
 

 

Abstract 

Populations is important and key in everything we do. Politics, voting, the economy, 

environment are a few ways populations can affect. That is why It is important to understand 

and to deal with the increasing population. Consider that there is not a way to stop growing 

populations, but there is a way to better understand, and adapt to the growing populations. 

Analyzing Crude Birth Rates, Life Expectancy, and different periods in understanding these 

always changing populations at, which can also be compared at a Global Scale. 

 

Introduction 

United States and Mexico, both culturally different, but similar in terms of how citizens 

should be represented This 1,988-mile border is the only separation between the 2 countries 

(Owens, 2016) and yet share very similar aspects of life. As human populations grow, human 

also grow (Pimentel et al., 1997). Issues include food, water, housing, energy as well as the 

shrinking of biodiversity (Pimentel et al., 1997). Note that this is not an attempt to stop 

population, but to understand population to potentially find ways to adapt to this ever-growing 

population.  

From a political standpoint, specifically in the United States, citizens, who are found in 

populations, vote for their government officials. In the Primaries and Caucuses people vote for 

who they think would be the best candidate (Presidential Election Process, USAGov). From 



 

there a national convention is held to verify a nominee. On election day, people or citizens cast 

their vote, which then goes through the electoral college process. This is when the President of 

United States can get elected (Presidential Election Process, USAGov). Though oversimplifying 

the process, the officials voted from beginning to end of process, then help connect the ideas of 

the population and express it to the government. In Mexico, there is also a voting system in 

place. Through oversimplifying the process of voting in Mexico, voters also vote through polls 

and choose a Candidate for presidency. The winner is then chosen by the plurality of the votes 

and serve for 6 years (Political Electoral System, National Electoral Institute). Similar as the 

United states, the ideas are created in a population, which then the population votes. 

Population is key and a foundation to the political processes at a state and federal level. 

Though population can have positive effects, there are negative ones as well. Regarding 

the Environment, imbalance between resources and world population is a concern (The Royal 

Society of London and the US National Academy of Sciences, 1992). According to the Food and 

Agriculture Organization of the United Nations, “Between 2015 and 2020, the rate of 

deforestation was estimated at 10 million hectares per year” (Food and Agriculture 

Organization of the United Nations, 2020). For visual purposes, a hectare is about 2.47 football 

fields. 10 million hectares is about 4,048,582 football fields. Does not help visually but does 

provide a context on how important population is in relation to deforestation. In the air, fine 

particle pollution has surpassed health standards in small, mid-sized, and large metropolitan 

areas (Ridlington et al., 2018). There has also been a report of water pollution conducted. 

According to the article and report done, approximately, 39% of rivers, 46% of lakes, and 51% 



 

of estuaries are too polluted for safe fishing or swimming (U.S. PIRG, 2007). These are just a few 

of the impacts from population growth. 

The purpose of this study is to analyze the important factors in population and in hopes 

that a better sense of understanding and adapting is gained to the growing changes. Important 

factors in population include births, female and male life expectancy, death and death rate of 

females and males, migration rate and net migration, and growth rate. All comparing between 

Mexico and the United States.  Years analyzed range from 2010 -2040 as these are the dates 

that contain an end of a recent decade, ranging from 2010 to 2020, current decade ranging 

from 2020 to 2030 and a future decade 2030 to 2040. Mexico and United States were 

specifically analyzed. These countries are important and similar in respect to the type of 

government and the issues that are ongoing today such as migration, human trafficking, 

innovation, reform, and trade (Bureau of Western Hemisphere Affairs, 2020). Understanding 

these factors in population will help identify current decisions and future decisions.  

 

 

 

 

Data 

Data analyzed is from the potential datasets listed by Dr. Scott Greene, Professor and Chair for 

the Department of Geography and Environmental Sustainability at the University of Oklahoma. 



 

Listed as Five Year World Data, this filetype is in .csv, specifically formatted for excel, but 

brought into RStudio for analyzation purposes. Follows is a Five Year World Data Metadata. 

Variables ranging from births and gender to Deaths and growth rates. 

 

 



 

 

Though our primary focus will revolve around 2 countries, United States and Mexico, it is 

important to know that there are more countries provided in this dataset. Ranging from 

Afghanistan to Zimbabwe. It is also important to note that the dates we will be focusing on is 

different than what is listed in the .csv file. While we will be focusing more on the date ranges 

of 2010 – 2040, dates are available ranging from years 1950 -2100. It is also important to note 

that certain time periods can have bigger impacts on population or there might be time periods 

where it is statistically different from one another, however, as mentioned, we will be focusing 

on 2010 – 2040 as we would like to analyze a recently concluded decade (2010-2020), current 

decade (2020-2030), and future decade (2030-2040).  

