Analysis of Variance and
Linear Models in JMP

CostOfFlight

Hypothetical Data for Cost of Flights

®00 - CostofFlight.jmp |
CostofFlightjmp > || < & Flight
= Cost of Flight Airline Duration

1 $315.00 Delta 106
2 $312.00 Virgin America 149
3 $293.00 Delta 160
4 $338.00 Delta 216
= s $328.00 Southwest 188
=icolumns /0 6 $313.00 Delta 9%
: if’rf“n‘:’ Flight 7 $330.00 Virgin America 176
 Fiight buration (mil 8 $269.00 Virgin America 100
9 $273.00 Southwest 104
10 $261.00 Virgin America 57
1 $289.00 Virgin America 80
[SIRows 12 $296.00 Virgin America 76
All rows 100| 13 $277.00 Southwest 79
Selected o 14 $277.00 Virgin America 50
Excluded 0 15 $294.00 Virgin America 148
Hidden 0 16 $305.00 Virgin America 92
Labelled 9 17 $350.00 Southwest 241
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© ® © Costofflight: Fit Y by X of Cost of Flight by Airline
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S S ¥ Oneway Anova
treatment 7 Summary of Fit
Rsquare 0.116086
Adj Rsquare 0.097861 F
Root Mean Square Error 24.94853
2 o observed
s (or Sum Wats) 100
S S g of Variance
error Sum of
T (D p— value
7929.269 3964.63
Error 9 60375.641 622.43
SS C_Total 995 68304.910
total ¥ Means for Oneway Anova
Level Number  Mean Std Error Lower95% Upper 95% M S
Delta 31 312548 4.4809 303.66
‘Southwest 18 297.278 5.8804 285.61 308.95 error
Virgin America 51 292412 3.4935 285.48 299.35
Std Error uses a pooled estimate of error variance o5
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[SNGNG] CostofFlight: Fit Least Squares

) cIraraEal [

" ~IResponse Cost of Flight
7 Summary of Fit
. RSquare 0.116086
RSquare Adj 0.097861
Root Mean Square Error 24.94853
Mean of Response 299.53
Observations (or Sum Wgts) 100
Apalysis of Variance
Sum of

Source BE_, Squares Mean Square F Ratio
Model 273 7929 269 396463  6.3696

Error 873 60375.641
C. Total 995, 68304.910

Parameter Estimates

Term Estimate Std Error t Ratio Prob>if!
Intercept 300.74598 2725645 110.34
AlsimetDENTa] 11.802411 3757915 3.4
AirligafSetwestly -3.468199 4.353804 -0.80 0.4276 |

622.43 Prob>F
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Source Nparm DF  Squares FRatio Prob>F
Airline. 2 2,7929.2685 6.3696 3
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Inferences about Treatment Effects
Hy:1,=7,=..=7,=0
H, : Not All T =0

Inferences about Treatment Effects

“Main Effect” Test

Hy:1,=7,=..=7,=0

H,:Not All 7,=0

ev

Main Effect

A "main effect” is the overall effect of a factor.
A hypothesis test for a main effect is a test of
whether there is evidence for an effect of
different freatments (the levels of the factor)
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Inferences about Treatment Effects

“Main Effect” Test

T =y

T.

I

0

H,:Not All 7, =0

Pairwise Comparison

A pairwise comparison is a hypothesis
test of a specific mean difference.

CostOfFlight ‘}

Hypothetical Data

®00 - Costofflightjmp__________

[~ CostofFlight. jmp » | < = Flight
(S} = Cost of Flight Airline Duration
1 $315.00 Delta 106
2 Vir i 149
£l 160
4 216
[=]Columns (3/0) : 152
A Cost of Flight 9 176
i Airline
4 Flight Duration (mil 8 ir 100
9 $273.00 Southwest 104
10 $261.00 Virgin America 57
1 $289.00 Virgin America 80
[SIRows 12 $296.00 Virgin America 76
All rows 100| 13 $277.00 Southwest 79
Selected 0 14 $277.00 Virgin America 50
Excluded 0 15 $294.00 Virgin America 148
Hidden 0 16 $305.00 Virgin America 96
Labelied 9 17 $350.00 Southwest 241
= €207 0 Virnin Amarira &0
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IQ-Drugs ‘/:é

