  0.5828  0.5745  0.5378 05776  0.5280  0.5300
rngio 04502 04564 04612 04187 03747 04999 04018  0.3921
ngin 05155 0.5539  0.5404  0.5328  0.4968 05724  0.4908  0.5438
gz 05853 0.6235  0.6120  0.6042 05536  0.6203  0.5449  0.5817
gz 06472 0.6841  0.6724  0.6619  0.6050  0.6769  0.6126  0.6592
rngia 06637 0.6866  0.6825  0.6567 05715  0.6333  0.6183  0.5899
rngis  0.6343  0.6600  0.6499  0.6368  0.5952  0.5987  0.6004  0.6254

T9,j I10,j I11,j I12,j 13, I14,j I15,
Ii1 04332 05498 04845 04147 03528  0.3363  0.3657
I 2 04096 05436 04461 03765 03159  0.3134  0.3400
I3 04172 05388 04478  0.3880 03276  0.3175  0.3501
T4 04255 05813 04463  0.3958  0.3381  0.3433  0.3632
Iie5 04622  0.6253 05032 04464 03950 04285  0.4048
Tie6 04224 05001 04276 03797 03231 03667  0.4013
Ii7 04720 05982 05092 04551 03874  0.3817  0.3996
T8 04700  0.6079 04562 04183  0.3408 04101  0.3746
Ti,9 0.5000  0.5903  0.5366 04761 03996  0.1792  0.4031
rgio 04097 05000  0.4036 03592 03017  0.3684  0.3746
ngin 04634 05964 05000 04567 03951 04088  0.4292
gz 05239 0.6408 05433 0.5000  0.4244 04489  0.4495
gz 06004 0.6983  0.6049 05756  0.5000  0.5435  0.5783
rng4 08208 0.6316 05912  0.5511  0.4565  0.5000  0.9109
rngis 05969 0.6254 05708  0.5505  0.4217  0.8717  0.5000

Table 7. Consistent fuzzy preference relations A.

ay,j a a3 j A, s, 6,j az; agj
ay 1 0.5000  0.5110  0.5069  0.5000  0.4737 05182 04756  0.4835
a2 04890 05000 04959 04890 04626 05072 04646 04725
a3 0.4931 05041  0.5000  0.4931 04668 05113 04687  0.4766
ag4 0.5000  0.5110  0.5069  0.5000  0.4736  0.5182  0.4756  0.4835
a5 05263 05374 05332 05264 05000 0.5446  0.5020  0.5099
a6 04818 04928 04887 04818 04554  0.5000  0.4574  0.4653
a7 05244 05354 05313 05244 04980 05426 0.5000  0.5079
ay g 05165 05275  0.5234 05165  0.4902  0.5347 04921  0.5000
a9 05254 05364 05323 05254 0.4991 05436 05010  0.5089
a0 04754 04864 04823 04754 04490 04936 04510  0.4589
a1 05238 05348 05307 05239 04975  0.5421 04994  0.5073
a1z 05498 05608 05567  0.5498  0.5235  0.5680  0.5254  0.5333
a3 05878 05988  0.5947  0.5878  0.5615  0.6060  0.5634  0.5713
aa 05686 05796 05755  0.5686  0.5422  0.5868  0.5442  0.5521
a5 05533 05644 05602  0.5534  0.5270 05716 0.5290  0.5369
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Table 7. Cont.

ag,j a1o,j an,j anj a1z a1, ais,
a1 0.4746 0.5246 0.4762 0.4502 0.4122 0.4314 0.4467
a2 0.4636 0.5136 0.4652 0.4392 0.4012 0.4204 0.4356
a3 0.4677 0.5177 0.4693 0.4433 0.4053 0.4245 0.4398
a4 0.4746 0.5246 0.4762 0.4502 0.4122 0.4314 0.4466
a5 0.5009 0.5510 0.5025 0.4765 0.4385 0.4578 0.4730
a6 0.4564 0.5064 0.4579 0.4320 0.3940 0.4132 0.4284
a7 0.4990 0.5490 0.5006 0.4746 0.4366 0.4558 0.4710
ay g 0.4911 0.5411 0.4927 0.4667 0.4287 0.4479 0.4631
a9 0.5000 0.5500 0.5016 0.4756 0.4376 0.4568 0.4721
ay 10 0.4500 0.5000 0.4515 0.4256 0.3876 0.4068 0.4220
ay 11 0.4984 0.5485 0.5000 0.4740 0.4360 0.4552 0.4705
ay 12 0.5244 0.5744 0.5260 0.5000 0.4620 0.4812 0.4965
ay 13 0.5624 0.6124 0.5640 0.5380 0.5000 0.5192 0.5345
ay 14 0.5432 0.5932 0.5448 0.5188 0.4808 0.5000 0.5152
ay 15 0.5280 0.5780 0.5295 0.5035 0.4655 0.4848 0.5000
Table 8. Ranking of 15 listed banks.
Banks Weight Rank
Bank of China 0.0694683 6
Construction Bank of China 0.0709367 3
Industrial and Commercial Bank of China 0.0703883 4
Agricultural Bank of China 0.0694709 5
Industrial Bank Co., Ltd 0.0659563 11
Bank of Communications 0.0718976 2
Shanghai Pudong Development Bank 0.0662167 9
Ping An Bank Co., Ltd 0.0672700 7
China Minsheng Bank 0.0660825 10
China Merchants Bank 0.0727509 1
China Citic Bank 0.0662932 8
China Everbright Bank 0.0628283 12
Huaxia Bank 0.0577616 15
Beijing Bank 0.0603234 14
Shanghai Bank 0.0623554 13

We can obtain the ranking of all listed banks:

DMU;g > DMUg > DMU, > DMU3 > DMU, > DMU, > DMUg > DMUq;
> DMUy > DMUg > DMUs > DMUq, > DMU75 > DMU74 > DMUa3.

From the ranking in Table 7, we find that the optimal DMU is selected as DMUy. It is obvious
that China Merchants Bank is the listed bank with the best operation performance. However, according

to self-efficiency of all listed banks, we derive the following ranking:

DMU,y = DMUg = DMU, > DMU3; > DMU, > DMU, > DMUg > DMU1;
> DMUs > DMUy > DMUy > DMUjs > DMUys > DMUy, > DMUs.

We cannot select the best bank in accordance with the above ranking result. In addition, the
ranking result obtained from the developed method is different from that derived by traditional DEA
approach. The stochastic DEA cross-efficiency with ordinal variable method effectively distinguishes
all listed banks and yields the whole ranking. Meanwhile, it can greatly avoid impact of subjectivity
of experts and strengthen the discrimination power. Therefore, our proposed method is reliable and

valid compared with the traditional DEA method.
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5. Conclusions

In this article, we proposed MADM method based on stochastic DEA cross-efficiency with ordinal
variable and applied it to evaluating operation performance of sustainable development of 15 listed
banks in China. First, we obtained self-efficiency scores of each bank and optimal attribute weights
by solving stochastic DEA model. Then, we calculated cross-efficiency of all listed banks by utilizing
the optimal attribute weights. Subsequently, according to self-efficiency and cross-efficiency of whole
banks, we constructed corresponding FPRs and consistent FPRs. Finally, we used the row wise
summation technique to derive the priority weight vector of all listed banks. Based on the unique
ranking order of whole banks, we selected the best one.

In summary, the developed MADM method based on stochastic DEA cross-efficiency with ordinal
variable is proved effective for evaluating MADM problems. The advantages of this approach are
presented as follows. One is that it simultaneously incorporates stochastic variable and ordinal variable,
which is considerably consistent with actual circumstances. The other is that it takes cross-efficiency
into account in evaluation process of MADM problems and constructs corresponding FPRs, which
guarantee the objectivity and persuasion of evaluation results. Furthermore, it requires no assumption
of the functional relationships between multiple inputs and multiple outputs of alternatives, and all
evaluation results come from original data. However, our method exists some limitations. One is
that the stochastic output variable is assumed to follow standard normal distribution and directly
applied to the stochastic DEA model. Standard normal distribution is one of the many probability
distributions, we need to examine whether other distributions can be used for stochastic DEA model.
Another is that the value of parameters a and g is predefined. We have no mature approach to find the
optimal value of parameters a and p.

In the future research, we intend to design an integrated method that combines DEA with
multiplicative FPRs to handle performance evaluation of MADM problems. Another is that we need
to consider the relation among different types of variables in MADM problems and extend existing
DEA methods to address it.
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Abstract: Access to finance is often cited as a key factor for sustainable poverty alleviation, but
expanding access to the poor remains an important challenge for financial institutions. Much hope
has, therefore, been placed in the transformative power of digital financial inclusion. However,
evidence on the relationship between digital financial inclusion and poverty is limited. This paper is
one of the first attempts to study the effects of digital financial inclusion on farmers’ vulnerability to
poverty in China, using survey data on 1900 rural households. Vulnerability to poverty, here defined
as the likelihood of poverty in the future, is measured by the Asset-Based Vulnerability model. In our
survey, the proportion of farmers using digital financial services is 35.63%. Our estimations show
that farmers’ use of digital financial services have positive effects on reduction in their vulnerability.
We also find that such effects rely mainly on improvement in farmers’ ability to cope with risk, that
is, alleviating their vulnerability induced by risk. Further investigation reveals that digital financial
services provided by ICT companies have a larger impact on farmers’ vulnerability than that provided
by traditional banks. The lessons learned from China’s digital financial inclusion is valuable for other
developing countries where financial exclusion looms large.

Keywords: digital financial inclusion; risk-coping ability; vulnerability to poverty; instrumental
variable estimation

1. Introduction

Expanding access to finance is often cited as one of the most important poverty alleviation
policies [1]. However, it is well recognized that financial institutions face challenges in expanding
access to the poor [2]. The government in China, as in many other developing counties, has actively
employed numerous policies to improve financial services in rural areas [3], often with disappointing
results [4]. Despite the variety of financial institutions—such as Rural Commercial Banks, Agricultural
Banks, Postal Savings Banks, Village and Township Banks, and Credit-Only Companies—in Chinese
rural areas [5], as pointed out by He et al. [6], farmers remain underserved or excluded by the traditional
banking sector because of the fundamental questions of high transaction cost, information asymmetry,
and the shortage of collateral.

Much hope has, therefore, been placed in the growth of financial digital innovations. The term
“digital financial inclusion”, defined as digital access to and use of formal financial services by
underserved and excluded populations [7], has attracted attention from many researchers and policy
makers. In particular, in 2016, when China was the leader of the G20, the G20 Global Partnership
for Financial Inclusion (GPFI) developed a set of High-Level Principles (HLPs) for digital financial
inclusion that encourage governments to use digital technologies to foster inclusive finance. In this
decade, successful business models for digital financial inclusion have emerged worldwide, following
the introduction in Kenya in 2007 of M-Pesa, a key innovation initially developed for peer-to-peer
(P2P) payment—mobile money. Using SMS, it is used mainly for money transfer and cash storage,
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primarily through mobile network operators [8]. The service was first expanded to Tanzania, and then
to Afghanistan, South Africa, India, Romania, and most recently to Albania.

In China, digital financial inclusion differs in important ways, using a completely different
model [9]. Unlike M-Pesa, mobile financial services in China are offered mainly by third-party payment
platforms based on smartphone apps, such as those offered by Alipay or WeChat. In addition, digital
financial inclusion is more than a payment innovation in China, which has a broad range of digital
financial products and services, such as online banks, peer-to-peer (P2P) online lending, online fund
sales, online crowdfunding, and online insurance [10].

Digital finance, also known as internet finance or FinTech, has experienced explosive development
in China since 2013, when Yu’ebao (Yu’ebao is an online sales platform for money market funds, which
was launched by Alibaba’s Ant Financial Services in June 2013), an online fund sales platform was
launched, and in 2016 the term “digital financial inclusion” began to draw attention when it was
formally proposed in G20 HLPs. The providers of digital financial services in China can be divided
into two groups—information and communication technologies (ICT) companies providing financial
services, such as Alibaba or JD.com, and financial institutions applying ICT to their traditional services,
such as the E-Housekeeper services of the Agricultural Bank [11], which are both crucial to financial
inclusion goals [12]. In fact, providers of such financial services have actively expanded their business
in rural China, including e-commerce platforms, P2P lending platforms and traditional financial
institutions (see Appendix A Table A1). The Peking University Digital Finance Development Index
(IFDI) shows the rapid development of digital finance at the county level across 30 provinces of China
(see Appendix A Figure A1). The IFDI measures the growth in China’s digital finance with rich data
from Ant Financial Services. Several recent papers find a positive correlation between digital financial
inclusion and rural economic activities, such as self-employment, income growth, and improvement in
income distribution [13,14].

However, evidence on the relationship between digital financial inclusion and poverty reduction
remains limited, especially at the micro level. This paper is one of the first attempts to provide evidence
from rural China regarding the impact of digital financial inclusion on farmers’ vulnerability to poverty.
Vulnerability to poverty, defined here as the possibility that a household will fall below the poverty
line in the future, is an ex-ante poverty indicator, while poverty represents an ex-post welfare outcome.
Vulnerability to poverty is a better indicator in China, given that its government has pledged to lift all
people out of poverty by 2020, when what really matters is vulnerability of a household, that is, poverty
prevention is more important than alleviation. Using survey data on 1900 rural households, this paper
first applies the Asset-Based Vulnerability model to measure farmers’ vulnerability to poverty, then
rely on an instrumental variable (IV) and two-stage least squares (2SLS) regression to study the effects
of farmers’ use of digital financial services on their vulnerability to poverty. We also examine the
potential channels through which digital financial services may affect farmers’ vulnerability to poverty.

The remainder of the paper is organized as follows. Section 2 first reviews the existing literature
and then develops our hypothesis. Section 3 presents the research design. Section 4 reports the estimate
results including the endogeneity tests. Section 5 presents additional robustness checks, and Section 6
concludes with a brief discussion of policy implications.

2. Literature Review and Hypothesis Development

2.1. Literature Review for Vulnerability to Poverty

The concept “vulnerability to poverty” was initially coined by the World Bank [15], which defined
it as the possibility that a household will fall below the poverty line in the future. Poverty is an
ex-post welfare condition, whereas vulnerability is an ex-ante poverty indicator of a household’s
ability to cope with risks [16,17]. In fact, the expanding literature on vulnerability has produced
a multitude of definitions and corresponding approaches [18], including vulnerability as expected
poverty (VEP), vulnerability as low expected utility (VEU), and vulnerability as uninsured exposure
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to risk (VER), among which the VEP approach is dominant [17-19]. However, as noted by Carter
and Barrett [20], the VEP approach, as well as many other approaches, fails to unpack the nature and
sources of vulnerability.

