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ABSTRACT. University-industry collaboration in R&D has 

great potential as a partnership that promotes sustainable 
development. This article aims to confirm that university-
industry collaboration in R&D contributes to reducing 
the size of informal economy and strengthening 
sustainable development. Correlation and causal analysis 
are applied to achieve this goal: Shapiro-Wilk test, 
Pearson’s and Spearman correlation methods, vector 
autoregression and Granger causality test are used on the 
basis of STATA software for a cross-country sample of 
10 countries with the highest Sustainable Development 
Index over 2011-2018. Research results show that 
stronger university-industry R&D collaboration 
contributes to more robust sustainable development in 6 
out of 10 sample countries and shrinking informal 
economy in 4 out of 10 countries. In turn, growth of the 
informal economy leads to a decrease in university-
industry R&D collaboration in 5 out of 10 countries and 
inhibits sustainable development in 7 out of 10 countries. 
In conclusion, policymakers should transform the 
national policy and strategy to emphasize and strengthen 
R&D cooperation between the universities and the 
industry. 
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Introduction 

Given the global significance and importance of sustainability, sustainable development 

is the most discussed issue in any sphere of human relationships and activities, government 

policies and strategies today (Naomi & Akbar, 2021; Skvarciany et al., 2021; Chien, 2023; 

Kozubikova et al., 2023). 

At the global level, the principles of partnership and collaboration for sustainable 

development have been formalized under the 17th Sustainable Development Goal set out by 

the UN. SDG17 also relates to the relevance and timeliness of developing collaboration in the 

field of R&D (Ankrah & Tabbaa, 2015; Barbosa et al., 2023). University-industry collaboration 

affects economic development (Xiaodi et al., 2021), innovation development (Novikova et al., 

2022; Liu, 2023), countries’ competitiveness (Sart & Artar, 2021; Vasanicova, 2022), 

productivity growth of business (Medda et al., 2005; Mark et al., 2014; Šeligová & Koštuříková, 

2022), innovative business performance (Cecilia et al., 2019; Costa et al., 2021; Kharchenko, 

2023), financial performance (Gerard et al., 2002), and research performance (Abramo et al., 

2009). It also has great socioeconomic impact (João et al, 2021) and societal effect (Cohen et 

al., 2023). 

University-industry cooperation is seen as a new form of technological innovation 

(Xiaodi et al., 2021) and R&D investment is crucial nowadays (Dou et al., 2022; Rigelsky et 

al., 2022). The transfer of innovations (which occurs during and as a result of the collaboration 

of education, science, and business) is an important catalyst for innovation development and 

has the potential to influence the sustainable development of a country as a whole. However, 

although the University-Industry R&D Collaboration indicator is included in the Global 

Innovation Index, it is not considered in the assessment of the Sustainable Development Index 

in any way. This emphasizes the relevance of research in this area. Moreover, it is important to 

analyse the causal links between university-industry collaboration in R&D and sustainable 

development in connection with the relationship and influence of informal economy. 

Therefore, the purpose of this article is to confirm that university-industry collaboration 

in research and development contributes to reductions in the informal economy and stronger 

sustainable development. 

1. Literature review 

The scholars worldwide investigated the university-industry collaboration in general 

and in R&D in particular.Firstly, collaboration is closely studied in relation to the problem of 

chain capabilities and resilience for sustainability (Alzate et al., 2022; Małys, 2023). 

Samusevych et al. (2021) emphasised the role of education in the chain, Cortes et al. (2021) – 

the role of entrepreneurship, Abdimomynova et al. (2021) – the role of public-private 

partnership, Świadek & Gorączkowska (2020) and Bareith & Csonka (2022) – the importance 

of institutional support for innovation coopetition in industry. 

Secondly, great attention is paid to cooperation between universities and enterprises. 

