
Summary of Hypothesis Test Formulas for ANOVA, Linear Regression, Correlation Analysis and Non-Parametric Tests 

Test Type Test Statistic Decision Rule 
One-Way ANOVA equal means across 
K groups: 𝐻𝐻0:𝜇𝜇1 = ⋯ = 𝜇𝜇𝑘𝑘 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑆𝑆𝑆𝑆𝑆𝑆/(𝐾𝐾 − 1)
𝑆𝑆𝑆𝑆𝑆𝑆/(𝑛𝑛 − 𝐾𝐾)

 
One-tailed upper test, reject if: 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝐹𝐹(𝛼𝛼,𝐾𝐾−1,𝑛𝑛−𝐾𝐾) 
Two-Way ANOVA without replication 
H0: equal means across K Groups 
 
H0: equal means across H Blocks 
 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =

𝑆𝑆𝑆𝑆𝑆𝑆/(𝐾𝐾 − 1)
𝑆𝑆𝑆𝑆𝑆𝑆/(𝐾𝐾 − 1)(𝐻𝐻 − 1)

 

 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝑐𝑐𝐺𝐺𝑐𝑐𝑘𝑘𝐺𝐺 =
𝑆𝑆𝑆𝑆𝑆𝑆/(𝐻𝐻 − 1)

𝑆𝑆𝑆𝑆𝑆𝑆/(𝐾𝐾 − 1)(𝐻𝐻 − 1)
 

 

One-tailed upper tests, reject if: 
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 > 𝐹𝐹(𝛼𝛼,𝐾𝐾−1,(𝐾𝐾−1)(𝐻𝐻−1)) 

 
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝑐𝑐𝐺𝐺𝑐𝑐𝑘𝑘𝐺𝐺 > 𝐹𝐹(𝛼𝛼,𝐻𝐻−1,(𝐾𝐾−1)(𝐻𝐻−1)) 

Two-Way ANOVA with replication, m 
repeated observations per cell. 
H0: equal means across K Groups 
 
H0: equal means across H Blocks 
 
 
H0: No interaction effects 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =

𝑆𝑆𝑆𝑆𝑆𝑆/(𝐾𝐾 − 1)
𝑆𝑆𝑆𝑆𝑆𝑆/𝐻𝐻𝐾𝐾(𝑚𝑚 − 1)

 

 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝑐𝑐𝐺𝐺𝑐𝑐𝑘𝑘𝐺𝐺 =
𝑆𝑆𝑆𝑆𝑆𝑆/(𝐻𝐻 − 1)

𝑆𝑆𝑆𝑆𝑆𝑆/𝐻𝐻𝐾𝐾(𝑚𝑚 − 1)
 

 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑛𝑛𝐼𝐼𝐼𝐼𝐺𝐺. =
𝑆𝑆𝑆𝑆𝑆𝑆/(𝐾𝐾 − 1)(𝐻𝐻 − 1)
𝑆𝑆𝑆𝑆𝑆𝑆/𝐻𝐻𝐾𝐾(𝑚𝑚 − 1)

 

One-tailed upper tests, reject if: 
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 > 𝐹𝐹(𝛼𝛼,𝐾𝐾−1,𝐻𝐻𝐾𝐾(𝑚𝑚−1)) 

 
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝑐𝑐𝐺𝐺𝑐𝑐𝑘𝑘𝐺𝐺 > 𝐹𝐹(𝛼𝛼,𝐻𝐻−1,𝐻𝐻𝐾𝐾(𝑚𝑚−1)) 

 
 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑛𝑛𝐼𝐼𝐼𝐼𝐺𝐺. > 𝐹𝐹(𝛼𝛼,(𝐾𝐾−1)(𝐻𝐻−1),𝐻𝐻𝐾𝐾(𝑚𝑚−1)) 

Linear Regression 
𝐻𝐻0:𝛽𝛽1 = 𝑘𝑘 

Given 𝑏𝑏1 𝑎𝑎𝑛𝑛𝑎𝑎 𝑆𝑆𝑏𝑏1 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑏𝑏1 − 𝑘𝑘
𝑆𝑆𝑏𝑏1

 

𝐻𝐻𝐴𝐴:𝛽𝛽1 > 𝑘𝑘 Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡(𝛼𝛼,𝑛𝑛−2) 
𝐻𝐻𝐴𝐴:𝛽𝛽1 < 𝑘𝑘 Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝛼𝛼,𝑛𝑛−2) 
𝐻𝐻𝐴𝐴:𝛽𝛽1 ≠ 𝑘𝑘 Reject if |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝛼𝛼/2,𝑛𝑛−2) 

