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Instructions

Do all problems.

Show all of your computations.
Prove all of your assertions or quote appropriate theorems.
Books, notes, and calculators may be used.
This is a three hour test.



1. (30 points) A hospital administrator wished to study the relation between patient satis-
faction (y) and patient’s age (z1, 1n years), severity of illness (5, an index), and anxiety level
(w3, an index). The administrator rtandomly selected 46 patients and collected the data.

(a). (5 powmts) Use C, criterion to choose the best subset of variables in the full model
y = Po+ Biz1 + Bas + faxs + € and give this best model. (Use the best model to answer
following questions)

(b). (5 ponts) Find estimate of 3 values in the chosen model from C,, criterion.

(c). (5 pomts) Obtain the studentized deleted residuals and identify any outlying y
observations. Use the Bonferroni outlier test procedure with @ = .10. State the decision rule
and conclusion.

(d). (5 points) Obtain the diagonal elements of the hat matrix. Identify any outlying
observations.

(e). (5 points) Give the estimate of mean patient satisfaction for patients who are 2, = 30
years old, whose index of illness severity is z, = 58, and whose index of anxiety level is z3
= 2.0. Find the variance inflation factors. Do they indicate that a serious multicollinearity
problem exists here?

(f). (5 points) The two largest absolute studentized deleted residuals are for cases 11 and
27. Obtain the DFFITS, DFBETAS, and Cook’s distance values for this case to assess its
influence. What do you conclude? (Hint: Fyg4o (0.5) = 0.85287)

2. (20 points) Refer to the attached table for “death penalty verdict by defendant’s race and
victims’ race”. The attached SAS output shows the results of fitting a logit model, treating
death penalty as the response (1 = yes) and defendant’s race (1 = white) and victims’ race
(1 = white) as dummy predictors.

(a). (b points) Interpret parameter estimates. Which group is most likely to have the
yes response? Find the estimated probability in that case.

(b). (5 points) For a given defendant’s race, find the 95% confidence intervals for condi-
tional odds ratios of victim’s race.

(c). (5 points) Test the effect of defendant’s race, controlling for victims'race, using (i)
Wald test, and (i1) likelihood-ratio test. Interpret.

(d). (5 points) Test the goodness of fit.



Problem 1,

data PatientSatisfaction;
input y x1 x2 x3;
datalines;
48 50 51 2
57 36 46 2.
92 28 46 1.8

run;

SAS OUTPUT

proc reqg data=PatientSatisfaction;

model v = x1 x2 x3/selection
run;

Number of Observations Read
Number of Observations Used

quat;
Number in
Model c{p) R-Square
2 2,8072 0.6761
3 4,0000 0.6822
2 5.5997 0.6550
1 8,3536 ©.6190
2 30,2471 0.4685
1 35,2456 9.4155
1 42,1123 09,3635

=cp b r vif influence;

The REG Procedure
Model: MODEL1

Dependent Variable: y

C(p) Selection Method

Intercept

145.94123
158.49125
156.67186
119,94317
181.57256
146.44943
183.07696

x1

-1.20047
-1,14161
-1.26765
~1.52060

46
46

X2

-0.44200
-8.92079

-1.23948

-2,40928

-16.74205
-13.47016

-25.14023
-37.11667

.



Number of Observations Read
Number of Observations Used

Source DF
Model 2
Error 43
Corrected Total 45
Root MSE
Dependent Mean
Coeff Var

Parameter
Variable DF Estimate
Intercept 1 145,94123
x1 1 -1.20047
X3 1 -16.74205

The REG Procedure

Model: MODEL1

Dependent Variable: y

4
4

Analysis of Variance

Sum of
Squares

9038.80461
4330.49973
13369

10.63540
61.56522
16.30044

Mean
Square

4519.406231
160.70930

R-Square
Adj R-Sq

Parameter Estimates

Standard
Error

11.52509
0.20411
6.08083

t Value

12,66
-5.88
-2.75

6
6

F Value

44,88

0.6761
0.6610

Pr > |t]

<.,0001
<.0001
0.0086

Pr > F

<.0001

Variance
Inflation

(4]
1.48046
1.48046
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Dependent Predicted

Variable

48,0000
57.0000
66.0000
70.0000
89.0008
36.0000
46.0000
54.0000
26,0000
77 .0000
89,0000
67,0000
47.0000
51.0000
57.00666
66.0000
79.0000
88,0000
60.0000
49,0000
77.0000
52.0000
60.0000
86 0000
43,0000
34,0000
63,0000
72.0000
57.0000
55.0000
59.0000
83,0000
76 0000
47.0000
36,0000
80,0000
82.0000
64,0000
37 0000
42.0000
66,0000
83,0000
37.0000
68.0000
59.0000
92.0000

Value

47.4109
64,2175
61.0899
66.5862
82.1923
38.5662
58.6889
51,7391
34.9648
75.9692
70.9466
54,1460
63.4908
66.6185
45,4837
69.2402
64,4705
75.3177
71.1674
39.7344
72.6208
44,5685
55.8142
88.1947
47.6639
38.0602
82.4453
63,9968
67.3452
50.3179
72.8416
72.5886
75.2425
61.0899
35.4385
68.2927
69.2724
69,7462
49,3381
45,9897
55.8142
86.0468
49,5911
55.0875
66.3655
82,1923

