Lecture 9_ Regression with More than Two Independent Variables

Regression example with 4 Predictors:  Do individual predictors yield unique contributions?  
This example extends the running example we used last semester and this semester on the relationship of P511 scores to the information available at time of selection.  That information is scores on the 3 GRE tests – Verbal, Quantitative, and Analytical Writing -   and UGPA.

The questions that might be asked are the following:

1.  Does each score predict P511 when controlling for the others?  That is, does each score offer a unique contribution to the prediction of P511?

2.  Is the profile of predictor importance that which we would expect given the fact that the course is a statistics course.  That is, would we expect GREQ to be more important in predicting P511 scores than GREV, for example. 

3.  Which IV is most important in prediction of P511G scores?  Which is least?

Regression


	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	p511g
	.8563
	.08899
	128

	ugpa
	3.3803
	.35448
	128

	grev
	466.02
	77.229
	128

	greq
	545.55
	90.247
	128

	awrit
	4.113
	.7049
	128



	Correlations

	
	p511g
	ugpa
	grev
	greq
	awrit

	Pearson Correlation
	p511g
	1.000
	.264
	.335
	.353
	.257

	
	ugpa
	.264
	1.000
	-.011
	-.169
	.172

	
	grev
	.335
	-.011
	1.000
	.285
	.388

	
	greq
	.353
	-.169
	.285
	1.000
	.187

	
	awrit
	.257
	.172
	.388
	.187
	1.000



	Variables Entered/Removedb

	Model
	Variables Entered
	Variables Removed
	Method

	1
	awrit, ugpa, greq, grev
	.
	Enter

	a. All requested variables entered.

b. Dependent Variable: p511g




All 4 predictors were entered in one step.  This is what is called simultaneous analysis.

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.537a
	.288
	.265
	.07628

	a. Predictors: (Constant), awrit, ugpa, greq, grev




All four predictors accounted for about 28% of sample variance.

We would estimate that in the population, these predictors would account for about 26 - 27% of variance, the adjusted R Square. 
The estimated standard deviation about the regression line (SD of the residuals is .076 ~~ .08. So roughly speaking, a 95% confidence interval about a predicted Y would be from Y-hat – .16 to Y-hat + .16.  A student predicted to obtain a .84 in P511 could be expected to score anywhere from .70 to .98.  Lots of room for improvement of prediction.
	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	.290
	4
	.073
	12.465
	.000a

	
	Residual
	.716
	123
	.006
	
	

	
	Total
	1.006
	127
	
	
	

	a. Predictors: (Constant), awrit, ugpa, greq, grev

b. Dependent Variable: p511g




The ANOVA box tells us that P511G scores are significantly related to the combination of 4 predictors.

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations

	
	B
	Std. Error
	Beta
	
	
	Zero-order
	Partial
	Part

	1
	(Constant)
	.264
	.088
	
	2.991
	.003
	
	
	

	
	ugpa
	.079
	.020
	.313
	3.961
	.000
	.264
	.336
	.301

	
	grev
	.000
	.000
	.222
	2.619
	.010
	.335
	.230
	.199

	
	greq
	.000
	.000
	.333
	4.098
	.000
	.353
	.347
	.312

	
	awrit
	.007
	.011
	.054
	.641
	.523
	.257
	.058
	.049

	a. Dependent Variable: p511g




B for ugpa = .0785419
B for grev = .00025632.
B for greq = .00032802.
B for awrit = .00685357
Prediction equation:   
Predicted P511 score = .264 + .0785*UGPA + .000256*GREV + .000328*GREQ + .00685*AWRIT.

Our Questions:

1.  Does each offer a unique contribution to the prediction of Y?  All but the Analytic Writing score do.  

2.  Is the profile of importance that which we would expect? 

Yes, we would expect all coefficients to be positive.  They all are.


But, if we ask about the relative importance of predictors . . . Hmm.

3.  Comparing Predictors


Predictor


UGPA
GREV
GREQ
AWRIT

Imperfect Measure


Simple r - contaminated
.264
.335
.353
.257
Standardized B - unique
.313
.222
.333
.054
Part r (semi partial r) - unique
.301
.199
.312
.049
GREQ wins in 3 of 3 comparisons.  AWRIT is last in all 3 comparisons.

.

More on relative importance later.

Charts

Residuals vs. predicted.