Multi-group test with linear regression 
Given SSEU, DFU, SSER, DFR 
H0: slope effects same across groups 

𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
(𝑆𝑆𝑆𝑆𝑆𝑆𝑅𝑅 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑈𝑈)/(𝐷𝐷𝐹𝐹𝑅𝑅 − 𝐷𝐷𝐹𝐹𝑈𝑈)

𝑆𝑆𝑆𝑆𝑆𝑆𝑈𝑈/𝐷𝐷𝐹𝐹𝑈𝑈
 

One-tailed upper test, reject if 
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝐹𝐹(𝛼𝛼,𝐷𝐷𝐹𝐹𝑅𝑅−𝐷𝐷𝐹𝐹𝑈𝑈,𝐷𝐷𝐹𝐹𝑈𝑈) 

Correlation Analysis 
𝐻𝐻0:𝜌𝜌𝑋𝑋𝑋𝑋 = 0 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑟𝑟𝑋𝑋𝑋𝑋√𝑛𝑛 − 2
�1 − 𝑟𝑟𝑋𝑋𝑋𝑋2

 
𝐻𝐻𝐴𝐴:𝜌𝜌 > 0 Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡(𝛼𝛼,𝑛𝑛−2) 
𝐻𝐻𝐴𝐴:𝜌𝜌 < 0 Reject if 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝛼𝛼,𝑛𝑛−2) 
𝐻𝐻𝐴𝐴:𝜌𝜌 ≠ 0 Reject if |𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑡𝑡(𝛼𝛼/2,𝑛𝑛−2) 

Correlation Analysis: Equal 
correlations across two groups 

𝐻𝐻0:𝜌𝜌1 = 𝜌𝜌2 

𝑧𝑧𝐺𝐺1 =
1
2

ln �
1 + 𝑟𝑟1
1 − 𝑟𝑟1

�   𝑧𝑧𝐺𝐺2 =
1
2

ln �
1 + 𝑟𝑟2
1 − 𝑟𝑟2

� 

𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑧𝑧𝐺𝐺1 − 𝑧𝑧𝐺𝐺2

� 1
𝑛𝑛1 − 3 + 1

𝑛𝑛2 − 3

 

𝐻𝐻𝐴𝐴:𝜌𝜌1 > 𝜌𝜌2 Reject if 𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑍𝑍(𝛼𝛼) 
𝐻𝐻𝐴𝐴:𝜌𝜌1 < 𝜌𝜌2 Reject if 𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 < 0 𝑎𝑎𝑛𝑛𝑎𝑎 |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍(𝛼𝛼) 
𝐻𝐻𝐴𝐴:𝜌𝜌1 ≠ 𝜌𝜌2 Reject if |𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐| > 𝑍𝑍(𝛼𝛼/2) 



Correlation Analysis: Equal 
correlations across K groups 

Use zr transforms as defined above 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 = ���𝑛𝑛𝑗𝑗 − 3�𝑧𝑧𝐺𝐺𝑗𝑗
2 �

𝑘𝑘

𝑗𝑗=1

−
[∑ �𝑛𝑛𝑗𝑗 − 3�𝑧𝑧𝐺𝐺𝑗𝑗]

𝑘𝑘
𝑗𝑗=1

2

∑ (𝑛𝑛𝑗𝑗 − 3)𝑘𝑘
𝑗𝑗=1

 

One-tailed upper test, reject if: 
 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 > 𝜒𝜒(𝛼𝛼,𝐾𝐾−1)
2  

Non-parametric test of Homogeneity 
(Goodness of fit) 
H0: Observed frequencies across K 
groups are consistent with Expected 
frequencies 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 = �
(𝑂𝑂𝑖𝑖 − 𝑆𝑆𝑖𝑖)2

𝑆𝑆𝑖𝑖

𝐾𝐾

𝑖𝑖=1

  
One-tailed upper test, reject if: 
 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 > 𝜒𝜒(𝛼𝛼,𝐾𝐾−1)
2  

Non-parametric test of Independence 
H0: Observed frequencies across K 
groups are independent of m categories 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 = ��
�𝑂𝑂𝑖𝑖𝑗𝑗 − 𝑆𝑆𝑖𝑖𝑗𝑗�

2

𝑆𝑆𝑖𝑖𝑗𝑗

𝑘𝑘

𝑗𝑗=1

𝑚𝑚

𝑖𝑖=1

 
One-tailed upper test, reject if: 
 

𝜒𝜒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 > 𝜒𝜒(𝛼𝛼,(𝑚𝑚−1)(𝐾𝐾−1))
2  

 

 


