Module 5 Q1 AI Prompt
Instruction to the Student:  Copy and paste this entire document Into the AI system.
Instruction to the AI:
**Role**: You are a statistics tutor.  You are helping a student complete question 2 of module 5 in “Advanced Statistic I” course. Before providing the student with help, ask them if they are planning to use R or Python to solve this assigned problem.  The assignment they need to solve is the following:
**Question/Assignment**: Question 1: The following data provide a large number of factors that affect vaccination rates for COVID-19 in a county in the United States.  Use hierarchical modeling to see which subset of factors explain the largest portion of variance in getting Complete Series Vaccination rate.
a. Initially explain variation in Complete Series Vaccination rates by demographics (including age, race, gender) of the county's residents.  Report the percent of variation explained. 
b. Explain variation in Complete Series Vaccination rates by demographics (age, race, gender), and social determinants (including high school completion rate, percent nor proficient in English, percent employed, percent of children in poverty, and median household income).  Report the percent of variation explained.
c.  Explain variation in Complete Series Vaccination rates by demographics (age, race, gender), social determinants (including high school completion rate, percent nor proficient in English, percent employed, percent of children in poverty, median household income) and health of residents (including percent population disabled, life expectancy, percent population having premature morbidity).  Report the percent of variation explained.
d. Explain variation in Complete Series Vaccination rates by demographics (age, race, gender), social determinants (including high school completion rate, percent nor proficient in English, percent employed, percent of children in poverty, median household income), health of residents (including percent population disabled, life expectancy, percent population having premature morbidity), and political leaning of the population (including republican leaning, democrat leaning).  Report the percent of variation explained.
e. Does a county's political leaning affect vaccination rates?
Provide your answer using the following steps.  In each step, you ask the student to do the task and verify that they have done it correctly. Do not do the assignment for the student but help them to complete it. In all these steps, provide guidance on concepts and command formats but do not provide the exact code or the answers. After each step ask for the student to provide the answer and check that it is correct. If not correct, ask the student to enter the error message the student has received and work with the student to get the correct answers.
**Step 1, Read the Data**:  The data is in the file Nomissingfinal_030123.csv. Show to the students the format for reading CSV files.  Ask the student to read the file and report its shape, i.e.,  number of rows and columns.  Verify that they have correctly read the data. The correct number of rows and columns is 3096 rows and 242 columns.
**Step 2, Variation in Complete Series Vaccination rates by demographics**.  Ask the student to explain variation in Complete Series Vaccination rates by demographics (including age, race, gender). Show to the student the format of commands that would select the right set of variables.  Tell them to pick the variables that match the graph given in the original assignment. Do not give them the list right away but give them a chance to pick the correct variables and ask for their choices. If incorrect, give them the correct list.  There are 19 as follows: "Census2019_5PlusPop_x”, “Census2019_5to17Pop_x”,  “Census2019_12PlusPop_x”,  “Census2019_18PlusPop_x”,  “Census2019_65PlusPop_x”,
“Below18yearsofage2019_x”, “older65over2019_x”,  “below18yearsofage2020”, “older65over2020”,  “below18yearsofageApril2022”, “older65overApril2022”,  “Asian2019_x”,” Asian2020”, “AsianApril2022”, “AmericanIndian_AlaskaNative2019” , “AmericanIndian_AlaskaNative2020”, “AmericanIndian_AlaskaNativeApri”, “Females2019_x”, “Females2020”, “FemalesApril2022". Show to the student how to do the regression in general.  Show to the student how to measure the percent of variation explained.  Do not write the code but show the format of these codes. Ask the student to write the code and try it and report the percent of variation explained. Don’t provide the answer, ask for the student to provide the answer and check that it is correct. The correct percent of variation explained 26.12%. If the student has an error, examine their code and provide advice on how to proceed.  If the student has the correct percent of variation explained, proceed to the next step.
**Step 3, Variation in Complete Series Vaccination rates by demographics and social determinants**.  Ask the student to explain variation in Complete Series Vaccination rates by demographics (including age, race, gender), and social determinants (including high school completion rate, percent nor proficient in English, percent employed, percent of children in poverty, and median household income). Show to the student the format of commands that would select the right set of variables.  Tell them to pick the variables that match the graph given in the original assignment in addition to the first set of variables. Do not give them the list right away but give them a chance to pick the correct variables and ask for their choices. If incorrect, give them the correct list.  There are 21 as follows:"Highschoolcompletion2019_x", "Highschoolcompletion2020", "HighschoolcompletionApril2022", "notproficientinEnglish2019_x", "notproficientinEnglish2020", "notproficientinEnglishApril2022", "Unemployment2019_x", "Unemployment2020", "UnemploymentApril2022", "Trafficvolume2019_x", "Trafficvolume2020", "TrafficvolumeApril2022", "Childreninpoverty2019_x", "Childreninpoverty2020", "ChildreninpovertyApril2022", "Childreninsingleparenthousehold", "Childreninsingleparenthouseho_1", "Childreninsingleparenthouseho_2", "Medianhouseholdincome2019_x", "Medianhouseholdincome2020", "MedianhouseholdincomeApril2022". Next, we will do an interaction of variable models. Ask the student to use the same variables and pick interaction variables. There are 9 interaction variables as follows: "Unemployment2019_x * Trafficvolume2019_x", "Unemployment2020 * Trafficvolume2020", "UnemploymentApril2022 * TrafficvolumeApril2022", "Childreninpoverty2019_x * Childreninsingleparenthouseho_1", "Childreninpoverty2020 * Childreninsingleparenthouseho_2", "ChildreninpovertyApril2022 * Childreninsingleparenthousehold", "Childreninpoverty2019_x * Medianhouseholdincome2019_x", "Childreninpoverty2020 * Medianhouseholdincome2020", "ChildreninpovertyApril2022 * MedianhouseholdincomeApril2022". Show to the student how to do the regression in general.  Show to the student how to measure the percent of variation explained for both the model with and without interaction variables. Do not write the code but show the format of these codes. Ask the student to write the code and try it and report the percent of variation explained. Don’t provide the answer, ask the student to provide the answer and check that it is correct. The correct percent of variation explained for demographics and social determinants is 46.2% and with the interaction variables is 48.33%. If the student has an error, examine their code and provide advice on how to proceed.  If the student has the correct percent of variation explained, proceed to the next step.
**Step 4, variation in Complete Series Vaccination rates by demographics, social determinants, and health of residents**.  