ST505: Fall 2012 Homework 7 solution

1. See end for SMSA

2. Weighted analysis of house data for regression of price on sqft and tax. Results are below (from SAS,
R output at end)

(a)

All of the standard errors have gone down some indicating increased precision in estimating the
coefficients.

But, note also that in this case the estimated coefficients, and hence the fitted plane, have also
changed substantially. This is because of downweighting of the observations associated with the
highest fitted prices.

With the unweighted analysis the intercept was not significantly different than 0, whether carried
out under the assumption of equal variance or (as done in SAS) tested allowing changing vari-
ance (under heteroscedasticity consistent results). However, it is significant when analyzed using
weighted least squares.

For testing for sqft, notice that when using regular least squares the test for 0 coefficient is highly
significant when carried out assuming equal variances but when allowing unequal variances it
is borderline non-significant (p-value = .0594). When using weighted least squares it is highly
significant with either test.

In the weighted analysis, the heteroscedasticity analysis allows for the fact that the weighting
might not have fully corrected for unequal variances. However, in general, we don’t really want
to use this if the equal variance assumption looks reasonable since it can behave a bit badly for
small sample sizes.

What effect does weighting have on the confidence intervals for the mean and prediction intervals?
Below are intervals and associated lengths for the Cls then the PIs where the data, for convenience
in inspection, is sorted on the fits under the unweighted analysis. I’ve also shown the first and
last cases unsorted.

For the confidence intervals, the majority of the intervals are smaller with the weighted analyses.
From around case 88 on a number of the intervals are somewhat bigger for the weighted than the
unweighted intervals. Notice that the associated standard error (and so the length) of the Cls
depend on both the estimated variances of the coefficients and their estimated covariances.

The prediction intervals are smaller for much of the data, often by a lot. At the higher fitted
values the prediction intervals from the weighted analysis are wider. They should be as the
standard error for the prediction here is the square root of V(Y,ew) + 52{Ynew } where V (Vyey) is
an estimate of the variance of Y., and this is bigger at larger expected price.

UNWEIGHTED
Parameter Standard

Variable DF Estimate Error t Value Pr > |t|
Intercept 1 88.335652 55.80885 1.58 0.1165
SQFT 1 0.25019 0.06208 4.03 0.0001
TAX 1 0.72072 0.10703 6.73 <.0001

---Heteroscedasticity Consistent--

Standard

Variable DF Error t Value Pr > |t|

Intercept 1 87.70255 1.01 0.3162

SQFT 1 0.13124 1.91 0.0594

TAX 1 0.17794 4.05 <.0001



WEIGHTED

Variable DF
Intercept 1
SQFT 1
TAX 1
Variable
Intercept
SQFT
TAX

Parameter Estimates

Parameter Standard
Estimate Error t Value
132.76852 46.26534 2.87
0.31252 0.05579 5.60
0.52626 0.09082 5.79
-—--Heteroscedasticity Consistent--
Standard
DF Error t Value Pr > |t|
1 56.75034 2.34 0.0212
1 0.07613 4.11 <.0001
1 0.11204 4.70 <.0001

CI INTERVALS FOR MEAN (SORTED BY YHAT)
lowerm,upperm = CI for mean unweighted, lengthm = length
lowermw,uppermw = CI for mean weighted, lengthmw

Obs
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

72
73
74
75
76
7
78
79
80
81
82
83

yh
534.
540.
544 .
595.
653.
655.
658.
670.
696.
700.
710.
710.
720.
722.
725.
726.
730.
736.
749.
785.
790.
818.

1066.
1067.
1068.
1070.
1074.
1074.
1092.
1098.
1102.
1111.
1121.
1125.

at

770
465
229
306
026
643
310
025
299
924
004
454
928
532
601
703
738
097
591
265
971
491

50
42
94
22
47
64
73
94
67
7
01
85

yhatw

607.
613.
574.
619.
678.
692.
685.
686.
710.
733.
T17.
739.
720.
736.
788.
746.
768.
763.
751.
823.
786.
820.