This paper thus adopts the Asset-Based Vulnerability approach developed by Chiwaula et al. [18],
who combined the VEP approach and measured farmers’ vulnerability based on their asset endowments.
This approach allows us to decompose vulnerability into structural vulnerability and risk-induced
vulnerability and thereby identify the sources of vulnerability. Structural vulnerability refers to a
situation in which a household moves in and out of poverty in the future mainly because of changes
in the level of assets (e.g., land endowment), while risk-induced vulnerability is when a household
moves in and out of poverty because of positive or negative risk events [19], such as excessive rainfall
or drought. It is important to distinguish structural from risk-induced vulnerability, which allows us
to establish whether the farmers’ vulnerability is driven by structural factors or risk events.

2.2. Literature Review on Digital Financial Inclusion

After the important stages of microcredit, microfinance and financial inclusion, the development
of financial inclusion has arrived at a fourth stage: digital financial inclusion, which stresses the
importance of ICT in expanding the scale and deepening the reach of financial services [7]. As the
first stage, microcredit was coined initially to refer to institutions, such as the Grameen Bank of
Bangladesh, that were founded to provide small loans to the poor [4]. By the early 1990s, the term
“microcredit” was pushed to a much broader concept “microfinance,” meaning the supply of a range of
financial services, such as savings, mutual funds, insurance, loans, and so on [21]. Another important
departure has involved the shift from “microfinance” to “financial inclusion,” which was put forward
by United Nations and CGAP in 2006. Historically, traditional financial institutions like Grameen
Bank developed microcredit, microfinance and financial inclusion based on manual and field-based
operation, a structure that weakened their efficiency in serving the poor [22]. Relying on ICT, the
development of financial inclusion comes to a fourth stage: digital financial inclusion, a radical
innovation that can be a changer for the population at the bottom of the pyramid [7,11]. As noted by
Hart and Prahalad [22], doing business with population at the bottom of the pyramid requires radical
innovations in technology and business models.

Digital financial inclusion refers broadly as digital access to and use of formal financial services
by underserved and excluded populations [7]. This term began to attract attention mainly due to the
success of M-PESA, a payment technology innovation introduced in Kenya in 2007 [8]. In Kenya,
mobile money is used mainly for digital payments [23]. Several recent papers also provide some
evidence on positive [8,24] or negative [23] correlations between this payment tool and economic
activity. Digital financial inclusion in China, however, represents more than a payment instrument.
It has been recognized as a new financial format, which includes three basic business: digital payments,
digital investments, and digital financing.

The existing literature pointes out several important differences between traditional and digital
financial inclusion. First, digital financial services greatly reduce transaction costs in rural areas
because of their lower marginal cost [10,12,25]. Relying on ICT, such financial services need not
establish physical outlets. Although new digital technologies often face higher initial costs to establish
digital system, their marginal cost then tends toward zero with the increase of business volume [25,26].
Second, digital finance may overcome information asymmetry by developing ICT [27,28]. Online
products and services, such as online shopping platforms and online social networks, produce a large
amount of information on individuals [27], which will alleviate information asymmetry between
individuals and financial institutions [13]. Finally, digital technology may improve access to credit for
farmers who lack collateral [29]. Based on big data analysis, cloud computing, and other technologies,
digital finance, such as P2P lending, uses new credit score mechanisms to create collateral-free loan
products [25]. In summary, digital financial inclusion is considered a great method for alleviating
financial constraints faced by farmers, especially those who are vulnerable [26]. In fact, the digital
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financial inclusion movement has made inroads around the world in the past decade. For instance,
Grameen Bank, as the best-known microfinance institution, has broadly developed online business
model to automate its operation [22].

2.3. Hypotheses Development

Based on the nature and sources of vulnerability to poverty, as mentioned above, the literature
notes that farmers’ vulnerability can be directly decomposed into two parts: structural vulnerability,
in which households remain at a low level of consumption in the future because they have low asset
endowments, and risk-induced vulnerability, in which households face consumption fluctuations
in the future because of stochastic events. Figure 1 motivates our research by revealing these two
channels through which digital financial inclusion affects farmers’ vulnerability.

Risk-induced
vulnerability

| Expand access to finance Risk —| Consumption fluctuations [

. . Labor market outcome H
Improve information ' S s
' Farmers

.
DFI' 4= transmission and social 1Sustainable income gruwthi vulnerability
i

network

H ;
| . oo i i
L Advance rural » 1 Occupational choice | E Consumption levels ! Structural
e-commerce R | ! ! vulnerability

Figure 1. Logit Relationship between Digital Financial Inclusion (DFI) and Farmers’ Vulnerability.

Access to digital financial services provides farmers with a more proactive way to cope with
risks and thereby reduces fluctuations in their consumption and vulnerability. The intuition for this
“primary impact channel” is first related to digital financing, through which farmers who lack collateral
can expand access to formal loans based on big data analysis. Internet technology enables a rich
information database to be established rapidly. The database in rural China includes three categories:
direct credit data collected by traditional banks, information on individuals collected from online
platforms, such as e-commerce platform and online social networks, and public information collected
by governments, such as tax and social security records. Second, digital technology, as a way of
lowering participation costs, makes it easier for farmers to manage their cash flows and savings and
thereby improve their ability to cope with risk [30]. In addition, through associated internet-based
financial services, farmers can draw on a wider network of social support in response to negative
shocks, because they can receive more remittances more quickly from more people [31].

Farmers with higher use of digital finance are more likely to achieve sustainable income growth
and consumption improvement through labor market outcomes, a “secondary impact channel”. First,
having a smaller asset endowment is often cited as the key reason the poor remain poor, especially
small farmers. Thus, access to finance plays a fairly important role in both initial investment in
production activities and their subsequent expansion [32]. Digital financing, as He and Li [14] noted,
enables Chinese farmers to transform and expand their production activities. In addition, the use of
digital financial services may improve information transmission and expand social networks, both
of which are key factors for small farmers. Second, as the Klapper and Singer [31] reported, digital
finance is a critical factor in advancing the expansion of e-commerce, which creates more opportunities
and changes occupational choices. It allows farmers to move out of agriculture and into business and
thereby obtain sustainable income growth [33].

Based on the theoretical analysis, our hypotheses can therefore be stated as follows:

H1: Farmers’ use of digital financial services has positive effects on alleviating their vulnerability to poverty.
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H2a: Risk management is a potential channel through which digital financial services affect fluctuations
in consumption and thereby alleviate farmers” vulnerability induced by risk events, that is, risk-induced
vulnerability.

H2b: The labor market outcome is a potential channel through which digital financial services affect consumption
levels and thereby alleviate farmers” vulnerability induced by structural factors, that is, structural vulnerability.

3. Research Design

3.1. Sample and Data

In this paper, we rely on the China Rural Financial Inclusion Survey Data 2018, conducted by
the China Agricultural University, which includes a set of questions on the use of digital financial
services. The data were collected through a stratified random sample survey of 1979 rural households
through face-to-face interviews in July 2018. The survey was designed and conducted as follows: first,
we selected Shandong, Henan and Guizhou provinces in the eastern, central, and western regions of
China, respectively; second, in each province, we chose three counties based on their level of gross
domestic product per capita; third, in each county, we chose three townships based on their level of
economic development; and, fourth, in every township, we randomly chose two villages, in which the
number of farm households is between 30 and 50. After deleting questionnaires with missing data,
we ended up with 1900 valid samples for analysis (see Table 1).

Table 1. Districts studied and sample size.

Province Shandong Henan  Guizhou  Total
Counties 3 3 3 9
Townships (three per county) 9 9 9 27
Villages (two per township) 18 18 18 54
Farmers in all villages 666 691 543 1900

3.2. Variable Definition and Measurement

3.2.1. Measuring Farmers’ Use of Digital Financial Services

Payment, investment, and financing are key aspects of digital financial inclusion. Therefore,
following Guo et al. [10] and He and Li [14], we measure farmers’ use of digital financial services
in terms of digital payments, digital investments, and digital financing. The corresponding survey
questions are shown in Table 2.

Table 2. Questions and possible responses about the use of digital financial services.

Type Questions and Possible Responses

Question 1: Which digital payment methods have you used?
Payment a. online banking transfer; b. mobile banking transfer; c. Alipay; d. Wechat pay; e. other
digital payment methods; f. none

Question 2: Have you invested in the following financial products?
Investment  a. bonds; b. funds; c. bank wealth management products; d. foreign assets; e. gold; f.
derivatives; g. stocks; h. online investment; i. online crowdfunding; j. none

Question 3: Have you ever used the internet to borrow money or to raise money?

financing a. yes; b. no
. yes; b.

In Question 1, digital payment takes a value of 1 for any response other than f, and 0, otherwise.
In Question 2, digital investment takes a value of 1 for any response other than i or j, and 0, otherwise.
In Question 3, digital financing takes a value of 1 if the response is a, and 0, otherwise. Digital financial
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services use here is a dummy variable that equals 1 if the value of digital payment, digital investment,
or digital financing is 1, which means that the respondent has used digital financial services, and
0, otherwise.

In our sample, the proportion of farmers using digital financial services is 35.63%. The proportion
of farmers using digital payment instruments is 35.58%. The proportion of farmers using digital
investment and digital financing is 0.3% and 0.6%, respectively, both of which are relatively low
compared with digital payment. These results are similarly to those of a study on the Global Findex
Database 2017 [9], which shows that in China 40% of adults in rural and urban areas use digital payment.

3.2.2. Measuring Farmers’ Vulnerability to Poverty

This paper applies the Asset-Based Vulnerability Approach, proposed by Chiwaula et al. [18],
to measure farmers’ vulnerability to poverty. Carter and Barrett [20] developed an Asset-Based Poverty
Approach that established a functional relationship between assets and welfare indicators, such as
consumption. The Asset-Based Vulnerability Approach introduces risk to the Asset-Based Poverty
Approach by incorporating the variance of income or consumption [18]. Defined as the likelihood that
a household will move into or out of poverty in the future, farmers’ vulnerability can be calculated as

0 if [E(ch)— 1/V(ch)] >z

Vi ="Pr(Vy <Z) = w if[Bcn - Jricn| <z <[e@+ o] @

24/V(
1 if[E(Ch)Jr vicy|<z

where V), is a household’s vulnerability to poverty. Pr(-) is the likelihood that household consumption
will fall below the poverty line in the future. Z is the poverty line, and Cj, is per capita consumption
expenditure. £(C),) of a given household is structural (or expected) consumption, and the approach

assumes that this structural consumption is defined by the household stock of assets. /V(C},) is the
standard deviation of structural consumption. £(Cj,) — 4/V(Cy,) is the lower consumption bound, and

E(Cy) + 4/V(Cy,) is the upper consumption bound. In the presence of risk, household consumption
has stochastic variations between the upper and lower bounds.

The approach applies model (1) to measure a specific household’s vulnerability and uses a 50%
cut-off to identify the structural and risk-induced vulnerability to poverty. The different categories are
defined as:

a. Structural vulnerability (StruV},), if V), > 0.5

b. Risk-induced vulnerability (RiskV}), if 0< V), < 0.5

c. Never poor, if V), =0

Furthermore, the approach specifies an asset-based consumption Equation (2), which allows us to
estimate expected consumption E(C;,) and variance in consumption V(Cj,) using a three-step feasible
generalized least squares (FGLS) procedure. (Following Chiwaula et al. [18], the first step of FGLS
applies ordinary least squares (OLS) to estimate Equation (2). In the second step, the log of the squared
residuals is regressed on the same variables as in the first step. The last step corrects for inefficiency of
the OLS model by weighting it with the square root of the predicted values of the second step.) The
equation is specified as follows:

In(Cp,) = Bo + PrAssety, + o X + e (2

where Cj, is per capita consumption expenditure. Here, Asset), is understood to broadly include
productive capital, human capital, financial capital, and social capital. X} represents a number of
control variables.
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Using the FGLS estimation, this approach predicts £(Cy,) and V(Cy,), which we apply to estimate
a household’s vulnerability level.

We then calculate V), a household’s vulnerability, using the Chinese poverty line of RMB
2300 and the international poverty line of $1.90 USD, respectively. In our sample, based on the
international poverty line, the average vulnerability is 0.03, which is lower than 0.08, the result derived
by Wan et al. [33], who used the same approach to calculate Chinese farmers’ vulnerability in 2004.
The decomposition of the vulnerability in our study, as in theirs, shows that the proportion of farmers
with structural vulnerability and risk-induced vulnerability is 0.79% and 12.37%, respectively. The
results-based poverty line of RMB 2300 remain unchanged.

3.2.3. Control Variables

This study includes three categories of control variables: household characteristics,
household-head characteristics, and the ability to manage risk. Household characteristics include
household size, labors, and land area. Household-head characteristics include age, education level,
and financial literacy. The ability to manage risk includes job security, access to formal bank loans, and
informal insurance networks. The definitions of these variables and descriptive statistics are in Table 3.
To reduce noise in the data, we drop the top and bottom 0.05% outliers on the continuous variables.

Table 3. Definition and description of variables.

Variable Labels Definition of Variables Mean S.D. Min Max
size Household size 4.319 1.767 1 10
labor Proportion of labor in a household 0.416 0.293 0 1
land Land area (measured in mu ?) 5.436 4.496 0 24.25
h_age Age of household head 51.330 12.360 21 77
h_age? Age of household head, squared 2787 1240 441 5929
Education of household head (1 = 0-8 years of
h_edu education; 2 = 9-15 years of education; 3 = >15 years 1.614 0.535 1 3
of education)
. Level of financial knowledge by household head
h_finknow (1 = lowest; 2 = low; 3 = high; 4 = highest) 0.550 0870 0 4
worksecur Number of migrant workers 0.941 1.014 0 4
fincap Having access to bank loans or not (1 = yes; 0 =no)  0.800 0.400 0 1
socialcap Number of relatives proving assistance 7.771 8.118 0 40
2 One mu equals to 666.666 m?.
3.3. Econometric Model
To test H1, we construct the following Ordinary Least Squares (OLS) regression model:
Vi = ao + a1DFI, + ar X), + € ®)

where & is a household. V), is farmers’ vulnerability calculated on basis of the Chinese poverty line of
RMB 2300 and the international poverty line of $1.90, respectively; the range is [0, 1]. DFI; equals 1 if a
household uses digital financial services, and 0, otherwise. X}, represents additional control variables,
and ¢y, is the error term.

