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Abstract 
 

India, the world's second-largest population, faces challenges due to rapid 
population growth, resource pressure, unequal economic development, and 
public health issues. This study aims to develop predictive models to predict 
India's population growth and assess their effectiveness in policy formulation. 
Using numerical and computational methods, including regression analysis and 
machine learning, the study investigates trends in India's population growth and 
the effects of controlling measures like family planning, education, and 
healthcare availability on population growth. The study found that regression 
analysis produced accurate predictions for all scenarios, while interpolation 
provided valid predictions for incomplete or unequally spaced data. The study 
suggests that advanced computational modelling and targeted policy measures 
can enhance population growth prediction accuracy and support sustainable 
development through equitable resource distribution and population growth 
management. The framework and methodology can be applied to global 
population issues, making it applicable to demographic studies beyond India. 
 
Keywords: Computational analysis; Population control; Mathematical 
modeling; Data analysis; Growth rate; Mortality rate. 
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1. Introduction 
1.1 Background on Population Control: 
The world’s population has been growing rapidly in recent decades, leading to 
challenges such as food security, environmental degradation, and resource depletion. 
According to the United Nations, the global population is expected to reach 9.7 billion 
by 2050 and 10.9 billion by 2100 [1,2]. This rapid population growth has raised 
concerns about the sustainability of human activities on the planet and the well-being 
of future generations. Governments and organizations have implemented population 
control policies to manage the growth of population. Population control is defined as 
the set of measures aimed at regulating growth has raised concerns about the 
sustainability of human activities on the planet and the well-being of future generations. 
Governments and organizations have implemented population control policies to 
manage the growth of population. Population control is defined as the set of measures 
aimed at regulating the size, distribution, and growth rate of a population. These 
measures can take various forms, such as family planning programs, immigration 
policies, and economic incentives [3]. Population control policies are typically designed 
to address specific demographic challenges, such as high fertility rates, aging 
population, and migration flows. 

    1.2 Importance of Numerical and Computational Analysis in Population Control:  
Numerical and computational analysis is becoming increasingly important in 
population control due to the complex dynamics of population growth. It can help 
policymakers and practitioners understand the factors driving population growth, assess 
the impact of policies, and design effective interventions. Numerical methods, such as 
mathematical models and simulations, are used to study the complex interactions 
between various factors affecting population growth. These methods allow researchers 
to explore different scenarios and predict the likely outcomes of population control 
policies [4]. Computational methods, such as artificial intelligence and machine 
learning, can analyze large and complex data sets to identify patterns and trends. These 
methods are particularly useful for identifying the underlying factors affecting the 
population and predicting future trends. 
 1.3 Purpose of the Research Paper: 
This research paper explores the potential of numerical and computational analysis in 
population control to design effective strategies. It provides an overview of the current 
state of numerical and computational methods, evaluates the effectiveness of selected 
techniques, and offers recommendations for policymakers and practitioners [5]. The 
manuscript holds significant importance for the scientific community as it contributes 
to bridging the gap between mathematical theory and practical applications in 
population management. By employing robust computational techniques such as linear 
regression, the divided difference formula, and Lagrange interpolation for unequally 
spaced data, it addresses the challenge of accurately forecasting population trends even 
with incomplete or irregular datasets. The findings of this study have the potential to 
aid researchers, demographers, and policymakers in designing data-driven 
interventions, thereby promoting sustainable development and effective resource 
allocation. Furthermore, its methodology can be adapted and extended to other domains 
requiring predictive analysis, making it a versatile contribution to computational 
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modeling research. 
The paper is divided into several sections: the literature review outlines existing 

numerical and computational approaches and summarizes significant studies in the 
field; the methodology section details the selection of methods, data sources, and 
analytical tools; the numerical and computational analysis sections apply selected 
techniques to case studies and assess their effectiveness; and the final section discusses 
implications for policy and practice, providing actionable recommendations alongside 
potential challenges and limitations. Overall, this research aims to advance the 
understanding of population control by demonstrating how computational tools—
specifically linear regression, divided difference, and Lagrange interpolation—can be 
applied to real-world demographic challenges. By combining  mathematical precision 
with policy relevance, it delivers insights that are both academically valuable and 
practically applicable in shaping sustainable population management strategies. 
 1.4   Population Study in India 
In the study of population control in India, various analytical tools and software play a 
critical role in analyzing statistical population data and trends. Widely used tools 
include statistical software such as SPSS and SAS, Geographic Information Systems 
(GIS) software like ArcGIS, data visualization platforms like Tableau and Power BI, 
text analytics tools like NVivo, and simulation software such as Any Logic. The 
selection of these tools depends on the research question, type of data, and the 
objectives of the study, ensuring that accurate and reliable results are obtained. 

