
International Journal of New Innovations in Engineering and Technology 

Volume 24 Issue 4 June 2024  30 ISSN: 2319-6319 

Predictive Modelling of Population Dynamics: 
Analysing Demographic Shifts and Growth 

Rates across U.S. States with Machine Learning 

Reetu Sheoran 
  Department of Data Science and Analytics 

Sharda University, Greater Noida, Uttar Pradesh, India 

Neetu Dabas 

  Department of Statistics 
Amity University, Noida, Uttar Pradesh, India 

 

Abstract-  This paper presents comprehensive study utilizing machine learning techniques to predict and analyse 
population dynamics across U.S. states, focusing on demographic shifts and growth rates. Firstly, it delves into population 
analysis, examining trends and growth rates over time, thus identifying significant demographic shifts within various 
states. Secondly, the research investigates the educational landscape, specifically targeting bachelor's degree attainment 
among different racial groups. Through this analysis, the study aims to uncover patterns and disparities in educational 
achievements across states. Lastly, the research explores diversity insights by examining the intersection of racial 
demographics and educational attainment. Ordinary Least Squares (OLS) regression analysis is used to indicate the 
relationship between racial demography and bachelor’s population. The model's R-squared values indicates that 
approximately 24.6%, 33.6% and 86.2% of the variability in the percentage of individuals with bachelor's degrees can be 
explained by the percentage of the Asian population, Black population and White population respectively.  
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I. INTRODUCTION 

Population dynamics, encompassing the complex interplay of births, deaths, and migration, serve as fundamental 
indicators of societal change and development. Understanding these dynamics is crucial for policymakers, planners, 
and researchers alike to formulate informed strategies and interventions. The size of population as well as its age and 
sex composition affect the economy and budget of any country [1] . In the United States, the heterogeneous nature 
of its population, coupled with evolving societal trends, necessitates a nuanced approach to analyze demographic 
shifts and growth rates across its diverse states [2]. This paper presents a predictive modelling framework leveraging 
machine learning techniques to explore population dynamics, with a particular focus on demographic shifts and 
educational attainment across U.S. states. 
 

The Population trends and growth rates provide essential insights into the evolving demographic landscape of a 
region. Identifying shifts in population demographics over time is crucial for understanding societal changes and 
planning future resource allocation strategies. Previous research has extensively explored population dynamics using 
various statistical and computational methods [3]. The U.S. becoming more diverse in terms of race and ethnicity. 
Immigration is the most influencing factor behind this diversity [4]. The effect of migration takes many forms on a 
host country especially on college going outcomes such as test scores and college application patterns [5]. 

 Educational attainment serves as a key determinant of socioeconomic status and contributes significantly to 
individual and societal well-being. Analysing the educational landscape, particularly the prevalence of bachelor's 
degrees, allows for the assessment of disparities and opportunities across different racial groups. Existing literature 
has examined educational attainment patterns and disparities, highlighting the role of race, socioeconomic status, and 
educational policies [6].  
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Understanding the intersectionality of racial demographics and educational achievements provides critical insights 
into the diversity of educational attainment across states. Examining how demographic factors influence educational 
outcomes can inform efforts to promote equity and inclusivity in education. Previous studies have explored the 
intersection of race, ethnicity, and education, shedding light on disparities and opportunities for improvement [7] 
(Fuller-Thomson et al., 2009).  The racial demographics of the United States are changing at a rapid pace. The past 
study demonstrates an effect of demographic change on race ratings and categorization [8] (Krosch et.al., 2022). By 
integrating population analysis, educational attainment, and diversity insights within a predictive modelling 
framework, this research aims to contribute to a deeper understanding of population dynamics and societal trends in 
the United States [9] (Choi & Lee, 2021). A report was prepared at the Urban Institute for U.S. Department of Labor, 
this report focused on demographic trends, work and family issues, health and pension patterns, technical change, 
adjustment to low unemployment, globalization, and the plight of low-skilled workers [10]. Demographic processes 
such as women’s fertility and life expectancy are also undergoing extraordinary changes. The trends in fertility and 
mortality leads to a huge demographics transitions [11]. Demography certainly play a powerful role in shaping the 
social context. Demographic forces are significantly interact with other forces like economic, social, political, 
technical and environmental.  Some of these forces affecting the U.S. in positive direction and some of them in 
negative direction and some are neural in their impact.  But their net direction add up to the major challenges in the 
countries [12]. Ongoing demographic changes will bring about a substantial shift in the size and the age composition 
of the population, which will influences macroeconomic variables such as economic growth, inflation, savings, 
investment etc.[13-14 ]. Leveraging machine learning approaches offers the potential to uncover complex patterns and 
relationships within demographic data [15] , thus informing evidence-based decision-making and policy formulation.  

