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>

lake=read.table("D:lake.txt",header=T)

> lake

#Dist=Distance, Inc=Family Income,
Size=Family Members,

Y=Numbers of Vistors

Dist IncSize Y
1 27 4.45 5 1
2 72 7.69 4 1
3 44 10.04 4 5
4 23 8.97 4 4
5 89 9.15 5 2
6 58 5.80 5 5
7 84 4.94 4 2
8 62 5.05 11
9 10 2.89 4 8
10 77 4.21 30
11 91 2.93 30
12 72 5.46 50
13 54 7.98 2 3
14 34 7.39 1 6
15 94 4.71 4 1
16 98 6.55 4 0
17 90 3.61 30
18 63 10.42 4 0
19 19 7.36 2 5
20 34 2.67 3 1
21 45 3.76 4 5
22 91 8.71 5 1
23 40 6.32 3 3
24 78 5.64 2 4
25 76 751 2 0
26 64 7.24 5 5
27 62 9.13 11
28 20 7.98 4 3
29 119 361 50
30 50 3.21 3 2
31 81 6.55 11

32

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

38
29
100
78
46
56
34
63
34
120
85
25
37
21
88
66
48
90
57
109
57
19
79
30
48
41
49
59
72
76
110
47
88
10

2.66
6.68
5.60
9.69
7.82
7.34
5.39
8.36
5.95
6.86
9.50
8.00
8.29
8.57
6.29
5.08
5.82
7.39
6.61
9.88
7.96
3.86
3.15
9.64
3.56
6.18
5.79
6.89
2.74
8.85
9.83
6.38
1.47
5.39

2110.54
64 10.39

46
44

7.89
5.40
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

79
116
84

3.74
6.02
2.93

9510.29

17
98
91
86
118

6.68
2.76
4.21
3.81
3.95

8510.50

87
53
70
44
54
42
27
62
57
117
101
94
46
84
20
102
50

6.93
8.89
2.69
9.94
6.77
6.73
3.07
9.90
3.96
8.33
5.97
7.42
4.25
8.84
4.02
5.33
9.24

52 10.53

52
100
84
35
78
90
97
49
43
96

451
5.18
8.77
7.45
9.20
9.50
7.19
6.69
3.18
5.48
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108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

37
65
50
34
108
20
77
86
106
20
29
102
45
87
18
96
38
54
42

6.09
9.55
7.46
3.60
9.68
3.78
8.77
7.53
5.45
4.08
7.61
8.68
8.73
9.52
3.72
4.63
8.10
9.13
2.75

105 10.59

12
74
108
12
90
28
102
45
45
112
83
35
80
104
78
55
25
78

4.44
9.53
8.96
7.33
5.88
9.08
3.42
5.87
6.15
17.77
8.10
2.96
8.34
5.13
7.24
3.19
4.20
4.02
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146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

87
111

8.78
8.85

36 10.01

116
36
104
60
114
56
66
65
105
66
94
113
93
51
87

8.12
3.84
6.88
3.79
8.42
6.95
4.33
5.34
5.95
9.90
9.96
6.03
9.04
8.13
5.35

22 10.09

46
99
14

4.88
2.63
5.99

14 10.25

89
103
20

9.14
6.55
4.24

3210.21

109
55
94
64

110
99
36

5.90
8.39
3.61
8.40
441
3.69
9.05

46 10.31

115
25
63

2.87
9.90
2.87
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184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

94
24
73
25
91
81
118
86
86
97
41
77
111
70
66
30
115
12
100
71

6.45
9.64
5.92
6.06
431
3.54
7.32
4.20
6.98
6.93
6.72
4.01
6.81
7.94
3.36
3.69
3.38
7.46
7.61
9.22

