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COUNTRY INNOVATIVE DEVELOPMENT: IMPACT OF SHADOW ECONOMY

Abstract. This article generalises arguments and counterarguments within the scientific discussion regarding the
determination of the influence of illegal economic activity and expansion of the shadow economy on innovative country
development. The systematisation of the scientific works on the above problems proves that there is no one no
complexity and unity in the above-mentioned scientific findings, which, in turn, demonstrates the necessity of further
theoretical and empirical search in this sphere. Thus, it was developed a scientific hypothesis about the negative
influence of the shadow economy on innovative country development. In order to test this hypothesis it was developed
a scientific and methodological approach that consists of several stages: 1) correlation analysis in order to eliminate
multicollinearity problem between control variables; 2) analysis of dataset descriptive statistics; 3) running Hausman
test in order to clarify specification of the regression model (fixed or random effects model); 4) realisation of the panel
data regression analysis for the whole country sample and separately for Ukraine, characteristics of its results.
Technically all stages of the research are realised with the help of Stata 12/S.E. software. The country sample consists
of 9 countries (Azerbaijan, Estonia, Hungary, Latvia, Lithuania, Poland, Slovak Republic, Slovenia, and Ukraine). Time
horizon - 2008-2018. Running of the panel data regression analysis (model specification — with fixed effects) allow
confirming research hypothesis for the whole country sample (an increase of shadow economy negatively affected
innovative country development: an increase of shadow economy to GDP ratio in 1 % leads to the decrease of the
Global Innovation Index in 0.5 points). However, it was not proved for Ukraine separately. It leads to the conclusion
that innovative development in Ukraine does not highly dependent on the shadow economy scale because of more
significant obstacles on the way on innovation adoption (institutional inefficiency, requlatory drawbacks etc.).

Keywords: innovative economic growth, innovative state management, panel data analysis, shadow economy.

Introduction. Globalisation has become one of the defining characteristics of the modern world
economy. Thus, it raises the problem of finding new forms and methods of adapting the national economic
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and political environment before for external and internal challenges. Rapid changes in the factors that
determine the competitiveness of individual firms and the entire country in world markets, the dynamic
development of global relations are forcing governments to shape the conditions of economic growth and
increasingly address the problems of national competitiveness on a global scale. Ukraine's transition to
innovative development is essential for increasing the competitiveness of the domestic economy from a
global perspective.

In terms of boosting Ukraine's innovative development, it could be pointed out that Ukraine has
significant unrealised opportunities in innovative development, especially in terms of commercialisation of
innovations and in the field of protection of intellectual property rights. The main advantages of Ukraine
are favourable geographical location, capacious market, and presence of an in-depth and comprehensive
free trade area between Ukraine and the EU member countries, and a relatively high level of human
development. In turn, among factors inhibiting Ukraine's innovative development we can identify as
follows: high ration of illegal entrepreneurial activity and the shadow economy, the significant scale of tax
evasion, moral and physical insufficiency of production equipment, high level of corruption, lack of
legislative regulation etc.

Thus, in order to solve these problems, it needs to understand the scale up to which all the factors as
mentioned above were inhibiting country innovative development in Ukraine and neighbour countries. That
is why in this research we are going to test the hypothesis about the negative influence of an expansion
of shadow operations on dynamics of innovative country development and clarify such relationships for
the country sample from 9 neighbour countries and specifically for Ukraine based on correlation and
regression analysis.

Literature Review. There is some scientific research that is focusing on clarification of factors
affecting country innovative development, including relationships between this parameter and scale of
shadow economy expansion. Research of the preconditions of innovative development could be
subdivided into three groups: the first group of researchers are focused on microeconomic perspectives
of innovative development, the second — on the regional and municipal level, the third — on national and
supranational. In terms of the characteristic of the first set of research, we might pay attention to findings
described by Boyarko and Samusevych (2011), Bonamigo and Mendes (2019). Specifically, they argued
that company development and increase of its value is impossible without investments in intangible assets
and innovations. Umadia and Kasztelnik (2020) also clarifying macroeconomic perspectives of ensuring
innovative company development. Authors concluded that an improvement in employment level, general
production level, and economic growth positively influence innovation expansion both at corporate and
national levels. In turn, Biewendt et al. (2020) also strongly support the idea that company sustainable
development depends on the implementation of innovations.