The OLS estimate may be biased for various reasons, such as omitted-variable bias or reverse
causality. In order to address these potential problems, we instrument the digital financial services use
index with the average value of the digital financial services use index of the same age group in the
same county. Following Bucher and Lusardi [34] and He and Li [14], we assume that famers are more
likely to use digital financial services when they are exposed to an environment in which many other
people use them (this is beyond the control of the respondent). The age groups are divided as follows:
18-30, 40-50, 50-60, and over 60.
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To test H2, we construct the following Logit regression model:

exp(ag + a1 DFI, + ax X, + ¢€p)
1+ Z,’f;l exp(ap + a1 DFL, + ap X), + €p)

Prob(Vtype, = kIDFI;,, X},) = @

where k takes a value of 0 if a household will never be poor, a value of 1 if a household has risk-induced
vulnerability, and a value of 2 if a household has structural vulnerability. Other variables are the same

as in model (3).
4. Empirical Results

4.1. Does Digital Financial Inclusion Have an Effect on Farmers’ Vulnerability?

We first investigate the impact of farmers’ use of digital financial services on their vulnerability
to poverty. Table 4 presents the regression results of OLS. Columns (1) to (3) in Table 4 use farmers’
vulnerability calculated on basis of the Chinese poverty line of RMB 2300 as dependent variables.
All estimations control for county dummy variables. Column (1) shows the relationship without other
control variables. In column (2), we gradually add the relatively exogenous control variables, such as
household size, dependency ratio, land area, and age of household head. In column (3), we control
for all variables. Similarly, columns (4) to (6) in Table 4 use vulnerability calculated according to the
international poverty line of $1.90 as dependent variables, which are also results of OLS regressions.

Table 4. Impacts of farmers’ use of digital financial services on their vulnerability to poverty: OLS results.

Poverty line RMB 2300 a Year Per Capita $1.90 a Day Per Capita
(6}] ) (3) @) (5) (6)
DFI —0.032 ***  —0.009 *** —0.006 ** —-0.032***  —0.009 *** —0.006 *
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
size 0.018 *** 0.019 *** 0.017 *** 0.019 ***
(0.002) (0.002) (0.002) (0.002)
labor 0.028 *** 0.018 *** 0.027 *** 0.018 ***
(0.006) (0.006) (0.006) (0.005)
land —0.001 ***  —0.001 *** —0.001 ***  —0.001 ***
(0.000) (0.000) (0.000) (0.000)
h_age —0.006 ***  —0.006 *** —0.006 ***  —0.006 ***
(0.001) (0.001) (0.001) (0.001)
h_age? 0.000 *** 0.000 *** 0.000 *** 0.000 ***
(0.000) (0.000) (0.000) (0.000)
h_edu —0.015 *** —0.015 ***
(0.003) (0.003)
h_finknow 0.002 0.002
(0.001) (0.001)
worksecur —0.006 *** —0.006 ***
(0.002) (0.002)
fincap —0.014 *** —0.014 ***
(0.005) (0.005)
socialcap —0.000 —0.000
(0.000) (0.000)
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900
R-squared 0.084 0.304 0.320 0.084 0.303 0.319

Note: The poverty lines are adjusted according to purchasing power parity (PPP) according to the World Bank
in 2015 and the Chinese consumer price index (CPI) of rural residents in 2017. Robust standard errors are in
parentheses. ***, **, * denote the significance at 1%, 5% and 10% level, respectively.

The results in Table 4 indicate that the use of digital financial services is likely to reduce farmers’
vulnerability to poverty regardless of which poverty line is considered. In columns (1) to (3) in Table 4,

188



Sustainability 2020, 12, 1668

the coefficients of DFI are significantly negative whether with or without control variables, suggesting
that farmers’ use of digital financial services have positive effects on reducing their vulnerability to
poverty. Results in columns (4) to (6) in Table 4 show that the relationship between digital financial
services use and farmers’ vulnerability remains negative and statistically significant. Suri and Jack [24]
obtain similar results, finding that using mobile money in Kenya has a significant impact on poverty
reduction. Their analysis focuses mainly on digital payments, whereas ours considers digital payment
as well as digital investment and digital financing.

Considering that the OLS regression may be biased, we further rely on an instrumental variable
(IV) mentioned in Section 3 and two-stage least squares (25LS) regression to deal with potential
endogeneity. Table 5 presents both first- and second-stage 2SLS regression results. The 25LS models
here use vulnerability based on the poverty lines of RMB 2300 and $1.90 USD, as in the OLS models
in Table 4. At the same time, we also gradually added the controls variables in the 25LS models.
The first-stage regressions in columns (1) to (6) in Table 5 show that the Cragg—Donald F-statistics
and Hansen J-statistics are significant, suggesting that our IV is valid. The second-stage regressions
in columns (1) to (6) show that the coefficients of DFI are significantly negative, which confirms the
relationship between digital finance and vulnerability while mitigating endogeneity concerns.

Table 5. Impacts of farmers” use of digital financial services on their vulnerability to poverty:

25SLS results.
Poverty Line RMB 2300 a Year Per Capita $1.90 a Day Per Capita
1) (2) (3) @ (5) 6
2SLS_Second Stage
DFI -0.075**  -0.035*  -0.032* _9',274 —-0.035**  —0.032*
(0.007) (0.015) (0.018) (0.007) (0.015) (0.018)
Exogenous control variables Yes Yes Yes Yes
Potential endogenous control
. Yes Yes
variables
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900
R-squared 0.031 0.291 0.308 0.031 0.290 0.307

2SLS_First Stage
Average DFI of same age group 1.000 *** 0.694 **  (0.543 **  1.000 **  0.694 **  0.543 ***

in the same township (0.025) (0.068) (0.067) (0.025) (0.068) (0.067)
Cragg-Donald F-statistic 929.735 115.223 73.174 929.735 115.223 73.174
Hansen J-statistic 0.000 0.000 0.000 0.000 0.000 0.000

Note: The poverty lines are adjusted according to purchasing power parity (PPP) according to the World Bank
in 2015 and the Chinese consumer price index (CPI) of rural residents in 2017. Exogenous control variables and
Potential endogenous control variables are the same as in Table 4. For more details on the impact of control
variables on vulnerability, see Appendix A Table A2. Robust standard errors are in parentheses. ***, **, * denote the
significance at 1%, 5% and 10% level, respectively.

4.2. How Does Digital Financial Inclusion Affect Vulnerability: Structural or Risk-Induced?

The regression results above show the positive impact of farmers’ use of digital financial services
on reduction in their vulnerability. In this section, we go one step further by investigating the channels
through which digital financial services play a role in reducing farmers’ vulnerability. We decompose
vulnerability into structural vulnerability induced by the low asset endowments and risk-induced
vulnerability due to stochastic events. Table 6 presents the Logit regression results for vulnerability
with the poverty line of RMB 2300 in Panel A and $1.90 USD in Panel B, respectively.
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Table 6. Impact Channels of Digital Financial Services on Farmers’ Vulnerability.

Panel A RMB 2300 a Year Per Capita
4y (2) 3) @ (5) 6)
RiskV, StruVy, RiskV, StruVy, RiskV), StruVy,
DFI -2314** 15447 -1586** -14916 -1.329**  -15.038
(-8.150)  (=0.020)  (=3.960)  (-0.030)  (-3.110)  (-0.020)
Exogenous controls Yes Yes Yes Yes
Possible endogenous controls Yes Yes
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900
Panel B $1.90 USD a Day Per Capita
@ (2) (3) @ (5) (6)
RiskVy, StruVy, RiskVy, StruVy, RiskV), StruVy,
DFI -2297**  -15.682 -1.564**  -16.509 —1.299 **  -14.998
(-8.100)  (=0.020)  (-3.910)  (-0.020)  (=3.050)  (-0.020)
Exogenous controls Yes Yes Yes Yes
Possible endogenous controls Yes Yes
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900

Note: For more details on the impact of control variables on vulnerability, see Appendix A Table A3. Robust
standard errors are in parentheses. *** denotes the significance at 1% level.

The results in Table 6 indicate a significant and positive impact of digital financial services use on
reducing risk-induced vulnerability, suggesting that digital financial inclusion may alleviate poverty
vulnerability primarily through the channel of coping with risk. Panel A in Table 6 shows that the
coefficients of DFI are negative and significant at the 1% level in columns (1), (3), and (5), while the
coefficients of DFI are not significant in columns (2), (4), and (6). These results indicate that the use of
digital financial services has a significant impact only on risk-induced vulnerability. The results in
Panel B in Table 6 show that the coefficients of DFI are negative and significant at the 1% level only in
columns (1), (3), and (5), which is consistent with the results in Panel A. Zhang and Yin [35] obtain
similar results, finding that financially inclusive services provided by commercial banks have a greater
impact on farmers’ risk-induced vulnerability than on structural vulnerability.

4.3. Further Analysis: Different Providers of Digital Financial Services

The providers of digital financial services in China can be divided into two groups—ICT companies
providing financial services, and financial institutions applying ICT to their traditional services [11,36].
Compared with traditional banks, the ICT companies have a comparative advantage in information
technology and collection mechanisms. Having established that farmers’ use of digital financial services
has a positive effect on reducing their vulnerability to poverty, we further investigate whether digital
financial services provided by ICT (DFI_ICT) have a larger impact than that provided by traditional
banks (DFI_Bank). We measure DFI_ICT and DFI_Bank based on Question 1 in Table 3. In Question 1,
DFI_ICT takes a value of 1 if the response is c or d, and 0, otherwise; DFI_Bank takes a value of 1 if the
response is a or d, and 0, otherwise. At the same time, we also separately instrument the DFI_ICT and
DFI_Bank index with the average value of the DFI_ICT and DFI_Bank index of the same age group in
the same township.

We separately investigate the impact of DFI_ICT and DFI_Bank on farmers’ vulnerability to
poverty. Table 7 presents both OLS and second-stage 2SLS regression results. The Cragg-Donald
F-statistics and Hansen J-statistics are significant, suggesting that our IV is valid. The results in Table 7
shows that the coefficients of DFI_ICT are significantly negative in Columns (2), (4), (6), and (8), while
the coefficients of DFI_Bank are not significant in Columns (1), (3), (5), and (7). These results indicate
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that different providers of digital financial services result in a heterogeneous effect, and only DFI_ICT
has a positive effect on reducing farmers’ vulnerability to poverty.

Table 7. Impacts of different providers of digital financial services on farmers’ vulnerability.

Poverty Line RMB 2300 a Year Per Capita $1.90 a Day Per Capita
OLS 2SLS_Second OLS 2SLS_Second
Stage Stage
(1) (2) (3) @) (5) (6) (7) 8)
DFI_Bank 0.003 0.014 0.003 0.014
(0.003) (0.014) (0.003) (0.014)
DFI_ICT —0.005 * —0.037 * —0.005 * —0.037 *
(0.003) (0.019) (0.003) (0.019)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
County Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900 1900 1900
R-squared 0.320 0.320 0.318 0.301 0.318 0.319 0.317 0.300
Cragg-Donald F-statistic 132.328 70.253 132.328 70.253
Hansen J-statistic 0.000 0.000 0.000 0.000

Note: Robust standard errors are in parentheses. * denotes the significance at 10% level.

5. Additional Robustness Checks

Our main results above show that farmers with higher use of digital finance are associated with
lower vulnerability, a finding that is robust to the different choices of poverty line and to instrumental
variable estimation. In this section, we present further robustness checks and these results further
confirm the positive effect of digital financial inclusion on reduction in farmers’ vulnerability to poverty.

First, we use an alternative variable to measure farmers’ use of digital financial services in order
to reduce the possibility of measurement error. Specially, we construct the frequency of farmers’ use of
digital payments (DP_Num) based on the following survey question.

Question 4: How often do you use the digital payment?

a. Never; b. Only once or twice; c. Sometimes; d. Often

In Question 4, DP_Num takes a value of 0 if the response is a, 1 if the response is b, 2 if the
response is ¢, and 3 if the response is d. We instrument the DP_Num index with the average value of
the DP_Num index of the same age group in the same township. Results of OLS and 2SLS regressions
in Table 8 show that DP_Num has a significant impact on farmers’ vulnerability regardless of which
poverty line is considered.

Table 8. Impacts of frequency of farmers’ use of digital payments on their vulnerability.

Poverty Line RMB 2300 a Year Per Capita $1.90 USD a Day Per Capita
OLS 2SLS_First 2SLS_Second OLS 2SLS_First 2SLS_Second
(1) (2) 3) @ 5) (6)
DP_Num —0.004 *** —0.036 *** —0.004 *** —0.035 ***
(0.001) (0.012) (0.001) (0.012)
Average DP_Num in same age 0.647 *** 0.647 ***
group in the same township (0.084) (0.084)
Controls Yes Yes Yes Yes Yes Yes
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900
R-squared 0.321 0.269 0.261 0.319 0.269 0.260
Cragg-Donald F-statistic 67.401 67.401
Hansen J-statistic 0.000 0.000

Note: Robust standard errors are in parentheses.
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Second, we further calculate farmers” vulnerability according to a higher international poverty
lines of $3.20 USD, which is more typical of national poverty lines found in lower income economies.
Results of OLS and 2SLS regressions in Table 9 show that the coefficients of DFI remain significantly
negative while using the higher international poverty lines.

Table 9. Impacts of farmers’ use of digital financial services on their vulnerability to poverty (poverty
line: $3.20 USD a day per capita).

OLS 2SLS_First 2SLS_Second
1) ) (3)
DFI —0.033 *** —0.107 **
(0.008) (0.045)
Average DFI of same age group 0.543 ***
in the same township (0.067)
Controls Yes Yes Yes
Counties Yes Yes Yes
Observations 1900 1900 1900
R-squared 0.575 0.417 0.561
Cragg-Donald F-statistic 73.174
Hansen J-statistic 0.000

Note: Robust standard errors are in parentheses. ***, ** denote the significance at 1% and 5% level, respectively.

