
Summary of Confidence Interval Formulas 
Statistic Confidence Interval 

Sample Mean, Known Variance 𝑋𝑋� ±
𝜎𝜎
√𝑛𝑛

𝑍𝑍𝛼𝛼
2

Sample Mean, Unknown Variance 𝑋𝑋� ±
𝑆𝑆
√𝑛𝑛

𝑡𝑡(𝑛𝑛−1),𝛼𝛼/2 

Sample Proportion 𝑃𝑃� ± 𝑍𝑍𝛼𝛼/2�
𝑃𝑃�(1 − 𝑃𝑃�)

𝑛𝑛

Sample Variance 
(𝑛𝑛 − 1)𝑆𝑆2

𝜒𝜒(𝑛𝑛−1),𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
2 ≤ 𝜎𝜎2 ≤

(𝑛𝑛 − 1)𝑆𝑆2

𝜒𝜒(𝑛𝑛−1),𝐿𝐿𝐿𝐿𝐿𝐿𝑈𝑈𝑈𝑈 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
2  

Two Sample Means, Dependent Samples �̅�𝑑 ±
𝑆𝑆𝑑𝑑
√𝑛𝑛

𝑡𝑡(𝑛𝑛−1),𝛼𝛼2

Two Sample Means, Known Variances (𝑋𝑋� − 𝑌𝑌�) ± ��
𝜎𝜎𝑋𝑋2

𝑛𝑛𝑋𝑋
+
𝜎𝜎𝑌𝑌2

𝑛𝑛𝑌𝑌
�𝑍𝑍𝛼𝛼

2

Two Sample Means, Unknown Variances 
assumed Equal 

𝑋𝑋� − 𝑌𝑌� ± ��
𝑆𝑆𝑃𝑃2

𝑛𝑛𝑋𝑋
+
𝑆𝑆𝑃𝑃2

𝑛𝑛𝑌𝑌
� 𝑡𝑡(𝑛𝑛𝑥𝑥+𝑛𝑛𝑌𝑌−2),𝛼𝛼2

Where the pooled variance is calculated as 

𝑆𝑆𝑃𝑃2 =
(𝑛𝑛𝑥𝑥 − 1)𝑆𝑆𝑋𝑋2 + (𝑛𝑛𝑌𝑌 − 1)𝑆𝑆𝑌𝑌2

𝑛𝑛𝑋𝑋 + 𝑛𝑛𝑌𝑌 − 2
 

Two Sample Means, Unknown Variances 
not assumed Equal 

𝑋𝑋� − 𝑌𝑌� ± ��
𝑆𝑆𝑋𝑋2

𝑛𝑛𝑋𝑋
+
𝑆𝑆𝑌𝑌2

𝑛𝑛𝑌𝑌
� 𝑡𝑡�𝑚𝑚,𝛼𝛼2�

 

Where the degrees of freedom m is from 

𝑚𝑚 =
�𝑆𝑆𝑋𝑋

2

𝑛𝑛𝑋𝑋
+ 𝑆𝑆𝑌𝑌2
𝑛𝑛𝑌𝑌
�
2

�𝑆𝑆𝑋𝑋
2

𝑛𝑛𝑥𝑥
�
2

𝑛𝑛𝑋𝑋 − 1 +
�𝑆𝑆𝑌𝑌

2

𝑛𝑛𝑌𝑌
�
2

𝑛𝑛𝑌𝑌 − 1

Sample proportion when nX and nY are 
“large” 𝑃𝑃�𝑋𝑋 − 𝑃𝑃�𝑌𝑌 ± 𝑍𝑍𝛼𝛼

2
�𝑃𝑃
�𝑋𝑋�1 − 𝑃𝑃�𝑋𝑋�

𝑛𝑛𝑋𝑋
+
𝑃𝑃�𝑌𝑌(1 − 𝑃𝑃�𝑌𝑌)

𝑛𝑛𝑌𝑌
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Summary of Hypothesis Test Formulas and Decision Rules 

Test Type Test Statistic Decision Rules 
Sample Mean versus a 
constant such as: 
 𝐻𝐻0: 𝜇𝜇𝑥𝑥 = 𝑘𝑘  
Known Variance 

𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑋𝑋� − 𝑘𝑘
𝜎𝜎
√𝑛𝑛�

 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 > 𝑘𝑘  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 < 𝑘𝑘  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 ≠ 𝑘𝑘  Reject if |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼

