
 

EDUC/PSY 6600 Formula Sheet  

Comparing Means 

Situation 

Confidence Intervals Hypothesis Testing 

Notes Estimate C.V. SEestimate Hypothesis Test-statistic (df) 

X
 =

 m
ea

su
re

m
en

t 
in

 s
am

p
le

 

μ
 =

 P
O

P
U

LA
T

IO
N

 M
EA

N
 

1
 S

A
M

P
LE

 

𝑥̅ 
Sample mean 

± z* 𝑆𝐸𝑥̅ =
𝜎

√𝑛
 

𝐻0: 𝜇𝑥 = 𝜇0 

𝐻𝑎: 𝜇𝑥[≠><]𝜇0 
 

𝑧 =  
𝑥̅ − 𝜇0
𝜎
√𝑛
⁄

 Use if you know the population SD 
or when sample is very large 

± t* 𝑆𝐸𝑥̅ =
𝑠

√𝑛
 

𝑡 =  
𝑥̅ − 𝜇0
𝑠
√𝑛
⁄

 

𝑑𝑓 = 𝑛 − 1 

Use with a small sample or using the 
sample’s SD instead of the 
population’s 

𝑑 = 𝑋̅ 𝑆𝐸𝑋̅
⁄  
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𝐷 = 𝑥1 − 𝑥2 ± t* 𝑆𝐸𝐷̅ =
𝑠𝐷

√𝑛
 𝐻0: 𝜇𝐷 = 𝜇0 

𝐻𝑎: 𝜇𝐷[≠><]𝜇0 
 

---or— 

𝐻0: 𝜇1 − 𝜇2 =  0 

𝐻𝑎: 𝜇1 − 𝜇2[≠><] 0 
 

𝑡 =  
𝐷̅ − 𝜇0
𝑠𝐷
√𝑛
⁄

 

𝑑𝑓 = 𝑛 − 1 

“Direct-Differences Method” 
First must subtract all pairs to 
create a new variable D and then 
find 𝑠𝐷which is the SD of D’s 

𝐷̅ =  𝑥1̅̅ ̅ − 𝑥2̅̅ ̅ ± t* 𝑆𝐸𝐷̅ = √
𝑠1
2 + 𝑠2

2

𝑛
−
2𝑟𝑠1𝑠2
𝑛

 

𝑡 =  
𝐷̅ − 𝜇0

√𝑠1
2 + 𝑠2

2

𝑛 −
2𝑟𝑠1𝑠2
𝑛

 

𝑑𝑓 = 𝑛 − 1 

“Correlation Method” 
Instead of subtracting all pairs, find 
each variables’ M & SD, as well as 
the r between the variables in the 
sample  
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) 𝐷̅ =  𝑥1̅̅ ̅ − 𝑥2̅̅ ̅ 
 

Difference in 
2 sample 

means 

± z* 𝑆𝐸𝐷̅ = √
𝜎1
2

𝑛1
+
𝜎2
2

𝑛2
 

𝐻0: 𝜇1 − 𝜇2 =  0 

𝐻𝑎: 𝜇1 − 𝜇2[≠><] 0 
 

 
 
 
 

𝑠𝑝
2 =

(𝑛1 − 1)𝑠1
2 + (𝑛2 − 1)𝑠2

2

𝑛1 + 𝑛2 − 2
 

 

 𝑠𝑝
2
𝑛1=𝑛2,
⇒    

𝑠1
2 + 𝑠2

2

2
 

 

𝑧 =  
𝐷̅

√
𝜎1
2

𝑛1
+
𝜎2
2

𝑛2

 Know both populations SD or when 
samples are large 

± t* 

𝑆𝐸𝐷̅ = √
𝑠1
2

𝑛1
+
𝑠2
2

𝑛2
 

𝑡 =  
𝐷̅

√
𝑠1
2

𝑛1
+
𝑠2
2

𝑛2

 

 
min( 𝑛′𝑠) − 1 < 𝑑𝑓𝑆𝑉

< 𝑛1 + 𝑛2 − 2 

“Separate Variances t-test”  
Use with equal n’s –or- if violated 
HOV (var.equal = FALSE).  Also use 
with equal n’s if the larger sample 
as the smaller SD 

𝑑 = 𝐷̅ 𝑆𝐸𝐷̅
⁄  

𝑆𝐸𝐷̅ = √𝑠𝑝
2 (
1

𝑛1
+
1

𝑛2
) 

𝑡 =  
𝐷̅

√𝑠𝑝
2 (
1
𝑛1
+
1
𝑛2
)

 

 
𝑑𝑓𝑝𝑜𝑜𝑙𝑒𝑑 = 𝑛1 + 𝑛2 − 2 

“Pooled Variance t-test”  
Assumes the populations have 
equal SD’s (test HOV w/Levene’s 
Test, var.equal = TRUE).  Also use 
then the n’s are not equal and the 
larger sample has the larger SD 