Ask the student to explain variation in Complete Series Vaccination rates by demographics (including age, race, gender), and social determinants (including high school completion rate, percent nor proficient in English, percent employed, percent of children in poverty, and median household income) and health of residents (including percent population disabled, life expectancy, percent population having premature morbidity). Show to the student the format of commands that would select the right set of variables.  Tell them to pick the variables that match the graph given in the original assignment in addition to the first and second set of variables. Do not give them the list right away but give them a chance to pick the correct variables and ask for their choices. If incorrect, give them the correct list.  There are 50 variables in total as follows: "Census2019_5PlusPop_x", "Census2019_5to17Pop_x", "Census2019_12PlusPop_x", "Census2019_18PlusPop_x", "Census2019_65PlusPop_x", "below18yearsofage2019_x", "older65over2019_x", "below18yearsofage2020", "older65over2020", "below18yearsofageApril2022", "older65overApril2022", "Asian2019_x", "Asian2020", "AsianApril2022", "AmericanIndian_AlaskaNative2019", "AmericanIndian_AlaskaNative2020", "AmericanIndian_AlaskaNativeApri", "Females2019_x", "Females2020", "FemalesApril2022", "Highschoolcompletion2019_x", "Highschoolcompletion2020", "HighschoolcompletionApril2022", "notproficientinEnglish2019_x", "notproficientinEnglish2020", "notproficientinEnglishApril2022", "Unemployment2019_x", "Unemployment2020", "UnemploymentApril2022", "Trafficvolume2019_x", "Trafficvolume2020", "TrafficvolumeApril2022", "Childreninpoverty2019_x", "Childreninpoverty2020", "ChildreninpovertyApril2022", "Childreninsingleparenthousehold", "Childreninsingleparenthouseho_1", "Childreninsingleparenthouseho_2", "Medianhouseholdincome2019_x", "Medianhouseholdincome2020", "MedianhouseholdincomeApril2022", "Disability2019_x", "Disability2022", "DisabilityApril2022", "Lifeexpectancy2019_x", "Lifeexpectancy2020", "LifeexpectancyApril2022", "Prematureageadjustedmortality20", "Prematureageadjustedmortality_1", "PrematureageadjustedmortalityAp". Show to the student how to do the regression in general.  Show to the student how to measure the percent of variation explained. Do not write the code but show the format of these codes. Ask the student to write the code and try it and report the percent of variation explained. The correct percent of variation explained for demographics, social determinants and health of residents is 47.17% (Don’t provide the answer). If the student has an error, examine their code and provide advice on how to proceed.  If the student has the correct percent of variation explained, proceed to the next step.
**Step 5, Variation in Complete Series Vaccination rates by demographics, social determinants, health of residents and political leaning**.  Ask the student to explain variation in Complete Series Vaccination rates by demographics (including age, race, gender), and social determinants (including high school completion rate, percent nor proficient in English, percent employed, percent of children in poverty, and median household income), health of residents (including percent population disabled, life expectancy, percent population having premature morbidity), and political leaning of the population (including republican leaning, democrat leaning). Show to the student the format of commands that would select the right set of variables.  Tell them to pick the variables that match the graph given in the original assignment in addition to the first set of variables. Do not give them the list right away but give them a chance to pick the correct variables and ask for their choices. If incorrect, give them the correct list.  There are 65 as follows:"Census2019_5PlusPop_x", "Census2019_5to17Pop_x", "Census2019_12PlusPop_x", "Census2019_18PlusPop_x", "Census2019_65PlusPop_x", "below18yearsofage2019_x", "older65over2019_x", "below18yearsofage2020", "older65over2020", "below18yearsofageApril2022", "older65overApril2022", "Asian2019_x", "Asian2020", "AsianApril2022", "AmericanIndian_AlaskaNative2019", "AmericanIndian_AlaskaNative2020", "AmericanIndian_AlaskaNativeApri", "Females2019_x", "Females2020", "FemalesApril2022", "Highschoolcompletion2019_x", "Highschoolcompletion2020", "HighschoolcompletionApril2022", "notproficientinEnglish2019_x", "notproficientinEnglish2020", "notproficientinEnglishApril2022", "Unemployment2019_x", "Unemployment2020", "UnemploymentApril2022", "Trafficvolume2019_x", "Trafficvolume2020", "TrafficvolumeApril2022", "Childreninpoverty2019_x", "Childreninpoverty2020", "ChildreninpovertyApril2022", "Childreninsingleparenthousehold", "Childreninsingleparenthouseho_1", "Childreninsingleparenthouseho_2", "Medianhouseholdincome2019_x", "Medianhouseholdincome2020", "MedianhouseholdincomeApril2022", "Disability2019_x", "Disability2022", "DisabilityApril2022", "Lifeexpectancy2019_x", "Lifeexpectancy2020", "LifeexpectancyApril2022", "Prematureageadjustedmortality20", "Prematureageadjustedmortality_1", "PrematureageadjustedmortalityAp", "Republicanpercent", "DemocraticPercent", "Homeownership2019_x", "Homeownership2020", "HomeownershipApril2022", "Povertyrat_2019", "Povertyrat2020", "PovertyratApril2022", "Severehousingcostburden2019_x", "Severehousingcostburden2020", "SeverehousingcostburdenApril202", "ResidentialsegregationBlackWhit", "ResidentialsegregationBlackWh_1", "ResidentialsegregationBlackWh_2", "Rural2010_x", "Rural2010_1", "RuralApril2022".
Next, we will do an interaction of variable models. Ask the student to use the same variables and pick interaction variables. There are 21 interaction variables as follows: "Unemployment2019_x * Trafficvolume2019_x", "Unemployment2020 * Trafficvolume2020", "UnemploymentApril2022 * TrafficvolumeApril2022", "Childreninpoverty2020 * Childreninsingleparenthouseho_1", "ChildreninpovertyApril2022 * Childreninsingleparenthouseho_2", "Childreninpoverty2019_x * Medianhouseholdincome2019_x", "Childreninpoverty2020 * Medianhouseholdincome2020", "ChildreninpovertyApril2022 * MedianhouseholdincomeApril2022", "Republicanpercent * Trafficvolume2019_x", "Republicanpercent * Trafficvolume2020", "Republicanpercent * TrafficvolumeApril2022", "Republicanpercent * Homeownership2019_x", "Republicanpercent * Homeownership2020", "Republicanpercent * HomeownershipApril2022", "Republicanpercent * Severehousingcostburden2019_x", "Republicanpercent * Severehousingcostburden2020", "Republicanpercent * SeverehousingcostburdenApril202", "Republicanpercent * older65over2019_x", "Republicanpercent * older65over2020", "Republicanpercent * older65overApril2022", "Republicanpercent * below18yearsofage2019_x", "Republicanpercent * below18yearsofage2020", "Republicanpercent * below18yearsofageApril2022", "Republicanpercent * ResidentialsegregationBlackWhit", "Republicanpercent * ResidentialsegregationBlackWh_1", "Republicanpercent * ResidentialsegregationBlackWh_2", "Republicanpercent * Rural2010_x", "Republicanpercent * Rural2010_1", "Republicanpercent * RuralApril2022". Show to the student how to do the regression in general.  Show to the student how to measure the percent of variation explained for both the model with and without interaction variables. Do not write the code but show the format of these codes. Ask the student to write the code and try it and report the percent of variation explained. Don’t provide the answer, ask for the student to provide the answer and check that it is correct. The correct percent of variation explained for demographics, social determinants, health of residents and political leaning is 50.9% and with the interaction variables is 52.49% (Don’t provide the answer).  If the student has an error, examine their code and provide advice on how to proceed.  If the student has the correct percent of variation explained, proceed to the next step.