6. Conclusions and Policy Implication

After the important stages of microcredit, microfinance, and financial inclusion, the development
of financial inclusion has arrived at a fourth stage: digital financial inclusion, which has experienced
explosive growth in China. However, evidence on the relationship between digital financial inclusion
and poverty reduction remains limited, especially at the micro level. Using survey data on 1900 farmers
in rural China, this paper sheds light on this relationship and its potential impact channels. The main
conclusions are as follows.

First, farmers’ broader participation in digital financial inclusion has a sizable positive effect on
reduction in their vulnerability. Our empirical results show that farmers’ vulnerability tends to be
alleviated as a result of the use of digital financial services. Digital financial services are different from
traditional financial services and have a great potential to expand farmers’ access to finance. It also has
a potential impact on information transmission, social networks and e-commerce.

Furthermore, the effect of digital financial services provided by ICT companies is more pronounced
than that provided by traditional banks. We split the sample based on the provider types and the results
show that digital financial services provided only by ICT companies have a statistically significant effect.
Compared with traditional banks, the ICT companies have a comparative advantage in information
technology and collection mechanisms, which further strengthens the potential impact of digital
financial services on information transmission, social networks and e-commerce.

Second, our results shed a light on a channel through which digital financial inclusion reduces
farmers’ vulnerability. To investigate the potential impact channels, we decompose farmers’
vulnerability into structural vulnerability induced by asset endowments and risk-induced vulnerability
due to risk events. Our empirical results show that the use of digital financial services has a significant
impact on risk-induced vulnerability but not on structural vulnerability. These results, as a theoretical
prediction, highlight the channel of ability to cope with risk through which digital financial inclusion
can reduce fluctuations in consumption and thereby alleviate farmers’ vulnerability.

Our results have important policy implications. One direct policy implication is that farmers’
access to and use of digital financial services, especially digital financing, should be expanded. First,
more targeted efforts and programs may be needed to improve farmers” understanding of digital
financing. According to our survey data, 80.76% of the respondents seemed unwilling to borrow money
through the P2P platforms or online banks because they were unfamiliar with the tools or worried
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about security. Therefore, financial knowledge is as important as infrastructure, such as the internet
penetration rate or smartphone, for expanding farmers’ participation in digital financial inclusion.
Second, a rich information database is one of the most important parts of the development of digital
financial models. To improve information transmission and collection, policy makers should stimulate
the development of rural e-commerce, which provides invaluable data about farmers’ buying habits, as
well as selling conditions. For instance, based on the rich data on buyers and sellers collected from the
e-commerce platform, Ant Financial of the Alibaba Group established three digital financial products
targeting farmers in rural areas. At the same time, local governments can support the availability of
information by establishing a public information sharing system, including direct credit information,
such as credit default records, and indirect information, such as tax and social security records.

In addition, paying attention to the effect of digital financial services on sustainable income growth
is crucial if policy makers wish to reduce farmers’ vulnerability through digital financial inclusion.
Our results show that digital financial services have little impact on labor market outcomes which
has a direct effect on structural vulnerability induced by lower asset endowments. This is consistent
with the evidence showing that digital finance reduces the level of farmers’ demand for credit for
production but that increases their demand for credit for consumption [37]. Therefore, more targeted
products and services for credit for production should be encouraged to expand in China’s rural areas.

Author Contributions: Conceptualization, X.W. and G.H.; Formal analysis, X.W.; Investigation, X.W. and G.H.;
Methodology, X.W.; Writing—original draft, X.W. and G.H.; Writing—review and editing, X.W. All authors have
read and agreed to the published version of the manuscript.

Funding: This project is supported by The National Nature Science Fund of China (Grant Nos. 71873011), and
The National Nature Science Fund of China (Grant Nos. 71603259).

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A
Table Al. Key providers of digital financial services in rural areas in China.
Types of Providers Examples of Providers Main Online Services
e-commerce platforms Ant Financial Services 2 Payment, Insurance, Lending
P JD.com P Investment, Crowdfunding, Lending
. CreditEase © Lending

P2P lend latfe

endmg platiorms Yi Longdai d Lending
Financial institutions Agricultural Bank of China € E-Housekeeper app including payment,

investment, lending, and other services

@ Ant Financial Services of Alibaba group has produced three products for rural areas: Wangnong payment,
Wangnong insurance, and Wangnong Lending, which have reached RMB 180 million, RMB 1.5 billion, and RMB 213
billion, respectively, at the end of June 2017. ® JD.com proposed “Finance to Country” strategy in 2015, since which
its digital financial services have involved 1700 counties and 300,000 villages. ¢ CreditEase, as the largest P2P firm in
the world, has a lending product targeting at farmers’ financial demand for their production and entrepreneurship.
dyi Longdai is a P2P platform proving online lending primarily for rural areas. ¢ To develop digital finance in
rural areas, this bank designed a smartphone app—E-Housekeeper—through which farmers can expand access to
payment, investment, lending and other services without physical outlets.
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Figure Al. County-level digital finance development index across 30 provinces, 2014 to 2018. Source:
authors’ calculations based on the Peking University IFDI.

Table A2. Impacts of digital inclusive finance on vulnerability to poverty: 25LS results.

Poverty RMB 2300 a Year Per Capita $1.90 USD a Day Per Capita
Line @ @ @3) @ B) ®)
25LS_second stage
DFI —0.075 *** —0.035 ** —-0.032 * —0.074 *** —0.035 ** —-0.032 *
(0.007) (0.015) (0.018) (0.007) (0.015) (0.018)
size 0.018 *** 0.020 *** 0.018 *** 0.019 ***
(0.002) (0.002) (0.002) (0.002)
labor 0.027 *** 0.018 *** 0.027 *** 0.018 ***
(0.006) (0.005) (0.006) (0.005)
land —0.001 ***  —0.001 *** —0.001 ***  —0.001 ***
(0.000) (0.000) (0.000) (0.000)
h_age —0.007 ***  —0.007 *** —0.007 ***  —0.007 ***
(0.001) (0.001) (0.001) (0.001)
h_age? 0.000 *** 0.000 *** 0.000 *** 0.000 ***
(0.000) (0.000) (0.000) (0.000)
h_edu —0.012 *** —0.012 ***
(0.004) (0.004)
h_finknow 0.005 * 0.005 *
(0.002) (0.002)
worksecur —0.007 *** —0.007 ***
(0.002) (0.002)
fincap —0.013 *** —0.013 ***
(0.005) (0.005)
socialcap —-0.000 —-0.000
(0.000) (0.000)
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900
R-squared 0.031 0.291 0.308 0.031 0.291 0.307
2SLS_first stage
instrument 1.000 *** 0.694 *** 0.543 *** 1.000 *** 0.694 *** 0.543 ***
(0.025) (0.068) (0.067) (0.025) (0.068) (0.067)
size 0.004 0.008 0.004 0.008
(0.005) (0.005) (0.005) (0.005)
labor —-0.048 —-0.026 —0.048 —-0.026
(0.030) (0.030) (0.030) (0.030)
land 0.001 —0.001 0.001 —0.001
(0.002) (0.002) (0.002) (0.002)
h_age -0.016 ***  —0.015 *** —0.016 ***  —0.015 ***
(0.005) (0.005) (0.005) (0.005)
h_age? 0.000 * 0.000 * 0.000 * 0.000 *
(0.000) (0.000) (0.000) (0.000)
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Table A2. Cont.

Poverty RMB 2300 a Year Per Capita $1.90 USD a Day Per Capita
Line ) @ ®) @ ) ©)
h_edu 0.079 *** 0.079 ***

(0.018) (0.018)
h_finknow 0.097 *** 0.097 ***
(0.011) (0.011)
worksecur —0.014 —0.014
(0.010) (0.010)
fincap 0.040 * 0.040 *
(0.021) (0.021)
socialcap 0.003 *** 0.003 ***
(0.001) (0.001)
County Yes Yes Yes Yes Yes Yes
Cragg-Donald g9 735 115.223 73.174 929.735 115.223 73.174
F-statistic
Hansen 0.000 0.000 0.000 0.000 0.000 0.000

J—statistic
Note: Robust standard errors in parentheses: ***, **, * denote the significance at 1%, 5% and 10% level, respectively.

Table A3. Impact mechanism of digital finance on vulnerability to poverty.

RMB 2300 a Year Per Capita

Panel A

1) (2) 3) 4) (5) (6)
RiskVy, StruVy, RiskV), StruVy, RiskV), StruVy,
DFI —2.314 #** —15.447 —1.586 *** -14.916 —1.329 **+* -15.038
(—8.150) (—0.020) (—3.960) (-0.030) (-3.110) (-0.020)
size 1.083 *** 2.276 *** 1.272 ** 2.516 ***
(0.080) (0.286) (0.096) (0.342)
labor 4.084 *** 17.734 *+* 3.874 **+* 16.557 ***
(0.521) (3.633) (0.567) (3.950)
land —0.123 *** —0.289 ** —0.136 *** —0.313 **
(0.029) (0.135) (0.031) (0.146)
h_age 0.202 * 0.371 0.220 * 0.173
(0.114) (0.761) (0.122) (0.825)
h_age? —-0.000 —0.000 —-0.001 0.001
(0.001) (0.006) (0.001) (0.006)
h_edu -1.162 *** —-1.851*
(0.240) (1.026)
h_finknow —0.331 * —1.141
(0.196) (1.263)
worksecur -0.316 ** -0.338
(0.127) (0.468)
finca —-0.351 —2.429 **
(0.258) (1.057)
socialcap —0.037 ** 0.089
(0.018) (0.102)
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900
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Table A3. Cont.

Panel B $1.90 USD a Day Per Capita
(1) (2) (3) @) (5) 6)
RiskV), StruVy, RiskV), StruVy, RiskV), StruVy,
DFI —2297**  -15.682  —1.564 *** —-16.509 —1.299 *** —14.998
(—8.100) (=0.020) (-3.910) (=0.020) (—3.050) (=0.020)
size 1.083 *** 2.273 *** 1.264 *** 2.504 ***
(0.080) (0.286) (0.095) (0.342)
labor 4.125 #** 17.775 *** 3.917 *** 16.596 ***
(0.523) (3.636) (0.568) (3.954)
land —0.120 *** —-0.286 ** —0.132 *** -0.309 **
(0.029) (0.134) (0.031) (0.146)
h_age 0.193 * 0.362 0.211* 0.161
(0.113) (0.760) (0.121) (0.825)
h_age? -0.000 -0.000 -0.000 0.002
(0.001) (0.006) (0.001) (0.006)
h_edu —1.108 *** -1.794*
(0.238) (1.024)
h_finknow —0.355 * -1.160
(0.196) (1.262)
worksecur —-0.311** —-0.332
(0.127) (0.469)
fincap —-0.320 —2.398 **
(0.258) (1.056)
socialcap —0.035 * 0.091
(0.018) (0.102)
County Yes Yes Yes Yes Yes Yes
Observations 1900 1900 1900 1900 1900 1900

Note: Robust standard errors in parentheses: ***, **, * denote the significance at 1%, 5% and 10% level, respectively.

References

1. Bruhn, M.; Love, I. The Real Impact of Improved Access to Finance: Evidence from Mexico. J. Financ. 2014,
69, 1347-1376. [CrossRef]

2. Braverman, A.; Guasch, J.L. Rural Credit Markets and Institutions in Developing Countries: Lessons for
Policy Analysis from Practice and Modern Theory. World Dev. 1986, 14, 1253-1267. [CrossRef]

3. Kochar, A. Branchless Banking: Evaluating the Doorstep Delivery of Financial Services in Rural India. J. Dev.
Econ. 2018, 135, 160-175. [CrossRef]

4. Armenddriz, B.; Morduch, J. The Economics of Microfinance; MIT Press: Cambridge, MA, USA, 2010.

5. Wang, X.; He, G.W. The Banking Competition and Deepening of Financial Inclusion in Rural China: A
Stratified Analysis between Poor and Non-poor Counties. Chin. Rural Econ. 2019, 4, 55-72. (In Chinese)

6. He, GW,; He, J.; Guo, P. Rethinking the Credit Demand and Availability of Farm Household. Issues Agric.
Econ. 2018, 2, 38-49. (In Chinese)

7. Lauer, K; Lyman, T. Digital Financial Inclusion: Implications for Customers, Regulators, Supervisors, and
Standard-Setting Bodies. In Consultative Group to Assist the Poor (CGAP) Brief ; Consultative Group to Assist
the Poor (CGAP): Washington, DC, USA, 2015.

8. Beck, T.; Pamuk, H.; Ramrattan, R.; Uras, B.R. Payment Instruments, Finance and Development. ]. Dev. Econ.
2018, 133, 162-186. [CrossRef]

9.  Demirguc-Kunt, A.; Klapper, L.; Singer, D.; Ansar, S.; Hess, J. The Global Findex Database 2017: Measuring
Financial Inclusion and the Fintech Revolution; The World Bank: Washington, DC, USA, 2018.

10. Guo, E; Kong, S.T.; Wang, J. General Patterns and Regional Disparity of Internet Finance Development in

China: Evidence from the Peking University Internet Finance Development Index. China Econ. |. 2016, 9,
253-271. [CrossRef]

196



Sustainability 2020, 12, 1668

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Huang, Y.P; Shen, Y.; Wang, ].Y.; Guo, F. Can the Internet Revolutionise finance in China? China’s New Sources
Econ. Growth 2016, 115. [CrossRef]

Huang, Y.P; Wang, X. Building an Efficient Financial System in China: A need for stronger market discipline.
Asian Econ. Policy Rev. 2017, 12, 188-205. [CrossRef]

Guo, F; Wang, ].Y.; Wang, F.; Kong, T.; Zhang, X.; Cheng, Z.Y. Measuring China’s Digital Financial Inclusion:
Index Compilation and Spatial Characteristics; Working Paper; Institute of Digital Finance, Peking University:
Beijing, China, 2019.

He, J.; Li, Q.H. Digital Finance and Farmers’ Entrepreneurship. Chin. Rural Econ. 2019, 1, 112-126.