The REG Procedure
Model: MODEL1
Dependent Variable: y

Output Statistics

Sstd Error
Mean Predict

2.7560
1.5742
1.6657
3.6107
2.881e
3.4026
1.8588
1.8506
3.4646
2,1617
2,7995
1.6763
1.5579
1.755@
3.6271
2,1218
2,5890
2,5023
1.8076
3.3909
2.4583
3.5404
1.7307
3,1981
2,0884
3.,2180
2.6964
3.2162
2,3206
2.6330
2,0633
3.090e1
2,1239
1.6657
3.1960
1.65308
3.2204
2.6337
2.08912
2.2560
1.7307
3.1266
2,1542
2.2585
1.7873
2.8810

Residual

0.5891
-7.2175
4,9101
3.4138
6.8077
-2,5662
-12.6889
2.2609
-8.9648
1.0308
18,0534
12.8606
-16.4908
-15.6185
11.5163
-3,2402
14,5295
8,6823
-11.1674
9,2656
4,3792
7.4315
4.,1858
-2,1947
-4,6639
-4.,0602
-19.4453
8,0032
-16.3452
4.6821
-13.8416
16.4114
9.7575
-14,8899
0.5615
11.7@73
12.7276
-5.7462
-12,3381
~3.9897
18 1858
~3.0468
-12 5911
12.9125
-7.3655
9.8077

Std Error
Residual

9.650
9.911
9,896
9.363
9.613
9.441
9.862
9.863
9.418
9.806
9.637
9.894
9.914
9.881
9.357
9.809
9.696
9.718
9.871
9.445
9.730
9.39%0
9.885
9.512
9.816
9.585
9.666
9.506
9.763
9.684
9.821
9.548
9.808
9.896
9.513
9.898
9.585
9 684
9.815
9,779
9.885
9.536
9,801
9.778
9.875
9.613

Student
Residual

0.0610
-0 728
0.496
0.365
0.708
-0.272
-1,287
9,229
-8,952
0.105
1.873
1.300
~-1.663
-1,581
1,231
-9.330
1.499
0.893
-1,131
0.981
9.450
0.791
0.423
-0.231
-0.475
-0.427
-2.012
0.842
-1.060
0.483
-1.409
1.090
0.0772
-1.424
0.059%0
1.183
1.339
-0.593
~1,257
-8.408
1,030
-0.320
-1.285
1,321
-0.746
1.020

Cook's
-2-1 01 2 D

0,000
* 0.004
0.002
0.007
* 0.015
0.003
*k 0.020
0.001
* 0.041
0,000
*oAk ©.099
*¥ 0.0816
*rk 0.023
*Ek 0.926
** 0.076
0.002
ok 9,053
* 0.018
*k 9.014
* 0.041
0.004
* 0.030
0.002
0,002
9,003
0 007
*Hk ok 9.105
* 8.027
*¥ 8.021
0.006
#k 09,029
** ©.042
9.000
% 0.019
©.000
# 0.913
* 8.069
* 0,009
*k 0.024
0.003
*ok 0.011
0,004
*k 0.027
*k 0.031
* 0.006
*k ©.031




Obs

X Ny R W N P

RStudent

0.0603
-0.7242
0.4918
0.3609
@.7040
-0.2689
-1.2968
0.2267
-0.9508
0.1040
1.9319
1.3105
-1.6996
-1.6097
1.2384
-0.3269
1.5213
9.8913
-1.1351
0.9806
9.4459
0.7879
0.4194
-0.2282
-0.4708
-0.4230
-2.0888
0.8390
-1,0611
9.4791
-1.4262
1.08929
0.08763
-1.4415
©8.0583
1.1884
1.3519
-0.5889
-1.2658
-0.40406
1.8312
-8.3161
-1.2947
1.3324
-0.74206
1.0208

Hat Diag
H

08.0754
0.0246
0.0276
9.1295
0.0824
0.1150
0.,0343
0.0348
9.1192
0 0464
0.08778
0.0279
08.0241
0.08306
0.1306
0.0447
0.0666
0.0622
0.0324
9.1142
©.0600
09.1245
0.0297
0.1016
0,0433
0.1028
0.08722
0.1027
0.8535
0.0688
0.0423
0.0948
0.0448
0.9276
0.1014
©0.0271
09,1030
0.0689
0.0434
0.0505
09.0297
9.0971
2.0461
0.0507
0.08317
0.0824

The REG Procedure
Model: MODEL1
Dependent Variable.