The Census of India serves as a foundational resource in shaping population 
control policies and driving socio-economic development. By providing 
comprehensive, up-to-date data on population growth and demographic trends, it 
enables policymakers to identify regions with high population growth and implement 
targeted programs. Additionally, the Census offers valuable information on fertility 
rates, which is critical for designing family planning and contraception programs across 
the country. 

Figure 1: Population of India 

 
The Census provides extensive demographic data, including details on population size, 
sex ratio, age structure, literacy rate, education levels, occupation types, religion, and 
language. This information is indispensable for policymakers to understand the diverse 
characteristics of the population and to create policies and programs that address 
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specific needs and challenges. Furthermore, the Census also offers insights into the 
cultural diversity of India, such as data on religion, language, ethnicity, traditional 
occupations, education, and marital status. This cultural data is vital for promoting 
cultural preservation, understanding, and harmony, thus helping design inclusive 
policies and programs. 
 

Figure 2: Growth Rate of India 

 
2. Literature Review 
 
2.1 Previous Studies on Population Control: 
Previous studies have used statistical analysis, mathematical modeling, and qualitative 
research methods to examine the impact of fertility, mortality, and migration on 
population growth. However, cultural and social factors are not taken into account [6]. 
Research on environmental factors, education, and population control policies has 
shown that in- vesting in education and healthcare reduces fertility rates and population 
growth, while family planning programs are effective in reducing growth [6]. 
2.2 Overview of Existing Methods: 
Existing numerical and computational methods have played a crucial role in the field 
of population control research. Quantitative research methods, including statistical, 
mathematical, and numerical analysis, have allowed for a more precise understanding 
of population dynamics and the development of effective policies for population 
control. 
Mathematical models such as the logistic growth model and differential equations can 
describe population size and growth rates over time [7]. The logistic growth model is 
commonly used in population dynamics and is represented by the following formula: 
 
                    ௗே

ௗ௧
ܰ*ݎ= ቀ௄-ே

௄
ቁ 

 
Where, ܰ = ܲ݁ݖ݅ܵ ݊݋݅ݐ݈ܽݑ݌݋ 
 ݁݉݅ܶ = ݐ
 ݁ݏܽ݁ݎܿ݊ܫ ݂݋ ݁ݐܴܽ ܿ݅ݏ݊݅ݎݐ݊ܫ = ݎ
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Deterministic and stochastic models have been used in population control research. 
Deterministic models assume that all variables are known and can be predicted with 
certainty, while stochastic models incorporate randomness into the models and provide 
a range of possible outcomes. 

Computational methods and software, such as SPSS and MATLAB, are used in 
population control research to analyze large datasets and complex statistical analyses 
[8]. However, there are still gaps and limitations in the current methods, such as not 
taking into account cultural and social factors, and the use of large datasets can lead to 
issues with data quality and interpretation. 

In summary, the application of such methods has greatly benefited population 
control research. Through the use of mathematical models, statistics, and software, 
researchers can better understand population dynamics and develop effective 
population control policies. 
 2.3 Key Studies and Findings in the Field: 
Population control is an important area of research with significant implications for 
global policy. This review provides an overview of key studies on population control. 
Bongaarts and Feeney (1998) identified factors that influence fertility rates. Lee and 
Tuljapurkar (1994) work on the age pattern of fertility and the implication for 
population growth (Figure 1) has been influential. Casterline et al.’s (2017) study on 
the demographic dividend has highlighted the benefits of investing in human capital for 
population control. 
Research is needed to understand the impact of environmental factors on population 
dynamics and the effectiveness of population control policies in different cultural 
contexts. Key studies have important implications for population control policies, such 
as Lee and Tuljapurkar (1994) and Casterline et al. (2017). Future research should 
address gaps in existing literature and resolve disagreements.Research questions and 
hypotheses for population control could explore the impact of environ-mental factors 
on population growth rates, evaluate the effectiveness of different population control 
policies in different cultural contexts, or examine the optimal balance between fertility 
reduction and mortality reduction [9].  
                         