World Bank. World Development Report 2000/2001, Attacking Poverty; Oxford University Press: New York, NY,
USA, 2001. (In Chinese)

Azeem, M.M.; Mugera, A.W.; Schilizzi, S.; Siddique, K.H. An Assessment of Vulnerability to Poverty in
Punjab, Pakistan: Subjective Choices of Poverty Indicators. Soc. Indic. Res. 2017, 134, 117-152. [CrossRef]
Chaudhuri, S.; Jalan, J.; Suryahadi, A. Assessing Household Vulnerability to Poverty from Cross-Sectional Data:
A Methodology and Estimates from Indonesia; Columbia University Discussion Paper No.0102-52; Columbia
University: New York, NY, USA, 2002.

Chiwaula, L.S.; Witt, R.; Waibel, H. An Asset-Based Approach to Vulnerability: The Case of Small-Scale
Fishing Areas in Cameroon and Nigeria. J. Dev. Stud. 2011, 47, 338-353. [CrossRef] [PubMed]

Giinther, I.; Harttgen, K. Estimating Household’s Vulnerability to Idiosyncratic and Covariate Shocks: A
Novel Method Applied in Madagascar. World Dev. 2009, 37, 1222-1234. [CrossRef]

Carter, M.R.; Barrett, C.B. The Economics of Poverty Rraps and Persistent Poverty: An Asset-Based Approach.
J. Dev. Stud. 2006, 42, 178-199. [CrossRef]

Karlan, D.; Morduch, J. Access to finance in Handbook of development economics. Elsevier 2010, 5, 4703-4784.
Hart, S.; Prahalad, C.K. The fortune at the bottom of the pyramid. Strategy Bus. 2002, 26, 54-67.

Hove, L.V.; Dubus, A. M-PESA and Financial Inclusion in Kenya: Of Paying Comes Saving? Sustainability
2019, 11, 568. [CrossRef]

Suri, T.; Jack, W. The Long-Run Poverty and Gender Impacts of Mobile Money. Science 2016, 354, 1288-1292.
[CrossRef]

Liao, G.; Yao, D.; Hu, Z. The Spatial Effect of the Efficiency of Regional Financial Resource Allocation from
the Perspective of Internet Finance: Evidence from Chinese Provinces. Emerg. Mark. Financ. Trade 2019, 1-13.
[CrossRef]

Xie, P.; Zhou, C. Research on Internet-Based Finance Mode. |. Financ. Res. 2012, 12, 1211-1222. (In Chinese)
Mishkin, ES.; Strahan, P.E. What will Technology Do to Financial Structure? Natl. Bur. Econ. Res. 1999.
[CrossRef]

Gomber, P.; Koch, J.A.; Siering, M. Digital Finance and FinTech: Current Research and Future Research
Directions. J. Bus. Econ. 2017, 87,537-580. [CrossRef]

Bruett, T. How Disintermediation and the Internet are Changing Microfinance. Community Dev. Invest. Rev.
2007, 3, 44-50.

Apiors, E.; Suzuki, A. Mobile Money, Individuals’ Payments, Remittances, and Investments: Evidence from
the Ashanti Region, Ghana. Sustainability 2018, 10, 1409. [CrossRef]

Klapper, L.; Singer, D. The Opportunities of Digitizing Payments. Available online: https://www.
openknowledge.worldbank.com/handle/10986/19917 (accessed on 11 October 2019).

Beck, T,; Lu, L.; Yang, R. Finance and Growth for Microenterprises: Evidence from Rural China. World Dev.
2015, 67, 38-56. [CrossRef]

Wan, G.H,; Liu, F; Zhang, Y. Decomposition of Poverty Vulnerability from the Perspective of Assets: Based
on China Empirical Analysis of Farmers’ Panel Data. Chin. Rural Econ. 2014, 4, 4-19. (In Chinese)
Bucher-Koenen, T.; Lusardi, A. Financial Literacy and Retirement Planning in Germany. ]. Pension Econ.
Financ. 2011, 10, 565-584. [CrossRef]

Zhang, D.H.; Yin, Z.C. Financial Inclusion, Risk Coping and Rural Household Poverty. Chin. Rural Econ.
2018, 4, 54-73. (In Chinese)

197



Sustainability 2020, 12, 1668

36. Xu,]. China’s internet finance: A critical review. China World Econ. 2017, 4, 78-92. [CrossRef]

37.  Fu, Q.Z.; Huang, Y.P. Digital Finance’s Heterogeneous Effects on Rural Financial Demand: Evidence from
China Household Finance Survey and Inclusive Digital Finance Index. J. Financ. Res. 2018, 11, 68-84. (In
Chinese)

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

198



a‘r sustainability m\p\py

Article
Sustainable Financial Products in the Latin America
Banking Industry: Current Status and Insights

Juan Camilo Mejia-Escobar 2, Juan David Gonzalez-Ruiz %* and Eduardo Duque-Grisales *

1 Departamento de Ingenieria de la Organizacion, Facultad de Minas, Universidad Nacional de Colombia,

Avenida 80 No. 65-223 Medellin, Colombia; jcmejiae@unal.edu.co

Facultad de Produccion y Diseno, Institucion Universitaria Pascual Bravo, Calle 73 No. 73A-226 Medellin,
Colombia

Departamento de Economia, Facultad de Ciencias Humanas y Economicas, Universidad Nacional de
Colombia, Cra. 65 #59a-110 Medellin, Colombia

Facultad de Ingenieria, Institucién Universitaria Pascual Bravo, Calle 73 No. 73A-226 Medellin, Colombia;
e.duque@pascualbravo.edu.co

*  Correspondence: jdgonza3@unal.edu.co

Received: 9 June 2020; Accepted: 10 July 2020; Published: 14 July 2020

Abstract: The purpose of this study is to analyse the extant literature on sustainable financial products
(SFP) with a comprehensive understanding of the status quo and research trends as well as characterise
the existing SFP in the Latin America banking industry. In this way, research papers derived from
Scopus as well as institutional reports such as main documents, sustainability reports, and product
portfolios publicly available on webpages from public, private, and development banks are used
to create a database of SFP where their main characteristics are included and classified. Based on
the research trends identified, the results show the development of financial products focused on
environmental, social, and government (ESG) matters, mainly from the credit side, of more sustainable
financial markets and products under fintech ecosystems. The results show that because of regulatory
and government support through mechanisms such as green protocols and social and environmental
responsibility policies, private financial institutions of Brazil, Colombia, and Argentina have led the
development of both social and green financial products. These study’s findings may be used for
several policymakers to broaden the opportunities available in sustainable financing and thus, provide
a roadmap that researchers and practicing professionals can use to improve their understanding of
SFP. Finally, the study presents the potential for further research in the field, both with a qualitative
and a quantitative approach.

Keywords: sustainable finance; sustainable financial products; sustainable banking; SDGs; sustainable
development; Latin America; ESG.

1. Introduction

Climate change is one of the greatest—if not the greatest—threats to humanity. In order to avoid
reaching critical levels, such as the one represented by an increase of 2° Celsius above the levels before
the pre-industrial era, sustainability would play a pivotal role [1]. Recent research suggests that, if
this limit is exceeded, it could lead to continuous warming of the earth no matter what actions were
taken by humans to reduce CO, emissions [2]. On the other hand, global pressures determined by
imbalances at the social and economic level, with vast inequalities between countries, accelerated
population growth with limited access to primary resources, and more than 1 billion people considered
multidimensionally poor demonstrate that commitment on the part of all actors is required, especially
governments and private agents [3,4]. In this scenario, it is crucial to mobilise huge financial resources
to achieve the relevant changes. Therefore, there is a substantial opportunity for the banking industry
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in developing financial products that favour the expansion of sustainable finance and thus, align their
activities with a sustainable and green economy [5].

The concept of sustainability has ceased to be a matter merely focused on compliance with
regulations or a move towards corporate reputation improvement with activities of merely a
philanthropic type [6,7]. At present, it is also considered as an integral part of the business and
generator of financial value [8,9]; in particular, green practices impact on both a company’s future
market value and its profitability [10].

Concepts such as Corporate Social Responsibility (CSR) or Environmental Management are part of
the new sustainability perspective as a type of management oriented towards all stakeholders [11-14].
Moreover, a desirable paradigm to implement is Environmental, Social and Government Policy (ESG)
throughout the business cycle as a strategy to take advantage of and unleash all the capacities that
investors can contribute to reaching the Sustainable Development Goals (SDGs), whose central axis is
sustainability [15]. ESG is considered as a strategic factor, which contributes to competitiveness by
doing differentiation [16].

In the last decades, for the banking industry, both responsibility and climate concerns have been
considered as the main drivers for developing new business models, mainly focused on sustainable
banking [17-20]. Given its pivotal role as the leading financial intermediary and cornerstone in
the granting of credits for the development of projects, business growth and the weighting of risks
embedded therein, the effects that the incorporation of ESG criteria could have on the design of its
products and financial services are extensive in the banking industry [21-24].

Since the banking industry is vital for economic growth, this has a considerable indirect impact
on the environment and society. Thus, sustainable banks could help provide the estimated US $5 to
the US $7 trillion per year needed for reaching the SDGs by 2030 [25]. In this sense, the responsible
banking industry can be thought of as the appropriation of the industry of the broadest concept of
sustainable finance, a term for which there is no single definition and coexists with others such as
green finance or social finance and points to new sustainable business models [23,26,27]. However,
despite the importance of banks in promoting a transition towards a more sustainable form of growth,
the activities related to banks have received little to no attention from sustainable finance scholars [28].

According to [29], sustainable finance refers to financial products or services that integrate ESG
criteria in business or investment decisions. This is how multiple initiatives focused on building
sustainable banks have been promoted at different levels such as the Sustainable Banking Network
(SBN), the International Developed Financial Club and Global Alliance for Banking on Values, and very
recently the Principles for Responsible Banking [30] in an attempt to move sustainable banking into
the mainstream [31]. For its part, green finance varies on its definition from institution to institution
but despite these differences can be well declared as defined by [32] as “financing of investments
that provide environmental benefits”. Regarding social finance though, there is no consensus in the
industry about its scope [33], as stated in [34] “it may be understood as a broad area wherein various
forms of capital are structured in ways that consider and value both financial performance and social
value creation”. In the end, both are defined based on the orientation of their funds (environmental
versus social) and by the fact that they both are covered under the umbrella of sustainable finance.

Despite being a relatively new trend, several studies have been conducted to aim at examining
how the incorporation of ESG criteria can be carried out in the banking industry. Among them, analyses
conducted by [35-38] have contributed to understanding how customer sustainability and financed
activities can have an impact on financial performance, thus being a promoter of change towards a
more responsible economy. However, the evidence shows some unawareness of the implications of
an accurate administration focused on sustainability and impact on stakeholders [39]. Some studies
argue that it is a trend that is due to solutions using market logic rather than ethics of the firm and
shifts towards a private responsibility for the provision of welfare services and poverty treatment [33].
Studies conducted by [40] and [41] suggest measuring the performance and degree of sustainability of
the banks through ratings that evaluate their commitments together with environmental and social
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indirect impacts generated by credit recipients. They also suggest the existence of two types of
banks, and consequently, two different business models: Those of a reactive nature that only adopt
certain sustainable banking practices due to regulatory pressures and others that truly recognise the
importance of rethinking the business and pretend to be ahead of standards and regulations [40,42,43].

Banks, meanwhile, by developing sustainable financial products (SFP) not only gain first-hand
expertise but can also obtain benefits for their corporate image and reputation [44,45], as well as
customer loyalty improvements [43,46]. Not to mention that seeing the implementation of more
sustainable practices as a resounding alleviation to facing financial crises is something which diverse
financial institutions agree upon [23,47]. Regarding profitability, previous research focused on Latin
America (Latam) has shown that the performance of those SFP portfolios, particularly green ones, has
a significantly better loan performance as well as high growth rates of about 50% year-on-year [48].

Moreover, these products demonstrate a real commitment to international voluntary initiatives to
which they have joined and capitalise on an opportunity of a small business niche, but with significant
growth. It is worth clarifying, however, that transparency and the real reach of banks that embark on
such purposes can be questioned in several cases, as highlighted in [49-51]. Therefore, the inclusion
of SFP strengthens overall sustainability performance, as explained by [23] and [52]. Despite this,
very few studies have deepened in this specific field, and for the few inquiries that have been made,
most have been carried out in European or North American countries, justifying a greater focus on
emerging regions.

Thus, from researchers and practicing professionals’ perspectives, little attention has been given
to research on the SFP available in the market, which have ESG criteria, and what are the features and
advantages that they offer to potential users of these products. For capital users, it is essential to know
these types of products because obtaining financing through sustainable financial instruments offers
companies and project developers a tangible benefit in terms of lower interest rates, which positively
impacts on the cost of capital [53-55]. Also, benefits in the granting of loans such as longer terms,
longer grace periods, and special guarantees provide valuable conditions to borrowers to comply with
debt servicing [56]. The operative part of the projects that look for this type of financing is also favoured
since they usually receive technical assistance and even have indirect operating cost reductions such as
insurance premiums due to less exposure to ESG risks.

Furthermore, the value of SFP diversity relative to other financing products also lies in allowing
green financing to be made available to the real economy and to actors (for example, individuals and
SMEs) that do not have sufficiently large financing needs and/or the necessary experience to directly
access the green bond market or be of interest to investment funds with climatic/sustainable criteria.

Studies conducted by the North American Task Force of the Finance Initiative of the United
Nations Environment Programme [57] and [5] have aimed at mapping and providing a description
of green financial products and identifying actors pushing the Italian financial sector to become
increasingly greener, respectively. In the same way, studies conducted by [58,59] have deepened the
analysis and applications of SFP. However, to the best of the authors” knowledge, no elements in
the current literature analyse research on SFP or the mapping of this type of products, especially in
Latin America. Latam serves as an interesting and rather unique context for testing old theories and
for generating new insights about SFP, and specifically for identifying the effect that these products
have on the regional banking industry. It is important to emphasise that in the context of emerging
economies, the social, cultural, and managerial practices are significantly and systematically different
from developed economies, which could condition the development of effective SFPs.

To help bridge the identified knowledge gap, this study aims at analysing the extant literature
on SFP with a comprehensive understanding of the status quo and research trends in this topic.
Additionally, this study characterises the existing SFP in the Latam banking industry. This paper
contributes to the literature in two ways. First, in order to have a better understanding of SFP, an
in-depth review that allows for analysing the research areas, trending topics, and evolution in this
arena is carried out. Secondly, the characterisation of the SFP allows having a road map of the offering
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of this type of products in the Latam bank industry. Thus, to achieve a greater understanding of
the motivations of the banks in the incorporation of ESG criteria in their business model, the results
obtained are compared with previous analyses on the archetypes adopted by them [22]. This study
will help practitioners, consumers, and bank managers to expand their knowledge of the opportunities
available in sustainable financing and build on the experience and advances of other banks. The results
could be equally useful for policymakers and regulators in the design of public sustainability policies.
Besides, the study presents the potential for further research in the field, both with a qualitative and a
quantitative approach.

