Research & Development: the Crucial Enabler of Economic Growth

Abstract: Research and Development (R&D) is widely regarded as a critical investment contributing to expansion of knowledge base and identifying the most efficient methods of production within an economy. It not only facilitates technological advancement but also strengthens a country’s ability to adapt to changing global conditions and sustain long-term economic growth. Numerous empirical studies across both developed and developing economies have consistently demonstrated a strong and positive correlation between R&D expenditure and economic growth.   Many countries have therefore prioritized R&D in their science and technology policies, adopting targets based on R&D intensity measured as Gross Expenditure on Research and Development (GERD) as a percentage of GDP to strengthen their innovation capacities and global competitiveness. For an emerging economy like India, transitioning from a net consumer to a net producer of knowledge is essential to maintain growth momentum and reduce dependence on external technologies. This requires enhanced public and private investment in R&D, stronger industry academia linkages, and supportive policy frameworks to stimulate indigenous innovation. This paper examines the relationship between R&D and economic growth  and recent trends in India’s R&D expenditure and underscores the need for sustained investment to secure long-term economic resilience and technological leadership.

Introduction:  
Research and Development (R&D) is widely regarded as a cornerstone of modern economic growth, forming the basis for innovation, technological progress, and productivity enhancement. In today’s knowledge-driven global economy, the ability of nations to generate new technologies and translate scientific advancements into practical applications defines their competitiveness, resilience, and long-term prosperity. R&D not only improves the efficiency of production processes but also stimulates the creation of high-value industries, drives industrial diversification, and generates quality employment opportunities. By broadening the knowledge base, R&D enables countries to tackle pressing global challenges, from digital transformation and artificial intelligence to renewable energy and climate change, while simultaneously opening pathways for sustainable development and inclusive growth.
Governments and policymakers around the world increasingly view R&D as a strategic investment rather than a discretionary expenditure. Decades of empirical research demonstrate a strong positive relationship between R&D intensity measured as Gross Expenditure on Research and Development (GERD) relative to GDP and long-term economic growth. Countries such as the United States, Germany, Japan, and South Korea, which consistently invest between 2–4% of their GDP in R&D, have emerged as global leaders in innovation, high-technology industries, and advanced manufacturing. Their experience highlights how sustained R&D expenditure fosters robust innovation ecosystems, promotes collaboration between academia and industry, and ensures technological self-reliance. Conversely, nations with underdeveloped R&D systems often face structural limitations that hinder their ability to compete globally, leaving them dependent on imported technologies and vulnerable to external shocks.
For developing and emerging economies, strengthening R&D capacity is crucial to move beyond being passive consumers of innovation and instead become active contributors to the global knowledge economy. Building strong research institutions, incentivizing private sector participation, and encouraging international collaboration are vital steps toward achieving this transformation.
In the Indian context, R&D assumes particular importance. As one of the fastest-growing major economies, India faces the dual challenge of sustaining its growth trajectory while addressing developmental priorities such as energy security, healthcare, infrastructure, and climate resilience. Expanding indigenous research capacity will enable India to reduce reliance on foreign technologies, develop locally suited innovations, and create globally competitive industries. By positioning R&D as a central driver of economic transformation, India can strengthen its competitiveness, generate high-skilled employment, and secure a more sustainable and self-reliant future. This makes R&D not just an enabler but a crucial driver of long-term economic transformation and global competitiveness 