Should have no unusual features – bandings, curvilinearity, outliers

[image: image1.emf]
The plot of Zs of residual vs. Zs of predicted Ys is pretty regular.  If prediction were perfect, all points would be in a horizontal line at height 0.  
Only one point is particularly poorly predicted.  
In contrast, the point at the very left of the scatterplot is of a person who was predicted to do very poorly and did a little better than expected.
The Sequoyah Nuclear Plant Case Study

Developing a Refined Expectation Based on Multiple Regression

 This study consists of real data.  It is based on an analysis of personnel requirements in the Materials/Storeroom operation at Sequoyah Nuclear Plant.  The original study was conducted by Troy Brady and V. Earl Brown, Jr., both of whom are graduates of the I/O program.

The unrefined expectation.  As part of a general reduction in staffing within TVA, the number of personnel deemed necessary for the Materials/Storeroom operation at Sequoyah in 1991 was set at the industry average for "Double Unit" plants, of which Sequoyah is an example.  That number was 52 persons.  The decision was also made to reduce the number of M/S personnel to 30 by the end of 1992.

Toward a refined expectation.  Troy and Earl felt that Sequoyah was not representative of the "industry" average on several variables (IV's) which might affect the number of persons required to run the M/S operation.  They decided to conduct a survey of nuclear plants to determine the relationship of M/S personnel needs to these IV's.  They wanted to see if personnel needs were related to these variables, and if so, what Sequoyah's M/S personnel need (DV) would be expected to be when its profile on these variables was taken into account. 

A questionnaire was mailed to 41 nuclear plants throughout the U. S.  Persons receiving the questionnaire were asked to provide information concerning the respondent's nuclear plant on the following variables:



Name


Description


YRS


Years in Operation



TOTALPER

Total number of plant personnel (in 1000's)



STSHWK

Stores shifts per week



NOUN

Number of units



TOMW

Total Megawatts



UNGC1

Dummy variable coding reactor supplier



UNGC2

Dummy variable coding reactor supplier



UNGC3

Dummy variable coding reactor supplier



UNGC4

Dummy variable coding reactor supplier



INNOIT

Number of inventory items



INTODO

Inventory Dollar Value



TOTRAN

Total transactions



SPER


Number of Materials/Storeroom Personnel

  Responses were received from 25 of the nuclear plants, a 58.5% response rate.   The data are presented below.

Materials / Stores Personnel Data


YRS
TOTALPER


 |       |
STSHWK


 |       |   |
NOUN


 |       |   |    |
TOMW


 |       |   |    |   |
GC'S


 |       |   |    |   |



INNOIT
INTODO


 |       |   |    |   |            |       |
TOTRAN


 |       |   |    |   |            |       |      |
SPER (The DV)