Generally, the interaction of higher education with business, including through the creation of 

innovation and business incubators, entrepreneurship ecosystem, is very perspective nowadays 

(Suroso et al., 2020; Kobylińska & Lavios, 2020). Based on a systematic literature review, João 

et al. (2021) investigated 94 studies of the socio-economic impact of collaboration between 

universities and industry according to the “context – intervention – mechanism – outcome” 

algorithm and identified them as social, economic, and financial. Cohen et al. (2023) analysed 

social dimension of investments in research and development, and societal impact of university 

and industry collaborations in R&D, mostly the theoretical understanding of this subject. 
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Xiaodi et al. (2021) proved that cooperation between industry and universities positively 

influences China’s economic development through technological innovation based on a spatial 

autocorrelation and a spatial measurement model. Medda et al. (2005) and Mark et al. (2014) 

estimated the economic impact of university-industry collaboration on a business level, and 

companies’ productivity growth. Samoilikova et al. (2023) studied collaboration in R&D 

investment of business and education determining gaps and critical points based on the MAR-

splines method. Dalampira et al. (2022) also investigated technology transfer gaps in the 

education field. 

Cecilia et al. (2019) studied the effect of university-enterprises coopetition on 

innovative business performance. Gerard et al. (2002) analysed the effects of business-

university cooperation on financial performance and innovation output. Costa et al. (2021) also 

paid attention to open innovation and firm performance  due to university-industry R&D 

collaboration based on the survey encompassing 908 firms. Koibichuk et al. (2023) investigated 

the coopetititon of business, science, and education systems in the context of innovation 

development based on cluster analysis. Artyukhov et al. (2023) developed the innovation 

transfer model “Science – Business”, Nahla (2023) proposed a case of university-company 

collaboration of Algeria, Ahamed et al. (2023) – an experience of Oman-UAE, etc. 

The role of the universities in achieving some SDGs (4th and 7th) was investigated by 

Artyukhov et al. (2021). The significance of science and education in the context of knowledge 

economy, digitalization and other global challenges, taking into account Covid-19 pandemic, a 

wartime, etc.  were studied by Skrynnyk & Vasilyeva (2020), Starčič & Lebeničnik (2020), 

Gad & Yousif (2021), Bauters et al. (2021), Chernogorova et al. (2021), Khushk et al. (2022), 

Didenko et al. (2022), Barvinok & Pudło (2023), Benrouina & Malki (2023), Ogunleye et al. 

(2023), Kaya et al., (2023) and Hammood et al. (2023). 

However, the above studies do not cover the issue of influence of university-industry 

R&D collaboration on the general level of sustainable development of the country, the 

relationships of this indicator with the level of the shadow economy, etc. 

The following scientists studied individual aspects of the informal (shadow) economy 

and its influence on various spheres. Bilan et al. (2019, 2020) investigated causality and panel 

cointegration of the shadow economy, economic development and theinvestment market 

indicators. Tiutiunyk et al. (2022) also studied the impact of shadow economy on foreign direct 

investment, using causality research methods for its grounding. Tiutiunyk & Kozhushko (2022) 

focused on the relationships between the shadow economy and the country’s financial 

performance. Gamal et al. (2022), Surovičová et al. (2022), Bozhenko (2022) characterised the 

shadow economy impact on different macroeconomic indicators,especially economic growth. 

Some aspects of public management, economic and financial security related to the shadow 

economy were described by Shpak et al. (2020). Fedajev et al. (2022) determined different 

factors and links of the shadow economy separately for market and transition economies.The 

important issue of financial risks, intellectual property and copyright protection and other risks 

that accompany the cooperation of educational institutions and business in R&D is investigated 

by Kuzmenko et al. (2020), Soumadi (2023). 

So, the issue of the influence of university-industry collaboration in research and 

development on reducing the informal economy level and strengthening sustainable 

development has been investigated rather fragmentarily. The impact of this indicator on 

sustainable development is highlighted mainly in the theoretical aspect. Сause-and-effect 

relationships between the indicators studied in the article have not been established before, 

which determines the novelty of this study. 
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2. Methodological approach 

This research aims to confirm or reject the following hypotheses: 

H1: university-industry R&D collaboration has a positive impact on sustainable 

development. 

