Analysis of Variance
(ANOVA)
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What We Will Cover in This Section

 Introduction.
* Overview.

* Simple ANOVA.
— Theory
— Practice

Situation

The management of Sal T.

Dogg’s restaurant wanted to

see if the saltiness of 1
appetizers would influence

the number of drinks people
purchased. Three sections of 2. Whatis H,?
the club are targeted to

receive appetizers that have

either low, medium, or high

saltiness. The dependent

variable is the number of

drinks ordered.

. What is the research
hypothesis?
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Appetizer saltiness and number or drinks ordered.

Group 1 Low Salt Group 2 Medium Salt | Group 3 High Salt
2 3 3
3 4 1
1 4 2
1 5 2
2 6 3
2 4 1
1 3 1
2 2 2
2 4 1
4 4 2
M =2.00 M =3.90 M = 1.80

i B

Issue

How to determine if one mean is
significantly different from the other
means while minimizing the
probability of committing a Type |
error.
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Analysis of Variance:
Background and Theory




t-test Logic
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Distance Between Means
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Treatment + Random Error

ANOVA Logic

Treatment Effects
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Total Variability

Within Groups Variability




Partitioning the Variance

Total
Variability

ANOVA Model

Total _ Random
Effect = Treatment Effect + S
Total _ Betweed Within Groups
Variabilt; = Gronns * Variabilit
Y Variability Y
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Partitioning the Variance

Total - Bgrt:vfi” . Within Groups
Variability Variab‘;ity Variability

S S Total __ SSBetween Groups SSW ithin Groups

df Total df Between df Within
(N-1) (k—1) (N-k)




The F ratio

Foing =

F-test Compared to t-test
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What Does the F Mean?

Treatment Variability
+

Random Error
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The Critical Value of F

» See page 485 in text book.
» Notice

— Need df een (NUMerator) for columns.
— Need df ;i (denominator) for rows.

— As df increases the critical values get
smaller.

The Problem
Returns
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The Situation (in case you forgot)

The management of Sal T. Dogg’s restaurant wanted to see if
the saltiness of appetizers would influence the number of
drinks people purchased. Three sections of the club are
targeted to receive appetizers that have either low, medium,

or high saltiness. The dependent variable is the number of
drinks ordered.




Hypotheses

Research Hypothesis.
Saltiness of the appetizers will influence the
number of drinks that people buy.

Null Hypothesis.
Saltiness will not influence the number
of drinks that people buy.

Statistical Hypothesis.
H1=H2 = H3

Appetizer saltiness and number or drinks ordered.
Group 1 Low Salt Group 2 Medium Salt Group 3 High Salt
2 3 3
3 4 1
1 4 2
1 5 2
2 6 8
2 4 1
1 3 1
2 2 2
2 4 1
_ 4 __ 4 _ 2
X=2.00 X=3.90 X=1.80
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Graph of Saltiness Ratings

Mean of SALTINES
°

Low saltiness. Medium Saltiness. High Saltiness.
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ANOVA Summary Table

Source SS df MS F crit=3.35)
EEREET ey 2 13435  14.77
Groups
Within 2450 27 91
Groups
Total 51.37 29
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Post Hoc Tests

When F is significant, how do you
determine which of the means differs
from the others?
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Tukey Honestly Significant Difference
Test (HSD)

MS, in 91
HSD = Do df, 5, ) Tth HSD = 9 (05.27.3) E

HSD =3.53x+.091

q = Value from table, page 488
o = desired significance level HSD=1.06
df, i = Within groups df’
k = Number of groups.




How To Use Tukey (HSD = 1.06)

1.00

Effect Size: Eta Squared (n?)

, SS, 2:26.87
m= SsS, 51.37
Tota
n* =.523
ﬁesa, ?»
Assumptions

The observations within each sample are
independent.

The population from which the samples are
selected is normally distributed.

The population from which the samples are
selected have equal variances
(homogeneity of variance)
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Another ANOVA Example

Sal O. Gysm felt that the perceived difficulty of
logic problems would influence performance on
these problems. Sal developed a set of
problems and gave them to three groups. One
group was told that the problems was easy,
another was told that they were moderately
difficult, and the third was told that they were
difficult. The dependent variable was the
number of problems solved.

ANOVA: Example 2

Easy Moderate Difficult

Logic Problem Results

No of problems
solved

Easy Moderate Difficult
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ANOVA: Summary Table

Source SS df MS F
Between 63.33 2 31.67 452
Within 84.00 12 7.00
Total 147.33 14

Post hoc Analysis: Tukey HSD

HSD =4.46
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Easy Moderate Difficult

LIRS

Effect Size: Eta2 (17°)

o = 6333

772 — SSbetween 14733
SStatal

772 =428




Key Learning Points

1. The F test is used for comparing three or
more means.
2. The Total Variance is broken down into two
components
- Between Group Variance (Treatment plus error)
- Within Group Variance (Error)
3. The F ratio is computed by dividing Sum or
Squares Between by the Sum or Square
Within.
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Key Learning Points

4. The F ratio tells you ONLY if all of the
means together are different.

5. The post hoc tests tell you which pairs
of means differ.

6. Eta? tells you the amount of variability
accounted for in the treatment.