Results and Analysis 

A descriptive analysis was done first in order to gain a better understanding of the differences 

between Mexico and the United States. Below a Box Plot was conducted for the Country 

Mexico and the United States from years 1950 – 2100, specifically looking at Crude Birth rate 

(births per 1,000 population). Just with visuals alone, one can see major differences between 

the box plots. For Mexico, the Median is set 15.678 and Mean of 21.183. For the United States 

from years 1950 – 2100, the Median is set at 11.96 and a Mean of 13.49. It appears there are 

outliers present in the United States model, which can be an indication that data is not 

normally distributed because of this outlier, it would be best, to conform to using the Median 

and Standard deviation as using the median is less affected by outliers.    



 

 

 

 

 

 

 

 

This box plot represents the Male and Female expectancy in United States and Mexico for Years 

1950-2100. Visually can see how where the median, mean, max, min all lie. That being said, 

Median and Mean life expectancy are lower than United States in both Male and Female 

genders. For Males in Mexico and United States, the mean is 72.28 years and 77.20 years. For 

Females in Mexico and United States, the median is 78.55 and 81.95. Means were used for 

Males because there are no outliers present in the box plot as for females, specifically in 

Mexico, there is an outlier present, so for data not to be affected, it would be best to use the 

median over mean.  



 

  

  

 

 

 

To better visualize Crude Birth Rate and Life Expectancy between United States and Mexico 

during the years of 1950 - 2100, a histogram was created. When looking at the Mexico and 

United States Crude Birth Rate, one can see that it is not symmetrical and to the left. Though 

not symmetrical, it is reasonable to assume it would not be symmetrical because of the 

births/1000 population. For example, it is more likely if a population of 1000 have 10 births as 

compared to 40 births. Same goes for the United States. This histogram also makes a 

determination that Mexico has a higher Crude Birth Rate per 1000 Population as compared to 

the United States. Looking at the Mexico and United States Life expectancy at birth, one sees 

the opposite in terms of visualization. It is not symmetrical and appears to be leaning to the 



 

right. It is reasonable to assume it would not be symmetrical because of the likeliness of 

expectancy to occur around 80 as compared to when younger or older. This histogram makes 

the determination that the life expectancy at birth in Mexico is high around the 80year mark as 

compared to the United States, who has a high life expectancy at birth, 70-90 years in. 

  

  

  

 

A display of histograms shows the differences in Crude Birth Rate in Mexico and the United 

States. There is a slight difference in the displays provided. When examining Mexico, there 



 

seems to be inconsistencies as the births per 1000 population increases. For example, there is a 

frequency of 2 for 12-14 births per 1000 population as well as 16-18 births per 1000 population. 

Examining the United States, it appears to be more consistent. It peaks at 11.5 births per 1000 

population. When comparing data models side by side, one can see that in the United States, 

when births are at 13 per 1000 population the frequency is low, Mexico’s births are high at 

around 13 per 1000 population. Skewness and Kurtosis are also displayed. For Mexico, the 

skewness is reported at .19 which means it is slightly skewed to the right. It does not make a 

significant impact to the distribution, thus making Mexico 2010 – 2040 Crude Birth Rate a 

normal distribution. For the United States, similar to the skewness for Mexico, the skewness is 

reported at .18, thus not having a significant impact to the distribution and making the Mexico 

2010 – 2040 Crude Birth Rate a normal distribution. Examining the kurtoses for both Mexico 

and United states, a negative appears. -1.76 for Mexico, and 01.25 for United States. This is the 

peakedness, and since it is at a high negative, it will make the distribution see, push and could 

have a significant impact to the distribution.  

  

  

Historgram for Life expectancy at birth was developed to give a sense of the occurnace of the number of 

years from birth. Based off the histogram 78 years is what is different. In Mexico, the number of 



 

frequency of those with life expectancy of 78 years at birth is 1, while in the United States, the number 

of frequency of those with life expectany of 78 years is 2. Similar skew and kurtosis, the skew for Mexico 

is .38, while the skew for United States is .44. this means that the skewness is to the right, which does 

have an impact to the normal distribution. As for Kurtosis, for both Mexico and United States, Mexico 

being -1.85 and United States being -1.8, this means the peakedness is pushed, this having an impact on 

the disribution not looking normal. 

