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area is the development of competition by providing equal access to information to
all market participants in a continuously refining technical infrastructure. Regression
analysis with the MF-X-DMA method confirms the statistical significance of this influ-
ence. The article fills the knowledge gap into the link between open innovations and
the relatively low capitalization of the modern emerging countries'financial market,
low liquidity in small cap stocks at the financial market and concentration of the
banking sector, as well as risks arising in the process of globalization. Another analysis
has also been conducted by generating a novel fuzzy decision-making model. In the
first stage, the determinants of open innovation-based fintech potential are weighted
for the emerging economies. For this purpose, M-SWARA methodology is taken into
consideration based on bipolar g-ROFSs and golden cut. The second stage of the
analysis includes evaluating the emerging economies with the determinants of open
innovation-based fintech potential. In this context, emerging seven countries are
examined with ELECTRE methodology. It found the most significant factor is the open
innovation-based fintech potential.
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Introduction

All innovations in financial markets are based on a growing threat to data. Despite
these efforts, banks and other financial institutions continue to face serious challenges.
In addition to highly competitive fintech startups, there is a threat from major social
networks and retail players: Facebook, Google, Apple and Amazon—which continue to
expand in the financial services market as they are sitting on a mountain of customer
data, namely demographics, interests, preferences and payments. These social media
companies provide themselves with a significant informational advantage over finan-
cial institutions, which will have to solve these problems by cooperating with each other
and entering partnerships with fintech sector players who can help financial institutions
overcome information asymmetry.

Companies operating in highly competitive capital markets are often among the first
to introduce new technologies in order to overtake competitors. However, they face
quite a lot of difficulties due to constant interaction with old systems. Therefore, striving
for improvement in the past has led to mixed results in the industry as a whole. This has
changed in 2021: investments in technology are doubling as companies strive to main-
tain their relevance. In particular, the transition to cloud platforms is on the forefront
of technological innovations, along with simplicity and modularity and investments in
automation. Let us take a closer look at this (Sisodiya et al. 2013; Wallusch et al. 2020;
Tinig et al. 2021).

As expected, rapid growth and innovation continued in the fintech sector through-
out 2020. To a large extent, this has been a continuation of the trends of at least the
last five years. The younger generation of customers continues to avoid traditional finan-
cial institutions or abandon them in favor of fully digital banks and embedded financial
services. In response, traditional financial institutions are trying to compete by increas-
ing the pace of innovation and digitalization in various ways. This trend will continue
in the following years. Accordingly, the modern open innovations and the determinants
of open innovation-based fintech potential can be: transitioning to the cloud, simplic-
ity and modularity, automation, digitalization of processes, platform upgrade, artificial
intelligence (AI) and machine learning (ML).

Historically, it has been proven that there is a correlation between financial develop-
ment and open innovation dynamics in developed and developing countries. However,
the nature of this relationship remains a subject of debate for most economists. There
are also proponents of the view that the financial system is designed to serve the needs
of the economy and is only an intermediate (Podmetina et al. 2012; Pan et al. 2021). The
relevance of the chosen topic is explained by the peculiarities of Russia’s financial mar-
ket functioning, characterized by its relative isolation from the real sector, and amid the
aggravating geopolitical situation and reduced availability of some long-term funding
resources in Western markets, the issue of stimulating the country’s financial develop-
ment and ensuring the most favorable conditions for the financial market is an impor-
tant aspect.

The influencing factors are as follows: low capitalization of the modern Russian finan-
cial market, concentration of the banking sector, low liquidity in small cap stocks on the
financial market, low financial literacy and weak public confidence, as well as risks aris-

ing in the process of globalization.
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Data from the Oxford Economics, Goscomstat and International Monetary Fund were
examined and analyzed in this paper using methods of correlation, regression analysis
and the MF-X-DMA method. The results of the analysis of the dynamics of macroeco-
nomic and financial development indicators are presented. The identification of finan-
cial development indicators that have the greatest impact on open innovation is used for
their further use in the construction and interpretation of the regression model.

The results of the analysis of regression models for the presence of residuals autocor-
relation revealed that the hypothesis of the absence of autocorrelation in both samples is
confirmed. The regression equations are satisfactory, the parameter estimates are effec-
tive, the variances of the coefficient estimates are unbiased and the conclusions are sta-
tistically valid.

Another evaluation has also been performed by generating a novel fuzzy decision-
making model. Firstly, the determinants of open innovation-based fintech potential are
weighted for the emerging economies. For this purpose, M-SWARA methodology is
taken into consideration based on bipolar q-ROFSs and golden cut. The second stage of
the analysis includes evaluating the emerging economies with the determinants of open
innovation-based fintech potential. In this context, emerging seven countries are exam-
ined with ELECTRE methodology. The main novelty of this study is making analysis by
using both econometric methods and fuzzy decision-making techniques. This situation
gives information about the measuring the validity of the analysis results.

The literature review section includes an analysis of relevant studies. The methods sec-
tion answers the questions about methodology. The results section consists of the most
important points of empirical analysis. The discussion section includes two major direc-
tions of Russian financial market development. The conclusions section highlights the
major implications of this research.

Literature review

The impact of the level of financial development on open innovation has been exten-
sively investigated in recent literature using econometric methods, e.g., country-specific
and cross-country analysis and panel data studies. However, the results of the research
papers on the impact of financial development on open innovation are very mixed. This
article aims to provide clarity on the subject and develop conclusions based on its model
and data.

Recent studies have different views. There is not only a positive relationship between
firm performance and innovations, but it is also improved and proves to be more sig-
nificant by cooperating partnering with different firms. An isolated firm is more often
accustomed to underperforming regarding its potential (Chang et al. 2014; Bozhechkova
et al. 2017; Brockman et al. 2018; Zhang et al. 2019; Li et al. 2021, 2022).

Studies have also utilized the Quadruple-helix Model to conclude that national econo-
mies are in an unfavorable position if radicalizing a system that intensifies either business
and the capitalistic structure or a socialistic structure. Furthermore, results of previous
literature highlight three sub-economies, including the innovation market developed by
start-up businesses, closed innovations of large businesses and social innovations. It is
presumed that these three areas should not be in high balance, as that would lead to
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decreased dynamics of a national economy (Faems et al. 2010; Fang et al. 2014; Coyle
2018).

Moreover, based on previous research on the success of large groups-companies, new
research methods have been developing. It is recommended that businesses establish a
purpose—and this is translated to the use of new innovative technologies in the current
paradigm of the information era. The established purpose, depending on the scale of the
corporation, as referenced in the previous paragraph, should use innovations, which are
open. The developed methods have been reviewed in models of energy efficiency—an
industry that requires innovations to be sustainable in the near future (Ghosh et al. 2014;
Fernadez et al. 2015).

The corporations in countries with a developed financial system can access cheaper
external sources of credit, which contributes to innovation. Financial intermediaries
have a large positive effect on overall productivity, which affects GDP growth. For exam-
ple, the financial development is only favorable for innovation up to a certain threshold.
Increasing the volumes of stock markets and the financialization of the economy reduces
the impact of financial crisis on innovation (IMF 2015; Liu et al. 2016; Kenda et al. 2019).

Articles have also concluded the necessity of an innovative outlook in a company’s culture.
It has been proven that the inclination to implement innovations has a positive correlation
with corporate performance. This is valuable when considering the size of a firm, as well as its
position in the market (Beck 2000a; b; Bianchi et al. 2010).

Considering this, the role of corporate culture is definitive when evaluating the transition
to the utilization of more innovations. This, in turn, has raised discussions on the persistence
of a Fourth Industrial Revolution. It has been stated that the “creativity” of companies should
increase in order to accelerate this process—a fragment of a corporation’s culture. There is
no doubt amongst researchers that these aspects play key roles when addressing the Fourth
Industrial Revolution—an event that would lead to a wider scale of innovation implementa-
tion (Murphy et al. 2013; Mashkina et al. 2019; Niftiyev 2020).

A topic of discussion that also deserves to be developed is capital control—not only
from the aspect of corporations, but also from the state. Evidence from emerging coun-
tries shows capital movements ushered by the government, which has led to the devel-
opment of innovations in different industries in the economy. These innovations are
also often a result of cooperation between private corporations and state institutes. The
role of controlling capital, the allocation of funds into the R&D department, for exam-
ple, is important when developing financial and resource markets in general. Research
shows that amongst these industries, the financial sector—specifically the insurance sec-
tor—has a positive correlation with economic growth. Consequentially, this element of
the financial sector could benefit from innovating insurance policies and technologies.
As for the particularities of financial markets regarding emerging countries, it can be
said that the Foreign Exchange market is pivotal when determining investor sentiment.
Furthermore, in conjunction with the developing stock market, it is critical to consider
these factors when addressing innovation and their price, as they are related to interna-
tional trade (Obstfeld 2012; Obstfeld and Taylor 2017; Niftiyev 2021).