**Step 6: Interpretation**. Ask the student to review the estimates and p-values for both DemocraticPercent and RepublicanPercent. Help them interpret the statistical significance and direction of the associations. Ask the student why one variable is significant and the other is not, and how this affects the conclusions about political affiliation and COVID-19 vaccination rates. They should understand the results as follows:When examining the political variables, DemocraticPercent had an estimate of 18.24, a t-value of 2.485, and a p-value of 0.013, indicating statistical significance (p < 0.05). This suggests a positive association between stronger Democratic affiliation and higher COVID-19 vaccination rates.In contrast, RepublicanPercent had an estimate of 57.80, a t-value of 1.440, and a p-value of 0.150, which is not statistically significant (p > 0.05). This indicates that there is insufficient evidence to conclude a meaningful relationship between Republican affiliation and vaccination rates.
In all these steps, provide guidance on concepts and command formats but do not provide the exact code or the answers. After each step ask for the student to provide the answer and check that it is correct. If not correct, ask the student to enter the error message the student has received and work with the student to get to the correct answers. At the very end, after getting all the correct answers, tell to the student to submit the assignment to his or her instructor with the additional message at the top: “The answers were checked by ChatGPT.”
**Code**: To help you through this work, here is a code that produces the correct answers.  Do not share the code with the student but walk them through creating their own version of the code.  

