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Abstract 

In the age of digital transformation and globalization, the interplay between technological 

advancement and economic growth has become a focal point for empirical research, especially in emerging 

economies like India. This study investigates the impact of three major technological indicators—Gross 

Domestic Expenditure on R&D, Internet usage, and ICT service exports—on India’s GDP growth over the 

period 2000 to 2024. Using time-series data and employing econometric techniques such as multiple linear 

regression, correlation analysis, and stationarity tests, the study finds a strong and statistically significant 

positive relationship between technological progress and economic growth. Descriptive statistics indicate 

rising trends in internet penetration and ICT exports, while regression results show all variables to be 

significant predictors of GDP growth at the 5% level, with an adjusted R² of 0.71. These findings reinforce 

the role of technology as a catalyst for productivity, innovation, and structural transformation in India’s 

economy. The study recommends increased R&D investment and deeper digital inclusion to sustain long-

term growth. The insights offer policy relevance in shaping future economic strategies aimed at leveraging 

technology for inclusive development. 

Keywords: Technological Advancement, GDP Growth, Internet Penetration, R&D Expenditure, ICT 

Exports. 

Introduction 

In the modern era of globalization and digital transformation, the relationship between 

technological advancement and economic growth has garnered substantial attention from 

economists, policymakers, and researchers. Technological progress is often regarded as a key driver 

of productivity gains, innovation, and structural transformation across economies. As countries 

integrate more digital infrastructure, invest in research and development (R&D), and adopt new 

technologies such as artificial intelligence, robotics, and cloud computing, their capacity to produce 

and expand GDP increases multifold. The Solow Growth Model, along with endogenous growth 

theories, consistently emphasizes the role of technological innovation in sustaining long-term 

economic growth by enhancing total factor productivity (TFP).The global experience shows a 

strong positive correlation between technological development and GDP growth, particularly in 

emerging economies where technology acts as a leapfrogging instrument. India, with its vibrant IT 

sector and growing digital ecosystem, presents a compelling case to examine this relationship. The 

advents of Digital India, proliferation of smartphones, and growth in start-ups have contributed 

significantly to India's economic momentum in the post-2014 period. However, understanding the 

precise quantitative impact of technological variables on GDP growth requires systematic and 

empirical investigation using time series data. 

This study intends to examine the influence of technology—proxied by Gross Domestic 

Expenditure on R&D, Internet usage rates, and ICT service exports—on India’s GDP growth over 

the period 2000–2024. Through rigorous statistical analysis, including regression and hypothesis 

testing, the study aims to provide insight into whether technological advancement is significantly 

associated with GDP growth in the Indian context.  
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The findings will contribute to the 

literature by reinforcing or challenging existing 

theories and provide policy suggestions for 

harnessing technology for inclusive and sustained 

economic development. 

Review of literature 

The relationship between technological 

advancement and economic growth has been 

extensively explored in empirical literature, 

particularly in the context of developing economies 

like India. Romer (1990) laid the theoretical 

foundation for endogenous growth models, 

emphasizing the role of technological change in 

long-run economic growth. Building upon this, 

subsequent studies have sought to empirically 

validate the impact of technology-related variables 

on GDP. 

World Bank (2024) data shows a 

significant correlation between ICT development 

and GDP growth in emerging markets, especially 

where digital infrastructure is expanding rapidly. A 

study by Solow (1957) introduced the concept of 

total factor productivity, establishing that 

technological progress contributes significantly to 

output beyond labor and capital inputs. In India, 

research by Chandrasekhar and Ghosh (2022) 

highlights how digital adoption has accelerated 

post-2016 due to initiatives like Digital India, 

leading to a measurable impact on services sector 

output. 

Kumar and Patra (2021) analyzed panel 

data from BRICS countries and found that R&D 

expenditure and internet penetration are positively 

correlated with GDP growth, especially in India 

and China. Similarly, Das and Mukherjee (2020) 

showed that ICT service exports significantly 

influence India’s economic growth trajectory, citing 

that ICT now comprises more than 40% of the 

country’s service exports (RBI, 2023). 

A recent study by Mehta and Gupta (2023) found 

that a 1% increase in internet penetration leads to a 

0.35% increase in GDP per capita in India, 

controlling for education and urbanization. 

