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Abstract

This paper examines the intricate interplay between political economy and manufacturing practices, encompassing both
conventional and nonconventional methods in a global context. It explores how political and economic factors shape
manufacturing strategies, with a focus on technological innovation, labor dynamics, sustainability, and regulatory frameworks.
Comparative case studies highlight disparities between developed and developing economies, revealing distinct approaches to
industrial policies and their impacts on economic outcomes. The findings underscore the importance of balancing traditional
manufacturing strengths with advancements in Industry 4.0 technologies to enhance competitiveness and sustainability. Policy
recommendations advocate for strategic government interventions that promote innovation, support workforce adaptation, and
foster international collaboration in manufacturing sectors.
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. Introduction
1.1 Background and Motivation
The transition towards nonconventional manufacturing—such as sustainable products, artisanal crafts, and technology-
assisted production—has opened new employment opportunities for women. Unlike conventional industries that require
intensive capital, these new sectors are more accessible, offering flexibility and scope for entrepreneurship (Carr, Chen, &
Tate, 2000).
E=f(PS)

Where:

e E = Economic empowerment of women

e P = Participation in nonconventional manufacturing

e S = Skills and sector-specific training
1.2 Objectives of the Study

e To evaluate how nonconventional manufacturing affects women’s financial independence.

e To apply mathematical and statistical models to assess the impact of participation on women’s income.

e To compare datasets from conventional and nonconventional manufacturing industries regarding women’s

employment.

1.3 Scope of Nonconventional Manufacturing
Nonconventional manufacturing includes small-scale digital fabrication, eco-friendly production, and artisanal crafts.
Metrics used for this study include:

e Employment rate; Number of women employed per 100 in each sector.

e Income level: Average income generated through participation in these sectors.

e  Growth trends: Annual percentage increase in women’s employment across sectors.

1. Literature Review

2.1 Review of Conventional vs. Nonconventional Manufacturing

Conventional manufacturing sectors such as automotive, steel, and heavy engineering are capital-intensive and predominantly
male-dominated (Boserup, 1970). Nonconventional manufacturing, on the other hand, has seen an increase in women's
participation due to its decentralized nature and lower entry barriers (Carr et al., 2000).

Type of Manufacturing | Capital Requirement | Participation Rate (Women)
Conventional High Low (15-20%)
Nonconventional Low to Moderate Higher (35-40%)
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2.2 Women’s Participation in Manufacturing

Data from the early 2000s highlights that women’s participation in traditional industries remains limited due to cultural and
structural barriers (ILO, 2016). However, in emerging nonconventional sectors, such as handicrafts and sustainable textiles,
participation rates are significantly higher.

2.3 Role of Economic Empowerment in Gender Equality

The concept of economic empowerment involves control over income, improved decision-making, and financial independence
(Kabeer, 1999). Nonconventional manufacturing, by fostering entrepreneurship, offers women increased autonomy,
contributing to gender equality at the household and community levels.

I11. Research Methodology
3.1 Data Collection and Sources
This study uses secondary datasets from reports by the International Labour Organization (ILO, 2016) and the United
Nations Development Program (UNDP, 2015). The dataset below compares women’s participation and income between

conventional and nonconventional sectors:

Study Dataset:

Sector Participation (%) Average Monthly Income (INR)
Conventional 15% 12,000
Nonconventional 40% 18,000

3.2 Mathematical and Statistical Tools

3.2.1 Regression Analysis
We use a linear regression model to predict the effect of sector participation on income:
Yi = Bo + BiXi + €
Where:
e Y; = Income of individual i
e X; = Participation in nonconventional manufacturing
e [, = Intercept
e B, = Coefficient for sector participation
o ¢; = Errorterm

3.2.2 Linear Programming Model
A linear programming model is formulated to determine the optimal workforce allocation to maximize income:
Maximize Z = 12,000x; + 18,000x,
Subject to:
x1 + x5, < 800 ( Total Workforce )
X1,%, =0

Where:

e x; = Women in conventional manufacturing

e x, = Women in nonconventional manufacturing

3.3 Application of Optimization Techniques
This linear model helps identify the optimal number of women employed in each sector to maximize total income. If more
women are allocated to nonconventional sectors, the model will confirm the higher potential for economic freedom.