Furthering the discussion on the mixed views on capital control, research has
shown that aspects such as restricting cash flow is ineffective as a policy; however, it
can contribute to macroeconomic stabilization through the means of exchange rates
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in foreign markets. The overall role and consequences of these policies regarding
innovations have not yet been established or researched extensively. That being said,
a link could be expected through international trade. The regulation of cash flows
in order to incentivize R&D spending is inconclusive and may not be as effective as
efforts to subsidize these corporate activities. More recently, new influencing factors
have been added. For example, the participation of institutional investors on capital
markets increases with the development of the economy. For example, there are stud-
ies regarding the impact of a specific sector’s development on the financial market:
mutual funds and insurance companies. Meanwhile, advanced mutual funds are asso-
ciated with more developed countries. The relationship between the insurance sector
and innovation in 10 European countries has also been found using a fixed effects
model. In some countries, the level of financial development does not affect innova-
tion (Daniali et al. 2021; Mikhaylov 2021).

This research focuses on how these factors impact on innovation: low capitaliza-
tion of the modern Russian financial market, concentration of the banking sector, low
liquidity in small cap stocks at the financial market, low financial literacy and weak
public confidence, as well as risks arising in the process of globalization.

Methods

The paper uses data from Bank of Russia (2020), Oxford Economics (2022), Goskom-
stat (2022), regarding the main macroeconomic indicators, including those on the
financial development for the period from 2002 to 2020.

To determine the impact of Russia’s financial development on innovation, it is nec-
essary to analyze the basic macroeconomic indicators and their dynamics (Table 1).
The time horizon of the study covers the years from 2002 to 2020, since the global
financial market entered a new stage of development during that period.

The paper proves the agency theory, which explains the relationship between two
parties: agents represent the counterparty in day-to-day transactions. Russian com-
panies hire these agents to perform services on their behalf. Furthermore, the paper
uses the adaptive market hypothesis method. The key hypothesis to survival is inno-
vation: as the risk/reward relation varies, the better way of achieving a consistent level
of expected returns is to adapt to fluctuating market conditions.

Correlation analysis
Based on the presented macroeconomic and financial development indicators, a cor-
relation analysis is conducted and the correlation between the individual indicators is

determined.

Table 1 Scale of correspondences of intervals of numerical values of the degree of influence

Interval values of correlation coefficients Determining the extent of the impact
<0.199 No impact

From 0.2 to 0.499 Slight impact

From 0.5 t0 0.799 Impact of medium intensity

From 0.8to 1 The decisive influence

Sources Author’s calculations
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In order to assess the intensity of the impact of financial development factors in the
Russian market on innovation indicators, the authors construct a scale of correspond-
ence of the degree of influence (Table 1).

The financial market development indicators with the highest coefficient of inten-
sity of influence on innovation dynamics deserve the most attention when designing
an effective mechanism of investment support for innovation. The results of the cor-
relation analysis of the sample are presented in Table 2.

The low degree of maturity of the bond market at this point in the development
of the Russian financial market has a negative impact on macroeconomic indicators.
This may be due to the fact that bonds are mainly used as a long-term lending instru-
ment for firms and the government, which ultimately has a greater negative impact
on the real disposable income of the population. These correlation analysis indicators
also suggest that bonds are unpopular with the public as an investment target.

A moderate positive effect of the financial depth of the economy only on the dynam-
ics of fixed asset investment suggests that the overall saturation of Russia’s economy
with various financial instruments has not yet had a significant impact on innovation
as compared to other developed and developing countries.

A monetization ratio (M2/GDP) value of over 50% is an indicator that there is
enough money to settle the economy. During the analyzed period, the monetization
ratio reached a maximum of only 44.7%. A ratio of less than 50% can lead to factoriza-
tion of a large part of the economy not served by the monetary and banking system,
which has a moderate negative impact on the dynamics of innovation and the growth
rate of fixed capital investment.

Thus, it can be said that the functioning of the financial market is not isolated from
processes in the real sector, although it does not have a strong impact on the econ-
omy. On this basis, Russia’s financial market can be identified as a promising driver of

innovation.

Table 2 Correlation coefficients between the main macroeconomic indicators and indicators of
financial development, 2002-2020

Indicator Real GDP dynamics Industrial Fixed capital Growth rate of real
output growth investment growth disposable income
rate RATE

Share of commercial bank —0.384 —0283 —0322 —0.290

assets in total banking
sector assets

Concentration of the —0.635 —0.292 —0479 —0.561
banking market (total

market share of the three

largest banks)

Domestic bank credit/ —0.967 —0.593 —0.859 —0.836
GDP

Equity capitalization/GDP 0.852 0.580 0.886 0.732
Bond capitalization (state —0.638 —0.247 — 0469 —0.536
and corporate)/GDP

Financial depth (amount 0.429 0387 0.586 0.370

of loans, equity and bond
capitalization to GDP)

M2/GDP —0.681 —-0.139 —0.546 —0472

Sources Goskomstat (2022), Bank of Russia (2020), author’s calculations
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Regression modeling

The regression equation is a mathematical model of the statistical relationship of the
variables. A pairwise linear regression model includes one independent (explanatory)
variable X and a dependent (explanatory) variable Y and has the form:

MY|X = x) = f(x) 1)
The relationship is as follows:
Y = M(Y[x) +¢ ()

where ¢ is the random deviation.
The theoretical pairwise linear regression model is as follows:

Y =B0+pB1X +¢ 3)

where X is the non-random variable, Y and e are random variables and B0 and P1 are
regression coefficients (parameters).
The individual values of yi are expressed using the formula:

yi = b0+ blxi + &i (4)

where i varies from 1 to n.
The method of least squares (OLS) is a common method of finding estimates of b0 and
b1 of parameters f0 and 1 of a general sum.

n n

Qe=) e =) (vi- ykpi)® = > (vi— b0+ bixi))? 5)
i=1

i=1 i=1

where ykpi is the estimated value of the variable y,

yi—ykpi is the difference between the observed and estimated values of the variable Y
at X =xi, and are called residuals, denoted by ei. ykpi =b0+ b1xi is a regression equation
where coefficients are obtained from the sample (x, y) and Qe is a quadratic function
that has a minimum (the figure is a parabola with branches upwards).

MF-X-DMA method

In this study, the MF-X-DMA method is used as one of the ways to measure the mutual
influence of the dynamics of innovation on the low capitalization of the modern Russian
financial market, concentration of the banking sector, low liquidity in small cap stocks
at the financial market and relatively low financial literacy, as well as risks arising in the
process of globalization.

Consider two stationary time series zj and wj, j=1, 2,..., N, where N is the length
of the series. Equations (6) and (7) are intended to define two separate time series.
Cross-correlation and multifractal analysis is carried out between the named time
series.

Stage 1 Divide the two time series into Nv= [N/v] non-overlapping boxes of equal size
v. Construct the sequence of cumulative sums within the nth box [cn+ 1, cn+v], where
cn=(n-1)v.
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Zo(m) =Y z(cn+j), j=123...,v ©)
j=1

Wa.(m) = w(c,,—i—j), j=123...,v 7)

s
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—

J

Stage 2 Calculate the moving average function for each series of cumulative sums in a
moving window. This is due to the evidence from several other studies: it was revealed
that the implementation of this approach led to more accurate estimates and an all-
around better performance.

Stage 3 Find cross-correlation for each sample:

v

Fa(v) = 3 [Zulm) = Zu(om)| [ Watm) = Wntom)| ®)

m=1

Stage 4 Calculate the qth order cross-correlation:

1 k /g
Fou(q,v) = lk > |Fn(v>|q/2] 9)
n=1

When q=0, we have the following:

(10)

k
1
Fow(0,v) = explzk E log|Fy(v)]
n=1

Stage 5 For different values of segment length v, we have the power-law relationship:
Fz, w(q,v) ~ vhz, w(q) (11)

According to the standard multifractal formalism, the multifractal scaling exponent t

(q) can be used to characterize the multifractal nature:

dtz,w(q) .
Tq’ Jzw(q) (12)

=quaz,w— 1z, W(q)

azw(q) =

If the two cross-correlated series have a monofractal nature, then the values of
az,w=const., and for multifractal nature there occurs a distribution of az,w values. The
width of the spectrum describes the strength of multifractality and can be determined by
Aaz,w=max (az,w) —min (az,w). The broader spectrum is evident for robust multifractal-
ity nature, and the narrow spectrum is evident for the weak multifractality nature of the

cross-correlated time series.

Bipolar g-rung orthopair fuzzy sets with golden cut
IESs are created by Atanassov (1999) while identifying membership and non-member-
ship degrees shown with (i, #y) as in Eq. (13).

Page 8 of 34
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I={9, ur(®),n(¥)/vel} (13)
Equation (14) includes the requirement.
0<w@+m@) <1 (14)

PFSs are generated by Yager (2013) to cope with uncertainties in this process more
effective. The details and requirement are shown in Egs. (15) and (16).

P = {9, up(9),np(9)/9el} (15)

0 < (up(M))* + (mp(1))* < 1 (16)
Yager (2016) introduced q-ROFSs and the details are explained in Egs. (17) and (18).