The United States are the third most populous country in globally. According to the Population Reference Bureau, 
The U.S. is getting bigger, older, and more diverse. In this study, we undertake a comprehensive examination utilizing 
machine learning methodologies to forecast and scrutinize population dynamics among U.S. states, with a particular 
focus on discerning demographic shifts and growth rates. Initially, we conduct an in-depth analysis of population 
trends, scrutinizing growth rates over time to pinpoint significant demographic transitions occurring within diverse 
states. Subsequently, our investigation extends to the educational landscape, specifically targeting the attainment of 
bachelor's degrees among various racial groups. Through this lens, our study endeavours to uncover patterns and 
discrepancies in educational accomplishments across state boundaries. Lastly, we delve into insights regarding 
diversity by probing the intersection of racial demographics and educational achievements. By harnessing the power 
of machine learning techniques, this research provides a nuanced comprehension of population dynamics, educational 
attainment, and their intricate interplay. These findings furnish valuable insights for policymakers, researchers, and 
stakeholders invested in understanding demographic trends and diversity dynamics across U.S. states. 

 

II. EMERGING TRENDS IN PREDICTIVE MODELLING OF POPULATION DYNAMICS 

In Currently, research in the area of Demographic Shifts and Growth Rates with Machine Learning is witnessing 
significant momentum and innovation. With the increasing availability of large-scale demographic datasets and 
advancements in machine learning techniques, researchers are exploring novel approaches to understand and forecast 
population dynamics at the state level. One prevalent trend involves the integration of diverse data sources, including 
census data, satellite imagery, social media data, and administrative records, to capture the multidimensional nature of 
demographic trends.  

Moreover, there is a growing emphasis on developing interpretable machine learning models that not only provide 
accurate predictions but also offer insights into the underlying drivers of demographic shifts. Furthermore, researchers 
are actively exploring the application of advanced Machine Learning algorithms, such as deep learning and ensemble 
methods, to improve the predictive performance and robustness of population forecasting models. Interdisciplinary 
collaborations between demographers, data scientists, and policymakers are also gaining prominence, facilitating the 
translation of research findings into actionable insights for urban planning, resource allocation, and policy 
formulation. Overall, the current research landscape in this domain is characterized by a convergence of cutting-edge 
methodologies, rich datasets, and collaborative efforts aimed at addressing complex challenges in population 
dynamics analysis. 

III. APPROACH AND METHODOLOGY 

2.1  Data Collection – 

Data is the information in the digitized form. “The process of gathering and analyzing accurate data from various 
sources to find answers to research problems, trends and probabilities etc. to evaluate possible outcomes is known as 
Data Collection”. It is an essential phase in all types of research, analysis, and decision-making. The first step 
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involves gathering comprehensive data on population dynamics and educational attainment across U.S. states. The 
source of the data is secondary data collection. This includes demographic information such as age, gender, race, and 
educational attainment levels, as well as historical population counts and growth rates. The Datasets have 21 features 
like 'state', 'densityMi', 'growth', 'BachelorsPercent', 'AsianPercent', 'BlackPercent', 'WhitePercent', 'AsianBachelors', 
'AsianTotal', 'BlackBachelors', 'BlackTotal', 'WhiteBachelors', 'WhiteTotal’ etc. 

