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Abstract

Industrial growth is a goal in developing countries and many factors are involved in it. Studies
on the effect of infrastructure and innovation on industrial growth in different countries have had
different results and so far its effect has not been investigated in Iran. In this study, we examined
the empirical cointegration, long and short-run dynamics and relationships between
technological innovation, infrastructure and industrial growth in Bangladesh over the period of
of 2020 1980-. The ARDL Bounds Test methodology and ECM framework were applied. The
obtained results confirmed the long-run relationship between the three variables of technological
innovation, infrastructure and industrial growth in Iran. Technological innovation and
infrastructure have positive and significant effects on Iran's industrial growth in the short and
long term, but these effects have been small. The results obtained from this empirical analysis
have important policy implications for Iran. Increasing research and development investments,
investing in academic research, information and communication technology infrastructure, green
technologies, importance to intellectual property rights and formulating an integrated policy for
greater impact of technological innovations and infrastructure on industrial growth in increasing
the effect of innovations. Technology and infrastructure will be effective on Iran's industrial
growth.
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Introduction

Problem Statement: Despite the efforts made in the direction of developing innovative
technology, Iran has lagged behind its competitors in the global competition of technological
advances and industrial development in recent years. The main question of this article is what
effect did technological innovations and infrastructures have on industrial development in Iran?

Purpose : This study has the following specific Purpose:

A) Analysis of short-run and long- run relationships of innovation and infrastructure on Iran's
industrial growth.

b) Helping the subject literature in the field of formulation of national technological innovation
policy, industrial policy and infrastructure policies to strengthen economic growth.

Reviewing the existing literature, we see that several researchers have used different variables of
GDP, CO2 emissions, energy consumption, development of the financial sector and income,
inequality, trade openness. As far as the findings and reviews show, the relationship between
technological innovation, infrastructure and industrial growth in Iran has not been investigated.

Background: A review of the literature on the subject indicates the positive effect of various
types of infrastructure on economic growth, including: Hulten and Schwab (1991), Easterly and
Rebelo (1993) Calderén and Servén (2004), Dollar et al (2005), Hulten and Isaksson (2007),
Fedderke and Bogeti¢ (2009), Dethier et al (2010), Fleisher et al. (2010), Pradhan and Bagchi
(2015), Achour and Belloumi (2016), Chingoiro and Mbulawa (2016).

There are other studies that show negative or mixed results of different infrastructures on
macroeconomic variables, including: Evans and Karas (1994), Gramlich (1994), Holtz-Eakin and
Schwartz (1994), Ferreira and Issler (1995), Bougheas et al (2000), Brenneman and Kerf (2002),
Okoh and Ebi (2013), German-Soto et al. (2017).

Most researchers have stated the positive effect of technology on economic growth and showed
that different types of technology such as ICT, broadband, telecommunications, mobile
telecommunications, mobile technology, financial openness, patents and innovation have a
positive effect on economic growth. Among the research conducted by Hardy (1980), Stiroh
(2002), Fabiani et al (2005), Garbacz and Thompson (2007), Gruber and Koutroumpis (2010),
Vu (2011), Sassi and Goaied (2013), Chester et al. (2014), Sohag et al. (2015), Shahbaz et al.
(2016), some researchers have expressed the negative or mixed effect of technology on economic
growth, such as Lee et al. (2005), Ishida (2015), McCartney (2017).

Mousavi Jahromi and Ibadati Fard (2007) showed the strong relationship between investment in
transportation infrastructure and private sector investment . Dai Karimzadeh et al. (2013) used
the ARDL model and showed that in the short and long run, government investment in The
transportation sector has had a positive and significant effect on the GDP.

Akbarian and Qaidi (2019) showed that in the long run, the effect of per capita labor investment
in economic infrastructure on GDP is positive and per capita labor investment Work in
communication infrastructure has the greatest impact and per capita investment in energy
infrastructure has the least impact on the gross domestic product without oil per capita of Iran's
workforce. In the short run, there is no significant relationship between economic growth without
oil per capita of labor force and investment growth per capita of labor force in economic
infrastructure.

