
One-way ANOVA



What is this used for?

• For comparison of more than three samples. (Recall 
that t-test is usually used for two sample 
comparison)

• Our concern here is whether there are the 
statistically significant difference in the mean among 
samples. In other words, the difference you 
observed is just because of sampling errors or not?

• Why “one-way”?: Just one independent variable.



Why “Analysis of Variance”?

• You will use three kinds of variance: Total variance, 
between variance, and within variance.

• H0: all of population means are the same. 
µ1=µ2=µ3=…

• H1: there is significant difference between “at least 
any two.” E.g. µ1≠µ2 or µ2≠µ3 or µ1≠µ2≠µ3…

• The basic idea is if between variance is significantly 
bigger than within variance, you can reject H0.



Simple Example.
(Hours you worked last week)
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What is H0 and H1?

• Some of you would ask there are three variables in the data. 
There is one independent variable (sometimes called 
“factor”), say race, but there are three “levels” for this 
variable. What is dependent variable? Your working hour.

• The sample mean is 6.9(White), 5.8(Black), and 7.0(Other). 
You are interested in whether the difference among three 
sample means is really significant at what level of 
confidence!

• H0: µwhite=µblack=µother
• H1: not H0. (there is the significant difference between at 

least any two groups)



Total Variance (SST)

• First of all, you have to calculate the mean for 30 cases 
(total cases!) I got 6.567.

• Secondly, you have to 1) subtract the grand mean from 
each score, 2) square each of these differences, and 3) 
add up squared scores.

• SST=189.367=(10-6.567)2+…+(9-6.567)2+
(3-6.567)2+…+(9-6.567)2+(4-6.567)2+…+(10-6.567)2

• This equation is about this calculation process.



Between Variance (SSB)

• First of all, you have to calculate the mean for each group. 
6.9(White), 5.8(Black), 7.0(Other). 

• Secondly, you have to 1) subtract the grand mean from 
each sample mean, 2) square each of these differences, 3) 
multiply each squared score by corresponding each sample 
size, and 4) add up.

• SSB=(6.9-6.567)2(10)+(5.8-6.567)2(10)+(7.0-6.567)2(10)
=8.867.

• The following equation is 
about what you did.



Within Variance (SSW)

• First, you already have got each sample mean: 6.9(White), 
5.8(Black), 7.0(Other). 

• Next, you have to 1) subtract each sample mean from each 
score within each group, 2) square the differences, 3) add 
up all of elements.

• SSW=180.5=(10-6.9)2+…+(9-6.9)2+
(3-5.8)2+…+(9-5.8)2+(4-7.0)2+…+(10-7.0)2

• This calculation process
is expressed as the following equation.



What if SSB is big enough?

• Wow! SST=SSB+SSW=189.367=8.867+180.5
• If SSB is big enough, what does this mean? The difference 

between the grand mean and each group mean is big. If 
null hypothesis is true, all of sample means should be equal, 
6.567. However, your sample mean is 6.9, 5.8, 7.0. 

• What if each sample mean is 12, 3.85, 3.85? (Note that the 
grand mean is the same as 6.567) Oh! There is big 
difference between the first sample mean and 3.85. So, we 
can say that as SSB become bigger, the chance of 
rejecting the null hypothesis becomes higher.



What if SSW is small enough?

• SSW is 180.5. In other words, SSW explains almost all of 
variance in SST. (180.5 is much bigger than 8.867)

• SSW indicates the difference between the sample mean for 
each group and each score in that group. Big SSW reflects 
a lot of variance in each group.

• For example, if 10 cases had 7.0 for the third group (other), 
then there is no variance.

• We might as well regard SSW as kind of standard error, 
that is, variability from one sample to another. As the 
fluctuation becomes smaller, the chance of rejecting the 
null hypothesis becomes higher.



F-test and F-distribution

• ANOVA is based on F-distribution. This distribution 
has two degree of freedoms, k-1 (df for between) 
and N-k (df for within). Here, k is the number of 
group, or the number of sample mean; N is total 
number of cases.

• Statistic F follows F-distribution (k-1, N-k)
• When MSB=SSB/dfb, MSW=SSW/dfw, then the 

statistic F is MSB/MSW.