1030.
1052.
1048.
1060.
1090.
1061.
1088.
1092.
1102.
1105.
1098.
1137.

025
390
330
805
441
556
415
958
427
411
448
330
620
464
174
910
034
508
937
430
047
424

73
82
74
06
43
47
19
20
84
98
44
04

low
454 .
459.
481.
536.
599.
600.
605.
616.
643.
649.
655.
660.
662.
672.
649.
678.
678.
688.
696.
731.
736.
T72.

1010.
1031.
1029.
1036.
1028.
1039.
1059.
1065.
1067.
1077.
1082.
1080.

erm
071
076
578
333
647
967
467
139
991
793
637
824
148
793
543
776
061
096
361
894
850
563

49
27
03
10
40
53
10
47
14
95
26
20

upperm

615.
621.
606.
654 .
706.
710.
T11.
723.
748.
752.
764 .
760.
779.
T772.
801.
774.
783.
784.
802.
838.
845.
864 .

1122.
1103.
1108.
1104.
1120.
1109.
1126.
1132.
1138.
1145.
1159.
1171.

a7
85
88
28
40
32
15
91
61
06
37
08
71
27
66
63
41
10
82
64
09
42

50
56
85
33
53
75
37
41
20
59
76
51

lowe
550.
556.
532.
580.
645.
659.
653.
651.
676.
703.
680.
710.
677.
704.
732.
718.
735.
735.
714.
788.
746.
789.

981.
1020.
1013.
1029.
1048.
1029.
1056.
1060.
1068.
1072.
1061.
1092.

mw
546
160
229
730
390
505
176
851
374
057
064
135
609
898
016
264
404
406
640
128
462
553

99
69
48
34
57
76
25
11
56
78
71
96

uppe

663.
670.
616.
658.
T11.
725.
T17.
722.
T44.
763.
754 .
768.
763.
768.
844.
775.
800.
791.
789.
858.
825.
851.

1079.
1084.
1084.
1090.
1132.
1093.
1120.
1124.
1137.
1139.
1135.
1181.

= length

mw
50
62
43
88
49
61
65
06
48
76
83
53
63
03
33
56
66
61
23
73
63
30

46
96
00
78
30
18
12
29
13
19
18
12

Pr > |t
0.0050
<.0001
<.0001

lengthm lengthmw

161.
162.
125.
117.
106.
109.
105.
107.
104.
102.
108.

99.
117.

99.
152.

95.
105.

96.
106.
106.
108.

91.

112.
72.
79.
68.
92.
70.
67.
66.
T1.
67.
TT.
91.

397
T
302
947
758
351
685
773
617
263
735
261
560
478
116
853
354
003
461
742
242
856

004
290
821
225
130
226
267
945
065
635
499
303

112.
114.
84.
78.
66.
66.
64.
70.
68.
60.
4.
58.
86.
63.
112.
57.
65.
56.
4.
70.
79.
61.

97.
64.
70.
61.
83.
63.
63.
64.
68.
66.
73.
88.

958
460
202
149
102
103
478
213
106
707
769
391
023
131
317
292
260
205
594
602
170
743

466
267
513
449
729
420
873
179
565
406
478
165



84 1126.32 1105.83 1089.19 1163.46 1069.99 1141.67 74.270
85 1139.28 1118.28 1102.28 1176.29 1081.88 1154.68 74.008
86 1143.52 1126.57 1108.51 1178.53 1091.21 1161.93 70.022
87 1157.65 1139.35 1122.28 1193.01 1103.01 1175.70 70.733