Erfani et al (2012) concluded that the effect of information and communication technology on
the growth of both groups is positive, but this effect is greater in developed countries.

WY oV aodiio V£ ¥ (bl g jlog —poiy 5 Comnss (1B & lowsd —o23 jauw 893 — 52 331 193! 9 (53915 dobibuad



Relationship Between Technological ... / Fatemeh Sorkhedehi and colleague 126

Mehrgan et al (2012) found that in the long run, the relationship between the accumulation of
human and physical capital on the economic growth of Iran is positive and significant, and in the
long run, the accumulation of human capital has the greatest impact on the economic growth of
Iran.

Methodology

In order to investigate the relationships between three important macroeconomic variables,
technological innovation (TI), infrastructure (INF) and industrial development (IND) of Iran,
data were extracted from the "Global Development Indicators” published by the World Bank.
For industrial development (IND), industrial value added (constant 2015 US dollars) was used,
industrial value added as a representative of Iran's industrial development according to the article
of Rahman and Kashem (2015). For technological innovation (TI), the number of patent
applications residents and the number of Patent applications, nonresidents is considered
representative. For the infrastructure variable (INF) in this article, gross capital formation
(constant 2015 US dollars) is used as a representative of infrastructure (INF) for Iran and time
series data is entered in the form of logarithms.

In this study, the Cobb-Douglas production function in Solow's model (1956) is used to analyze
the relationship between technological innovations, infrastructure and industrial growth in Iran.
The Cobb-Douglas production function is widely used in economics to represent the relationship
between inputs and outputs. There are various methods to test the existence of co-accumulation
and short-run and long-run relationships between variables. In this article, ARDL bounds test
method is used. The ARDL bounds test approach has superior features over conventional
cointegration test methods.

Findings

The ARDL bounds tests, as well as additional cross-checking test, confirmed long run as well as
short-run cointegration between the three variables in Iran. The obtained results indicate that
infrastructure and technological innovations in the long-run and short-run have a positive and
significant effect on industrial growth, which is consistent with the theoretical foundations and
new growth models.

The positive sign of technological innovation coefficient indicates its positive effect on industrial
growth. The government's investment in infrastructure, especially digital and ICT infrastructure,
research and development, importance to intellectual property rights, support for patents and
international innovations, and support for technological innovations of universities to enter the
industry, increase technological innovation and its effects.The smallness of this coefficient in the
short and long run indicates the small role of technological innovation on the industry so far. The
low reserve of consumption of machinery due to inflation hinders the modernization and
application of new technologies and causes the technology coefficient to be small. Creating the
fields of competition in the domestic market and trying to increase the share in the global
markets will increase the incentive to invest in technology. In order to improve the role of
technology and infrastructure on Iran's industrial growth and to increase the role of the
government, macro-policies in the field of technology and innovation should be codified quickly
and the existing policies should be reviewed and necessary measures should be taken for
improvement. The updated and improved technology innovation policy will not only reduce the
cost of production but also accelerate the country's industrial growth. One of the major effects of
technology on the environment will be, the promotion of green and clean technology in
industries will improve the environmental quality of the country.

P

oY oVamio V€Y Gl g kg~ 9 Commt (51 0 jlowd — 23 janws 893 — 0 81 i3] 9 (6905 aoblad ?

0}‘ ¥202 '3 Jowwns 3ulds ‘Gz'oN €T°A diysinauaidaijug pue uoizeaouu| jeulnor Ajusyenp

et

i



20z 43wwns R3unlds ‘5z oN €T A diysinauaidaijuj pue uoneaouu| jeusnor Agapuenp

J

53
t
(3
I

@

127 Relationship Between Technological .../ Fatemeh Sorkhegehi and colleague

Refferences

Achour, H. and M. Belloumi, 2016. Investigating the causal relationship between transport
infrastructure, transport energy consumption and economic growth in Tunisia. Renewable and
Sustainable Energy Reviews, 56: 988-998.

Akbarian Reza. and Qaidi, Ali (2016), Investing in economic infrastructure and investigating its
impact on economic growth, Economic Growth and Development Research Quarterly, 1 (3), 11-
48.

