
Ch 16 實習(1) 



Agenda

l 如何求回歸式子？（單回歸）

l 如何檢測回歸的效力？
l Standard  error  of  estimate  （標凖誤 𝑆"）
l Coefficient  of  determination  (Ｒ2 )
l T-­test  of  coefficient  of  correlation  (假設檢定𝜌)
l T-­test  of  the  slope  (假設檢定b1）

l 例子：手算

l 例子：電腦報表
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什麼是回歸？

Question: 唸書時間跟成績有關嗎？
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X:唸書時間
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Y:成績



什麼是回歸？

l 在給定過去歷史資料下，用來表示Ｘ和Ｙ
關聯的方程式（或是用Ｘ預測Ｙ）

l 成績＝b0+b1唸書時數＋b2題目難度
l 何謂單回歸？何謂複回歸？
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ε+β+β= xy 10
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The Model

l The  first  order  linear  model  (simple  linear  
regression  model)

y  =  dependent  variable (相依變數）
x  =  independent  variable（獨立變數）
β0 =  y-­intercept（截句項）
β1 =  slope  of  the  line（斜率,解釋力）
ε =  error  variable（殘差）

ε+β+β= xy 10

x

y

β0
Run

Rise β1 = Rise/Run

β0 and β1 are unknown population
parameters, therefore are estimated 
from the data.
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The Least Squares (Regression) Line

A good line is one that minimizes the sum of squared differences 
between the points and the line.

OLS認為一條好的回歸式：目的在於找出一條回歸式子(預測值)，
可以跟實際值之間的差異（誤差）平方加總最小
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1. 回歸如何求得？

2 2

2 21 1

1

1 1 1

1

( ) ( )
1 [ ]

1 1

( )( )
1 [ ]

1 1

n n

i in
i i

x i
i

n n n

i i i in
i i i

xy i i
i

x x x
s x

n n n

x x y y x y
s x y

n n n

= =

=

= = =

=

−
= = −

− −

− −
= = −

− −

∑ ∑
∑

∑ ∑ ∑
∑

𝑦% = 𝑏( + 𝑏*𝑋 + 𝜀

𝑏( = 𝑦--­𝑏*𝑋-𝑏* = 𝑆./ 𝑆01⁄



8

Example 1

l Attempting  to  analyze  the  relationship  between  advertising  and  sales,  the  
owner  of  a  furniture  store  recorded  the  monthly  advertising  budget  
($thousands)  and  the  sales  ($millions)  for  a  sample  of  12  month.  The  data  
are  listed  here.

l a.  Draw  a  scatter  diagram.  Does  it  appear  that  advertising  and  sales  are  
linearly  related?

l b.  Calculate  the  least  squares  line  and  interpret  the  coefficients.

Advertising 23 46 60 54 28 33
Sales 9.6 11.3 12.8 9.8 8.9 12.5

Advertising 25 31 36 88 90 99

Sales 12.0 11.4 12.6 13.7 14.4 15.9
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Solution 1 (1)

It  seems  that  advertising  and  sales  are  linear  related

(23,9.6)

(46,11.3)
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Solution 1 (2)
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Solution 1 (3)

1 2

0 1

xy

x

s
b

s
b y b x

=

= −

每增加一單位的Ｘ（廣告費用），會增加0.0582單位的Ｙ（銷售）
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2. Assessing the Model

l 如何知道回歸式（模型）好不好？
l 用讀書時間(X)來解釋成績(Y)，到底有沒有達到統計上顯
著的關係？

l Standard  error  of  estimate  （標凖誤 𝑆"）
l Coefficient  of  determination  (判定系數Ｒ2 )
l T-­test  of  coefficient  of  correlation  (假設檢定𝜌)
l T-­test  of  the  slope  (假設檢定b1）
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Variability in reg 

l To  understand   the  significance  of  this  
coefficient  note:

Overall variability in y
The regression model

The error

Variation  in  y  =  SSR  +  SSE
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Variability in reg 

x1 x2

y1

y2

y

Two data points (x1,y1) and (x2,y2) 
of a certain sample are shown.

=−+− 2
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Total variation in y = Variation explained by the 
regression line

+ Unexplained variation (error)

Variation  in  y  =  SSR  +  SSE每一個成績

全班成績平均

實際值

實際值

預測值

預測值
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l The  mean  error  is  equal  to  zero.
l If  σε is  small  the  errors  tend  to  be  close  to  zero  (close  to  
the  mean  error).  Then,  the  model  fits  the  data  well.

l Therefore,  we  can,  use  σε as  a  measure  of  the  suitability  
of  using  a  linear  model.

l An  estimator  of  σε is  given  by  sε

Standard Error of Estimate

2
SSEs
nε = −

(1) Standard Error of Estimate（標凖誤 𝑆"）

.)ŷy(SSE
n
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2
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s
SSE n s

s
⎛ ⎞

= − −⎜ ⎟⎜ ⎟
⎝ ⎠

– A shortcut formula實際值-­預測值
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l To  measure  the  strength  of  the  linear  relationship  
we  use  the  coefficient  of  determination.

l 整條回歸式子的解釋力

(2) Coefficient of determination (Ｒ2 )
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無法解釋的變異

全部的變異

在單回歸中，𝑟1 = 𝑅1

𝑟 =
𝑆./
𝑆.𝑆/
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(2) Coefficient of determination (Ｒ2 )

• R2  measures  the  proportion  of  the  variation  in  y  
that  is  explained  by  the  variation  in  x.
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l R2  takes  on  any  value  between  zero  and  one.
l R2 =  1:  Perfect  match  between  the  line  and  the  data  points.
l R2 =  0:  There  are  no  linear  relationship  between  x  and  y.

