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Abstract

This research paper presents an econometric investigation into the intricate relationship between gender
inequality, operationalized through the female labour force participation rate (LFPR), and aggregate
economic growth, measured by Gross Domestic Product (GDP) per capita, specifically within the Indian
macroeconomic context. Employing a robust time-series econometric-methodology, including Phillips-
Perron (PP) unit root tests, Johansen cointegration analysis, and both short-run and long-run error correction
models (ECM), this study aims to quantify the directional impact and magnitude of these key
macroeconomic variables. The empirical findings reveal a statistically significant long-run equilibrium
relationship, highlighting the substantial influence of female labour force participation on India's economic
trajectory. Furthermore, other pertinent macroeconomic indicators such as gross fixed capital formation
(GFCF), population growth rate (PGR), and secondary school enrollment (SSE) are incorporated into the
model to provide a comprehensive analytical framework. The Granger causality test is also conducted to
elucidate the lead-lag dynamics between LFPR and GDP per capita. This study contributes to the extant
literature by providing rigorous empirical evidence on the economic ramifications of gender equality in a
major emerging economy, thereby offering data-driven insights for evidence-based policymaking aimed at

fostering inclusive and sustainable economic development in India.
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1. Introduction

Economic growth, a fundamental objective of national development strategies, is a multifaceted
phenomenon influenced by a complex interplay of economic, social, and institutional factors. While
traditional economic paradigms often emphasize capital accumulation, technological progress, and human
capital formation, the critical role of social structures, particularly gender dynamics, has garnered increasing
prominence in contemporary macroeconomic discourse. Gender inequality, a pervasive global challenge,
can impede a nation's full economic potential by constraining the productive engagement and economic
empowerment of a substantial segment of its human resources. This paper specifically delves into the
econometric relationship between gender inequality and aggregate economic growth in India, utilizing the
female labour force participation rate (LFPR) as a crucial proxy for gender equality and Gross Domestic

Product (GDP) per capita as the dependent variable representing economic growth.

India, as a rapidly expanding economy, presents a compelling empirical laboratory due to its persistent
gender disparities despite notable macroeconomic advancements. The underrepresentation of women in the
formal labour market, often attributable to entrenched societal norms, limited access to educational and
skill-enhancing opportunities, and inadequate infrastructure, has been a central theme in policy debates.
Understanding the quantitative impact of female labour force participation on GDP. per capita is imperative
for the formulation of effective policy interventions that simultaneously promote gender equity and
sustainable economic development. This study aims to provide robust empirical evidence to substantiate the
argument for strategic investments in women's economic empowerment as a catalyst for national prosperity

and an integral component of inclusive growth strategies.

2. Literature Review

The academic discourse on the nexus between gender inequality and economic growth is extensive and
multifaceted, encompassing diverse theoretical frameworks and empirical methodologies. A significant
body of econometric research postulates a positive correlation between female labour force participation and
economic development. Klasen and Lamanna (2009) provide empirical evidence suggesting that gender
inequality in educational attainment and employment opportunities can lead to substantial economic welfare
losses, particularly in developing economies. Their analytical framework underscores the premise that the
underutilization of female talent and productive potential constitutes a foregone opportunity for economic

expansion. Analogously, the seminal work by Seguino (2000) has meticulously demonstrated the
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macroeconomic dividends accruing from increased female employment, including enhanced aggregate

productivity, augmented household income streams, and reductions in poverty incidence.

Further rigorous cross-country econometric analyses have corroborated these findings. Dollar and Gatti
(1999) empirically ascertained that economies exhibiting higher levels of female education and narrower
gender disparities in educational attainment generally experience superior rates of economic growth. Their
conclusions strongly advocate that strategic investments in women's education constitute a pivotal
determinant of economic development. Similarly, Galor and Weil (1996) formulated a unified growth
theory model where improvements in women's relative wages and educational attainment serve as key
drivers leading to a decline in fertility rates and a concomitant increase in human capital investment per

child, ultimately contributing to sustained long-run economic growth.

More contemporary econometric studies have disaggregated the specific transmission channels through
which gender equality exerts its influence on economic growth. For instance, Doepke and Zilibotti (2005)
theorized that the observed rise in women's relative wages and their increased engagement in the formal
labour force precipitate a shift in household preferences towards investing in fewer, yet higher-quality,
children. This endogenous behavioral response, in turn, boosts aggregate human capital accumulation,
thereby fueling economic expansion. Duflo (2012) provided a comprehensive meta-analysis of empirical
evidence concerning the macroeconomic impact of women's empowerment and economic development. Her
synthesis concluded that the economic empowerment of women engenders positive effects across a
spectrum of development indicators, including direct contributions to economic growth and poverty

alleviation.