Ang, J.B, 2009. CO 2 emissions, research and technology transfer in China. Ecological
Economics, 68(10): 2658-2665.

Anochiwa, L. and Maduka, A. 2014. Human Capital, Infrastructure and Economic Growth in
Nigeria: An Empirical Evidence, Journal of Electrical and Electronics Engineering
(IOSRJEEE),9(4), 1-6.

Barros, C.P., L.A. Gil-Alana and J.E. Payne. 2011. An analysis of oil production by OPEC
countries: Persistence, breaks, and outliers. Energy Policy, 39(1): 442-453.

Brenneman, A. and M. Kerf. 2002. Infrastructure and poverty linkages. A literature review.
Washington, DC: The World Bank.

Brock, W.A. and M.S. Taylor. 2010. The green Solow model. Journal of Economic Growth,
15(2): 127-153.

Brown, R.L., J. Durbin and J.M. Evans. 1975. Techniques for testing the constancy of regression
relationships over time. Journal of the Royal Statistical Society. Series B (Methodological),
37(2): 149-192.

Calderon, C. and L. Servén. 2004. The effects of infrastructure development on growth and
income distribution. World Bank Publications, 270.

Cederholm, H. and P. Zhong. 2017. The effects of financial openness on innovation: An
empirical study. Sweden: Lund University, Lund.

Dai Karimzadeh Saeed, Emadzadeh Mostafa, Kamkar Delakah Hadi,(2018) The effect of
government investment in the transportation sector on economic growth in Iran, Economic
Modeling Quarterly, 2018, V,13(4), Series 10, 63-88.

Dethier, J.J., M. Hirn and S. Straub. 2010. Explaining enterprise performance in developing
countries with business climate survey data. World Bank Research Observer, 26(2): 258-309.
Dollar, D., M. Hallward-Driemeier and T. Mengistae. 2005. Investment climate and firm
performance in developing economies. Economic Development and Cultural Change, 54(1): 1-
31

Evans, P. and G. Karras.1994. Are government activities productive? Evidence from a panel of
US states. Review of Economics and Statistics, 76(1): 1-11.

Fabiani, S., F. Schivardi and S. Trento. 2005. ICT adoption in Italian manufacturing: Firm-level
evidence. Industrial and Corporate Change, 14(2): 225-249.

Fedderke, J.W. and Z. Bogeti¢, 2009. Infrastructure and growth in South Africa: Direct and
indirect productivity impacts of 19 infrastructure measures. World Development, 37(9): 1522-
1539.

Fedderke, J.W., P. Perkins and J.M. Luiz. 2006. Infrastructural investment in long-run economic
growth: South Africa 1875-2001. World Development, 34(6): 1037-1059.

Garbacz, C. and J.H.G. Thompson. 2007. Demand for telecommunication services in developing
countries. Telecommunications Policy, 31(5): 276-289.

We-YeVaxio-V£+Y Ol 5 )l — o 9 Comnt (51 8 )lound — (o3 janwt 0593 — 0 81 3)! 5 (S 59193 doliuad



Relationship Between Technological ... / Fatemeh Sorkhedehi and colleague 128

Garmendia, C.B., A. Estache and N. Shafik. 2004. Infrastructure services in developing
countries: Access. Quality, Costs and Policy Reform, Washington: World Bank Working Paper,
No. 3468.

German-Soto, V., F.L. Gutierrez and B.H. Barajas. 2017. An analysis of the relationship between
infrastructure investment and economic growth in Mexican urban areas, 1985-2008. Economics
Bulletin, 37(4): 2422-2433.

Ghosh, B. and P. De. 2005. Investigating the linkage between infrastructure and regional
development in India: Era of planning to globalisation. Journal of Asian Economics, 15(6):
1023-1050.

Gramlich, E.M., 1994. Infrastructure investment: A review essay. Journal of Economic
Literature, 32(3): 1176-1196.