Q = {v, no®), nq(®)/vell} (17)

0< (o) + (ng)? <1, g=>1 (18)

Zhang (1994) generated BFSs fort his purpose by introducing the satisfaction degree
(/Lg) and satisfaction of the same element (11 3) as in Eq. (19).

B= {0, ug(®),ug(®)/0el} (19)

Equations (20)-(25) represent the integration with fuzzy sets.

By = {19,u},(m,n;(ﬁ),u;,(z?),ng,w)/ﬁeU} (20)
Bp = {0, 15, 9), 15, (9, 15, (9), 15, (9) /€Ul | (21)
B = {011, (9, 1y (9), 15, (9), 15, (@) /D€l | (22)
0= (1h) + () =1 =12 (uz,™) + (n5, ) =0 23)
0< (1p ) + (@) <1, 0= (g, ) + (mg,») <1 (24)

0< (MgQ(ﬁ))q + (nga(ﬂ))q <1, -1< (qu(z?))q + (ngQ(ﬂ))q <0 (25

These sets are compared in Fig. 1.
Bipolar q-ROFSs are computed with Egs. (26)-(29).
B = {9, 1y, (9, 1, (9), 15, (9), gy, (9)/9€Ul fand

By = {19, Wi ), b (9), 1 (9), g, (9) /ﬁ‘eLI}
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1
q q q qa\ g
por 8= ( ()" (i)' = ()" (48 )')’
(n§Q1 ’ nng)’ - (MEQl : MEQZ)’ (26)

()" ()" = ()" (1))

Bau ®Bqr = ((“ B # Boz) (("gol) + ("BQZ)
) () () + 1) o
()" (2) ")~ )

7By = <<1 -(1- <"§Ql)q)ﬂ>1/q’ () () (28)
_(1 - (1 - ( n§Q1>q)i>l/q> >0
Bly = ((u&fm){ (1 - (1 - (”gol)q)v l/q' (29)

ERVNAY: -\ )
(O (o)) ) (o) ) a0
Equations (30)-(32) represent defuzzification process.

sw = ((15,®) = (i, ®)) = ((15,®) - (n5,m)) (30)
s, = (1, )" = (15,0)") + ((5,0) = (1,0)") @

I‘s,-/l‘sp-/lr‘sq— / Fs,+/l‘ap+/!‘aq+

\

(PBQ-)Q + (ngo')q = 1<:\ .

7 (p,o*)q $ (n,o*)q =1
- - ‘>(I‘sp+): + ("sp’): =1

P
! nl
———>}l5 + B =1

N,

(h,7) + (m5,7) =16 - - 1 -
s, tng =1 -1 -
"s,-/nsp-/nso- <

Fig. 1 Comparison of fuzzy sets

7 "s,+/"3,,+/"30+
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Szq = (1, )" = (15,)") = (13,®)" = () ") (32)

Golden ratio (¢) is considered in this study to compute the degrees. In this process, a
and b show the large and small quantities while new degrees are indicated by (,uGBQ,

”GBQ)~ The details are demonstrated in Egs. (33)-(35) (Belluscio et al. 2021).

_a
0=1 (33)
1 5
o= +2f —1618... (34)
MGBQ
*= o (35)

Equations (36)—(38) are used regarding the adoption of golden ratio with bipolar
q-ROFSs.

Gao = {916, )1, ()i, )G, (9)/9eU | (36)

0= (6, @) + (16, @) =1 —1= (ug, )"+ (mG, )" =0
37)

0= (g, @) "+ (e, @) =1 0= (g, )+ (g, ) =1 gz

(38)

M-SWARA method with bipolar g-ROFSs
SWARA was introduced by Kersuliene et al. (2010) to compute the weights of the items
while making comparison. Relation matrix is constructed in Eq. (39).

0 Qg - Qin
Qy 0 v von Qo
Qr = (39)
Qu1 Q;’IZ ...... 0

Equations (40)—(42) include the computation of the values of k; (coefficient value), g;
(recalculated weight), s; (comparative importance rate) and w; (weights of the criteria).

(1 j=1
ki—{s,+1j>1 (40)

Page 11 of 34
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If siv=sp g1 =g If 5 =0, k-1 =k

9

W= —=——
! 22:1 qdk (42)

While transposing and limiting the matrix with the power of “2t 417, stable values are
defined.

ELECTRE with bipolar q-ROFSs

ELECTRE was generated by Benayoun et al. (1966) to rank alternatives by making binary
superiority comparisons. In this study, this approach is integrated with bipolar q-ROFSs.
Equation (43) indicates the decision matrix.

0 XlZ le
Xo1 0 -+ - Xom

Xe=| ¢ (43)
an an 0

Equation (44) represents the normalization.
X
A 44
Equation (45) shows the weighting of the values.
Vij = Wij X Tij (45)

Equations (46)—(51) include the concordance and discordance interval matrixes.

B —_— Clz ...... Cln
1 — Con
C= ' (46)
C}’ll an ...... J—
[ — dyg e - di,
dyp — e e doy
D= ' (47)
dp dyy - - -

Cab = {j|Vaj > Vbj} (48)
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dap = {j|Vaj < Vbj} (49)
Cab = Z wj (50)
J€Cab

Maxied , \Vaj — Vb
dy = edus | Vaj — Vi | (51)

Wldxj|Vm/' — V,,,j|

Equations (52)—(59) demonstrate the concordance E, discordance F and aggregated G

index matrixes.

B —_ 612 ...... el}’l
€1 — €
E= ' (52)
eVll enz ...... —
_ f12 ...... fln
for — e oee fon
F= Do (53)
fol faz oo - —
— glz ...... gln
g1 — - &on
G= ' (54)
_g}’ll gnz ...... —
e =1 lf Cap = C
{eab:O if cop <C (55)
n n
=Y cap/nn—1) (56)
a=1 b
f=1 ifdy<d
; = 57
{fab=o if day > d 67)

d=) > du/nn—1) (58)

a=1 b
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&ab = €ab X Jab (59)

In these equations, ey, f15, g5 represent the sets of concordance, discordance, and
aggregated index matrixes. Additionally, ¢ and d show the critical values and c,, dg, 0,
demonstrate the superior, inferior, and overall values. Equations (60)—(62) are used
for ranking the factors.

n n
Ca = Z Cab — Z Cha (60)
b=1 b=1

dg=> duy— dya (61)
b=1 b=1
04 =Cq—dy (62)
Results

Indicators of financial development

While studies covering a period of 20—25 years are considered more statistically reli-
able, this paper intends to examine data from the last 10 years, beginning with the
period of the global economic crisis (Fig. 2, Table 3).

The 13% decline in GDP in current RUB (GDP) dynamics by 2009 was accompa-
nied by a decline in the growth rate of industrial production to —10.7% and a maxi-
mum drop in fixed capital investment to — 13.5% over the whole analyzed period. The
growth rate of retail trade turnover also fell sharply by 18.8% (Bank of Russia 2020).

15.0
10.0
5.0

0.0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

()
40

20

2007 2008 2009 2010 2011 2012 2013 2014 “20¥5 2016 2017 2018 2019

(b)

2007 2008 2009 2010 2011 2012 2013 2014 6 2017 2018 2019

-20.0
©
Fig. 2 a Inflation rate (CPI), %. b Growth rate of investment in fixed assets, %, ¢ Growth rate of retail trade
turnover, %. Sources: Goskomstat (2022), Bank of Russia (2020), author’s calculations
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The weakening ruble and a spike in inflation led to a decline in real disposable income
to — 2.4% and weakened consumer demand (Bank of Russia 2020).

At the end of 2019, the GDP in current RUB grew by 1.3%. Inflation for 2019, despite
all of the pessimistic expectations and the effect of the VAT increase, fell below the
target of 4.0-3.8%. Real disposable income grew amid rising interest payments, and
weak aggregate demand was only 0.1% in 2018.

The slowdown in global innovation has led both to a deterioration in the price envi-
ronment of commodity markets and to a reduction in demand for Russian exports. In
2019, the investment growth rate was 1.7% after 4.3% in 2018 (Fig. 3).

Next, Russia’s key financial development indicators for the period from 2007 to
2019 were examined, which are presented in Table 4.

The banking sector is an important part of the Russian economy, and its develop-
ment indicators are shown in Fig. 4. A major weakness of the Russian financial market
is considered to be the significant share of commercial bank assets at 63—-77%, with a
small share of non-bank financial institutions in the total assets of the banking sector,
which creates the risk that the economy is not fully supplied with domestic credit.

Banks’ liquid liabilities in GDP have a positive trend from 34% of the GDP in 2007
to 60.45% of the GDP in 2016, which generally characterizes a steady increase in the
banks’ ability to meet their obligations to depositors, creditors and other customers
on time and without losses. At the end of the analyzed period, the indicator stood
at 54.5% of the GDP. The degree of public confidence in the banking system can be
measured by the ratio of bank deposits to GDP. Over the period from 2007 to 2013,
the ratio rose from 17.8 to 25% of the GDP. Then, after a short-term decline of 2% in
2014, the trend increased again, peaking in 2016 at 32.3% of the GDP. By 2019, the
indicator had fallen to 27% of the GDP (IMF 2020). In addition, the low value of this
indicator entails a high interest rate on loans.