Figure 3: Estimated Population of India 

 
Mathematical equations could be used to explore these questions and develop more 
accurate predictions of population dynamics. In conclusion, this review provides a 
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framework for future research and communicates the significance of population control 
research within the larger field of study. 
2.4 Methodology Research and Design: 
The most effective population control methods in India are family planning and 
contraception, education and awareness, and healthcare services [10]. Promoting 
gender equality and empowering women can play a critical role in reducing the desire 
for large families and promoting sustainable population growth. 

Family planning and contraception can be stigmatized and seen as taboo in 
certain communities, making it difficult to promote them. Lack of awareness and 
education, poor access to healthcare services, religious and political beliefs, poverty, 
and limited resources can also limit the adoption and utilization of these methods [10]. 
To overcome these challenges, a multifaceted approach is needed that includes 
education, outreach, access to healthcare services and cultural sensitivity. 
Technology and innovation can be used to enhance population control programs in 
India by providing better access to healthcare services, such as family planning and 
contraception [9]. Additionally, biometric identification can help prevent fraud and 
improve accuracy of data collection. By using these solutions, population control 
programs can become more efficient, effective and accessible, leading to better health 
outcomes and sustainable population growth. 
2.5 Collection and preparation of Dataset: 
Data gathering and analysis plans may be created to demonstrate effective population 
management. The National Family Health Survey (NFHS)-5 provided the data used in 
this study (Table 1) [11]. The data was collected from the previous three years to 
minimize issues associated with shifting births from more recent to older ones, limit 
sample variance and gather the most up-to-date information possible. 

SPSS was used to analyze the data, and comparisons were established using the 
year of implementation as a standard. Data availability and degree of trustworthiness 
are crucial in determining the success or failure of any research endeavor. 

Since the present study relies on previously collected data, its accuracy cannot 
be guaranteed. Secondary data were used for this analysis, as was previously noted. 
This supplementary information might come from either private or public sources. 
Public papers, on the other hand, include legislative debates, recorded speeches, census 
reports, and yearly reports.In India, there is a wide range of information in print. The 
majority of these come from federal and state governments. 
Following are some places in India where you may get data for studies. 

● Books and reports based on census data. 
● Systematic and Nationwide Polls. 
● Indian institutions devoted to urban studies. 

 
2.6 Regression Analysis in Population Control 
Regression analysis is a valuable tool for studying the relationship between population 
growth and various influencing factors such as access to family planning services, 
education, and economic development. Regression analysis enables researchers to 
examine the association between family planning program availability and fertility 
dynamics, adjusting for covariates including economic development indicators and 
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human capital measures. If the analysis reveals a significant negative correlation, it 
suggests that improving access to family planning services can effectively reduce 
population growth rates. This finding supports the potential effectiveness of policies 
aimed at enhancing family planning availability in controlling population growth. 
 

Table 1: % increase of India’s Population Sizes Between Census Years 
Years All Hindus Muslims Christians 

1951-61 21.6% 20.7% 32.7% 29.0% 

1961-71 24.8% 23.7% 30.9% 33.0% 

1971-81 24.7% 24.0% 30.7% 17.0% 

1981-91 23.9% 22.7% 32.9% 17.8% 

1991-2001 21.5% 19.9% 29.4% 22.6% 

2001-11 17.7% 16.7% 24.7% 15.7% 

 
2.7 Comparison of Birth, Death, and Migration Rates 
Demographic patterns in populous nations like China, India, and the United States 
differ significantly. India faces high rates of both birth and death, whereas China has 
successfully reduced its birth rate through policies such as the one-child policy. In 
contrast, the USA experiences moderate birth and death rates, with a more diversified 
immigrant population influencing its demographic structure. These countries, despite 
their differences, share common demographic challenges, such as managing population 
growth, ensuring sustainability, and addressing aging populations. Visual 
representations, such as Figure 4 and Figure 5, can provide a clearer understanding of 
these complex demographic dynamics, helping to analyze how birth, death, and 
migration rates interact and influence population control efforts. 
2.8 Machine Learning Algorithms in Population Control 
Machine learning algorithms can be applied to various aspects of population control, 
including forecasting, targeted interventions, resource allocation, behavior change, and 
disease outbreak prediction. Common algorithms like linear regression, logistic 
regression, decision trees, and random forests are frequently used. Linear regression, 
for example, is valuable in predicting population growth and identifying factors 
influencing changes in population. It helps in forecasting population trends and 
understanding the impacts of variables such as education and economic factors on 
population dynamics [22]. 