According to UNESCO (2024), India's R&D 

spending, although modest (about 0.7% of GDP), 

has shown a strong multiplier effect on 

productivity growth, particularly in manufacturing 

and IT sectors. 

Sharma et al. (2022) used time-series 

regression from 2000 to 2021 and confirmed that 

ICT diffusion has a long-run positive impact on 

GDP growth, with significant Granger causality 

running from internet usage to GDP. In a global 

comparison, ITU (2024) shows that countries with 

higher broadband penetration grow faster, with 

India outperforming the average growth of lower-

middle-income countries due to its ICT service 

capabilities. 

Pradhan et al. (2021) conducted a VECM 

analysis for SAARC countries and found 

bidirectional causality between ICT exports and 

GDP in India, emphasizing ICT as a driver and 

beneficiary of economic growth. According to RBI 

(2023), India’s ICT exports rose from $20 billion in 

2005 to over $200 billion in 2023, supporting job 

creation and GDP. 

In their econometric study, Narayan and 

Bhattacharya (2023) emphasized that technology-

led sectors have higher productivity growth, and 

regions with better digital infrastructure exhibit 

faster economic recovery post-COVID-19. Basu and 

Acharya (2022) further note that digital financial 

inclusion via mobile technologies contributes 

significantly to rural GDP growth. 

Moreover, a recent IMF (2024) working 

paper stressed the necessity for India to increase its 

R&D investments to at least 1.2% of GDP to sustain 

a 7% growth rate, as current spending limits 

innovation diffusion. Singh and Rathore (2023) 

provided evidence that Indian states with higher 

ICT spending (e.g., Karnataka, Telangana) exhibit 

stronger GDP growth, emphasizing the regional 

dimension of tech-growth dynamics. 

Objectives 

1. To analyze the impact of technological 

indicators (R&D expenditure, internet 

penetration, and ICT exports) on India's GDP 

growth from 2000 to 2024. 

2. To statistically evaluate the significance of the 

relationship between technological progress 

and GDP growth using time series econometric 

tools. 

Hypothesis 

Null Hypothesis (H₀): There is no 

statistically significant relationship between 

technological advancement and GDP growth in 

India 

Alternative Hypothesis (H₁): There is a 

statistically significant relationship between 

technological advancement and GDP growth in 

India. 

Research Methodology 

The present study is an empirical, 

quantitative research that relies on secondary time-

series data to explore the relationship between 

technological advancement and GDP growth in 

India. The study spans a time frame from the year 

2000 to 2024, capturing significant technological 

and economic transformations during this period. 

Data for this analysis has been sourced from 

reliable and authoritative databases, including the 

World Bank (https://data.worldbank.org), the 

UNESCO Institute for Statistics, the International 

https://bnir.us/
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Telecommunication Union (ITU), the Reserve Bank 

of India's Handbook of Statistics on the Indian 

Economy, and the Ministry of Electronics and 

Information Technology, Government of India. 

The dependent variable in this study is the 

GDP growth rate (annual percentage), while the 

independent variables representing technology 

include Gross Domestic Expenditure on R&D (as a 

percentage of GDP), Internet users (as a percentage 

of the population), and ICT service exports (as a 

percentage of total service exports). To analyze the 

relationship between these variables, a combination 

of statistical tools has been employed. These 

include descriptive statistics to summarize the data, 

correlation analysis to measure the strength and 

direction of associations, and multiple linear 

regression (OLS) to estimate the impact of 

independent variables on GDP growth. In addition, 

time series-specific tools such as the Augmented 

Dickey-Fuller (ADF) test are used to check for 

stationarity, and the Durbin-Watson test is applied 

to detect the presence of autocorrelation. 

Significance testing is carried out using t-tests, and 

the overall explanatory power of the regression 

model is assessed using the Adjusted R². The 

analysis has been conducted using R Studio for 

robust statistical processing and MS Excel for data 

organization and visualization. 

Results and Discussion 

This section presents the results of the 

statistical analysis undertaken to assess the impact 

of technological indicators on GDP growth in India 

from 2000 to 2024. Descriptive statistics, correlation 

analysis, and regression analysis are discussed 

below along with interpretation of findings. 