𝑑 = 𝐷̅ 𝑠𝑝⁄  



Effect Size 

𝛿 = "expected t or z"  (𝒑𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠)

1 𝑔𝑟𝑜𝑢𝑝:  𝛿 =
𝜇

𝜎
√𝑛     

𝑑=
𝜇

𝜎
→     𝛿 = 𝑑√𝑛

2 𝑔𝑟𝑜𝑢𝑝𝑠:   𝛿
𝑛1=𝑛2,

⇒  
𝜇1 − 𝜇2
𝜎

√
𝑛

2
    
𝑑=
𝜇1−𝜇2
𝜎

→         𝛿 = 𝑑√
𝑛

2
   
}
 
 

 
 
𝑒𝑠𝑡.  𝒅=𝑔(1−

3

4 𝑑𝑓−1
)

⇔              

{
 
 
 

 
 
 
   𝑔 = "𝑒𝑓𝑓𝑒𝑐𝑡 𝑠𝑖𝑧𝑒" (𝒔𝒂𝒎𝒑𝒍𝒆 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑠) 

𝑔 =
𝑋̅1 − 𝑋̅2
𝑠𝑝

=

{
 
 

 
 𝑛1=𝑛2,

⇒  𝑡√
2

𝑛
   

𝑛1≠𝑛2,

⇒  𝑡√
𝑛1 + 𝑛2
𝑛1𝑛2

   

 

𝑃𝑒𝑎𝑟𝑠𝑜𝑛′𝑠  𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛:   𝑟 =
∑ 𝑧𝑥𝑧𝑦
𝑁
𝑖=1

𝑁
 

Post Hoc Test (after ANOVA) 

  
Pairwise Linear Contrast 

𝑡𝑝𝑎𝑖𝑟 =
𝑥̅𝑖 − 𝑥̅𝑗

√2𝑀𝑆𝑤
𝑛

 
𝐿 =  ∑𝑐𝑖𝑥̅𝑖  

0=∑𝑐𝑖
→       𝑆𝑆𝑐𝑜𝑛 =

𝑛𝐿2

∑𝑐𝑖
2
   →     𝐹𝑐𝑜𝑛(1,𝑑𝑓𝑤) =

𝑆𝑆𝑐𝑜𝑛
𝑀𝑆𝑤

 

 

Fisher’s LSD Scheffe’s F, 1-way 

𝐿𝑆𝐷 =  𝑡𝐶𝑉√
2𝑀𝑆𝑤
𝑛

 𝐹𝑠 = (𝑘 − 1)𝐹𝑐𝑣(𝑘 − 1, 𝑛𝑇 − 𝑘) 

Tukey’s HSD Scheffe’s F, 2-way 

𝐻𝑆𝐷 =  𝑞𝐶𝑉√
𝑀𝑆𝑤
𝑛

 𝐹𝑠 = 𝑑𝑓𝑖𝑛𝑡  𝐹𝑐𝑣(𝑑𝑓𝑖𝑛𝑡 , 𝑑𝑓𝑤) 



(𝑥̅𝐺 = 𝑔𝑟𝑎𝑛𝑑 𝑚𝑒𝑎𝑛,     𝑛𝑇 = 𝑡𝑜𝑡𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒,   𝑛 = 𝑐𝑒𝑙𝑙 𝑠𝑖𝑧𝑒,   𝑛𝑟 = #𝑖𝑛 𝑟𝑜𝑤, 𝑛𝑐 = #𝑖𝑛 𝑐𝑜𝑙𝑢𝑚𝑛) 

One-Way ANOVA  
Source SS df MS F p 

Between-Groups 

(𝑘 = # 𝑔𝑟𝑜𝑢𝑝𝑠) 
𝑑𝑓𝐵𝑒𝑡𝐺𝑟𝑝𝑀𝑆𝐵𝑒𝑡𝐺𝑟𝑝 𝑘 − 1 𝑛

∑ (𝑥̅𝑖 − 𝑥̅𝐺)
2𝑘

𝑖=1

𝑘 − 1
 

𝑀𝑆𝐵𝑒𝑡𝐺𝑟𝑝

𝑀𝑆𝑊𝑖𝑡ℎ𝐺𝑟𝑝
  

Within-Groups 

(Residual or Error) 
𝑑𝑓𝑊𝑖𝑡ℎ𝐺𝑟𝑝𝑀𝑆𝑊𝑖𝑡ℎ𝐺𝑟𝑝 𝑛𝑇 − 𝑘 

∑ 𝑠𝑖
2𝑘

𝑖=1

𝑘
  

Total 𝑆𝑆𝐵𝑒𝑡𝐺𝑟𝑝 + 𝑆𝑆𝑊𝑖𝑡ℎ𝐺𝑟𝑝 𝑛𝑇 − 1  

Two-Way ANOVA 
Source SS df MS F p 

Between-Cells 

(Row, Cell, & Interaction) 𝑛𝑇
∑ ∑ (𝑥̅𝑖𝑗 − 𝑥̅𝐺)

