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This paper investigates the relationship between human capital development/investment 
(HCD), research and development (RD)/innovation, social security and welfare (SSW) 
spending and economic growth (EG). We conduct a path analysis using 30 years of annual 
time series data from India. Secondary data is used to construct an estimated hypothesized 
model. Then, the maximum likelihood statistical technique in Stata 13 is utilized to identify 
factors affecting growth. The findings suggest that HCD and SSW affect EG directly and 
positively, whereas RD has a direct as well as an indirect impact on growth via HCD. A 
negative and relatively large direct effect of RD outweighs the positive and small indirect 
effect. Therefore, the overall effect of RD on EG is negative. All path coefficients (or time-
varying coefficients) are statistically significant except for RD. The negative sign of the path 
coefficient of RD clearly shows that in addition to quantity, the quality of RD and presence 
of “social filter conditions” matter. Therefore, a comprehensive policy focusing on a series of 
factors like socio-economic conditions is needed to support the overall innovation system to 
reap the benefits of higher RD expenditure. The positive and significant influence of HCD 
and SSW on economic growth highlights the much-needed impetus for human development 
and welfare policies. Although several researchers have written on the relationship between 
HCD, R&D, and SSW and economic growth separately, as per our knowledge there has been 
no study that tries to capture the direct and indirect impact of these variables on economic 
growth, or that has used a path analysis technique to do so.

INTRODUCTION

Amid the COVID-19 crisis, there has been renewed interest in spurring economic growth (EG). Undeniably, 
economic growth is a necessary (if not a sufficient) condition for the prosperity of a country and for improving 
quality of life through alleviating unemployment, poverty, and inequalities. There is no unified theory explaining 
the underlying factors of economic growth (Petrakos et al., 2007). However, there are well-known models which 
highlight the role of capital accumulation, human capital formation, innovation, and technology in the process of 
economic growth (Harrod, 1939; Domar, 1946; Solow, 1956; Swan, 1956; Romer, 1986; Lucas, 1988). 

In India as elsewhere, the role of Human capital development/investment (HCD) has been attracting wider 
attention due to COVID-19. HCD implies expenditure incurred on education and health, and the already fragile 
health and education system has been stretched beyond limits. There is an ongoing “learning crisis” due to 
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disruptions caused by closures of schools and educational institutes. Together with a possible “nutritional crisis”, the 
pandemic is aggravating the already existing human capital deficit and hampering economic revival (Joshi, 2021). 

In addition, with the large number of confirmed cases and deaths in India [World Health Organization (WHO), 
2021 and Institute for Health Metrics and Evaluation (IHME), 2021] synergizing science and technology efforts 
through a “pro-active, pre-emptive, and a ‘whole government’ approach”,1 has been the Indian Government’s focus in 
its efforts to deal with the crisis and to place the economy back on the growth track.2 The importance of research and 
development (RD) in high performing areas like epidemiological studies, vaccines, and affordable diagnostics has 
highlighted the growth-enhancing effect of RD more generally. Moreover, RD on provision of both high- and low-tech 
solutions to learning disruptions caused by the pandemic haves helped to mitigate the human capital deficit. 

The pandemic has also drawn attention to issues of social security and welfare (SSW). Informal sector workers 
are estimated to account for around 81% of the workforce in India (ILO, 2018) and often work without any safety 
net.3 Informal workers have been hit the hardest by lockdown–induced unemployment and underemployment, 
especially in construction, tourism, the hospitality industry, and a large variety of services. The social security of 
informal sector workers, a hitherto neglected area of research but with a presumably positive relationship with 
economic growth, demands adequate and immediate attention.