Russia has a rather low credit-to-GDP ratio compared to other developed economies
(US: 183%, Switzerland: 172%, China: 151%, UK: 131%, Sweden: 128%). The ratio varies
between 30-55% over the analyzed period, peaking in 2015, which was preceded by a
prolonged increase since 2010.
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Fig. 3 Dynamics of export (orange) and import (yellow) in Russia in 2007-2019. Sources: Goskomstat (2022),
Bank of Russia (2020), author’s calculations

Page 16 of 34



Page 17 of 34

(2023) 9:4

Mikhaylov et al. Financial Innovation

suole|nd|ed soyine ‘(0z0g) elssny Jo yueg ‘(zz0z) 1L1SWOYSO) $a24nN0S

OLvy  CTESY 9SEY  9ETy  bEBE Q08E 8Y6E O€9E OE9E PKG6E  PESE  OLLE  9ESE % ‘(dd9/ZIN) Ol1el UONRZA3UOW JJUIOUOI]
8EVLL 8096 OLELL bFLLL bFL6 //¥8 6806 CL/8 0§16 /5901 OLSLL LLTOL  L8ZEL % (d@D 01 uonezijelded puog pue ANba ‘sueoj Jo unowe) yidap eueul
661 908L 9661 TE8L 6Tl 708 w6LL ULl v66  8ELL  LELL  9€9 06 9% 4a9/(31e10d100 pUB 31835) UoNEZRpIdRD PUOY
[8ly  TOTE 19Ty  LI8E  €9€C vI'ST 6EVE €9SE [8Eh /S OUL9 0619  €800L % Yaoy/uonezjeyded Anb3
8VSS  65€S 0009 O/Ly  9S/y [SLE 6/8T Y867 €69T LS8 L¥ST  6S1T  S8OT % '(Sfueqisabie] aa1u) SULJO Sa1eys 133RU JO WNS) Olle) LONeAUSUOD 1aseul Bupiueg
099y 009y €IS 9EWS  CESS LOLS SShy SEOF 69/€ €L/E Y9y ¥8EE  806T % dAD/NP3I Ueq dsaWO0Q
9/18 6L06 1ST6 60€6 /66 S086 CS8L €9TL S069 O00EL ¥8SL 68/9 €509 % ddD/519558 YUeq [PIAWIUIOD
0047 007 0€8C 0ETZE 0967 OL'EZ 00ST OL'ST 00%C 09%C O€Llz  0Tle 08/l % dao/susodap yueg
0S¥S 0SS wres  SF09 8845 LULS 89/ 18%F vlvy 8Lty CEEY  ¥6¥E  86€E % dA9/s4ueq Jo sanijiqey pnby
VOLL  EESL TOVL 1969 LOLL 6VLL [SEL €LTL €8TL 8989 EVE9  [T69  YOLL 05 ‘519552 101935 BUB{UEG [10] 01 $13558 YUEq [eDIAUILIOD JO OfeY
610 8lL0Z £Ll0Z 9L0Z SLOZ ¥LOZ €L0Z ZLOZ LLOZ OLOZ 600C 800Z LOOT 101e21pU|

6107—200¢ Ul ISSNY JO 1USWdO|2ASp |BIDURUL 3] JO SI01RDIPUI 3Y |  3jqel



Mikhaylov et al. Financial Innovation (2023) 9:4 Page 18 of 34

50
45

39 39 30 42 S
35 35 36 36 &
31
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 4 Indicators M2/GDP of the Russian economy in 2007-2019. Sources: Goskomstat (2022), Bank of Russia
(2020), author's calculations
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The concentration of banking activity is an indicator of the degree of monopolization
of the banking market. Competition in the banking market is an objective process that
contributes to the most rational redistribution of revenues in the sector. Over the period
from 2007 to 2013, the aggregate market share of the three largest banks remained at
20-29%. In 2017, there was a sharp increase in the figure to 60.6% of the GDP, which was
due to a significant reduction in the number of banks due to the Central Bank’s tighten-
ing policies. By 2019, banking market concentration was 55.5%. The depth of financial
markets in the domestic economy fell sharply to 102% of the GDP in 2008; then, after
a brief period of recovery from 2010, this again showed a downward trend. The period
from 2014 to 2017 was characterized by steady growth, reaching 113.7% of the GDP. By
2019, the figure had risen by 18% after a short-term decline. Meanwhile, the volume of
total assets of Russian banks in GDP has a stable rising trend from 60.5% in 2007 to
99.7% of the GDP in 2015. Thus, bank assets occupy a major share of the financial depth
of the Russian economy (Fig. 4).

In Russia, the rate of monetization of the economy was 44.7% at the end of 2019. By
analyzing the indicator, a steady increase is observed, but its rate is not high enough.
The coefficient is less than 50%, indicating that there is insufficient money to settle the
economy.

It should be noted that the financial market is characterized by markedly low stock and
bond market capitalization to GDP ratios. For example, the share of equity capitalization
in GDP has shown a negative trend over the period from 2007 to 2015, falling from 100.8
to 23.6% of the GDP. Thereafter, there is an increase to 47.87% of the GDP in 2019. The
bond market is characterized by a smaller share of the GDP. Until 2015, the figure fluc-
tuated slightly between 6—-12% of the GDP; a significant increase to 18.82% occurred in
2016, and by 2019, it had reached 19.91%. The analysis of financial development indica-
tors has shown that Russia’s financial sector has a normal level of financial depth with a
predominance of the banking sector, which in turn has a high degree of concentration of
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assets of the largest banks and a steadily low share of non-bank financial institutions in
the total assets of the banking sector.

Two indicators with a determining influence on innovation were chosen to build a
regression model: the share of domestic bank credit in GDP and the share of equity capi-
talization in GDP (Tables 5, 6, 7).

The presence of high correlation between the factors makes it impossible to deter-
mine their isolated impact on the outcome indicator, and the parameters of the regres-
sion equation, in turn, prove to be uninterpretable. The results of the correlation analysis
revealed a relationship between domestic bank credit in GDP and stock capitalization
in GDP at—0.7726. Since this interdependence exceeds 0.7, this paper will examine the
impact of these factors on innovation separately using two pairwise linear regression
equations.

Results of MF-X-DMA
Next, an analysis of the two regression equations is conducted: the dependence of real
GDP dynamics on the domestic bank credit/GDP ratio and the dependence of real GDP
dynamics on the equity/GDP ratio (Table 8).
The sample coefficient of determination R2 is a measure of the overall quality of the
regression equation, reflecting the fit of the constructed equation to the statistical data.
The value of the coefficient of determination 0.9342 in the equation of dependence of
the GDP dynamics on the share of bank credit in GDP shows that the obtained regres-
sion equation explains the observed values well. The coefficient of determination 0.7259
in the second equation suggests that the regression equation explains the observed val-

ues worse.

Table 5 GDP in current prices (@annual changes), %

Country Mexico Turkey China Russia Brazil Indonesia India
2003 —0.06 033 0.13 0.25 0.08 0.20 0.16
2004 0.07 0.28 0.18 0.37 0.19 0.09 0.16
2005 0.12 0.24 0.17 0.29 0.34 0.11 0.17
2006 0.11 0.09 0.20 0.30 0.23 0.28 0.14
2007 0.08 0.24 0.29 0.31 027 0.19 0.27
2008 0.06 0.13 0.29 0.28 0.22 0.20 0.10
2009 —-0.19 —-0.16 0.11 —0.26 —0.01 0.04 —0.02
2010 0.17 0.19 0.19 0.24 030 0.29 0.29
2011 0.12 0.08 0.24 0.25 0.18 0.18 0.14
2012 0.02 0.05 013 0.07 —0.06 0.03 —0.01
2013 0.06 0.09 0.13 0.05 0.00 0.00 0.03
2014 0.03 —0.02 0.08 —0.09 —0.01 —0.03 0.07
2015 —0.1 —0.08 0.05 —0.34 —0.26 —0.04 0.04
2016 —0.08 0.01 0.02 —0.06 0.00 0.08 0.07
2017 0.08 —0.01 0.10 022 0.14 0.09 0.15
2018 0.05 —0.09 0.13 0.05 —0.07 0.03 0.07
2019 0.04 —0.03 0.03 0.02 —0.03 0.07 0.04
2020 —0.14 —0.06 0.03 —0.12 -022 —0.05 —0.08

Sources Oxford Economics (2022), author’s calculations
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Table 6 Loans From foreign banks to household and non-financial corporations to GDP (annual
changes), %

