Spring, 2009

Thursday, May 14

Stat 324 – Day 25
Application of Indicators and Interaction Terms
Example: The data in salary.mtw concern salary and other characteristics of all faculty in a small Midwestern college from the early 1980s, used in legal proceedings for which discrimination against women in salary was at issue.  The variables include sex (1 = female, 0 = male), rank (1 for assistant, 2 for associate, 3 for full professor), year (number of years at current rank), degree (highest degree, 1 if PhD, 0 if Master’s), YSdeg (number of years since highest degree was earned, and Salary (academic salary in dollars).

(a) Fit a regression model to test the hypothesis that the mean salary for men and women is the same vs. the alternative that men have higher salaries on average. Be sure to state the relevant Ho and Ha in terms of the regression paramters. What is your conclusion?

(b) Compare your results to a pooled (assuming equal variance) two-sample t-test.  [Choose Stat > Basic Statistics > 2-Sample t, put C6 in the Samples box and C3 in the Subscripts box, check the box next to Assume equal variances, and press OK.]  Why do we need to assume equal variances to compare this output to the regression output?
(c) Fit a regression model to compare the average salaries for men and women after adjusting for years in current rank (c4), highest degree (c1), and years since highest degree (c5).  Is gender statistically significant?

(d) Fit a regression model using year, degree, ysdeg, and rank.  Test the hypothesis that the salary adjusted for years in current rank, highest degree, and years since highest degree is the same for each of the three ranks. Be sure to state Ho and Ha in terms of regression coefficients.

(e) Test to see if the sex differential in salary is the same in each rank. State the relevant hypotheses.  Hints: What terms do you need to add to the model in (d)? Note, this is a different question from testing for a gender effect after adjusting for rank and the other variables.

(f) Examine a basic interactions plot and see whether the picture is consistent with your conclusion in (e).  Choose Stat > ANOVA > Interactions Plot. Enter the resonse variable (salary) and then the two categorical variables in the “Factors” box.
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Describe what this graph reveals about the “effect” of gender, rank, and the interaction between gender and rank.

(g) Fit a regression model to predict salary from sex, year, ysdeg, and degree and then a second model that also includes rank.  Summarize and compare the results of leaving out rank on conclusions concerning the difference in pay for males and females. (Look at the coefficient of gender, not just significance.)
(g) Which factor rank or gender seems more relevant to salary based on these models?  Explain how this still could be relevant to the issue of discrimination against women.
The data in salary.mtw concern salary and other characteristics of all faculty in a small Midwestern college from the early 1980s, used in legal proceedings for which discrimination against women in salary was at issue.  The variables include sex (1 = female, 0 = male), rank (1 for assistant, 2 for associate, 3 for full professor), year (number of years at current rank), degree (highest degree, 1 if PhD, 0 if Master’s), YSdeg (number of years since highest degree was earned, and Salary (academic salary in dollars).

(a) Fit a regression model to test the hypothesis that the mean salary for men and women is the same vs. the alternative that men have higher salaries on average. Be sure to state the relevant Ho and Ha. What is your conclusion?

The regression equation is Salary-hat = 24697 - 3340 Sex

Predictor     Coef  SE Coef      T      P

Constant   24696.8    938.0  26.33  0.000

Sex          -3340     1808  -1.85  0.071

S = 5782.08   R-Sq = 6.4%   R-Sq(adj) = 4.5%

Testing H0: sex = 0 vs. Ha: sex < 0 (switching from males to females lowers the average salary)

So we can use t = -1.85 from the Minitab output with a one-sided p-value of .071/2 = .0355.  

At the 5% level of significance, we would conclude that the average salary for men is higher.

(b) Compare your results to a pooled (assuming equal variance) two-sample t-test.  

H0: men = women vs. Ha: men > women 

Stat > Basic Statistics > Two-sample t with “Assume equal variances” checked.

Two-Sample T-Test and CI: Salary, Sex 

Two-sample T for Salary

Sex   N   Mean  StDev  SE Mean

0    38  24697   5646      916

1    14  21357   6152     1644

Difference = mu (0) - mu (1)

Estimate for difference:  3340

95% lower bound for difference:  310

T-Test of difference = 0 (vs >): T-Value = 1.85  P-Value = 0.035  DF = 50

Both use Pooled StDev = 5782.0820

The results (estimate of difference (3340), t, p-value, s etc.) match.

(c) Fit a regression model to compare the average salaries for men and women after adjusting for years in current rank, highest degree, and years since highest degree.  Is the sex differential statistically significant?

The regression equation is Salary-hat = 13884 + 352 Year + 3299 Degree + 339 YSdeg - 1287 Sex

Predictor    Coef  SE Coef      T      P

Constant    13884     1640   8.47  0.000

Year        352.0    142.5   2.47  0.017

Degree       3299     1303   2.53  0.015

YSdeg      339.40    80.62   4.21  0.000

Sex         -1287     1313  -0.98  0.332

S = 3743.50   R-Sq = 63.1%   R-Sq(adj) = 60.0%

After adjusting for the other variables, the gender variable is no longer statistically significant (t = -.98, p-value = .332, even one-sided p-value = .166).

(d) Fit a regression model using year, degree, ysdeg, and rank.  Test the hypothesis that the salary adjusted for years in current rank, highest degree, and years since highest degree is the same for each of the three ranks. Be sure to state Ho and Ha in terms of regression coefficients.