 ID
 |       |   |    |   |            |       |      |     |
Y-HAT
RESID

 1
21
0.303
5
1
0.582
1
0
0
0
15.177
19.2
25.191
17
19.918
-2.918

 2
2
1.218
10
1
0.900
1
0
0
0
50
38.5
50.918
38
24.807
13.193

 3
12
1.003
15
1
0.825
0
0
0
1
37.910
20.8
68.173
15
15.012
-0.012

 4
10.5
2.700
5
1
0.809
0
0
1
0
35
33
39.912
27
13.796
13.204

 5
5
0.800
21
1
1.150
1
0
0
0
36.200
38
38.450
47
34.700
12.300

 6
13
0.890
15
2
1.660
0
1
0
0
48.050
55
105.500
41
36.065
4.935

 7
3.5
1
17.5
1
1.150
1
0
0
0
54.123
40.5
33.700
21
35.026
14.026

 8
21
1.700
21
3
3.300
1
0
0
0
60
80
39.922
101
87.005
13.995

 9
20
0.300
5
1
0.490
1
0
0
0
20
17.5
5.500
6
15.059
-9.059

10
10
0.700
14
2
1.786
1
0
0
0
28.850
24.5
59.400
25
20.901
4.099

11
18
0.536
5
1
0.665
0
1
0
0
45.808
25.9
18.053
15
18.942
-3.942

12
12
1.150
14
2
1.620
0
1
0
0
40.890
53
42.912
33
32.535
0.465

13
18
0.455
15
1
0.777
0
1
0
0
22.530
12.5
52.427
14
12.890
1.110

14
12
1.167
5
1
1.130
1
0
0
0
21
13.7
50.858
32
23.759
8.241

15
3.5
1.378
12
1
1.104
0
1
0
0
82
57.8
36.512
44
40.486
3.514

16
3
2.600
21
3
3.810
0
1
0
0
84.548
106.4
50.772
92
98.217
-6.217

17
0
1.400
15
2
2.300
1
0
0
0
31.900
24.1
39.912
24
26.353
-2.353

18
8
1.220
7
2
2.360
1
0
0
0
43.190
39.2
78.613
41
46.268
-5.268

19
16
1.111
5
1
0.873
0
0
0
0
26.500
69
30.300
11
11.031
-0.031

20
12
2
5
2
1.666
1
0
0
0
40.537
33.8
14.994
23
25.747
-2.747

21
4
1.111
14
2
2.290
1
0
0
0
51.500
49.3
27.633
39
47.464
-8.464

22
4
0.825
10
2
2.500
0
0
1
0
50
42
78
35
36.044
-1.044

23
5
0.736
5
1
0.900
1
0
0
0
41.500
32.9
22.860
22
23.737
-1.737

24
18
0.370
5
1
0.536
0
0
1
0
14.200
45
14.600
9
21.214
-12.214

25*
8
2.122
21
2
2.342
1
0
0
0
50
56
55.259
52
57.478
-5.478

* Sequoyah

Means and Standard Deviations

                           ID         YRS    TOTALPER      STSHWK        TOUN

  N OF CASES               25          25          24          25          25

  MINIMUM               1.000       0.000       0.300       5.000       1.000

  MAXIMUM              25.000      21.000       2.700      21.000       3.000

  MEAN                 13.000      10.380       1.187      11.500       1.520

  STANDARD DEV          7.360       6.516       0.642       6.021       0.653

                         TOMW       GUNC1       GUNC2       GUNC3       GUNC4

  N OF CASES               25          25          25          25          25

  MINIMUM               0.490       0.000       0.000       0.000       0.000

  MAXIMUM               3.810       1.000       1.000       1.000       1.000

  MEAN                  1.501       0.560       0.240       0.120       0.040

  STANDARD DEV          0.891       0.507       0.436       0.332       0.200

                       INNOIT      INTODO      TOTRAN        SPER      

  N OF CASES               25          25          25          25      

  MINIMUM              14.200      12.500       5.500       6.000      

  MAXIMUM              84.548     106.400     105.500     101.000     

  MEAN                 41.257      41.104      43.215      32.960     

  STANDARD DEV         17.815      21.884      22.952      22.892      

Examination of the data matrix and the summary statistics associated with SPER doesn't paint a very pretty picture for Earl and Troy.  The mean number of persons in M/S operations in the 25 responding plants was 32.96, say 33.  Sequoyah's current number is 52, almost 20 greater than the average of the responding plants.  If these were the only data available, it would have to be concluded that TVA's proposed reduction to 30 persons represents an appropriate (perhaps overdue) adjustment in the number of persons employed in Sequoyah's M/S operation.

Naïve Expectation.  The histogram below illustrates Sequoyah’s position in the distribution of No. of persons in M/S operations in the 25 responding plants.  With no further information, the only expectation one could have for Sequoyah is one based on a comparison of its No. of persons with those of the other plants.
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A Refined Expectation.  Troy and Earl’s key insight was that Sequoyah’s M/S personnel needs shouldn’t be based on the simple examination of no. of personnel in other plants.  Instead, it should be based on an examination of the relationship between personnel no.’s and the various factors which might influence personnel needs.  They felt that an examination of that relationship would show that Sequoyah’s needs were greater than many other plants, because of the unique combination of factors present at Sequoyah.  They used the predicted No. of persons from a multiple regression analysis as a refined expectation of Sequoyah’s needs.
The results of a multiple regression analysis are as follows.  
The choice of this particular regression equation (from the several hundred possible) was made after many hours of deliberation.  Our interest at the present time is not in how it was arrived at, but in interpretation and use of the results.  The output is from a program called MYSTAT.  It was used in PSY 510/511/513 before the Windows version of SPSS became available.

DEP VAR:    SPER      N:   25    MULTIPLE R:  .940    SQUARED MULTIPLE R:  .884

ADJUSTED SQUARED MULTIPLE R:  .826     STANDARD ERROR OF ESTIMATE:        9.538

  VARIABLE    COEFFICIENT    STD ERROR     STD COEF TOLERANCE    T    P(2 TAIL)