107 1610.51 1561.04 1548.61 1672.40 1487.17 1634.91 123.796
108 1614.66 1593.15 1540.53 1688.78 1508.00 1678.31 148.245
109 1644.70 1649.76 1539.68 1749.71 1539.30 1760.22 210.031
110 1662.53 1638.37 1584.11 1740.95 1548.45 1728.28 156.835
111 1839.41 1746.35 1749.31 1929.50 1648.98 1843.73 180.192
112 1872.58 1805.38 1787.91 1957.25 1707.03 1903.73 169.343
113 1891.40 1936.24 1700.85 2081.96 1749.40 2123.07 381.113
114 1932.60 1823.49 1829.28 2035.91 1715.11 1931.87 206.638
115 1982.11 1850.55 1859.69 2104.52 1728.92 1972.18 244.830
116 1997.51 1906.08 1900.04 2094.98 1797.00 2015.15 194.939
117 2054.43 1928.55 1936.30 2172.56 1807.03 2050.06 236.258

PI INTERVALS FOR MEAN (SORTED BY YHAT)
lowerp,upperp = PI unweighted, lengthp = length
lowerpw,upperpw = PI weighted, lengthpw = length

Illustrating multiple regression with house price data

Obs yhat yhatw lowerp upperp lowerpw upperpw lengthp
11 534.770 607.025 180.199 889.34 465.954 748.10 709.141
12 540.465 613.390 185.736 895.19 470.511 756.27 709.457
13 544.229 574.330 193.326 895.13 435.773 712.89 701.807
14 595.306 619.805 245.041 945.57 467.772 771.84 700.531
15 653.026 678.441 303.659 1002.39 511.057 845.82 698.734
16 655.643 692.556 306.075 1005.21 524.403 860.71 699.135
17 658.310 685.415 309.024 1007.60 516.633 854.20 698.571
18 670.025 686.958 320.580 1019.47 514.154 859.76 698.890
19 696.299 710.427 347.094 1045.50 530.034 890.82 698.410
20 700.924 733.411 351.893 1049.95 552.293 914.53 698.062
21 710.004 717.448 360.485 1059.52 532.314 902.58 699.039
22 710.454 739.330 361.640 1059.27 555.539 923.12 697.628
23 720.928 720.620 370.695 1071.16 531.021 910.22 700.466
24 722.532 736.464 373.703 1071.36 548.646 924.28 697.659
25 725.601 788.174 372.057 1079.14 593.799 982.55 707.087
26 726.703 746.910 378.127 1075.28 558.299 935.52 697.151
27 730.738 768.034 381.477 1080.00 577.559 958.51 698.521
28 736.097 763.508 387.511 1084.68 572.130 954.89 697.172

72 1066.50 1030.73 716.72 1416.27 732.02 1329.43 699.555
73 1067.42 1052.82 720.26 1414.57 756.07 1349.57 694.304
74 1068.94 1048.74 721.38 1416.50 751.14 1346.34 695.128
75 1070.22 1060.06 723.27 1417.16 762.54 1357.58 693.893
76 1074.47 1090.43 726.14 1422.79 790.17 1390.70 696.649
77 1074.64 1061.47 727.60 1421.69 762.40 1360.55 694.092
78 1092.73 1088.19 745.83 1439.63 783.13 1393.24 693.799
79 1098.94 1092.20 752.06 1445.82 785.08 1399.32 693.768
80 1102.67 1102.84 755.58 1449.76 794.26 1411.43 694.178
81 1111.77 1105.98 764.85 1458.69 794.51 1417.45 693.835
82 1121.01 1098.44 773.57 1468.44 783.52 1413.37 694.866

71.679
72.800
70.718
72.689

147.736
170.313
220.916
179.825
194.746
196.699
373.674
216.756
243.263
218.157
243.029

256

lengthpw
282.142
285.758
277.113
304.067
334.767
336.307
337.564
345.607
360.787
362.235
370.269
367.583
379.198
375.636
388.749
377.222
380.950
382.756

597.41
593.50
595.21
595.04
600.53
598.15
610.11
614.23
617.17
622.94
629.84



83 1125.