 

 

 

 

 

 

 



 

 

  

A scatterplot and best fit line were created to visually see if there is correlation between 

Mexico Crude Birth Rate and Mexico Life Expectancy at Birth. Based on the scatter plot, one can 

see it is a strong negative correlation. As the Crude Birth Rate goes down, so does the Life 

Expectancy at birth in Mexico. A correlation test was calculated to see if there is a difference 

between the Crude Birth Rate and Life Expectancy at Birth. This is based of a 95% confidence 

interval or a 0.05 significance level. Null Hypothesis: True Correlation is equal to 0. Alternative 

Hypothesis: True Correlation is not equal to 0. Looking at the “cor”, one can see there is strong 

negative correlation between the variables. With 95% confidence, the true value lies between -

0.9929436 and -0.5068988. What is important in this analysis is the P value of 0.006359. the P 



 

value not being greater than 0.05, because of the 95% confidence interval, we can Reject the 

Null hypothesis. In conclusion, there is enough evidence to support the Alternative hypothesis 

that true correlation is not equal to 0.  

 

 

This is the scatterplot and best fit line was created for visual purposes and verify the correlation 

between United States Crude Birth Rate and United States Life Expectancy. Based on the 

scatter plot, one can see a strong negative correlation. Similar to Mexico’s scatterplot, a 

correlation test was also calculated to see if there is a difference between the Crude Birth Rate 

and Life Expectancy at Birth. This is based of a 95% confidence level. Null Hypothesis: True 



 

Correlation is equal to 0. Alternative Hypothesis: True Correlation is not equal to 0. Analyzing 

the “cor”, one can see there is a strong negative correlation between variables with a value of -

0.8496717. Note that with 95% confidence, the true value lies between -0.9832337 - -

0.1227630. P value is important in this analysis. P value being 0.0322, the values is not greater 

than 0.5, because of the 95% confidence interval, we can reject the Null Hypothesis. In 

Conclusion, there is enough evidence to support the Alternative Hypothesis that true 

correlation is not equal to 0. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Analyzing the linear model, coefficients are displayed for Mexico Crude Birth Rate and Life 

Expectancy. With the intercept at 141.166 and Life Expectancy at -1.644, the negative verifies 

and supports the negative slope. As Crude Birth Rate decreases by 1, the Life Expectancy 

decreases by -1.644. When analyzing the P values, one can also see that the intercept and Life 

Expectancy at Birth lie between significance codes 0.001 and 0.01, which further supports the 

Alternative hypothesis that there is enough evidence to suggest that the True Correlation is not 

0.   

 



 

 

Analyzing the linear model for United States Crude Birth Rate and Life Expectancy, one can see 

coefficients displayed. With the intercept at 34.13963 and Life Expectancy at -0.27809, the 

negative verifies and supports the negative slope. As Crude Birth decreases by 1, the Life 

Expectancy decreases by -0.27809. The important value is the P values. The P values for 

intercept and Life Expectancy lie between 0.001 and 0.01 for the Intercept, and 0.01 and 0.05 

for Life Expectancy, which further supports the Alternative hypothesis that there is enough 

evidence to suggest that the True Correlation is not 0. 

 

 

 

 

 

 



 

 

 

Confidence interval of 95% was determined in this analysis. Looking at the Mexico’s Crude Birth 

Rate, the true value lies +- 2.5298067 of the 15.8988333 mean. For Mexico’s Life Expectancy at 

Birth, the true value lies +-1.43769874 of the 76.20666667 mean. Switching to United States, 

the Crude Birth Rate true value  lies +- 0.40830626 of the 11.92300000 mean. For United States 

Life Expectancy at birth, true value lies +-1.24753138 of the 79.89000000 mean.  

 

 

  

 

 

 

 

 

 



 

  

  

A One sample T-test was conducted to analyze Mexico and United States Crude Birth Rate and 

Life Expectancy at Birth. In these T Test, the HO or Null hypothesis is the true difference in 

means = 0 and the Alternative Hypothesis is the true difference in Means is NOT EQUAL to 0. 

When analyzing first the Crude Birth Rates for Mexico and United States, the means are 

different. Mexico’s Crude Birth Rates during the years 2010 – 2040 is 15.89883, while in the 

United States, the mean Crude Birth Rates during the years 2010 – 2040 is 11.923. by looking at 

the 95% confidence interval values, with 95 % confidence, the true value for Mexico’s Crude 

Birth Rate lies between 13.36903 and 18.42864, while in the United States, the true value lies 

between 11.51469 and 12.33131. In Conclusion, since the p values are less than the 0.05 

significance level, there is enough evidence to support the Alternative Hypothesis that the true 

difference in means is not equal to 0 and Reject the Null Hypothesis. When analyzing the T test 

for Mexico and United States Life Expectancy at Birth for years 2010-2040, the means are again 

different. Mexico’s mean Life Expectancy at Birth is 76.20667 as compared to the United States 

79.89. in conclusion, since the p values are less than 0.05 significance level, there is enough 



 

evidence to support the Alternative Hypothesis that the true difference in means is not equal to 

0. 