The paper is organised as follows: After this introduction, which provides a context on the main
elements of the study, the methodology section is presented. Next, the literature review on sustainable
banking and sustainable finance is provided, followed by the results and discussion. Finally, the
last section summarises the conclusions and significance of this study, followed by further research
topic recommendations.

2. Methodology

This study carried out a comprehensive, systematic, and holistic literature review covering all
research papers published in leading journals in the fields related to sustainability, environmental
studies, economics, finance, and management as well as categorising the leading development of
SFP. In this way, research papers derived from the bibliographic database Scopus as well as main
institutional documents such as annual reports, sustainability reports, and product portfolio summaries
publicly available on webpages from public, private, and national development banks are used in
order to create a database of SFP where its main characteristics are included and classified.

To have an in-depth understanding of SFP, a scientometric review that allows analysing the
research areas, trending topics, and evolution in this arena is carried out. According to [60], Scopus
is among the databases with the highest academic research reputation. For having concise results
from the database, combinations based on these keywords are used: sustainable banking, sustainable
finance, green financing, green loans, and SFP. Concerning scientometric analysis, [61] argue that this
technique allows characterising specific scientific knowledge by identifying structural patterns and
research trends by means of an illustrative map. To do this, VosViewer software is used. Given that
this tool is substantially useful in mapping knowledge areas through illustrations with graphical maps,
several studies such as [62-64] have used it. Figure 1 shows the general methodology of this research
and is detailed below.

Systematic review of the Definition of parameters Collection of information SFP analysis and
literature —_ and sample selection / / characterisation

* Cualitative
characterisation

* Scientometric analysis * Taxonomy selection * Review of grey

and adaptation literature and main
institutional
documents (Annual
reports, sustainability
reports, product
portfolios)

* Progress summary in
sustainable financial
policy of the top
countries

* Research trends and

evolution description « Facilities and financial
institutions
delimitation
« Constrast of results
with previous
archetypes

Figure 1. Overall methodology implemented.

For the searching, identifying, and conduction of this study, a broadly accepted set of
sustainability-related guidelines were selected seeking despite lacking unified terms and concepts, the
adoption of widespread categories and definitions related to SFP. Specifically, what can be understood
as a green or social financial product, and some of the more meaningful taxonomies that cover SFP
were sought. For this, the Green Loan Principles (GLP) [65] and the Social Bond Principles (SBP) [66]
were chosen as referents for SFP, the former for those is more intended to bring mainly environmental
benefits, and the latter for more socially-oriented products. These are both international voluntary
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forms of guidance that are the result of collaborative work between some of the main market actors,
and which seek to foster the market development and guarantee the integrity of the products offered.

Although the GLP and SBP refer to different instruments and impacts (green versus social), both
establish the same core components necessary to certify a green loan or social bond: the use of proceeds,
the process for project evaluation and selection, management of proceeds, and reporting. For the
analysis, SFP is considered to be any financial product existing in the market, whose only destination
is the financing or refinancing, whether total or partial, of projects that bring environmental, social, or
mixed benefits and that fall within the non-exhaustive categories of eligibility stated in the GLP or SBP.

It must be stressed that the last category in the green-oriented products sphere shown in
Table 1—Multiple—does not belong to the original categories included in the GLP; however, it was
added to better account for those products that encompass activities or projects related to two or more
categories simultaneously, a possibility that the GLP also mentions.

Table 1. Taxonomies for Sustainable Financial Products (SFP).

Categories for Social-Oriented Products Categories for Green-Oriented Products
Affordable basic infrastructure Renewable energy
Access to essential services Energy efficiency
Affordable housing Climate change adaptation

Employment generation including through the P . .
- . . .o ollution prevention and control
potential effect of (SME) financing and microfinance
Environmentally sustainable management of living
natural resources and land use
Socioeconomic advancement and empowerment Terrestrial and aquatic biodiversity conservation
Clean transportation
Sustainable water and wastewater management
Eco-efficient and/or circular economy adapted
products, production technologies and processes
Green buildings
Multiple

Food security

The consideration of these taxonomies reflects the approach of sustainable finance adopted,
which is not merely restricted to green categories as tends to be believed [67], and is in line with the
recommendations of the G20 Sustainable Finance Study Group [25]. Additionally, this separation of
products allows a more comprehensive analysis by having higher specificity regarding the use of funds.

On the other hand, the financial institutions considered were local financial institutions (LFI),
which include private commercial banks and microfinance banking institutions, and public financial
institutions (PFI) that comprise national development banks, state-owned commercial banks, special
guarantee funds, or government trusts. The selection of institutions was made by including the banks
that met the aforementioned characteristics and that belonged to one of the banking associations listed
as active members of the Latin American Federation of Banks (FELABAN). FELABAN is an institution
that groups banking associations from all over the continent and gathers more from 600 banks and
financial institutions. The chosen associations by country and the number of financial institutions (FI)
analysed are shown in Table 2.

Additionally, the SFP considered were limited to saving, credit, and grants-related products. This
excluded insurance and investment products, mostly given that the institutions analysed were mainly
commercial banks and because governments make the vast majority of clean economy investments, as
well as corporations, private equity, and venture capital firms [68], which are outside of the scope of
this study. This decision was made because the analysis of these kinds of products has been much
more significant in the literature.

Besides, it should be noted that only products that explicitly indicated the sustainable purposes
and/or categories of the facilities were considered. Therefore, several were either discarded or not
considered given inaccuracies, or precarious disclosure in the media examined, which attends to the
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recommendations of the GLP and is consistent with the Climate Bonds Initiative (CBI) methodology
for tracking of green bonds [69].

Table 2. Selected national banking associations. Source: Author’s own research.

g FI

Country Member Association Examined
Argentina Asociacion de bancos de la Argentina 62
Bolivia Asociaciéon de Bancos Privados de Bolivia 15
Brazil Federacao Brasileira de Bancos (FEBRABAN) 79
Chile Asociacion de Bancos e Instituciones Financieras de 20

Chile A.G.
Colombia Asociacion Bancaria y de Entidades Financieras de »
Colombia (ASOBANCARIA)

Costa Rica Asociacion Bancaria Costarricense 14

Ecuador Asociacion de Bancos Privados del Ecuador 28
El Salvador Asociacion Bancaria Salvadorefia (ABANSA) 13
Honduras Asociacion Hondurena de Instituciones Bancarias 16

(AHIBA)

Mexico Asociacion de Bancos de México 54
Guatemala Asociacion Bancaria de Guatemala 18
Nicaragua Asociacién de Bancos Privados de Nicaragua 7

Panama Asociacion Bancaria de Panama 44

Paraguay Asociacion de Bancos de Paraguay 15
Peru Asociacion de Bancos del Peru 20
Uruguay Banco de la Republica Oriental del Uruguay 11

With this in mind, together with the characterisation and analysis of the main SFP offered in
the Latin American market, a catalogue of the main policies and regulations that have favoured the
leadership and development of sustainable finances in the best-ranked countries is presented. Likewise,
some progress indicators related to SFP provided by the SBN are evaluated. Its inclusion responds
to its unique character as a global community that groups financial sector regulatory agencies and
banking associations directed at emerging economies, and that in general seeks to provide a knowledge
platform for the acceleration and commitment of these economies with the best international practices
of sustainable finance [70]. Also, it is a major global player; SBN’s 38 member countries are valued at
$43 trillion in total, which is around 85 per cent of emerging market banking assets, 11 of which are
Latin American [70].

Finally, the results obtained in terms of categories are contrasted with the most relevant
developments in terms of archetypes for the advancement of business models for sustainability
in the banking industry exposed in [22].

Literature Review

Although the existing literature lack a common definition for it, SFP can be understood as the
practical instrument of sustainable finance. Based on the previous definition of sustainable finance [29],
SFP could be specified as financial instruments whose issues and whose deployment points to the
allocation of funds to causes related to sustainability improvements, an approach that we consider
most significant and will be adopted throughout the study. The above can take place both with totally
new products and by adapting non-sustainable financial products, namely traditional ones.

In the most significant contributions to SFP, concepts such as sustainable development, corporate
social responsibility, and impact investing have the most attention, while only recent and very few
research studies have managed to identify an explicit and comprehensive approach to SFP [58,59,71-73].

Figure 2 presents the most relevant keywords obtained after refining the search with the words
previously mentioned in the methodology. It allows observing a variety of terms among which, at least
directly, it is not possible to observe SFP, responsible financial products, new financial instruments, or
anything else that could be a synonym for SFP. All these terms appear in the universe of results; however,
they are notably small, suggesting they are of relatively little relevance, highly novel, and poorly related
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to the rest of the resulting words. Such an outlook in the academy is consistent with [71] in exposing the
incipient development of responsible financial products, especially in emerging market and developing
countries, and which has only recently begun to emerge. In this context, three well-defined research
development trends can be identified in the scientific literature.

united kingdom W

environmental performance

stakeholder

_performance assessment
political economy

seremmen social finance

& VOSviewer

Figure 2. Most important keywords in the Sustainable Financial Products (SFP) research. Source:
Author’s own research.

A first research development trend focuses on a set of topics that cover risk management,
sustainable banking practices, processes, environmental risks, and sustainability measurement as
well as the business performance and sustainability relationship. Within this trend, the contributions
conducted by [35,74] stand out as referents in the field for rethinking the credit risk management
process framed in terms of sustainability. In [74] the benefits for both parties of considering the
sustainability profile in the granting of credit were analysed.

In this regard, the bank for its part reduces reputational, regulatory, and credit risks arising from
an imprecise risk rating and borrowers can enhance their perceived solvency thanks to lower exposure
to ESG risk with the improvement in the negotiating power that is highlighted by [35].

Likewise, there is evidence of the benefits of integrating ESG ratings on traditional credit risk
ratings from obtaining improvements in the accuracy of default predictions of a loan, as shown by this
author with a significant sample of credit assessments, which is extremely useful for loans to small
to middle-sized enterprises (SME) whose qualification is a challenge. Furthermore, these results are
complemented by [75] who through regression analysis of several different Chinese banks focused
on the effects of China’s green credit policy on their bank’s credit risk, discovering that banks with a
higher proportion of green loans are associated with a lower non-performance loans ratio. This trend
is characterised by the connection between financial and sustainability performance. For example, [76]
contributes to refuting the incompatibility paradigm between financial performance and sustainability
efforts by identifying a two-way causality relationship between these two variables for Chinese banks.
Meanwhile, the bidirectional nature of the relationship between financial results and sustainability
performance of the organisation is also defended by [77], pointing this time to French banks using a
regression panel model and a sample of 68 banks for this purpose.

205



Sustainability 2020, 12, 5648

Within this research trend, assess sustainability risk is common among authors. [41] suggests
a sustainability credit score system based on stages as a practical way to strengthen usual credit
rating models in light of the sustainability considerations normally ignored in the banking industry.
The authors of [78] for their part propose a framework to quantify, analyse, compare, and glimpse water
risks by making investment decisions. The question about the actions taken to involve biodiversity in
the bank’s operations and the motivators for this purpose are addressed by [17]. The relations between
a bank’s CSR policies and the countries’ peculiarities in developing countries have been conducted [12];
however, there is a scarcity of studies on these topics in Latam.

A second research development trend is about sustainable banking’s evolution, which includes
incorporated practices and the barriers, obstacles, and pitfalls faced as well as schemes and propositions
of solutions. In this trend, studies on analysis at the institutional, sector, and macro regulatory level
are common. Thus, the importance of banking industry in the mobilisation of resources towards
sustainable finance is generally recognised; however, as is highlighted by [48,56,79], the practical
understanding of how to develop sustainable finance in their product portfolio is vague. In line with
the above, [80] focuses on the approaches that seek to embody sustainable solutions in the bank’s
operation, arguing their usefulness to the extent that banks can impact the business models and
strategic decisions of their clients given their potential to determine whether projects can obtain the
requested capital or not based on sustainability considerations, which can be measured by ESG when
considering the viability of a loan.

Although disparities regarding concepts of what can be classified as sustainable finance, diverse
types of barriers for the development of financial innovations have been identified, as stated by [19].
These authors also examine the concept of financial eco-innovation and recompile several existing
barriers to its expansion and the suggested instruments to undertake them. On the other hand, [81]
analyses difficulties due to information gaps on social and environmental impacts and risks that
transcend the purely monetary perspective as well as the widespread predilection for short-term
returns and investments with relative security, asserting that the combination of both constitutes a
crucial barrier that negatively affects financing for sustainable activities. The above is supported
by [56], who focuses on fostering of green lending and acknowledges the incompatibility between the
terms granted by traditional bank loans and the typical time horizon of benefits in sustainable projects.

Likewise, concerns relative to high costs associated with the development of departments
dedicated to sustainable loans within banks, non-existent mechanisms for managing the risks of
such loans, and the insufficient capacity for evaluation and segmentation once they are granted are
addressed by [56] and [82]. To help sustainable lending get to gain traction among banks, [83] suggest
considering certain minimum times being required before noticing an improvement in the return on
assets, and differences on their magnitudes according to the degree of development of the financial
market in question.

In this regard, [21] aims at considering monetary policies dedicated to easing lending conditions
for the low-carbon firm, since nationally developed market schemes such as carbon pricing through
carbon markets are insufficient to meet the imperative need for credit that sustainable activities entail,
and also do not address the high capital costs associated with investments in clean technologies
depicted in [84].

Hence, the insulfficient disclosure and offers in the bank industry of SFP make it possible to identify
a knowledge gap, particularly in having a better understanding of the existing SFP [16,22,85-87].

Finally, the third research development trend discusses new financing instruments, namely
sustainable ones, the redevelopment of traditional products, and microfinance schemes. This trend
is characterised by the fact that it contains research with a greater focus on SFP, or at least more
directly related than the rest. For instance, [71] exposes the incipient development of responsible
financial products, especially in emerging market and developing countries, which have only recently
begun to develop. This study also highlights the role of SMEs as clear potential users of this type
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of products, particularly in the environmental area with feasible investments in renewable energy,
resource efficiency, and pollution abatement, among others.

