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Complete the following problems below. Include your R program output with code inside of it for each part and any additional information needed to explain your answer. Your R code and output should be formatted in the same manner as in past project answer keys.
  
1) (20 total points) Pneumoconiosis (black lung disease) is a disease that results from breathing dust from a coal mine. The project4.csv file contains the counts of coal miners aggregated into eight groups based on their time working in a mine (time, years) and their severity of pneumoconiosis (resp, three levels: normal < mild < severe). Below is part of the data:

> project4 <- read.csv(file = "project4.csv", stringsAsFactors = TRUE)
> head(project4, n = 3)
  time count   resp
1  5.8    98 normal
2 15.0    51 normal
3 21.5    34 normal

> tail(project4, n = 3)
   time count   resp
22 39.5     8 severe
23 46.0    10 severe
24 1.5      5 severe

The count column represents the number of individuals who had a specific time and pneumoconiosis level. 

The purpose of this problem is to examine a multinomial regression model that uses time (linear form) to estimate resp. Note that the weights argument needs to be used with multinom()!
a) (4 points) Estimate and state this model. 
b) (3 points) State the estimated model from a) with the normal category as the base level for the response variable. Complete this part without re-estimating the model! You may re-estimate the model only to check your answer.
c) (3 points) Assess the importance of time using an LRT. Make sure to properly state the hypotheses, the decision, and the conclusion. 
d) (3 points) Estimate the probabilities for the pneumoconiosis categories for each time group and display these probabilities in an appropriate data frame. This data frame should be structured as shown below. 

	time
	normal
	mild
	severe

	5.8
	
	
	

	15.0
	
	
	

	
	
	
	

	51.5
	
	
	



e) (3 points) Plot the estimated model. Describe the relationship between pneumoconiosis and time.  
f) (4 points) Estimate the appropriate odds ratios to fully understand the relationships between time and pneumoconiosis. Include 95% Wald intervals. Don’t use the emmeans package for your calculations. Fully interpret the odds ratios in the context of the data. Use a 5-year increase in time with your calculations.  

2) (15 total points) For a proportional odds regression model estimated by polr(), complete the same parts as in 1) except for part b. Below are a few notes:
· The response levels need to be ordered correctly!!! You should create this ordering FIRST!!!
· Remember to use the weights argument.
· For the plot part, include your model on the same plot as in part e). 
· For the odds ratio part, use profile LR intervals. 

3) (3 points) Are there any advantages of using one model (multinomial vs. proportional odds) rather than the other for the data used in 1) and 2)? Explain. 
