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Review 3 
(૚ − (ࢻ ∙ ૚૙૙% confidence interval: 

 (܍ܜ܉ܕܑܜܛ܍ ܜܖܑܗܘ)

 ቂቀࢻࢠ
૛ൗ , ࢻ,૚ି࢔࢚ ૛ൗ , ࢻ,૛ି૛࢔૚ା࢔࢚ ૛ൗ ቁ ∙  ቃ(܍ܜ܉ܕܑܜܛ܍ ܜܖܑܗܘ ܎ܗ ܚܗܚܚ܍ ܌ܚ܉܌ܖ܉ܜܛ)

 
Hypothesis testing: 
 ܋ܑܜܛܑܜ܉ܜܛ ܜܛ܍ܜ      

=
ࢋ࢚ࢇ࢓࢏࢚࢙ࢋ ࢚࢔࢏࢕࢖ −  ૙ࡴ ࢘ࢋࢊ࢔࢛ ࢋ࢚ࢇ࢓࢏࢚࢙ࢋ ࢚࢔࢏࢕࢖ ࢌ࢕ ࢔ࢇࢋ࢓

  ૙ࡴ ࢘ࢋࢊ࢔࢛ ࢋ࢚ࢇ࢓࢏࢚࢙ࢋ ࢚࢔࢏࢕࢖ ࢌ࢕ (࢘࢕࢘࢘ࢋ) ࢔࢕࢏࢚ࢇ࢏࢜ࢋࢊ ࢊ࢘ࢇࢊ࢔ࢇ࢚࢙

 
Standard deviation (error) of point estimate ࢄഥ૚ −  :ഥ૛ࢄ
(a) Large sample ࢔૚ ≥ ૜૙, ૛࢔ ≥ ૜૙: 

ഥ૛ࢄഥ૚ିࢄ࣌ = ඨ
࣌૚

૛

૚࢔
+

࣌૛
૛

૛࢔
, ഥ૛ࢄഥ૚ିࢄ࢙ = ඨ

࢙૚
૛

૚࢔
+

࢙૛
૛

૛࢔
 

 
(b) Small sample ࢔૚ < ૜૙, ૛࢔ < ૜૙, normal populations: 

ഥ૛ࢄഥ૚ିࢄ࢙
∗ = ඨ࢙࢖

૛ ൬
૚

૚࢔
+

૚
૛࢔

൰, 

where  

࢖࢙
૛ =

૚࢔) − ૚)࢙૚
૛ + ૛࢔) − ૚)࢙૛

૛

૚࢔ + ૛࢔ − ૛ =
∑ ൫࢞૚,࢏ − ഥ࢞૚൯૛࢔૚

ୀ૚࢏ + ∑ ൫࢞૛,࢏ − ഥ࢞૛൯૛࢔૛
ୀ૚࢏

૚࢔ + ૛࢔ − ૛  

 
Standard deviation (error) of point estimate ࡼഥ૚ −  :ഥ૛ࡼ

ഥ૛ࡼഥ૚ିࡼ࢙ = ඨ
ഥ૚(૚࢖ − (ഥ૚࢖

૚࢔
+

ഥ૛(૚࢖ − (ഥ૛࢖
૛࢔

 

ഥ૛ࡼഥ૚ିࡼ࢙
∗ = ඨ࢖ഥ(૚ − (ഥ࢖ ൬

૚
૚࢔

+
૚

૛࢔
൰ , ഥ࢖ =

ഥ૚࢖૚࢔ + ഥ૛࢖૛࢔

૚࢔ + ૛࢔
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 ܛ܍ܔܘܕ܉ܛ ܗܟ܂ ܍ܔܘܕ܉ܛ ܍ܖ۽ 
  ܜܖܑܗ۾

 ܍ܜ܉ܕܑܜܛ܍
ഥ࢞, ഥ ഥ࢞૚࢖ − ഥ࢞૛, ,ഥࢊ ഥ૚࢖ −  ഥ૛࢖

  ܜܛ܍܂
 ܋ܑܜܛܑܜ܉ܜ܁

ࢠ =
ഥ࢞ − ૙ࣆ

ഥࢄ࣌
 ࢘࢕ 

ഥ࢞ − ૙ࣆ

ഥࢄ࢙
 

࢚ =
ഥ࢞ − ૙ࣆ

ഥࢄ࢙
 

ࢠ =
ഥ࢖ − ૙࢖

ഥࡼ࣌
 

ࢠ =
ഥ࢞૚ − ഥ࢞૛ − ૙ࣆ

ഥ૛ࢄഥ૚ିࢄ࣌

 ࢘࢕ 

ࢠ =
ഥ࢞૚ − ഥ࢞૛ − ૙ࣆ

ഥ૛ࢄഥ૚ିࢄ࢙

 