3710.43

35
110
76
119
70
104
38
70
88
30
76
73
54
28
64
28
37

3.78
3.68
8.01
6.30
6.39
5.74
9.91
6.04
6.51
5.82
7.18
491
8.27
5.09
6.74
4.99
6.41
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222 19 9.14
223 59 17.78
224 102 7.71
225 34 9.62
226 14 4.20
227  8810.37
228 113 7.22
229 72 581
230 42 4.72
231 18 9.30
232 58 5.40
233 91 5.98
234 67 8.86
235 94 435
236 39 3.30
237 79 8.16
238 103 9.16
239 91 8.24
240 101 941
241 59 7.58
242 25 452
243 11 7.37
244 21 8.85
245 40 5.86
246 23 3.94
247  5810.07
248 24 8.99
249 3210.10
250 118 4.14

> attach(lake)
> pairs(lake)
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> cor(lake)
Dist Inc Size Y
Dist 1.00000000 -0.00382533 0.02006100 -0.62618753

Inc -0.00382533 1.00000000 -0.08055719 0.01823499
Size 0.02006100 -0.08055719 1.00000000 0.18961580

Y -0.62618753 0.01823499 0.18961580 1.00000000

> fm<-Im(Y~Dist+Inc+Size)

> summary(fm)

Call:

Im(formula =Y ~ Dist + Inc + Size)

Residuals:
Min

Coefficients:

1Q Median 30
-3.4949 -1.0841 -0.1381 1.0107 8.6605

Max

Estimate Std. Error t value Pr(>|t])

(Intercept) 3.973939
-0.044974

Dist

0.468093

8.490 1.98e-15 ***

0.003424 -13.136 < 2e-16 ***

=] 100

20



Inc 0.031041  0.046206 0.672 0.502# 4 ;% reject
Size 0.319426  0.075047  4.256 2.96e-05 ***

Signif. codes: 0 “***’(0.001 “***0.01 “*’0.05°°0.1°°1

Residual standard error: 1.652 on 246 degrees of freedom

Multiple R-squared: 0.434, Adjusted R-squared: 0.4271# = 4 7
F-statistic: 62.89 on 3 and 246 DF, p-value: < 2.2e-16

> anova(fm)

Analysis of Variance Table

Response: Y
Df Sum Sq Mean Sq  F value Pr(>F)
Dist 1465.29 465.29 170.4352 < 2.2e-16 ***
Inc 1 0.30 0.30 0.1091 0.7415#:8 £ 4z » 3 K 3¢
Size 1 4946 49.46 18.1165 2.957e-05 ***

Residuals 246 671.58 2.73

Signif. codes: 0 “***”0.001 “***0.01 **’0.05°."0.1“"1
> par(mfrow=c(2,2))
> plot(fm,ask=F)
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d B]7) k5 > residuals § — i pattern > F]t ¥ g £ F & 4 transformation
> boxcox(fm)



log-Likelihood
-850 -800

-900

-950

-1000

> boxcox(fm,lambda=seq(-0.5,0.5,0.1))



log-Likelihood
-770 -765 -760

775

-780
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> fml<-Im(log(Y+1)~Dist+Inc+Size)# f i 4 pF » & 1 &,
Fle Y F 0 #rra @ H 4e 15 K faregression
> summary(fm1l)

e
o
Bt

=Y

~
=5

Jul
&

Call:
Im(formula = log(Y + 1) ~ Dist + Inc + Size)
Residuals:
Min 1Q  Median 30 Max

-1.27011 -0.34697 0.04571 0.36514 1.23818

Coefficients:
Estimate Std. Error t value Pr(>[t])
(Intercept) 1.47987 0.14623 10.120 < 2e-16***

Dist -0.01415 0.00107 -13.234 < 2e-16 ***
Inc 0.01892 0.01443  1.3100.191285#:% &_Income 7 K 3%
Size 0.08727 0.02345  3.722 0.000245 ***