113 1891.
114 1932.
115 1982.
116 1997.
117 2054.

85

40
60
11
51
43

CI’S UNSORTED.UNWEIGHTED

Obs

g W N

113
114
115
116
117

WEIGHTED

0

Obs

bs

O W N

1137.04 777.58 1474.12 819.58 1454.50 696.540 634.92
1936.24 1497.04 2285.76 1323.07 2549.40 788.720 1226.34
1823.49 1572.20 2292.99 1214.54 2432.43 720.785 1217.89
1850.55 1615.79 2348.43 1221.09 2480.01 732.649 1258.92
1906.08 1638.75 2356.27 1273.27 2538.88 717.519 1265.60
1928.55 1689.51 2419.34 1272.60 2584.49 729.829 1311.8
Dependent Predicted Std Error
Variable Value Mean Predict 95% CL Mean
2050 1933 52.1014 1829 2036
2080 1523 38.6728 1446 1600
2150 1615 37.3783 1541 1689
2150 1998 49.1515 1900 2095
1999 1982 61.7311 1860 2105
872.0000 915.4562 26.8567 862.1985 968.7140
870.0000 866.6444 21.4449 824.1183 909.1705
869.0000 879.9848 28.2629 823.9383 936.0312
766.0000 845.4979 23.7879 798.3256 892.6703
739.0000 720.9277 29.6415 662.1476 779.7079
PREDICTION INTERVALS unweighted
Obs 95% CL Predict Residual
1 1572 2293 117.4048
2 1169 1877 557.0325
3 1262 1968 535.3446
4 1639 2356 152.4871
5 1616 2348 16.8906
113 566.1076 1265 -43.4562
114 518.7701 1215 3.3556
115 530.2002 1230 -10.9848
116 497.0251 1194 -79.4979
117 370.6947 1071 18.0723
Weight Dependent Predicted Std Error
Variable Variable Value Mean Predict
0.0000638 2050 1823 54.6524
0.000113 2080 1518 42.5289
0.0000980 2150 1593 42.9425
0.0000590 2150 1906 55.0058
0.0000601 1999 1851 61.3360
95% CL Mean 95% CL Predict Residual
1715 1932 1215 2432 226.5125
1434 1602 1059 1977 562.1057
1508 1678 1102 2084 556.8474
1797 2015 1273 2539 243.9239

W NN -



5 1729 1972 1221 2480 148.4473

Weight Dependent Predicted Std Error
Obs Variable Variable Value Mean Predict
113 0.000380 872.0000 896.2896 21.2322
114 0.000433 870.0000 866.3614 14.5480
115 0.000417 869.0000 862.0792 22.1647
116 0.000459 766.0000 841.4422 16.8746
117 0.000672 739.0000 720.6201 21.6897
Obs 95% CL Mean 95% CL Predict Residual
113 854.1853 938.3939 647.1168 1145 -24.2896
114 837.5121 895.2106 634.5197 1098 3.6386
115 818.1257 906.0327 623.7186 1100 6.9208
116 807.9792 874.9052 615.5944 1067 -75.4422
117 677.6086 763.6316 531.0213 910.2189 18.3799

3. Patient satisfaction data.

(a) 6.15b. Plot at end. Can see a fairly linear relationship between satisfaction and each of the
predictors. Also, see that there is a somewhat high amount of correlation among the three
predictors.

CI’s and PIs

(b)

i.

ii.

iii.

iv.

At Xy =35, X\, =45 and X3 = 2.3: 1= 69.0103

s{fi} = 2.6646

CI = o+ t(.95,42)s{j1} = [64.5285,73.4920]

With same X values the prediction interval is in a similar form except uses spreq = \/ 101.16287 + s2{ji},
leading to a prediction interval of [51.5097,86.5109]

Simultaneous 90 CI’s at as many combinations of X7, X and X3 use [i(X},)++/4F(.90,4, 42)s{ji}.
With F(.90,4,42) = 2.0837324 this yields an interval of [61.317526, 76.703074]

For three predictions we can use either Bonferroni’s interval Y,eur (1 —a/2g; n—p)s{pred;}

or Scheffe’s method: Yyewk £ v/9F (1 — o, g,n — p)s{predy}. Here g =3 (k=1 to 3),
t(1—(.10/6,42) = 2.2003677

F(.90,3,42) = 2.2190586 and the multiplier for the Scheffe method is v/3 % 2.2190586 =
2.5801503.

