
F Test – One Way ANOVA
Goals:

• Describe the setting for a one-way ANOVA (assumptions and conditions)
• Carry out the procedure using technology.

CLASS NOTES
Questions/Main Ideas

Name _________________________________    Date _____________

Recall:  Chi-Squared 
Goodness of Fit Test or Chi-
Squared Homogeneity of 
Proportions

We have studied methods for testing equality of multiple proportions using one 
test (chi-squared) rather than multiple individual tests.

What if we want to test for equality of multiple means?  Is there a similar test 
available?

Example Suppose you are growing plants under three different lighting conditions.  A UV 
bulb was used with one group during normal daylight hours.  A new different 
brand of UV bulb was used with another group.  The third group was exposed to 
natural sunlight.  All  other factors such as temperature and water were the same 
across the groups.  Each group had 5 plants.  After 14 days, the height of each 
plant (in centimeters) was measured.

UV1:  9, 8, 10, 15, 16      (Mean:  11.6, Variance:  13.3)
UV2:  11, 9, 15, 11, 8  (Mean:  10.8, Variance:  7.2)
Sun:   18, 14, 15, 16, 21  (Mean:  16.8, Variance:  7.7)

Big idea We have measured one characteristic (the height of the plants) across more than 
two groups.  The groups differed in one factor, the type of lighting. (One 
factor...hence one-way ANOVA).  We have a sample mean for each of the 
samples.  If we think of these means as a set of data, we could calculate the 
variance between the samples.  If the variance was low, we would have evidence 
that the means are the same.

But what would be considered “low”?  Wouldn't it depend on how variable the 
samples themselves are?  If there is a lot of variation in the original populations, 
we should not be surprised to find a higher variance among the means of our 
samples.

Concept:  Variation between 
samples

The variance of the sample means is a method of simultaneously comparing 
differences between the sample means.  But we need something to compare it to.

Concept:  Variation within 
each sample

If we can assume that the variation within each sample (i.e. find each sample 
variance) is roughly the same, we could then have something to compare our 
variance of the sample means to.

One Way Analysis of 
Variance (ANOVA)

The test we are interested in is called ANOVA (Analysis of Variance).  

Can you see why, even though we are interested in comparing sample means, the 
test is called “Analysis of Variance”?



New Distribution:
F Distribution

(Also called F Ratio 
Distribution)

We need to introduce a new distribution, the F-distribution.  (This procedure 
could also be called an F-test)

For this test, our test statistic will be:  F=Variance between samples
Variance within samples

There is a different F-distribution for each pairing of individual sample sizes and 
number of samples being compared.

Actual calculations

We will rely on a computer 
to “crunch the numbers”.

The calculation simple if the sample sizes are all the same (which ours are).  

They do not need to be the same, however.  The principles are all the same.  The 
calculations would involve weighting the different measures based on the 
individual sample sizes.  We would let a computer take care of the number 
crunching.  Your job is to analyze whether the test is appropriate and to be able 
to analyze the results.

Degrees of freedom

F=Variance between samples
Variance within samples

Suppose we have 5 different samples with a total of 300 observations across all 5 
samples.

The numerator (variance between samples) has a degree of freedom of 4 (the 
number of samples minus one).

The denominator has a degree of freedom of 295 (starting with 300 for a degree 
of freedom, essentially losing one degree of freedom for each sample.)

What does this thing look 
like?

Can you guess what 
happens as the number of 
samples increases?

Feature of the F-
distribution:  Never negative

Shape:  Skewed Right (becomes more symmetric as the number of samples 
increases)

Center:  The center of the F-distribution is based on the total number of 
observations.  If m is the degrees of freedom of the denominator, the center is 

μF=
m

m−2 .  For large m (a large number of observations across all samples), 

the center is close to 1.

You can also see the center in the formula: F=Variance between samples
Variance within samples

If we scale the two variances appropriately, we would expect the variance 
between samples to be similar in size to the variance within samples if the 
population means are the same.  This assumption would create a ratio of 1 if the 
two measures are equal.



Back to our example

Null and Alternate 
Hypothesis

UV1:  9, 8, 10, 15, 16      (Mean:  11.6, Variance:  13.3)
UV2:  11, 9, 15, 11, 8  (Mean:  10.8, Variance:  7.2)
Sun:   18, 14, 15, 16, 21  (Mean:  16.8, Variance:  7.7)

Assumptions/Conditions for 
the test

• We are only considering one factor (in this case, the lighting conditions). 
(Hence one-way ANOVA.)

• We assume that each sample is independent.  (The samples are not 
matched or paired.)

• We assume each population we are sampling from is normal.  Similar to 
the T-distribution, the F-distribution is “robust” against violating this 
assumption.  (Extreme skewness would still be a problem.)

• We assume that the variance of each population is the same.  This seems 
a bit more restrictive.  However, it is reasonable to perform the procedure 
if the largest sample variance observed is no more than 9 times the 
smallest sample variance observed (if the sample sizes are similar).

• We assume we have “good data”, i.e. each sample is an SRS.

Carry out the test
(In practice, you will let a 
computer or calculator do 
the actual calculations)

For this example, the 
numerator degrees of 
freedom would be 2 (there 
were 3 samples), 

The denominator degrees of 
freedom would be 12 (there 
were 15 observations total 
minus one degree of 
freedom for each sample).

Variance between samples:  Consider the three sample means to be a set of 
data (11.6, 10.8, 16.8).  This set would have a variance of 10.6133.  Since 
sample means are less variable than individual observations, we multiply this by 
the number of observations in each sample.  This “scales” the variance between 
samples to be similar measure to the variance within samples.

Variance within samples:  Since the sample sizes are the same, we essentially 
average all three sample variances to express a “pooled” sample variance: 
(13.3 + 7.2 + 7.7)/3 = 9.4

F=Variance between samples
Variance within samples

=
5(10.6133)

9.4
=5.64539

P-value:  This test statistic is much higher than one. 
How “extreme” is this test statistic?

Running the test on the TI-
83 or TI-84

Enter the individual data sets into separate lists.  Then, run the ANOVA test 
(STAT → TESTS → ANOVA)



Running the test in R

Note:  R forces you to think of 
each sample as a different 
treatment.  We join all three 
samples into one list and create 
another list with the named 
treatments (in this case A, B, and 
C.

data <- c(9, 8, 10, 15, 16, 11, 9, 15, 11, 8, 18, 14, 15, 16, 21);
treatments <- 
c("UV1","UV1","UV1","UV1","UV1","UV2","UV2","UV2","UV2","UV2","sun","sun","sun","
sun","sun")
fit <- aov(data~treatments)
summary(fit)

Conclusion