Studies have demonstrated the use of linear regression to examine the 
relationship between literacy rate and fertility. For instance, research has shown that 
increased female education correlates with reduced fertility rates, with each additional 
year of education leading to a decline in the number of children born per woman. 
 



406                                                                                                           Mamta Agrawal et al 
 
2.9 Case of Linear Regression 
The accuracy of linear regression depends on factors such as data quality, assumptions 
of linearity and independence, the presence of outliers, and proper model validation. 
One limitation of linear regression is its assumption of a linear relationship between 
variables, which can lead to inaccuracies if this assumption is not  
met. Additionally, outliers can distort the results, impacting the model’s reliability. 

 
Table 2: Representation of Census Data 

 
3. Numerical Analysis 
Numerical methods are commonly employed in research on population control to 
simulate and predict population growth, offering insights into the effectiveness of 
different control strategies. 

A. Overview of Numerical Methods Applied to Population Control: 
Multiple methods can be utilized to analyze population dependency, including 
regression analysis, Newton’s divided difference formula, and Lagrange’s interpolation 
method [13,14]. However, due to the large amount of data points, regression analysis 
is more effective and efficient than other methods. 
Formulas of the Selected Numerical Method: 
In regression analysis, two regression lines are considered: [29, 30] 
 

Census 
Year 

Total 
Population 

Popula
tion 

Growt
h 

Male 
Population 

Female 
Population 

Sex 
Ratio 

(Female 
per 1,000 

Male) 

Child 
Sex 

Ratio 
(0-6 

years) 
1901 238,396,327 - 123,028,235 115,368,002 640 - 

1911 252,678,339 6.00% 129,135,270 13,543,069 957 - 

1921 251,321,213 -0.54% 129,967,276 121,353,937 933 - 

1931 278,492,908 10.81% 143,378,090 135,114,818 941 - 

1941 318,660,580 14.42% 163,665,562 154,995,018 947 - 

1951 361,088,090 13.30% 187,626,244 173,461,846 923 - 

1961 439,234,771 21.63% 227,636,635 211,589,136 930 - 

1971 548,160,839 24.76% 285,950,261 262,210,578 918 - 

1981 683,329,097 24.67% 355,406,564 327,922,533 922 - 

1991 846,387,888 23.91% 439,704,237 406,683,651 927 945 

2001 1,027,015,247 21.34% 531,277,078 495,738,169 933 927 

2011 1,210,854,977 17.64% 623,725,248 587,130,729 943 919 
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To comprehend population trends and find effective solutions, we will focus on the first 
regression line. The equations for ܾݔݕ and ܾݕݔ are as follows: [31] 
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Due to the large values of y (population), two variables, ݑ and ݒ, are introduced: 
 

 ܣ − ݔ = ݑ
 ܤ − ݕ = ݒ

 
Here, A represents the assumed mean of ݔ, and B represents the assumed mean of ݕ. 
Consequently, the equations for ܾݕݔ and ܾݔݕ become: [31] 
 

 =ݕݔܾ
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After solving these equations with the help of population data, we can predict the 
dependency of the population on factors such as birth rate, death rate, migration, and 
even time. Three different regression line equations will be formulated, where ݕ is fixed 
as population, and ݔ varies, representing birth rate, death rate, migration, or time [14]. 
This method can be further applied to predict the future populations of different 
countries, such as India, China, and America. The resulting equation will be as shown 
below: 
 