࢚ =
ഥ࢞૚ − ഥ࢞૛ − ૙ࣆ

ഥ૛ࢄഥ૚ିࢄ࢙
∗  

࢚ ࢘࢕ ࢠ =
ഥࢊ − ૙ࣆ

ഥࡰ࢙
 

ࢠ =
ഥ૚࢖ − ഥ૛࢖

ഥ૛ࡼഥ૚ିࡼ࢙
∗  

 

  ܔ܉܋ܑܛܛ܉ܔ۱
 ܐ܋܉ܗܚܘܘ܉
  ܔ܉܋ܑܜܑܚ܋)
 (ܛ܍ܝܔ܉ܞ

,ࢻࢠ− ,ࢻࢠ ࢻࢠ
૛ൗ  

,ࢻ,૚ି࢔࢚− ,ࢻ,૚ି࢔࢚ ࢻ,૚ି࢔࢚ ૛ൗ  
,ࢻࢠ− ,ࢻࢠ ࢻࢠ

૛ൗ  
,ࢻ,૛ି૛࢔૚ା࢔࢚− ,ࢻ,૛ି૛࢔૚ା࢔࢚ ࢻ,૛ି૛࢔૚ା࢔࢚ ૛ൗ  

,ࢻ,૚ି࢔࢚− ,ࢻ,૚ି࢔࢚ ࢻ,૚ି࢔࢚ ૛ൗ  

  ܔܔܝۼ
 ܖܗܑܜܝ܊ܑܚܜܛܑ܌
࢖) −  (܍ܝܔ܉ܞ

,ࢆ ࢔)ࢀ − ૚) ࢆ, ૚࢔)ࢀ + ૛࢔ − ૛), ࢔)ࢀ − ૚) 

۱. ۷. ഥ࢞ ± ࢻࢠ
૛ൗ ഥࢄ࣌  or 

ഥ࢞ ± ࢻࢠ
૛ൗ ഥࢄ࢙  

ഥ࢞ ± ࢻ,૚ି࢔࢚ ૛ൗ ഥࢄ࢙  
ഥ࢖ ± ࢻࢠ

૛ൗ ഥࡼ࢙  

 

(ഥ࢞૚ − ഥ࢞૛) ± ࢻࢠ
૛ൗ ഥ૛ࢄഥ૚ିࢄ࣌  

(ഥ࢞૚ − ഥ࢞૛) ± ࢻࢠ
૛ൗ  ഥ૛ࢄഥ૚ିࢄ࢙

(ഥ࢞૚ − ഥ࢞૛) ± ࢻ,૛ି૛࢔૚ା࢔࢚ ૛ൗ ഥ૛ࢄഥ૚ିࢄݏ
∗  

ഥࢊ ± ࢻࢠ
૛ൗ  ഥࡰ࢙

ഥࢊ ± ࢻ,૚ି࢔࢚ ૛ൗ  ഥࡰ࢙

ഥ૚࢖) − (ഥ૛࢖ ± ࢻࢠ
૛ൗ  ഥ૛ࡼഥ૚ିࡼ࢙

 
Example 1: 
Consider the following hypothesis test.  

:૙ࡴ ૚ࣆ − ૛ࣆ = ૙ ࢙࢜ ࢇࡴ: ૚ࣆ − ૛ࣆ ≠ ૙. 
The following data are for two independent samples taken from the two normal 
populations with equal variances.  

Sample 1 Sample 2 
૟, ૚૙, ૢ, ૡ, ૠ ૢ, ૚૛, ૚૙, ૚૚, ૢ 
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(a) With ࢻ = ૙. ૙૞, test the hypothesis based on the classical hypothesis test   
   procedure.   
(b) With ࢻ = ૙. ૙૚, test the hypothesis based on the p-value. 
(c) With ࢻ = ૙. ૙૞, using the confidence interval method to test the hypothesis.  
[Solution:]  

૚࢔ = ૞, ഥ࢞૚ = ૡ, ࢙૚
૛ = ૛. ૞, ૛࢔ = ૞, ഥ࢞૛ = ૚૙. ૛, ࢙૛

૛ = ૚. ૠ, ૙ࣆ = ૙. 