Gruber, H. and P. Koutroumpis, 2010. Mobile communications: Diffusion facts and prospects.
Communications & Strategies, 77, 1st Q: 133

Habib Elah Tabatabaiyan, Qadri Far Ismail, Eliyasi Mehdi, Bamdad Sufi Jahaniyar (2017), the
pattern of commercialization of emerging technologies in knowledge-based companies,
Innovation and Value Creation Quarterly, 7(13), 25-39.

Hardy, A.P. 1980. The role of the telephone in economic development. Telecommunications
Policy, 4(4): 278-286.

Holtz-Eakin, D. and A.E. Schwartz. 1994. Infrastructure in a structural model of economic
growth. National Bureau of Economic Research. NBER Working Paper ,4824, August 1994.
Hulten, C.R. and A. Isaksson. 2007. Why development levels differ: The sources of differential
economic growth in a panel of high and low income countries. National Bureau of Economic
Research.69-134.

Hulten, C.R. and R.M. Schwab. 1991. Public capital formation and the growth of regional
manufacturing industries. National Tax Journal, 44(4): 121-134.

Ishida, H. 2015. The effect of ICT development on economic growth and energy consumption in
Japan. Telematics and Informatics, 32(1): 79-88.

Khandker, S.R. and H.A. Samad. 2018. Bangladesh®s structural transformation: The role of
infrastructure. Economic and Social Development of Bangladesh. Springer.

Lee, S.Y.T., R. Gholami and T.Y. Tong, 2005. Time series analysis in the assessment of ICT
impact at the aggregate level-lessons and implications for the new economy. Information &
Management, 42(7): 1009-1022.

Lucas, Robert, E. 1988 .On The Mechanics Of Economic Development, Journal of Monetary
Economics. Vol 22 :3-42.

Madden, G. and S.J. Savage.1998. CEE telecommunications investment and economic growth.
Information Economics and Policy, 10(2): 173-195.

McCartney, M. 2017. Bangladesh 2000-2017: Sustainable growth, technology and the
irrelevance of productivity. Lahore Journal of Economics, 22: 183-198.

Mohammadi Hamid, Diosalar Yadullah, Salvati Gol Nisa, Bashir Mohammadi Mohhaddeh,
(1402), analysis of knowledge-based development issues in Iran with an emphasis on innovation,
Program and Development Research Quarterly, fourth year, number 13, 102-135.

Normaz, W. and Jamliah, M. 2015. The Impact of Infrastructure on Trade and Economic Growth
in Selected Economies in Asia, ADBI Working Paper Series.

Okoh, A. and B. Ebi. 2013. Infrastructure investment, institutional quality, and economic growth
in Nigeria: An interactive approach. European Journal of Humanities and Social Sciences, 26(1):
1343-1358.

#2702 '8 Jawwns g8unds ‘5z'oN £T°A diysinauaidaijug pue uoieAouu| [eulnof Ajisyeny

Z

€
®:

»"

-

We-VoVaxio-1£+Y Obmal g 4l —ﬁq,cwéua,w—waaw °)9°—u‘-.'.)5"u:’j)’5d;sis-‘ MU..aﬁj t



20z 'g4awwng p8uids *5z'oN £T°A diysinauaidaiiug pue uolzeAouu| [eunor Aauen

129 Relationship Between Technological .../ Fatemeh Sorkhegehi and colleague

Oulton, N. 2012. Long term implications of the ICT revolution: Applying the lessons of growth
theory and growth accounting. Economic Modelling, 29(5): 1722-1736.

Pesaran, M.H. and B. Pesaran. 1997. Working with microfit 4.0: Interactive econometric
analysis; windows version. Oxford University Press.

Pesaran, M.H. and Y. Shin. 1998. An autoregressive distributed-lag modelling approach to
cointegration analysis. Econometric Society Monographs, Vol,31: 371-413.

Pesaran, M.H., Y. Shin and R.J. Smith. 2001. Bounds testing approaches to the analysis of level
relationships. Journal of Applied Econometrics, 16(3): 289-326.