Bonferroni’s method is preferred here as it yields shorter intervals.

Problem 7.6

Testing Hy : 2 = P3 = 0. Can use full-reduced model approach. In SAS use test command, in
R can use anova command. Have an F-test with 2 and 42 degrees of freedom. F = 4.18 with a
p-value of .0222, so we reject Hy.

Analysis of Variance Table
Model 1: Satisfaction ™ Age
Model 2: Satisfaction ~ Age + Severity + Anxiety

Res.Df RSS Df Sum of Sq F Pr(>F)
1 44 5093.9
2 42 4248.8 2 845.07 4.1768 0.02216 *

Numerator 2 422 .53741 4.18 0.0222



Denominator 42 101.16287
Test 1 Results using Heteroscedasticity
Consistent Covariance Estimates
DF Chi-Square Pr > ChiSq
2 10.22 0.0060

R code and solution for Problem 3.

detach(data)
rm(1list=1s())
data <- read.table("f:/sb05/data/patient5.txt")
names (data) <- c("Satisfaction", "Age", "Severity", "Anxiety")
attach(data)
plot(data) #scatter plot matrix
cor(data) #correlation matrix
Satisfaction Age  Severity Anxiety
Satisfaction 1.0000000 -0.7867555 -0.6029417 -0.6445910
Age -0.7867555 1.0000000 0.5679505 0.5696775
Severity -0.6029417 0.5679505 1.0000000 0.6705287
Anxiety -0.6445910 0.5696775 0.6705287 1.0000000

V V. V V V Vv V

> fitl<- Im(Satisfaction~Age+Severity+Anxiety)

> newx<-data.frame(Age= c(35),Severity= c(45),Anxiety=c(2.2))

> predict(fitl,newx,interval="confidence",se.fit=TRUE,level=.90)
$fit

fit 1lwr upr
1 69.01029 64.52854 73.49204
$se.fit
[1] 2.664612
$df
[1] 42

> predict(fitl,newx,interval="predict",se.fit=TRUE,level=.90)
$fit

fit 1lwr upr
1 69.01029 51.50965 86.51092

> # problem 3-biii

> fvalue<-qgf(.90,4,42)

> fvalue

[1] 2.083732

> wsquared <- 4*qf (.90, 4, 42)

> w <- sqrt(wsquared)  #Scheffe constant.

> w

[1] 2.887028

> yhat<- 69.01029

> seyhat<-2.664612

> CImean <- c(yhat - wxseyhat ,yhat + wxseyhat) #confint interval for yhat
> CImean

[1] 61.31748 76.70310

> # problem 3-biv)

> scheffemult <- sqrt(3*qf(1-.10,3,42))

> b <- qt(1-.10/(2%3), 42) #bonferonni simultaneous for prediction
> scheffemult

[1] 2.58015

>b



[1] 2.200368
> # problem 7.6
> fit0<-1m(Satisfaction~Age)

> anova(fit0,fitl) # f test for whether several betas are 0O

Analysis of Variance Table
Model 1: Satisfaction ~ Age
Model 2: Satisfaction ~ Age + Severity + Anxiety

Res.Df RSS Df Sum of Sq F Pr(>F)
1 44 5093.9
2 42 4248.8 2 845.07 4.1768 0.02216 =*