CONSTANT          -50.280       14.344        0.000  .          -3.505    0.003

     YRS            0.948        0.418        0.270 0.5115707    2.268    0.038

    NOUN          -27.924       12.255       -0.797 0.0591602   -2.279    0.037

    TOMW           29.594        9.731        1.151 0.0504738    3.041    0.008

  INTODO            0.699        0.155        0.668 0.3295306    4.508    0.000

   GUNC1           47.569       12.594        1.053 0.0931126    3.777    0.002

   GUNC2           42.298       11.830        0.805 0.1425701    3.576    0.003

   GUNC3           35.037       12.631        0.508 0.2160119    2.774    0.014

   GUNC4           42.886       15.534        0.375 0.3927553    2.761    0.014

                             ANALYSIS OF VARIANCE

   SOURCE   SUM-OF-SQUARES    DF  MEAN-SQUARE     F-RATIO       P

 REGRESSION      11121.295     8     1390.162      15.280       0.000

   RESIDUAL       1455.665    16       90.979

Prediction of Sequoyah's M/S personnel needs

Note that the multiple R in the above output is quite high and that the F statistic testing the significance of the relationship of SPER, number of M/S personnel, to the combination of independent variables exceeds the .001 critical value (alternatively, the P associated with the F is less than .001).  This clearly indicates that SPER is related to the independent variables.

The question then is:  in light of the above relationship, what would Sequoyah's M/S personnel needs be expected to be.  The answer can be obtained by plugging Sequoyah's values of the independent variables into the regression equation.   The prediction equation, from the above output, is

Predicted SPER = 


 -50.280 + 0.948*YRS    - 27.924*TOUN  + 29.594*TOMW  + 0.699*INTODO


         + 47.569*GUNC1 + 42.298*GUNC2 + 35.037*GUNC3 + 42.886*GUNC4

Plugging Sequoyah's values on the independent variables yields the following

Predicted SPER for Sequoyah 


= -50.280 + 0.948*8      - 27.924*2     + 29.594*2.342 + 0.699*56


         + 47.569*1     + 42.298*0     + 35.037*0     + 42.886*0

= -50.28  +   7.584        - 55.848       + 69.3091      + 39.144

               + 47.569       + 0            + 0            + 0

The result is 57.478, five persons more than were actually employed at the time the study was conducted.

Scatterplot

The following scatterplot shows the relationship of actual SPER numbers at the 25 plants to the numbers which would be predicted based on the above equation.  As can be seen, Sequoyah's actual SPER value is slightly less than would have been expected.  Note that the relationship is linear over the whole range of SPER values.   The orange arrow shows where Sequoya stood relative to other plants without taking into account the specifics of the plants.  The red arrow show where Sequoya stood relative to other plants relative to what was expected based on its unique characteristics.
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Conclusion

This result suggests that Sequoyah's profile on the independent variables would lead to the expectation that there would be 57 or 58 persons in the M/S operation.  Thus, even though the average number of persons in the responding plants was only 32, the fact that Sequoyah is 8 years old, has two units, produces 2.342 megawatts of power, has a $56 inventory dollar amount, and uses the supplier represented by GUNC1 makes its M/S expected personnel requirements considerably higher than the average amount.  In fact, Sequoyah's profile on the independent variables makes its expected personnel requirements greater than the current number of persons in the M/S operation.  

On the basis of this analysis, Earl and Troy might consider arguing that rather than decreasing Sequoyah's M/S personnel numbers in the future, the number of persons in the M/S operation should be increased.

The bottom line of this case study

The expectation was changed from 33 to 52 based on the additional information gleaned from the survey.

The Admission Committee Case Study

Are committee decisions appropriately related to applicant characteristics?
A university committee called the Admissions Committee is given the responsibility of deciding whether to admit or not to admit students who failed to meet a university's regular admission criteria.  The committee considers each student's high school GPA, admission test scores, high school transcripts, and personal statements from the students.  Based on this examination, a decision to Admit or Deny is made. 

A summary of key deficiencies is provided to the committee by the university department of admissions.  This summary provides the above GPA and test score information along with a list of deficiencies in basic "unit requirements".  These "unit requirements" are fundamental courses in math, English, science, etc. which students are expected to have taken as part of their high school preparation for college.  The "unit requirements" are part of the university's regular admission requirements.

Presumably, of course, the committee's decisions represent some rational integration of the above information to arrive at a fair decision concerning each student.  Whether or not such a rational integration actually occurs, however, is another matter.   Certainly, if asked, committee members would likely maintain that their decisions represent a fair consideration of all the facts before them.  Given the importance of such decisions, though, one would like some more objective determination of the quality of the committee's decisions.

The need for an objective analysis of the committee decisions is especially important in light of the need to document the fact that admission decisions are not discriminatory with respect to either race or sex.  It is one thing to have a committee member swear that he or she did not consider race or sex of the applicant when arriving at a decision.  It is another to have objective evidence that the race or sex of the applicants did not affect the likelihood of being admitted, all other things being equal.

