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@ Analysis
£ Multiple Comparisons

— Main Effects

— Simple Effects

— Simple Comparisons
& Effect Size estimates

@ Higher Order Analyses
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Factorial?

& Factorial — means that:
1. You have at least 2 IVs

2. And all levels of one variable occur in
combination with all levels of the other
variable(s).

&® Assumptions

— Same as one-way ANOVA but they
are tested within each cell

— i.e. Normality, Homogeneity and
Independence
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Simplest Form: 2 x 2 ANOVA
B

by b,
a
A 1
az
Video Game
GTA NBA 2K7
n
Gender ©
Women

Performing a factorial analysis does the job of
three analyses in one
— Two one-way ANOVAs, one for each IV (called a

main effect)
— And a test of the interaction between the IVs
— Interaction? — the effect of one IV depends on the

level of another IV
 The variability that is left over after you assess each IV

Analysis

» The 2 IVs together work to affect scores over and above

either of them independently
5
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Analysis

@The between groups sums of squares
from 1-way ANOVA is further broken

down:

—Before SSy; = SSerect
—Now SS,; = SS, + SSg + SSpg
—In a two |V factorial design A, B and AxB

all differentiate between groups,
therefore they all add to the SSy,
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Analysis

£ Total variability = (variability of A around
GM) + (variability of B around GM) +
(variability of each group mean {AB} around
GM) + (variability of each person’s score
around their group mean)

2 SSotal = SSp + SSp + SSpg + SSerror

Z(Yi_?(m)z :Zna(?a_YGM)z-l_znh(?h_YGM)z
[ Do (V=¥ ) =D m, (V=Yg Y = 2, (F, =Y )7
+ (¥, -Y,)’
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Analysis

<Degrees of Freedom
—df, = #groups, — 1
—dfg = #groupsg — 1
—dfsg=(a=1)(b—1)
—dfy,,=ab(n—1)=abn—-ab=N-ab
—dfgu=N-1=a-1+b-1+(@-1)b-1)
+N-—-ab
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Analysis
& Breakdown of & Breakdown of
sums of squares degrees of freedom
SStotal N-1
Sty SSug ab-1 N-ab
SSa SSe SSu al b1 (an)b)
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Analysis

#Mean square
—The mean squares are calculated the same
—SS/df = MS
—You just have more of them, MS,, MSg,
MS g, and MSy,
—This expands when you have more IVs

« One for each main effect, one for each
interaction (two-way, three-way, etc.)
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Analysis
@F-test
—Each effect and interaction is a separate
F-test

—Calculated the same way: MS_../MS\yg
since MS,, is our error variance
estimate

—You look up a separate F,; for each test
using the df .., dfywgand tabled values

Psy 320 - Cal State Northridge 11

Example
B: Vacation Length

A: Profession b1: 1 week b2: 2 weeks b3: 3 weeks

0 4 5
al: Administrators 1 7 8

0 6 6

5 5 9
a2: Belly Dancers 7 6 8

6 7 8

5 9 3
a3: Politicians 6 9 3

8 9 2
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Analysis

& Sample data reconfigured into cell and
marginal means (with variances)

B: Vacation Length

A:Profession by: 1 week |b,: 2 weeks |bs: 3 weeks|Marginal A means
Y,,=0333|7,, =5.667|7,, =6.333 _
a;: Administrators | | , N Y, =411
52, =0.333|s, =2.333s2, =2.333 '
}7@ =6 iﬂ,n, =6 |Y,, =8333 v
a,: Belly Dancers S S N Y, =6.778
Sap = 1 Sap, =1 |Sap, =0-333 )
Y,,=6333 ¥,=9 |V, =2667 _
ag: Politicians ) . N Y, =6
s2,=2333 52, =0 |5, =0333

Marginal B Means ¥, =4.222 ¥, =6.889 ¥, =5778 ¥ =55630
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Example — Sums of Squares