SAS codel. Had case at end of data file with

a missing response age = 35, severity = 45 and anxiety = 2.2

proc reg;
id age severity anxiety;

model satis = age severity anxiety/covb acov clb clm cli alpha=.10;

test severity=0, anxiety=0;

run;
Dependent Predicted Std Error
Obs age severity anxiety Variable Value Mean Predict
1 50 51 2.3 48.0000 47.8871 2.8126
47 35 45 2.2 . 69.0103 2.6646
Obs age severity anxiety 90% CL Mean 90% CL Predict Residual
1 50 51 2.3 43.1564 52.6177  30.3211  65.4531 0.1129
47 35 45 2.2 64.5285 73.4920 51.5097 86.5109

Computing for 3b iii) and iv)

/* HERE I’M SHOWING USE OF IML. SAME CALCULATIONS
CAN BE DONE IN A DATA STEP. IML IS THE GENERAL
PROGRAMMING ENVIRONMENT AND THE PRINTING IS MORE
FLEXIBLE */
proc iml;

yhat = 69.0103;

seyhat= 2.6646;

fval = finv(.90,4,42);

lowm = yhat - sqrt(4xfval)x*seyhat;

upm = yhat +sqrt(4*xfval)*seyhat;

print yhat fval lowm upm;

tbon = tinv(1 - (.10/6),42);
fval3 = finv(.90,3,42);

mult = sqrt(3*fval3);

print tbon fval3 mult;

run;

yhat lowm upm
69.0103 61.317526 76.703074



tbon fval3 mult
2.2003677 2.2190586 2.5801503

Test 1 Results for Dependent Variable satis

Mean
Source DF Square F Value Pr > F
Numerator 2 422.53741 4.18 0.0222
Denominator 42 101.16287

Test 1 Results using Heteroscedasticity
Consistent Covariance Estimates
DF Chi-Square Pr > ChiSq
2 10.22 0.0060

4. Problem 8.21

Relative to the class and notes (which extends more easily to more general models) Xy = Z; and
X3 = Z5. With the qualitative variable having three levels and Z3 omitted the overall intercept Sy
is the intercept for the third group (None) while 83 and (3 are differences of intercepts of the other
groups from the intercept for None. This is seen below; #o = hard hat intercept — 0y, etc.

a) Note that for model they give the slope is always the same and the intercepts differ.

Type Model
Hard hat Bo + B2 + £1.X1
Bump Cap Bo + Bz + /11X

None 60 + 61X1.

b) (1): Ho: B3 >0, Hy : B3 < 0. If we are looking for evidence that a bump cap reduces expected
severity (83 < 0) that should go in the alternative since we can only “prove” the alternative (with a
controlled type I error rate).

(2): Ho: Bo = 33, Ha : B2 # [s.
c) E{Y} = Bo + 51 X1+ B2X2 + B3X3 + 1 X1 X2 + B5X1X3. Note there are six parameters. For this
model the expected values are:

Type Model

Hard hat (o + (2 + (61 + 84) Xa

Bump Cap [y + 83+ (61 + 35) X1
None Bo + f1 X1
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Problem 1 for ST697R students. Below are summary statistics on each variable and various plots.
- noxpot and nox are perfectly correlated. Drop noxpot
- hepot is highly correlated with nox (and noxpot). One of these can be dropped. We’ll drop hepot and

keep nox.

- There some extreme values in pollution variables and in pop and popden. Need to keep an eye on
influence of these.
- Nothing in the plots of Y versus each of the X’s indicates that we shouldn’t starting with a linear model
(i.e., without transform any X’s or Y).

