Lecture 23, 24, 25
ANOVA
· What is it?
· Method for testing equality of three or more populations by studying sample variances
· Better than using two samples at a time because doing this multiple times will reduce the confidence level (CL^trials)
· Assumes independent tests
· Increases risk of TYPE I ERROR – level of confidence = CL ^ trials
F Distribution
· Properties
· F distribution NOT SYMMETRIC; RIGHT SKEWED
· Values for F greater or equal to 0
· There is different F distribution for each pair of DF for numerator and denominator
· One-way distribution
· Because sample data separated into groups according to one characteristic
· Ex. Each treatment group is separated based on treatment
One-Way ANOVA
· Things to consider
· Small P-value will reject null hypothesis
· Know sum of squares and mean square and their role in F statistic
· Method: one-way analysis of variance
· Also called treatment (NOT FACTOR)
· Factor is the explanatory variable being studied
· Requirements
· Populations normally distributed (loose)
· Populations have same variance or SD (loose)
· Samples are SRS
· Samples independent (ie. Not a matched pair)
· Different samples from each population categorized in one way
· to test
· find P-value
· if P-value < alpha, reject null
· rational
· Large F test statistic is located far to the right of the graph, meaning a smaller P value


· Variation
· Two ways to estimate common value of variance
· Variance between samples (variance b/c of treatment)
· Estimate of common population variance based on variation among sample means
· Variance within samples (variance b/c of error)
· [image: ]estimate of common population variance based on sample variances



· NOTE***
· If there are only 2 samples, a two-tailed independent sample pooled t-test for means is equal to one-way ANOVA F test
· F statistic value in this case is t statistic value squared
· Calculations with Equal Sample Sizes n
· Change in the F test statistic and P-value is only attributable to change in sample mean
· An increase in difference b/w sample means will increase F and decrease P-value
· Degrees of freedom
· K is the number of samples, n is the sample size
· Numerator DF = k – 1
· Denominator DF = k(n – 1)
· Calculation with Unequal Sample Sizes
· With unequal sample sizes, we must use weighted measures to determine F statistic
· SS(total) = SS(treatments) + SS(Error)
· Using this we can get mean squares (MS)
· To get mean squares, you divide the sum of squares by their respective DF
· MS(total) = SS(total) / (N-1)
· MS(treatment) = SS(treatment) / (k – 1)
· MS(error) = SS(error) / (N-k)
· F test statistic can then be gotten by…
· F = MS(treatment) / MS(error)
· Designing an experiment to reduce extraneous factors
· Completely randomized design
· Rigorously controlled design


· Identifying means that are different
· When you reject the null, you can’t say that one mean is different from the others
· To do this, you could…
· Construct a boxplot
· Use CI estimate of means and compare CI between samples
· Range tests
· Multiple comparison tests
· MULTIPLE COMPARISONS TESTS (BONFERRONI)
· Pairs of means used (adjusted to overcome significance level problem)
· How to do it
· Do t test for each pair of samples
· Calculate T statistic using MS(ERROR) [image: ]
· using T statistic, find critical t-value and p-value
· critical value – adjust by dividing significance level (ALPHA) by total number of possible pairings
· p-value – use test statistic t with DF = N-k and then multiply p-value by total number of possible pairings
Two-Way ANOVA
· What is it?
· Involves 2 factors (ex. Site and treatment)
· Subcategories are called CELLS
· Better than doing one-way ANOVA twice because it includes INTERACTION b/w the two factors
· Ie. The effect of one factor on the other
· Graph
· When a graph has line segments that are parallel, there is no interaction between row and column variables
· Requirements
· Each cell has sample values from a normal population (loose)
· Each sell has sample values from a populations with equal variance (loose)
· Samples are SRS
· Samples are independent
· Samples are organized in two ways


· procedure 
· Test interaction between two factors to find F-statistic
· F = MS(interaction) / MS(error)
· If there is an interaction between the two factors, reject the null of no interaction
· If there is no interaction, test effect from row factor and test effect from column factor (both of these are F-statistics)
· F = MS(row factor) / MS(error)
· F = MS(column factor) / MS(error)
· Special case – one observation per cell and no interaction
· With one observation only, we don’t have…
· MS(interaction), SS(interaction), df(interaction)
· b/c these are values based on variances computer for each individual cell
· we can still calculate test effect from row factor and column factor to determine significance of the F test statistic
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