Signif. codes: 0 “***’(0.001 “***0.01 “*’0.05°°0.1°"1



Residual standard error: 0.5162 on 246 degrees of freedom
Multiple R-squared: 0.4335, Adjusted R-squared: 0.4266
F-statistic: 62.75 on 3 and 246 DF, p-value: < 2.2e-16

> anova(fm1l)
Analysis of Variance Table

Response: log(Y + 1)
Df Sum Sq Mean Sq  F value Pr(>F)

Dist 146.188 46.188 173.3584 < 2.2e-16 ***
Inc 1 0274 0.274 1.0283 0.3115555
Size 1 3.692 3.692 13.8554 0.0002447 ***

Residuals 246 65.542 0.266

Signif. codes: 0 “***’(0.001 “***0.01 “*’0.05°°0.1°°1
> par(mfrow=c(2,2))

>

plot(fm1,ask=F)
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% . model selection
> b=leaps(cbind(Dist,Inc,Size),log(Y+1),method="r2")



> b.r2=b$r2

> b=leaps(cbind(Dist,Inc,Size),log(Y+1),method="adjr2")
> b.adjr2=b$adjr2

> b=leaps(cbind(Dist,Inc,Size),log(Y+1),method="Cp")

> b.Cp=b$Cp
> plot(b$size,b.Cp)
o
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T T T T T
20 25 a0 35 4.0
bsize
123 b.r2 b.adjr2 b.Cp

11000.399220586 0.396798088 14.883715

10010.026055915 0.022128721 176.927526

101 00.002609064 -0.001412674 187.109136

21010.429541430 0.424922332  3.717128

21100.401588611 0.396743175 15.855419

20110.030189294 0.022336576 177.132639

31110.433495741 0.426587152  4.000000

> bs=regsubsets(log(Y+1)~Dist+Inc+Size,data=lake)

> rs=summary(bs)

> names(rs)

[1] "which™ "rsq" "rss" "adjr2" “cp" "bic" "outmat"
[8] "obj"

> print(cbind(rs$which,R2=rs$rsq,adjR2=rs$adjr2,Cp=rs$cp,BIC=rs$hic))




(Intercept) Dist Inc Size R2 adjR2 Cp BIC

1 1 1 O 0 0.3992206 0.3967981 14.883715 -116.3389
2 1 1 0 10.4295414 0.4249223 3.717128 -123.7643
3 1 1 1 1 0.4334957 0.4265872 4.000000 -119.9818

> fm2<-Im(log(Y+1)~Dist+Size)
> summary(fm2)

Call:
Im(formula = log(Y + 1) ~ Dist + Size)
Residuals:
Min 1Q  Median 30Q Max

-1.30145 -0.33937 0.04727 0.36763 1.19679

Coefficients:

Estimate Std. Error t value Pr(>[t])
(Intercept) 1.613546  0.104927 15.378 < 2e-16 ***
Dist -0.014158 0.001071-13.218 < 2e-16 ***
Size 0.084795  0.023403  3.623 0.000353 ***

Signif. codes: 0 “***’(0.001 “***0.01 “*’0.05°°0.1°°1

Residual standard error: 0.5169 on 247 degrees of freedom
Multiple R-squared: 0.4295, Adjusted R-squared: 0.4249
F-statistic: 92.99 on 2 and 247 DF, p-value: < 2.2e-16

> anova(fm2)
Analysis of Variance Table

Response: log(Y + 1)

Df Sum Sg Mean Sq F value Pr(>F)
Dist 146.188 46.188 172.857 < 2.2e-16 ***
Size 1 3508 3508 13.129 0.000353 ***
Residuals 247 66.000  0.267
Signif. codes: 0 “****(0.001 “***0.01 “**0.05°."0.1°"1
> par(mfrow=c(2,2))
> plot(fm2,ask=F)
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> fm3<-Im(sqrt(Y)~Dist+Inc+Size) #variance stable
> summary(fm3)

Call:
Im(formula = sqrt(Y) ~ Dist + Inc + Size)
Residuals:

Min 1Q Median 3Q Max

-1.6186 -0.4273 0.0727 0.4570 1.6070

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.884998  0.184333 10.226 < 2e-16 ***

Dist -0.017528 0.001348 -13.000 < 2e-16 ***
Inc 0.024612 0.018196 1.353 0.17742
Size 0.104933  0.029553  3.551 0.00046 ***

Signif. codes: 0 “***’0.001 “***0.01 **’0.05°."0.1°"1

Residual standard error: 0.6507 on 246 degrees of freedom



Multiple R-squared: 0.424, Adjusted R-squared: 0.417
F-statistic: 60.36 on 3 and 246 DF, p-value: < 2.2e-16

> anova(fm3)
Analysis of Variance Table

Response: sqrt(Y)

Df Sum Sq Mean Sq F value Pr(>F)
Dist 1 70.844 70.844 167.3406 < 2.2e-16 ***
Inc 1 0485 0.485 1.14550.2855408
Size 1 5337 5.337 12.6072 0.0004603 ***
Residuals 246 104.145  0.423
Signif. codes: 0 “***’(0.001 “***0.01 “*’0.05°°0.1°°1

> par(mfrow=c(2,2))
> plot(fm3,ask=F)
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> res=residuals(fm3)
> fm4d=Im(abs(res)~Dist+Inc+Size)
> wi=1/((fitted(fm4))"2)

Mormal -0

Thearetical Quantiles

Fesiduals vs Leverage
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Leverage

> print(chbind(Dist,Inc,Size,Y,res,"abs(rs)"=abs(res),weights=wi),digits=2)

Dist IncSize Y res abs(rs) weights
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41

27
72

4.4
7.7

44 10.0

23
89
58
84
62
10
77
91
72
54
34
94
98
90

9.0
9.2
5.8
4.9
5.0
2.9
4.2
2.9
5.5
8.0
7.4
4.7
6.5
3.6

63 10.4

19
34
45
91
40
78
76
64
62
20
119
50
81
38
29
100
78
46
56
34
63
34
120
85
25
37
21
88
66
48
90
57

7.4
2.7
3.8
8.7
6.3
5.6
7.5
7.2
9.1
8.0
3.6
3.2
6.5
2.7
6.7
5.6
9.7
7.8
7.3
5.4
8.4
6.0
6.9
9.5
8.0
8.3
8.6
6.3
5.1
5.8
7.4
6.6

5
4
4
4
5
5
4
1
4
3
3
5
2
1
4
4
3
4
2
3
4
5
3
2
2
5
1
4
5
3
1
2
4
1
5
5
2
1
5
1
1
2
2
5
4
3
1
2
2
4

1-1.0459
1-0.2320
5 0.4554
4-0.1224
2 0.3393
5 0.7002
2 0.4602
1-0.0275
8 0.6278
0-0.9538
0-0.6769
0-1.2821
3 0.3873
6 0.8736
1 0.2269
0-0.7482
0-0.7112
0-1.4570
5 0.2931
1-0.6696
5 0.6275
1-0.0290
3 0.0778
4 1.1335
0-0.9476
5 0.7700
1-0.1279
3-0.4185
0-0.4127
2 0.0118
1 0.2686
3 0.2378
3-0.2288
1 0.6250
0-1.2810
4 0.2041
0-1.2940
2-0.1124
4 0.4888
1-0.5404
1 0.9445
1 0.1612
2-0.4394
8 0.8632
7 0.4982
0-0.8122
2 0.4561
1-0.3968
1 0.3007
2 -0.0541

1.0459
0.2320
0.4554
0.1224
0.3393
0.7002
0.4602
0.0275
0.6278
0.9538
0.6769
1.2821
0.3873
0.8736
0.2269
0.7482
0.7112
1.4570
0.2931
0.6696
0.6275
0.0290
0.0778
1.1335
0.9476
0.7700
0.1279
0.4185
0.4127
0.0118
0.2686
0.2378
0.2288
0.6250
1.2810
0.2041
1.2940
0.1124
0.4888
0.5404
0.9445
0.1612
0.4394
0.8632
0.4982
0.8122
0.4561
0.3968
0.3007
0.0541