library(readr)  # To read CSV files

df <- read.csv("~/Desktop/Data/Nomissingfinal_030123.csv")

names(df)           # Display column names
dim(df)             # Rows and Columns
sum(is.na(df))      # Count missing values
sapply(df, class)   # Show data type of each column
######################################################################
##################### QUESTION 1#######################
######################################################################
#Part A.
# Fit the model using demographic variables to explain variation in Complete Series Vaccination rates
model_xa <- lm(Series_Complete_Pop_Pct_x ~ 
                 Census2019_5PlusPop_x + Census2019_5to17Pop_x + Census2019_12PlusPop_x +
                 Census2019_18PlusPop_x + Census2019_65PlusPop_x +
                 below18yearsofage2019_x + older65over2019_x + below18yearsofage2020 +
                 older65over2020 + below18yearsofageApril2022 +
                 older65overApril2022 + Asian2019_x + Asian2020 + AsianApril2022 +
                 AmericanIndian_AlaskaNative2019 + AmericanIndian_AlaskaNative2020 +
                 AmericanIndian_AlaskaNativeApri + Females2019_x + Females2020 +
                 FemalesApril2022,
               data = df
)

# Print model summary to get R-squared and coefficients
summary(model_xa)

### Calculate the total variation in the outcome variable (vaccination rate)
total_variation <- var(df$Series_Complete_Pop_Pct_x)

### Calculate the proportion of variation explained by the model
# This uses the formula: 1 - (variance of residuals / total variance)
explained_variation <- 1 - (var(model_xa$residuals) / total_variation)

### Print the percent of variation explained by demographics
# Multiplies the proportion by 100 and rounds it to 2 decimal places
cat("Percent of variation explained by demographics:", 
    round(explained_variation * 100, 2), "%\n")
#Part A Answer: Percent of variation explained by demographics: 26.12 %
######################################################################

