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1. We are interested in making inference about the difference in the mean monthly salary paid to women faculty in 1995 and that paid to men faculty in 1995. In this problem, we focus on alternative modeling of the variables yrdeg and startyr. In all models in this problem, we will appropriately adjust for degree, field, administrative duties, and sex. (Note that I have provided answers to all parts of this problem except parts a, b and i, which you should answer.)
a. In all parts of this problem, in addition to the year of degree and year starting at the UW, you should adjust for the highest degree obtained, field, and administrative duties. What is the best way to model the variables degree, field, and admin? Briefly justify your answer.
Degree and field are unordered categorical variables, dummy variables is the best way to model these variables. Administrative duties is a binomial categorical variable and a dummy variable/indicator in the model is also best.
b. In all parts of this problem you should use robust standard error estimates. Briefly explain why inference based on classical linear regression (without robust SE estimates) would be incorrect. Do you think the classical linear regression inference would tend to be conservative or anti-conservative? Justify your answer.
Inference based on classical linear regression would not allow for the possibility of heteroscedasticity among different groups. Classical linear regression inference would provide results that are conservative (p-values too high, confidence intervals too wide). We know this because when we look at the two main predictors while the variance of salary among groups of start year has similar variability, we see that the variability in salary among later year of degree is reduced. This heteroscedasticity causes a conservative estimate if we do not use robust standard errors.
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c. In a real situation, how would choose among the alternative methods for adjusting for year of degree and starting year? 

Unless we believe a priori that the relationship between year of degree and starting year is non-linear I would simply adjust for this continuously. 

2. We are interested in making inference about the difference in the mean monthly salary paid to faculty according to the year in which faculty obtained their degree and the year in which they started at UW. In all models in this problem, we will appropriately adjust for degree, field, administrative duties, and sex.

a. Provide inference about the adjusted association between monthly salary and year of degree (modeled as a linear continuous variable, not adjusted for starting year).

The estimated mean difference in mean monthly salary paid to faculty who differ in year of degree by one year is $89.865, with those who received their degree more recently being paid less, among faculty with similar degree, field, administrative duties and sex. This estimate would not be judged as unusual if the true estimated mean difference between faculty who differ by one year of degree is way anywhere between 81.42895 and 98.3019, with those who received their degree more recently being paid less. Based on a p-value <0.0001, we reject the null hypothesis that there is no difference in mean monthly salary among faculty who differ in year of degree and have similar degrees, fields, administrative duties and sex.
b. Provide inference about the adjusted association between monthly salary and starting year (modeled as a linear continuous variable, not adjusted for year of degree).

The estimated mean difference in mean monthly salary paid to faculty who differ in one year of starting year is 56.882, with those who started their job more recently being paid less, among faculty with similar degree, field, administrative duties and sex. This estimate would not be judged as unusual if the true estimated mean difference was anywhere between 47.632 and 66.133, with those who started their job more recently being paid less. Based on a p-value  <0.0001, we reject the null hypothesis that there is no difference in mean monthly salary among faculty who differ in year of starting their job and have similar degrees, fields, administrative duties and sex.
c. Provide inference about the adjusted association between monthly salary and year of degree (modeled as a linear continuous variable, and adjusted for starting year as well as the other variables).

The estimated mean difference in mean monthly salary paid to faculty who differ in year of degree by one year is 111.961, with those who received their degree more recently being paid less, among faculty with similar start year od job, degree, field, administrative duties and sex. This estimate would not be judged as unusual if the true estimate mean difference was anywhere between 93.342 and 130.58 with those who received their degree more recently being paid less. Based on a p-value <0.0001, we reject the null hypothesis that there is no difference in mean monthly salary among faculty who differ in year of degree and have similar start years, degrees, fields, administrative duties and sex.
d. Provide inference about the adjusted association between monthly salary and starting year (modeled as a linear continuous variable, and adjusted for year of degree as well as the other variables).

The estimated mean difference in mean monthly salary paid to faculty who differ in one year of starting year is 27.153, with those who started their job more recently being paid more, among faculty with similar year of degree, degree type , field, administrative duties and sex. This estimate would not be judged as unusual if the true estimated mean difference was anywhere between 8.6801 and 45.627, with those who started their job more recently being paid more. Based on a p-value 0.004, we reject the null hypothesis that there is no difference in mean monthly salary among faculty who differ in year of starting their job and have similar year of degree, degree type, fields, administrative duties and sex.

e. Briefly discuss the scientific relevance between the results obtained in parts a,b and parts c,d of this problem.
In part A we are asking the question of how does monthly salary compare between two groups who differ in one year of when they received their degree after taking into account differences in type of degree, field, administrative duties and sex. In part B the question is how does salary compare between two groups who differ in on year of when they started their job, adjusting for the same variables.  In part A the focus is on overall experience one has after finishing their degree and we would expect that people who obtained their degree earlier would make more. In part B the focus is on experience after starting their job at UW, and we also expect that if you started a year later than another person of the same field, degree, admin. duties and sex, then one would make less.