The data below are from records of such a committee.  The data matrix contains the following information on each of 108 students

HSGPA

High school GPA on a 0 - 4 scale

ACTCOMP
ACT comprehensive score.  On a 0 - 40 scale.

RACE

0 = African American;   1 = White

SEX

0 = Female; 1 = Male 

NUMDEFS
Number of deficiencies in "unit requrements"

DECISION
The committee's decision.  1 = Admit; 0 = Deny
Logistic Regression is the appropriate analytic technique for these data.

ID      HSGPA   ACT   R   S     DEFS     DEC
1
2.810
9
1
0
1.500
0

2
1.820
10
1
0
0
0

3
3.090
11
1
0
1
1

4
2.020
13
1
1
1.500
0

5
2.540
10
1
1
0.500
0

6
1.300
9
1
1
0
0

7
2.600
13
1
0
2
0

8
1.670
12
1
1
0
0

9
2.090
13
1
1
2.500
0

10
2.300
11
1
0
0
1

11
1.830
20
1
1
0
0

12
2.870
17
1
0
1.500
1

13
1.830
16
0
1
0.333
9

14
2.490
10
1
0
2
0

15
2.160
10
0
0
1.500
0

16
2.780
16
1
1
1.500
0

17
1.670
99
1
1
0
.

18
2.670
11
1
0
0
0

19
2.030
6
1
1
1
0

20
2.320
10
0
1
0
0

21
2.790
10
1
1
2
0

22
1.900
12
0
1
0
0

23
3
99
1
1
0
1

24
2.100
11
1
0
2
0

25
2.100
10
1
1
0
.

26
1.500
12
1
1
0
.

27
1.800
99
1
1
0
.

28
2.600
99
1
1
0
.

29
1.900
14
0
0
0
0

30
3
10
0
1
0
1

31
1.720
29
1
1
0
0

32
1.490
15
1
0
0.500
0

33
1.870
15
1
1
0
1

34
2.800
12
1
0
1.670
0

35
1.840
9
0
0
1.500
0

36
2.580
99
9
0
0
1

37
1.590
14
1
0
0
0

38
2.790
11
0
0
0
1

39
2.020
99
1
1
0
0

40
2.070
15
1
0
2
0

41
2.400
11
0
0
0
1

42
1.900
12
1
0
0
0

43
2.530
8
1
1
3.500
0

44
2.030
12
1
0
2.500
0

45
2.800
7
0
0
0
0

46
1.710
20
1
1
0
0

47
2.500
8
0
0
1.500
0

48
3.600
99
1
1
0
1

49
1.880
10
1
1
2
0

50
2.520
8
0
0
1.500
0

51
2.490
10
1
0
1
0

52
2.450
14
1
0
2
0

53
1.940
99
0
0
0
1

54
1.320
11
1
0
0
0


ID      HSGPA   ACT  R    S    DEFS     DEC
55
3.030
21
1
0
1.500
1

56
2.650
11
1
1
0
1

57
2.300
99
1
1
1.670
1

58
2.300
9
1
0
1.330
0

59
3.040
4
3
1
1
0

60
2.230
10
1
1
0
0

61
1.980
18
1
1
0
1

62
2.420
11
0
0
2
0

63
2.170
11
1
0
0
0

64
2.040
99
1
1
0
.