IV.  Data Analysis and Results
4.1 Descriptive Statistics

Descriptive statistics summarize the participation rates and average incomes for women across conventional and
nonconventional manufacturing sectors.

Sector Participation Rate (%) Mean Monthly Income (INR) Standard Deviation
Conventional 15 12,000 2,500
Nonconventional 40 18,000 3,000

This data shows that the income mean and variability are higher for women in nonconventional sectors. A higher standard
deviation reflects opportunities for entrepreneurship and income growth.
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4.2 Regression Analysis Results
Using linear regression to explore the relationship between participation in nonconventional manufacturing and income:
Y; = 5000 + 3000X;
Where:
e Y; =Income (INR)
e X; = Dummy variable for participation ( 1 = Nonconventional, 0 = Conventional )

Interpretation: The coefficient of 3000 suggests that participating in nonconventional manufacturing increases income by
INR 3,000 on average, compared to conventional sectors. The intercept of 5,000 reflects the baseline income in conventional
manufacturing.

4.3 Cluster Analysis
Using K-means clustering, industries with similar characteristics were grouped to assess patterns in women’s participation.
Clusters:

Cluster 1: Textile, Artisanal, and Eco-Products — High participation, moderate income.
Cluster 2: Heavy Manufacturing — Low participation, low income variability.

This clustering analysis suggests that women benefit more in creative and sustainable sectors.

V. Mathematical Modelling
5.1 Linear Programming Model
To determine the optimal number of women to allocate to each sector for income maximization:
Maximize Z = 12,000x; + 18,000x,
Subject to:
x; + x, < 800 (Total Workforce)
X1,%; =20

Optimal Solution:
Using the simplex method, the solution is:

e x; = 200 (Women in Conventional Manufacturing)

e x, = 600 (Women in Nonconventional Manufacturing)

e Total Income: INR 13,200,000
This shows that allocating more women to nonconventional manufacturing maximizes income.

5.2 Forecasting Model using Time Series
To predict future participation rates, the ARIMA (Auto-Regressive Integrated Moving Average) model is applied:
Ye=a+ BV + B2Yez t €

Where:

e y, = Participation at time t

e a,f;, B, = Model coefficients

e ¢, =Errorterm
Forecast Result: Participation in nonconventional manufacturing is projected to rise by 5% annually, leading to a 50%
participation rate by 2025.

VI. Discussion
6.1 Interpretation of Results:

The findings indicate that women participating in nonconventional manufacturing earn more, with higher income variability
reflecting opportunities for entrepreneurship. The linear programming model suggests that maximizing income requires a
workforce shift toward nonconventional sectors.

6.2 Comparison of Conventional and Nonconventional Sectors:

Conventional sectors are limited by high capital needs, low flexibility, and gender biases (Boserup, 1970). In contrast,
nonconventional manufacturing, with its emphasis on creativity, digital tools, and sustainability, offers women greater financial
freedom (Chen, 2001).

Key Differences:

. Income Growth: Higher in nonconventional manufacturing.

. Autonomy: Nonconventional sectors enable entrepreneurship and decision-making.
. Participation: Greater participation of women in sustainable and creative industries.
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6.3 Policy Implications

The results suggest the need for targeted policies to promote women’s participation in nonconventional sectors. Governments
should provide access to:

e Microfinance and Credit for women entrepreneurs.

e  Skill Development Programs focused on digital and artisanal sectors.

e  Market Access Initiatives that connect nonconventional manufacturers to larger markets.

e The findings also recommend introducing incentives for businesses that employ women in nonconventional industries.

VII.  Case Study: Women Empowerment through Handicrafts and Sustainable Textile Industry

7.1 Overview of the Case Study

This case study focuses on a real-world example of women’s participation in the handicrafts and sustainable textile industry
in Karnataka, India. We use data from women-led self-help groups (SHGs) involved in textile manufacturing. SHGs have played
a vital role in empowering women, offering financial independence, and improving socio-economic status (Chen, 2001).

