Chapter 12 Review Session 17: 4/16/25
Theorem

e The Logic of ANOVA
o ANOVA s a test that compares individual samples to each other AND

observes the variation within each individual sample.

=  When comparing individual samples to each other, we call that

Mean Square Between (MSB)

=  When observing the variation within each individual sample, we call

that Mean Square Within MSW)
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e Everything ANOVA (Table and Testing by Hand)

o The response variable is the interest that is measured in an
experiment.
= Thisis also known as the dependent variable

o The__ response jswhatis effected by the ( factor ,

» Thisis also known as the independent variable

o The treatments in an experiment are the levels in the __category

_ SS Df MS TS P~alve

Jhuan |5, Factor Db, g Where beten & within |
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o Considerations
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» There are Itreatments which actasour _levels
e These treatments are under _K _category

= The overall sample size (_n ) for _K are distributed for each L

= Each l also has a standard deviation & mean
e Tofind the overall mean
o— x.-'- ;&-'- -..+XI
X- 255

= The hypotheses
e Null: M|=.Ma=---=MT

e Alternative: At least one differs from the others.

o Formulas
= The Sum of Squares

e Between (SSB)
SSB==(n(%-%)
e Within (SSW)
Ssi=S (v-1)s)
* The degrees of freedom

e Between ( D“‘n)

Dﬁg :‘_—i

= The Mean Squares

e Between (MSB)

e

e Within (MSW)

__SSW
MW= Dr,
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At least one differs from the others.

SSB

SSW

MSB

MSW


= Test Statistic

MSB
t- MSW
=  P-value
p=Fedb(TS,E, Dhs, DF,)
= Total r Squares (May or may not be asked to find this)
TSS = SSBSS W

= Total Degrees of Freedom (May or may not be asked to find this)
L% Totalye = DFQ“’DPN
o Decision & Interpretation

= Rejecting (2P )

At _S\ % level of significance, there is ___sufficient evidence to support

that at least one of the treatment means differ.

* Failingto Reject (A<D )

At _cL 9% level of significance, there is __insufficient evidence to support
that at least one of the treatment means differ.

e ANOVA F-Test on the Calculator
o You will need the data/list for each treatment
= |nputinto the calculator

Stat --> 1: Edit --> Put in data for each treatment into individual lists

o Then you go to the ANOVA function

Stat --> Tests --> A: ANOVA( --> List each treatment list with a comma
between and close the parenthesis

=  Qutput Terms to know
e FistheIS

e Pisthe_pvalue

e Factor stats (df, SS, and MS) is the between values

e Error stats (df, SS, and MS) is the within values


sufficient

insufficient

Stat --> 1: Edit --> Put in data for each treatment into individual lists

Stat --> Tests --> A: ANOVA( --> List each treatment list with a comma between and close the parenthesis

TS

p-value

between

within


e Ignore Sxp!!!

e Post-Hoc Analysis
o Onlyused when you __Reject Null in the ANOVA test!
o This analysis looks at determining which treatment is different from the

others, if possible for the particular scenario.

o Thisclass focuses onthe Tukey HSD method and the
Bonferroni method.
* Weuse__ Tukey HSD for _equal  sample sizes between
treatments.
= \Weuse Bonferroni for equal or unequal sample sizes

between treatments.

o Both methods are pairwise comparisons.

= |.e.Ifthere are 3 freatments Post-Hoc looks at:
("'\ y M;b (M: /M) Mg, M3)

o This means the hypotheses look like:
= Null M.:-M,g Ml :,u\3 , AAa:A{S
= Alternative: At least one mean is different.
o ForPost-Hoc, you will be given an R table with each treatment comparison
written out. You will not be expected to calculate for each comparison!
o Decision & Interpretation (Overall)
» Rejecting (A2 ) ]
e Meansthat_ M #M For '.““h
N | parrmise
= Failingto Reject (h<p ) cam,oarisor\
e Meansthat_M=/M

= Thus, we say:

At A % level of significance, we cquld say that treatment(s)(c)'lf\‘. M i are
different from treatment(s)(oﬂw M) .

Practice

1. Ella, a beauty CEO, is performing an experiment comparing the time it takes (in

minutes) for different face mask formulas to dry to determine which face maskiis

best for quick use. Use the table below to answer the questions, keeping in mind
that we are testing against a 5% significance level.



Reject Null

Tukey HSD

Bonferroni

Tukey HSD

equal

Bonferroni

equal or unequal

pairwise

At least one mean is different.


