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Homework 2 
(Simple Linear Regression) 

 
A study is conducted to investigate the relationship between cigarette smoking during 
pregnancy and the weights of newborn infants. A sample of 15 woman smokers kept accurate 
records of the number of cigarettes smoked during their pregnancies, and weights of their 
children were recorded at birth. The data are given in the following table.  

 

id 
Cigarettes Per Day

(X) 
Birth Weight 

(Y) 
1 12 7.7 
2 15 8.1 
3 35 6.9 
4 21 8.2 
5 20 8.6 
6 17 8.3 
7 19 9.4 
8 46 7.8 
9 20 8.3 
10 25 5.2 
11 39 6.4 
12 25 7.9 
13 30 8 
14 27 6.1 
15 29 8.6 

 
1. Scatterplot of the Data. (the Fitted LS Line has been Added) 
 

 
 

According to the scatter plot, we can observe a very weak negative linear association 
between cigarette smoking and birth weight. This makes sense as we expect more cigarettes 
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smoked would be associated with reduced infant birth weight. On the other hand, infant birth 
weight might depend on lots of factors besides mother’s smoking status. Thus it would be 
difficult to predict birth weight very well solely based on mother’s cigarette smoking amount.   
 
Two points (specified by frame) are potentially outlier. Or they might not be outliers. Instead, 
they might just be attributed to the large variation in this study by nature.   
 
 
2. Preliminary Calculation, including the Pearson’s Correlation Coefficient 
 

id 
Cigarettes Per Day

(X) 
Birth Weight 

(Y) 
2
iX  2

iY  
i iX Y⋅  

1 12 7.7 144 59.29 92.4 
2 15 8.1 225 65.61 121.5 
3 35 6.9 1225 47.61 241.5 
4 21 8.2 441 67.24 172.2 
5 20 8.6 400 73.96 172.0 
6 17 8.3 289 68.89 141.1 
7 19 9.4 361 88.36 178.6 
8 46 7.8 2116 60.84 358.8 
9 20 8.3 400 68.89 166.0 
10 25 5.2 625 27.04 130.0 
11 39 6.4 1521 40.96 249.6 
12 25 7.9 625 62.41 197.5 
13 30 8 900 64.00 240.0 
14 27 6.1 729 37.21 164.7 
15 29 8.6 841 73.96 249.4 

Sum 380 115.5 10,842 906.27 2875.3 
 
First it can be found that 380ix =∑ , 115.5iy =∑ , 2 10842ix =∑ , 2 906.3iy =∑ , and 

2875.3.i ix y =∑ Hence,  

2 2 2

1 1

380 /15 25.33,    y 115.5 /15 7.7

( )
n n

xx i i
i i

x

SS x x x n x
= =

= = = =

= − = − ⋅∑ ∑
 

210,842 15 25.33
1215.33

= − ×
=

 

      2 2 2

1 1
( )

n n

yy i i
i i

SS y y y n y
= =

= − = − ⋅∑ ∑  

       
2906.27 15 7.7

16.92
= − ×
=

 

1 1
( )( )

n n

xy i i i i
i i

SS x x y y x y n x y
= =

= − − = − ⋅ ⋅∑ ∑  
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2875.3 15 25.33 7.7

50.7
= − × ×
= −

 

 

Therefore, 50.7 0.3536
1215.33 16.92

xy

xx yy

SS
r

SS SS
−

= = = −
×

, which shows a somehow weak 

negative linear association.  
 
 
3. Construct a 95% confidence interval for the (population) correlation ρ  between the 

number of cigarettes smoked during their pregnancies (X) and weights of their 
children were recorded at birth (Y).  

 

Solution: First we construct a 95% for 1 1ln
2 1

ρ
ρ

+
−

 

0.975
1 1 1 1 1 ( 0.3536) 1ln   ln 1.96  
2 1 2 1 ( 0.3536)3 15 3

 ( 0.3696) 0.5436  ( 0.9132,   0.1740)

r z
r n

+ + −
± ⇒ ± ×

− − −− −
⇒ − ± ⇒ −

 

Thus a 95% CI for ρ  is given by 
2 ( 0.9132) 2 0.1740

2 ( 0.9132) 2 0.1740

1 1,
1 1

( 0.7227,  0.1723)

e e
e e

× − ×

× − ×

 − −
 + + 
⇒ −

 

 
 
 
4. Compute the Spearman correlation coefficient, ( , )sr X Y . (This question can be 

Skipped for this class! – 9/2009) 
 

( , )sr X Y  is defined as  the Pearson correlation coefficient based on ranks of X and Y.  
 

 
 
 
 
 

A Shortcut Formula for Computing Spearman’s Rank Correlation Coefficient 
 

2

2

6
1

( 1)
i

s

d
r

n n
= −

−
∑

,  

where id is the difference in the ranks of the i-th observations for X  and Y .  
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id iX  Rank iY  Rank id  2
id  

1 12 1 7.7 5 -4 16
2 15 2 8.1 9 -7 49
3 35 13 6.9 4 9 81
4 21 7 8.2 10 -3 9
5 20 5.5 8.6 13.5 -8 64
6 17 3 8.3 11.5 -8.5 72.25
7 19 4 9.4 15 -11 121
8 46 15 7.8 6 9 81
9 20 5.5 8.3 11.5 -6 36

10 25 8.5 5.2 1 7.5 56.25
11 39 14 6.4 3 11 121
12 25 8.5 7.9 7 1.5 2.25
13 30 12 8 8 4 16
14 27 10 6.1 2 8 64
15 29 11 8.6 13.5 -2.5 6.25

     Sum = 795
 
Therefore,  
 

2

2 2

6 6 7951 1 1 1.42 0.42
( 1) 15 (15 1)

i
s

d
r

n n
×

= − = − = − =−
− × −

∑
 

 
 
 
 
4, Compute the LSE’s of  0 1( , )β β  and then add the LS straight line to the scatter plot.  
 