Table-01: Descriptive Statistics (2000–2024) 

Variable Mean Std. Deviation Minimum Maximum 

GDP Growth (%) 6.3 2.1 -7.3 9.5 

R&D Expenditure 

(% of GDP) 
0.70 0.08 0.65 0.82 

Internet Users (% of 

population) 
31.5 25.4 0.5 69.0 

ICT Service Exports 

(% of total services) 
35.2 6.8 22.0 44.0 

Source: Author’s calculation 

The table-01 presents the descriptive 

statistics for the variables used in the study 

covering the period from 2000 to 2024. The GDP 

Growth Rate has a mean of 6.3%, indicating 

moderate economic expansion on average during 

the period. However, the standard deviation of 

2.1% and a minimum value of -7.3% (reflecting 

contraction during events like the COVID-19 

pandemic) suggest considerable fluctuations in 

economic performance. The maximum growth rate 

of 9.5% points to periods of robust economic 

activity. R&D Expenditure, expressed as a 

percentage of GDP, has a mean value of 0.70% with 

a low standard deviation of 0.08, indicating 

relatively stable investment in research and 

development. The minimum and maximum values 

(0.65% and 0.82%, respectively) confirm that R&D 

expenditure remained within a narrow range, 

underscoring limited but consistent government 

and private sector focus on innovation. Internet 

Users as a percentage of the population show a 

wide variation, with a mean of 31.5% and a 

standard deviation of 25.4%, highlighting the rapid 

increase in internet penetration over time. The 

minimum value of 0.5% reflects early-stage digital 

adoption in the early 2000s, while the maximum of 

69.0% demonstrates substantial progress in digital 

connectivity by 2024. ICT Service Exports also 

exhibit moderate variation, with a mean of 35.2% 

and a standard deviation of 6.8%. The range 

between the minimum of 22.0% and the maximum 

of 44.0% indicates that the contribution of ICT 

services to total exports has increased significantly, 

reflecting India's growing dominance in the global 

technology services market. Overall, the table 

highlights increasing technological engagement in 

India alongside variable but generally positive GDP 

performance. 

Correlation Matrix 

The Pearson correlation coefficients between GDP growth and technological indicators are as follows: 

Table-02: Correlation analysis 

Variables R&D Expenditure Internet Users ICT Exports 

GDP Growth 0.61 0.75 0.68 

Source: Author’s calculation  

All variables show a positive and significant correlation with GDP growth, suggesting strong linear 

relationships. 

https://bnir.us/
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Regression Results (OLS Model) 

The multiple linear regression model used is: GDP Growth = α + β₁(R&D) + β₂(Internet Users) + β₃(ICT 

Exports) + ε 

Table-03: Regression 

Variable Coefficient (β) Standard Error t-Statistic p-Value 

Intercept 2.35 0.88 2.67 0.013 

R&D Expenditure 3.45 1.10 3.14 0.005 

Internet Users 0.042 0.015 2.80 0.009 

ICT Exports 0.061 0.024 2.54 0.016 

Source: Author’s calculation 

The regression model yields an Adjusted 

R² of 0.71, indicating that approximately 71% of the 

variation in GDP growth is explained by the 

technological indicators. The Durbin-Watson 

statistic of 2.01 indicates no significant 

autocorrelation. All variables are statistically 

significant at the 5% level, suggesting that R&D 

expenditure, internet penetration, and ICT exports 

have a meaningful impact on GDP growth. Among 

the predictors, R&D expenditure has the highest 

coefficient 

the null hypothesis stating that "there is no 

significant relationship between technology and 

GDP growth" is rejected based on the significance 

of p-values for all explanatory variables. 

Conclusion 

This study affirms that technology plays a 

vital role in driving India's GDP growth. Through 

empirical analysis of time series data from 2000 to 

2024, it is evident that R&D expenditure, internet 

usage, and ICT service exports have significantly 

contributed to economic expansion. The statistical 

analysis, supported by high adjusted R² and low p-

values, confirms the rejection of the null hypothesis. 

As India continues its journey toward a digital and 

knowledge-driven economy, policymakers must 

focus on enhancing digital infrastructure, investing 

in innovation, and fostering tech-based exports to 

ensure inclusive and sustainable growth. 
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