Specifically, the authors proved that investment in green controlling, IT and technological
modernisation might help to increase business performance and sustainability. Moreover, Akhondzadeh
(2019), Goncharenko (2020) mentioned that an increase of company research and development
expenditures might help to improve business survival and growth, especially in the case of small and
medium enterprises. In turn, Tsalikis and Seaton (2020), Jahan (2019), Kaya (2020), Tommaso and
Gulinelli (2019) declared that corporate social responsibility and investment in innovations might become
a significant driver of business performance improvement. At the same time, Delanoy and Kasztelnik
(2020) argued that innovative managerial approach implementation might result in the increase of
consumers loyalty and consequently, business profitability.

In turn, Singh (2018) characterised the problem of innovative development from a regional perspective
and pointed out that expansion of financing of regional development innovative projects might create a
background for the whole country innovatively oriented sustainable development.
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Finally, the third group of scientists focused on macroeconomic consequences and preconditions of
innovative country development. Vasylieva and Kasyanenko (2013) argued that national economy
innovation potential of Ukraine might be quantitatively assessed considering financial, labour and material
parameters. In turn, Vasylieva et al. (2018), Lyeonov et al. (2019), Kuzmenko et al. (2020) pointed out that
financing of innovations might become a precondition of ensuring macroeconomic stability, while an
increase of illegal operations and shadow economy negatively affected not only innovation activity
dynamics but also general country macroeconomic stability.

In turn, Yarovenko et al. (2020a), Yarovenko et al. (2020b) pointed out that lack of information security
might negatively affect country economic and innovative development (based on data for 59 countries of
the world using CRR and BCC models). Moreover, Lopez and Alcaide (2020) mentioned that the
implementation of information innovations might help to overcome negative consequences of economic,
social and political crisis. Therefore, Zolkover and Terziev (2020) found out that shadow economy might
damage numerous macroeconomic parameters such as employment, environmental sustainability,
innovation development etc. Thus, based on the literature review results, it has become apparent that
there is no complexity and unity in the above-mentioned scientific findings, which, in turn, proves the
necessity of further theoretical and empirical search in this sphere.

Methodology and research methods. The research aims to test the hypothesis about the negative
influence of an expansion of shadow operations on the dynamics of innovative country development. It is
necessary to highlight that as a proxy of country innovative development (dependent variable) it is
proposed to choose the Global Innovation Index (variable marker — GlI). It is calculated by experts from
Cornell University, Business School INSEAD, and the World Intellectual Property Organization (WIPO).
This Index is calculated from 2007 and allows measuring innovative macroeconomic development from
different perspectives. In 2020 it covers 131 countries. Global Innovation Index assesses innovative
country development in several perspectives, namely:

1) institutions (political environment, regulatory environment, business environment);

2) human capital and research (education, tertiary education, research and development);

3) infrastructure (informational and communication technologies, general infrastructure, ecological
infrastructure);

4) market sophistication (credit, investment, trade, competition, and market scale);

5) business sophistication (knowledge workers, innovation linkages, knowledge absorption);

6) knowledge and technological outputs (knowledge creation, knowledge impact, knowledge
diffusion);

7) creative outputs (intangible assets, creative goods and services, online creativity).

Each of the perspectives mentioned above is based on quantitatively measured indicators. It also
should be mentioned that these seven perspectives of innovative country development are assessed both
separately and on the complex. In general, the Global Innovation Index is measured on a scale from 0 to
100, where 100 is the most innovatively developed economy. In terms of characteristics of Ukraine's
position in the Global Innovation Index, it could be mentioned that in 2020 it has 45 of 131 positions while
in 2019, it was 2 positions lower (47). The worst situation in Ukraine with market sophistication (42.1 points
and 99th position), infrastructure (33.1 points and 94th position) and institutions (55.6 points and 93rd
position). In turn, by far better situation in Ukraine is with business sophistication (29.5 points and 54th
position), creative outputs (29.9 points and 44th position), human capital and research (40.5 points and
39th position), and knowledge and technological outputs (35.1 points and 25th position). It also should be
mentioned that as a measure of the shadow economy (independent variable) is chosen and indicator of
shadow economy to GDP ratio, which is calculated based on the MIMIC model by Leandro Medina and
Friedrich Schneider (Medina and Schneider, 2018).
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Thus, the paper tested the hypothesis about the negative impact of the shadow economy on country
innovative development. The multiple regression was used. In order to raise the quality of modelling, the
scientists included additional variables to the model — control variables, which influence country economic
and innovative development. Consequently, a subset of the control variables is as follows:

