
Math 4311 ANOVA Lab

1. Exploratory Data Analysis

(a) Import the file farmdata.txt, which contains daily milk production values in gallons
for 200 hypothetical cows from four farms: Andrews, Bailey, Carter, and Daniels.

(b) Use head(farmdata) to see the column headings and first few rows of data. Type
farmdata$Milk to view the vector of milk production values, and then type farmdata$Farm
to see the vector of farm labels. Typing these dollar signs can be tedious, so use the
command attach(farmdata). Now you can see the milk and farm vectors by just typing
Milk and Farm.

(c) Type the command A=Milk[Farm=="Andrews"]. This will store the milk production
values for only the Andrews farm in a vector A. Compute the mean and standard devi-
ation for the milk production on the Andrews farm, and plot the histogram (mean(A),
sd(A), and hist(A)). Does milk production on this farm appear to be approximately
normally distributed?

(d) Repeat the previous problem for the Bailey, Carter, and Daniels farms.

(e) Do all the farms appear to have approximately the same standard deviation?

(f) Create a box plot of milk production, stratified by farm, using the command

plot(Milk∼Farm,data=farmdata).

2. ANOVA

(a) Let µA, µB, µC , and µD denote the average milk production on these four farms, and
consider the hypothesis testing problem

H0 : µA = µB = µC = µD vs. HA : At least two of the means are different.

(b) Based on the stratified box plot from above, does the null hypothesis appear to be true?

(c) Fit an ANOVA model to this data with the command model=aov(Milk∼Farm,data=farmdata).
After fitting the model, view the model summary by typing summary(model).

(d) Between Groups. This data set has four groups, so the degrees of freedom for the
between groups sum-of-squares is 4 − 1 = 3. With this in mind, what are the sum-
of-squares between groups and mean square deviation between groups reported in the
model summary?

(e) Within Groups. Each group has 50 − 1 = 49 degrees of freedom, for a total of 196
degrees of freedom within groups. What are the sum-of-squares within groups and mean
square deviation within groups reported in the model summary?

(f) The F -statistic for ANOVA is

F =
Mean Square Between Groups

Mean Square Within Groups
.

Use this formula to compute the F -statistic using the mean square deviations from
parts (2d) and (2e). Does this answer agree with the F -statistic reported in the model
summary?
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(g) What is the p-value reported in the model summary? Note that you can confirm this
p-value by computing it yourself: pf(25.55,3,196,lower.tail=FALSE).

(h) Given a significance level of α = 0.05, would you reject the null hypothesis?

3. Post-hoc Comparisons. We now have statistically significant evidence that the null hy-
pothesis from the previous problem is false, i.e., at least two of the farms have different average
milk production. We will perform post-hoc comparisons to determine which pairs of farms
are different.

(a) The pooled-variance estimator is

s2p =
(nA − 1)s2A + (nB − 1)s2B + (nC − 1)s2C + (nD − 1)s2D

nA + nB + nC + nD − 4
.

Fortunately, s2p is simply the mean square deviation within groups, as discussed in prob-
lem (2e).

(b) As an example of a post-hoc test, let’s compare the Andrews and Bailey farms:

H0 : µA = µB vs. HA : µA 6= µB.

This test is performed using the T -statistic:

T =
x̄A − x̄B

sp

√
1
nA

+ 1
nB

.

Here, x̄A is the average milk production on the Andrews farm, computed with mean(A),
as discussed in problem 1.

(c) Once the T -statistic is computed and stored in a variable T, the p-value is

2*pt(abs(T),df=196,lower.tail=FALSE).

The command abs() computes the absolute value, so you don’t have to worry about the
sign of T .

(d) Because post-hoc tests involve multiple comparisons, we must create an adjusted p-value
(APV). There are 4 total groups, so the adjusted p-value is

APV =

(
4

2

)
(p-value) = 6(p-value).

What is the adjusted p-value for comparing the Andrews and Bailey farms? Given a
significance level of α = 0.05, would you reject the null hypothesis?

(e) Repeat this problem for the other five post-hoc comparisons (A-C, A-D, B-C, B-D, and
C-D). Because there are so many post-hoc comparisons, you may want to write some
functions to compute the T -statistics and p-values.

4. Summary.

(a) Based on the post-hoc tests, which pairs of farms had a statistically significant difference
in average milk production?

(b) How do the results of the post-hoc tests compare to the visual information from the
stratified box-plot, plot(Milk∼Farm,data=farmdata)?
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