H2: university-industry R&D collaboration causes a reduction in the informal economy 

level. 

H3: the informal economy negatively impacts the sustainable development. 

The achievement of the set goal determined the use of such research methods as 

correlation and cause-and-effect analysis. Correlation analysis relates to the determination of 

the relationships between university-industry collaboration in R&D, the informal economy 

level and sustainable development, their character and strength. Based on the obtained results 

of Shapiro-Wilk test for data normal distribution (Shapiro & Wilk, 1965; Shapiro & Francia, 

1972), correlation coefficients are calculated using Spearman’s method (data do not subject to 

normal distribution) or Pearson’s method (normal data distribution), also considering time lags 

(Spearman, 1904; Pearson, 1896). Regression and causality analysis helps to prove the causality 

of university-industry collaboration in R&D, the informal economy level and sustainable 

development, and the direction of their influence within grounded relationships between them. 

Granger test is performed based on the results of vector autoregression (Granger, 1969; 

Stata, n.d.). 

For the cross-country analysis, a sample of 10 top countries in the Sustainable 

Development Index was formed (UNDESA, 2021). The statistical base has covered the data of 

the World Intellectual Property Organization (WIPO), the Department of Economic and Social 

Affairs of the United Nations (UNDESA) and the World Bank for 2011-2018 (final period is 

explained by the data for the informal economy indicator), in particular the following indicators: 

– University-Industry R&D Collaboration Indicator within the Global Innovation Index, score 

(WIPO, n.d.); – Sustainable Development Index, the overall score (UNDESA, 2021; UNDESA, 

n.d.); – the informal economy indicator (dynamic general equilibrium model-based estimate of 

informal output), % of official GDP) (World Bank, n.d.; Elgin et al., 2021). 

All calculations are made in STATA software. 

3. Conducting research and results 

3.1. Application of correlation analysis 

A correlation analysis was conducted using the following algorithm to confirm the 

relationships between the studied indicators of university-industry collaboration in R&D, the 

informal economy level and sustainable development. 

1. The Shapiro-Wilk test was applied to check the normal distribution of the data 

(Shapiro & Wilk, 1965; Shapiro & Francia, 1972). The test results are shown in Table 1. 

  



Samoilikova, A., et al. 
 

 ISSN 2071-789X 

 INTERDISCIPLINARY APPROACH TO ECONOMICS AND SOCIOLOGY 

Economics & Sociology, Vol. 16, No. 3, 2023 

343 

Table 1. Results of confirming / rejecting the data normal distribution (Shapiro-Wilk test) 
 

Country UI_RD IE SDG 

Austria 0.60877 0.65396 0.60274 

Denmark 0.09992 0.78048 0.67001 

Estonia 0.07206 0.98301 0.63581 

Finland 0.51528 0.98339 0.64815 

France 0.54246 0.90650 0.82835 

Germany 0.28361 0.15699 0.06931 

Ireland 0.97684 0.07966 0.23902 

Norway 0.28097 0.61275 0.98149 

Sweden 0.79633 0.32466 0.26314 

Switzerland 0.30130 0.19911 0.16227 

Note: UI_RD – University-Industry R&D Collaboration Indicator; SDG – Sustainable Development 

Index; IE – the informal economy indicator. 
 

Source: own compilation 

 

Normal data distribution was identified (Prob>z is more than 0.05). 

2. Based on the results of the Shapiro-Wilk test, the correlation coefficients were 

calculated using Pearson’s method because of normal data distribution, also considering time 

lags (Pearson, 1896). The correlation analysis results are shown in Table 2. 