The present paper makes a significant contribution by estimating an empirical model using time series data and 
a path analysis technique, an extension of multiple regressions. A unique feature of path analysis is that it helps to 
recognize, discern and assess the effects (direct as well as indirect) of a set of exogenous/independent variables on 
the dependent/endogenous variable via casual pathways. This unique feature motivated us to capture the direct and 
indirect causal connections among a set of variables (HCD, RD, and SSW) acting on a specified outcome (i.e. EG) 
taken up in this study. This is a clear departure from previous studies which make use of cointegration frameworks4 
or multiple linear regressions, etc. Such previous studies therefore fail to capture the indirect effect of the independent 
variables on the dependent variable (i.e. Gross National Income per capita (GNIPC)). Where multiple regressions are 
concerned, there is only one dependent variable and a variable can be either a predictor or outcome variable. But it is 
more realistic to assume that an outcome variable may become a predictor of other variables. Using multiple regression 
techniques will become cumbersome and synthesizing results will be somewhat difficult. Therefore, path analysis 
constitutes a more direct approach to resolving this issue (Norman and Streiner, 2003; Shipley, 2000). 

In addition, this study captures the overall impact of selected variables in a comprehensive way. It examines 
mediated pathways to capture the influence of an independent variable on the dependent variable via mediating 
or intermediate variables.5 Moreover, while the relationship between the variables HCD, RD, and SSW and EG 
have been studied separately (Grossman and Helpman, 1994a, 1994b; Dreze and Sen, 1996, 2002; Stiglitz, 1998; 

1 �See https://pib.gov.in/newsite/PrintRelease.aspx?relid=201036
2 �One of the five pillars of the Atmanirbhar Bharat Abhiyan (Self-Reliant India Campaign) of Government of India (comprising of an economic 

stimulus package and a number of reform proposals) has been introducing 21st-century technology-driven arrangements and system in India 
(see: https://www.investindia.gov.in/atmanirbhar-bharat-abhiyaan).

3 �The government’s Economic Survey of 2018-19 states that “almost 93%” of the total workforce is informal. NITI Aayog (2018) Strategy for New 
India @ 75 says that “by some estimates, India’s informal sector employs approximately 85% of all workers” (see: https://www.niti.gov.in/sites/
default/files/2019-01/Strategy_for_New_India_2.pdf). An ILO (2018) report puts the figure at nearly 81%.

4 �The cases in point are the empirical studies on India which use different approaches like cointegration framework (Haldar, 2008; Haldar and 
Mallick, 2010), multiple linear regression and neo-classical Solow production functions (Shukla, 2017a, 2017b) or Johansen Cointegration 
and Fully Modified Ordinary Lease Squares (Parika and Singh, 2020) on time series data covering different periods to show a strong positive 
relationship between human capital and economic growth.

5 �For example, in the pathways shown in figure 1, ‘RD_HCD_EG’ and ‘SSW_RD_EG’ (where RD stands for research and development/
innovation, HCD for human capital development, EG for economic growth/GNIPC and SSW for social security and welfare), HCD and RD 
are two mediating or intermediate variables. It implies that RD and SSW impact EG indirectly too through these two mediating variables viz. 
HCD and RD.

https://pib.gov.in/newsite/PrintRelease.aspx?relid=201036

https://www.investindia.gov.in/atmanirbhar-bharat-abhiyaan
https://www.niti.gov.in/sites/default/files/2019-01/Strategy_for_New_India_2.pdf
https://www.niti.gov.in/sites/default/files/2019-01/Strategy_for_New_India_2.pdf
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Nagarajan, 2003; Ozcan and Ari, 2014; Scholz, 2017; Athina et al., 2018; Behrendt and Nguyen, 2018; Seeta Prabhu 
and Iyer, 2019; Zhang et al., 2019; Cammeraat, 2020), there has been no attempt to capture the overall (direct and 
indirect) impact of these selected variables on economic growth by including them in a single model. Similarly, 
there is some research on path analysis of factors affecting health (Meyer et al., 2014; Ye et al., 2014; Nurmawati and 
Kismiantini, 2019) and human development (Oladapo and Rahman, 2018). And, research has been done on the 
impact of human development and the creative class on regional development (Florida et al., 2008) and the impact 
of digital adoption and human capital on economic growth taking country -mix data and using path analysis 
technique (Park and Choi, 2019; Lee et al., 2018). However, there is not even scant literature on path analysis of 
factors like HCD, RD, and SSW affecting economic growth of a single developing country (like India), not to 
mention through the use of time series data. Therefore, the present study is timely and relevant.