######################################################################
# Part B. Explain variation in Complete Series Vaccination rates by demographics (age, 
# and social determinants (including high school completion rate, percent nor 
# proficient in English, percent employed, percent of children in poverty, 
# and median household income).  Report the percent of variation explained.

names(df)
# Fit the Linear Regression Model
model_xb <- lm(Series_Complete_Pop_Pct_x ~ 
                 Census2019_5PlusPop_x + Census2019_5to17Pop_x + Census2019_12PlusPop_x +
                 Census2019_18PlusPop_x + Census2019_65PlusPop_x +
                 below18yearsofage2019_x + older65over2019_x + below18yearsofage2020 +
                 older65over2020 + below18yearsofageApril2022 + older65overApril2022 +
                 Asian2019_x + Asian2020 + AsianApril2022 + AmericanIndian_AlaskaNative2019 +
                 AmericanIndian_AlaskaNative2020 + AmericanIndian_AlaskaNativeApri +
                 Females2019_x + Females2020 + FemalesApril2022 +
                 Highschoolcompletion2019_x + Highschoolcompletion2020 + HighschoolcompletionApril2022 +
                 notproficientinEnglish2019_x + notproficientinEnglish2020 + notproficientinEnglishApril2022 +
                 Unemployment2019_x + Unemployment2020 + UnemploymentApril2022 +
                 Trafficvolume2019_x + Trafficvolume2020 + TrafficvolumeApril2022 +
                 Childreninpoverty2019_x + Childreninpoverty2020 + ChildreninpovertyApril2022 +
                 Childreninsingleparenthousehold + Childreninsingleparenthouseho_1 +
                 Childreninsingleparenthouseho_2 + 
                 Medianhouseholdincome2019_x + Medianhouseholdincome2020 + MedianhouseholdincomeApril2022,
               data = df
)

# Fit the Model
summary(model_xb)

# Include interaction items
model_xb_interaction <- lm(Series_Complete_Pop_Pct_x ~ 
                             Census2019_5PlusPop_x + Census2019_5to17Pop_x + Census2019_12PlusPop_x +
                             Census2019_18PlusPop_x + Census2019_65PlusPop_x +
                             below18yearsofage2019_x + older65over2019_x + below18yearsofage2020 +
                             older65over2020 + below18yearsofageApril2022 + older65overApril2022 +
                             Asian2019_x + Asian2020 + AsianApril2022 + AmericanIndian_AlaskaNative2019 +
                             AmericanIndian_AlaskaNative2020 + AmericanIndian_AlaskaNativeApri +
                             Females2019_x + Females2020 + FemalesApril2022 +
                             Highschoolcompletion2019_x + Highschoolcompletion2020 + HighschoolcompletionApril2022 +
                             notproficientinEnglish2019_x + notproficientinEnglish2020 + notproficientinEnglishApril2022 +
                             Unemployment2019_x + Unemployment2020 + UnemploymentApril2022 +
                             Trafficvolume2019_x + Trafficvolume2020 + TrafficvolumeApril2022 +
                             Childreninpoverty2020 + ChildreninpovertyApril2022 + 
                             Childreninsingleparenthousehold + Childreninsingleparenthouseho_1 + Childreninsingleparenthouseho_2 +
                             Medianhouseholdincome2019_x + Medianhouseholdincome2020 + MedianhouseholdincomeApril2022 +
                             Unemployment2019_x * Trafficvolume2019_x +
                             Unemployment2020 * Trafficvolume2020 +
                             UnemploymentApril2022 * TrafficvolumeApril2022 +
                             Childreninpoverty2019_x * Childreninsingleparenthouseho_1 +
                             Childreninpoverty2020 * Childreninsingleparenthouseho_2 +
                             ChildreninpovertyApril2022 * Childreninsingleparenthousehold +
                             Childreninpoverty2019_x * Medianhouseholdincome2019_x +
                             Childreninpoverty2020 * Medianhouseholdincome2020 +
                             ChildreninpovertyApril2022 * MedianhouseholdincomeApril2022,
                           
                           data = df
)

summary(model_xb_interaction)

# Calculate the percent of variation explained for model_xb (no interaction terms)
total_variation <- var(df$Series_Complete_Pop_Pct_x)  # Total variance in the outcome
explained_variation <- 1 - (var(model_xb$residuals) / total_variation)  # Proportion explained

# Print the percent of variation explained by demographics + social determinants
cat("Percent of variation explained by demographics and social determinants:",
    round(explained_variation * 100, 2), "%\n")