Output Statistics

Cov
Ratio

1.1604
1.0600
1.0847
1,2213
1.1291
1.2063
0.9878
1.1069
1.1430
1.1245
0.9014
0.9789
9.9%0067
0.9250
1.1085
1.1148
9.9788
1.e817
i.0130
1.1319
1.1256
1.1729
1.0923
1.1900
i.1041
1.1810
0,8599
1.1378
1.0473
1.1338
0.9723
1.0899
1.1230
©.9547
1.1940
0.9989
1.09528
1.1244
1.ea27
1.1172
1.0261
1.1801
1.0004
0.9984
1.0658
1.0866

DFFITS

08.0172
-0.1150
0.0828
0.1392
8.2110
-98.0969
-8,2444
©.0425
-0.3498
0.0229
0.5612
0 2220
-8,2671
-0,2859
0.4800
-0.0707
8.4062
9.2295
-0,2079
9.3520
0.1127
0.2971
0.0734
-0.0767
-0,1002
-0.1432
-0.5827
98,2839
-0.2522
©.1303
-0.2996
©.3537
0.0e165
-0.2426
09,0196
90,1985
09,4581
-0,1602
-0,2697
-0.0932
9.1805
-8.1037
-9.2845
9.3078
-0.1343
©.3059

Intercept

0.0009
-0.0089
20,0311
0.1010
0.1904
9.0811
-0.0827
-0.0083
0.2870
0.0117
-0.0777
-0.0485
-0.1067
-0.0193
0.,0854
-0.0539
-9.1380
09,1929
-0.1280
-0.0361
0.0051
-0.2396
0.0056
-0.0622
0.0412
0.0377
-0.3456
-0.1217
9.0416
-0.0921
-0.2340
0.2990
0.08125
-6.0911
-8.0144
0.0740
-0.1260
0.0235
0.0464
0.0560
0.0138
-8 8529
90,1798
0.,0863
-9.0841
0.2761

x1

90,0145
0.0390
0.,0313
0.0855
-0.8318
-9.0012
-0.1365
©.0220
-0.0660
-0.0135
-0.4628
0.0727
-@.0379
0.,1534
0.4345
-0,0169
-0.2884
-9.0529
0.0521
0.3113
-0.0899
-0.0821
0.0380
0.0349
-0,0489
-0.1180
0.3758
-0.2108
0.1843
-0.0344
08.0154
0.1372
-0.0040
-0.0917
0.0074
-0.0714
-0.3776
0.1280
-0.1761
-0.0278
9.0934
0.0780
-0.0080
0.2249
-0.0273
-0.0461

-0.00879
-0.0261
-0.0356
-0.1258
-0.1284
-6.0710
90,1247
-9,00819
-9.2166
-9.0005
0,3567
0.0201
9.0828
-0.0961
-0,2948
0.0489
0.3016
-0.1156
0.0586
-0.1291
09,0537
0.2581
-9.0194
90,0281
-9.0141
0.,0283
90,0406
09,2336
-0.1555
0.1035
0.1624
-0.3071
-0.0069
0.1043
0.0087
-0.0022
0.3396
-0.1011
9.0404
-0.0373
-0,0476
-0.0853
-0.1653
-0.1768
0.0733
-0.1861



Problem 2.

Death Penalty

Victims’ Defendant’s Percent
Reuce Race Yes No Yes
White White 53 414 113
Black 11 37 22.9
Black White 0 16 0.0
Black 4 139 2.8
Total White 53 430 110
Black 15 176 79
Criteria For Assessing Goodness Of Fit
Criterion DF Value Value/DF
Deviance 1 0.3798 0.3798
Scaled Deviance 1 ©.3798 0.3798
Pearson Chi-Square 1 0.1978 09,1978
Scaled Pearson X2 1 0,1978 ©.1978
Log Likelihood -2089.4783
Full Log Likelihood -6.6499
AIC (smaller 1s better) 19,2998
AICC (smaller 1s better) .
BIC (smaller 1s better) 17.4587
Analysis Of Maximum Likelihood Parameter Estimates
Standard Likelihood Ratio 95% Wald
Parameter DF Estimate Error Confidence Limits Chi-Square Pr > ChiSq
Intercept 1 -3.5961 0.5069 -4,7754 -2,7349 50 33 <, 0001
victim 1 2.4044 0.6006 1.3068 3.7175 16.03 <.0001
defendant 1 -0.8678 0.3671 -1.5633 -0.1140 5.59 0.0181
LR Statistics For Type 3 Analysis
Chi-
Source Square Pr > Chi1Sq
victim 20.35 <.0001
defendant 5.01 0.0251




3. A recent study of undergraduates looked at gender differences in dieting trends. There
were 181 women and 105 men who participated in the survey. The following table summarizes
whether a student tried a low-fat diet or not by gender:

Gender

Tried a low-fat die  Women  Men

Yes 35 8

(a) Fill in the missing cells of the table.
(b) Summarize the data numerically and graphically.

(c) Test that there is no association between gender and the likelihood of trying a low-fat
diet. Summarize the results. Use oo = 0.05.

4. Suppose the results of an experiment are as follows:

Treatment group 57 53
Control group 19 37 41 42

(a) Calculate the difference in means between the two groups.

(b) Write out all possible permutations of these observations to the two groups and calculate
the difference in means.

(c) What proportion of the differences are as large or larger than the observed difference in
mean times? What is the exact P-value?

(d) Summarize the results. Use o = 0.05.