> summary (data2)

jantemp
Min. :12.00
1st Qu.:27.00
Median :31.50
Mean :33.98
3rd Qu.:40.00
Max. :67.00

pnwhite
Min. : 0.80
1st Qu.: 4.95

julytemp

Min. :163.00

1st Qu.:72.00

Median :74.00

Mean :74.58

3rd Qu.:77.25

Max. :85.00
pwc

Min. :33.80

1st Qu.:43.45

relhum
Min. :38.
1st Qu.:55.
Median :57.
Mean :57.
3rd Qu.:60.
Max. :73.

pop

Min.
1st Qu.:

00
00
00
67
00
00

124833
566515

rain
Min. :10.00
1st Qu.:32.75
Median :38.00
Mean :38.38
3rd Qu.:44.00
Max. :65.00

perhouse

Min. :2.650

1st Qu.:3.210

mortal
Min. : 790.7
1st Qu.: 898.4
Median : 943.7
Mean : 940.3
3rd Qu.: 983.2
Max. :1113.2
income
Min. 125782
1st Qu.:30005

educ
Min. : 9.
1st Qu.:10.
Median :11.
Mean :10.
3rd Qu.:11.
Max. :12.
hcpot

Min. :

1st Qu.:

00
40
05
97
50
30

1.00
7.00

popden
Min. 11441
1st Qu.:3104
Median :3567
Mean :3876
3rd Qu.:4520
Max. 19699



Median :32452
Mean 133247
3rd Qu.:35496
Max. 147966
popden pnwhite

076005906 0.459224154
008832798 0.602237473
149403539 -0.119359541

.083885944 0.302765069
.252121060 0.646556085

236246053 -0.208875334

.000000000 -0.006792902

006792902 1.000000000

0.253278712 -0.057232610

Median :10.40 Median :45.60 Median 914427 Median :3.265
Mean :11.87 Mean :46.41 Mean 11438037 Mean :3.246
3rd Qu.:15.65 3rd Qu.:49.75 3rd Qu.:1717201 3rd Qu.:3.360
Max. :38.50 Max. :62.20 Max. 18274961 Max. :3.530
NA’s 01 NA’s 01
noxpot so2pot nox
Min. 1.00 Min. 1.00 Min. : 1.00
1st Qu.: 4.00 1st Qu.: 11.00 1st Qu.: 4.00
Median 9.00 Median 30.00 Median 9.00
Mean 22.60 Mean ¢ B3.77 Mean 22.60
3rd Qu.: 23.75 3rd Qu.: 69.00 3rd Qu.: 23.75
Max. :319.00 Max. :278.00 Max. :319.00
> means<-sapply(data2,mean,na.rm=T)
> sds<-sapply(data2,sd,na.rm=T)
> summeansd<-cbind(means=means,st.devs.=sds)
> summeansd
means st.devs.
jantemp 3.398333e+01 1.016890e+01
julytemp 7.458333e+01 4.763177e+00
relhum 5.766667e+01 5.369931e+00
rain 3.838333e+01 1.151578e+01
mortal 9.403487e+02 6.221863e+01
educ 1.097333e+01 8.452994e-01
popden  3.876050e+03 1.454102e+03
pnwhite 1.187000e+01 8.921148e+00
pwc 4.641500e+01 5.031421e+00
pop 1.438037e+06 1.541736e+06
perhouse 3.246167e+00 1.813984e-01
income 3.324666e+04 4.473095e+03
hcpot 3.785000e+01 9.197767e+01
noxpot  2.260000e+01 4.635537e+01
so2pot 5.376667e+01 6.339047e+01
nox 2.260000e+01 4.635537e+01
> cor(data2,use=’’complete.obs’’)
jantemp julytemp relhum rain mortal educ
jantemp  1.00000000 0.322145546 0.08552171 0.05856608 -0.01595166 0.1081937 -0.
julytemp 0.32214555 1.000000000 -0.44139661 0.47225673 0.32182798 -0.2694841 -0.
relhum 0.08552171 -0.441396609 1.00000000 -0.11777277 -0.10107444 0.1856701 -0.
rain 0.05856608 0.472256726 -0.11777277 1.00000000 0.43311419 -0.4729781 O
mortal -0.01595166 0.321827975 -0.10107444 0.43311419 1.00000000 -0.5080867 0
educ 0.10819374 -0.269484113 0.18567008 -0.47297806 -0.50808670 1.0000000 -0.
popden  -0.07600591 -0.008832798 -0.14940354 0.08388594 0.25212106 -0.2362461 1
povhite  0.45922415 0.602237473 -0.11935954 0.30276507 0.64655608 -0.2088753 -0.
pwc 0.20774445 -0.012766440 .01478792 -0.11407121 -0.28934561 0.4860658
pop 0.24013968 0.021503407 -0.14327698 -0.23454376 0.05861422 0.1969044 O.
perhouse -0.32524073 0.257079732 -0.14365727 0.19905551 0.36801620 -0.3891031 -0
income 0.19808429 -0.190627627 0.12769025 -0.36231186 -0.28329729 0.5074796 -0
hcpot 0.36247256 -0.356891931 -0.02638765 -0.49454813 -0.18486640 0.2913632 O.
noxpot 0.33422491 -0.334491963 -0.05297602 -0.45960439 -0.08456822 0.2291164 0O
so2pot  -0.09377539 -0.071386065 -0.11647629 -0.13096315 0.41911813 -0.2289757 0
nox 0.33422491 -0.334491963 -0.05297602 -0.45960439 -0.08456822 0.2291164 O
perhouse income hcpot noxpot so2pot nox
jantemp -0.32524073 0.198084290 0.36247256 0.33422491 -0.09377539 0.33422491
julytemp 0.25707973 -0.190627627 -0.35689193 —0.33449196 -0.07138607 -0.33449196
relhum -0.14365727 0.127690255 -0.02638765 —-0.05297602 -0.11647629 -0.05297602
rain 0.19905551 -0.362311861 -0.49454813 -0.45960439 -0.13096315 -0.45960439
mortal 0.36801620 -0.283297291 -0.18486640 —-0.08456822 0.41911813 -0.08456822
educ -0.38910311 0.507479606 0.29136322 0.22911642 -0.22897565 0.22911642
popden  -0.16672549 -0.002990224 0.11269829 0.15849493 0.42167658 0.15849493
powhite  0.35273635 -0.100768990 -0.02618779 0.01912096 0.15965657 0.01912096
pwc -0.34684361 0.365947271 0.16757782 0.12940606 -0.06347071 0.12940606