Model:  0 1i i iy xβ β ε= + + , where 2(0, )i Nε σ∼  
Compute the least square estimates (LSE) of 0 1( , )β β . 

1
50.7ˆ -0.0417

1215.33
xy

xx

SS
SS

β −
= = =  

0 1̂ 7.7 ( 0.0417 25.33) 8.7568y xβ β= − ⋅ = − − × =
�

 
Hence the fitted straight line is 8.7568 0.0417y x= − . 
 
To add the line, pick any two points, e.g., 0(0, )β =

�
(0, 8.7568) and ( , )x y = (25.33, 7.7) 
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5, Complete the following ANOVA table  
 
 Source   df     SS        MS     F Value  P-value  
 Model  1    2.115   2.115 1.857   0.196 
 Error   13   14.805   1.139    
 Total   14      16.915                   
 

Note:   
        

 16.92yySSTotal SS= =  

 2
1 1(regression)  or  ( 0.0417) ( 50.7) 2.115xx xySSR SS SSβ β= ⋅ ⋅ = − × − =
� �

 

 (1,13)
.95 4.667F =  

 The coefficient of Determination 2 14.28%R =   
 A natural estimate of the constant variance 2 1.139MSEσ = =�  

 
6, Statistical Inference on 0 1( , )β β  
 
95% Confidence Interval for 0β : 

2
(13) 2

0 .975
1ˆ ˆ ( ) 8.757   2.160 0.823  (6.979, 10.535)

xx

xt
n SS

β σ± ⋅ + ⇒ ± × ⇒  

95% Confidence Interval for 1β : 
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2
(13)

1 .975
ˆˆ 0.0417   2.160 0.0306  ( 0.1078, 0.0244)
xx

t
SS
σβ ± ⋅ ⇒ − ± × ⇒ −  

 
 
Question: Test to see if the following statement is true at 0.05α = :  every 10 cigarettes 
increase per day for the mother would result in (more than) half-pound reduction in the 
infant birth weight.   
 

Hint: This is equivalent to test 0 1 1

1

:  10 0.5 0.05
: 0.05a

H
H

β β
β

⋅ = − ⇔ = −
< −

 

 
 

 
7, Prediction  
 
Estimation: Construct a 95% confidence interval for the mean infant birth weight of all  
   mothers who smoke 20 cigarettes per day.  

{ }

2
(13) 2

0 1 .975

2
(13)
.975

( )1ˆ ˆ( )

1 (10-25.33)8.757 ( 0.0417) 10   t   1.138  + (7.164, 9.516)
15 1215.33

p
p

xx

x x
x t

n SS
β β σ

 −
+ ± ⋅ +  

 

 
+ − × ± × × ⇒ 

 

�

 

 
 
 
Prediction: Given a mother who smokes 20 cigarettes per day, construct a 95%  
   prediction interval for the birth weight of her baby.  
 

{ }

2
(13) 2

0 1 .975

2
(13)
.975

( )1ˆ ˆ( ) 1

1 (10-25.33)8.757 ( 0.0417) 10   t   1.138 1  + (5.752, 10.928)
15 1215.33

p
p

xx

x x
x t

n SS
β β σ

 −
+ ± ⋅ + +  

 

 
+ − × ± × × + ⇒ 

 

�
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8, Confidence and Prediction Bands  
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R-Codes: 
 
x <- c(12, 15, 35, 21, 20, 17, 19, 46, 20, 25, 39, 25, 30, 27, 29) 
y <- c(7.7, 8.1, 6.9, 8.2, 8.6, 8.3, 9.4, 7.8, 8.3, 5.2, 6.4, 7.9, 8, 6.1, 8.6) 
plot(x, y, xlab="# of cigas", ylab="birthweight") 
abline(lsfit(x,y))  
 
fit <- lm(y~x); summary(fit) 
anova(fit) 
 
8.756829402  - qt(.975, 13)*0.822987375 
8.756829402  + qt(.975, 13)*0.822987375 
 
-0.041716950 -  qt(.975, 13)* 0.030611464 
-0.041716950 +  qt(.975, 13)* 0.030611464 
 
mean(x) 
 
(8.757-.0417*10) - qt(.975, 13)*sqrt(1.13884235622*(1+1/15 + (10-25.33)^2/1215.33)) 
(8.757-.0417*10) + qt(.975, 13)*sqrt(1.13884235622*(1+1/15 + (10-25.33)^2/1215.33)) 
 
 
 
qf(.95, 1, 13) 
 
2.115/14.805 
 
# Confidence and Prediction Bands  
range(x); range(y) 
new <- data.frame(x= seq(12, 46, length=100))  
CI95 <- predict(fit, newdata=new, se.fit=TRUE,interval="confidence", level=0.95); 

names(CI95) 
PI95 <- predict(fit, newdata=new, se.fit=TRUE,interval="prediction", level=0.95) 
par(mar=rep(6,4)) 
plot(c(10, 50), c(3.5, 11.5), type="n", ylab="birthweight", xlab="# of cigas",  
main="Linear Fit with Confidence/Prediction Bands") 
points(x, y) 
abline(lsfit(x,y))  
lines(new$x,CI95$fit[,2],lty=2, col="red") 
lines(new$x,CI95$fit[,3],lty=2, col="red") 
lines(new$x,PI95$fit[,2],lty=3, col="blue") 
lines(new$x,PI95$fit[,3],lty=3, col="blue") 
legend(30,11.5, c("fitted line", "confidence bands", "prediction bands"),  
lty=1:3, col=c("black", "red", "blue")) 
 
 
 
 

 