In parts C and D both of these variables are in the model. In part C we examine monthly salary paid to faculty who differ in one year of getting their degree adjusting for other variables as well as starting year. Which means that individuals who are similar in other adjustment factors and also started at the same year, the person who received their degree earlier and likely has more experience before starting a job, will be paid more. In part D we ask the difference in salary in people who are otherwise similar, received their degree during the same year, but differ in year of starting their job. Those who start later and likely have more experience after getting their degree, will be paid more.
Problems 3 – 5 ask you to fit a series of models in which you consider a hierarchy of adjusted analyses for each of three different summary measures. Your response to these problems might be best presented in a table of inference about the adjusted association between monthly salary and sex.

For the benefit of the graders, we will agree on modeling yrdeg and startyr as linear splines as computed in problem 1f.
3. We are interested in making inference about the difference in the mean monthly salary paid to women faculty in 1995 and that paid to men faculty in 1995.
	Model
	Estimate
	Z
	p-value
	95% CI low
	95% CI high

	A
	-1334.731
	-14.04
	< .0001
	-1521.177
	-1148.286

	B
	-1266.152
	-13.40
	< .0001
	-1451.555
	-1080.75

	C
	-614.1284
	-7.17
	< .0001
	-782.235
	-446.0218

	D
	-614.5785
	-7.06
	< .0001
	-785.3114
	-443.8456

	E
	-420.0537
	-5.05
	< .0001
	-583.1193   
	-256.9881

	F
	-419.7268          
	-5.17  
	< .0001
	-578.9865   
	-260.4672

	G
	-280.6639     
	-4.08
	< .0001
	-415.5158
	-145.812


4. We are interested in making inference about the ratio of geometric mean monthly salary paid to women faculty in 1995 and that paid to men faculty in 1995.
	Model
	Estimate
	Z
	p-value
	95% CI low
	95% CI high

	A
	0.81202
	-13.73
	< .0001
	0.78822
	0.8365

	B
	0.82035
	-13.09
	< .0001
	0.796373
	0.84506

	C
	0.90901827
	-6.99     
	< .0001
	0.88501
	0.9337

	D
	0.9086752
	-6.98       
	< .0001
	0.8845
	0.9335

	E
	0.93624872
	-5.06       
	< .0001
	0.91265
	0.96046

	F
	0.9362918
	-5.17      
	< .0001
	0.91321
	0.95996

	G
	0.9574291
	-4.08       
	< .0001
	0.93763
	0.97764


5. We are interested in making inference about the ratio of the mean monthly salary paid to women faculty in 1995 and that paid to men faculty in 1995. You can use Poisson regression (with the irr option to get exponentiated parameter estimates), or you can use a generalized linear model with a log link. Stata has a regression function “glm” that allows the specification of a log link function. Hence, you can fit the regression for part a using the command
Poisson regression was used below.
	Model
	Estimate
	Z
	p-value
	95% CI low
	95% CI high

	A
	0.8017         
	-13.58
	< .0001
	0.7765
	0.8277

	B
	0.8105              
	-12.98
	< .0001
	0.7852    
	0.8366

	C
	0.9008           
	-7.09
	< .0001
	0.8751
	0.9272

	D
	0.9008           
	-7.01
	< .0001
	0.8749
	0.9275

	E
	  0.9286                
	-5.22   
	< .0001
	0.9032
	0.9548

	F
	0.9289               
	-5.34
	< .0001
	0.9041
	0.9543

	G
	  0.9512                
	-4.30
	< .0001
	0.9298
	0.9732


6. Briefly discuss the similarities and differences between the analyses performed in problems 3 – 5. How similar are the predicted values between the models? How different is the inference you would obtain? 

In all models we are examining differences in salary but different measures such as difference or ratio of means or geometric means. We are answering the same question just using different parameters as the outcome. As you can see from the graphs below the predicted values are quite similar. The inferences based on p-values are all the same, there is a statistically significant relationship.
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7. For the analysis model that you would have chosen a priori, summarize the scientific relevance of the single model that you think would best reflect any discrimination against women in awarding salaries. Give a formal report of your methods and results.
A priori I would use a difference in mean salary to examine discrimination against women in awarding salaries. Mean difference is very easy to understand and the university can calculate the total amount of money they are underpaying women, not necessarily just at the individual level. I would adjust for all variables in this model except for rank because this is a mechanism of discrimination.
Methods: In order to compare monthly salary paid to women and men in 1995 and estimate 2-sided p-values and 95% confidence intervals, I will use a linear regression model with robust standard errors (Hubert-white sandwich estimator) to allow for the possibility of heteroscedasticity among groups. We will adjust for the following potential confounders, degree (PhD, Prof, Other), year of degree (continuous), starting year at UW (continuous), field (Prof, Arts, Other), and administrative duties (yes, no).
Inference: The estimated mean difference in mean monthly salary paid in women and men is 428.325, with women being paid less, among faculty with similar degree, field, and administrative duties. This estimate would not be judged as unusual if the true estimated mean difference was anywhere between 267.778 and 588.872, with women being paid less. Based on a p-value  <0.0001, we reject the null hypothesis that there is no difference in mean monthly salary among males and females who have similar degrees, fields, administrative duties and sex.