Country Mexico Turkey China Russia Brazil Indonesia India
2003 0.06 —0.34 —0.02 —0.08 —0.06 0.15 —0.01
2004 —0.13 —-0.19 —0.03 012 —-0.22 0.22 0.12
2005 —0.13 —0.23 0.04 0.13 —0.26 0.34 —0.07
2006 0.00 0.12 0.16 —0.22 0.10 —031 036
2007 —0.06 —0.03 0.07 017 —-0.16 0.60 0.16
2008 —0.06 0.03 -0.12 -0 0.04 —0.05 0.19
2009 0.26 0.07 —0.19 0.32 0.04 —0.21 —0.02
2010 0.08 —0.07 —0.26 036 0.01 —035 0.08
2011 0.05 —0.10 —-0.19 043 0.10 —0.04 0.03
2012 0.35 —0.15 —0.14 0.25 0.06 —0.08 0.22
2013 0.08 —0.08 —-0m 048 0.17 033 —0.07
2014 0.08 013 —0.06 0.28 0.01 —0.23 —0.14
2015 0.27 020 —0.02 032 048 0.04 —0.02
2016 0.00 —0.03 0.03 —0.04 —0.18 —0.24 —0.17
2017 —0.01 —0.01 —0.05 —0.07 —0.18 —0.02 —0.13
2018 —0.01 0.16 —0.14 —0.06 0.04 —0.09 —0.04
2019 —0.01 0.00 —0.12 0.09 0.02 —0.03 0.12

Sources Oxford Economics (2022), author’s calculations

Table 7 Total external debt to GDP (annual changes), %

Country Mexico Turkey China Russia Brazil Indonesia India
2003 0.04 —0.16 —0.04 —0.03 —0.07 —0.13 —0.07
2004 —0.06 —0.22 0.01 —0.25 —0.16 —0.08 —0.14
2005 —0.06 —0.11 —0.11 —0.10 —0.29 —0.10 0.02
2006 —0.09 0.06 —0.02 —0.04 —0.28 -023 —0.09
2007 —0.06 —0.07 —0.10 —0.01 —0.07 —0.16 —0.03
2008 0.07 0.15 —0.09 0.06 —0.01 —0.04 022
2009 0.18 0.15 —0.32 0.32 0.17 0.07 0.12
2010 0.10 —0.06 0.29 —0.15 0.04 —0.10 —0.06
20M 0.03 —003 0.03 -0.12 —0.04 —0.06 —0.01
2012 0.20 0.06 0.09 0.10 0.17 0.09 0.15
2013 0.08 0.04 —0.13 0.10 0.09 0.06 0.05
2014 0.05 0.05 0.23 —0.09 0.15 0.13 0.00
2015 0.10 0.05 0.34 0.31 0.26 0.10 0.00
2016 0.08 0.00 0.00 0.05 0.02 —0.05 —-0.11
2017 —0.02 0.12 0.13 —0.17 —0.13 0.01 —0.02
2018 —003 0.03 0.00 —0.16 0.07 0.04 —0.05
2019 0.00 0.01 0.02 0.06 0.04 0.00 0.04

Sources Oxford Economics (2022), author’s calculations

Thus, according to the data on the dependence of the dynamics of real GDP on the
ratio domestic bank credit/GDP and the dependence of the dynamics of real GDP on
the ratio stock capitalization/GDP, two pairwise linear regression equations were con-
structed, and their examination was carried out. As a result of checking the statistical
significance of the coefficient of determination 2, it has been proven that the pairwise

Page 20 of 34
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Table 8 Regression model for Russia

Indicator Dependence loans from foreign banks to household and  Dependence total
non-financial corporations on GDP ratio external debt on GDP
ratio

R2 0934 0.725

SE 0.673 1.374

F 127.702 23.841

b0 16.055 —1.769

b1 —0.302 0.102

Sbo 1.168 1.071

Sb1 0.026 0.020

tb0 13.742 —1.651

tbil —11.300 4.882

Sources Author’s calculations

linear regression equations obtained are of satisfactory quality and are statistically sig-
nificant, so they can be used for further forecasting. The confirmed significance of the
coefficients of bl indicates a linear relationship between the dynamics of real GDP and
both the domestic bank credit/GDP indicator and the equity capitalization/GDP indica-
tor. Additionally, the confidence intervals of the coefficients, which do not include zero,
have been constructed, which confirms their statistical significance (apart from the coef-
ficient bO of the second regression equation). Next, to confirm the reliability of the con-
clusions made, it is necessary to analyze the model for the presence of heteroscedasticity
and autocorrelation.

The results of the correlation analysis suggest that there is a moderate correlation
between Russia’s macroeconomic indicators and financial development. Increasing
banking market concentration has a negative impact on innovation and the dynamics
of the population’s real disposable income. Increased monopolization of the banking
sector has a negative impact on competition between banks, allowing them to tighten
their lending terms. This situation negatively affects both real household income and the
economy as a whole.

A high negative impact on GDP dynamics, the growth rate of fixed capital investment
and real disposable income is caused by the share of domestic bank credit to GDP, as
well as a negative impact of the average intensity on the growth rate of industrial output.
This can be attributed to the application of high interest rates by banks, which take up a
large share of household expenditure, and also hinder the expansion and re-equipment
of fixed assets of organizations, ultimately slowing down GDP growth dynamics.

A low degree of positive influence of the share of equity capitalization in GDP dynam-
ics and the growth rate of fixed capital investment was also found. This result demon-
strates the promise of increasing the financial depth of the economy precisely through
the development of the equity market and an increase in the financial literacy of the pop-
ulation in this direction. An increase in equity capitalization also has a favorable effect
on the dynamics of fixed asset renewal and modernization and stimulates an improve-
ment in the dynamics of industrial production and the welfare of society.

For the research, the MF-X-DMA method was used to assess the quantitative indi-
cator of cross-correlation. We used logarithmic graphs of the fluctuation function Fq
(s) versus the time scale s for the named factors and innovation factor (Fig. 5). The low
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capitalization of the modern Russian financial market (a) and concentration of the bank-
ing sector (b) are no so important factors, but low liquidity in small cap stocks at the
financial market (c) and low financial literacy (d) are crucial factors.

The parameter q was enclosed in the gap [— 10, 10]. In this study, the v timescale range
was v=[v=5, 20, 100, 120, 433]. This range was used in violation of the above-men-
tioned rule for window sizes to improve the clarity of the convergence of all chart lines.

Thus, the results of the analysis of regression models for the presence of residuals
autocorrelation revealed that the hypothesis of the absence of autocorrelation in both
samples is confirmed. The regression equations are satisfactory, the parameter estimates
are effective, the variances of the coefficient estimates are unbiased and the conclusions
are statistically valid.

The regression models built can be used to forecast the dynamics of innovation. The
study confirms the existence of a direct relationship between innovation and equity mar-
ket capitalization. There is an inverse relationship between domestic bank credit and
GDP dynamics, which is due to the insufficient ratio of domestic credit to GDP, which
does not fully serve the real economy.

Analysis of hybrid decision making approach
In the final part of the analysis, a fuzzy decision-making model is created. In the first
stage, the determinants of open innovation-based fintech potential are weighted for the
emerging economies. Table 9 defines the determinants of open innovation-based fintech
potential.

Table 10 explains the scales and degrees considered in the analysis.

Evaluations are given in “Appendix”. Mexico is the most successful emerging economy
with respect to the open innovation-based fintech potential. India and Turkey are other
high-performance countries.

Discussion

Development of financial technology

The results include that correlation and regression analysis has identified two factors
that have the greatest impact on Russia’s innovation: domestic bank credit and equity

a b c d
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Fig. 5 MF-X-DMA summary: low capitalization of the modern Russian financial market (a), concentration of
the banking sector (b), low liquidity in small cap stocks at the financial market (c), low financial literacy (d).
Sources: Goskomstat (2022), Bank of Russia (2020), author’s calculations
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Table 9 Selected criteria for the open innovation-based fintech potential

Criteria Supported literature
Transitioning to the cloud (criterion 1) Nezami et al. (2022)
Simplicity and modularity (criterion 2) Chhiba et al. (2018)
Automation (criterion 3) Khraisha and Arthur (2018)
Artificial intelligence (ai) and machine learning (mL) (criterion 4) Zhong and Enke (2019)
Platform upgrade (criterion 5) Liand Wang (2021)
Digitalization of processes (criterion 6) Ivanov et al. (2020)

Table 10 Linguistic scales, golden cut-based positive and negative membership and non-
membership degrees

Linguistic scales Positive degrees (PEG) Negative degrees (NEG)
Criteria Economies Membership Non-membership  Membership Non-
degrees (MRE) degrees (NRE) degrees membership
degrees

No (n) Weakest (w) 040 0.25 —0.60 —-037
Some (s) Poor (p) 0.45 0.28 —0.55 —0.34
Medium (m) Fair (f) 0.50 0.31 —0.50 —0.31
High (h) Good (g) 0.55 0.34 —045 —0.28
Very high (vh) Best (b) 0.60 037 —040 —025

market capitalization. Measures to improve financial development should cover ways to
improve bank lending and equity market development.

An important focus is to stimulate the development of financial technology, creating
conditions for digitalization and a favorable environment for the introduction and use of
information technology. This will reduce transaction costs, expand and diversify credit
product distribution channels and facilitate equal access to infrastructure and data for
all market participants. Introducing proportional regulation and optimizing the regula-
tory burden on banks will improve the competitive environment. It is also necessary to
continuously improve the risk management system by modifying and improving meth-
ods of dealing with overdue loans to improve the quality of the loan portfolio (Sisodiya
et al. 2013; Wallusch et al. 2020; Tinic et al. 2021).