This study, then, explores the overall effect (direct as well as indirect) of HCD, RD, and SSW on EG. We also provide 
answers to many questions asked by researchers relating to the ways and manner in which HCD directly influences 
growth and RD impacts growth indirectly through HCD. The effect of two variables namely RD and SSW, which co-
vary and impact growth, has also been captured. The findings provide insights into how policymakers and practitioners 
can strengthen human capital development, innovation, and social security and welfare strategies and policies. 

The remainder of this paper is organized as follows. Next is the review of the literature and hypotheses building. The 
sources of data and methodology used in the paper are then discussed. This is followed by a presentation of the results 
of the path analysis and a discussion. Conclusions and policy recommendations are presented in the final section.

LITERATURE REVIEW AND HYPOTHESES BUILDING

Human Capital Development (HCD)
In the context of this paper, human capital is taken to imply “knowledge, skills, competencies, and attributes 

embodied in individuals and facilitate the creation of personal, social, and economic well–being” (OECD, 2001). 
This conceptualization is rooted in an extensive literature. The origin of the concept of human capital goes back 
to Adam Smith, but the credit for popularization of this term lies with Mincer (see Goldin, 2016). Schultz (1961) 
considers knowledge and skill a cornerstone of economic growth to the extent that it enhances productivity, 
innovation, and output. Becker (1993), a Nobel laureate in economics highlighted the role of investment in an 
individual’s education and training in fostering human capital development. He viewed human capital as the most 
valuable of all forms of capital. Another Nobel laureate Heckman (2004) says that “learning starts in infancy, long 
before formal education begins, and continues throughout life. Early learning begets later learning and early success 
breeds later success, just as early failure breeds later failure.” 

In particular, paying attention to both child education and health and nutrition among the population can 
subsequently lead to productivity gains and stimulate overall growth. Education is one of the important components 
of human capital and impacts economic growth positively (Dreze and Sen, 1996, 2002; Stiglitz, 1998; Bergheim, 
2005; Pelinescu, 2015; Popoola et al., 2019). It is looked upon as one of the most powerful instruments for reducing 
poverty and inequality and setting the foundation for sustained economic growth.6 Health has a strong association 
with educational achievement and economic growth (Behrman, 1996; Mushkin, 1962). Therefore, HCD in terms of 
both education and health is expected to have a positive impact on growth.

It is important to point out here that there are empirical studies on India which use different approaches like a 
cointegration framework (Haldar, 2008; Haldar and Mallick, 2010), multiple linear regression and neo-classical 

6 �See: blogs.worldbank.org/education/why-education-matters-economic-development

http://adp.yonsei.ac.kr
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Solow production functions (Shukla, 2017a, 2017b) or Johansen Cointegration and Fully Modified Ordinary 
Lease Squares (Parika and Singh, 2020) on time series data covering different periods to show a strong positive 
relationship between human capital and economic growth. However, no studies have used a path analysis technique. 
Path analysis has been carried out in the present study by using the maximum likelihood method. This method 
yields estimates which are best linear and unbiased.

Research and Development (RD)
There has been growing interest in exploring the relationship between the RD and economic growth for the past 

two decades. RD plays a catalytic role in creating innovation (Begg et al., 1994) and this seems to be the best option 
to overcome the limits of growth as per Grossman and Helpman (1994a, 1994b). The OECD (2002) defines RD 
as “creative work done on a systematic basis to increase the knowledge pool, including the knowledge in people, 
culture and society, and the use of this knowledge pool to devise new applications.” 