4.2
3.6
5.4
6.0
3.5
3.6
2.9
3.3
4.4
2.9
2.5
3.2
4.2
4.8
2.6
2.8
2.6
4.7
5.5
3.6
3.5
3.4
4.3
3.1
3.5
3.8
4.3
5.7
2.2
3.3
3.2
3.5
4.8
2.7
3.9
4.5
4.0
4.2
4.1
4.4
2.5
3.7
5.5
5.0
5.9
3.0
3.2
3.9
3.1
3.8



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

109 9.9
57 8.0
19 3.9
79 3.1
30 9.6
48 3.6
41 6.2
49 538
59 6.9
2 27
76 8.8

110 9.8
47 6.4
88 7.5
10 54
2110.5
64 10.4
46 7.9
44 54
79 3.7

116 6.0
84 29
9510.3
17 6.7
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> summary(fmb)

Call:
Im(formula = sqrt(Y) ~ Dist + Inc + Size, weights = wi)
Residuals:

Min 1Q Median 3Q Max

-3.1818 -0.8134 0.1118 0.9051 3.2484

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.874293  0.181835 10.308 < 2e-16 ***

Dist -0.018063  0.001328 -13.599 < 2e-16 ***
Inc 0.027104  0.017669  1.534 0.126323#4x » = -2 #-H £ 4
Size 0.113891 0.029023  3.924 0.000113 ***

Signif. codes: 0 “***’0.001 “***0.01 **’0.05°"0.1°"1

Residual standard error: 1.233 on 246 degrees of freedom
Multiple R-squared: 0.4511, Adjusted R-squared: 0.4444
F-statistic: 67.38 on 3 and 246 DF, p-value: < 2.2e-16

> anova(fmb)

Analysis of Variance Table

Response: sqrt(Y)
Df Sum Sq Mean Sq  F value Pr(>F)

Dist 1281.61 281.61 185.3227 < 2.2e-16 ***
Inc 1 214 2.14 14075 0.236623
Size 1 2340 23.40 15.3988 0.000113 ***

Residuals 246 373.81 1.52

Signif. codes: 0 “***’(0.001 “***0.01 “*’0.05°°0.1°°1
> par(mfrow=c(2,2))
> plot(fm5,ask=F)
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> fm6=Im(sqrt(Y)~Dist+Size,weights=wi)

> summary(fm6)

Call:

Im(formula = sqrt(Y) ~ Dist + Size, weights = wi)

Residuals:

Min 1Q Median

30Q Max

-3.2532-0.8942 0.1028 0.9767 3.0845

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 2.077797

Dist -0.018099
Size 0.109893
Signif. codes:

0.124694 16.663 < 2e-16 ***
0.001332 -13.590 < 2e-16 ***
0.028985

3.791 0.000188 ***

0 “***70.001 “**’0.01 “*’0.05°°0.1°"1

Residual standard error: 1.236 on 247 degrees of freedom

Multiple R-squared: 0.4458,

Adjusted R-squared: 0.4413

0z 0.04

Leverage




F-statistic: 99.34 on 2 and 247 DF, p-value: < 2.2e-16

> anova(fme6)
Analysis of Variance Table

Response: sqrt(Y)

Df Sum Sg Mean Sq F value Pr(>F)
Dist 1281.61 281.61184.313 < 2.2e-16 ***
Size 1 2196 2196 14.3740.0001884 ***
Residuals 247 377.38 1.53

Signif. codes: 0 “***”0.001 “***0.01 **’0.05°."0.1°"1
> par(mfrow=c(2,2))
> plot(fm6,ask=F)
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