Review of literature: The review of existing literature highlights a substantial body of research emphasizing the influence of R&D activities on economic performance. It is a well-accepted notion that economic growth has a direct impact on living standards and overall welfare. Economists widely agree that long-term growth in per capita income is largely determined by productivity gains. While economic output can be increased through investments in physical capital and employment growth, sustained improvements in productivity remain the key driver. By utilizing resources more efficiently, economies can produce more with the same inputs, while innovations in products and services further enhance value creation for consumers (Erik Canton, 2005).
Broadly, two major schools of thought dominate growth theory: the neoclassical model and the endogenous growth model. The neoclassical approach assumes that productivity growth is externally determined, while the endogenous growth theory, developed in the early 1980s, challenged this view by emphasizing the role of deliberate human actions such as innovation and education. Human capital not only contributes directly to productivity but also strengthens a country’s capacity to adopt and adapt new technologies. Empirical evidence suggests that raising the average educational level by one year can increase long-run per capita output by about 6%, though this effect may diminish in countries with already high education levels (Erik Canton, 2005).
Scholars of endogenous growth theory have extensively examined the impact of R&D and human capital on long-term growth. Influential works by Romer (1990), Grossman (1991), and Aghion (1992) underscore the pivotal role of R&D in driving productivity growth. Romer identified technological change, driven by R&D expenditure, as the foundation of economic progress, arguing that R&D-generated knowledge mitigates diminishing returns to scale. Grossman highlighted R&D as a key source of innovation, while Aghion formalized the concept of “creative destruction,” illustrating how R&D fuels growth through continuous innovation.
Subsequent empirical studies reinforce these theoretical insights. Prodan (2005) established a positive relationship between R&D investments and patent applications in OECD countries between 1981 and 2001. Falk Martin (2007) demonstrated that R&D expenditure in high-tech sectors had a strong positive impact on long-term GDP per capita across OECD nations from 1970 to 2004. Similarly, Guloglu and Tekin (2012) confirmed the causal link between R&D, innovation, and economic growth in high-tech industries, showing that R&D accelerates technological progress. Gumus and Celikay (2015), analyzing data from 52 countries between 1996 and 2010, found that R&D effects were modest in the short run but significantly stronger in the long run, especially for developing economies.
 Research and Development (R&D) is increasingly seen as essential for national security. It plays a key role in protecting sovereignty, preparing for defense, and building resilience against new threats. Scholars agree that sustained investment in R&D directly improves a nation's ability to defend itself and stay competitive in a fast-changing global security landscape. Historically, many dual-use technologies like GPS, the internet, and advanced aerospace systems came from defense-related R&D. These technologies later found uses in civilian applications, boosting both security and economic growth (Grossman & Helpman, 1991; Romer, 1990).
Within the framework of endogenous growth theory, research and development (R&D) drives long-term productivity and national capability. Aghion and Howitt (1992) highlighted that R&D-led innovation, through “creative destruction,” constantly replaces outdated technologies with better systems. This is essential for maintaining military superiority. Likewise, Romer (1990) stated that technological change, based on R&D spending, is a key factor in sustained growth and security readiness.
Empirical studies back up the connection between R&D and security strength. Prodan (2005) showed a positive link between R&D spending and patent applications in OECD countries. This highlights how the ability to innovate leads to technological leadership, which is crucial for national defense. Falk (2007) also found that R&D investment in high-tech industries has significant long-term effects on GDP per capita. This indirectly strengthens a state’s capacity to fund security systems. Guloglu and Tekin (2012) found evidence of a direct relationship between R&D, innovation, and growth in OECD economies. This suggests that technological advancements help national security by speeding up defense capabilities.
Recent studies expand this view by looking at non-traditional security threats. Gumus and Celikay (2015) studied R&D investment in 52 countries. They found that although short-term effects may be limited, long-term R&D spending greatly improves the resilience of developing nations. This is especially crucial in fields like cybersecurity, energy security, and biotechnology. In these areas, innovation is essential for protecting critical infrastructure and national well-being.
The reviewed literature also reveals growing consensus that Gross Expenditure on Research and Development (GERD), measured as a percentage of GDP, has become a critical benchmark for evaluating national innovation capacity and security preparedness. Countries such as the United States, Japan, South Korea, and Germany consistently allocate higher shares of their GDP to R&D, recognizing its importance for both economic growth and strategic autonomy. By contrast, countries with lower GERD-to-GDP ratios, such as India, face challenges in bridging the technological gap and ensuring long-term security resilience. Policymakers increasingly view GERD targets as a key element of science, technology, and security policy, integrating them into national strategies to promote self-reliance, reduce vulnerability, and foster global competitiveness (Karahan, 2016).
Overall, the literature strongly supports the argument that R&D is not merely an economic driver but also a critical pillar of national security. It enables states to innovate, maintain technological independence, and respond effectively to both traditional threats—such as military conflict—and non-traditional threats, including climate change, pandemics, and cyberwarfare. The interplay between R&D, growth, and security is thus both multidimensional and mutually reinforcing. Economies that invest consistently in R&D not only achieve sustained growth but also enhance their strategic resilience, ensuring that they can withstand uncertainties and challenges in an increasingly volatile global environment. The consensus across both theoretical and empirical research is clear: R&D is among the most decisive factors shaping the trajectory of economic development and national security in the 21st century.
Thus  consensus across theoretical and empirical studies is that R&D is one of the most critical determinants of economic growth, primarily through its role in enhancing technological capacity and innovation. As a result, governments worldwide have increasingly prioritized R&D in their policy agendas, allocating greater resources to research activities. Setting R&D expenditure targets, often measured as Gross Expenditure on Research and Development (GERD) as a percentage of GDP, has thus become a central element of science and technology strategies in many countries (Özcan Karahan, 2016).
Objectives: 
1. To examines the relationship between R&D and economic growth 
  2. To examine recent trends in India’s R&D