On the other hand, [73] conducted a study to identify investors’ preferences regarding ESG criteria,
their real-life investment needs, and the most relevant SFP in the Spanish market, with special focus on
Socially Responsible Investing (SRI) funds, bonds, SR loans, and SR current accounts and savings. This
study concludes there is a need to adapt the SRI products to those of the public investor’s preferences,
and, at the same time, to promote knowledge of the characteristics of these products, for instance, their
risks and returns, to eliminate supply and demand’s mismatch.

In this regard, [72] addresses the supply-demand discrepancy of SFP in Germany. Based on this,
it is necessary to diversify, customise, and make known to current banking customers the existing
SFP. This study also argues that new SFP can allow the growth of sustainable finance in risk-averse
countries such as Germany, where the stock market stands as the principal sustainable investment
alternative. Within this development trend, a study conducted by [58] delves into the understanding
of the state-of-the-art in green leasing in theory and practice from a stakeholder perspective. In this
way, [59] suggest a finance framework that serves the financing of environmentally friendly practices
in EU agriculture through SFP. On this issue, a securitisation system that allows various sources of
financing for farmers, for the most part obtained through public subsidies and improving efficiency in
the placement of public resources, is outlined. On the other hand, in [75,88], micro and social finance
schemes are discussed. In the former, the case of a Canadian community credit institution dedicated to
social finance and that is on the path to realising a 100% social finance portfolio is studied. In the latter,
successes, errors, and recommendations are detailed based on a microfinance program in rural areas of
Bangladesh [67].

Within these research development trends, the importance of SEP to support the expansion of the
banking sector can be clearly observed. However, there is a scarcity of studies that allow having a
better understanding of SFP since, although the research that addresses the concerns of massifying
sustainable banking has abounded, it has focused mostly on the first two trends described and some
other complementary issues, but has hardly delved into the third one. This scene is at least surprising
and represents a conjunctural opportunity, since [22] proposes the SFP as one of the new archetypes to
be adopted with the greatest potential to materialise sustainable finances towards bank users. In this
sense, this gap can be noticed, especially in the Latam context. Therefore, it is necessary to analyse the
evolution and characteristics of this type of products in the banking industry.

3. Results and Discussion

3.1. Results by Countries

In summary, 448 banks from 16 countries were analysed, with 267 of them with at least one
SFP and thus obtaining a record of 1.709 SEP. The results show the number of SFP by countries, as
shown in Figure 3. The top three (i.e., best-ranked) countries by offered SFP were Brazil, Colombia,
and Argentina. Below are some of the main regulatory milestones that have contributed to their role as
leaders in the region and the comparison with some indicators developed by the SBN to assess the
performance and coverage of member countries with established national sustainable finance policies.
After the selection of these indicators, the relevance of their scope was deemed to judge the progress
in SFP. These countries are followed by Mexico and Ecuador that also show significant progress in
sustainable finance, and that together account for 61.56% of all identified SFP.
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Figure 3. Sustainable financial products in Latin America. Source: Author’s own research.
3.1.1. Brazil

Brazil is the most developed country in the region, working on the subject for more than a
decade. In 2008, it established the green protocol and since 2013 it has been annually measuring
financial resources for the green economy. In 2014, it established the framework for the creation
and implementation of a social and environmental responsibility policy, and in 2016 it generated the
guidelines for the issuance of green bonds. More recently, Brazil made progress in monitoring the
environmental benefits of its banks’ portfolios, while also beginning the creation of a methodology for
calculating exposure to climate risks oriented to the national regulatory bodies. The country also has
a great variety of national and regional state banks that are mainly active in the supply of SFP. For
example, Banco Nacional de Desenvolvimento Econdmico e Social is one of the largest banks with a
vast number of products, which mark the development and supply of SFP nationwide and that place it
above the rest of the relevant countries.

Another peculiar characteristic of Brazil is the special attention given to agricultural activity
reflected in multiple products and services oriented to this sector by both PFI and LFI, although to a
lesser extent for the latter. This scenario is logically clearly related to its role as a notable producer
and exporter of many agricultural products, but it requires some restructuring and consolidation
regarding PFI. That is, despite the positive nature of the existence of many programs to support
sustainable agriculture, this favours a complex environment of financing that paradoxically hinders
the understanding of available opportunities and ultimately hinders the proposed SFP disbursement
objectives, as echoed in [69]. Finally, up to 2019, Brazil led investments in the fintech ecosystem,
which necessarily drive the existence of a more significant number of SFP of a social nature oriented to
financial inclusion and digitalisation of financial services.

The SBN framework contemplates two indicators to measure the progress in the sub pillar
“Products and services”, within the pillar “Climate and green finance” [70]. They are the indicators 4
and 5: “Defining sustainable assets and financial products” and “Green finance product guidelines”,
respectively. According to these indicators, Brazil has a 35% gap in that Climate and green finance area,
thus being above the regional and global average. This stands out from the framework that provides
valuable definitions for green sectors and green bonds, which are in accordance with existing standards
such as the Green Bond Principles or Climates Bond Standards. However, according to [89], for further
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improvement, there is a planned extension of guidelines for green financial assets that are different
from green bonds; they also further detail the definitions and examples of social and sustainable assets.

3.1.2. Colombia

Colombia traces its first and most significant advance in the promotion of sustainable finance
to the Green Protocol issued by Asobancaria in 2012, the same regulatory entity that issued general
guidelines for the implementation of environmental and social risk analysis in 2016. This was then
supported in 2017 by a roadmap of actions to launch a green bond market in Colombia. Recently, in
2018, the leading financial regulator (Superintendencia Financiera—SF-) has been striving to establish
clear definitions of sustainable finance, and the scope of the Green Protocol has been extended to
include other associations in the sector such as insurers and microfinance entities. Besides, Colombia is
working on its national emission reduction objective aligned with the Sustainable Colombian Initiative
framework (covering 2015-2030) as well as the National Decree on Climate Change. The above, together
with its flourishing and diversified thematic bond market (that is, green, social, and sustainable bonds)
led by financial institutions issuers augurs well for the expansion of other types of products and
services within the spectrum of sustainable banking [69].

Concerning digital finance, Colombia ranks as the third largest fintech ecosystem in Latam behind
Brazil and Mexico, favouring and urging on opportunities for innovation and financial inclusion
from traditional banks, but there is still much to be done [90]. On the other hand, various support
mechanisms used by the central government can only be granted to companies that meet the criteria
established by the Mipyme Law in 2000 such as preferred credit lines for working capital, acquisition
of productive assets and investment, guarantees to facilitate access to credits through the National
Guarantee Fund, and diverse programs to support growth and innovation.

According to the SBN framework [91], within the pillar “climate and green finance”, Colombia
has a 60% gap in the sub pillar “products and services”. However, it is above the regional and global
average in the two indicators used. In this sense, national regulations define green assets, set targets to
develop a green bond sector, and recommend the development of SFP to banks, yet, Colombia needs
to develop a greater clarity through more specific taxonomies and more explicit definitions of social
and sustainable assets. This is a task that is underway and according to the most updated information
from SF, is about to be completed very soon.

3.1.3. Argentina

In terms of sustainable banking, Argentina has been behind other countries in the region, including
smaller or less developed financial markets. However, it has made several notable efforts beyond
the stock market level. These actions include the development of environmental and social impact
financing guidelines as well as the launching of a sustainable finance investor awareness campaign by
the National Securities Commission, the first Argentinan sustainability index promoted by Bolsas y
Mercados Argentinos (BYMA) in cooperation with the Inter-American Development Bank, and the
agreement between the Buenos Aires Stock Exchange and the Mexican Stock Exchange to work together
on the development of environmental markets. Additionally, in June 2019, the Sustainable Finance
Protocol of Argentina was launched, which will be the guide to bringing sustainability to the financial
sector. Also, one of the strategic axes of this crucial protocol will be to create financial products and
services to support the financing of projects with a positive environmental and social impact, so the
outlook is positive.

Argentina, despite being a member of the SBN, does not have a national sustainable finance policy
and was not subject to specific evaluation and therefore, there are no indicators related to SFP. This
apparent contradiction suggests that despite the lack of a national policy that serves as a frame of
reference, the concept does exist in the national banking market. At the same time, it has an important
number of products that can be classified as SFP and in some cases products that are unintentionally
related in some way to sustainability. This country also reveals great future potential once the recent
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sustainable finance protocol or similar initiatives are consolidated and implemented, as this would
provide integrity to the SFP and promote collective learning among the actors involved. Nonetheless,
it should be highlighted that greater political involvement with these initiatives and sectoral efforts
is desirable.

3.2. Results by Kind of Institution

Regarding the kind of institutions analysed, only 18.08% were PFI, which in turn translates into
approximately 38.27% of the total SFP compared to 61.73% of the LFI, as illustrated in Figure 4a,b.
Although this does not represent a majority, it is an important number considering the low participation
in the universe of registered financial institutions.

38.27%

 LFI
u PFI

W LFI
H PFI

(@) (b)

Figure 4. (a) Financial institutions examined; (b) Financial institutions offering SFP. Source: Author’s
own research.

Table 3 shows the first ten banks according to the number of SFP, with a predominance of banks in
Colombia and Brazil, in addition to Argentina, Ecuador, and Chile. Although for this ranking the ratio
of LFI versus PFI is the same, what is observed is that almost all of them are banks of considerable
size and relative importance within the countries where they are located and that somehow gives
indications of what has already been suggested about the bidirectional relationship between financial
capacity and materialisation of strategies related to sustainability in its business model. In this sense,
the average number of SFP per bank is approximately 6, which, however, is affected by the presence
of large institutions with enough SFP in their portfolio. It is noteworthy that despite the financial
institutions that have 1-4 SFP representing 50%, that is, approximately 132 institutions, only 19 of them
are PFI. Then, the best description of the variable number of SFP per institution is that of a distribution
skewed to the right with a median of 5 and the most frequent value of SFP equal to 2.

Table 3. Leading banks by the number of SFP. Source: Author’s own research.

Country Financial Institution Kind of Institution No. of SFP Identified
Banco Nacional de
Brazil Desenvolvimento Econoémico e PFI 48
Social
Argentina Banco de la Pampa PFI 30
Colombia Davivienda LFI 29
Brazil Banco do Nordeste do Brasil PFI 29
Chile Banco del Estado de Chile PFI 27
Brazil Banco Bradesco LFI 24
Colombia Bancolombia LFI 23
Ecuador Banco Pichincha LFI 22
Colombia Banco Agrario de Colombia PFIL 21
Colombia Banco de Bogota LFI 21
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3.3. Results by Products

All the products that are both social and green identified are part of the universe of sustainable
finance and are some of the ways selected by financial institutions to adhere to this trend, that is
to say, archetypes, but more precisely they are framed in the ways described by [22]. Analysing in
depth the rationality on the part of financial institutions towards the offer of SFP is not the central
focus of this study, but it is closely related. Thus, in addition to the aforementioned benefits derived
from this, [22] has advanced a rigorous inspection of the motivations that drive them. That is why to
shed light on this point, such archetypes were contrasted with the results, specifically four of them,
which are: “Substitute with digital processes”, “Inclusive value creation”, “Resilience in loan granting”,
and “Sustainable financial products”.

The main resulting categories for both social and green SFP indicate which are the archetypes
of greater adoption in Latam and preliminarily suggest their pertinency in the region. Socially, the
categories of SME financing and microfinance, access to essential services, socioeconomic development,
empowerment, and even affordable housing account for the archetypes ‘Substitute with digital
processes” and ‘Inclusive value creation’. There are associations that do not result in the reality of the
region with emerging countries and multiple inequities and social problems, and that is evidenced for
example in the low figures of financial inclusion. No less obvious is the predominance of informality in
business and SMEs in regional economies, and so, by addressing these imbalances with SFP, financial
institutions, as highlighted in [22], serve the most disadvantaged and generate opportunities in new
markets. The other social categories also respond to a lesser extent to these archetypes.

As Figure 5 shows, products with a social focus are closely related to the unbanked population.
These aim at creating opportunities for financial inclusion through microfinance, digital banking,
and low-cost initiatives as well as financing of nascent enterprises to improve socio-economic conditions
of disadvantaged communities. These products promote the development of SMEs as well as access to
essential services.

45.00%
Employment generation (SME) and 501
microfinance 40.00%
0,
I Access to essential services 376 35.00%
a 30.00%
t Socioeconomic advancement and 7E0
e Empowerment 25.00%
g 0,
° Affordable housing 160 20.00% X
r 15.00%
y Food security 108 10.00%
0,
Affordable basic infrastructure ﬂ 5.00%
0.00%

0 100 200 300 400 500 600 700
Number of SFP
Figure 5. Results obtained for social-oriented SFP. Source: Author’s own research.

It should also be noted that some of these institutions achieve their mission of sustainability using
only one of those archetypes, such as a substitute with digital processes. In this sense, the results
support what is stated by [22] regarding the persistence of institutions that prefer archetypes of high
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visibility and relatively easy and fast implementation over others, with more significant strategic and
operational implications for their accomplishments. Once again, short-termism is present.

In products whose main sustainability benefit is environmental, in turn, the SFP, regardless of the
category are framed in the archetype ‘Sustainable financial products’ and ‘Resilience in loan granting’.
As for green products, the generation of alternative energy, energy efficiency, and sustainable use of
the land and its resources, or simply general environmental investments are the main focus of financial
institutions as Figure 6 shows. In this sense, the results by categories are also consistent with previous
analysis of green products and services in Latam [48,92].

40.00%
Muttiple I
Renewable energy NSTNNNNN 35.00%
Environmentally sustainable management... INDGINNN 30.00%
c .
a Energy efficiency RIS
25.00%
t Clean transportation NI 0
€ Green buildings  NISIN 20.00%
g
° Sustainable water and wastewater... J X
15.00%
r Eco-efficiency and/or circular economy B
9
v Pollution prevention and control [§] 10.00%
Terrestrial and aquatic biodiversity... § 5.00%
Climate change adaptation 0
0.00%

Number of SFP

Figure 6. Results obtained for green-oriented SFP. Source: Author’s own research.