— consumer price index (2010 — 100%) (CPI) is a parameter, which demonstrates the price stability
of the country's economy;

— current account balance (Balance of Payments, current USD) (CAB);

— employment to population ratio, 15+ (%) (modelled ILO estimate) (Empl) is a parameter, which
describes the labour potential of the national economy;

— foreign direct investment, net (Balance of Payments, current USD) (FDI) and gross capital
formation (current USD) (GCF) describe the state's investment and innovative potential;

— GDP growth (annual %) (GDPg);

— trade openness (ratio of total export and import amount to GDP), % (Trade) — enables to evaluate
the country's international activity potential.

The relevance of such a set of control variables is proved by numerous empirical research results
(Bhowmik, 2018; Hrytsenko et al., 2018; AUgbaka et al., 2019; Toyin and Oludayol, 2020). All control
variables are collected from the World Development Indicators collection of the World Bank. The country
sample consists of 9 countries such as Azerbaijan, Estonia, Hungary, Latvia, Lithuania, Poland, Slovak
Republic, Slovenia, and Ukraine. Time horizon — 2008-2018, because some data is not available for the
whole country sample in later periods. In order to fulfil the task of the research, it is proposed to go through
the next steps: to realise correlation analysis in order to eliminate multicollinearity problem between
control variables; to analyse dataset descriptive statistics; to run the Hausman test in order to clarify the
specification of the regression model (fixed or random effects model); to run panel data regression analysis
for the whole country sample and characterise its results; to run regression analysis specifically for Ukraine
and characterise its results. Technically all stages of the research are realised with the help of Stata
12/S.E. software.

Results. Thus, the first stage of the research aimed at testing the hypothesis about the negative
influence of shadow economy on innovative country development is correlation analysis, which is realised
in order to eliminate collinearity between control variables. The correlation matrix is in table 1.

Table 1. Correlation matrix of control variables

Variables (1) 2) (3) 4) (5) (7) (8)
(1) CPI 1.000

(2)CAB  0.107 1.000

(3)Empl  -0.109  0.311 1.000

(4) FDI 0023 | 0632 0.323 1.000

(5)GDPg 0068  -0.105 0434  -0208  1.000

(7)GCF -0.083 | 0656 @ -0.353  -0415 0203 1.000

() Trade  -0.119 0562 0.123 0.473 0.306  -0435  1.000

Notes: CPI - consumer price index; CAB — current account balance; Empl — employment to population ratio; FDI
— foreign direct investment, net; GCF — gross capital formation; GDPg — GDP growth; Trade - trade openness (ratio
of total export and import amount to GDP).

Sources: developed by the authors.

Based on the correlation analysis results it should be mentioned that there is a significant correlation
between three variables, namely: current account balance (Balance of Payments, current USD) (CAB)
and foreign direct investment, net (Balance of Payments, current USD) (FDI) and gross capital formation
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(current USD) (GCF) (these cells are shadowed). In order to eliminated multicollinearity problem is needed
to eliminate one or several variables. One of the possible ways of clarification a variable that is needed to
be excluded from further modelling is the calculation of an average correlation coefficient for all variables
that are in focus on this stage. Thus, our calculations showed that the variable «current account balance»
has coefficient 0.3925, variable «gross capital formation» — 0.3637, and variable «foreign direct
investments» — 0.3846. Therefore, the highest value of an averaged correlation coefficient has such
control variable as «current account balance», so it is proposed to exclude it from the regression analysis
in order to avoid multicollinearity problem. After its elimination, it was realised correlation analysis one
more time, and it was proved that there are not any highly correlated control variables. The next stage of
the research is the general characteristics of the descriptive statistics measures (table 2). First, it should
be mentioned that the panel is firmly balanced because it does not have omitted observations that are
proved by the value of observations. It also points out that in 9 selected countries and averaged value of
Global Innovation Index is 40.9 points, the share of the shadow economy in GDP — 20.1 %, consumer
price index growth in comparison with 2010 price level — 110.3%, employment to population ratio — 46.7%,
net foreign direct investments -2.53-10° US Dollars, GDP growth — 1.4 %, gross capital formation —
3.10:10"0US Dollars, trade openness (ration of the sum of export and import to GDP) — 135.3 %.