2𝑐
𝑗=1

𝑟
𝑖=1

𝑟𝑐
 𝑟𝑐 − 1 

 

Row Groups 

(𝑟 = # 𝑟𝑜𝑤𝑠) 𝑛𝑇
∑ (𝑥̅𝑖 − 𝑥̅𝐺)

2𝑟
𝑖=1

𝑟
 𝑟 − 1 𝑛𝑟

∑ (𝑥̅𝑖 − 𝑥̅𝐺)
2𝑟

𝑖=1

𝑟 − 1
 

𝑀𝑆𝐵𝑒𝑡𝑅𝑜𝑤
𝑀𝑆𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙

  

Column Groups 

(𝑐 = # 𝑐𝑜𝑙𝑢𝑚𝑛𝑠) 𝑛𝑇
∑ (𝑥̅𝑗 − 𝑥̅𝐺)

2𝑐
𝑗=1

𝑐
 𝑐 − 1 𝑛𝑐

∑ (𝑥̅𝑗 − 𝑥̅𝐺)
2𝑐

𝑗=1

𝑐 − 1
 

𝑀𝑆𝐵𝑒𝑡𝐶𝑜𝑙
𝑀𝑆𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙

  

INTER (Row x Col) 

𝑆𝑆𝐵𝑒𝑡𝐶𝑒𝑙𝑙𝑠    
   −𝑆𝑆𝐵𝑒𝑡𝑅𝑜𝑤 

   −𝑆𝑆𝐵𝑒𝑡𝐶𝑜𝑙 
(𝑟 − 1)(𝑐 − 1) 

𝑆𝑆𝐼𝑛𝑡𝑒𝑟
𝑑𝑓𝑖𝑛𝑡𝑒𝑟

 
𝑀𝑆𝐼𝑛𝑡𝑒𝑟
𝑀𝑆𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙

 

 

Within-Cells  

(Residual or Error) 
𝑑𝑓𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙𝑀𝑆𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙 𝑛𝑇 − 𝑟𝑐 

∑ ∑ 𝑠𝑖𝑗
2𝑐

𝑗=1
𝑟
𝑖=1

𝑟𝑐
 

 Total 𝑆𝑆𝐵𝑒𝑡𝐶𝑒𝑙𝑙 + 𝑆𝑆𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙 𝑛𝑇 − 1  

 

𝑜𝑟𝑑𝑖𝑛𝑎𝑟𝑦 𝜂2 = 
𝑆𝑆𝐵𝑒𝑡𝐺𝑟𝑝

𝑆𝑆𝑡𝑜𝑡𝑎𝑙
 

𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝜂2 = 𝜂2 (1 −
1

𝐹
) 

𝑒𝑠𝑡.𝜛2 = 
𝑆𝑆𝐵𝑒𝑡𝐺𝑟𝑝 − (𝑘 − 1)𝑀𝑆𝑤

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 +𝑀𝑆𝑤
 

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 = 𝑆𝑆𝐵𝑒𝑡𝑅𝑜𝑤 + 𝑆𝑆𝐵𝑒𝑡𝐶𝑜𝑙+ 𝑆𝑆𝐼𝑛𝑡𝑒𝑟 + 𝑆𝑆𝑒𝑟𝑟𝑜𝑟 

𝑜𝑟𝑑𝑖𝑛𝑎𝑟𝑦 𝜂2 = 
𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡

𝑆𝑆𝑡𝑜𝑡𝑎𝑙
 

𝑝𝑎𝑟𝑡𝑖𝑎𝑙 𝜂2 = 
𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡

𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡 + 𝑆𝑆𝑒𝑟𝑟𝑜𝑟
 

𝑒𝑠𝑡.𝜛2 = 
𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡 − (𝑑𝑓𝐸𝑓𝑓𝑒𝑐𝑡)𝑀𝑆𝑤

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 +𝑀𝑆𝑤
 



1-way Independent ANOVA 1-way Repeated Measures ANOVA 

# of groups = k # of repeated measures per subject = c 
  

  

TOTAL 

SST 

𝑛𝑇 ∙ 𝜎
2 (

𝑎𝑙𝑙
𝑣𝑎𝑙𝑢𝑒𝑠

) 

BETWEEN GROUP 

SSBG 

𝑛𝑇 ∙ 𝜎
2 (
𝑔𝑟𝑜𝑢𝑝
𝑚𝑒𝑎𝑛𝑠

) 