࢖࢙
૛ =

૚࢔) − ૚)࢙૚
૛ + ૛࢔) − ૚)࢙૛

૛

૚࢔ + ૛࢔ − ૛ =
૝ ∙ ૛. ૞ + ૝ ∙ ૚. ૠ

૞ + ૞ − ૛ = ૛. ૚. 

(a) 

|࢚| = ተ
ተ ഥ࢞૚ − ഥ࢞૛ − ૙ࣆ

ቆට࢙࢖
૛ ቀ ૚

૚࢔
+ ૚

૛࢔
ቁቇ

ተ
ተ = ተ

ተ ૡ − ૚૙. ૛ − ૙

ቆට૛. ૚ ቀ૚
૞ + ૚

૞ቁቇ
ተ
ተ = ૛. ૝ > ૛. ૜૙૟ = ࢚ૡ,૙.૙૛૞ , 

we reject ࡴ૙. 
(b) 
࢖   − ࢋ࢛࢒ࢇ࢜ = ૚࢔)ࢀ|)ࡼ + ૛࢔ − ૛)| > |࢚|) 

= |(ૡ)ࢀ|)ࡼ > ૛. ૝) > |(ૡ)ࢀ|)ࡼ > ૜. ૜૞૞) = ૙. ૙૚ =  ࢻ
we do not reject ࡴ૙. 
(c) A ૢ૞% confidence interval for ࣆ૚ −   ૛ isࣆ

(ഥ࢞૚ − ഥ࢞૛) ± ࢻ,૛ି૛࢔૚ା࢔࢚ ૛ൗ ඨ࢙࢖
૛ ൬

૚
૚࢔

+
૚

૛࢔
൰ 

= (ૡ − ૚૙. ૛) ± ࢚ૡ,૙.૙૛૞ඨ૛. ૚ ൬
૚
૞ +

૚
૞൰ = −૛. ૛ ± (૛. ૜૙૟ ∙ ૙. ૢ૚૟૞) 

= [−૝. ૜૚૜, −૙. ૙ૡ૟].                                       
Since  

૙ࣆ = ૙ ∉ [−૝. ૜૚૜, −૙. ૙ૡ૟], 
we reject ࡴ૙.  
 
Example 2: 
To determine the effectiveness of a new weight control diet, ૡ randomly selected 
students observed the diet for ૝ weeks with the results shown below. 

 (ܚ܍ܜ܎܉) ܜܐ܏ܑ܍܅ (܍ܚܗ܎܍܊) ܜܐ܏ܑ܍܅ ܚ܍ܜ܍۲ܑ
 ૚૜ૡ ૚૜૞ ۯ
۰ ૚૞૚ ૚૝ૠ 
۱ ૚૛ૢ ૚૜૛ 
۲ ૚૛૞ ૚૛ૠ 
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۳ ૚૟ૡ ૚૞૞ 
۴ ૚૜ૢ ૚૜૚ 
۵ ૚૞૛ ૚૝૝ 
۶ ૚૝૙ ૚૝૛ 

We like to test the hypothesis ࡴ૙: ૚ࣆ = ૛ࣆ + ૛, where ࣆ૚ and ࣆ૛ are the mean 
weights of the students before and after taking the weight control diet, respectively. 
The above data can be considered as the matched-sample data. 
(a) For ࢻ = ૙. ૚, test the above hypothesis using the classical hypothesis test.  
(b) For ࢻ = ૙. ૙૞, please use the confidence interval method to test the above  
   hypothesis. 
[Solution:] 
(a)  

 ૡࢊ ૠࢊ ૟ࢊ ૞ࢊ ૝ࢊ ૜ࢊ ૛ࢊ ૚ࢊ
૜ ૝ −૜ −૛ ૚૜ ૡ ૡ −૛ 

 
Therefore, 

ഥࢊ = ૜. ૟૛૞, ࢊ࢙ = ૞. ૠૡ૙૛. 
Thus, we do not reject ࡴ૙ since 

|࢚| = ተ
ഥࢊ − ૙ࣆ

൬࢙ࢊ
ൗ࢔√ ൰

ተ = ተ
૜. ૟૛૞ − ૛

൬૞. ૠૡ૙૛
√ૡൗ ൰

ተ = ૙. ૠૢ૞ < ૚. ૡૢ૞ = ࢚ૠ,૙.૙૞ = ࢻ,૚ି࢔࢚ ૛ൗ . 