2.2  Data Pre-processing and Feature Engineering – 

Data Pre-processing involves transforming raw data into a format that is suitable for analysis and modelling. It 
improve the efficiency of the machine learning model. So, before proceeding with the analysis, the collected data 
undergoes pre-processing to handle missing values, outliers, and inconsistencies [16]. Initially, done the feature 
selection part by removing some unnecessary columns from data set, after that checking the missing values and 
fortunately it is found that there are no missing values in data set [Fig. 1]. 
 

 
Figure 1.   

 

IV. POPULATION ANALYSIS AND RESULT DISCUSSION 

Machine learning models provide a robust toolkit for conducting descriptive analyses on individual variables within a 
dataset, offering insights into key statistical parameters such as central tendencies, dispersion, and data distributions 
(refer to Fig. 2). Furthermore, in order to facilitate a comparative examination of Bachelor's degree attainment across 
different states, we utilized multiple bar diagrams (depicted in Fig. 3) and line graphs (illustrated in Fig. 4) to 
delineate population trends. 

 
Figure 2.  Insights into key statistical parameters  
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Through our graphical exploration, we uncovered notable patterns. For instance, California exhibited the highest 
proportions of White and Asian individuals with Bachelor's degrees, while Texas emerged as a leader in Black 
Bachelor's degree attainment. These findings highlight the pivotal role of visual data analysis in elucidating regional 
variations in educational accomplishments. 
 

 
Figure 3.  Comparative Examination of Bachelor's degree Attainment across different States 

 
Figure 4.  Population Trends 

In case Upon analyzing the bar graphs represented in [Figure 5],[ Figure 6], and [Figure 7], which outline the top 5 
states concerning Black Bachelors, Asian Bachelors, and White Bachelors populations respectively, several notable 
observations surface. As depicted in [Figure 5], Texas emerges as the primary state in the Black Bachelors 



International Journal of New Innovations in Engineering and Technology 

Volume 24 Issue 4 June 2024  34 ISSN: 2319-6319 

demographic, showcasing the highest count. Georgia follows closely, also displaying a substantial population of 
Black Bachelors. Additionally, New York, Florida, and California present noteworthy figures, albeit slightly lower 
compared to Texas and Georgia. These insights illuminate the distribution of educational achievements among 
different racial groups across various states. 

 
Figure 5.  Top 5 States of Black Bachelors 

 

After analysing the [Fig. 6] the top 5 states in terms of Asian Bachelors population, we can say that California 
emerges as the dominant state in this demographic category, boasting a substantially higher Asian Bachelors 
population compared to other states. Following California, Texas and New York also show significant figures, albeit 
noticeably lower than California's count. New Jersey and Illinois, while presenting Asian Bachelors populations, 
demonstrate comparatively smaller numbers. 
In conclusion of [Fig. 7] the top 5 states highlighted in the bar graph offer valuable insights into the distribution of 
White Bachelors populations, California emerges as the clear frontrunner with a significantly higher White Bachelors 
population compared to the other states. Texas follows closely behind, showing a substantial White bachelors 
population as well. New York, Florida, and Pennsylvania also demonstrate notable figures, albeit trailing behind 
California and Texas. 
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Figure 6.  Top 5 States of Asian Bachelors 

 
Figure 7.  Top 5 States of white Bachelors 

This data underscores the importance of understanding regional demographics, particularly concerning educational 
attainment among individuals. It highlights the need for tailored initiatives and support systems to address the specific 
educational and professional needs of Bachelors populations in respective states. Additionally, further investigation 
into the factors driving the disparities in Bachelors populations across different regions could provide valuable 
insights for targeted interventions and resource allocation. 