Development of confidence and financial literacy

For a more efficient and successful equity market, forces should be directed towards the
development of lagging sectors of the economy, which would provide a solid foundation
for the potential growth of the securities market as a whole. Easing the requirements of
the securities issuance procedure could be realized by reducing the tax burden on com-
panies conducting securities offerings in the primary stock market. Full access to issuer
information should be provided to increase confidence in the stock market and atten-
tion should be given to protecting investor rights and legitimate interests by developing
a legal system to provide investor assistance. At the same time, measures to improve
financial literacy should be undertaken to generally stimulate demand for financial mar-
ket products and increase their liquidity. The inverse relationship between domestic
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bank credit and GDP dynamics was found in previous research (Obstfeld 2012; Obstfeld
and Taylor 2017).

As globalization progresses, there is a need to develop cooperation with foreign regu-
lators, rapidly implement universally recognized standards of financial regulation, moni-
tor consumer compliance and build geopolitical relationships with partner countries.

For the successful implementation of financial innovations, companies need to switch
to machine learning methods. In this way, the data will be analyzed more comprehen-
sively and accurately. This will help businesses to manage the process more successfully
and save time. As a result, customer expectations will be more clearly understood. Thus,
companies will be able to offer products that meet their customers’ expectations. This
will help companies to increase their performance. In addition, the sustainability of
financial innovation projects will be ensured. Similarly, Chen (2018), Zhong and Enke
(2019), Depren et al. (2021) highlighted the significance of the machine learning system
for the performance improvement of the financial innovation techniques.

The functioning of the financial market is not isolated from the real sector, although it
does not have a strong impact on the economy. The analysis reveals a direct correlation
between innovation dynamics and equity market capitalization, which confirms the sig-
nificant potential for the further expansion and development of this market.

In turn, the domestic bank credit indicator has a negative impact on GDP dynamics
due to the insufficient ratio of domestic credit to GDP, which does not fully serve the real
economy. Insufficient credit leads to a shortage of funds in the economy, which further
inhibits the redistribution of material resources and continuous reproduction processes,
prevents the expansion of fixed assets and disrupts the development of non-cash circula-
tion channels by means of payments.

The main measures to improve financial development should cover ways to improve
bank lending and equity market development. An important area is the development
of competition by providing equal access to information to all market participants in a
continuously improving technical infrastructure. The article fills the gap in the following
body of knowledge: the link between innovations and low capitalization of the modern
Russian financial market, concentration of the banking sector, low liquidity in small cap
stocks at the financial market, low financial literacy and weak public confidence, as well
as risks arising in the process of globalization.

Conclusions

In order to qualitatively improve the functioning of the capital market, efforts should
be directed towards reducing transaction costs, regulating financial sector institutions
in a proportionate way, with increased transparency of market operation, elimination
of unscrupulous behavior and management of conflicts of interest. In order to mitigate
the risks arising from globalization, cooperation with foreign regulators should be devel-
oped and universally recognized standards of financial regulation should be promptly
introduced.

In addition, this paper has some practical and theoretical implications that this
work highlights. Firstly, a high negative impact on GDP dynamics, the growth rate of
fixed capital investment and real disposable income is caused by the share of domestic
bank credit to GDP. Secondly, the paper confirms the existence of a direct relationship
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between innovation and equity market capitalization. The article has limitations as there
is a lack of data on any macroeconomic indicators (inflation, unemployment), including
those on the financial development for the period from 2002 to 2020.

Another analysis has also been conducted by generating a novel fuzzy decision-mak-
ing model. In the first stage, the determinants of open innovation-based fintech potential
are weighted for the emerging economies. For this purpose, M-SWARA methodology is
taken into consideration based on bipolar q-ROFSs and golden cut. The second stage
of the analysis includes evaluating the emerging economies with the determinants of
open innovation-based fintech potential. In this context, emerging seven countries are
examined with ELECTRE methodology. Artificial intelligence (ai) and machine learn-
ing is found as the most significant factor for the open innovation-based fintech poten-
tial. Transitioning to the cloud and platform upgrade are other important criteria. On
the other side, Mexico is the most successful emerging economy with respect to the
open innovation-based fintech potential. India and Turkey are other high-performance
countries.

Appendix
See Table 11.

Table 11 Linguistic evaluations for criteria

(& 2 ca c4 cs5 cé6

PEG NEG PEG NEG PEG NEG PEG NEG PEG NEG PEG NEG

Decision maker 1

l S N S H N M H H VH
(@) H H M VH H H M N VH H
a3 M H H H VH H M S M
Cc4 S M S H M VH VH M VH N
5 M H M H H H N S VH
@) H S S H M H H VH S VH

Decision maker 2

@ S H S N N M H N
2 H H M VH H H H N M H
C3 M H H H VH M S M
Cc4 S M H N M VH VH VH H H
5 M H M H H H M N M M
6 H M M H M H VH S VH

Decision maker 3

@ S N S N M M N H H
2 H H S M M H S N M H
a3 VH N VH H M S N M H
c4 S VH S H M VH S M M N
() H H M H H H N S M
c6 H H S H H H VH S VH

Average values are shown in Table 12.
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Score function values are indicated in Table 13.

Table 13 Score function values

1l c2 c c4 c5 cé6

@ 0.000 0.197 0.197 0.260 0.191 0213
2 0.197 0.000 0.148 0.186 0.260 0.186
c3 0211 0.209 0.000 0.158 0211 0.164
c4 0.147 0.182 0.144 0.000 0.205 0.254
5 0.175 0.165 0.197 0.260 0.000 0.155
(@3) 0.223 0.147 0.173 0.176 0.119 0.000

Significant values are shown in Table 14.
Table 14 §j, kj, gj, and wj values
a Sj kj qj wj 2 S kj qj Wij
4 0.260 1.000 1.000 0.265 (@) 0.260 1.000 1.000 0.259
c6 0213 1213 0.824 0218 l 0.197 1.197 0.836 0217
2 0.197 1.197 0.689 0.182 c4 0.186 1.186 0.705 0.183
3 0.197 1.197 0.689 0.182 c6 0.186 1.186 0.705 0.183
5 0.191 1.191 0.578 0.153 3 0.148 1.148 0614 0.159
a Sj kj qj wj c4 S kj qj Wj
(@ 0.211 1.000 1.000 0.241 (@3) 0.254 1.000 1.000 0.272
c5 0211 1.211 1.000 0.241 5 0.205 1.205 0.830 0.226
2 0.209 1.209 0.827 0.199 2 0.182 1.182 0.702 0.191
(@3) 0.164 1.164 0.711 0.171 (@ 0.147 1.147 0612 0.166
c4 0.158 1.158 0614 0.148 3 0.144 1.144 0.535 0.145
c5 Sj kj qj wj c6 Sj kj qj Wj
4 0.260 1.000 1.000 0.271 @ 0.223 1.000 1.000 0.265
c3 0.197 1.197 0.836 0.227 c4 0.176 1.176 0.850 0.225
(@ 0.175 1.175 0.711 0.193 c3 0.173 1.173 0.725 0.192
(@) 0.165 1.165 0610 0.166 2 0.147 1.147 0.632 0.168
c6 0.155 1.155 0.528 0.143 c5 0.119 1.119 0.565 0.150

Relation matrix is constructed in Table 15.
Table 15 Relation matrix

1l c2 ca c4 c5 cé6

@ 0.182 0.182 0.265 0.153 0218
2 0.217 0.159 0.183 0.259 0.183
(@5} 0.241 0.199 0.148 0.241 0.171
c4 0.166 0.191 0.145 0.226 0.272
c5 0.193 0.166 0.227 0.271 0.143
(@3) 0.265 0.168 0.192 0.225 0.150
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Table 16 includes stable matrix.

Table 16 Stable matrix

1 C2 (&) c4 5 c6
@ 0.177 0.177 0.177 0.177 0.177 0.177
2 0.154 0.154 0.154 0.154 0.154 0.154
a 0.152 0.152 0.152 0.152 0.152 0.152
C4 0.181 0.181 0.181 0.181 0.181 0.181
5 0.169 0.169 0.169 0.169 0.169 0.169
(€5) 0.166 0.166 0.166 0.166 0.166 0.166

Impact relation map is defined in Fig.

6. It shows the connection map for the criteria: Transitioning to the cloud (criterion 1),
Simplicity and modularity (criterion 2), Automation (criterion 3), Artificial intelligence
(ai) and machine learning (mL) (criterion 4), Platform upgrade (criterion 5), Digitaliza-

tion of processes (criterion 6).

Criterion 1

Criterion 6 Criterion 2

Criterion 5 Criterion 3

A\

Criterion 4

Fig. 6 Impact-relation map for the criteria

Table 17 includes the comparative weighting results.