In the specific macroeconomic context of developing nations, particularly India, a substantial body of
literature has explored the nuanced dynamics of female labour force participation. Goldin (1995)
meticulously delineated the historical "U-shaped” trajectory of female labour force participation observed
during the process of economic development, where participation initially contracts during early stages of
industrialization before subsequently expanding with further development and evolving social norms. While
this generalized pattern provides a useful analytical benchmark, its applicability to the Indian economy
necessitates a careful consideration of its unique socio-cultural, institutional, and economic specificities.
Bandyopadhyay and Subrahmanian (2007) provided an insightful analysis of the prevailing challenges and
burgeoning opportunities for women's economic empowerment in India, emphatically underscoring the
imperative for targeted policy interventions to dismantle structural impediments to female labour force
participation. An extensive review of accessible literature from prominent academic databases, such as
Google Scholar, consistently underscores the underutilized productive potential of female labour as a critical
driver of national economic performance, especially in dynamic emerging markets like India. This body of

literature invariably highlights the crucial role of robust institutional frameworks and strategic policy
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initiatives in facilitating enhanced female participation in the labour force, thereby fostering sustained

economic prosperity.

3. Objectives

The primary econometric objectives of this research paper are:

e To empirically estimate and analyze the long-run and short-run dynamic relationships between
female labour force participation rate (LFPR) and Gross Domestic Product (GDP) per capita in India
using an Error Correction Model (ECM).

e To quantitatively assess the individual impact of other relevant macroeconomic determinants,
including gross fixed capital formation (GFCF), population growth rate (PGR), and secondary
school enrollment (SSE), on GDP per capita within the Indian context.

e To perform a Granger causality test to ascertain the directional causality, if any, between female
labour force participation rate (LFPR) and GDP per capita in India.

o To generate evidence-based policy recommendations derived from the empirical findings to guide
interventions aimed at promoting gender equality and accelerating sustainable economic

development in India.

4. Hypothesis

Based on theoretical economic postulates and extant empirical literature, the following testable hypotheses

are formulated for this econometric study:

e H1: There exists a statistically significant positive long-run cointegrating relationship between
female labour force participation rate and economic growth in India.

e H2: Gross fixed capital formation (GFCF) exerts a statistically significant positive impact on
economic growth in India in both the short and long run.

e Ha3: Population growth rate (PGR) significantly influences economic growth in India.

e H4: Secondary school enrollment (SSE) demonstrates a statistically significant positive impact on
economic growth in India, particularly in the long run.

o Hb5: There is a unidirectional or bidirectional Granger causal relationship between female labour

force participation rate and GDP per capita in India.
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5. Data Sources and Methodology

This study utilizes annual time series data for India. The macroeconomic variables employed include female
labour force participation rate (LFPR), Gross Domestic Product (GDP) per capita, Gross Fixed Capital
Formation (GFCF) as a percentage of GDP, Population Growth Rate, and School Enrollment Secondary
Percent Gross. Data for these series are meticulously sourced from authoritative international statistical
repositories, primarily the World Bank's World Development Indicators (WDI) and the International
Monetary Fund (IMF) statistical databases. The selection of the data span is predicated upon maximizing the
number of available observations while ensuring the reliability and consistency of the data series for a

robust econometric analysis.

The methodological framework employed in this study is a rigorous time series econometric
approach. Initially, the stationarity properties of all variables will be empirically examined using the
Phillips-Perron (PP) unit root test. The PP test is preferred over the Augmented Dickey-Fuller (ADF) test
due to its superior robustness to issues such as structural breaks and serial correlation, which are common
characteristics of macroeconomic time series data. Establishing the order of integration for each variable is a
crucial prerequisite to circumvent the problem of spurious regression results, which can arise from
regressing non-stationary series on each other. Subsequent to the unit root tests, if all variables are found to
be integrated of the same order, cointegration analysis will be performed using the Johansen procedure to
ascertain the existence of one or more long-run equilibrium relationships among the selected
macroeconomic variables. The presence of cointegration implies that despite short-run fluctuations, these
variables tend to move together in the long run, thereby maintaining a stable equilibrium. If cointegration is
established, an Error Correction Model (ECM) will be estimated to capture both the long-run equilibrium
dynamics and the short-run adjustments of the system. The ECM framework allows for the examination of

how deviations from the long-run equilibrium are corrected in the short run.
The general specification of the long-run cointegrating relationship can be expressed as:

LnGDP,, = B0 + B1LNLFPR, + B2LnGFCF; + B3LnPopulationG R,

+ B4LnSchoolEnrollmetSecondaryPercentGross; + €t

Where LnGDP,, represents the natural logarithm of GDP per capita at time t, LnLFPR, represents the
natural logarithm of female labour force participation rate at time t, LnGFCF; represents the natural
logarithm of gross fixed capital formation at time t, LnPopulationGR; represents the natural logarithm of
population growth rate at time t, LnSchoolEnrollmetSecondaryPercentGross; represents the natural
logarithm of secondary school enrollment at time t, B0 is the intercept term, 1 through 4 are the long-run

coefficients representing elasticities, and et is the long-run error term.
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The short-run dynamics will be captured by the error correction term (ec.1), which is the lagged residual
from the long-run cointegrating regression. Finally, to investigate the causal nexus between female labour
force participation and GDP per capita, Granger causality tests will be conducted. This test will determine
whether past values of one variable can statistically predict future values of another variable, thereby

providing further insights into the dynamic interplay of these key macroeconomic indicators.

6. Results and Discussion

This section presents and discusses the empirical findings derived from the econometric analysis,
encompassing both short-run and long-run equilibrium relationships, as well as model stability diagnostics

and causality analysis.

6.1. Short-Run Results

The estimated coefficients for the short-run dynamics of the Error Correction Model (ECM) are presented in
Table 1. The error correction term, denoted as 'ec.1, is statistically significant at the 0.001 level with an
estimated coefficient of -0.411. This negative and highly significant coefficient indicates that approximately
41.1% of the disequilibrium from the long-run equilibrium relationship is corrected within a single period.
The associated t-value of -7.354 further underscores the strong statistical significance and the rapid speed of

adjustment towards long-run equilibrium following short-run deviations.

TABLE 1 : Short Run Dynamics - Coefficients Estimate Std.Error | tvalue | Pr(>|t])
(Intercept) -2.50E+05 | 3.38E+04 | -7.382 | 7.55E-07 ***
ec.1 -4.11E-01 5.58E-02 -7.354 | 7.96E-07 ***
dLFPR.t 1.98E+03 7.62E+02 2.594 | 0.018343 *
dGFCFinr.t 5.99E-10 5.40E-11 | 11.094 | 1.77E-Q9 ***
dGFCFinr.1 3.28E-10 1.18E-10 2.792 | 0.012046*
dPopulationGR.t 4.09E+04 4.66E+03 8.781 | 6.34E-08***
dPopulationGR.1 -5.10E+04 1.10E+04 -4.641 | 0.000203***
dSchoolEnrollmentSecondaryPercentGross.t 2.23E+01 | 9.29E+01 0.24 | 0.813142
dSchoolEnrollmentSecondaryPercentGross.1 -1.12E+03 2.57E+02 -4.343 | 0.000392***
dSchoolEnrolimentSecondaryPercentGross.2 -5.86E+02 1.63E+02 -3.603 | 0.002031**
dGDPpercapita.1 -8.49E-01 1.79E-01 -4.731 | 0.000167***
dGDPpercapita.2 -2.15E-01 1.39E-01 -1.548 | 0.138973

Source: author’s own calculation; Note: Signif. Codes: 0 “***’ 0.001 “**’ 0.01 ‘*’ 0.05‘’0.1” 1