(b) A ૢ૞% confidence interval for  ࣆ૚ −   ૛ isࣆ

ഥࢊ ± ࢻ,૚ି࢔࢚ ૛ൗ
ࢊ࢙

࢔√
= ૜. ૟૛૞ ± ࢚ૠ,૙.૙૛૞

૞. ૠૡ૙૛
√ૡ

= [−૚. ૛૚, ૡ. ૝૟]. 

Since 
૙ࣆ = ૛ ∈ [−૚. ૛૚, ૡ. ૝૟], 

we do not reject ࡴ૙.  
 
Example 3: 
The results of a recent poll on the preference of shoppers regarding two products 
are shown below. 
       Shoppers Favoring 
 Product  Shoppers Surveyed  This Product   
 A             ૡ૙૙               ૞૟૙ 
 B             ૢ૙૙               ૟૚૛ 
Let ࢖૚ be the proportion favoring product A and ࢖૛ be the proportion favoring 
product B. 
(a) Develop a ૢ૙% confidence interval estimate for the difference ࢖૚ −   ૛࢖
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  between the proportions favoring each product. 
(b) Test ࡴ૙: ૚࢖ = ࢻ ૛ at࢖ = ૙. ૙૞ based on the classical approach. 
(c) Test ࡴ૙: ૚࢖ = ࢻ ૛ at࢖ = ૙. ૙૞ based on the p-value method. 
[Solution:] 

૚࢔ = ૡ૙૙, ૛࢔ = ૢ૙૙, ഥ૚࢖ =
૞૟૙
ૡ૙૙ = ૙. ૠ, ഥ૛࢖ =

૟૚૛
ૢ૙૙ = ૙. ૟ૡ. 

(a)  

ഥ૛ࡼഥ૚ିࡼ࢙ = ඨ
ഥ૚(૚࢖ − (ഥ૚࢖

૚࢔
+

ഥ૛(૚࢖ − (ഥ૛࢖
૛࢔

= ඨ૙. ૠ(૚ − ૙. ૠ)
ૡ૙૙ +

૙. ૟ૡ(૚ − ૙. ૟ૡ)
ૢ૙૙  

         = ૙. ૙૛૛૞ 
Thus, a ૢ૙% confidence interval is  

ഥ૚࢖) − (ഥ૛࢖ ± ࢻࢠ
૛ൗ ഥ૛ࡼഥ૚ିࡼ࢙ = (૙. ૠ − ૙. ૟ૡ) ± ૙.૙૞ࢠ ∙ ૙. ૙૛૛૞ = [−૙. ૙૚ૠ, ૙. ૙૞ૠ] 

(b)  

ഥ࢖ =
ഥ૚࢖૚࢔ + ഥ૛࢖૛࢔

૚࢔ + ૛࢔
=

૞૟૙ + ૟૚૛
ૡ૙૙ + ૢ૙૙ =

૚૚ૠ૛
૚ૠ૙૙ = ૙. ૟ૡૢ. 

ഥ૛ࡼഥ૚ିࡼ࢙
∗ = ඨ࢖ഥ(૚ − (ഥ࢖ ൬

૚
૚࢔

+
૚

૛࢔
൰ = ඨ૙. ૟ૡૢ ∙ ૙. ૜૚૚ ∙ ൬

૚
ૡ૙૙ +

૚
ૢ૙૙൰ = ૙. ૙૛૛૞. 

Thus, 

|ࢠ| = ቤ
ഥ૚࢖ − ഥ૛࢖

ഥ૛ࡼഥ૚ିࡼ࢙
∗ ቤ = ฬ

૙. ૠ − ૙. ૟ૡ
૙. ૙૛૛૞ ฬ = ૙. ૡૢ < ૚. ૢ૟ = ૙.૙૛૞ࢠ = ࢻࢠ

૛ൗ , 

we do not reject ࡴ૙.  
(c) 

࢖ − ࢋ࢛࢒ࢇ࢜ = |ࢆ|)ࡼ > (|ࢠ| = |ࢆ|)ࡼ > ૙. ૡૢ) = ૙. ૜ૠ૜૝ > ૙. ૙૞ =  ,ࢻ
we do not reject ࡴ૙.  