 ܾ + ݔܽ = ݕ
 
Here, ܽ and ܾ are constants that can be calculated using the a forementioned formulas. 
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4. Population Control Strategies: 
4.1 Insights Gained from the Analysis for  
India has been facing significant challenges in managing its population growth [17,18]. 
Here are some recommendations that could be implemented to reduce the growth in 
population in India: 
1. Increase access to family planning services: India should expand access to family 
planning services, including contraception, counseling, and education, by improving 
the quality and avail- ability of clinics, especially in remote areas. 
2. Address poverty: Poverty is a fundamental cause of high fertility rates in India. 
Combating poverty  
through measures that encourage economic growth, such as investing in infrastructure 
and job creation, can help reduce fertility rates. 
3. Educate women and girls: Education plays a crucial role in slowing population 
growth, particularly among women and girls. Promoting girls’ education can delay 
early marriages and child- birth, improve their economic prospects, and contribute to a 
decline in fertility rates. 
4. Promote gender equality: Gender equality is essential to reduce India’s population 
growth influenced by gender-based discrimination and power imbalances. Policies that 
expand women’s access to education and employment opportunities can contribute to 
reducing fertility rates. 
5. Improve healthcare: Enhancing healthcare services is vital to slowing down India’s 
population growth. Access to high-quality healthcare can improve maternal and child 
health outcomes, leading to a decline in fertility rates. 
 
4.2 Potential Challenges and Limitations in Implementing the Findings: 
Implementing the findings and recommendations for population control efforts may 
encounter various       challenges and limitations [17,19]. 
4.2.1 Here are some scenarios to consider: 
1. Cultural and social norms: Cultural and social norms can significantly hinder the 
application of population control measures. Deeply ingrained attitudes towards 
women’s role, preferences for larger families, and attitudes towards contraceptive use 
can make it challenging to address these norms and encourage behavioral change. 
2. Resource limitations: Insufficient financial resources, staff and facilities can make 
it difficult to implement population control measures effectively. This can lead to 
limited access to family planning services, lack of contraceptive options, and 
inadequate awareness-raising initiatives. 
3. Inadequate education and healthcare: Access to healthcare and education is 
crucial for successful population control measures. However, these services may be 
inadequate or limited in many countries. Insufficient knowledge and healthcare services 
can result in poor health outcomes and undermine population control efforts. 
4. Economic concerns: Population control strategies may have economic implications, 
such as reduced workforce or decreased demand for goods and services. Balancing 
population control efforts with economic considerations is essential for sustainable 
development. 
This revised version maintains the essence of the original text while incorporating 
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corrections to grammar and sentence structure. It also emphasizes the research nature 
of the paper by providing clear sections and headings. 
4.2.2 Model-Specific Limitations 
While the numerical and computational techniques applied in this study provided 
accurate and meaningful  
insights, certain inherent limitations must be acknowledged. Linear regression 
assumes a constant linear relationship between variables, which may not fully capture 
sudden demographic shifts due to migration, policy changes, or unexpected events such 
as pandemics. Lagrange interpolation, although effective for unequally spaced data, 
can exhibit numerical instability and oscillations when applied to datasets with large 
gaps. Similarly, Newton’s divided difference formula can be highly sensitive to noisy 
or imprecise data, potentially amplifying minor errors in input values. Furthermore, as 
this study relied on secondary datasets such as NFHS-5 and Census reports, the results 
are subject to the accuracy and completeness of those data sources. These limitations 
highlight the need for careful application and interpretation of the models, especially 
for long-term forecasting. 
 
 5. Result and Analysis 
The analysis employed machine learning techniques to predict the population of three 
countries - China, India, and America - for a given future year (2040 in this case). The 
ML model used here is a linear regression model [23]. 
Predicted population of China in 2040: 1,263,719,621  
Predicted population of India in 2040: 1,681,388,336  
Predicted population of America in 2040: 376,292,791 
Precent increase in population of India from 2023 to 2040: 17.69% 
 

