

MTL Module 6B Unit 8


Math 490 Module 6B
  Unit 8: ANOVA

Goal: understand Analysis of Variance; try a new statistics software application

Read the Chapter or unit on ANOVA in your primary AP Statistics textbook. 
Historical Note: The English Statistician, Sir Ronald A. Fisher (1890-1962) developed statistical methods in inferential techniques, experimental design, estimation, and analysis of variance. The F–ratio and corresponding probability distribution were invented by him. Modern work on the analysis of variance usually makes no reference to him, but in the 1930s it was called Fisher’s analysis of variance.  Fisher had intellectual differences with other statisticians, most notably, Karl Pearson; this had the result that after 1915, Fisher never published in the leading statistics journal, Pearson’s “Biometrika.” Read more about R.A. Fisher at:

http://www.economics.soton.ac.uk/staff/aldrich/fisherguide/rafframe.htm
Technology Note: Due to the nature of the ANOVA calculations, you will need to address the issue of technology usage in your teaching. The TI-83+, StatDisk, Excel, Minitab, Fathom, and many other software applications, as well as interactive website, can generate ANOVA calculations.  A website called “World Wide Web Virtual Statistics Library” lists all statistics software currently available.  http://www.stat.ufl.edu/vlib/statistics.html
Search for a new statistics software application; select one to try, and download the demo.  A possible choice might be JMP™ Statistical Discovery Software, a business unit of SAS, which is one of the older, high-end, statistical software applications. http://www.jmp.com/
Analysis of Variance (ANOVA) is a method of testing the equality of three or more populations means by analyzing sample variances.  Analysis of variance is used to decide whether three or more populations have the same mean.  One-way ANOVA, or single factor analysis of variance categorizes the data into group according to a single factor (or treatment). You should note the assumptions for one-way ANOVA in your primary text.

Factor or Treatment: Instead of choosing between the terms “treatment” and “factor,” consider referring to “treatment or factor” so that it becomes known that those two terms are synonymous.
Read/review one-way ANOVA in your primary text. 
Why can’t we just test two samples at a time?  The approach of testing many pairs of samples means requires many different hypothesis tests. If the degree of confidence for one test is 0.95, for two tests it becomes 0.952, and for three pairs 0.953 (or 0.857). In general, as we increase the number of individual tests, we increase the likelihood of finding a difference by chance alone, instead of a real difference in the means; i.e., the risk of a type I error becomes far too high.

Initially, it is difficult to understand the rationale for testing the difference between population means by analyzing sample variances.  Visuals usually help students understand the reasoning. You may find the website called “Understanding ANOVA Visually” particularly useful. 

Visual ANOVA: http://www.psych.utah.edu/stat/introstats/anovaflash.html
Variance between samples: also called variation due to treatment, is an estimate of the common population variance that is based on the variation among the samples means.

Variance within samples: also called variation due to error, is an estimate of the common population variance based on the sample variances.
Test Statistic for one-way ANOVA:  F = 
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The numerator measures variation between sample means. The estimate of variance in the denominator depends only on the sample variances and is not affected by differences among the sample means. Consequently, sample means that are close in value result in a small F test statistic and we conclude there are no significant differences among the sample means. But if the value of F is excessively large, then we reject the claim of equal means. Caution when interpreting results: When we conclude that there is sufficient evidence to reject the claim of equal population means, we cannot conclude from ANOVA that any particular mean is different from the others. Specific follow-up tests, called multiple comparison procedures, are used to identify the specific means that are different.  Among the most commonly used tests are the 

Tukey test and the Scheffé test, but there are several more.

Assignment:

8.1.
Write-up a practice problem to use with your class to introduce ANOVA. Annotate 
the problem and solution with important points. Give the P-value as well as the 
critical value for a traditional hypothesis test. You may use one of the exercises in 
your primary text, but you should not use the illustrations or problems provided as 
examples in the chapter.

8.2.
Using the same practice problem, use two different software applications to verify 
the results; the TI-83+ may be one (optional), and/or you may use any of the
applications used in this module, or an interactive site on the Internet.  Submit your 
results using screen shots if needed.