On the other hand, the fact that the category ‘Multiple’ is by far the largest group of products
identified with 38% of the total reflects that several financial institutions through their aim to include
SFP develop general ecological products (regardless of the type of facility) that help potential clients to
accomplish any activity that generates environmental benefits. The above is quite logical and may
be explained by widely recognised barriers such as a lack of knowledge within the bank in terms of
sustainability [22,48,56,92], and thus, these types of products are the easiest to structure and practical
to use to venture into the SFP.

Lastly, the importance of PFI in the promotion of SFP in Latam should be highlighted, not only
for their role in encouraging LFI for the development of their own SFP, but also in a less commented
aspect, that of their role in the adjustment and development of SFP according to the environmental
and social needs, and economic vocation of the areas where they are located. Evidence of this may
be that countries that have diverse state banks in their different regions were clear leaders in some
key categories such as the case of Brazil in “Renewable energy” and “Environmentally sustainable
management of living natural resources and land use”, and to some extent Argentina in “Employment
generation through SME financing and microfinance”. SFP were characterised according to the category,
type of facility, and features of the products identified in the financial institutions of Latam and are
shown in Table 4.
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3.4. Segments

Individuals, SME, corporations, and government entities were considered as segments for SFP.
These products can be directed to one or several segments at the same time. Thus, the records obtained
are those observed in Figure 7. These show the relationship between projects and the categories
associated with significant investment and projects with corporate segments and government entities.
In this sense, credit products for infrastructure projects, public programs, and mega-investments in
categories such as affordable basic infrastructure, energy renewable, affordable housing, green buildings,
and access to essential services (other than financial) are most commonly offered to this segment.
As for the segment of individuals, they are significant recipients of products of various modalities,
especially in the social field within the categories of access to essential services, microfinance, affordable
housing, and socioeconomic development and empowerment. In the environmental field, they have
less prominence and the products they can access are focused on the acquisition of energy-efficient
products, green buildings, renewable energy for domestic applications, or personal clean transportation
solutions. Although SFP are offered to people in general, population groups with some vulnerability
or degree of exclusion (e.g., ethnic minorities, disabled persons, or immigrants) are offered these SFPs
more frequently by financial institutions.
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Figure 7. Target segments for SFP. Source: Author’s own research.

Finally, the SME segment is the most versatile and attended, leading both the social and green
ambits. The main categories are access to essential services (financial), food security, and employment
generation through SME financing and microfinance. It is remarkable how attractive SMEs are to
deploy SFP not only because the sector is a market of great size and potential, but also because of
its recognition as high potential actors due to its mainly familiar nature, dynamism, and significant
involvement with the communities that can help to achieve several of the social objectives framed in
the different sustainability taxonomies and SDGs.

3.5. Sustainability and Corporate Social Responsibility Reporting

Along with the revision of the SFP, the existence and publication of sustainability reports or
reports on socio-environmental policies on the websites of financial institutions was verified. Figure 8
shows that only 29.53% of the banks analysed report their efforts in terms of sustainability, which is
eminently a really small part. It should be clarified that the fact that an institution has not been
accounted for does not mean that it does not have SFP. It may have these products, but it has not
developed adequate communication or does so insufficiently in the media examined. Besides, there is
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evidence of the confusion of sustainability strategies with solidarity and philanthropic activities in
financial institutions that they recurrently advertise in so-called sustainability sections on web pages
or annual reports but in many cases, this is nothing more than a compendium of donation activities,
allied foundations, or occasional campaigns of volunteer activities within the institution. This alone
does not meet the requirements of sustainable banking at all and instead provides a window-dressing
practice for stakeholders, and therefore was not considered.

70.47% HYes
® No

Figure 8. Financial institutions that communicate their sustainability management. Source: Author’s
own research.

Moreover, this may be one of the reasons why the levels of reporting observed are much lower
than previous measurements in this regard in the region [92], in which the consideration of what is and
what is not a report of sustainability efforts was solely the perception of financial institutions” managers.

The results are consistent with the previous descriptions of the precarious communication to the
interest groups and particularly to the clients by the banks. What is beyond the report is evidence
that even institutions with SFP in their portfolios do not promote them with the fortitude that one
would expect in the most essential points of contact today, which are virtual channels [21]. The idea is
not only to develop SFP, but they should also be promoted and even more privileged in marketing
strategies. As echoed in [22,48], it is just as important to publicise the benefits and impact of sustainable
banking with financial institutions and civil society in general, as it is to promote the demand for SFP.
The faster and more integrated these efforts are, the greater will be the success in the consolidation of
sustainable banking.

The SBN framework contemplates one indicator to measure the progress in the sub pillar “Climate
and green investment reporting”, within the pillar “Climate and green finance” [70]. It is the indicator:
“Tracking and disclosure of climate & green finance”. According to this, Brazil has a 60% coverage
in that area, positioning itself well ahead of the regional and global average. Meanwhile, Colombia
has not yet made any progress in this area, and the essential needs should be to compel reporting
on climate / green financing flows and stimulate financial institutions to publicly report on green
financing activities. This aspect is vital to address for the sake of standardising information that enables
effective monitoring. Then, Colombia is called upon to work with its neighbor countries and build on
its recognised experience.

4. Conclusions and Further Research

This paper analysed the extant literature on SFP with a comprehensive understanding of the status
quo and research trends and, characterised the existing SFP in the Latam banking industry. In this
way, this paper contributes to the body of knowledge and practice by being the first to characterise
and analyse the SFP in the Latam banking industry. The results of the study show that Brazil,
Colombia, and Argentina are the main countries involved in the development of SFP. Because of
regulatory and government support such as through Green Protocols and social and environmental
responsibility policies, these countries have led both social and green financial product development.
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The development of financial products focused on ESG, particularly from the credit side, is highlighted
in the first research trend. It is important to highlight that Brazil has one of the most developed financial
markets in the region and it has allowed the development and supply of SFP nationwide. Besides, it
has a fintech ecosystem which has allowed it to have a greater financial inclusion and digitalisation of
financial services, as well as agricultural activity reflected in multiple products and services oriented to
this sector, developed by both PFI and LFL

On the other hand, Colombia began its evolution towards sustainable finance with the Green
Protocol issued by Asobancaria in 2012. Even though Colombia has had relevant advances in fintech,
much still to be done to have greater financial inclusion as Brazil and Mexico have, though its ecosystem
is highly promissory.

This result was in line with the SBN framework; the authors of [91] found that Colombia had
a 60% gap in products and services. This suggests that both the public and private sector should
develop strategies for boosting the development of SFP based on fintech. This would include greater
clarity through more specific taxonomies and more explicit definitions of social and sustainable assets.
Although Argentina has a small and less developed financial market, it has made several efforts towards
developing SFP. At this point, campaigns in alliance with BYMA, the Inter-American Development
Bank, and the Mexican Stock Exchange, as well as its very recently launched national sustainable
finance policy have played a pivotal role and therefore, the outlook is positive.

Thus, barriers, obstacles, and pitfalls are being overcome aimed at developing a more sustainable
financial system, which is line with the second research trend. Other relevant countries are Mexico and
Ecuador, these five countries together account for 61.56% of all SFP identified in this study, which is
certainly significant.

Concerning the rest of the Latin American countries, it is highly recommended that they deepen
cooperative relationships with these five leaders, especially those that are in the basic stages of
development respecting SFP. As it has already been demonstrated with countries in Latam and other
regions, success is based on sharing experiences and building from the mistakes of others, which will
undoubtedly help with the further development of SFP.

About the kind of institutions, the results show the tremendous importance of PFI, which obtained
significant results with almost a 40% participation. The role of a promoter and at the same time as
a persuader towards the LFI is confirmed, but it is also important to emphasise the work of PFI in
matching regional needs with the potential SFP that address them.

The results also indicate a prominent relationship between SFP and the creation of opportunities
for financial inclusion for the unbanked and vulnerable population, as well as with SME financing
initiatives. These two factors were the main categories in the social-oriented SFP. On the other hand, in
the green-oriented SFP, the main categories were occupied by products with multiple environmental
destinations, renewable energies, and activities on sustainable management of natural resources and
land use, sectors with huge investment opportunities in the region.

When evaluating the target audience of the different SFP, it can be seen that SME are the most
flexible segment. These have the highest amount of SFP, both in the green and social spheres.

Regarding the kind of facilities granted, individuals are recipients of savings products such as
checking accounts, savings, debit cards, and credit loans mainly to encourage their insertion into the
formal financial system and healthy financial habits. Multiple ecological loans, which are another
widespread practice, are the most practical and efficient option for financial institutions (regardless of
type) to include in green products in the portfolios, which was raised in the second research trend.

At the same time, low levels of bank sustainability reporting expose the imperative need to
improve the dissemination of efforts in this regard. Furthermore, in terms of promotion it is required
that in addition to informing the details of traditional products, the banks report whether they have
SFP, and if so, what are the mechanisms for evaluation and monitoring adopted.

Despite the contributions of the present study, limitations should be acknowledged. The most
significant limitation of this study is the scarce information on SFP that financial institutions publish
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on websites. Also, there is a lack of homogeneity in the presentation of information as well as a low
proportion of institutions that quantify and monitor the flows and performance of SFP if offered.
Therefore, it is possible that additional elements not identified may be essential for establishing new
features on SFP. This issue should be addressed in further research. Finally, this research is providing a
roadmap to SFP in the Latam banking industry so researchers and practicing professionals can improve
their understanding of the SFP and thus, they may use these study’s findings to broaden the central
aspects of this kind of financial products, as the third research trend indicated.

Based on the research trends and results, to go beyond this study, research on topics related to
SFP will facilitate improve financial practices for the economic development based on ESG issues.
From a practical and research perspective, further research may develop a framework in which each
financial institution registers its SFP. It would allow us to determinate the real SFP offers. Likewise, the
development of both new metrics for measuring financial leverage from ESG perspective as well as
interest rates indexed by ESG issues is required. These issues could complement the sustainability
credit score system proposed by [41,74,80]. Additional lines of further research may include:

e  Comparing interest rates for similar SFP but in different countries.

e Developing a credit risk framework to measure how much money a sustainable project
could borrow.

e Measuring if SFP could boost the generation of economic value added (EVA).

e  Analysing the relation between green bonds and SFP in financial institutions.

e  Appraising the participation of monetary flows destined to reach green and social loans in the
financial markets at a regional level.

e Assessing the applicability of the archetypes established in [21] now for the banking industry in
emerging economies.

e Inorder to have more understanding of the associations and factors determining the offering / not
offering of SFP in Latam countries, an analysis by means of numeric analysis, statistic tests, or
even econometric models when suitable.

Finally, since only 60% of the banks considered had at least one SFP, and because the average
number of SFP among financial institutions is just two, the developing nature of this topicis corroborated.
As a result, the topics above represent only a part of the great potential in the SFP research field with
both a qualitative and quantitative focus. Thus, greater engagement of public/private agents and
awareness-raising for potential users about existing opportunities are the preconditions for triggering
a virtuous cycle.
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Abstract: The ability to access quality financial services and cash has been indicated by various
organizations, such as the World Bank or UN, as a fundamental aspect to guarantee regional
sustainable development. However, access to cash is not always guaranteed, especially in rural
regions. The present study is based in the Avila region of Spain. A parameter called the “access to
cash index” is constructed here. It is used to detect rural areas where the ability to access cash and
banking services is more difficult. Based on the “access to cash index”, two sustainable solutions are
proposed: The first (in the short term), based on extending access to cash, takes advantage of the
existing pharmacy network. With this measure, a notable reduction of more than 55% of the average
distance required to access this service is verified here. The second is based on the implementation
of a central bank digital currency. Here, the results show an acceptance of 75%. However, it is
known that elderly people and those without relevant education and/or low incomes would reject its
widespread use. Such a circumstance would require the development of training and information
policies on the safety and effectiveness of this type of currency.

Keywords: financial inclusion; vulnerable rural areas; sustainable solutions; central bank digital
currency; social sustainability; pharmacy network; sustainable development; sustainable access
to cash

1. Introduction

In recent years, the fight against corruption and tax avoidance has been one of the most recurring
pillars of the reformist agendas of most developed countries. A measure that has recently become
popular to combat the shadow economy and minimize tax fraud has been the progressive elimination
of cash payments. Recently, the Spanish government presented a non-law proposal for the “gradual
elimination of cash payment, with the horizon of its final disappearance” in the bulletin of the Congress
of Deputies [1]. However, the European Central Bank (ECB) quickly stepped up to remind the
Spanish government that “ending cash could be a problem when there are failures in the underlying technical
infrastructures used by payment service providers” and that “cash is appreciated as a payment instrument
because it is accepted by all, fast and facilitates control over the payer’s spending” The ECB added a reminder:
“It is the only means of payment that allows citizens liquid and instant transactions without having to pay fees
for their use”. Also, Article 127 of the Treaty on the Functioning of the European Union [2] includes in
its second section that it is the basic function of the European System of Central Banks (ESCB) “fo define
and execute the monetary policy of the Union [ ... ] and promote the proper functioning of payment systems”.
The destruction of jobs in the financial sector and the massive number of bank branch closures have

Sustainability 2020, 12, 7480; doi:10.3390/su12187480 225 www.mdpi.com/journal/sustainability
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increased the number of people without a bank branch in their municipality by 20%, a form of financial
exclusion that affects 1.13 million Spaniards in rural areas. The wave of mergers between financial
institutions, which could extend to credit cooperatives, has led to the networks of offices in rural areas
focusing on other activities. Likewise, the progressive digitization of the banking sector has multiplied
the effects of the existing digital divide between urban and rural areas, also contributing to financial
exclusion [3].

Furthermore, according to [4], Castile and Leén is the Spanish region that is most affected by
financial exclusion, since 16% of the population (392,003 people) there does not have access to a bank
branch in their municipality. Exclusion is even more pronounced in the provinces of Zamora, Segovia,
and Avila, where more than one-fifth of the inhabitants must move outside their locality to access a
bank branch. In these three provinces, 29%, 37%, and 40% of bank branches were closed, respectively,
between 2008 and 2017.

As can be observed in Figure 1, Avila has a population density of 19.9 inhabitants per square
kilometer. This is much lower than the European average (108 inhabitants per square kilometer) and
that of the Spanish average, which is 93 inhabitants per square kilometer [5]. Avila, together with Teruel
and Huesca (Aragon), Cuenca and Guadalajara (Castilla La Mancha), and Segovia, Soria Palencia,
and Zamora (Castile and Ledn) are the provinces with the