Pradhan, R.P. and T.P. Bagchi. 2013. Effect of transportation infrastructure on economic growth
in India: The VECM approach. Research in Transportation Economics, 38(1): 139-148

Rahman, M.M. and M.A. Kashem. 2017. Carbon emissions, energy consumption and industrial
growth in Bangladesh: Empirical evidence from ARDL cointegration and Granger causality
analysis. Energy Policy, 110: 600-608.

Ramanathan, R. 2001. The long-run behaviour of transport performance in India: A cointegration
approach. Transportation Research Part A: Policy and Practice, 35(4): 309-320.

Raychaudhuri, A. 2004. Lessons from the land reform movement in West Bengal, India.The
World Bank Publication.

Roland-Holst, D. 2009. Infrastructure as a catalyst for regional integration, growth, and
economic convergence: Scenario analysis for Asia. From Growth to Convergence. Springer. pp:
108-149.

Romer, P.M. 1986. Increasing returns and long-run growth, Journal of Political Economy,
vol.94(5):1002-1037.

Romer, P.M. 1990. Endogenous technological change. Journal of Political Economy, 98(5): S71-
S102.

Sahoo .P. and Dash R. Kumar. 2009. Infrastructure development and economic growth in India,
Journal of the Asia Pacific Economy, 14(4), pp. 351-365.

Samimi, R., 1995. Road transport energy demand in Australia a cointegration approach. Energy
Economics, 17(4): 329-339. .

kSassi, S. and M. Goaied. 2013. Financial development, ICT diffusion and economic growth:
Lessons from MENA region. Telecommunications Policy, 37(4-5): 252-261.

Shahbaz, M., 1.U. Rehman, R. Sbia and H. Hamdi. 2016. The role of information communication
technology and economic growth in recent electricity demand: Fresh evidence from combine
cointegration approach in UAE. Journal of the Knowledge Economy, 7(3): 797-818.

Shahbaz, M., T.H. Van Hoang, M.K. Mahalik and D. Roubaud. 2017. Energy consumption,
financial development and economic growth in India: New evidence from a nonlinear and
asymmetric analysis. Energy Economics, 63: 199-212.

Sidi Seyed Mehdi (2017), Patent in biotechnology and its importance in the relationship between
university and industry, Quarterly Journal of Innovation and Value Creation,v7(13), 1-24.

Sohag, K., R.A. Begum, S.M.S. Abdullah and M. Jaafar. 2015. Dynamics of energy use,
technological innovation, economic growth and trade openness in Malaysia. Energy, 90: 1497-
1507.

Solow, R.M. 1956. A contribution to the theory of economic growth. Quarterly Journal of
Economics, 70(1): 65-94.

Stiroh, K.J. 2002. Information technology and the US productivity revival: What do the industry
data say? American Economic Review, 92(5): 1559-1576.

WY oV aoio V£ ¥ (bl g jlog —poy 5 Comnst (S & lowsd o3 jauw 893 — 52 331 193! 9 (535195 dobibuad



Relationship Between Technological ... / Fatemeh Sorkhedehi and colleague 130

Tang, C.F. and E.C. Tan. 2013. Exploring the nexus of electricity consumption, economic
growth, energy prices and technology innovation in Malaysia. Applied Energy, 104: 297-305.
Udah, E. and E. Bassey. 2017. Infrastructure, human capital and Industrialization in Nigeria,
Journal of Business and Economics, 3(6): 58-78.

Vu, K.M. 2011. ICT as a source of economic growth in the information age: Empirical evidence
from the 19962005 period. Telecommunications Policy, 35(4): 357-372.

Vu, K.M.,, 2013. Information and communication technology (ICT) and Singapore”s economic
growth. Information Economics and Policy, 25(4): 284-300.

Were, M., 2015. Differential effects of trade on economic growth and investment: A cross-
country empirical investigation. Journal of African Trade, 2(1-2): 71-85.

* $z0z 3 Jawwng g3unds 'Sz oN £T°A diysinauaidaiiug pue uopeaouu| [euinof Ajanenp

./w‘\“’z,
ooV o Vaoiio V€08 (bunli g e —oxis 9 Comat (510 0,boud — o030 50e0 893 — 331 (5551 3 (6 yols dolibend ? @t



