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What is ANOVA?

There are 2 types of ANOVA: One-way and 
Two-way. A one-way ANOVA is used when you 
want to compare the means of three or more 
groups or treatments based on a single 
independent variable (factor) to determine if 
there is a statistically significant difference 
between the groups. You would use a two-way 
ANOVA when you want to examine the effect of 
two independent variables on a dependent 
variable, particularly to assess both the 
individual (main) effects of each independent 
variable and the interaction between them

ANOVA (ANalysis Of VAriance)  is used 
to compare three or more means to see 
if one is different. This is similar to a 
2-sample t-test, but it can be used for 
three or more means. 2-sample t is for 
2 means only. ANOVA is used for data in 
quasi-experiments, and field studies, 
and experiments (such as STEM 
projects). The result of an ANOVA test 
tells you if the means across each 
group are different or not



Hypothesis for ANOVA

Ho: All μ are the same
Ha: At least one μ is different



Assumptions and Conditions

● Random sample / assignment / representative sample

● The independent (manipulated) variable must be categorical, and the 
dependent (measured) variable must be quantitative

● Each group’s data follows a normal distribution

● At least two categorical independent groups in an independent variable 
(two independent variables for 2-way ANOVA

● Samples must be independent

● Homogeneity of the variance of the population 



Statistic Used for ANOVA Testing
The statistic used for ANOVA tests is the 

F-statistic

- Named in honor of Sir Ronald Fisher

- Ratio of two variances (square of SD)

- numerator-”the extent to which the sample 
averages differ”

- denominator “overall variability in the 
samples”

Via  https://sixsigmastudyguide.com/f-distributionf-statistic-f-test/ 

https://sixsigmastudyguide.com/f-distributionf-statistic-f-test/


One-Way ANOVA Example

In this example, data was collected to try and see if the average number of lyrics in four 
different music albums differed overall

○ A random sample of 6 songs was taken from each album (generated using the 
RNG on a TI-84)

○ The total number of words in that song were found 

○ A One-Way ANOVA was performed on this data set to see if the true average 
number of words in each album differed



One-Way ANOVA Data
Assumptions 

- stated random sample
- independent variable (album) is 

categorical, and dependent variable 
(word count) is quantitative

- Number of independent groups is 
greater than 2

- Samples were independent
- Distribution of each group is 

approximately normal (histograms of 
each group were made)

- variances of groups are homogenous 
(explained after)



How to test the data in excel
(Ho: All groups are evenly distributed; Ha: At least one mu is different)



How to test the data in excel
(Ho: All groups are evenly distributed; Ha: At least one mu is different)



How to test the data in graphing calculator
- Enter each group of data into a separate list (in this case, each album group would go into 

its own list)

- Go to stat -> test -> H: ANOVA (last option)

- Enter in lists used separated by commas

- A menu will pop up with the test statistic and p-value



How to test the data in graphing calculator



Conclusion

● Since the p-value is less than .05, reject the null hypothesis

● There is convincing evidence that at least one of the mus is different

● Post hoc tests can be used to determine which means are statistically 
significant from the rest (or using 2-sample t-tests between all the 
different means, but this can take a while)



Back to this…

- Homogeneity assumption can be 
calculated using an ANOVA of the absolute 
residuals of each value ( |mean-value| )

- If the p-value of the test is greater than 
.05, the samples of the variances are 
homogenous

- This is called Levene’s test

Example formula:



Back to this…

(THIS IS THE RESIDUAL DATA)



Two-Way ANOVA

Does age affect how satisfied you are with life? A study was 
conducted with  Male and Female adults, and groups were split by 
gender and age



Two-Way ANOVA
Assumptions 

- stated random sample
- independent variable (album) is 

categorical, and dependent variable 
(word count) is quantitative

- Number of independent groups is 
greater than 2

- 2 different independent variables used
- Samples were independent
- Distribution of each group is 

approximately normal (histograms of 
each group were made in excel)

- variances of groups are homogenous 
(also conducted in excel)



How to do Two-Way ANOVA in Excel
(Ho: All groups are evenly distributed; Ha: At least one mu is different)



How to do Two-Way ANOVA in calculator

Two-way ANOVA can be conducted in a 
graphing calculator, however, a special 
program must be downloaded onto the 

calculator to conduct the test.



Conclusion

● Since the p-value is less than .05, reject the null hypothesis

● There is convincing evidence that at least one of the mus is different

● Post hoc tests can be used to determine which means are statistically 
significant from the rest (or using 2-sample t-tests between all the 
different means, but this can take a while)



Tests used last year by the seniors



Sources:
One-Way ANOVA - SPSS Tutorials - LibGuides at Kent State University

Analysis of variance (ANOVA) | Statistics and probability | Khan Academy

https://www.bing.com/videos/riverview/relatedvideo?q=what+is+anova+used+for
&mid=3973B52CA7C308380D253973B52CA7C308380D25&FORM=VIRE&ajaxhist=0

https://www.bing.com/videos/riverview/relatedvideo?q=two+way+anova+excel&m
id=5697B25327954A3FDC665697B25327954A3FDC66&FORM=VIRE 

How to Perform Levene’s Test in Excel 

https://libguides.library.kent.edu/spss/onewayanova
https://www.khanacademy.org/math/statistics-probability/analysis-of-variance-anova-library
https://www.bing.com/videos/riverview/relatedvideo?q=what+is+anova+used+for&mid=3973B52CA7C308380D253973B52CA7C308380D25&FORM=VIRE&ajaxhist=0
https://www.bing.com/videos/riverview/relatedvideo?q=what+is+anova+used+for&mid=3973B52CA7C308380D253973B52CA7C308380D25&FORM=VIRE&ajaxhist=0
https://www.bing.com/videos/riverview/relatedvideo?q=two+way+anova+excel&mid=5697B25327954A3FDC665697B25327954A3FDC66&FORM=VIRE
https://www.bing.com/videos/riverview/relatedvideo?q=two+way+anova+excel&mid=5697B25327954A3FDC665697B25327954A3FDC66&FORM=VIRE
https://www.statology.org/levenes-test-excel/
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