The crucial role of innovations and investment in human capital on productivity gains and economic growth has 
been recognized by endogenous growth economists like Romer (1986, 1990a, 1990b) and Lucas (1988, 1993). Some 
empirical studies find a clear causal and positive link between the RD expenditure and economic growth (Athina et 
al., 2018; Ozcan and Ari, 2014; Grossman and Helpman, 1994), while others find no relationship (Tuna et al., 2015; 
Santosa and Catalão–Lopes, 2014). Jones (1995) also found that despite the fact OECD countries invested in RD input 
over 40 years, GDP growth rates remained constant in many regions. Some scholars (Carlino et al., 2007) point out that 
only a marginal effect on local development may be visible even when RD investment is very high. The explanation for 
these divergent results lies in the fact that different regions do not have the same ability to transform RD investment 
into real economic output (Rodríguez-Pose, 1999; Shearmur and Bonnet, 2011). Regional variation impacts RD 
efficiency (Xiong et al., 2020) via the presence of different social filters (Rodríguez-Pose, 1999). Social filters are 
defined as a set of socio-economic elements which promote or deter the development of a regional innovation system 
(Rodríguez-Pose, 1999; Co, 2002; Crescenzi and Rodríguez-Pose, 2013). The stronger the social filter conditions in 
the form of rigid labor market conditions, low participation of women, population aging, or shortage of skills, the 
more innovation averse the region would be. However, weak social filter conditions like the higher level of human 
capital will make a region innovation prone. Some regions may not reap the economic returns of education due to 
inadequate social conditions. Scholars believe that RD efficiency is determined by factors such as social capital, human 
capital, institutional quality, and cultural characteristics. Therefore, “…innovation is no longer explained by the sole 
combinations of tangible forms of capital (physical, financial…), but also by combinations of intangible forms of 
capital” (Landry et al., 2002; Xiong et al., 2020).

Therefore, the relationship between RD investment and economic growth may vary depending upon the presence 
and nature of different social filters in different regions. The underlying message is that policy must look beyond 
merely increasing RD expenditure to reap the benefits of innovation. Therefore, the government should focus on a 
series of factors that support the overall innovation system rather than just on quantitative expenditure on RD.

Indirect Effect of RD on EG via the “Mediating Variable” HCD
We are hypothesizing here that RD is a direct driver of growth and also affects growth indirectly through HCD, 

which is a “mediating variable.” Recent research (Lee et al., 2010; Wang et al., 2018; Reenen, 2021) shows that 
human capital development and innovation, i.e. people, their knowledge, creativity, and the ability to convert these 
resources into innovation” are becoming increasingly critical for shaping the competitive advantage of countries 
and fuelling growth. Inter alia, a variety of potential contributions to social sector development can be experienced 
via integrating science and technology into development policies. For example, the adoption of new technologies 
in the education sector like the use of information and communication technologies (ICT) can help in addressing 
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the problem of accessibility of education in rural and backward regions of India and promote inclusive growth. The 
same holds for FINTECH (financial technology) as a solution for financial inclusion. Therefore, innovation not only 
plays a pivotal role in the economic growth of a country directly but indirectly, too, by building its innovative and 
learning capacities which can allow catch up to happen (OECD, 2012).

Direct effect of Social security and Welfare (SSW) on growth
The effect of SSW7 spending on economic growth is a highly debated and complex issue. There are scholars (Ding, 

2014) who believe that welfare expenditure may be detrimental to economic growth, but other sets of researchers 
(Lindert, 2004) consider welfare expenditure to be a growth booster. The mutual relationship between SSW and 
growth has been recognized in several studies (Nagarajan, 2003; Scholz, 2017; Behrendt and Nguyen, 2018; Seeta 
Prabhu and Iyer, 2019; Zhang et al., 2019; Cammeraat, 2020). Some (e.g. Sakellaridis, 2009; Periera and Andraz, 
2014) demonstrate a negative relationship between public expenditure on social security and economic growth.8 

Other studies, such as that by Carter et al. (2013), found no statistically significant relationship between the two 
variables in the case of Barbados. A study done by Koenig and Myles (2013) found a strong positive impact of SSE 
on EG in the US. It showed that one dollar spent on social security generates approximately two dollars increase in 
economic output. Lee and Chang (2006a, 2006b) also show strong evidence in favor of the existence of a long-run 
equilibrium cointegrating relationship between GDP and social security expenditure. Given these diverse results, 
the hypothesized sign of the coefficient of SSW is uncertain.