The Ordinary Least Squares (OLS) regression analysis [Fig. 8] reveals that there is a statistically significant 
relationship between the percentage of Asian population and the percentage of individuals with bachelor's degrees. 
The model suggests that for every one-unit increase in the percentage of the Asian population, there is a 
corresponding increase of  

 
Figure 8.   

approximately 34.16 units in the percentage of individuals with bachelor's degrees, holding other variables constant. 
The model's R-squared value of 0.246 indicates that approximately 24.6% of the variability in the percentage of 
individuals with bachelor's degrees can be explained by the percentage of the Asian population alone. 
In summary of [Fig. 9] the Ordinary Least Squares (OLS) regression analysis indicates a significant relationship 
between the percentage of the Black population and the percentage of individuals with bachelor's degrees. The 
model suggests that for every one-unit increase in the percentage of the Black population, there is an estimated 
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increase of approximately 78.27 units in the percentage of individuals with bachelor's degrees, holding other 
variables constant.  
 
 

The model's R-squared value of 0.336 implies that approximately 33.6% of the variability in the percentage of 
individuals with bachelor's degrees can be explained by the percentage of the Black population alone. 

The Ordinary Least Squares (OLS) regression analysis [Fig. 10] reveals a highly significant relationship between the 
percentage of the White population and the percentage of individuals with bachelor's degrees. The model suggests 
that for every one-unit increase in the percentage  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of the White population, there is an estimated increase of approximately 62.47 units in the percentage of individuals 
with bachelor's degrees, holding other variables constant.The remarkable R-squared value of 0.862 indicates that 
approximately 86.2% of the variability in the percentage of individuals with bachelor's degrees can be explained by 
the percentage of the White population alone, highlighting the substantial impact of demographic composition on 
educational attainment levels within this population. These findings underscore the importance of considering 

Figure 9. 

 
Figure. 10 
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demographic factors such as ethnicity when examining educational attainment levels within a given population. 
However, it's crucial to recognize that this analysis is based on a specific dataset and context, and further research 
may be needed to generalize these findings to other populations or time periods 

 

V. CONCLUSION 

In conclusion, our study demonstrates the power of machine learning models in conducting descriptive analyses and 
visualizing complex datasets to uncover insights into educational attainment across different racial groups and states 
in the U.S. By employing multiple graphical representations, we identified notable patterns and variations in 
Bachelor's degree attainment among Black, Asian, and White populations across various states. Specifically, our 
analysis revealed California's dominance in Asian Bachelor's degree attainment, Texas's leadership in Black 
Bachelor's degree attainment, and the substantial White Bachelor's degree population in both California and Texas. 
Furthermore, Ordinary Least Squares (OLS) regression analysis highlighted statistically significant relationships 
between demographic composition and educational attainment, with ethnicity playing a significant role. The findings 
underscore the importance of understanding regional demographics and tailoring educational initiatives to address the 
specific needs of diverse populations. Future research should delve deeper into the factors driving these disparities to 
inform targeted interventions and resource allocation strategies aimed at promoting educational equity and excellence 
across all demographic groups. It's essential to acknowledge that these findings are based on specific datasets and 
contexts, and further research is warranted to generalize these insights to broader populations and timeframes. 

 

VI. FURTHER SCOPE OF STUDY 

The future scope of study following the application of Ordinary Least Squares (OLS) regression analysis 
Demographic Shifts and Growth Rates across U.S. States with Machine Learning entails several avenues for further 
exploration. Firstly, integrating additional machine learning algorithms, such as ensemble methods or deep learning 
architectures, could enhance predictive accuracy and capture nonlinear relationships inherent in demographic data. 
Secondly, extending the analysis to incorporate spatial-temporal factors, such as geographic clustering and temporal 
trends, would provide a more comprehensive understanding of population dynamics at the state level. Furthermore, 
exploring the impact of exogenous variables, such as environmental factors or policy interventions, on demographic 
shifts could offer valuable insights for policymakers and urban planners. Additionally, incorporating uncertainty 
analysis techniques, such as bootstrapping or Monte Carlo simulations, would enable the assessment of prediction 
intervals and enhance the robustness of forecasting models. Lastly, fostering interdisciplinary collaboration between 
demographers, statisticians, and machine learning experts is essential for advancing methodological developments 
and addressing emerging challenges in predictive modelling of population dynamics. 
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