  

Another 2 T Test were conducted, however focusing on Two samples to analyze the Crude Birth 

Rate for both Mexico and United in the years 2010 – 2040 and Life Expectancy for both Mexico 

and United States. In this test, the Null Hypothesis is the true difference in Means = 0 and the 

Alternative hypothesis is that the true difference in Means is Not Equal to 0. When analyzing 

the Two sample t test related to United States and Mexico Crude Birth Rate, the mean is set at 

15.89883 (Mexico) and 11.92300 (United States). By looking at the 95% percent confidence 

intervals, with 95%, the true values lies between 1.450965 and 6.500702 with 3.9883 

representing the Standard Deviations away. Though means appear different, what is important 

is the P value of 0.009426. This p-value is less than the 0.05 significance level, thus we can 

conclude to Reject null hypothesis. Thus, there is enough evidence to support the Alternative 

Hypothesis that the true difference in means is not equal to 0 and are in fact, statistically 

different. When analyzing the Two sample t test related to United States and Mexico Life 

Expectancy between years 2010-2040, the mean is set at 76.20667 (Mexico) and 79.89000 

(United States). By looking at the 95% confidence intervals, with 95% confidence, the true value 

lies between-5.337709 and -2.028957. though the means appear slightly different, what is 

important, again, is the P value. The p-value is 0.0005922, which is less than the significance 



 

level of 0.05. In conclusion, there is enough evidence to support the Alternative Hypothesis that 

the true difference in means is not equal to 0 and are in fact, statistically different.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

A Chi squared test was calculated for the United States Mid Period and Sex Ratio at birth (male 

births per female). Reason being is as compared to Mexico who has about same Sex Ratio 

throughout its years, United States Sex Ratio changes. First observing the Chi-Square Test, one 

must understand the contingency table. Dates being on the left, one can see that for 2018-2098 

there seems to be a consistent 1.047 Sex Ration, but changes before the 2018 date. Starting 

from 1953, one can see the Sex Ratio slowly decreasing. In this Chi-square test, the Null 

Hypothesis is that there is no relationship between Mid Periods and Sex Ratio. Alternative 



 

would be that there is a relationship between Mid Periods and Sex Ratio. As one can see in the 

calculations, the Chi Squared is at 180. Having 174 degrees of freedom, one can see that the 

critical value is 205.779. 180 being lower than 205.779, we can say that there is not enough 

sufficient evidence to Reject the Null hypothesis. 

 

 

 

 

 

 

 

 

 

An ANOVA test was calculated to analyze means between the MidPeriods in the United States 

during years 1950 -2100. The Null hypothesis: is the mean of 1953 = the mean of 1958 = the 

mean of 1963 = to the mean of 1968 =…. =means of all midperiods between 1950 – 2100. The 

Alternative Hypothesis is that at least one of the means is different from others. In the 

calculations, the Mean sq is 7.262e-05, which is the value between Mid Periods. Mean SQ 



 

Residuals is 3.605-05 which is the value within the Mid Periods. The F value represents the 

Mean SQ/Mean SQ residuals. Which is 56.41. This value is similar to the Z-score, the higher the 

value, the further out the tail is, the more likely that the pattern is not random. Pr(>F) is 3.51e-

08, which is close to 0 and lower than the F value, thus we can reject the null hypothesis and 

Support the Alternative hypothesis that at least one of the means is different from others. In 

conclusion, there is sufficient evidence to Reject the Null hypothesis and support the 

Alternative hypothesis that at least one of the means is different. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Mexico 

 

 

United States 

 



 

 

Life Expectancy, Life Expectancy for Male and Female, Deaths, and Crude Birth Rates were all 

included in this Regression Model. Looking at Regression Model for Mexico, specifically for 

years 2010-2040, coefficients are -3.327 e-01 (intercept) + 5.406-1 (Life Expectancy Male) + 

4.676e-01 (Life Expectancy Female) -1.540e-05 (Deaths) -6.134e05 (Crude Birth rates). When 

looking at the ANOVA, one can see the F variability and within variability. Looking at the P 

values, Life Expectancy for Males is statistically different at a range of 0 – 0.001 and Life 