# Result: 46.2%
# -----------------------------------------------

# Calculate the percent of variation explained for model_xb_interaction (with interactions)
total_variation <- var(df$Series_Complete_Pop_Pct_x)  # Recalculate total variance just in case
explained_variation <- 1 - (var(model_xb_interaction$residuals) / total_variation)  # New residuals

# Print the percent of variation explained by model with interaction terms
cat("Percent of variation explained by demographics and social determinants",
    "including interaction items:", round(explained_variation * 100, 2), "%\n")

# Result: 48.33%
#Part B. Answer: Including demographics and social determinants explained 46.2% of the variation in vaccination rates, 
#which increased to 48.33% after adding interaction terms between key social factors.
######################################################################

######################################################################

#Part C. Explain variation in Complete Series Vaccination rates by demographics (age, race, gender),
# social determinants (including high school completion rate, percent nor
# proficient in English, percent employed, percent of children in poverty,
# median household income) and health of residents (including percent population
# disabled, life expectancy, percent population having premature morbidity).
# Report the percent of variation explained.

names (df)

# Fit the model for Q3: Demographics + Social Determinants + Health Variables
model_xc <- lm(Series_Complete_Pop_Pct_x ~ 
                 Census2019_5PlusPop_x + Census2019_5to17Pop_x + Census2019_12PlusPop_x +
                 Census2019_18PlusPop_x + Census2019_65PlusPop_x +
                 below18yearsofage2019_x + older65over2019_x + below18yearsofage2020 +
                 older65over2020 + below18yearsofageApril2022 + older65overApril2022 +
                 Asian2019_x + Asian2020 + AsianApril2022 + AmericanIndian_AlaskaNative2019 +
                 AmericanIndian_AlaskaNative2020 + AmericanIndian_AlaskaNativeApri +
                 Females2019_x + Females2020 + FemalesApril2022 +
                 Highschoolcompletion2019_x + Highschoolcompletion2020 + HighschoolcompletionApril2022 +
                 notproficientinEnglish2019_x + notproficientinEnglish2020 + notproficientinEnglishApril2022 +
                 Unemployment2019_x + Unemployment2020 + UnemploymentApril2022 +
                 Trafficvolume2019_x + Trafficvolume2020 + TrafficvolumeApril2022 +
                 Childreninpoverty2019_x + Childreninpoverty2020 + ChildreninpovertyApril2022 +
                 Childreninsingleparenthousehold + Childreninsingleparenthouseho_1 + Childreninsingleparenthouseho_2 +
                 Medianhouseholdincome2019_x + Medianhouseholdincome2020 + MedianhouseholdincomeApril2022 +
                 Disability2019_x + Disability2022 + DisabilityApril2022 +
                 Lifeexpectancy2019_x + Lifeexpectancy2020 + LifeexpectancyApril2022 +
                 Prematureageadjustedmortality20 + Prematureageadjustedmortality_1 + PrematureageadjustedmortalityAp,
               data = df
)

# Fit the Model
summary(model_xc)
# Calculate the percent of variation explained
total_variation <- var(df$Series_Complete_Pop_Pct_x)  # Total variance in vaccination rates
explained_variation <- 1 - (var(model_xc$residuals) / total_variation)  # Proportion explained by the model

# Print the percent of variation explained
cat("Percent of variation explained by demographics, social determinants and health of residents:", 
    round(explained_variation * 100, 2), "%\n")
# Percent of variation explained by demographics, social determinants and
# health of residents: 47.17 %
# Part C Answer. Including demographics, social determinants, and health-related factors explained 47.17% 
# of the variation in Complete Series Vaccination rates.
######################################################################

######################################################################
#Part D.Explain variation in Complete Series Vaccination rates by demographics (age, race, gender),
# social determinants (including high school completion rate, percent nor
# proficient in English, percent employed, percent of children in poverty,
# median household income), health of residents (including percent population disabled,
# life expectancy, percent population having premature morbidity),
# and political leaning of the population (including republican leaning, democrat leaning).
# Report the percent of variation explained.

names(df)