l 若欲利用判定係數來比較不同模型的配適能力，這些
模型必須有相同的依變數(y)。



l Standard  error  of  estimate  (標準誤)
~~越小越好
l Coefficient  of  determination  （判定係數 ,R2 )
~~越大越好

但何謂大小？沒有統計上的標準
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Step  1:  
H0: 𝜌=  0
H1:	
  𝜌≠0  (or  <  0,or  >  0)

Step2:  Critical  point:    ta/2, df=n-­2

Step3:  The  test  statistic  is

Step4:  結論

(3) T-test of coefficient of correlation 
(假設檢定𝜌)

Cor (  X,  Y)

𝑟 =
𝑆./
𝑆.𝑆/𝑡 = 𝑟

𝑛 − 2
1− 𝑟1

µ = 0
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Step  1:  
H0:  β1 =  0
H1:  β1  ≠0  (or  <  0,or  >  0)

Step2:  Critical  point:    ta/2, df=n-­2

Step3:  The  test  statistic  is

Step4:  結論

(4) T-test of the slope (假設檢定b1）

1

1 1

b

bt
s
β−

=
1 2( 1)
b

x

ss
n s

ε=
−

重要：

Standard  
error=√SSE/n-­2

=√MSE

ε+β+β= xy 10

µ = 0



Example 2
Advertising 23 46 60 54 28 33
Sales 9.6 11.3 12.8 9.8 8.9 12.5
Advertising 25 31 36 88 90 99
Sales 12.0 11.4 12.6 13.7 14.4 15.9



1. Calculate the least square line (求回歸線)



1. Calculate the least square line (求回歸線)

Y=9.107+0.582  X
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（2) Standard  error  of  estimate  (標凖誤 𝑆" ）

標準誤很小，表示此模型可以有效解釋銷售的變異

• Determine the standard error of estimate and describe what this statistic 
tells you about the regression line.（標凖誤 𝑆"）
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( 3) Coefficient  of  determination  (判定係數,Ｒ2 ) 

• Determine the coefficient of determination and discuss what 
its value tells you about the two variables (判定係數,Ｒ2 )

𝑅1 =
𝑆0/1

𝑆01𝑆/1
=

(43.66)1

(749.7)(4.191) = 0.6076

表示此模型（廣告花費），可以解釋60.76%銷售的變異

which means that 60.067% of the variation in the 
sale  is explained by the variation in the 
advertising . 
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(4) coefficient of correlation (求r)

𝑟 = DEF
DEDF

= 𝑅1=0.7794

𝑅1 =
𝑆0/1

𝑆01𝑆/1
=

(43.66)1

(749.7)(4.191) = 0.6076

Calculate the Pearson correlation coefficient. What sign does it 
have? Why? (求相關係數r)

只有在單回歸時，才可以這樣算喔！
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Step  1:  
H0: 𝜌=  0
H1:	
  𝜌≠0  (or  <  0,or  >  0)

Step2:  
Critical  point:    ta/2, df=n-­2 ＝t0.025,10=  2.228

Step3:  The  test  statistic  is

Step4:  
Reject  H0.  A  positive  linear  relationship  exists  between  sale  and  advertising  ,  
according  to  this  data.  

(5) T-test of coefficient of correlation (假設檢定𝜌)
Conduct  a  test  of  the  population  coefficient  of  correlation  to  determine  
at  the  5%  significance  level  whether  a  linear  relationship  exists  
between  sale  and  adverting.  (假設檢定𝜌)

𝑟 = 0.7794,𝑛 = 12

𝑡 = 𝑟 HI1
*IJK

=  0.7794∗ *1I1
*I (.MMNO K = 3.93

3.93

2.228
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（6)請檢定 b1是否顯著

Y=9.107+0.582  X

• Conduct a test of the population slope to determine at the 5% significance 
level whether a linear relationship exists between sale and adverting . (假設檢
定b1)

3.93

2.228



l 報表怎麼看？

l 該如何用報表數字，計算上述的問題
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ANOVA table in the Linear Regression 
Model

Source d.f. Sums  of  
Squares

Mean  
Squares

F  Statistics

Regression k SSR MSR=
SSR/k

F=MSR/MSE

Error n-­k-­1 SSE MSE=
SSE/(n-­k-­1)

Total n-­1 Variation  
in  y
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ANOVA table in the Simple Linear 
Regression Model

Source d.f. Sums  of  
Squares

Mean  
Squares

F  Statistics

Regression 1 SSR MSR=
SSR/1

F=MSR/M
SE

Error n-­2 SSE MSE=
SSE/(n-­2)

Total n-­1 Variation  in  y
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• Calculate the least square line (求回歸線)
• Determine the standard error of estimate and describe what this statistic tells 

you about the regression line.（標凖誤𝑆"）

Y=9.107+0.582  X

𝑆"=√  1.81366
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• Determine  the  coefficient  of  determination  and  discuss  what  its  value  
tells  you  about  the  two  variables  (判定係數,Ｒ2 )

• Calculate  the  Pearson  correlation  coefficient.  What  sign  does  it  
have?  Why?  (求相關係數r)

• Conduct  a  test  of  the  population  coefficient  of  correlation  to  
determine  at  the  5%  significance  level  whether  a  linear  relationship  
exists  between  sale  and  adverting.  (假設檢定𝜌)~請手算
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• Conduct  a  test  of  the  population  slope  to  determine  at  the  5%  
significance  level  whether  a  linear  relationship  exists  between  sale  
and  adverting.  (假設檢定b1)

b1
t

𝑆P
T-­critical