Innovation, SSW, and economic growth
We have also hypothesized in our study that RD (innovation) and SSW covary over time and influence economic 

growth. Onaran and Stockhammer (2016) advance the demand-side argument, suggesting that welfare spending 
may push up consumption expenditure by placing more purchasing power in the hands of the people. Less explored 
is the supply-side argument (Estevevez-Abe et al., 1999; Hall, 2015), which highlights the latent role, played by 
welfare spending in facilitating innovation and boosting growth. Koo et al. (2020) in their recent study argue that 
“welfare is an important support system for innovation activities”. Koo and others develop a linkage between the 
seemingly two unrelated variables, innovation and welfare, by drawing from recent developments in the field of 
psychology and economics. They suggest that welfare support by enhancing the capabilities of individuals and 
engendering a positive state of mind (i.e. happiness, optimism) has the potential to contribute to innovative capacity 
and long-term economic growth. They argue that “the availability of welfare support may harness the innovative 
potential of individuals by enabling them to take happiness-enhancing as well as risk hedging paths.” While welfare 
may not be a direct input toward innovation, they argue it may serve as a moderator by facilitating creativity and 
risk-taking. Given this, we hypothesize a positive relationship between SSW and EG.

It is important to point out that social protection is critical for sustainable development. Social protection policies 
constitute a key element of the implicit social contract and decent work as recognized and promoted in the Sustainable 
Development Goals9 (Behrendt and Nguyen, 2018). Many developing countries like India have been encountering 
the twin challenges of enhancing and extending social security. Undeniably, the use of technology (like smartphones, 

7 �The Western model of social security is based on providing relief in cases of specific contingencies that have interrupted regular income. 
However, in developing countries, social security is intertwined with economic security. In the context of a country like India, social security 
should focus on basic minimum needs like food security, nutrition, employment, primary health, primary education, and housing. It should 
also emphasize poverty alleviation measures of land and asset redistribution (Dev et al., 2001).

8 �In the case of 12 EU countries.
9 �Sustainable Development Goals (SDG) targets 1.3, 3.8, 5.4, 8.5 and 10.4.

http://adp.yonsei.ac.kr
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AI, machine learning, blockchain) in delivering social security and welfare services10 can help in checking diversions, 
reducing administrative costs, improving efficiency, and fostering economic growth. This can help in achieving various 
targets laid down under SDGs of UN agenda 2030. As such, we hypothesize that these two co-varying variables, RD 
and SSW, impact growth positively. Several researchers have written on the relationship between HCD, RD, SSW, and 
economic growth separately in the Indian context. However, as per our knowledge, there has been no prior study that 
tries to capture the direct and indirect impact of these variables on economic growth.

DESCRIPTION OF VARIABLES AND SOURCES OF DATA 

The data for the path analysis carried out in this study was collected from various reports of Indian Public Finance 
Statistics over the period 1987-88 through 2016-17. This period has been chosen because the time series data is 
available following the same classification for the period under consideration.

As discussed above, we use three endogenous/explanatory variables: HCD, RD, and SSW. Human capital 
development is defined as the developmental expenditure11 in absolute terms incurred by the Government of India 
(GOI) in two categories: “education, art, culture” and “medical, public health, water supply, and sanitation services”. 
The developmental expenditure incurred on scientific services and research (in absolute terms) by GOI has been 
used as a proxy variable for innovation or RD. SSW is defined as the combined development expenditure of both 
the central government and the states on “social and community services”. 

For our outcome variable, Gross National Income per capita (GNIPC) has been used as a proxy for economic 
growth. The data on Gross National Income per capita (GNIPC) has been collected from the GOI Economic Survey.

METHODOLOGY

A path diagram was constructed first, followed by the estimation of time-varying path coefficients and test of the 
overall goodness of fit.