Table 17 Comparative weighting priorities for the criteria

Bipolar IFSs Bipolar PFSs Bipolar
q-ROFSs
C1 2 2 2
2 5 5 5
a 6 6 6
c4 1 1 1
5 3 3 3
@) 4 4 4
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Artificial intelligence (ai) and machine learning is the most significant factor for the
open innovation-based fintech potential. Transitioning to the cloud and platform
upgrade are other important criteria. The second stage of the analysis includes evalu-
ating the emerging economies with the determinants of open innovation-based fintech
potential. Emerging seven (E7) economies are taken into consideration in the analysis
process that are Russia (E1), Brazil (E2), India (E3), China (E4), Turkey (E5), Indonesia
(E6) and Mexico (E7). Table 18 demonstrates the evaluations.

Table 19 gives information about the average values.

Score functions are shown in Table 20.

Table 21 represents normalized matrix.

Weighted matrix is indicated in Table 22.

Concordance and discordance interval matrixes are defined in Table 23.

The concordance, discordance, and aggregated index matrixes are constructed in Table
24,

Net superior, inferior, and overall values are calculated in Table 25 for ranking the
economies.

Ranking results for all sets are shown in Table 26.

Table 18 Linguistic evaluations of economies

(& 2 ca c4 (&) (€3]

PEG NEG PEG NEG PEG NEG PEG NEG PEG NEG PEG NEG

Decision maker 1
E1 p

E2
E3
E4
E5
E6
E7 p

Decision maker 2
Bl B

E2
E3
E4
E5
E6
E7 B

Decision maker 3
E1 B

E2
E3
E4
E5
E6
E7
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Table 20 Score function values of the economies

1l c2 ca c4 c5 cé6
E1 0.232 0211 0.292 0.243 0.119 0.201
E2 0.232 0.183 0.197 0.192 0.281 0.292
E3 0.266 0.260 0.178 0.139 0.281 0.119
E4 0.243 0.260 0.205 0.251 0.205 0.243
E5 0.251 0.304 0.247 0.209 0.165 0.292
E6 0.201 0.197 0.139 0.260 0.147 0.266
E7 0.243 0.213 0.182 0317 0.251 0.266
Table 21 Normalized matrix

cl c2 c c4 c5 cé6
E1 0.367 0338 0.524 0.389 0.208 0.307
E2 0.367 0.293 0.353 0.307 0492 0.448
E3 0421 0417 0319 0.223 0.492 0.182
E4 0.384 0417 0.367 0402 0.359 0.372
E5 0397 0.486 0443 0334 0.289 0.448
E6 0317 0315 0.250 0417 0.258 0.408
E7 0.384 0.341 0.326 0.507 0.440 0.408
Table 22 Weighted matrix

1l c2 c c4 c5 c6
E1 0.065 0.052 0.080 0.070 0.035 0.051
E2 0.065 0.045 0.054 0.056 0.083 0.074
E3 0.074 0.064 0.049 0.040 0.083 0.030
E4 0.068 0.064 0.056 0.073 0.061 0.062
E5 0.070 0.075 0.068 0.060 0.049 0.074
E6 0.056 0.048 0.038 0.075 0.044 0.068
E7 0.068 0.052 0.050 0.092 0.075 0.068
Table 23 Concordance and discordance interval matrixes

Concordance matrix Discordance matrix
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7

= 0.000 0664 0.500 0.153 0334 0483 0.153 0000 1.000 0622 1.000 1.000 0398 1.000
E2 0513 0000 0670 0336 0336 0666 0489 0544 0000 0429 0841 0863 0503 1.000
E3 0.500 0.500 0.000 0.500 0346 0653 0500 0650 1.000 0.000 1.000 1.000 0949 1.000
E4 0847 0664 0654 0000 0350 0653 0483 0938 1.000 0696 0000 0933 0332 1.000
E5 0666 0.831 0654 0650 0.000 0819 0650 0529 1.000 0.777 0980 0.000 0.507 1.000
E6 0517 0334 0347 0347 0.181 0000 0.166 1.000 1.000 1.000 1.000 1.000 0.000 1.000
E7 0847 0511 0500 0694 0350 1.000 0.000 0.770 0243 0225 0610 0.710 0.000 0.000
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Table 24 Concordance, discordance and aggregated index matrixes
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Concordance matrix

Discordance matrix

Aggregated matrix

E1l E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7
ET 0 1 6o o0 o o o 1 o0 1 0 0 1 o o0 o o o0 O 0 O
E2 0 0 1 o0 O 1 0 1 1 1 0 0 1 0 0 0 1 0O o0 1 0
38 0 0 0 0 0 1 0 1 0 1 o 0 o0 o o o0 o0 o o 0 o0
E4 1 1 1 0 0 1 0 0 0 1 T 0 1 0 0 0 1 0 0 1 0
E5 1 1 1 T 0 1 1 1 0 1 0 1 1 0 1 0 1 o o0 1 O
ke 0 o o o o O O O O O O O 1 0 0 O 0 0 0 O
E7 1 0 0 1 0 1 0 1 1 1 1 1 1 1 1 0 1 0 1 0

Table 25 Net superior, inferior, and overall values of the economies

Net superior values

Net inferior values

Overall values

E1 —1.599 0.588 —2.187

E2 —0.496 —1.062 0.566

E3 —0.328 1.850 —2.178

E4 0.972 —0.532 1.504

E5 2.371 —0.713 3.084

E6 —2.382 3311 —5.693

E7 1461 —3443 4903

Table 26 Comparative overall ranking results for the economies

Economies Bipolar g-ROF multi SWARA- Bipolar PF multi SWARA- Bipolar IF

ELECTRE ELECTRE multi SWARA-

ELECTRE

E1 6 7 6

E2 4 4 4

E3 5 5 5

E4 3 3 3

E5 2 2 2

E6 7 6 7

E7 1 1 1

Abbreviations
M-SWARA

qg-ROFSs
ELECTRE

Al
ML

Multi stepwise weight assessment ratio analysis

Q-rung orthopair fuzzy set
Elimination and choice translating reality
Artificial intelligence
Machine learning

Author contributions
The problem is proposed by AM. The solving method is proposed by HD and SY. The method is applied by HD and SY.

The writing of manuscript is done by AM. All authors read and approved the final manuscript.

Funding

This research received no external funding.

Availability of data and materials
In this study the data is not available.



Mikhaylov et al. Financial Innovation (2023) 9:4 Page 33 of 34

Declarations

Ethics approval and consent to participate
This manuscript does not require ethical approval and content to participate since it does not contain any human
participate, human data or human tissue.

Competing interests

There was no conflict or competing interest for the authors in establishing this manuscript. This manuscript has not been
published or presented elsewhere in part or in entirety and is not under consideration by another journal. We have read
and understood your journal’s policies, and we believe that neither the manuscript nor the study violates any of these.
There are no conflicts of interest to declare.

Received: 4 March 2022 Accepted: 3 October 2022
Published online: 05 January 2023

References

Atanassov KT (1999) Intuitionistic fuzzy sets. In: Intuitionistic fuzzy sets. Physica, Heidelberg, pp 1-137

Bank of Russia (2020) https://cbr.ru/. Accessed 29 Nov

Beck U (2000a) Risk society: towards another modernity. Progress-Tradition, Moscow

Beck U (2000b) The cosmopolitan perspective: sociology of the second age of modernity. Br J Sociol 51:79-105

Belluscio V, losa M, Vannozzi G, Paravati S, Peppe A (2021) Auditory cue based on the golden ratio can improve gait pat-
terns in people with Parkinson’s disease. Sensors 21(3):911

Benayoun R, Roy B, Sussman B (1966) ELECTRE: une méthode pour guider le choix en présence de points de vue multi-
ples. Note Trav 49:2-120

Bianchi M, Campodall'Orto S, Frattini F, Vercesi P (2010) Enabling open innovation in small- and medium-sized enter-
prises: how to find alternative applications for your technologies. R&D Manag 40:414-431. https://doi.org/10.1111/j.
1467-9310.2010.00613.x

Bozhechkova AV, Goryunov EL, Sinelnikov-Murylev SG, Trunin P (2017) Capital controls: world experience and lessons for
Russia. Econ Policy 12:8-43. https://doi.org/10.18288/1994-5124-2017-2-01

Brockman P, Khurana IK, Zhong R (2018) Societal trust and open innovation. Res Policy 47:2048-2065. https://doi.org/10.
1016/j.respol.2018.07.010

ChangT, Lee C-C, Chang C-H (2014) Does insurance activity promote open innovation? Further evidence based on
bootstrap panel Granger causality test. Eur J Financ 20:1187-1210

Chen K (2018) Financial innovation and technology firms: a smart new world with machines. In: Banking and finance
issues in emerging markets. Emerald Publishing Limited

Chhiba L, Abdelouahid RA, Marzak A (2018) Predicting maintainability of object-oriented system. In: 2018 International
conference on control, automation and diagnosis (ICCAD). IEEE, pp 1-5

Coyle D (2018) The culture code: the secrets of highly successful groups. Bantam, New York

Daniali SM, Barykin SE, Kapustina IV, Mohammadbeigi Khortabi F, Sergeev SM, Kalinina OV, Mikhaylov A, Veynberg R,
Zasova L, Senjyu T (2021) Predicting volatility index according to technical index and economic indicators on the
basis of deep learning algorithm. Sustainability 2021(13):14011. https://doi.org/10.3390/s5u132414011

