Spring, 2009

Monday, April 27

Stat 324 – Day 14
Multiple Regression (4.1)

Recap: “Simple Linear Regression”: yi = 0 + 1xi + i  where i ~ N(0, 2)

Seemed ok, had 10 minutes at end with only passing back of exams, probably didn’t need all 10 min on (g), did seem to get them thinking but a little awkward to go back and forth.  Idependence vs. interaction warning probably worthwhile. Probably reasonable time for marshmallows.  Also idea of what mean by linear model.
Multiple regression: yi = 0 + 1xi1 + 2xi2 + …. + pxip + iaka    Y = X + e

n = number of observations (i = 1, …, n)

p = number of predictor/explanatory variables (p+1 coefficients)

 follows a multivariate Normal distribution with E() = 0 and V() = 2In
Example 1: The data file workcrew.mtw contains results for a small-scale experiment on the effect of work crew size and level of bonus pay on crew productivity.  

(a) Fit the regression model predicting productivity from work crew size.  Report the equation and interpret R2.

(b) Repeat (a) with productivity and level of bonus pay.
(c) Now fit a regression model predicting productivity from work crew size and level of bonus pay. (Just put both variables in the Predictors box.) How do the coefficients compare to those in (a) and (b) and what do you notice about R2?  
The regression equation is productivity = 0.38 + 5.37 crew + 9.25 bonus

Predictor    Coef  SE Coef     T      P

Constant    0.375    4.740  0.08  0.940

crew       5.3750   0.6638  8.10  0.000

bonus       9.250    1.328  6.97  0.001

S = 1.87750   R-Sq = 95.8%   R-Sq(adj) = 94.1%

Analysis of Variance

Source          DF      SS      MS      F      P

Regression       2  402.25  201.12  57.06  0.000

Residual Error   5   17.63    3.53

Total            7  419.87

Source  DF  Seq SS

crew     1  231.12

bonus    1  171.13

Example 2: Open our NBA point guard data (NBA_PG0809B.mtw).  Recall that minutes per game, mpg, was significantly correlated with ppm (r = .542, p-value < .001, R2 = 29.4%) and we estimated each additional minute per game was associated with a .00767 increase in points per minute.
(a) A common graphical tool in multiple regression is a scatterplot matrix. Choose Graph > Matrix Plot. In the second row (Each Y versus each X), select the Simple option and press OK.  Enter ppm as the Y variable and mpg, FG%, 3P%, and FT% in the X variables box.  As in HW 1, click on the right edge of the graph window and expand it out to the right. Then double click in the white area surrounding the graph, select the Graph Size tab, click Custom and change the width from 6 to 12.  

Are the directions of the associations as you expected?  
Which explanatory variable appears most strongly related to ppm?

Use the brush feature to identify any unusual observations by name. Describe how they are unusual. Do you have any explanations for them?

(b) Fit the regression model for predicting ppm from FG%.  Is FG% a statistically significant predictor of ppm? How much variability in ppm does it explain?
(c) Now fit the regression model for predicting ppm from mpg and FG% but under the Storage button, select the Fits. Press OK twice, you should get the output below.
The regression equation is ppm = - 0.263 + 0.00379 mpg + 1.29 FG%
Predictor      Coef   SE Coef      T      P

Constant    -0.2634    0.1413  -1.86  0.070

mpg        0.003785  0.002037   1.86  0.071

FG%          1.2899    0.3849   3.35  0.002

S = 0.0836742   R-Sq = 45.2%   R-Sq(adj) = 42.4%

Analysis of Variance

Source          DF       SS       MS      F      P

Regression       2  0.22506  0.11253  16.07  0.000

Residual Error  39  0.27305  0.00700

Total           41  0.49812

How has the coefficient of mpg changed? How do we interpret the coefficient of mpg?
(d) How do we interpret R2?
Notes: R2 is now equal to the coefficient of determination between the observed Y and the fitted 
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Some distinguish between r2 and R2.
With two predictor variables, we are fitting a plane through the points.  We use least-squares estimators of the coefficients in the same manner as before (minimizing SSE).
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To interpret the slope coefficient on mpg, we will consider the other variables as being fixed.  So if the FG% is fixed, the slope coefficient of mpg tells us the predicted increase in the mean ppm for each additional percentage point in mpg if FG% is constant. In experiments, we literally can fix the value of the explanatory variable.  In other studies, we need to consider subpopulations with the same FG% value.  

Notice, this plane is most stable when there is no relationship between the explanatory variables (orthogonal) and stability problems can arise if they are too related (see multicollinearity).

(e) Select Graph > Matrix Plot again and this time select the Simple option in the first row. Enter, ppm, mpg, FG%, 3P%, and FT%.  What do you notice about the correlation between mpg and FG%?

(f) A useful numerical tool is a correlation matrix Choose Stat > Basic Statistics > Correlation, entering all the variables in the Variables box. I would unselect the “Display p-values” box for now.  Click OK. Does this confirm what you saw in the matrix plot?
(g) If our goal is to explain as much as the variation in ppm that we can, what 2 variables would you recommend using? Explain (back it up with some numbers).

Example 3: Let’s return to the workcrew example.  

(a) What is the correlation between crew and bonus?

(b) What advantage of “orthogonal” variables has this example highlighted?

Examine the data:

crew
bonus
productivity

4
2
42

4
2
39

4
3
48

4
3
51

6
2
49

6
2
53

6
3
61

6
3
60
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(c) What is the “effect” on productivity by increasing the bonus by 1 when crew = 4?

(d) What is the “effect” on productivity by increasing the bonus by 1 when crew = 6?

Now consider this data set:

crew
bonus
productivity

4
2
42

4
2
39
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(e) What is the “effect” on productivity by increasing the bonus by 1 when crew = 4?

(f) What is the “effect” on productivity by increasing the bonus by 1 when crew = 6?

(g) Are crew and bonus still independent?
4

_1239479321.unknown