65
2.510
18
1
1
1.500
0

66
1.780
14
0
0
1
0

67
1.680
13
1
1
0
0

68
2.670
99
0
1
1.670
0

69
1.710
11
0
0
1.500
0

70
2.020
14
0
1
2
0

71
2.500
13
0
1
2.500
0

72
2.740
11
1
1
0
1

73
2.170
99
0
1
0
1

74
1.840
18
1
1
2
0

75
2.420
10
1
0
0
0

76
2.230
15
1
0
2
0

77
2.520
11
1
0
0
1

78
3.130
11
0
0
1
1

79
2.090
11
1
1
0
0

80
2.500
7
0
1
0
0

81
1.840
9
1
1
4
0

82
2.210
11
1
0
0
1

83
1.580
13
1
1
0
0

84
1.430
17
1
1
0
0

85
1.810
11
0
1
2
0

86
2.360
11
1
0
0
0

87
9
19
1
0
0
0

88
2.500
10
1
0
1.500
0

89
1.920
12
1
0
2
0

90
2.310
99
1
1
1.670
0

91
3.380
15
1
0
3
0

92
2.800
8
0
0
0
1

93
2.250
11
0
1
0
1

94
2.440
99
1
0
0
0

95
2.280
11
0
0
0
1

96
1.570
18
1
1
0
0

97
2.240
11
1
1
1.500
0

98
2.570
12
1
0
2
0

99
1.980
15
0
1
0
1

100
2.140
19
1
0
2.500
1

101
2.770
99
0
1
0
1

102
2.290
99
1
1
1
0

103
2.260
10
1
1
0
0

104
2.020
11
1
1
0
0

105
2.100
9
1
1
0
0

106
9
16
1
1
0
0

107
1.920
99
1
1
0
0

108
2.320
9
1
1
0
0


Expectations for Rational Integration

If the committee is using the information in a rational manner, we would have the following expectations

1.  Decision would be positively related to HSGPA – those with higher HSGPAs would be more likely to be admitted.

2.  Decision would be positively related to ACT – those with higher ACTs would be more likely to be admitted.

3.  Decision would be negatively related to Deficiencies – those with more deficiencies would be less likely to be admitted.

4.  Decision would be unrelated to Race and Sex of the student.

Below are the results of a first multiple regression analysis of the raw data above.  The dependent variable was the DECISION variable.  The independent variables were the applicant scores and demographic characteristics (Race and Sex).  Race was coded 1=W, 0=B.  Sex was coded 1=M, 0=F.
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Discussion:

In situations in which the dependent variable is a dichotomy (0 = Denied; 1=Admitted in this example) it is common to speak of the predictions in terms of the “likelihood” of one of the values in the dichotomy.  Here, we’ll talk about the likelihood of a candidate being admitted and the relationship of that likelihood to the independent variables.

The positive correlation of Decision with HSGPA is to be expected.  Persons with high HSGPA’s were more likely to be admitted.

The lack of correlation with ACT is disappointing.   Since it is a valid predictor of performance in college, it would seem that those with higher ACTs should have been more likely to have been admitted.

The negative correlation of DECISION with NUMDEFS is expected.  Those with more deficiencies were less likely to be admitted.

The negative correlation of DECISION with RACE is interesting.  Since RACE was coded as African-American=0; White=1, the negative sign means that African-Americans were more likely to be admitted by the committee than Whites.

The lack of a significant correlation of DECISION with SEX is not surprising.  The committee was no more likely to admit males than females.

Problems with analysis of simple correlations.

The above correlations are all simple correlations.  Nothing was controlled for in the computation of any of them.

And since the independent variables are correlated, some of them significantly, we would expect that a multiple regression analysis will yield results which may differ from the above.  The multiple regression follows.

Multiple Regression Analysis.

A particularly interesting statistic from the correlation matrix above is the significantly negative correlation between HSGPA and ACT.  This means that applicants with higher HSGPA’s had lower ACT’s.  One possible explanation is the fact that poorer students (from the point of view of ACT) may have taken easier courses (shop, band, athletics) than better students, resulting in higher HSGPA’s.  This would account for the negative correlation between these two variables.   It might also explain the lack of a significant relationship between DECISION and ACT:  If committee members gave greater weight to HSGPA than to ACT then the relationship between DECISION and HSGPA would be positive, but since HSGPA and ACT were negatively correlated, ACT was not significantly related to DECISION.  

Of course, if committee members gave positive weight to ACT (though less than to HSGPA), then ACT should be positively correlated with DECISION in the multiple regression where HSGPA would be “held constant”. 

Regression
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The supposition is supported. 

HSGPA:  Among person equal on the other predictors, applicants with higher HSGPA’s were more likely to be admitted.
ACT:  Among persons equal on the other predictors, applicants with higher ACT’s were more likely to be admitted.

DEFS:  Among persons equal on the other predictors, applicants with fewer DEFS were more likely to be admitted.

RACE:  Among persons equal on the other predictors, there was no significant relationship of likelihood of admission and RACE although it was close, suggesting a possibility of bias in favor of African-Americans in the committee..

SEX:  Among persons equal on the other predictors, there was no relationship of likelihood of admission and SEX.

Overall Conclusion

Overall, the results bode well for the committee.  Committee decisions were positively related to high school GPA and ACT comprehensive test score and negatively related to number of deficiencies in core high school courses.  I think it's safe to say that most persons would expect such relationships from a university admissions committee.  

The decisions were not related to race and sex.  Again, this lack of relationship would be expected.  The negative, but nonsignificant sign of the t associated with RACE suggests that all other things being equal, the committee might have had a slightly greater likelihood of admitting African-Americans than Whites.  If such a bias did exist, the direction in which it was manifest was the one which would probably be more acceptable.