Depren O, Kartal MT, Kilic Depren S (2021) Recent innovation in benchmark rates (BMR): evidence from influential factors
on Turkish Lira Overnight Reference Interest Rate with machine learning algorithms. Financ Innov 7(1):1-20

Faems D, De Visser M, Andries P, Van Looy B (2010) Technology alliance portfolios and financial performance: value-
enhancing and cost-increasing effects of open innovation*. J Prod Innov Manag 27:785-796. https://doi.org/10.
1111/j.1540-5885.2010.00752.x

Fang X, Jiang Y, Qian Z (2014) The effects of individual investors'attention on stock returns: evidence from the ChiNext
market. Emerg Mark Finance Trade 50:158-168. https.//doi.org/10.2753/ree1540-496x50035309

Fernadez A, Klein MW, Rebucci A, Shindler M, Uribe M (2015) Capital control measures: a new dataset. IMF Work Paper
15:1-32

Ghosh A, Qureshi MS, Sugawara N (2014) Regulating Capital Flows in Both Ends: Does It Work? IMF Work Paper 14:1-45

Goskomstat (2022) https://www.gks.ru/. Accessed 29 Nov

IMF (2015) Managing capital outflows—further operational considerations. IMF Policy Paper, pp 1-8

IMF (2020) World economic outlook: The great lockdown. Washington, DC. https.//www.imf.org/-/media/Files/Publicatio
ns/WEO/2020/April/English/text.ashx

Ivanov |, Lukyanova T, Orlova L (2020) Digitalization as a driver of innovation for industrial enterprises. In: IOP conference
series: materials science and engineering, vol 753, no 8. 0P Publishing, p 082023

Kenda K, Kazi¢ B, Novak E, Mladeni¢ D (2019) Streaming data fusion for the Internet of Things. Sensors 19:1955. https://
doi.org/10.3390/519081955

Kersuliene V, Zavadskas EK, Turskis Z (2010) Selection of rational dispute resolution method by applying new step-wise
weight assessment ratio analysis (SWARA). J Bus Econ Manag 11(2):243-258

Khraisha T, Arthur K (2018) Can we have a general theory of financial innovation processes? A conceptual review. Financ
Innov 4(1):1-27

Li L, Wang T (2021) A study on the challenges and countermeasures of blockchain industry and technology develop-
ment-Guangdong Province as an example. In: International conference on blockchain and trustworthy systems.
Springer, Singapore, pp 601-613

Li G, Kou G, Peng Y (2021) Heterogeneous large-scale group decision making using fuzzy cluster analysis and its applica-
tion to emergency response plan selection. IEEE Trans Syst Man Cybern Syst 52:6


https://cbr.ru/
https://doi.org/10.1111/j.1467-9310.2010.00613.x
https://doi.org/10.1111/j.1467-9310.2010.00613.x
https://doi.org/10.18288/1994-5124-2017-2-01
https://doi.org/10.1016/j.respol.2018.07.010
https://doi.org/10.1016/j.respol.2018.07.010
https://doi.org/10.3390/su132414011
https://doi.org/10.1111/j.1540-5885.2010.00752.x
https://doi.org/10.1111/j.1540-5885.2010.00752.x
https://doi.org/10.2753/ree1540-496x5003s309
https://www.gks.ru/
https://www.imf.org/-/media/Files/Publications/WEO/2020/April/English/text.ashx
https://www.imf.org/-/media/Files/Publications/WEO/2020/April/English/text.ashx
https://doi.org/10.3390/s19081955
https://doi.org/10.3390/s19081955

Mikhaylov et al. Financial Innovation (2023) 9:4 Page 34 of 34

LiY,Kou G, Li G, Peng Y (2022) Consensus reaching process in large-scale group decision making based on bounded
confidence and social network. Eur J Oper Res 303(2):790-802

Liu G-C, Lee C-C, Lee C-C (2016) The nexus between insurance activity and economic growth: a bootstrap rolling win-
dow approach. Int Rev Econ Financ 43:299-319

Mashkina NA, Aseev OV, Veliev AE (2019) Problems of financial market development in modern Russia-proceedings of
the South-Western state University. Ser Econ Sociol Manag 9:148-158

Mikhaylov A (2021) Development of Friedrich von Hayek’s theory of private money and economic implications for digital
currencies. Terra Econ 19(1):53-62. https://doi.org/10.18522/2073-6606-2021-19-1-53-62

Murphy PJ, Cooke RA, Lopez Y (2013) Firm culture and performance: intensity’s effects and limits. Manag Decis 51:661-
679. https://doi.org/10.1108/00251741311309715

Nezami M, Tuli KR, Dutta S (2022) Shareholder wealth implications of software firms'transition to cloud computing: a
marketing perspective. J Acad Mark Sci 50:1-25

Niftiyev | (2020) The de-industrialization process in Azerbaijan: Dutch disease syndrome revisited. In: Udvari B. (ed).
Proceedings of the 4th Central European PhD workshop on technological change and development. University of
Szeged, Doctoral School in Economics, Szeged, 357-396. https://www.econstor.eu/handle/10419/227485. Accessed
29 Nov

Niftiyev | (2021) University of szeged dutch disease effects in the Azerbaijan economy: results of multivariate lin-
ear ordinary least squares (OLS) estimations. High Sch Econ Econ J 25:309-346. https://doi.org/10.17323/
1813-8691-2021-25-2-309-346

Obstfeld M (2012) Does the current account still matter? NBER Work Pap Ser 17877:1-64

Obstfeld M, Taylor A (2017) International monetary relations: taking finance seriously. NBER Work Pap Ser 23440:1-42

Oxford Economics (2022) Global macro data. https://www.oxfordeconomics.com/data-sets

Pan W-F, Wang X, Wang S (2021) Measuring economic uncertainty in China. Emerg Mark Financ Trade. https://doi.org/10.
1080/1540496X.2021.1873764

Podmetina D, Fiegenbaum |, Vaatanen J (2012) Open innovation in Russia: productivity and industry effect. Int J Transit
Innov Syst. https://doi.org/10.1504/1JTIS.2012.049419

Sisodiya SR, Johnson JL, Grégoire Y (2013) Inbound open innovation for enhanced performance: enablers and opportuni-
ties. Ind Mark Manag 42:836-849

Tini¢ M, Tanyeri B, Bodur M (2021) Who to trust? Reactions to analyst recommendations of domestic versus foreign bro-
kerage houses in a developing stock market. Finance Res Lett 43:101950. https://doi.org/10.1016/.fr1.2021.101950

Wallusch J, Wozniak-Jechorek B, Kuzmar S (2020) Aggregate and regional effects of financialisation in CEE countries. Post-
Communist Econ 32:860-876. https://doi.org/10.1080/14631377.2020.1745556

Yager RR (2013) Pythagorean fuzzy subsets. In: 2013 Joint IFSA world congress and NAFIPS annual meeting (IFSA/
NAFIPS). IEEE, pp 57-61

Yager RR (2016) Generalized orthopair fuzzy sets. IEEE Trans Fuzzy Syst 25(5):1222-2123

Zhang WR (1994) Bipolar fuzzy sets and relations: a computational framework for cognitive modeling and multiagent
decision analysis. In: NAFIPS/IFIS/NASA'94. Proceedings of the first international joint conference of the North
American fuzzy information processing society biannual conference. The Industrial Fuzzy Control and Intellige. IEEE,
pp 305-309

Zhang H, Kou G, Peng Y (2019) Soft consensus cost models for group decision making and economic interpretations. Eur
J Oper Res 277(3):964-980

Zhong X, Enke D (2019) Predicting the daily return direction of the stock market using hybrid machine learning algo-
rithms. Financ Innov 5(1):1-20

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.18522/2073-6606-2021-19-1-53-62
https://doi.org/10.1108/00251741311309715
https://www.econstor.eu/handle/10419/227485
https://doi.org/10.17323/1813-8691-2021-25-2-309-346
https://doi.org/10.17323/1813-8691-2021-25-2-309-346
https://www.oxfordeconomics.com/data-sets
https://doi.org/10.1080/1540496X.2021.1873764
https://doi.org/10.1080/1540496X.2021.1873764
https://doi.org/10.1504/IJTIS.2012.049419
https://doi.org/10.1016/j.frl.2021.101950
https://doi.org/10.1080/14631377.2020.1745556

	Analysis of financial development and open innovation oriented fintech potential for emerging economies using an integrated decision-making approach of MF-X-DMA and golden cut bipolar q-ROFSs
	Abstract 
	Introduction
	Literature review
	Methods
	Correlation analysis
	Regression modeling
	MF-X-DMA method
	Bipolar q-rung orthopair fuzzy sets with golden cut
	M-SWARA method with bipolar q-ROFSs
	ELECTRE with bipolar q-ROFSs

	Results
	Indicators of financial development
	Results of MF-X-DMA
	Analysis of hybrid decision making approach

	Discussion
	Development of financial technology
	Development of confidence and financial literacy

	Conclusions
	References