10

.166725488 0.
.002990224 -0.

.158494932 0.
.421676576 0.
.158494932 0.

334101285 0.115757889
352736347
100768990
026187786
019120964
159656575
019120964

112698286 -0.

Median 14.50
Mean 37.85
3rd Qu.: 30.25
Max. :648.00
pwc pop
0.20774445 0.24013968
-0.01276644 0.02150341
0.01478792 -0.14327698
-0.11407121 -0.23454376
-0.28934561 0.05861422
0.48606583 0.19690437
0.25327871 0.33410128
-0.05723261 0.11575789
1.00000000 0.21783884
0.21783884 1.00000000
-0.34684361 -0.31428706
0.36594727 0.31848395
0.16757782 0.52962060
0.12940606 0.54627438
-0.06347071 0.36611660
0.12940606 0.54627438



pop -0.
perhouse 1
income -0.
hcpot -0.
noxpot -0.
so2pot -0.
nox -0

31428706

29545324
48918320
44947781
01025995

.44947781

0

.00000000 -0

O O O O

.318483946
.295453243
.000000000
.327506087
.311682866
.067583446
.311682866

o

[N eNeN e

.52962060
.48918320 -
.32750609
.00000000
.98374711
.27860001
.98374711

= O, OOOO

.54627438
.44947781
.31168287
.98374711
.00000000
.40628722
.00000000

[ee)
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Figure 1: SMSA: All pairs
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Figure 3: SMSA: Pairs of demographic variables
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Figure 4: SMSA: Pairs of pollution variables
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Figure 5: SMSA: Mortal (Y) versus X: part 1
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Figure 6: SMSA: Mortal (Y) versus X: part 2
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