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ANOVA as a linear model



ANOVA as a linear regression model

• A little bit abstract thinking ... 

• Imagine that Yij represents a value of Y for individual 
i (i = 1, 2, 3, ..., n) who is in group j (j = 1, 2, 3, ...,k)

• Each group j has a mean denoted by μj

• We hypothesize that Yij is determined by μj 
plus/minus a random error εij

Yij = μj + εij



• We further assume that that μj is determined by a 
constant μ0 plus/minus a random error associated 
with group j, dj

μj =  μ0 + dj

• Put them into Yij = μj + εij, we get:  

Yij = =  μ0 + dj + εij

where dj ~ N(0, v2) and εij ~ N(0, σ2)

• We want to estimate μ0, v2 and σ2

– Between-group variance: v2

– Within-group variance: σ2



R implementation 

A = c(8, 9, 11, 4, 7, 8, 5)
B = c(7, 17, 10, 14, 12, 24, 11, 22)
C = c(28, 21, 26, 11, 24, 19)
D = c(26, 16, 13, 12, 9, 10, 11, 17, 15)

x = c(A, B, C, D)
group = c(rep("A", 7), rep("B", 8), rep("C", 6), 
rep("D", 9))

dat = data.frame(x, group)

m = lm(x ~ group, data=dat)
anova(m) ; summary(m)



> anova(m)

Analysis of Variance Table

Response: x
Df Sum Sq Mean Sq F value    Pr(>F)    

group      3 642.28 214.092  8.1969 0.0005276 ***
Residuals 26 679.09  26.119                      
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 
0.1 ‘ ’ 1

Between-group MS: 214.09
Within-group MS: 26.12
F = 314.09 / 26.12 = 8.20 

Tentative conclusion: There was a significant 
difference between griups 



> summary(m)

Coefficients:
Estimate Std. Error t value Pr(>|t|)    

(Intercept)    7.429      1.932   3.846 0.000698 ***
groupB         7.196      2.645   2.721 0.011461 *  
groupC        14.071      2.843   4.949 3.84e-05 ***
groupD         6.905      2.576   2.681 0.012578 *  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 5.111 on 26 degrees of freedom
Multiple R-squared:  0.4861, Adjusted R-squared:  0.4268 
F-statistic: 8.197 on 3 and 26 DF,  p-value: 0.0005276

Estimated parameters



ANOVA of summary data



Appendix



Change "baseline" level 

• In R, the reference level is the lowest level, according 
to alphabetical order (A, B, C, ...)

• To change the reference/baseline level, we need to 
use "factor" function

• Example: to make group="D" a baseline level: 

dat$group2 = factor(dat$group, c("D", "A", "B", "C"))

summary(lm(x ~ group2, data=dat))



Benjamini & Hochberg's method

• Create a vector A of sorted p values 
• Create a vector B by computing j(α/n) for j=1,2,...,n
• Substract vector A from vector B; call this vector C
• Find the largest index d, (from 1 to 10) for which the 

corresponding number in C is negative
• Reject all null hypotheses whose p values ≤ Pd

• The null hypothesis for all other tests are not 
rejected 



Benjamini & Hochberg's method

pvalue<-c(.021,
.001, .017, .041, .005, .036, .042, .023, .070, .10)
sorted.pvalue<-sort(pvalue)
sorted.pvalue
j.alpha<-(1:10)*(.05/10)
j.alpha
diff<-sorted.pvalue-j.alpha
diff
neg.diff<-diff[diff<0]
pos.diff<-neg.diff[length(neg.diff)]
index<-diff==pos.diff
index
p.cutoff<-sorted.pvalue[index]
p.cutoff
p.sig<-pvalue[pvalue<=p.cutoff]
p.sig



Simulation t test

R = 999
alpha = numeric(R)
for (i in 1:R) {
group1 = rnorm(10, mean=.75, sd=1.9)
group2 = rnorm(10, mean=2.33, sd=1.9)
alpha[i] = t.test(group1,group2)$p.value
}

hist(alpha)
mean(alpha<0.05)



Simulated permutation test 

R = 999 

scores = extra 

t.values = numeric(R) 

for (i in 1:R) { 

index = sample(1:20, size=10, replace=F) 

group1 = scores[index] 

group2 = scores[-index] 

t.values[i] = t.test(group1,group2)$statistic 

}

t.values = abs(t.values)

mean(t.values<=1.8608) 



Bootstrap sampling

with(sleep, t.test(extra~group)$statistic)

scores = sleep$extraR = 999 

t.values = numeric(R) 

for (i in 1:R) {

group1 = sample(scores, size=10, replace=T)

group2 = sample(scores, size=10, replace=T)

t.values[i] = t.test(group1,group2)$statistic

}hist(t.values, breaks=20)

points(-1.8608,0, pch=16)

http://ww2.coastal.edu/kingw/statistics/R-tutorials/resample.html