Hypothetical IQ Data 1000 People
taking 20 Different Drugs

®066 | 1Q-Drugs.jmp.
[~]lQ-Drugs.jmp > | < =
= Drug Q
1 Drug 92
2 DrugL 90
3 Drug G 90
4 Drug s 77
[~]Columns (2/0) 5 Drug | 82
ik Drug 6 Drug G 103
4Q+ 7 Drug | 98
8 Drug G 92
9 Drug G 89
10 Drug P 92
~IRows 11 Drug D 93
All rows 1,000 12 DrugN 79
Selected 0 13 Drug T 115
Excluded 0 14 Drug Q 107
Hidden 0 15 Drug) 83
Labelled 0 16 Drug Q 102

Familywise Error Rate

The familywise error rate (FWER), also called the
experimentwise error rate, is the probability of
making one or more false alarms when performing
multiple pairwise comparisons

Multiple comparisons lead to “alpha escalation”

1 g
aFWER =1 (1 aeach Comparimn)

g: the number of comparisons

aF WER - 1 = (1 = aeach comparison )g
Oy =1—(1-0.05)"
O pyer = 0.623

Familywise Error Rate

The familywise error rate (FWER), also called the
experimentwise error rate, is the probability of
making one or more false alarms when performing
multiple pairwise comparisons

Multiple comparisons lead to “alpha escalation”

1 - 8
aFWER =1 (1 aeach camparison)

g: the number of comparisons
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The familywise error rate (FWER), also called the
experimentwise error rate, is the probability of
making one or more false alarms when performing
multiple pairwise comparisons

Multiple comparisons lead to “alpha escalation”

1 g
aFWER =1 (1 aeach comparimn)

g: the number of comparisons
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aF WER = 1 - (1 - aeach comparison )g
O, =1 (@ 0.05)°

Oy = 0.623
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Familywise Error Rate
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The familywise error rate (FWER), also called the
experimentwise error rate, is the probability of
making one or more false alarms when performing
multiple pairwise comparisons

Multiple comparisons lead to “alpha escalation”
o — L=l (g

4
each comparison )

g: the number of comparisons

Planned Comparisons (A Priori) vs.
Unplanned Comparisons (Post-Hoc)
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Planned Comparison

A planned comparison is a specific comparison of
means that a researcher was interested in testing
before looking at the data

©30

Unplanned Comparison

An unplanned comparison is any comparison of
means that a researcher is interested in testing
after looking at the data. Unplanned comparisons
are those tests that were suggested by the data

3]

Procedures for
Planned Comparisons

Bonferroni Correction

Oy : Alpha level for each planned comparison
& pyeg : Desired Maximum Familywise Error Rate

g: the number of specific planned comparisons
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IQ-Drugs '\;‘%

Hypothetical IQ Data 1000 People
taking 20 Different Drugs

®066 | 1Q-Drugs.jmp.
[~11Q-Drugs.jmp  » | < =
. = Drug Q
1 DrugF 92
2 DrugL 90
3 Drug G 90
4 Drug s 77
[~]Columns (2/0) 5 Drug | 82
ik Drug 6 Drug G 103
4Q+ 7 Drug | 98
8 Drug G 92
9 Drug G 89
10 Drug P 92
[~Rows 11 Drug D 93
All rows 1,000 12 DrugN 79
Selected 0 13 Drug T 115
Excluded 0 14 Drug Q 107
Hidden 0 15 Drug) 83
Labelled 0 16 Drug Q 102

036

Procedures for Unplanned
Comparisons (Post-Hoc Tests)

037

John W. Tukey

Tukey-Kramer (HSD)

Honestly Significant Difference

HSD — q MSerrar

ity

HSD is the mean difference considered
“Honestly Different” given the number of comparisons.

q is the Studentized Range Statistic based on:
a) the number of treatments
b) the degrees of freedom for MS,,.
¢) the alpha level for the family of comparisons
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| 1Q-Drugs.jmp

Drug
1 Drug F
2 DrugL
3 Drug G
4 Drug s
5 Drug|
6 Drug G
7 Drug|
8 Drug G
9 Drug G

10 Drug P
11 Drug D
12 DrugN
13 Drug T
14 Drug Q
15 Drug)
16 Drug Q

Q

\5
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Multiple Comﬁ}aﬁsén&mmary

* Planned Comparis

o With 1 or 2 planned ¢

usually needed (with a

o With 3-5 planned comparis
usually most powerful

o With more than 5 plonnéd cbmpclrisdns, the Tukey-Kramer
HSD is usually most powerful

“orrection to alpha is
ificant main effect)

onferroni correction is

* Unplanned Comparisons (Post hoc)
o Use Tukey-Kramer HSD

o Bonferroni correction is NEVER* appropriate
* unless you correct for every possible pairwise comparison

®48
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