Plots

Below is a plot of Y's versus Y-hats.  Note the somewhat unusual character of the plot.  Since the Y's are a dichotomous variable, only two values are represented on the vertical axis. 
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Note that the Admit decisions (top row of points) had generally larger predicted Y's than did the deny decisions.  Note also that when a dichotomous variable is the dependent variable, sometimes the predicted Y's can be impossible values (the ;probabilities less than 0 in the graph).  For this reason, among others, most analysts prefer NOT to use LINEAR regression to analyze data in which the dependent variable is dichotomous.  Instead, they prefer a technique called LOGISTIC REGRESSION.  However, analyzing these data using LOGISTIC REGRESSION yields the same conclusions regarding significance of the predictors.

Assessing the significance of sets of IVs:  Does the collection of GRE Tests add

significantly to prediction of I-O Program grades?

Persons applying to the Psych MS programs have already obtained an undergraduate degree, so their undergraduate grade point (UGPA) is information that can be obtained at minimal cost.  However, few have taken the GRE, so students and admissions personnel might wonder whether the increment in ability to predict graduate performance obtained by requiring the GRE is worth the cost of the GRE.  Obviously, an increase in predictability means that fewer mistakes in admission decisions will be made.

As a first step toward answering this question, we will determine whether the increase in predictability, as measured by R2, is statistically significant.  Since there are three tests in the GRE battery, the determination of the significance of all three tests will involve using the formula for testing the significance of a set of predictors.  Fortunately SPSS provides that test as optional output.

1.  The regression will be performed in two steps.

First, request a regression of Core1st Year Performance on ugpa only.

Click on the [Next] button.
Put ALL the GRE scores in the Independent(s) field..

Click on the [Statistics] button and tell SPSS that you want it to report the R2 change from the 1st to the 2nd set of predictors.
Here’s what you do.
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Regression

	Variables Entered/Removedb

	Model
	Variables Entered
	Variables Removed
	Method

	1
	ugpaa
	.
	Enter

	2
	grev, greq, awrit
	.
	Enter

	a. All requested variables entered.

b. Dependent Variable: Av of Z's of 506,512,516,(511+513)/2



	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.449a
	.201
	.193
	.71361
	.201
	24.447
	1
	97
	.000

	2
	.609b
	.371
	.344
	.64339
	.170
	8.443
	3
	94
	.000

	a. Predictors: (Constant), ugpa

b. Predictors: (Constant), ugpa, grev, greq, awrit




So R2 increased from .201 to .371 when the GRE scores were added.  The increase in R2 was significant.

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-3.553
	.716
	
	-4.960
	.000

	
	ugpa
	1.046
	.212
	.449
	4.944
	.000

	2
	(Constant)
	-6.074
	.876
	
	-6.936
	.000

	
	ugpa
	1.042
	.198
	.447
	5.274
	.000

	
	grev
	.003
	.001
	.283
	3.145
	.002

	
	greq
	.001
	.001
	.100
	1.146
	.255

	
	awrit
	.170
	.098
	.157
	1.726
	.088

	a. Dependent Variable: core1st Av of Z's of 506,512,516,(511+513)/2




We’re not particularly interested in the specific coefficients, since everything comes as a package.  We might decide

The main point of this handout was to show how you can assess the significance of a whole collection of IVs in one step – by performing the analysis in two steps and by checking the [R-square change] box.
Am I grading my tests appropriately
Using multiple regression to assess correspondence with a gold standard

An instructor assigns papers to her students and grades them on several dimensions.

Her interest is in whether or not her grades are valid assessments of the quality of students’ work.

To investigate this questions, she got four colleagues to grade papers from 20 students.  She then regressed her grades for the 20 papers onto the grades given by the four colleagues.

The results follow .. . In the following, Atot is the variable representing the teacher’s grades.  Btot, Ctot, Dtot, and Ftot are the grades of the four colleagues.

Regression

[DataSet1] C:\Documents and Settings\mbiderman\My Documents\AOL Downloads\BetsyDATA.sav
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SELECTED SIGNIFICANCE TESTS
THE OVERALL F TEST found in the ANOVA box:  

H0:  In the population, Multiple R2 = 0.

This test is printed in the ANOVA box the Regression output.

ASSUME THERE ARE K INDEPENDENT VARIABLES.  (Regression df in the ANOVA box.)
THE TEST OF THE SIGNIFICANCE OF THE RELATIONSHIP OF THE Y'S TO THE  COMPOSITE OF THE IV'S.  THE COMPOSITE IS REPRESENTED BY THE PREDICTED Y'S.