A detailed analysis of the short-run coefficients for the differenced variables reveals several significant
relationships influencing economic growth in India. The contemporaneous change in the female labour force
participation rate shows a positive and statistically significant impact, suggesting that increased female
participation in the labour market contributes positively to short-term economic performance. Similarly,

both the current and first-lagged changes in gross fixed capital formation exhibit strong and highly
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significant positive effects, underscoring the critical role of physical investment in driving short-run growth.
In terms of population dynamics, the contemporaneous change in the population growth rate positively
affects economic growth, while its first-lagged counterpart has a significant negative impact. This pattern
suggests that while immediate increases in population can boost the labour supply, sustained growth may
place strain on infrastructure and resources, resulting in a delayed adverse effect. On the education front, the
immediate effect of changes in secondary school enrollment is statistically insignificant, but the first and
second lags demonstrate significant negative impacts. This counterintuitive result may reflect delayed
returns on human capital investment or short-term structural adjustments within the education system.
Additionally, the first lag of GDP per capita change shows a significant negative effect, while the second lag
IS not statistically significant, possibly indicating short-run oscillatory behavior or self-correcting tendencies
in GDP per capita growth. Overall, the model demonstrates strong explanatory power and confirms its

robustness in capturing the short-term dynamics of economic growth.
6.2. Long-Run Results

The estimated long-run coefficients from the cointegrating regression, which constitute the equilibrium
relationships, are presented in Table 2. These coefficients provide insights into the persistent and

fundamental influences on economic growth in India:

TABLE 2: LONG RUN COEFFICIENTS Estimate Std. Error | tvalue | Pr(>|t])

(Intercept) -2.50E+05 3.23E+04 | -7.7247 | 2.05E-06 ***
GDPpercapita.1l -4.11E-01 8.72E-02 | -4.7087 | 0.0003356***
LFPR.1 3.85E+03 4.76E+02| 8.0879 1.21E-06***
GFCFinr.1 3.61E-10 7.22E-11 | 4.9925 | 0.0001973***
PopulationGR.1 4.81E+04 6.60E+03 | 7.2943 3.94E-06%**
SchoolEnrollmentSecondaryPercentGross.1 1.51E+03 1.83E+02 | 8.2381 9.72E-Q7***

Source: author’s own calculation; Note: Signif. Codes: 0 “***’ 0.001 ‘**' 0.01 ‘** 0.05 ‘. 0.1 1

The long-run coefficients from the model offer valuable insights into the structural drivers of economic
growth in India. The lagged GDP per capita shows a statistically significant negative relationship, indicating
a potential self-regulating or convergence mechanism within the growth trajectory, where economies may
decelerate as they reach higher income levels. In contrast, the lagged Female Labour Force Participation
Rate exhibits a highly significant and positive association, emphasizing the vital role of gender inclusion in
the workforce. This finding provides strong empirical support for the idea that reducing gender disparities,
particularly in labour market participation, is essential for fostering sustainable long-term economic
development. Likewise, the lagged Gross Fixed Capital Formation demonstrates a statistically significant

positive impact, reaffirming the traditional economic understanding that consistent investment in physical
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capital underpins long-run economic prosperity. Moreover, the lagged Population Growth Rate also shows a
strong positive effect, suggesting that, over time, population growth may enhance the productive labour
force and expand domestic demand, thereby contributing to aggregate economic expansion. Finally, the
lagged School Enrollment at the secondary level reveals a highly significant and positive influence,
highlighting the long-term economic benefits of investing in human capital through secondary education.
Together, these results underscore the importance of inclusive labour policies, sustained capital investment,
population planning, and education in driving India’s long-term economic growth.

It is pertinent to note that the long-run model specification, consistent with the ECM framework,
also incorporates the short-run dynamics of the differenced variables. The statistical significance and
directional effects of these short-run coefficients largely align with the observations from the pure short-run

model presented previously.
6.3. Model Stability Diagnostics

The graphical analyses presented in Figure 1, specifically the "Recursive CUSUM test" and "Recursive
CUSUM of squares test," provide crucial diagnostics regarding the stability of the estimated model
parameters over the sample period.

GRAPH:

Recursive CUSUM test Recursive CUSUM of squares test
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Empirical fluctuation process
0
05
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Time Time
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The Recursive CUSUM Test, which plots the cumulative sum of recursive residuals against the 5% critical

bounds, is used to assess the stability of regression coefficients over time. If the plot remains within these
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bounds, it indicates the absence of significant structural breaks and affirms the temporal stability of the
model’s parameters. In this case, the CUSUM plot largely adheres to the critical limits, suggesting stable
regression coefficients. Similarly, the Recursive CUSUM of Squares Test, which plots the cumulative sum
of squared recursive residuals, also falls within the 5% bounds, reinforcing the conclusion that the model’s
parameters are stable over time. Additionally, the Recursive MOSUM Test, which analyzes moving sums of
recursive residuals to detect any instability in parameter estimates, confirms the model’s temporal stability
as its plot remains within the critical limits. Together, these diagnostic tests provide robust evidence that the

estimated model exhibits strong parameter consistency throughout the sample period.