So, What is the statistic F?

• SST=SSB+SSW=189.367=8.867+180.5
• What is df for between? K-1. What is the number of group? 

3. Therefore, dfb is 2.
• What is df for within? N-k. What is the total case? 30. 

Therefore, dfw=30-3=27.
• What is MSB=SSB/dfb=8.867/2=4.434.
• What is MSW=SSW/dfw=180.5/27=6.685.
• What is F? F=MSB/MSW=4.434/6.685=0.663.
• Let’s just suppose that your confidence level is 95%.



The Statistical Table for F-
distribution



What’s your judgment?

• Your statistic F is 0.663
• The critical value at the confidence level of 95% is 

3.35 approximately.
• The statistic is less than the critical value. In other 

words, your statistic does not fall in the rejection 
region.

• So, what’s your conclusion?



What is Eta?

• One question in your homework is about Eta squared. (Min is 0; Max 
is 1)

• To calculate this, use the following equation.

• What is Eta squared? 8.867/189.317=0.0468.
• Our result is very closer to 0. This implies that most of total variance 

could be explained by the variance within groups (rather than the 
variance between groups). In other words, the chance of rejecting the 
null hypothesis might be very small.



Keys

• Why do you prefer ANOVA (versus t-test)?
• What is the grand mean?
• What does alpha signify in ANOVA?
• What does J signify?
• SST=SSB+SSW (not SST=SSB/SSW or 

SST=SSB=SSW……)
• How to calculate each of them? (not computation, but 

conceptually)
• What are common sources of error?
• MSB=SSB/(J-1); MSW=SSW/(N-J)



• What is the definition of F-ratio?
• Why is this important?
• What is homoscedasticity?
• What is mean difference hypothesis test?
• What is eta-square (SSW/SST)? What is its 

range? Don’t confuse this with F-ratio 
(MSB/MSW)

• What is the purpose of post-hoc test?



One-tailed vs Two-tailed
• Two-tailed test is more conservative than one-tailed test. Why? 

You split the total error equally in two-tailed test! Recall that 
your test statistic will be positive or negative.

• Given the same amount of error you could tolerate, say 5%... 
• In two-tailed test, you actually have 2.5% on one side (i.e., if 

your test statistic is positive, you apply right-side 2.5%; 
negative, left-side 2.5%)

• In one-tailed test, by contrast, you will apply generously right-
side 5% if your test statistic is positive; left-side 5% if it is 
negative.

• Exactly saying, your generousness is double in one-tailed test 
than in two-tailed test!!! 



Previous example (I)
(Another example of ANOVA.ppt)

• Three line graphs overlap 
but not that much. This 
means that there is 
between variation. 

• But, there is within 
variation as well because 
people have a variety of 
scores within a group. 
(Recall the concept of 
range. It is 4!)



One extreme case (II)
• Here is a situation 

where within variation 
is much smaller than 
before.

• Little variation around 
the average of each 
group: 2.8 to 3.2 for 
group 1; 4.8 to 5.2 for 
group 2; and 6.8 to 7.2 
for group 3 (Range is 
0.4!)



Continued…

• Less overlap, which means 
that, although the average 
of each group is still the 
same (3, 5, 7), between 
variation becomes bigger 
compared to within 
variation.

• As is shown in the narrow 
width of graphs, within 
variation is much smaller.



Another extreme case (III) 
• Here is another situation 

where between variation 
is much smaller. Why? 
The average is 4, 5, and 
6 (Recall the interval is 
2 in example I and II).

• But, there is still much 
of within variation: 1 to 
7 (group 1); 2 to 8 
(group 2); 3 to 9 (group 
3). Range is 6!



Continued…

• As you expected, the 
degree of overlap is 
much bigger, which 
means that little 
between variation

• There is still much of 
within variation for each 
group, as it is shown in 
the broad width of 
graphs



In sum…

• The first case – we examined shortly today – is 
somewhere between the two extreme cases. 
Much of between variation is found, but this is 
the case with within variation.

• Again, the main goal of ANOVA is which one 
can explain more about the total variation (or 
total sum of squares, SST).