To include rank in the model, we need to create two indicator variables.  I left out assistant professor.

The regression equation is Salary-hat = 17373 + 417 Year - 1062 Degree - 81.2 YSdeg + 4714 assos + 10510 prof

Predictor     Coef  SE Coef      T      P

Constant     17373     1190  14.60  0.000

Year        416.56    82.75   5.03  0.000

Degree     -1062.1    991.5  -1.07  0.290

YSdeg       -81.22    69.87  -1.16  0.251

assos         4714     1056   4.46  0.000

prof         10510     1270   8.27  0.000

S = 2413.70   R-Sq = 85.0%   R-Sq(adj) = 83.4%

Analysis of Variance

Source          DF          SS         MS      F      P

Regression       5  1517736521  303547304  52.10  0.000

Residual Error  46   267993336    5825942

Total           51  1785729858

Source  DF     Seq SS

Year     1  876680907

Degree   1    1722137

YSdeg    1  235224812

assos    1    5417930

prof     1  398690736

H0: 4 = 5 = 0, Ha: at least one of 4, 5 [image: image3.png]


 0 (average salary differs at at least one rank)

Since the rank variables were added last, the increase in SSR if these terms are not in the model is (5417930 + 398690736) = 404,108,666.

F = (404108666/2) / 5825952 = 34.68  with df = 2, 46
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The p-value is tiny so we have super strong evidence of a salary difference, on average, across the 3 ranks after adjusting for years in current rank, highest degree, and years since degree.

(e) Test to see if the sex differential in salary is the same in each rank. State hypotheses. Hint: What terms do you need to add to the model in (d)?

So want to know if the “gender effect” is the same at the 3 ranks, so want to include interaction terms in addition to gender.  So we need to add two interaction terms.  Some might debate whether gender needs to be included, but I have done so below.

The regression equation is

Salary = 17505 + 522 Year - 1502 Degree - 149 YSdeg + 5119 assos + 10539 prof

         + 444 Sex + 498 sex*assoc + 2510 sex*prof

Predictor     Coef  SE Coef      T      P

Constant     17505     1285  13.62  0.000

Year         522.1    105.5   4.95  0.000

Degree       -1502     1030  -1.46  0.152

YSdeg      -148.61    86.83  -1.71  0.094

assos         5119     1168   4.38  0.000

prof         10539     1426   7.39  0.000

Sex            444     1154   0.39  0.702

sex*assoc      498     2449   0.20  0.840

sex*prof      2510     1926   1.30  0.199

S = 2401.89   R-Sq = 86.1%   R-Sq(adj) = 83.5%

Analysis of Variance

Source          DF          SS         MS      F      P

Regression       8  1537659768  192207471  33.32  0.000

Residual Error  43   248070090    5769072

Total           51  1785729858

Source     DF     Seq SS

Year        1  876680907

Degree      1    1722137

YSdeg       1  235224812

assos       1    5417930

prof        1  398690736

Sex         1    9134971

sex*assoc   1     988067

sex*prof    1    9800208

Testing H0: 7 =  = 0 (no interactions) vs. Ha: 7 and/or 8 [image: image6.png]


 0

F = (988067+9800208)/2 / 5769072 = .935 with df = 2, 43
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With such a large p-value (.400), we reject H0 and conclude that the difference in salaries for males and females does not differ across the 3 ranks.

Note: we can explore a basic interaction plot of gender and rank:
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While male and female salaries are not that different among assistant professors, the difference between males and females is larger for the associate and full professors (especially the associate and this could be affected by the lower percentage of women among full professors), but not significantly so after adjusting for years, highest degree, and years since degree.  We are willing to use parallel lines to model the sex differential in salary.

(f) Fit a regression model to predict salary from sex, year, ysdeg, and degree and then a second model that also includes rank.  Summarize and compare the results of leaving out rank on conclusions concerning the difference in pay for males and females. Hint: What if women are discriminated against by not getting promoted?

The regression equation is Salary = 13884 - 1287 Sex + 352 Year + 3299 Degree + 339 YSdeg

Predictor    Coef  SE Coef      T      P

Constant    13884     1640   8.47  0.000

Sex         -1287     1313  -0.98  0.332

Year        352.0    142.5   2.47  0.017

Degree       3299     1303   2.53  0.015

YSdeg      339.40    80.62   4.21  0.000

S = 3743.50   R-Sq = 63.1%   R-Sq(adj) = 60.0%

The regression equation is Salary = 17135 + 1166 Sex + 476 Year - 1389 Degree - 125 YSdeg + 5292 assos + 11119 prof

Predictor     Coef  SE Coef      T      P

Constant     17135     1198  14.31  0.000

Sex         1166.4    925.6   1.26  0.214

Year        476.31    94.91   5.02  0.000

Degree       -1389     1019  -1.36  0.180

YSdeg      -124.57    77.49  -1.61  0.115

assos         5292     1145   4.62  0.000

prof         11119     1352   8.23  0.000

S = 2398.42   R-Sq = 85.5%   R-Sq(adj) = 83.6%

Notice that the sign of gender changes in these two models!  While not significant, this says women make more on average than men within each rank.  The main salary differences seem to be across the 3 ranks so if women aren’t getting promoted, that would appear like women are making less overall.