 

Table 2. The results of correlation analysis of the relationships between investigated indicators 

(coefficient / lag / nature:  – direct;  – inverse; strength of the relationship: h – high, m – 

medium, l – low) 
 

Country 
Relationship between 

UI_RD and SDG 

Relationship between 

UI_RD and IE 

Relationship between 

IE and SDG 

Austria -0.91 / 2 /  / h 0.98 / 2 /  / h -0.96 / 1 /  / h 

Denmark -0.93 /2 /  / h 0.76 / 0 /  / h -0.65 / 0 /  / m 

Estonia 0.55 / 2 /  / m -0.53 / 0 /  / m -0.96 / 0 /  / h 

Finland 0.23 / 0 /  / h -0.90/ 2 /  / h -0.39 / 0 /  / m 

France 0.85 / 2 /  / h -0.94/ 2 /  / h -0.96 / 0 /  / h 

Germany 0.87 / 1 /  / h -0.80 / 2 /  / h -0.90 / 0 /  / h 

Ireland 0.06 / 2 /  / * -0.97 / 2 /  / h -0.51 / 2 /  / m 

Norway 0.60 / 2 /  / m -0.84 / 2 /  / h -0.91 / 0 /  / h 

Sweden 0.57 / 1 /  / m 0.91 / 1 /  / h 0.69 / 1 /  / m 

Switzerland 0.75 / 2 /  / h 0.14 / 0 /  / * -0.73 / 0 /  / h 

Note: * – the relationship is not statistically significant; UI_RD – University-Industry R&D 

Collaboration Indicator; SDG – Sustainable Development Index; IE – the informal economy indicator. 
 

Source: own compilation 

 

3. The obtained values of correlation coefficients made it possible to assess the statistical 

significance, nature, and strength of the relationships between the investigated indicators. Their 

analysis shows that: 

– the relationship between university-industry R&D collaboration and sustainable 

development is statistically significant in 9 out of 10 sample countries and direct – in 7 out of 

9 sample countries (with a time lag of 1-2 years), including a high strength – in 3 out of 7 

countries and a medium strength – in 3 out of 7 countries with a direct nature of connection. 
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That is why a direct connection has been established in most of the studied countries with 

medium or high impact; 

– the relationship between university-industry R&D collaboration and the informal 

economy level is statistically significant in 9 out of 10 countries of the sample and inverse – in 

6 out of 9 countries (with a time lag of 0-2 years), including a high influence – in 5 out of 6 

countries and a medium power – in 1 out of 6 countries with the inverse nature of the 

relationship. So, in most of the investigated countries, an inverse relationship with a high impact 

has been identified; 

– the relationship between the informal economy level and sustainable development of 

the country is statistically significant in 10 out of 10 sample countries, and inverse – in 9 out of 

10 countries of the sample (with a time lag of 0-2 years), including with a high strength of 

influence – in 6 out of 9 countries and with a medium strength of influence – in 3 out of 9 

countries with the inverse nature of the relationship. Therefore, in most sample countries, an 

inverse relationship with a high impact has been grounded. 

3.2. Application of cause-and-effect analysis 

At the next stage, to establish the causality and direction of university-industry 

collaboration in R&D, the informal economy and sustainable development, an investigation 

was conducted,according to the following algorithm for each country from the sample: 

1) multivariate time series were positioned using the following command in the STATA 

software: 

 

. tsset CODE YEAR, annually 

panel variable: CODE (strongly balanced) 

time variable: YEAR, 2011 to 2018 

delta: 1 year 

2) a vector autoregression was built using the Multivariate Time Series – Vector 

Autoregression (VAR) tool in the STATA software, or by the command: 

 

. var SDG UI_RD IE, lags(1/1) 

3) based on the results of vector autoregression, Granger test is performed (Granger, 

1969; Stata, n.d.) using Multivariate time series – VAR diagnostics and tests – Granger 

causality tests – Use active or svar results, or by the command: 

 

.vargranger 

The results of Granger testing on the example of the first country of the sample – Austria 

are presented in Table 3. 

The results obtained in the first block indicate that the lag values of the UI_RD indicator 

do not cause the value of the SDG indicator, as Prob > chi2 = 0.639, which is greater than 0.05. 