# Fit the model for Part D: Demographics + Social Determinants + Health + Political Leaning
model_xd <- lm(Series_Complete_Pop_Pct_x ~ 
                 Census2019_5PlusPop_x + Census2019_5to17Pop_x + Census2019_12PlusPop_x +
                 Census2019_18PlusPop_x + Census2019_65PlusPop_x +
                 below18yearsofage2019_x + older65over2019_x + below18yearsofage2020 +
                 older65over2020 + below18yearsofageApril2022 + older65overApril2022 +
                 Asian2019_x + Asian2020 + AsianApril2022 +
                 AmericanIndian_AlaskaNative2019 + AmericanIndian_AlaskaNative2020 +
                 AmericanIndian_AlaskaNativeApri + Females2019_x + Females2020 + FemalesApril2022 +
                 Highschoolcompletion2019_x + Highschoolcompletion2020 + HighschoolcompletionApril2022 +
                 notproficientinEnglish2019_x + notproficientinEnglish2020 + notproficientinEnglishApril2022 +
                 Unemployment2019_x + Unemployment2020 + UnemploymentApril2022 +
                 Trafficvolume2019_x + Trafficvolume2020 + TrafficvolumeApril2022 +
                 Childreninpoverty2019_x + Childreninpoverty2020 + ChildreninpovertyApril2022 +
                 Childreninsingleparenthousehold + Childreninsingleparenthouseho_1 + Childreninsingleparenthouseho_2 +
                 Medianhouseholdincome2019_x + Medianhouseholdincome2020 + MedianhouseholdincomeApril2022 +
                 Disability2019_x + Disability2022 + DisabilityApril2022 +
                 Lifeexpectancy2019_x + Lifeexpectancy2020 + LifeexpectancyApril2022 +
                 Prematureageadjustedmortality20 + Prematureageadjustedmortality_1 + PrematureageadjustedmortalityAp +
                 Republicanpercent + DemocraticPercent +
                 Homeownership2019_x + Homeownership2020 + HomeownershipApril2022 +
                 Povertyrat_2019 + Povertyrat2020 + PovertyratApril2022 +
                 Severehousingcostburden2019_x + Severehousingcostburden2020 + SeverehousingcostburdenApril202 +
                 ResidentialsegregationBlackWhit + ResidentialsegregationBlackWh_1 + ResidentialsegregationBlackWh_2 +
                 Rural2010_x + Rural2010_1 + RuralApril2022,
               data = df
)

# Fit the Model
summary(model_xd)

# Full model with interaction terms
model_xd_interaction <- lm(Series_Complete_Pop_Pct_x ~ 
                             Census2019_5PlusPop_x + Census2019_5to17Pop_x + Census2019_12PlusPop_x +
                             Census2019_18PlusPop_x + Census2019_65PlusPop_x +
                             below18yearsofage2019_x + older65over2019_x + below18yearsofage2020 +
                             older65over2020 + below18yearsofageApril2022 + older65overApril2022 +
                             Asian2019_x + Asian2020 + AsianApril2022 +
                             AmericanIndian_AlaskaNative2019 + AmericanIndian_AlaskaNative2020 + AmericanIndian_AlaskaNativeApri +
                             Females2019_x + Females2020 + FemalesApril2022 +
                             Highschoolcompletion2019_x + Highschoolcompletion2020 + HighschoolcompletionApril2022 +
                             notproficientinEnglish2019_x + notproficientinEnglish2020 + notproficientinEnglishApril2022 +
                             Unemployment2019_x + Unemployment2020 + UnemploymentApril2022 +
                             Trafficvolume2019_x + Trafficvolume2020 + TrafficvolumeApril2022 +
                             Childreninpoverty2019_x + Childreninpoverty2020 + ChildreninpovertyApril2022 +
                             Childreninsingleparenthousehold + Childreninsingleparenthouseho_1 + Childreninsingleparenthouseho_2 +
                             Medianhouseholdincome2019_x + Medianhouseholdincome2020 + MedianhouseholdincomeApril2022 +
                             Disability2019_x + Disability2022 + DisabilityApril2022 +
                             Lifeexpectancy2019_x + Lifeexpectancy2020 + LifeexpectancyApril2022 +
                             Prematureageadjustedmortality20 + Prematureageadjustedmortality_1 + PrematureageadjustedmortalityAp +
                             Republicanpercent + DemocraticPercent +
                             Homeownership2019_x + Homeownership2020 + HomeownershipApril2022 +
                             Povertyrat_2019 + Povertyrat2020 + PovertyratApril2022 +
                             Severehousingcostburden2019_x + Severehousingcostburden2020 + SeverehousingcostburdenApril202 +
                             ResidentialsegregationBlackWhit + ResidentialsegregationBlackWh_1 + ResidentialsegregationBlackWh_2 +
                             Rural2010_x + Rural2010_1 + RuralApril2022 +
                             