Path Analysis
Path analysis is an extension of a multiple regression statistical technique that enables one to examine and 

understand the relationships between a dependent variable and two or more independent variables (Du Toit and 
Browne, 2007; Eichler, 2007; Zhang, 2010; Zhang and Zhang, 2014). It is through this method, the magnitude and the 
significance of causal connections between variables can be captured. This technique recognizes that an exogenous/
independent variable can have a direct as well as an indirect effect on the dependent variable. It is this method that 
allows a variable to be dependent in one relationship and independent in another (e.g. HCD in the current study). 
These variables are termed mediating or intermediate variables in the path analysis. In addition, unlike regression 
analysis, the simultaneous modeling of several related regression relationships can be carried out under this 
method. We have carried out path analysis using the maximum likelihood statistical technique to compute the path 
coefficients (which are time-varying in nature) present in the model. The use of the maximum likelihood statistical 
technique gives us the best, linear, and unbiased estimates. It will be important to mention here that the time series 
is found to be normally distributed and hence it follows the Gaussian time series. In such a case Structural Equation 
Modeling (SEM) is comparable to time series modeling like autoregressive time series with moving average residuals 

10 �See https://news.itu.int/social-security-technology/
11 �Developmental expenditure is that which adds to the production and the productive capacity of the economy.

https://news.itu.int/social-security-technology/
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i.e. ARMA (Zhang and Zhang, 2014). Zhang and Zhang (2014) write: “structural equation model is based on the 
equations, and ARMA model is also based on the equations. So the two models seem to have in common. Can 
methods of study on structural equation models be used to study the ARMA models? The answer is yes.”

The first step in this path analysis is to construct/develop a path diagram to provide a visual representation of the 
relationship between variables. The causal direction between the variables is specifically laid out using arrows 
(single-headed arrows) and wires (double-headed arrows) and these clearly illustrate our hypothesized relationship. 
The squares, arrows, and wires have been used to show causation. The arrows show the cause for the independent, 
intermediate, and dependent variables. Figure 1 given below shows a path diagram with two exogenous variables 
(RD and SSW) and two endogenous/outcome variables (EG/GNIPC and HCD), based on the hypotheses emerging 
from the literature.

The diagram shows the relationship among the independent, intermediate, and dependent variables. It shows 
two effects: direct and indirect. When an arrow is directed from an exogenous variable to the dependent/outcome/
response variable then this is called the direct effect. But an exogenous variable may impact the dependent variable 
through another exogenous variable then that is termed as an indirect effect.

● The direct arrow from RD to EG is depicting the direct influence of RD on EG.
● �An arrow pointing from variable RD to variable HCD is showing that Variable RD is hypothesized to 

influence Variable HCD. And, HCD, in turn, influences EG as indicated by an arrow from HCD to EG. Or 
we can say that the variable HCD is the “mediating/intermediate variable” between RD and EG.

● �A direct arrow from SSW to EG shows the direct effect of SSW on EG. But the wire or double-headed 
arrow between RD and SSW indicates our hypothesis that these variables co-vary (covariance between RD 
and SSW is shown) and indirectly influence EG, too.

The total effect of the exogenous variable on the dependent variable will be the total of direct and indirect effects. 
Here, the overall effect of RD on EG is the total of the direct effect of RD on EG (-1.9) and the indirect effect of RD 
on EG via HCD as indicated in the path diagram. The indirect effects are calculated by multiplying the coefficient 
for each path e.g. 

RD_HCD_EG is (23*.065)=1.495
Total indirect effect=1.495

The indirect effect of RD on EG via HCD is positive. However, the direct effect, which happens to be negative and 

Fig. 1. Path diagram

http://adp.yonsei.ac.kr
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larger (-1.9), outweighs the positive but smaller indirect effect of RD on EG. The total effect of RD on EG will be 
negative [{-1.9+1.495}=-.405].

The next step is to estimate the proposed model using the maximum likelihood technique after which the 
evaluation of results of the model and their interpretation will follow.