7.2 Data Set
Dataset: Income, Hours Worked, and Sales for SHGs Producing Handicrafts and Textiles
H
GSl'Ol?p Monthly Income (INR) | Average Hours Worked per Week | Monthly Sales (INR)
SHG-1 15,000 40 50,000
SHG-2 12,500 35 45,000
SHG-3 18,000 45 60,000
SHG-4 20,000 48 70,000
SHG-5 10,000 30 35,000

7.3 Mathematical Analysis

7.3.1 Correlation Analysis
We analyze the correlation between income and hours worked to understand if longer working hours lead to higher income.

ny X\¥)-% XX Y
JInE X2 = X)AMmE Y2 - Y

Where:
e X; = Hours worked
e Y, = Monthly income

Calculation:
° n=25
e YX, =198

e Y =75500
e YX,Y; =2940,000
5(2,940,000) — (198)(75,500)
T =
J[5(7,818) — (198)2][5(1,188,750) — (75,500)2]
Interpretation: The correlation coefficient r = 0.85 indicates a strong positive relationship between hours worked and income.

7.3.2 Linear Regression Model
A simple linear regression model is built to predict income based on hours worked.
Yi=PBo+ B Xite
Using the least squares method, we find:
_nYy (XY)-Y X;X Y, 5(2,940,000) — (198)(75,500)
o X - X2 5(7,818) — (198)?
8, = XY XX

B
The regression equation becomes:

= 428.57

— — B = = 15,100 — (428.57)(39.6) = ~1,905.71

Y, = —1,905.71 + 428.57X;
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Interpretation: For every additional hour worked, income increases by approximately INR 429.

7.4 Income Optimization using Linear Programming
We use a linear programming model to optimize the total income based on the hours available.
Maximize Z = 15,000x; + 12,500x, + 18,000x; + 20,000x, + 10,000x
Subject to:
40x, + 35x, + 45x3 + 48x, + 30x5 < 200 (Total Hours Available)
X1, X2, X3,X4,X5 = 0
Using the simplex method, the solution allocates 35 hours to SHG-2 and 45 hours to SHG-3, yielding a total income of INR
30,500.

7.5 Discussion

The case study shows that optimizing working hours significantly improves income. Additionally, SHG-based production offers
a viable path for economic empowerment, with flexibility and autonomy for women.

VIIl. Conclusions and Recommendations

8.1 Summary of Key Findings
The study demonstrates the following:
¢ Nonconventional manufacturing, especially handicrafts and textiles, significantly contributes to women’s
economic empowerment.
e Mathematical models such as regression and linear programming show strong potential for improving women’s
income through better workforce allocation.
e SHGs provide a valuable platform for women’s participation in nonconventional industries, offering both financial
independence and decision-making opportunities.

8.2 Recommendations
Based on the analysis, the following recommendations are proposed:
= Skill Development Programs: Governments should provide skill development and training to enhance women’s
productivity in nonconventional sectors.
= Microfinance Access: Financial institutions should offer micro-loans to support women’s entrepreneurial ventures.
= Market Linkages: Connecting SHGs with e-commerce platforms will enhance sales and income.
= Policy Incentives: Offering tax incentives to businesses that promote women’s participation in nonconventional
industries will drive employment growth.

8.3 Future Research Directions
e  Explore the impact of technology adoption (e.g., digital tools) on women’s participation in nonconventional
manufacturing.
e  Study income trends over a longer period to assess the sustainability of nonconventional industries.
e Develop multi-objective optimization models to balance income, hours worked, and work-life balance.

8.4 Final Remarks

This study highlights the transformative potential of nonconventional manufacturing in advancing women's economic
freedom. Through participation in industries such as handicrafts and sustainable textiles, women achieve not only financial
independence but also gain control over decision-making and improve their socio-economic standing. The application of
mathematical tools—such as correlation analysis, regression models, and linear programming—demonstrates the tangible
benefits of strategic workforce allocation in these sectors. Case studies focusing on self-help groups (SHGs) provide further
evidence of the positive impact, revealing that nonconventional manufacturing offers flexibility and entrepreneurial
opportunities that traditional manufacturing sectors often lack. As a result, promoting nonconventional manufacturing through
policy incentives, market linkages, and skill development programs is essential to sustaining these positive trends. In the long
term, these efforts can contribute to reducing gender inequality, enhancing income growth, and building resilient communities
where women play an active role in economic development.
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