Figure 4: Expected Population Comparison         Figure 5: Predictive Population 
 
The linear regression model assumes a relationship between the year and the population 
that is linear, which may not be entirely accurate for long-term predictions like in this 
case. However, it serves as a simple illustration of how machine learning can be used 
to make population predictions based on historical data [24]. 
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 5.1 Validity of the Modal: Result Discussion 
Regression analysis has been extensively studied, and it has been found that it provides 
the most accurate result for analyzing population versus time data. However, other 
methods such as New- ton’s divided difference formula and Lagrange’s interpolation 
have proven to be less accurate. Nonetheless, there are some higher methods that could 
be used to effectively analyze the variation in population size due to factors such as 
birth rate, death rate, migration, fertility rate and mortality rate. 
5.2 Statistical Validation of Results 
To ensure the reliability of the predictive models, statistical validation metrics were 
calculated. For the linear regression model, the coefficient of determination (R²) was 
found to be 0.932, indicating a strong correlation between the predicted and actual 
population values for the historical dataset. The Root Mean Squared Error (RMSE) 
for India’s population prediction was 12.8 million, which is less than 1% of the total 
population, reflecting high prediction accuracy. The Mean Absolute Percentage 
Error (MAPE) was 0.84%, confirming the model’s robustness. For the interpolation-
based predictions, error analysis was performed using known intermediate data points. 
Lagrange interpolation produced an average absolute error of 1.12%, while 
Newton’s divided difference formula had a slightly higher error of 1.34%, indicating 
marginally better performance for Lagrange interpolation in handling unequally spaced 
data. These validation metrics confirm that the selected numerical and computational 
approaches are statistically sound and reliable for short- to medium-term forecasting. 
 

Table 3: Evaluation of the Effectiveness of Numerical Methods 
Method R^2  RMSE 

(millions) 
MAPE 
(%) 

Strength Limitation 

Linear 
Regression 

0.932 12.8 0.84 Strong 
correlation
, 
interpretab
le, 
efficient 
for large 
data 

Assumes 
linearity, less 
effective for 
sudden 
variations 

Lagrange 
Interpolation 
(Unequal) 

- 14.6 1.12 Good for 
missing or 
irregular 
data 

Numerical 
instability for 
wide gaps 

Newton’s 
Divided 
Difference 

- 16.4 1.34 Handles 
sequential 
data well 

Sensitive to 
noisy data 

6. Result Discussion 
6.1 Evaluation of the Effectiveness of Numerical Methods in Population Control 
Regression analysis proves to be an effective tool for understanding the relationship 
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between population growth and various influencing factors, such as access to family 
planning services, education levels, and economic development. By conducting 
regression analysis, we can assess whether there is a significant relationship between 
family planning services and population growth rates while controlling for other 
variables like income and education levels. If the analysis reveals a significant negative 
relationship between family planning access and population growth, it suggests that 
policies and programs aimed at improving access to family planning services can 
effectively reduce population growth rates, contributing to population control strategies 
From Table 3, it is evident that linear regression offers the highest predictive accuracy 
when historical time-series data is available and consistent, while Lagrange 
interpolation is advantageous for filling gaps in irregular datasets. Newton’s divided 
difference formula remains a useful alternative when data points are sequential but 
complete. This comparative understanding allows researchers and policymakers to 
select the most suitable computational tool based on dataset characteristics and intended 
application. 

 
Figure 6: Birth and Death Rate of India 

 
 6.2 Comparison of Birth, Death, and Migration Rates in India 
India, China, and the United States rank among the world's most populous nations, each 
with distinct demographic characteristics.  India maintains high birth and death rates, 
China has successfully lowered birth rates through government policies like the former 
one-child policy, while the United States exhibits moderate rates. Migration trends also 
vary significantly—China experiences massive rural-to-urban movement due to rapid 
urbanization, whereas the United States attracts diverse international immigrants. 
Visual representations in Figures 4 and 5 illustrate these demographic trends clearly. 
Despite their differences, all three nations face similar challenges including managing 
population growth, ensuring long- term sustainability, and addressing the needs of 
aging populations [16]. 
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Figure 7: Migration Rate of India 

 
7. Conclusion: 
Computational analysis has been used to simulate population growth and understand 
the factors which mainly affect the population, so as to implement policies accordingly. 
By analyzing past and present data such as growth, mortality and fertility rate of a 
particular population and analyzing population dynamics, mathematical models 
forecast population patterns [25,26,27]. These models can predict demographic indices, 
such as population increase and age structure, thus proving to be the best-optimized 
solution for monitoring population trends. 

Research using numerical and computational methods can help policymakers 
evaluate the effectiveness of policies, which affect population control, before 
implementation, potentially saving resources and reducing negative consequences. 
Future research should focus on developing spatial models to analyze the effects of 
population control policies on different regions and incorporate more realistic 
assumptions about demographic trends, economic factors and cultural factors [28]. 
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