Methodology: The paper is purely based upon secondary data.  Sources of procurement of literature include journals, magazines, books, published research articles and website sources

Discussion: As India continues its trajectory toward becoming one of the world’s largest economies, the transition from being primarily a consumer of knowledge to an active producer of globally relevant innovations becomes imperative. To achieve this transformation, India must attract greater levels of productive investment in Research and Development (R&D). Investment in R&D is not only essential for sustaining long-term economic growth but also fundamental to broader national security interests. Human security encompassing healthcare, education, and sustainable livelihoods depends heavily on technological advancement and indigenous innovation. At the same time, resilience to global uncertainties, such as climate change, financial instability, and pandemics, requires robust research capabilities. Furthermore, India’s national security challenges, from cyberwarfare to autonomous weapons systems such as drones, underscore the strategic importance of a strong domestic R&D ecosystem (Watal, Satpathy, and Mohan, 2019).
 	R&D as an activity has three distinguished features. It involves basic research, applied research and experimental development. Basic science, sometimes called “pure” or “fundamental” science. Through basic science researchers try to answer fundamental questions about how life works. Examples like how do cells talk to each other? What controls gene activity? How do proteins fold so they can work properly? How do diseases develop? Etc. Similarly, other question like why do so many Americans win the Nobel Prizes?  The answer is that according to experts, it’s a strong historic investment in basic science, academic freedom for researchers and patience to see results 
But basic science education in combination with Applied Science and Technology is what makes the university or an higher education institution complete. The concept of GERD has been derived from OECD and is known as Gross Domestic Expenditure on R&D. It is the sum of R&D expenditure of four economic sectors namely business, government, private sector and higher education. 
Fig.1 India’s GERD on R&D

               Sources: Dept of Science and technology (DST) 
Note:  GERD is the sum of R&D expenditure of four economic sectors namely business, government,   private sector and higher education. 
India’s expenditure on research and development on a decline. Investment in science is measured in terms of gross expenditure in research and development (GERD).  GERD as a percentage of GDP has been declining since 2009-10 (Figure 1). GERD in 2018-19 was estimated to be 0.65% of GDP (latest year till which estimates are available).

The major stakeholders in India’s R&D ecosystem can be divided into two categories. They are the Public and Private Sectors:

FIG 2. India's R&D in public sector at 63.2%, with the Central Government being the largest single contributor at 45.4%



The Gross expenditure on R&D is a relevant indicator for measuring the amount of resources allocated in the economy. The overall trends of R&D expenditure in India are not satisfactory
Trends in R&D expenditure in India 
Table1. R & D Expenditure in India (Rs Crores and per cent Nominal GDP in Parentheses)
	Year
	Public investment in R & D
	% share of Public Investment in total R&D
	Private investment in R&D
	% share of Private Investment in total R&D
	Total

	2004-05
	18078 (0.5%)
	75.0
	6039(0.2%)
	25.0
	24117(0.7%)

	2005-06
	21460.63(0.6)
	71.7
	8471.95(0.2)
	28.3
	29932.58(0.8)

	2006-07
	23752.81(0.6)
	69.4
	10485.58(0.2)
	30.6
	34238.39(0.8)

	2007-08
	26511.64(0.5)
	67.2
	12926.14(0.3)
	32.8
	39437.77(0.8)

	2008-09
	32988(0.5%)
	69.7
	14365 (0.2%)
	30.3
	47353(0.7%)

	2009-10
	37735.75(0.6)
	71.1
	 15305.55(0.2)
	28.9
	53041.30(0.8)

	2010-11
	40859.73(0.6)
	67.9
	19337.02(0.2)
	32.1
	60196.75(0.8)

	2011-12
	42665.62(0.5)
	64.7
	23295.71(0.3)
	35.3
	65961.33(0.8)

	2012-13
	46886(0.2%)
	63.4
	27096.51(0.3)
	36.6
	73982.79(0.7)

	2013-14
	48841.09(0.4)
	61.5
	30514.80(0.3)
	38.5
	79355.89(0.7)

	2014-15
	54935.05(0.4)
	62.8
	32538.39(0.3)
	37.2
	87473.44(0.7)

	2015-16
	59430.29(0.4)
	62.8
	36022.15(0.3)
	37.7
	95452.44(0.7)

	2016-17
	60869 (0.4%)
	62.1
	39124.71(0.3)
	37.9
	103099.26(0.7)

	2017-18
	63974.55(0.4)
	63.2
	41855.88(0.2)
	37.8
	113825.03(0.7)