Collectively, these diagnostic stability tests strongly suggest that the estimated coefficients of the
econometric model are robust and are not unduly influenced by significant instability or structural changes
within the underlying data generating process over the sample period, thereby lending substantial credibility

to the empirical findings.
6.4. Results of Granger Causality Test

Table 3: Granger Causality Test

GDPpercapita~LFPR 0.9679 Uni-directional Causality running from

LFPR~GDPpercapita 7.238e-07 *** | GDP per capita to Labour Force
Participation (female), No reverse
causality is established.

Source: author’s own calculation

The results from the Granger Causality test indicate a unidirectional causality running from GDP per capita
to female labour force participation. The test suggests that past values of GDP per capita can statistically
predict future changes in female labour force participation, whereas historical values of female labour force
participation do not significantly predict future changes in GDP per capita within the Granger causality
framework. This empirical finding implies that as India's economy expands, there may be an increase in
employment opportunities or evolving societal norms that encourage greater female participation in the
labour force. However, it is important to note that this result pertains strictly to predictive causality and does
not undermine the statistically significant direct impact of female labour force participation on economic
growth as observed in both the long-run and short-run regression analyses. The apparent divergence
between predictive causality and direct statistical influence is a common nuance in econometric

interpretation and should be understood with careful consideration.
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7. Conclusion

This research paper meticulously conducted an econometric investigation into the dynamic relationship
between gender inequality, operationalized by the female labour force participation rate (LFPR), and
aggregate economic growth, measured by GDP per capita, within the Indian macroeconomic context. The
rigorous econometric analysis, encompassing Phillips-Perron unit root tests, Johansen cointegration
analysis, and both short-run and long-run error correction models, provided robust empirical insights into

this complex interplay.

The empirical findings unequivocally establish a strong and statistically significant positive long-run
equilibrium relationship between female labour force participation and economic growth in India. The
highly significant positive coefficient of the lagged LFPR in the long-run model underscores that sustained
efforts to enhance women's economic engagement in the workforce are critically important for achieving
long-term economic prosperity. This strongly supports the initial hypothesis that increased female labour
force participation contributes significantly to economic growth. Furthermore, gross fixed capital formation
and secondary school enrollment were also identified as statistically significant positive drivers of long-run
economic growth, highlighting the fundamental importance of capital accumulation and human capital
development. In the short run, the estimated error correction mechanism indicates a statistically significant
and relatively rapid adjustment process, with approximately 41.1% of the disequilibrium from the long-run
equilibrium being corrected within a single period. While contemporaneous increases in female labour force
participation positively influence short-run economic growth, the complex and sometimes counterintuitive
lagged effects observed for population growth and secondary school enrollment suggest intricate short-term
dynamics that warrant further nuanced econometric exploration. The comprehensive stability diagnostics,
including the CUSUM, CUSUM of squares, and MOSUM tests, provide strong evidence for the robustness
and temporal consistency of the estimated model parameters over the study period, thereby enhancing the
reliability of the findings. The Granger causality test results, indicating a unidirectional causality running
from GDP per capita to female labour force participation, offer an intriguing empirical observation. While
the regression analysis clearly demonstrates the statistically significant positive impact of LFPR on GDP,
the Granger causality suggests that macroeconomic expansion may act as a precursor to increased female
labour force participation, potentially by creating more economic opportunities or fostering shifts in social
norms that previously constrained women's entry into the formal labour market. This finding does not
diminish the importance of female labour force participation for economic growth but rather illuminates a
potential reinforcing feedback mechanism where an expanding economy can further facilitate women's

economic empowerment.
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In conclusion, this econometric study provides compelling and robust empirical evidence regarding
the profound and multifaceted relationship between gender inequality and economic growth in India. The
findings strongly advocate that policy interventions aimed at fostering greater female labour force
participation through targeted initiatives such as improved access to quality education, skill development
programs, creation of safe and inclusive working environments, and the provision of supportive social
infrastructure are not merely social imperatives but also indispensable economic necessities for India's
sustained and inclusive development. Future econometric research could delve deeper into the specific
micro- and macro-level transmission channels through which female labour force participation impacts
economic growth and further explore the precise mechanisms by which aggregate economic growth

influences women's economic empowerment within the distinct socio-economic context of India.
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