In turn, the lag values of the IE indicator cause the values of the SDG indicator, given the value 

of Prob > chi2 =0.001, which does not exceed 0.05. The results of the second block of the 

Granger test show that the lag values of the SDG indicator are the cause of the value of the 

UI_RD indicator, as Prob > chi2 is less than 0.05. Similarly, the lag values of IE cause the value 

of UI_RD, given Prob > chi2, which does not exceed 0.05. In turn, the analysis of the results of 

the third block of the test shows that the lag values of the SDG and UI_RD indicators do not 

cause the value of the IE indicator, since the Prob > chi2 value in both cases exceeds 0.05. 
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Table 3. The results of Granger causality test for Austria 
 

Equation Excluded chi2 df Prob > chi2 

SDG UI_RD .21971 1 0.639 

SDG IE 11.69 1 0.001 

SDG ALL 12.595 2 0.002 

UI_RD SDG 31.158 1 0.000 

UI_RD IE 25.931 1 0.000 

UI_RD ALL 31.273 2 0.000 

IE SDG .04198 1 0.838 

IE UI_RD 1.996 1 0.158 

IE ALL 2.0006 2 0.368 

Note: UI_RD – University-Industry R&D Collaboration Indicator; SDG – Sustainable Development 

Index; IE – the informal economy indicator. 
 

Source: own compilation 

 

The generalized results of Granger causality testing for all sample countries are 

presented in Table 4. 

 

Table 4. Establishing the causality and direction of influence of university-industry 

collaboration in R&D, the informal economy level and sustainable development 
 

Country Causality and directions of indicators’ influence 
Austria UI_RD  SDG IE → SDG UI_RD  IE 
Denmark UI_RD  SDG IE → SDG UI_RD  IE 
Estonia UI_RD  SDG IE  SDG UI_RD  IE 
Finland UI_RD  SDG - - 

France UI_RD  SDG IE  SDG - 
Germany UI_RD → SDG IE → SDG UI_RD → IE 
Ireland UI_RD  SDG IE → SDG UI_RD  IE 
Norway UI_RD → SDG IE  SDG UI_RD  IE 
Sweden - IE  SDG UI_RD → IE 
Switzerland UI_RD → SDG IE  SDG - 

Note: UI_RD – University-Industry R&D Collaboration Indicator; SDG – Sustainable Development 

Index; IE – the informal economy indicator. 
 

Source: own compilation 

 

The results of the Granger test confirm the following causal relationships: 

- university-industry R&D collaboration affects (is the cause of) sustainable 

development in Denmark, Estonia, France, Germany, Norway, and Switzerland, i.e., in 6 out of 

10 sample countries. In turn, the country’s sustainable development affects the university-

industry R&D collaboration in Austria, Denmark, Estonia, Finland, France, and Sweden – in 6 

out of 10 sample countries. At the same time, bidirectional causality between these indicators 

was determined in Denmark, Estonia, and France – in 3 out of 10 sample countries; 

- university-industry R&D collaboration affects the informal (shadow) economy in 

Germany, Ireland, Norway, and Sweden – in 4 out of 10 sample countries. In turn, the informal 

economy affects the university-industry R&D collaboration in Austria, Denmark, Estonia, 

Ireland, and Norway – in 5 out of 10 sample countries. A bidirectional influence was established 

in Ireland and Norway - in 2 of the 10 sample countries; 
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- the informal (shadow) economy affects the country’s sustainable development in 

Austria, Denmark, Estonia, France, Germany, Ireland, and Norway – in 7 out of 10 sample 

countries. In turn, the country’s sustainable development affects the informal economy in 

Estonia, France, Norway, Sweden, and Switzerland – in 5 out of 10 sample countries. Besides, 

a bidirectional causality was established in Estonia, France, and Norway - in 3 out of 10 sample 

countries. 

3.2. Results, limitations, and discussion 

This study has certain limitations due to the world countries sample and the investigated 

period. Therefore, in further research, it is advisable to expand the sample of countries, which 

should cover the top ten leaders in the ranking of sustainable development, and countries with 

significantly low positions. Also, we consider it possible to expand the time interval to improve 

the quality of the obtained results. 