	2018-19
	71969.15(0.5)
	63.2
	45562.72(0.2)
	36.8
	123847.71(0.7)

	2019-20
	87813.47(0.4)   
	66.2
	44753.54(0.2)
	33.8
	132567.01(0.7)

	2020-21
	80992.83(0.4)
	63.6
	46388.13(0.2)
	36.4
	127380.96(0.6)


Sources: Dept of Science and technology (DST) Note: public investment in R&D=central govt ministers/department+ public sector/joint sector/joint industries+state govt+higher education

1. The investments in Indian science, measured in terms of Gross Expenditure on R&D (GERD), have shown a consistently increasing trend over the years.
2. As a fraction of GDP, R&D spend has been stagnant – between 0.6 - 0.7percent of GDP – over the past two decades. India’s spending on R&D (about 0.6 percent of GDP).
3. The   public expenditure   is dominant factor contributing the total expenditure on R&D.  Though in recent years the share of public expenditure has declined from 75% of the total expenditure to about 60% over the last ten years. This shows that the share of private sector is inching up though at a very slow rate.

Fig.3: Declining expenditure by the public sector on R&D (Figures in % of GDP)

Sources: Research and Development Statistics 2019-20; Ministry of Science and Technology; PRS.
Public sector investment on R&D on a decline; lowest since 2004-05 and share of private investment in total R&D is less even compared to public sector.
Major stake hold in R& D in India
1.  The major player in the R&D expenditure ecosystem In India is the Central Government. The major chunk of the public expenditure is incurred by key government scientific departments like Atomic Energy, Space, Earth Sciences, Science and Technology and Biotechnology.  The private sector which is an important player in other countries is not potent sources of R&D spend in India. Further the R&D spending as a percentage of GDP has remained stagnant over.   Another important point is that the public expenditure caters to about 60% of the total expenditure on R&D whereas private sector contributes around 40%. The share of public expenditure has however declined over the last decade.

Table 2. Expenditure of Principal Science Government Agencies (Rs. Crores)
	Sl.No
	Agency
	2005-06
	2009-10
	2015-16
	2016-17
	2017-18

	1
	 Council of Scientific &
 Industrial Research (CSIR)
	1427.04
	2666.44
	3988.14
	4013.06
	4582.12

	2
	Defence  Research &
 Development Organisation
 (DRDO)
	5283.35
	8475.38
	13317.12
	13382.05
	15195.87

	3
	Department of Atomic
 Energy
 (DAE)
	1752.50
	3858.21
	46359.54
	4750.39
	5208.01

	4
	Department of Biotechnology
 (DBT)
	325.85
	727.38
	1210.25
	1446.71
	1771.65

	5
	Ministry of Electronics and
 Information  Technology
 (MEITY) +
	167.85
	327.96
	351.51
	409.85
	386.55

	6
	Ministry of New and
Renewable Energy (MNRE)
	9.62
	26.51
	23.11
	32.35
	34.50

	7
	Ministry of Earth Sciences
 (MES)++
	235.48
	448.24
	839.25
	951.24
	1123.58

	8
	Department of Science &
 Technology (DST)
	1237.05
	1986.01
	2800.76
	3161.54
	3526.64

	9
	Department of Space (DOS)
	2667.60
	4162.96
	6920.01
	8040.00
	9130.57

	10
	Indian Council of
 Agricultural
 Research (ICAR)d
	1717.27
	2881.30
	4369.75
	4592.95
	5355.57

	11
	Indian Council of Medical Research (ICMR)
	331.00
	583.50
	918.02
	1073.83
	1468.70

	12


	Ministry of Environment, Forest and Climate Change (MoEFCC)
	235.31
	415.57
	192.84
	220.21
	260.87

	
	Total
	15389.92
	26559.46
	39566.71
	42074.18
	48044.63


Sources: Data collected and compiled by NSTMIS, DST, GoI.
International Comparison:  If we compare globally, India’s GERD is substantially lower than countries such as Germany, USA, China, Japan and South Korea.
Table 3.Top five countries in Global R&D spend
	Rank
	Country
	R & D Spending in Billion $in PPP
	R&D expenditure as percentage of GDP

	1
	USA
	720.9
	31.9

	2
	China 
	582.8
	29.1

	3
	Japan
	174.1
	10.3

	4
	Germany
	143.4
	7.5

	5
	South Korea
	112.9
	5.3

	
	India
	48.1
	0.7


Source: CRS analysis of Organisation for Economic Development and Cooperation, OECD.Stat database, https://stats.oecd.org/Index.aspx?DataSetCode=MSTI_PUB.