WITHIN GROUPS 

SSWG 

 

MSBG 

𝑛
∑ (𝑋̅𝑖 − 𝑋̅𝑖𝐺)

2𝑘
𝑖=1

𝑘 − 1
 

 

MSWG 
∑ 𝑠𝑖

2𝑘
𝑖=1

𝑘
 

 

TOTAL 

SST 

𝑛𝑇 ∙ 𝜎
2 (

𝑎𝑙𝑙
𝑣𝑎𝑙𝑢𝑒𝑠

) 

BETWEEN SUBJECTS 

SSSub 

𝑛𝑇 ∙ 𝜎
2 (
𝑠𝑢𝑏𝑗𝑒𝑐𝑡
𝑚𝑒𝑎𝑛𝑠

) 

MSRM 

𝑛
∑ (𝑋̅𝑖 − 𝑋̅𝑖𝐺)

2𝑐
𝑖=1

𝑘 − 1
 

 

BETWEEN RM 

SSRM 

𝑛𝑇 ∙ 𝜎
2 (

𝑅𝑀
𝑚𝑒𝑎𝑛𝑠

) 

INTERACTION  

SSInter 

(Subject x RM) 

k - 1 nT -k 

c - 1 (n-1)(c-1) 

n - 1 

WITHIN SUBJECT 

SSW-Sub 

(w-group ≠ w-sub) 

SSW = SSSub  + SSInter 

𝑭𝒈𝒓𝒐𝒖𝒑 =
𝑴𝑺𝑩
𝑴𝑺𝑾𝑮

 
𝑭𝑹𝑴 =

𝑴𝑺𝑹𝑴
𝑴𝑺𝑰𝒏𝒕𝒆𝒓

 

df Notes  
MS = SS/df 

SS & df add up, but not MS 
don’t  



 

ANOVA: df trees 

 

 1-way or independent groups (Ch 12) 

n = # obs per group 

k = # groups 

nT = total # observations 

 
 

2-way or factorial (Ch 14)  
n = # obs per cell 

r = # groups - rows 

c = # groups - columns 

nT = total # observations

 
 

1-way Repeated Measures (Ch 15) 

n = # subjects  

c = # levels of the RM (# time points) 

nT = total # observations 

 
 

Mixed Design (Ch 16) 

n = # subjects  

k = # groups 

c = # levels of the RM (# times) 

nT = total # observations 
 

 

 

𝜂2 = 
𝑆𝑆𝐵𝑒𝑡𝐺𝑟𝑝

𝑆𝑆𝑡𝑜𝑡𝑎𝑙
 

 

 

𝜂𝑜𝑟𝑑
2 = 

𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡

𝑆𝑆𝑡𝑜𝑡𝑎𝑙
 

𝜂𝑝
2 = 

𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡

𝑆𝑆𝐸𝑓𝑓𝑒𝑐𝑡 + 𝑆𝑆𝑊𝑖𝑡ℎ𝐶𝑒𝑙𝑙
 

 

 

𝜂𝑅𝑀
2 = 

𝑆𝑆𝑅𝑀
𝑆𝑆𝑅𝑀 + 𝑆𝑆𝑆∗𝑅𝑀

 

 

𝐺𝑟𝑜𝑢𝑝: 𝜂𝐺𝑒𝑛
2 = 

𝑆𝑆𝐺𝑟𝑝

𝑆𝑆𝐺𝑟𝑝 + 𝑆𝑆𝑊𝑖𝑡ℎ𝐺𝑟𝑝+𝑆𝑆𝑆∗𝑅𝑀
 

𝐺𝑟𝑝 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑: 𝜂𝑝
2 = 

𝑆𝑆𝐺𝑟𝑝

𝑆𝑆𝐺𝑟𝑝 + 𝑆𝑆𝑊𝑖𝑡ℎ𝐺𝑟𝑝
 

𝐺𝑟𝑝 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑: 𝜂𝑝
2 = 

𝑆𝑆𝐺𝑟𝑝
𝑆𝑆𝑇𝑜𝑡𝑎𝑙 − 𝑆𝑆𝑅𝑀

 

𝐺𝑟𝑝 ∗ 𝑅𝑀: 𝜂𝑝
2 = 

𝑆𝑆𝐺𝑟𝑝∗𝑅𝑀

𝑆𝑆𝐺𝑟𝑝∗𝑅𝑀 + 𝑆𝑆𝑆∗𝑅𝑀
 

𝑅𝑀: 𝜂𝑝
2 = 

𝑆𝑆𝑅𝑀
𝑆𝑆𝑅𝑀 + 𝑆𝑆𝑆∗𝑅𝑀

 

 

 

 

 