RESULTS AND DISCUSSION

A path analysis using maximum likelihood estimation in Stata 13 was performed to identify factors affecting the 
economic growth in India. The intercepts and their standard errors for each variable which were not shown in the 
path diagram are as follows: for the outcome variable EG the intercept stands at 15233.41 with the standard error of 
9239.448 and it is significant at a 5% level of significance.

The interpretations of multivariate regression results for GNIPC are:
(1) �The intercept (bo

EG) for EG=15233.41, the value of EG when all the predictors are zero (HCD=0, SSW=0, 
RD=0).

(2) �The estimated slope coefficient for HCD (b1
EG)=.0654 for predicting economic growth indicates that for 

every unit increase in HCD holding RD and SSW constant, growth increases by 0.654. This is in keeping with 
Schultz (1961), Becker (1993), Dreze and Sen (1996), Stiglitz (1998), and Heckman (2004). It is important to 
emphasize here once again that the path coefficients reported in the study are time-varying coefficients.

(3) �The estimated slope coefficient for RD (b2
EG)=-.189 for predicting GNIPC/growth indicates that for 

every one-unit increase in RD (holding HCD and SSW constant), growth decreases by .189. This result 
is not in keeping with the majority of the literature which argues that RD efforts are positively associated 
with economic growth. Contrarily, our result has the support of scholars such as Rodríguez-Pose (1999) 
and Shearmur and Bonnet (2011) who say that all regions may not be able to uniformly transform RD 
investment into economic outcomes. Our study lends support to the social filters theory which says that 
that the presence of unfavorable social filters conditions may prove to be detrimental to RD effort and 
hamper growth.										           
In contrast to the knowledge-driven literature, our findings are supporting Pessoa (2010) and Shukla 
(2017a, 2017b) who show the unequivocal negative relation between growth and aggregate vertical 
innovation rate and RD intensity. The negative sign of the RD coefficient implies that an innovation 
policy solely relying on increasing RD outlays for improving aggregate productivity may prove to be 
ineffective in increasing the rate of growth. Therefore, the quality of RD does matter along with quantity. 
Besides, this negative relationship between RD and growth is lending support to the social filters theory.

(4) �The estimated slope coefficient of SSW (b3
EG)=.197 predicting growth shows that for every one-unit 

increase in SSW (holding HCD and RD constant), growth increases by .197. Like Lee and Chang (2006) 
among others, the present study demonstrates a positive relationship between social security and welfare 
spending by the government and economic growth. This is in line with our hypothesis. 

We come now to the interpretation of multivariate regression results for HCD:
(1) �The intercept of HCD (b0

HCD)=-18332.21, the value of HCD when all predictors are zero (RD=0, 
SSW=0).

(2) �The estimated slope coefficient for RD (b1
HCD)=23.24, predicting HCD indicates that for every unit 

increase in RD (holding other variables constant), HCD increases by 23.24. This is in line with the 
studies done by Athina et al. (2018) and Ozcan and Ari (2014).
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After the estimation of the model, we proceed to find out whether the model is saturated or the best fit model. 
This can be done based on a variety of fit indices. Hooper et al. (2007) suggest inter alia chi-square (X), root means 
square error of approximation (RMSEA), and the comparative fit index (CFI), and standardized root mean square 
residual (SRMR).

The chi-square statistic does not turn out to be significant in our analysis. This might be because of the small 
sample size and therefore, constitutes one of the limitations of the study. Hair et al. (2019) very clearly say 
that the chi-square statistics is influenced by the sample size. Considering this argument, the probability of 
chi-square statistics becoming significant with the increase in the sample size irrespective of the relationship 
amongst the variables is quite high. Since a variety of other fit indices (RMSEA, CFI, and SRMR) are available with 
us, therefore, we tried to check the goodness of fit utilizing them.

The RMSEA turns out to be 0.067, which is within the acceptable range (from 0.05 to 0.08) for a good model fit 
(Steiger, 2007). The value of CFI must be interpreted very cautiously as the closer the value to one, the better the fit. 
Values of SRMR can range from zero to 1.0 with values less than 0.05 indicative of the ‘well-fitting’ model (Hooper 
et al., 2007). As shown in Table 2, our estimated model is a best fit model as per RMSEA index, CFI index, and 
SRMR index.

