
SOC 3811/5811: 
BASIC SOCIAL STATISTICS

Analysis of Variance



Associations Between Variables

Between now and the 3rd exam we will focus on measuring 
the association between two variables, X & Y

1. When X is discrete and Y is continuous, we will use 
“analysis of variance” techniques (Today)

2. When X and Y are both discrete, we will use cross-
tabular and c2 analyses (Thursday)

3. When X and Y are both continuous, we will use 
correlation & regression analyses (Next Week)



ANALYSIS OF VARIANCE



Introduction to ANOVA

ANalysis Of VAriance (ANOVA) techniques compare the 
mean of continuous variable Y across J populations

Such questions amount to comparing the mean of some 
continuous variable Y across the J categories of some 
discrete variable X

ANOVA amounts to a test of the hypothesis that all of the J 
population means are equal:

H0: m1=m2=m3=...=mJ

H1: Not all of the means are equal



Introduction to ANOVA

The test statistic that we use to perform the ANOVA 
hypothesis test is called the F statistic

Conceptually, the more the J sample means differ, the larger 
the F statistic

If F is larger than we would expect by chance … if the 
observed value of the F test statistic exceeds a critical value 
determined in advance … then we reject H0



Introduction to ANOVA

Little Evidence that
Population Means Differ  

Across j=4 Group

Considerable Evidence that
Population Means Differ

Across j=4 Group

Small F Value Larger F Value



The F Statistic



The F Statistic

Group 1 Group 2 Group 3



The F Statistic



The F Statistic



The F Statistic



The F Statistic

5% of the Sampling Distribution
(aka, 5% of the Area Under the F Curve)



ANOVA Example

Does employee productivity—how many minutes is takes 
them to perform a task—vary by how they are trained to do 
the task?

To find out, a company randomly assigned 60 new 
employees to get either Training A, Training B, or no training 
at all and then recorded the number of minutes it took the 
employees to complete the task.

Using a=0.05, assess whether the time it takes to complete 
the task varies by training type in the population



ANOVA Example

Below are the mean, standard deviation, and 95% 
confidence intervals for the three groups:

Training

Training A

Mean

12.9

s.d.

3.0

95% C.I.

11.5 to 14.3

n

20
Training B 9.0 2.6 7.8 to 10.2 20
No Training 14.7 3.4 13.1 to 16.2 20



ANOVA Example

Hypothesis Testing in 6 Steps … Just Like Before

1. State the null (H0) and alternative (H1) hypotheses

2. Check that the sample data conform to basic assumptions; if 
they do not, then do not go any further

3. Choose an a probability level … that is, a probability associated 
with incorrectly rejecting the null hypothesis

4. Determine the “critical value” … that is, how large the test 
statistic must be in order to reject the null hypothesis at the 
given a level

5. Calculate the test statistic ... F

6. Compare the test statistic to the critical value



ANOVA Example

State the null (H0) and alternative (H1) hypotheses

H0: mTraining A = mTraining B = mNo Training

H1: Not all of the population group means are equal



ANOVA Example

Check that the sample data conform to basic assumptions; 
if they do not, then do not go any further

1. The j samples are independent random samples

2. Within each population group, Y is normally distributed

3. The standard deviation of Y is equal across the j population 
groups (the “homoskedasticity” assumption)

Assumptions Are 

Not Met

H1: Not all Means 

Are Equal

H0: m1=m2=m3



ANOVA Example

Choose an a probability level … that is, a probability 
associated with incorrectly rejecting the null hypothesis

a=0.05

Determine the “critical value” … that is, how large the test 
statistic must be in order to reject the null hypothesis at the 
given a level

The critical value of F depends on a, dfNUM (which equals J-
1), and dfDENOM (which equals N-J). In our example, N=60 
and J=3, so dfNUM=2 and dfDENOM=57





ANOVA Example

In our example, with a=0.05, the critical value of F is 3.18

We can thus state a decision rule:

H0: mTraining A = mTraining B = mNo Training

H1: Not all of the population group means are equal

Fail to reject H0 if F ≤ 3.18

Reject H0 if F>3.18



ANOVA Example

Calculate the test statistic ... F

SSBetween = 334.6 with J-1=2 df

SSWithin = 520.35 with N-J = 57 df

𝐹𝐽−1,𝑁−𝐽 =
SSBETWEEN/J − 1

SSWITHIN/N − J



ANOVA Example

Calculate the test statistic ... F

SSBetween = 334.6 with J-1=2 df

SSWithin = 520.35 with N-J = 57 df

𝐹𝐽−1,𝑁−𝐽 =
SSBETWEEN/J − 1

SSWITHIN/N − J
=

334.6/2

520.35/57
= 18.33



ANOVA Example

Compare the test statistic to the critical value

1. If the test statistic is larger than the critical value, then reject 
H0 (with probability of a of doing so even though H0 should 
not be rejected)

2. If the test statistic is less than or equal to the critical value, 
then do no reject H0 (with probability of b of doing so even 
though H0 should be rejected)

We determined that our critical value of F is 3.18

We observed an F statistic of 18.33

H0: F ≤ 3.18 H1: F > 3.18

Conclusion: Reject H0



ANOVA Example

Below are the mean, standard deviation, and 95% 
confidence intervals for the three groups:

Training

Training A

Mean

12.9

s.d.

3.0

95% C.I.

11.5 to 14.3

n

20
Training B 9.0 2.6 7.8 to 10.2 20
No Training 14.7 3.4 13.1 to 16.2 20





F Table Practice

With a=0.05, what is the critical value of F when…

dfNUM=7, and dfDENOM=80 ?

dfNUM=20, and dfDENOM=2,400 ?

With a=0.01, what is the critical value of F when…

dfNUM=8, and dfDENOM=982 ?

dfNUM=14, and dfDENOM=30 ?







Do the populations of people who live in cities, in the suburbs, and in rural areas own 
different numbers of cars?  To find out, I randomly sampled 5 urban residents, 5 
suburban residents, and 5 rural residents; I asked each person how many cars they 
own.  Here are the responses I obtained:

Urban residents: 0 1 1 0 0 ( ǉ𝑦urban=  0.400; surban = 0.548)

Suburban residents: 2 1 1 2 1 ( ǉ𝑦suiburban= 1.400 ;ssuburban = 0.548)

Rural residents: 2 2 3 1 2 ( ǉ𝑦rural= 2.000; srural = 0.707)

For the full sample: ǉ𝑦 = 1.267, SSBetween=3.92 and SSWithin=4.40

Test the hypothesis that in the population the mean number of cars owned is the 
same for people who live in urban, suburban, and rural areas.  Use a significance 
level of a = 0.05.  Be sure to state the competing hypotheses, compute the 
appropriate test statistic, and state your conclusion about whether you reject or fail 
to reject H0.  (Here, ignore the assumptions that (1) the variable must be distributed normally within each population and (2) that the amount of 

variability in each group must be the same.  It’s just a practice example.  If this were real research, of course, we would not do so.)

Another ANOVA Example