Expectancy for Female is statistically different at a range of 0.01 – 0.05. Analyzing the 

Regression model for United States, coefficients are 1.765e-01 (intercept) + 5.358e-01 (Life 

Expectancy Males) + 4.67e-01 (Life Expectancy Females) – 8.033e-06 (Deaths) + 1.925e-02 

(Crude Birth Rates). In the ANOVA functionality, we can note that the P values, 1 is statistically 

different at a range of 0 – 0.001 significant codes. 1 is statistically different at a range of 0.001 – 

0.01. 2 are statistically different at a range of 0.05 – 0.1. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

A Principle Component Analysis was calculated using the data file “world_data.csv”. This was 

done to gain a better understand how important population is at a global scale. For this, PC1 = 

“Population. PC2 = “Density”. PC3 = “Population Increase”. PC4 = “Babymort”. PC5 = “GDP_Cap. 

The Eigenvalues listed are 1.5004 for Component 1. 1.0086 for Component 2. 0.9666 for 

Component 3. 0.68072 for Component 3. .68072 for Component 4. .57760 for Component 5. 

Principle Component 1 and 2 are ones that would want to retain because of the Standard 

Deviations being greater than 1. PC3 is close to a Standard Deviation of 1, so for that reason 

PC3 is another component to retain. Analyzing the Cumulative Proportion, one can see that it 

represents the explain variability. Since PC 1, PC2, and PC3 are going to be retained, this 

indicates that about 84% of the variability can be explained by the retained Principle 

Components. 

 



 

 

For Visual Purposes, a Scree Plot was also calculated. From Left to Right, this just further verify 

that we want to keep the 1st, 2nd, and 3rd bar graph as these represent PC1, PC2, and PC3. 

 

 

 

 

 

Principle Component Analysis Component Loadings 

 



 

  

 

Displayed are the weights for variables listed using the Component Loadings. When examining 

Principle Component 1, .06129561 is the weight for the 1 variable, which is population. -

.22911414 is the weight for the 2nd variable, which is density. 0.54087397 is the weight for the 

3rd variable, which is population increase. 0.057905086 is the weight for the 4th variable, which 

is “babymort”. -0.56205428 is the weight for variable “gdp_cap”. When examining PC 1 -3, 

which are the retained Principle Components, there are weights that stand out. For Example, 

for PC1, Population Increase and “baby_mort” stands out. PC2, Population increase stands out 

and PC3, “gdp_cap” is what stands out. A full list of loadings is also displayed which is the 

weight for every observation. Notice that the 1st component is weighted more because they are 

considered more significant than components towards the end.  

 



 

 

 

 

 

 



 

 

A Dendrogram was created and displays individual observations with groups forming as one 

goes up. To determine the number of clusters, retain, it was observed the variance and created 

containers. With this, the number if clusters were retained. While a Dendrogram helps analyze 

the hierarchical and separate observations, the k means cluster helps split between a set 

number of clusters. When examining the clusters, one can see the 6 components or cluster 

groups and visualization of the between variability and within variability. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Conclusion 

Analyzing the Crude Birth Rate for Mexico and United States, the mean tended to be higher 

during the years of 1950 – 2100. However, when analyzing Male and Female Life Expectancy, it 

was obvious that the Life Expectancy was higher in terms of means in the United States. During 

the years 2010 – 2040, there was a negative strong correlation in Mexico and United States in 

terms of the Crude Birth Rate. As Crude Birth Rate goes up, life expectancy goes down. Though 

both had a strong negative correlation, United States had a slower rate. Also, During the years 

of 2010-2040, when analyzing the T test, Mexico and the United States had true means not 

equal to 0, specifically for Crude Birth Rate and Life Expectancy. Chi Squared and ANOVA 

displays relationships between Mid Periods and Sex Ratio in Mexico vs United States. Linear 

Regression Models identified that Mexico’s important variables for Life Expectancy is the Life 

Expectancy for Males and Females, while in the United States, the important variables in Life 

Expectancy were Life Expectancy in genders, Deaths, and Crude Birth Rates. Principle 

Component Analysis and Clusters were observed using the world population data as it hoped to 

gain a better understanding of the important factors in population. Principle Component 1-3 

(Population, Density, Population increase) were considered important and retained. Though the 

Dendrogram and Kmeans were used for visualizations on Clusters, it still displayed what the 

variability might be and the importance of population. During this analyzation, it is important to 

note that there are several analyzations one can do with so many variables. Going over this 

data at first, gave an idea of the details and important these variables have, and once 

calculating data, it further supported the idea that any calculations can be done, but not all can 

be solved. 
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