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One-way ANOVA

Cause of dispersion Sum of squares Degree of Empirical

freedom variance

Between groups Qa =
∑k

i=1 ni(X̄i. − X̄..)
2 k − 1 s2

a = Qa

k−1

Within groups Qe =
∑k

i=1

∑ni

j=1(Xij − X̄i.)
2 n − k s2

e = Qe

n−k

Total Q =
∑k

i=1

∑ni

j=1(Xij − X̄..)
2 n − 1 -

Two-way ANOVA without interaction

Cause of dispersion Sum of squares Degree of Empirical

freedom variance

a-effects Qa = p
∑k

i=1(X̄i. − X̄..)
2 k − 1 s2

a = Qa

k−1

b-effects Qb = k
∑p

j=1(X̄.j − X̄..)
2 p − 1 s2

b = Qb

p−1

Random error Qe =
∑k

i=1

∑p

j=1(Xij − X̄i. − X̄.j + X̄..)
2 (k − 1)(p − 1) s2

e = Qe

(k−1)(p−1)

Total Q =
∑k

i=1

∑p

j=1(Xij − X̄..)
2 kp − 1 -

Two-way ANOVA with interaction

Cause of dispersion Sum of squares Degree of Empirical

freedom variance

a-effects Qa = pn
∑k

i=1(X̄i.. − X̄...)
2 k − 1 s2

a = Qa

k−1

b-effects Qb = kn
∑p

j=1(X̄.j. − X̄...)
2 p − 1 s2

b = Qb

p−1

ab-interaction Qc = n
∑k

i=1

∑p

j=1(X̄ij. − X̄i.. − X̄.j. + X̄...)
2 (k − 1)(p − 1) s2

c = Qc

(k−1)(p−1)

Random error Qe =
∑k

i=1

∑p

j=1

∑n

l=1(Xijl − X̄ij.)
2 kp(n − 1) s2

e = Qe

kp(n−1)

Total Q =
∑k

i=1

∑p

j=1

∑n

l=1(Xijl − X̄...)
2 kpn − 1 -

1