 

Table 1. �Path coefficients based on estimation of model on the basis 
of maximum likelihood method

Outcome variables Predictors Coefficient estimates

EG/GNIPC HCD 0.0654

    (0.028)*

  RD -0.189

(0.491)

  SSW 0.197

    (0.071)*

HCD RD 23.241

    (0.777)*

Note: The values in parentheses are OIM standard errors
*indicates a 0.05 level of significance 

Table 2. Overall fitness of model based on fit indices

Fit index Acceptable threshold* Values as observed from path analysis Level of significance (p-value)

Root Mean Square Error of 
Approximation (RMSEA) Values less than 0.07 0.067 p < 0.05

Comparative Fit Index (CFI) Cut off value >/= 0.90 0.934 “Good fit model”

SRMR < 0.05 0.012 p < 0.05

Note: Acceptable thresholds are derived from Steiger (2007) (RMSEA), Hu and Bentler (1999) (CFI & SRMR). RMSEA confidence interval is 90%, 
with lower bound=0.062, upper bound=0.073.
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CONCLUSIONS AND POLICY IMPLICATIONS

The hypothesized positive relationship between HCD and EG turned out as per expectations. Our finding 
emphasizes that a focus of decision-makers must be on HCD as economic growth will not be sustained unless 
accompanied by improvements in HCD. 

Since RD indirectly impacts economic growth via HCD, the negative sign of RD suggests that an innovation 
policy based merely on RD intensity may not be effective in improving productivity and growth. Therefore, while 
creating an appropriate RD strategy, the government must consider quality and efficiency along with quantity. In 
addition, the national innovation system needs to be supported and strengthened by focusing on a series of factors. 
These include ensuring a well-functioning higher education system, provisioning of skilled labor, promoting 
entrepreneurial activities, encouraging scientific culture, improving labor market conditions, and ensuring 
institutional connectivity through the engagement of actors such as universities in RD). RD efficiency which is 
determined by factors such as social capital, human capital, institutional quality, and cultural characteristics also 
matters. It is high time to realize that RD investment is not sufficient to improve economic performance. What 
is more important at the present juncture is to recognize the role of social, economic, and institutional factors 
(Crescenzi and Rodríguez-Pose, 2013). This can break down the thick wall between RD inputs and outputs, 
generating higher economic returns for RD efforts. Therefore, a comprehensive and coordinated policy intervention 
is a must to ensure that the new technologies translate into better outcomes for all. 

The positive relationship between SSW and EG highlights the underlying role that social policies can play in a 
country’s growth. It also shows the need for evolving better SSW schemes to minimize the harm of job losses and 
retrenchment during contingencies like COVID-19. The finding that SSW and EG are positively related in the study 
adds strong impetus to the case for making the social assistance and anti-poverty programs more efficient. This 
can be done through tech interventions for reducing administration costs and checking leakages. Our study reveals 
that social security and welfare services have a positive effect on economic growth directly and indirectly via its 
relationship with RD. Given the fact that 90% of workers in the informal sector do not have adequate social security, 
the technological interventions via the use of mobile telephony, AI, and machine learning can prove to be very cost-
effective and efficient ways of delivering social security and welfare services. The enhancement and extension of 
these services to remote areas via technology will make them more accessible and inclusive, helping to optimize 
the opportunities of new technology in the social security field. This can also assist in achieving various targets laid 
down under the Sustainable Development Goals (SDGs). Therefore, social security and welfare policies should 
be carefully designed to stimulate innovative activity and to harness the innovative potential of the country, and 
contribute to its long-term growth.

It is important to mention that investment in human capital and RD impacts economic growth with some time 
lag. Besides the causal impact, identification of such a time lag is crucial for policy design. This vital issue is beyond 
the scope of this paper, but warrants future study.
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