Table 2. Descriptive statistics
Observatio Standard

Variable Mean .. Min Max
n Deviation

Gll 99 40.902 7.074 224 55.3
Shadow 99 20.104 8.39 9.99 43.53
CPI 99 110.329 24.452 78.9 261.07
Empl 99 46.72 3.476 38.63 54.11
FDI 99 -2.53e+09 3.28e+09 -1.48e+10 2.03e+09
GDPg 99 1.422 4538 -14.81 7.44
GCF 99 3.10e+10 3.17e+10 4.12e+09 1.32e+11
Trade 99 135.286 28.757 75.23 190.16

Notes: GIl - Global Innovation Index; Shadow - the ratio of the shadow economy in GDP; CPI — consumer price
index; Empl — employment to population ratio; FDI — foreign direct investment, net; GCF — gross capital formation;
GDPg - GDP growth; Trade - trade openness (ratio of total export and import amount to GDP).

Sources: developed by the authors.

The next stage of the research is the identification of the specification of the model that better fits the
data in terms of testing the hypothesis about the negative influence of the shadow economy on innovative
country development. Consequently, the Hausman test allows identifying that better model specification
is panel data regression with fixed effects that also allows us concluding that country-specific
characteristics of economic development do influence variation of its innovative development progress.
After the identification of model specification, we are moving to the next stage — regression analysis for
the whole country sample (panel data). Results of the panel data regression analysis for 9 countries are
in Table 3. Based on the data from Table 3, it is possible to make the following conclusions:

— the model is adequate because the value of the coefficient of determination is 0.653 that means
that variation of independent and control variables explain 65.3% of the dependent variable variation;

— anincrease of shadow economy negatively affected innovative country development: an increase
of shadow economy to GDP ratio in 1 % leads to the decrease of the Global Innovation Index in 0.5 points
(at 10% confidence interval);
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— low inflation boosts innovative country development: an increase of Consumer Price Index in 1%
results in the increase of the dependent variable in 0.045 points (at 5% confidence interval);

— there is no statistically significant impact on the Global Innovation Index in 9 chosen countries of
such factors as employment increase, expansion of net foreign direct investments and GDP growth;

— anincrease of gross capital formation leads to an increase of the Global Innovation Index (at 1%
confidence interval);

— an increase of the trade openness in 1% results in the increase of the dependent variable in
0.3 points (at 1% confidence interval).

Table 3. Results of the regression analysis on testing the hypothesis about the influence of
shadow economy on country innovative development in 9 countries in 2008-2018 (fixed effects
model specification)

Coefficients Standard t- p- 95% Confidence Sig
Error value  value Interval

Shadow -0.500 0.244 -1.95  0.105 -1.185 0.184 *
CPI 0.045 0.021 214 0.035 0.003 0.086 b
Empl 0.010 0.253 0.04  0.969 -0.494 0.514
FDI 0.000 0.000 043  0.668 0.000 0.000
GDPg -0.134 0.132 -1.01  0.314 -0.397 0.129
GCF 0.000 0.000 3.04  0.003 0.000 0.000 b
Trade 0.316 0.045 7.01 0.000 0.226 0.405 b
Constant 10.171 19.385 053  0.601 -28.386 48.728
Mean dependent 40.902 SD dependent variable 7.074
variable
R-squared 0.653  Number of observations 99.000
F-test 22.291  Probability > F 0.000
Akaike criterion (AIC) 538.844 Bayesian criterion (BIC) 554.415

Notes: *** - significance at 1% level, ** — significance at 5% level, * - significance at 10% level, S.D. — standard
deviation; GII — Global Innovation Index; Shadow — the ratio of the shadow economy in GDP; CPI — consumer price
index; Empl — employment to population ratio; FDI — foreign direct investment, net; GCF — gross capital formation;
GDPg - GDP growth; Trade - trade openness (ratio of total export and import amount to GDP).