8.3.
Using the same practice problem or a different problem, use JMP or the new 
software application you downloaded at the beginning of this unit, and generate an 
ANOVA test. The goal here is to try an application you have never used before.  
Write a brief critique of the application.
When we use one-way (or single-factor) ANOVA and conclude that the differences among the means are significant, we can’t be absolutely sure that the given factor is responsible for the differences. It is possible that the variation of some other unknown factor is responsible. One way to reduce the effect of the extraneous factors is to design the experiment so that it has a completely randomized design, in which each element is given the same chance of belonging to the different categories, or treatments. Another way to reduce the effect of extraneous factors is to use a rigorously controlled design, in which elements are carefully chosen so that all other factors have no variability.  In general, good results require that the experiment be carefully designed and executed.
Two-way analysis of variance involves two factors (or treatments).  Data is partitioned into two variables: the row variable, and the column variable.  It might seem reasonable to do a one-way ANOVA for each variable; unfortunately, conducting two separate one-way ANOVA tests wastes information and totally ignores a very important feature: the effect of an interaction between the two factors. 

There is an interaction between two factors if the effect of one of the factors changes for different categories of the other factor.  Graphs are particularly helpful in “seeing” possible interaction between factors.  

Read/review two-way ANOVA and interaction in your primary text. 
Two-way ANOVA design has several null hypotheses. The first set of hypotheses concerns the interaction effect; the second and third sets test the effects of the independent variables, called the main effects.   You should note the assumptions for two-way ANOVA in your primary text.  In general, you should check first for interaction between the two factors. If there is an interaction, you should not consider the effects of either factor without considering the effects of the other.  A balanced design is where all cells have the same number of sample values.  

Another way to control for extraneous variation is to use a randomized block design, in which a measurement is obtained for each treatment on each of several individuals that are matched according to similar characteristics. A block is a group of similar individuals.  (Carol Castellon’s note: Supposedly, the AP test does not include ANOVA; however, released AP tests included questions about block design, which is two-factor ANOVA!)  An easy example of randomized block design is having 3 (or more) cars test several different brands of gasoline. The factor of interest is the brand of gasoline, because we are interested in the efficiency of the gas, not the cars. The “block” factor is the cars. The response variable is the mi/gal.  

Technology note: The TI-83+ does not have a built-in function for two-way ANOVA, but programs are available if you wish to download one to your calculator. A company called SigmaXL has Excel add-ins for several non-parametric tests including the Kruskal-Wallis test; they provide a 30-day free trial period. Neither calculator usage nor Excel will be required for completion of the following problems.  However, if you wish to try the Excel add-in, the URL is: http://www.sigmaxl.com
Assignment:

8.4.
Write-up a practice problem to use with your class to introduce two-way ANOVA. 
Annotate the problem and solution with important points. Give the P-value as well 
as the critical value for a traditional hypothesis test. You may use one of the 
exercises in your primary text, but you should not use the illustrations or problems 
provided as examples in the chapter.

8.5.
Using the same practice problem, use two different software applications to verify 
the results. You are encouraged to use JMP or the new software you downloaded at 
the beginning of this unit, but it is not required for this problem. Submit your 
results using screen shots if needed.

The Kruskal-Wallis test can be used to test the null hypothesis that three or more independent samples come from identical populations, and unlike the ANOVA method, it does not require normal distributions. You might consider covering Kruskal-Wallis before covering one-way ANOVA.  The Kruskal-Wallis Test, also called the H test, is a nonparametric test that uses ranks of sample data from three or more independent populations. The H statistic has a distribution that can be approximated by the chi-square distribution as long as each sample has at least five observations., When using the chi-square distribution in this context, the number of degrees of freedom is k–1, where k is the number of samples. 

Read/review the Kruskal-Wallis test in your primary text. 

Technology note: Neither the TI-83+, Fathom, nor Excel have a built-in function for the Kruskal-Wallis test; StatDisk, Minitab, and JMP do; any higher-end statistical software will include this test. Check the statistical software you use to see if it does the Kruskal-Wallis test.
Assignment:

8.6.
Write-up a practice problem to use with your class to introduce the Kruskal-Wallis, 
or H test. Annotate the problem and solution with important points. You may use 
one of the exercises in your primary text, but you should not use the illustrations or 
problems provided as examples in the chapter.

8.7.
Using the same practice problem, use two different software applications to verify 
the results; you may use any of the
applications used in this module, and/or an 
interactive site on the Internet.  Submit your results using screen shots if needed.

Self-test using practice problems in your primary AP Statistics text. Note: the AMSCO text does not include ANOVA.
Assignment:
8.8. 
Explain in your own words why the F-test must always be a right-tail test.

8.9.
Find an on-line database to select a sample data set and run an ANOVA test.  Give 
the URL for the data sets. Use two 
different applications to run ANOVA. Annotate 
your work with comments or notes. Part of the challenge of this exercise is finding
data sets appropriate for ANOVA tests.

8.10.
Compare and contrast the applications used in this unit.
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