     
       R2






        --------






            K




F =
      --------------------





 1 - R2ALL PREDICTORS





---------------------





     N - K - 1



DFNUM = K  (THE NO. OF PREDICTORS.);  DFDEN = N - K – 1

TESTING THE CONTRIBUTION OF AN INDIVIDUAL PREDICTOR found in the Coefficients Box:  

H0:  In the population, the increase in R2 due to addition of Xi to the equation is 0.

This test is printed in the Coefficients box in the Regression output.
THE T-TEST  (SPSS PRINTS THIS)



   _________________________________



  /  R2 INCREASE DUE TO ADDITION OF Xi            



 /  --------------------------------


    \/                1

t =

------------------------------------  
DF = N - K - 1

                          

                 ________________________



    \/ (1 - R2ALL PREDICTORS)



      -----------------------





   ____________ 




     \/(N - K - 1)

THE F TEST   (SOME OTHER STAT PACKAGES PRINT THIS.)




R2 INCREASE DUE TO ADDITION OF Xi



-------------------------------            DFNUM = 1





     1


F =

--------------------------------  



      1 - R2ALL PREDICTORS

                    ------------------------
           DFDEN=N - K - 1







N - K - 1

          


(NOTE:  F = t2 OR t =(F WHEN DFNUM = 1)

TEST OF THE SIGNIFICANCE OF A SET OF ANY NUMBER, G,  OF PREDICTORS. 

H0:  In the population, the increase in R2 due to the addition of G predictors is 0.

This test is printed in the Model Summary box when requested.




R2 INCREASE DUE TO ADDITION OF G PREDICTORS



-----------------------------------------      DFNUM  =  G





          G


F =

------------------------------------------ 




      1 - R2ALL PREDICTORS

                          ----------------------              DFDEN = N - K - G







        N - K - 1


EXPRESSED ANOTHER WAY




          R2ALL   -  R2WITHOUT G





    -----------------------           DFNUM = G;






         G




F =   
----------------------





     1 - R2ALL PREDICTORS









--------------------
           DFDEN = N-K-G







      N - K - 1

NOTE THAT R2ALL - R2WITHOUT G IS SIMPLY THE INCREASE IN R2 THAT OCCURS WHEN THE G PREDICTORS UNDER QUESTION ARE ADDED TO THE EQUATION.  

THAT IS, BEFORE THE G PREDICTORS IN QUESTION ARE ADDED, MULTIPLE R2 IS EQUAL TO 

R2 WITHOUT G.

THEN, WHEN THE G PREDICTORS IN QUESTION ARE ADDED, WE HAVE ALL THE PREDICTORS IN THE EQUATION, SO WE HAVE R2ALL.  

AND THE INCREASE, FROM R2WITHOUT G TO R2ALL  IS THE INCREASE DUE TO THE ADDITION OF THE G PREDICTORS.

IF ONLY 1 PREDICTOR IS IN THE SET (G=1), THEN R2ALL   -  R2WITHOUT G IS SIMPLY 

R2 CHANGE DUE TO ADDITION OF Xi.

EXPLAINED TO UNEXPLAINED VARIANCE

NOTE THAT ALL OF THE SIGNIFICANCE TESTS FOLLOW THE SAME FORM:

                    EXPLAINED VARIANCE (R2, ETC.)

                     -----------------------------

                           NO. OF PREDICTORS


STATISTIC =  ------------------------------------
                   UNEXPLAINED VARIANCE (1-R2, ETC.)

                  ------------------------------------

                     N - 1 - NUMBER OF PREDICTORS

Means and standard deviations across the 106 students for whom data on all 5 variables is available.





Simple rs of predictors with dependent variable.  p<=.05 if r>=.193, so each is significant.





Simple rs of predictors with each other.





Recent research has identified another way of assessing predictor importance.  See me for details.  LeBreton is a reference.
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Descriptive Statistics�
�
�
Mean�
Std. Deviation�
N�
�
Av of Z's of 506,512,516,(511+513)/2�
-.0292�
.79441�
99�
�
ugpa�
3.3694�
.34080�
99�
�
grev�
462.02�
78.623�
99�
�
greq�
553.84�
85.293�
99�
�
awrit�
4.091�
.7332�
99�
�






Grades of


new teacher





Predicted scores based on grades from 4 teachers





.82








F = .168/2 / (1-.168)/(60-2-1)





= .081 / (.014)  = 5.774
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