Sources: developed by the authors.

Thus, we can conclude that for the whole country sample, it was confirmed the primary hypothesis. At
the next stage of the research, the same hypothesis for Ukraine was tested by regression analysis. Results
are presented in Table 4.

Table 4. Results of the regression analysis on testing the hypothesis about the influence of
shadow economy on country innovative development in Ukraine in 2008-2018

Coeffici Standard t- p- 95% Confidence
oefficients
Error value value Interval

Shadow 5.441 4.437 1.23 0.308 -8.680 19.563
CPI -0.062 0.084 -0.74  0.514 -0.328 0.204
Empl -0.032 4.394 -0.01  0.99 -14.016 13.953
FDI 0.000 0.000 157  0.214 0.000 0.000
GDPg 0.132 0.299 044  0.688 -0.819 1.083
GCF 0.000 0.000 1.21 0.314 0.000 0.000
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Countinued Table 4
Trade 1.326 0.794 167 0193 -1.201 3.854
Constant -329.377 281800 -1.17 0327 -1226.191 567.436
Mean dependent 33.833  SD dependent variable 4916
variable
R-squared 0.849  Number of observations 11.000
F-test 2404  Probability > F 0.253
Akaike criterion (AIC) 58.432 Bayesian criterion (BIC) 61.218

Notes: S.D. - standard deviation; Gll — Global Innovation Index; Shadow - the ratio of the shadow economy in
GDP; CPI — consumer price index; Empl — employment to population ratio; FDI — foreign direct investment, net; GCF
— gross capital formation; GDPg — GDP growth; Trade -—the Index of trade openness (ratio of total export and import
amount to GDP).

Sources: developed by the authors.

Thus, in general terms it pointed out that the model is adequate, namely, the variation of the Global
Innovation Index in Ukraine in 84.9% is explained by the variation of the independent and control variables.
Nevertheless, there are no statistically significant relationships between the shadow economy and
innovative country development in Ukraine. Consequently, we can mention that the hypothesis is not
explicitly confirmed for Ukraine.

Conclusions. Nowadays, sustainable economic development at supranational, national and
regional/municipal levels is impossible without large-scale and scientifically based financing of innovative
development. Investments in innovations might be systemic and well-organised because of its efficiency
and returns on investments depend on numerous external and internal determinants. The generalisation
of theoretical research allows concluding that country innovative development and performance depends
on many financial, social, material, institutional and labour determinants. While there are a lot of scientific
papers that highlight the consequences of the expansion of innovations on the microeconomic level, there
is a lack of them in terms of clarification its macroeconomic perspectives.

Therefore, it was realised a scientific approach aimed at to test the hypothesis about the negative
influence of an expansion of shadow operations on dynamics of innovative country development based
on data for 9 countries (Azerbaijan, Estonia, Hungary, Latvia, Lithuania, Poland, Slovak Republic,
Slovenia, and Ukraine) in 2008-2018. Running of panel data regression analysis (model specification —
with fixed effects) allow confirming this hypothesis for the whole country sample (an increase of shadow
economy negatively affected innovative country development: an increase of shadow economy to GDP
ratio in 1% leads to the decrease of the Global Innovation Index in 0.5 points). However, it was not proved
for Ukraine separately. This leads us to the conclusion that innovative development in Ukraine does not
highly dependent on the shadow economy scale because of more significant obstacles on the way on
innovation adoption (institutional inefficiency, regulatory drawbacks etc.).