 
In 2020 (the most recent year for which comprehensive data are available), global R&D expenditures were $2.352 trillion.(Sargent, September 14, 2022)  The United States continued to fund more R&D than any other country. China, ranked second in 2020, funded more R&D than the next four highest countries combined.  The industries that lead in the total R & D spending are auto, health care, computing and electronic and defence. Whereas India’s share in Global R&D Expenditure is 2.8% amounting to USD 48.1 billion in PPP terms. In terms of R&Ds share in GDP, it is around 0.6% which is one of the lowest amongst even the BRICS Countries.(Shri Ratan Watal, 2019).
Rand D Expenditure on Higher Education: Sector Wise Classification of Expenditure
The universities play a relatively small role in the research activities of the country. This is in contrast to the scenario in advanced countries where universities play a critical role in creating the talent pool for research and generating high quality research and in India, it is all publicly funded.
[bookmark: _GoBack]Fig.4: Sector Wise classification of Expenditure on R&D in India

The share of the various sectors in the total R&D expenditure for the years 2010–2018-19 shows that central government including the public sector industry has remained more or less around  50.0%, private sector 36.8%, the state governments 6.4% and the higher education 6.8%

Trends in FDI inflow in India 
Conceptually R&D contributes to economic growth in multiple ways. It leads to capital formation which in turn results in economic growth. It is sources for trade in services. R&D contributes to GDP, Exports – imports and FDI. The intellectual property generated from R& D also brings revenue to the economy in the form of copy rights and patents.(Shri Ratan Watal, 2019)
India’s share in global R&D exports was about 2.8% in 2019.  R&D exports include: (i) licensing of intellectual property, (ii) technology embodied in exported intermediate goods, (iii) technology transfer through FDI, and (iv) outflow of technical services. India has a trade. surplus in R&D services during 2011-20. India’s R&D exports grew at a Compound Annual Growth Rate (CAGR) of 26.6%, which is the highest growth among the top 10 exporting countries in R&D. However, R&D accounts for only a tiny share of Foreign Direct Investment (FDI) inflows into India (0.25% in 2018-19). Further, it is mostly concentrated in four sectors - Information and Communication Technology, Natural Sciences and Engineering, Pharmaceuticals, and Clinical Research (more than 80%).(Shri Ratan Watal, 2019)
Table 4.FDI equity inflow (in USD million)
	Year
	R&D
	Total
	% share

	2015-16
	235
	40,001
	0.59%

	2016-17
	84
	43,478
	0.19%

	2017-18
	107
	44,857
	0.24%

	2018-19
	110
	44,366
	0.25%

	2019-20
	67
	49,977
	0.13%


Sources: Note titled “FDI into R&D: Current Status and Way Forward” by the Office of the Principal Scientific Advisor & (PRS legislative research, 2021-22)

In contrast to the trend observed in advanced countries where the private sector carries out the bulk of research and development. In India, the government is not just the primary source of R&D funding but also it is the primary user of these funds. Government expenditure on R&D is undertaken almost entirely by the central government with state government playing a secondary role. Transfer of technology developed by public-funded institutions such as the Council of Scientific and Industrial Research (CSIR) is relatively low. It highlighted poor marketing skills and information dissemination as key reasons for this.
Conclusion: India’s journey toward becoming a knowledge-driven economy depends heavily on strengthening its research and development (R&D) ecosystem. While the country has made notable progress in terms of absolute investment in R&D over the years, its expenditure as a share of GDP has remained stagnant at around 0.6–0.7 percent, significantly lower than global leaders like the USA, China, Japan, and South Korea. The dominance of public investment, particularly from central government agencies such as DRDO, CSIR, and the Department of Space, has sustained India’s R&D activities. However, the declining share of public expenditure and the relatively slow rise of private sector participation indicate structural imbalances that hinder innovation. Furthermore, universities, which play a central role in advanced economies, contribute minimally in India, highlighting the need for greater integration of higher education into the research landscape.
India’s low GERD-to-GDP ratio and limited FDI inflows into R&D underscore the urgency for policy reforms to incentivize private investment, strengthen university–industry linkages, and promote commercialization of innovations. The country’s share in global R&D exports and its trade surplus in R&D services reflect untapped potential, but sustaining this momentum requires improving intellectual property frameworks and encouraging cross-border collaborations. Investing in basic science, alongside applied and experimental research, will be essential to address challenges in national security, climate resilience, and healthcare while also driving economic growth. Thus, a coordinated strategy to enhance funding, diversify stakeholders, and promote innovation ecosystems will be vital for India to transition from a net consumer of knowledge to a net producer on the global stage.
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