• Hence, it would be interesting to check the 
SPSS outcome.



Outcome I

• Average is 3, 5, 7, and standard deviation is 1.155…
• So, this difference from one group to another (e.g. 2 for 

[sophomore vs junior] or [junior vs senior] or 4 for 
[sophomore vs senior]) is really statistically significant?

• In other words, is there any significant variation of the 
outcome (i.e., score) across groups? (i.e., between variation is
bigger compared to within variation)



Outcome I

• Yes! We have to reject the null hypothesis! P-value under 
“Sig.” is 0.000 which means that the amount of error you will 
have if you reject the null is actually 0%. Hence, you could 
reject it really really safely.

• What was the null? No difference in the average across groups. 
In other words, no between variation.

• Your conclusion is that between variation (rather than within 
variation) can explain more about the total variation. The 
difference of the average across groups is significant.



Outcome II

• Each average is the same (3, 5, 7), but standard deviation is 
0.1155 which means that within variation becomes much 
smaller. 

• Your question again… this difference from one group to 
another (e.g. 2 for [sophomore vs junior] or [junior vs senior] 
or 4 for [sophomore vs senior]) is really statistically significant 
but given the big change of within variation?

• In other words, is there any significant variation of the 
outcome (i.e., score) across groups? (i.e., between variation is
bigger compared to within variation)



Outcome II

• Yes! You have to reject the null hypothesis again. Look at F-
ratio! 3000. Much much bigger than 30 (outcome 1). Why? No 
wonder! Within variation is much much smaller here. F-ratio 
is 40/0.013. (FYI: F-ratio is 40/1.333)

• If you have big test-statistic (whatever it is), the chance that 
you have to reject the null hypothesis become higher. Why? 
The chance that your test-statistic falls into the rejection region 
becomes higher.



Outcome III

• Average changed: 4, 5, 6. Standard deviation is 1.7638, which 
is the biggest. Much more overlap, which means we have less 
between variation here.

• The difference from one group to another (e.g. 1 for 
[sophomore vs junior] or [junior vs senior] or 2 for 
[sophomore vs senior]) is still statistically significant given the 
increase in within variation?

• In other words, is there any significant variation of the 
outcome (i.e., score) across groups? (i.e., between variation is
bigger compared to within variation)



Outcome III

• Unfortunately, you cannot reject the null hypothesis. Why? If 
you reject it, you will have 5.6% of error (Look at 0.056 under 
“Sig.” again), which is a little bit above the max amount of 
error you can tolerate (i.e., 5%).

• Within variation increased (i.e., big range) but between 
variation decreased (i.e., more overlap). Given this, it is not 
surprising that the ratio of MSB to MSW (i.e., F-ratio) 
decreased drastically. 

• Again, you do not have a big test statistic enough to falls into
the rejection region. It falls a little bit outside of that region.



How to use SPSS

• Unless I am crazy, I am not going to do this kind of 
calculation again.

• Let’s use SPSS.



• “Hours” is dependent 
variable.

• “Race” is independent. 
(Factor) This has three 
levels (White, black, 
other)

• The total cases is 
10+10+10=30.

• White is 1; black is 2; 
other is 3.



Variable View Capture



Analyze>Compare Means>
One-way ANOVA

• Click the second tab about “Post Hoc”, and then click 
‘Scheffe’ in the window about “equal variance assumed.”
(You might as well choose “Bonferroni,” or “LSD” approach)

• Significance level is 0.05.
• Click the third tab about “option”, and then check the box 

about “Means plot.”
• Again, race is factor (independent variable), while working 

hour is dependent variable.







• The result is the same as what I calculated before. 
You cannot reject the null hypothesis. (p-value is 
0.523)



• What is so-called Scheffe test? H1 is that there is 
significant difference between at least any two. Do you 
remember? In a word, this test tells that there is difference 
between (white, black) or (white, other) or (black, other). 
The result is that all differences between any two are not 
significant.

• Not surprisingly, the difference between white and other is 
the most insignificant (p-value is 0.996) because two 
sample means are most similar!



• This plot is just about the 
position of each sample 
mean.

• The sample mean is 
6.9(White), 5.8(Black), and 
7.0(Other).
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