Funding: This paper was supported by and the National Research Foundation of Ukraine and the
Ministry of Education and Science of Ukraine, and performed the results of the projects «Quadrocentric
recursive model of de-shadowing of Ukraine's economy to increase its macroeconomic stability» (number
of the state registration 0120U104798) and «Structural-functional multiplex model of ecological tax system
building in Ukraine in the context of national security» (registration number 0119U100759) respectively.
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IHHOBAL|iHMIA PO3BUTOK HALiOHaNLHOI eKOHOMIKM: BNIMB TiHi3aLjii eKOHOMikn

Y yiti cmammi y3aeanbHeHO apaymeHmu ma KOHmpapeyMeHmu 8 pamkax Haykosoi Auckycii wodo 8usHayeHHs ennugy
HEe3aKOHHOI eKOHOMIYHOI QisiTbHOCMI Ma PO3WUPEHHST MiHbOBOI eKOHOMIKU Ha iHHO8aUiliHUG po38umok kpaiHu. Cucmemamusauis
HayKosux npaub 3 sulje3asHaqyeHux npobnem 0o8o0ume, Wo y 32adaHux HayKosuX npausix HeMae KOMNIaeKCHocmi ma eOHocMi,
wo, 8 ¢80t yepay, 00800UMb HEObXIOHICMb NOGasTBLLI020 MEoPeMUYHO20 Ma eMnipUYHO20 NOWYKY 8 Uili cghepi. Takum YuHom, y
pobomi byna sucyHyma Haykoga einome3sa npo HezamugHuli 8niug MiHbOBOI EKOHOMIKU Ha iHHOBaUliHUl po3sumok kpaiHu. [ns
nepesipku yiei einomesu 6ys po3pobreHull Haykogo-MemodonoaidHuli nioxid, wo cknadaembca 3 Oekinbkox emanig: 1)
KopenauyitiHul aHasia 3 Memol yCyHeHHs npobremu MymbMmuKOMIHeapHOCMI MiX 3MIHHUMU ynpassiHHs; 2) aHanis onucoeoi
cmamucmuku Habopy OaHux; 3) nposedeHHs mecmy XaycMaHa 3 Memol ymouHeHHs cneyucbikauii modeni peepecii (modesnb
ikcosaHux abo sunadkosux eghexkmis); 4) peanizauisi naHenbHO20 peepeciliHozo aHanisy daHux Ons eciei subipku KpaiHu ma
okpemo Onsi YkpaiHu, xapakmepucmuka ii pesynbmamig. TexHiyHO 8ci emanu Q0CriOXeHHs peanidyrombcsi 3a 00NoMo20i0
npozpamHo2o 3abesneyenHs Stata 12/SE. Bubipka docnidxeHHs cknadaembes 3 9 kpaiH (AsepbalioxaH, Ecmonis, Yeopuwjuna,
Jlameis, Jlumea, Monbwa, Crosaybka Pecnybnika, CriogeHisi ma YkpaiHa). Yacosuli 2opusoHm — 2008-2018. 3anyck naHenbHO20
pezpeciliHoeo aHanizy 0aHux (cneyucbikauis Modeni — 3 ¢hikcosaHumu epekmamu) dossonse nidmeepdumu einomesy docrioKeHHs
0ns gciel 8ubipKu KpaiHu (36inbWweHHs MiHp08oi eKOHOMIKU He2amuBHO 8NITUHYIO Ha iHHOBaUIUHUL PO38UMOK KpaiHu: 36ibLeHHS
8idHOWeHHs MiHb0oeoi ekoHomiku Ao BBIT Ha 1% npu3sodums 00 3HWKeHHs [1obanbHo20 iHOekcy iHHosauill Ha 0,5 6ana), ane 0ns
YkpaiHu ye okpemo He dogedeHo. Lle nideodums Hac Ao 8UCHOBKY, W0 iHHOBaUiliHUlI po3sumok 8 YkpaiHi He 3anexumsb 6id
macwmaby miHb08oi eKOHOMIKU Yepe3 me, Wo Mu Maemo bifbw 3HayHi nepewkodu Ha wnsxy 00 enposad)eHHs iHHogauill
(iHcmumyuyiliHa HeeghekmugHicmb, HeAoiKU pe2yogaHHs Mowo).

Kntoyosi cnoea: aHania naHemnbHNX faHuX, AEpaBHU MEHEMKMEHT IHHOBAL|N, iHHOBALIiiHE eKOHOMIYHE 3pOCTaHHS, TiHbOBA
€KOHOMiIKa.
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