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All problems refer to the salary dataset as found on the class web pages. This is a very large file, so you need to make sure you have sufficient memory available when you start Stata. Also, it is probably most convenient if you code the variables as numbers, and use labels to make them more understandable. The following file on the Datasets web pages contains commands you might find useful.

http://www.emersonstatistics.com/datasets/initsalary.doc
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.
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.
Answer: All of degree, field, and administrative duties are unordered categorical variables. This means the most accurate way to model each of them is using a dummy variable.
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.
Answer: We expect that females will make up a smaller number of individuals than males in the sample, and that while most females are expected to have a low salary, there will be some individuals with a higher salary. This could cause the estimated standard deviation within women (the smaller group) to be higher than that of the men (the larger group). Inference based on classical linear regression would thus be expected to be anti-conservative, with p-values that are too high and/or confidence intervals that are wider than using robust SE estimates that account for the differing standard deviations we expect.

i. In a real situation, how would choose among the alternative methods for adjusting for year of degree and starting year? 
Answer: Since cost of living and other factors influencing the wages and salaries can be expected to act on multiplicative scale, I would not choose a linear adjustment for year of degree and starting year. Using dummy variables to break the variables into several ranges of years will cause us to lose statistical precision since there are many values of year of degree and starting year in the sample. A quadratic adjustment presupposes the trend to be a U-shape, which we cannot be certain of. Hence I would choose to model both variables with the linear splines.
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).

Answer: After adjusting for degree, field, administrative duties, and sex, we estimate that for two individuals differing in year of degree, the individual with more recent year of degree will have a salary that is on average $19.52 per month lower per year difference between the two individuals. Based on a robust 95% confidence interval, this difference is consistent with a true mean difference of between $16.49 and $22.57 per month lower per year. This estimate is significant with p-value < 0.0001.
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).

Answer: After adjusting for degree, field, administrative duties, and sex, we estimate that for two individuals differing in start year, the individual with more recent year of degree will have a salary that is on average $16.67 per month higher per year difference between the two individuals. Based on a robust 95% confidence interval, this difference is consistent with a true mean difference of between $13.55 and $19.78 per month higher per year. This estimate is significant with p-value < 0.0001.
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).

Answer: After adjusting for starting year, degree, field, administrative duties, and sex, we estimate that for two individuals differing in year of degree, the individual with more recent year of degree will have a salary that is on average $81.51 per month lower per year difference between the two individuals. Based on a robust 95% confidence interval, this difference is consistent with a true mean difference of between $80.60 and $92.43 per month lower per year. This estimate is significant with p-value < 0.0001.
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).

Answer: After adjusting for degree, field, administrative duties, and sex, we estimate that for two individuals differing in start year, the individual with more recent year of degree will have a salary that is on average $80.21 per month higher per year difference between the two individuals. Based on a robust 95% confidence interval, this difference is consistent with a true mean difference of between $74.39 and $86.04 per month higher per year. This estimate is significant with p-value < 0.0001.
e. Briefly discuss the scientific relevance between the results obtained in parts a,b and parts c,d of this problem.
Answer: By not specifying a particular year for the analysis, any scientific relevance we would have had is lost. Individuals with many years of data will have a greater weight in the model than individuals with fewer years of data.
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.
	Additional Covariates
	Estimate
	t
	P Value
	95% CI low
	95% CI high

	Difference in Means

	Unadjusted
	-1334.73
	-14.04
	< 0.001
	-1521.18
	-1148.29

	Degree
	-1266.15
	-13.40
	< 0.001
	-1451.56
	-1080.75

	Year of Degree
	-622.89
	-7.20
	< 0.001
	-792.51
	-453.26

	Starting Year at UW
	-629.13
	-7.17
	< 0.001
	-801.21
	-457.04

	Field
	-432.96
	-5.14
	< 0.001
	-598.33
	-267.60

	Administrative Duties
	-428.33
	-5.23
	< 0.001
	-588.87
	-267.78

	Rank
	-304.04
	-4.43
	< 0.001
	-438.71
	-169.36


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.
	Additional Covariates
	Estimate
	t
	P Value
	95% CI low
	95% CI high

	Ratio of Geometric Means

	Unadjusted
	0.8120
	-13.73
	< 0.001
	0.7882
	0.8365

	Degree
	0.8204
	-13.09
	< 0.001
	0.7964
	0.8451

	Year of Degree
	0.9069
	-7.07
	< 0.001
	0.8827
	0.9319

	Starting Year at UW
	0.9064
	-7.05
	< 0.001
	0.8820
	0.9315

	Field
	0.9341
	-5.12
	< 0.001
	0.9100
	0.9588

	Administrative Duties
	0.9347
	-5.22
	< 0.001
	0.9113
	0.9587

	Rank
	0.9547
	-4.36
	< 0.001
	0.9349
	0.9748


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.
	Additional Covariates
	Estimate
	Z
	P Value
	95% CI low
	95% CI high

	Ratio of Means (GLM log-link)

	Unadjusted
	0.8017
	-13.58
	< 0.001
	0.7765
	0.8277

	Degree
	0.8097
	-12.99
	< 0.001
	0.7844
	0.8359

	Year of Degree
	0.8950
	-7.28
	< 0.001
	0.8687
	0.9221

	Starting Year at UW
	0.8922
	-7.31
	< 0.001
	0.8653
	0.9199

	Field
	0.9218
	-5.40
	< 0.001
	0.8950
	0.9494

	Administrative Duties
	0.9227
	-5.55
	< 0.001
	0.8969
	0.9493

	Rank
	0.9474
	-4.48
	< 0.001
	0.9252
	0.9701


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? 

Answer: In each analysis we saw that there was a statistically significant association for females to have lower salaries than males. As we added additional covariates to the models, the significance tended to decreased (as measured by the test statistics for each model’s gender covariate), though all p-values remained < 0.001. The estimates for these models also approached, though never reached, gender equality for salary as we adjusted for additional covariates. The following plot shows us that the fitted values for each model used in the preceding analyses of problems 3-5. We see from the plot that they tended to predict similar values of the mean salary in each gender.
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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.
Choice of Methods: To investigate the association between gender and salary among faculty at UW, we estimate the ratio in geometric means between men and women from the exponentiated slope term of a linear regression model of log-monthly salary on a dummy variable for gender and adjusted for degree, year of degree, starting year at UW, field and administrative duties (all of which are potential confounders).
We choose to model this association with the geometric mean because raises (increases in salary) are expected to come in the form of a percent increase, rather than an absolute dollar increase, which results in a multiplicative model if males are receiving a higher percent increase than women. Additionally, the geometric mean tends to be less sensitive to the effects of outliers which are likely to exist in salary data.
Since most women have a relatively low salary, those few with a high salary will cause an increase in the variance within salaries of women. We know that women constitute roughly 1/5th of the sample, a high variance in this group could lead to conservative estimation. To correct for this, our inference uses the robust sandwich estimates for standard error in the calculation of p-values and 95% confidence interval for the ratio of the geometric mean.

Results: From our linear model, we estimate that after adjusting for degree, year of degree, starting year at UW, field and administrative duties, women in 1995 have a salary that is 6.53% lower than for otherwise similar men on average. This estimate is highly significant with a two-sided p-value that is less than 0.001 (t = -5.22) and is consistent with a true mean salary that is between 4.13% and 8.87% lower than otherwise similar men. Hence we have strong evidence discrimination against women in awarding salaries at UW in 1995.