{\T, Vo St II"“\ \

Formula A \b Formula B s)/ Formula C
2.35 Y =44 358 Y= 5732 1.25 X = I a4
1.55 3.05 - 1.90
205 S=056 2.98 ?\ -06"’ 3 2 3;0;;"
3 n=§ 4 - 3.05
2.88 2.89 1.5
1.90 3.43 2.80
3.05 1.45
2.75
a. ldentify the Factor, Levels, and response variables. 7(_ - AU4y+33a+/.49
/ J g ovennl | 3
Formvlas dry time -
Fouce ABAC 9" = .58
MasKs

b. State the ANOVA Hypotheses.
HoMa=Mg=M,  H At least o diftas
c. Fillinthe ANOVA table.

B s Df MS TS p-value
ractor | & 88 L 244 34| 0.0020

(Variable)

Residual 6 518 ,8 0. 23

(Error)

SB = (3(au-2 )+ (g(332-2569)+ (701 1a557) =(5. 8¢
SSw =({8-10. 56“)+((e-:)043§+((7-0664 =.
Dh=3-1=Q)  DE=(8+67)-34]

msp=222-=Q 40) /vlswﬁ‘”’

-%gg -GAD)  peHEn,£19,2,18)<00030)

d. Whatisthe decision?

0.05 > 0.000 —> Raject Hy

e. Choose the appropriate interpretation.
At 5% level of significance, there is sufficient evidence to support that at least
one of the treatment means differ.&l-\,

O At 5% level of significance, there is insufficient evidence to support that at least

one of the treatment means differ.



f. Would we move onto Post-Hoc? If yes, continue.

Yes

g. Write the Post-Hoc Hypotheses.

Hot Ma= Mg B Ma# Mg
MkzMC MA —*(MC
Mg=M, Mg# M

h. Analyze the R output below. .

/ hbﬂ" e

née

Confideve Tnborm
Ho M pass diff lwr.ci upr.cil I pvall <%

A=B ‘ForminB -fumda A 1.08 -1.455499 3.6154988 0.8149 0.05 Ful (A=8)
A=C ek C —fominA -1.42 -3.955499 1.1154988 0.4616 > 0.09 fail (A=C)
B=C  :forual ~fomis B -2.50 -4.814583 -0.1854169 0.0322 & 0.05 Resat(B#C)

i. Interpretthe scenario.

At 5% level of significance, we can say that while the means for mask A is not different from masks B and

C, mask B is different from mask C.

2. Steven, a pharmacist, is trying to determine which ADHD medication is most

effective out of the 4 most common types. To do so, the pharmacist asks 7 people
for each medication how effective they would rate it. Use the statistics below to
answer the questions, keeping in mind that we are testing against a 1% significance

level.
Medication Mean Score Standard Deviation Sample Size
#1 5.43 1.72 7
#2 4.14 1.35 7
#3 6.29 1.1 7
#4 6 1.41 7

a. ldentify the Factor, Levels, and response variables.

- BU3tii+16.M4+4

ADHD 4 ,f;?‘;fﬂq Stoens ica !
Meds =547
b. Statethe ANOVA Hypotheses.
HD:/Ml M =M =M, K- At leas? one m diftes.
c. Fillin the ANOVA table.
SS Df MS TS p-value
otey | 1407 3 636 | D43 0474



At 5% level of significance, we can say that while the means for mask A is not different from masks B and C, mask B is different from mask C.


Residual
(Error

4.0l

-

6.36

)
SB=(7(513-547P (71 -5+ (7

_ 6326 _
T e =012

d. Whatisthe decision?

0.0l < 0UMG > fuil 4o Reject

e. Choose the appropriate interpretation.

(bas-547 {(2(6-5.477)

SSW=((7-n 192)4((2-31. #0217 + (2=0).41%)

40D Dﬂ;“"’"’@

DPW‘—(%N-I)‘LI@

p=4cde(042,£4,3, 7>=

O At 1% level of significance, there is sufficient evidence to support that at least

one of the treatment means differ.

At 1% level of significance, there is insufficient evidence to support that at least
msyreient

oneo

.

iffer.<— )..).

f. Would we move onto Post-Hoc? If yes, continue.

No

/(Write the Post-Hoc Hypotheses.

/K. Analyze the R output below.

o oW . Cwo

-1
=
ol
-
-
-3

0.
0.
0.
-0.
-0.
0.

diff
36250000
07833333
22000000
28416667
14250000
14166667

/'./ Interpret the scenario.

lwr
.12528287
.15888380
.01721713
.52138380
.37971713
.09555047

upr
0.59971713
0.31555047
0.45721713
-0.04694953
0.09471713
0.37888380

O O OO OO

p adj

.0010358
.8143113
.0778376
.0131752
. 3869986
.3921830