2�
 

Sample Mean versus a 
constant such as: 
 𝐻𝐻0: 𝜇𝜇𝑥𝑥 = 𝑘𝑘  
Unknown Variance 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑋𝑋� − 𝑘𝑘
𝑆𝑆
√𝑛𝑛�

 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 > 𝑘𝑘  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡𝑛𝑛−1,𝛼𝛼 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 < 𝑘𝑘  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡𝑛𝑛−1,𝛼𝛼 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 ≠ 𝑘𝑘  Reject if |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡𝑛𝑛−1,𝛼𝛼 2�

 

Sample Proportion 
versus a constant such 
as:  𝐻𝐻0:𝑃𝑃 = 𝑃𝑃0 

𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑃𝑃� − 𝑃𝑃0

�𝑃𝑃0(1 − 𝑃𝑃0)
𝑛𝑛

 
𝐻𝐻𝐴𝐴:𝑃𝑃� > 𝑃𝑃0  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴:𝑃𝑃� < 𝑃𝑃0  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴:𝑃𝑃� ≠ 𝑃𝑃0  Reject if |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼

2�
 

Sample Variance 
versus a constant such 
as: 𝐻𝐻0:𝜎𝜎2 = 𝜎𝜎02 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
(𝑛𝑛 − 1)𝑆𝑆2

𝜎𝜎02
 

𝐻𝐻𝐴𝐴: 𝜎𝜎2 > 𝜎𝜎02  Reject if 𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝜒𝜒𝑛𝑛−1,𝛼𝛼 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈
2  

𝐻𝐻𝐴𝐴: 𝜎𝜎2 < 𝜎𝜎02  Reject if 𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝜒𝜒𝑛𝑛−1,𝛼𝛼 𝐿𝐿𝐿𝐿𝐿𝐿𝑈𝑈𝑈𝑈
2  

𝐻𝐻𝐴𝐴: 𝜎𝜎2 ≠ 𝜎𝜎02  Reject if 𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝜒𝜒𝑛𝑛−1,𝛼𝛼 2�  𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈
2  or 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝜒𝜒𝑛𝑛−1,𝛼𝛼 2�  𝐿𝐿𝐿𝐿𝐿𝐿𝑈𝑈𝑈𝑈
2  

Two Sample Means, 
Dependent Samples 
𝐻𝐻0: 𝑎𝑎 = 0 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑎𝑎

𝑆𝑆𝑑𝑑
√𝑛𝑛�

 

 

𝐻𝐻𝐴𝐴:𝑎𝑎 > 0  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡𝑛𝑛−1,𝛼𝛼 
𝐻𝐻𝐴𝐴:𝑎𝑎 < 0  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡𝑛𝑛−1,𝛼𝛼 
𝐻𝐻𝐴𝐴:𝑎𝑎 ≠ 0  Reject if |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡𝑛𝑛−1,𝛼𝛼 2�

 

Two Sample Means, 
Known Variances 
𝐻𝐻0: 𝜇𝜇𝑋𝑋 − 𝜇𝜇𝑌𝑌 = 0 

𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
(𝑋𝑋� − 𝑌𝑌�)

�𝜎𝜎𝑋𝑋
2

𝑛𝑛𝑋𝑋
+ 𝜎𝜎𝑌𝑌2
𝑛𝑛𝑌𝑌

 

 

𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 > 𝜇𝜇𝑌𝑌  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 < 𝜇𝜇𝑌𝑌  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 ≠ 𝜇𝜇𝑌𝑌  Reject if |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼

2�
 

 
 
 



Test Type Test Statistic Decision Rules 

Two Sample Means, 
Unknown Variances 
assumed Equal 
𝐻𝐻0: 𝜇𝜇𝑋𝑋 − 𝜇𝜇𝑌𝑌 = 0 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑋𝑋� − 𝑌𝑌�

�𝑆𝑆𝑃𝑃
2

𝑛𝑛𝑋𝑋
+ 𝑆𝑆𝑃𝑃2
𝑛𝑛𝑌𝑌

 

Where the pooled variance is calculated as 

𝑆𝑆𝑃𝑃2 =
(𝑛𝑛𝑥𝑥 − 1)𝑆𝑆𝑋𝑋2 + (𝑛𝑛𝑌𝑌 − 1)𝑆𝑆𝑌𝑌2

𝑛𝑛𝑋𝑋 + 𝑛𝑛𝑌𝑌 − 2
 

 

𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 > 𝜇𝜇𝑌𝑌  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡(𝑛𝑛𝑋𝑋+𝑛𝑛𝑌𝑌−2,𝛼𝛼) 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 < 𝜇𝜇𝑌𝑌  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| >
𝑡𝑡(𝑛𝑛𝑋𝑋+𝑛𝑛𝑌𝑌−2,𝛼𝛼) 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 ≠ 𝜇𝜇𝑌𝑌  Reject if |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝑛𝑛𝑋𝑋+𝑛𝑛𝑌𝑌−2,𝛼𝛼 2� ) 

Two Sample Means, 
Unknown Variances 
not assumed Equal 
𝐻𝐻0: 𝜇𝜇𝑋𝑋 − 𝜇𝜇𝑌𝑌 = 0 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑋𝑋� − 𝑌𝑌�

�𝑆𝑆𝑋𝑋
2

𝑛𝑛𝑋𝑋
+ 𝑆𝑆𝑌𝑌2
𝑛𝑛𝑌𝑌

 

 

𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 > 𝜇𝜇𝑌𝑌  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡(𝑚𝑚,𝛼𝛼) 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 < 𝜇𝜇𝑌𝑌  Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝑚𝑚,𝛼𝛼) 
𝐻𝐻𝐴𝐴: 𝜇𝜇𝑋𝑋 ≠ 𝜇𝜇𝑌𝑌  Reject if |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝑚𝑚,𝛼𝛼 2� ) 
 
Where the degrees of freedom m is from 

𝑚𝑚 =
�𝑆𝑆𝑋𝑋

2

𝑛𝑛𝑋𝑋
+ 𝑆𝑆𝑌𝑌2
𝑛𝑛𝑌𝑌
�
2

�𝑆𝑆𝑋𝑋
2

𝑛𝑛𝑥𝑥
�
2

𝑛𝑛𝑋𝑋 − 1 +
�𝑆𝑆𝑌𝑌

2

𝑛𝑛𝑌𝑌
�
2

𝑛𝑛𝑌𝑌 − 1

 

Sample proportion 
when nX and nY are 
“large”  
 𝐻𝐻0: 𝑃𝑃𝑋𝑋 − 𝑃𝑃𝑌𝑌 = 0 

𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑃𝑃�𝑋𝑋 − 𝑃𝑃�𝑌𝑌

�𝑃𝑃0(1 − 𝑃𝑃0)
𝑛𝑛𝑋𝑋

+ 𝑃𝑃0(1 − 𝑃𝑃0)
𝑛𝑛𝑌𝑌

 

Where the Pooled Proportion P0 is from 

𝑃𝑃0 =
𝑛𝑛𝑋𝑋𝑃𝑃�𝑋𝑋 + 𝑛𝑛𝑦𝑦𝑃𝑃�𝑌𝑌
𝑛𝑛𝑋𝑋 + 𝑛𝑛𝑌𝑌

 

𝐻𝐻𝐴𝐴: 𝑃𝑃𝑋𝑋 > 𝑃𝑃𝑌𝑌  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴:𝑃𝑃𝑋𝑋 < 𝑃𝑃𝑌𝑌  Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼 
𝐻𝐻𝐴𝐴:𝑃𝑃𝑋𝑋 ≠ 𝑃𝑃𝑌𝑌  Reject if |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍𝛼𝛼

2�
 

 

Two Sample Variances 
𝐻𝐻0: 𝜎𝜎𝑋𝑋2 = 𝜎𝜎𝑌𝑌2 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑆𝑆𝑋𝑋2

𝑆𝑆𝑌𝑌2
 

 

𝐻𝐻𝐴𝐴: 𝜎𝜎𝑋𝑋2 > 𝜎𝜎𝑌𝑌2  Reject if 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝐹𝐹(𝑛𝑛𝑋𝑋−1,𝑛𝑛𝑦𝑦−1,1−𝛼𝛼) 
 
𝐻𝐻𝐴𝐴: 𝜎𝜎𝑋𝑋2 < 𝜎𝜎𝑌𝑌2  Reject if 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 𝐹𝐹(𝑛𝑛𝑋𝑋−1,𝑛𝑛𝑦𝑦−1,𝛼𝛼) 