Nevertheless, a generalization of the correlation and causal analysis results confirms the 

following hypotheses: 

H1: university-industry R&D collaboration positively affects sustainable development. 

In particular, strengthening university-industry R&D collaboration contributes to increasing the 

level of sustainable development, just as increasing the level of sustainable development 

contributes to strengthening university-industry R&D collaboration. 

H3: the informal economy hurts sustainable development. In particular, an increase in 

the informal economy level causes a decrease in the level of the country’s sustainable 

development, just as an increase in the sustainable development of the country leads to a 

decrease in the informal economy. 

The second hypothesis (H2) about the positive impact of university-industry R&D 

collaboration on reducing the informal economy level was partly proved. It occurs because 

strengthening of university-industry R&D collaboration contributes to reducing of the informal 

economy only in 4 from 10 countries from study sample. At the same time, it was confirmed 

that the growth of the informal (shadow) economy leads to a decrease in the university-industry 

R&D collaboration. The above causes a decrease in the level of countries’ sustainable 

development. 

Vásquez et al. (2022) also emphasised the strategic role of links between business 

companies and universities for competitiveness and sustainable development, but this statement 

was not proved empirically. Mascarenhas et al. (2022) promoted the sustainable development 

goals through university cooperation with industry and government based on case study method 

of a Brazilian research centre. Sart & Kibritci (2021) analysed the impact of university-industry 

R&D collaboration on the countries’ competitiveness based on statistical techniques and 

concluded that competitiveness increases in proportion to increased university-industry R&D 

collaboration. However, this investigation examines the influence on sustainable development 

in the indirect way through competitiveness and growth indicators  

Dörgő et al. (2018) presented the interconnectedness of SDG measured using the 

Granger test and also concluded that there is a drastic deficiency of analysed datasets. The 

indicator of university-industry collaboration was not studied. Abdullah, L. (2020) established 

the causal relationship between fifteen criteria of sustainable development and found economic 

growth as the most important for sustainable development. But the university-industry 

collaboration indicator was not covered too. Prasetyo et al. (2021) set the hypothesis that 

sustainability is caused by collaboration, applied quantitative and qualitative methods aimed to 

collaboration between social entrepreneurship and institutions and the value chain. However, 

authors paid attention only to the regional economic development. Johnson, M.P. & 
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Schaltegger, S. (2020) investigated entrepreneurship for sustainable development and causal 

mechanisms in this context, but studied indicators in this research were not characterised. 

Therefore, the obtained results connected with proving the causality and impact 

character of university-industry R&D collaboration on sustainable development and informal 

economy are relevant. 

Conclusion 

This research aimed to confirm that university-industry collaboration in research and 

development contributes to reducing the informal economy level and strengthening sustainable 

development. As a result of correlation and causal analysis, based on cross-country approach, 

two from three proposed hypothesis were confirmed. It allowed to make the following 

conclusions. 

The growth of the informal (shadow) economy leads to a decrease in the university-

industry R&D collaboration. Strengthening of the university-industry R&D collaboration 

contributes to reducing of the informal economy, but only in 4 from 10 countries from study 

sample. So, in further research, it is advisable to expand the sample of countries, which should 

cover the top ten leaders in the ranking of sustainable development, and countries with 

significantly lower positions. 

An increase in the informal economy level causes a decrease in the level of sustainable 

development of the country, just as an increase in the level of sustainable development of the 

country leads to a decrease in the informal economy level. 

Strengthening of university-industry R&D collaboration contributes to increasing the 

level of sustainable development, just as increasing the level of sustainable development 

contributes to strengthening university-industry R&D collaboration too. 

Therefore, it is expedient for business structures, educational and scientific institutions 

to establish and strengthen research and development cooperation to ensure the sustainable 

development of the country which will led to reducing the informal economy level. In turn, it 

is crucial to have the government help in this sphere due to policy and national strategy 

transformation with the accent on the university-industry R&D coopetition. The obtained 

results can be useful for further scientific research and during strategic public management in 

areas related to the researched issues. 
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