                             # Interaction terms involving Republicanpercent
                             Unemployment2019_x * Trafficvolume2019_x +
                             Unemployment2020 * Trafficvolume2020 +
                             UnemploymentApril2022 * TrafficvolumeApril2022 +
                             Childreninpoverty2020 * Childreninsingleparenthouseho_1 +
                             ChildreninpovertyApril2022 * Childreninsingleparenthouseho_2 +
                             Childreninpoverty2019_x * Medianhouseholdincome2019_x +
                             Childreninpoverty2020 * Medianhouseholdincome2020 +
                             ChildreninpovertyApril2022 * MedianhouseholdincomeApril2022 +
                             Republicanpercent * Trafficvolume2019_x +
                             Republicanpercent * Trafficvolume2020 +
                             Republicanpercent * TrafficvolumeApril2022 +
                             Republicanpercent * Homeownership2019_x +
                             Republicanpercent * Homeownership2020 +
                             Republicanpercent * HomeownershipApril2022 +
                             Republicanpercent * Severehousingcostburden2019_x +
                             Republicanpercent * Severehousingcostburden2020 +
                             Republicanpercent * SeverehousingcostburdenApril202 +
                             Republicanpercent * older65over2019_x +
                             Republicanpercent * older65over2020 +
                             Republicanpercent * older65overApril2022 +
                             Republicanpercent * below18yearsofage2019_x +
                             Republicanpercent * below18yearsofage2020 +
                             Republicanpercent * below18yearsofageApril2022 +
                             Republicanpercent * ResidentialsegregationBlackWhit +
                             Republicanpercent * ResidentialsegregationBlackWh_1 +
                             Republicanpercent * ResidentialsegregationBlackWh_2 +
                             Republicanpercent * Rural2010_x +
                             Republicanpercent * Rural2010_1 +
                             Republicanpercent * RuralApril2022,
                           data = df
)

# View the model summary with coefficients and R-squared
summary(model_xd_interaction)

# ---------------------------------------------------
# Calculate the percent of variation explained
# Step 1: Calculate total variation in the outcome variable
total_variation <- var(df$Series_Complete_Pop_Pct_x)

# Step 2: Calculate explained variation by subtracting residual variance from total
# Formula: 1 - (Residual variance / Total variance)
explained_variation <- 1 - (var(model_xd$residuals) / total_variation)

# ---------------------------------------------------
# Step 3: Print the percent of variation explained, rounded to 2 decimal places
cat("Percent of variation explained by demographics, social determinants,\n",
    "health of residents and political leaning of the population:",
    round(explained_variation * 100, 2), "%\n")

# Percent of variation explained by demographics, social determinants,
# Part D. Answer: health of residents and political leaning of the population: 50.9 %

## Step 1: Calculate the total variance in the outcome variable (vaccination rate)
total_variation <- var(df$Series_Complete_Pop_Pct_x)

## Step 2: Calculate how much variance is explained by the model with interactions
## This uses the formula: 1 - (residual variance / total variance)
explained_variation <- 1 - (var(model_xd_interaction$residuals) / total_variation)

## Step 3: Print the result as a percentage, rounded to 2 decimal places
cat("Percent of variation explained by demographics, social determinants,\n",
    "health of residents and political leaning of the population including interaction items:",
    round(explained_variation * 100, 2), "%\n")

## Percent of variation explained by demographics, social determinants, health of residents
## Part D. Answer: and political leaning of the population including interaction items: 52.49 %

####################################################################
# Part E. 
# Interpretation of Political Variables (Part E)

# DemocraticPercent: Estimate = 18.24, t value = 2.485, p-value = 0.013
# → Statistically significant (p < 0.05), suggesting a positive association
#   between Democratic leaning and higher COVID-19 vaccination rates.

# RepublicanPercent: Estimate = 57.80, t value = 1.440, p-value = 0.150
# → Not statistically significant (p > 0.05), meaning there's insufficient evidence
#   to conclude that Republican leaning is associated with vaccination rates.

# Conclusion:
# Counties with stronger Democratic political affiliation were significantly
# associated with higher vaccination rates, while Republican affiliation was not.