SS i = Z(Y, - YGM )2 =

=(___ - Y+ - Y+ - )+
(5-5.630)* +(7—5.630)* + (6 —-5.630) +
(5-5.630)* +(6—-5.630)* + (8 —5.630)* +
(4—5.630)* +(7-5.630)* + (6 —5.630)* +
+...+(3-5.630)" +(2-5.630)* =190.296
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Example — Sums of Squares

SS, = zna(z _YGM)2 =
= - (- )1+
[ *(6-5.630)"1=33.852
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Example — Sums of Squares
S8y = an(yb —You )’ =

o] I GRS b B O GRS by B
[ *(5.778-5.630)*]1=32.296
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Example — Sums of Squares

88,5 = znub(?ab _)7GM )? _Z"a(fa —You )? _znb(yb —You )’ =
] S G b ) Y G ) B

o I GRS of Y T G o

H_ ¥~ )1+[_*(9-5.630)* ]+
[___*(6.333-5.630)*]+[__*(8.333-5.630)*]+
+[___*(2.667-5.630)*1=170.296

=170.296-33.825—32.296 = 104.148

Psy 320 - Cal State Northridge 17

Example — Sums of Squares

8S g = 2 (X, =Y,,)" =

=~ P+ - V+( - )+
( - ) +( - ) +( - )+
(5-6.333)> +(6—6.333)> +(8—6.333)" +
(4—5.667)% +(7—5.667)* +(6—5.667)* +

+.. 4+ (3-2.667)* +(2-2.667)* =20
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Analysis — Computational

&Marginal Totals — we look in the
margins of a data set when
computing main effects

@Cell totals — we look at the cell totals
when computing interactions

&In order to use the computational
formulas we need to compute both
marginal and cell totals

Psy 320 - Cal State Northridge 19

1/21/2008

Analysis — Computational

@Sample data reconfigured into cell
and marginal totals

B: Vacation Length
A: Pr bi: 1 week b,: 2 weeks bs: 3 weeks |Marginal Sums for A
ai: Administrators 1 17 19 a; =37
ap: Belly Dancers 18 18 25 a=61
az: Politicians 19 27 8 as =54
Marginal Sums for B b; =38 b, = 62 b; = 52 T=152

Psy 320 - Cal State Northridge 20

Analysis — Computational

@Formulas for SS
X(Xa) 1
bn abn
XX 1
an abn
SEa) (S XE

n bn an abn

> (Fab)

55, =y ==L

58, =

S8, =

SS, =

. T
SS,=>Y o "




Analysis — Computational
£ Example
22 1
bn abn
2+_2+542 _2
3 3030
2
D 2020 N
an abn
55, =3 geg 855723230
3(3) 33)3)
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ss,

- =33.85

S§, ==
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Analysis — Computational

@ Example
S(Ea) (Sd DS

n bn an abn
T 41841824257 4197 4277 + 8

3
37 +61+54° 387+62°+52° 152’
3(3) 3(3) 33)(3)

=___ —889.55-888+855.7=104.15

SS,5 =

SSyp=—
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Analysis — Computational

& Example )
SS,,.. = ZYZ _m
n
P17 4197 +18° +18° +257 19 + 277 + 8
- 3
=__ -1026=20

SSerar =

ss, =Yy

abn
152%
33)(3)

=1046-855.7=190.30
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SS, =1046—




Analysis — Computational

EExample
df,=a—1=3-1=2
dfy=b—-1=3-1=2

df 5 =(a=-D(b-)=3-DGB-1)=22)=4

df . =abn—ab=27-9=18
df . =abn—1=27-1=26
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Analysis
£ Example

Tests of Between-Subjects Effects

Dependent Variable: ENJOY

Type Ill Sum
Source of Squares df Mean Square F Sig.
PROFESSION 33.852 2 16.926 15.233 .000
LENGTH OF STAY 32.296 2 16.148 14.533 .000
PROFESSION * LENGTH 104.148 4 26.037 23.433 .000
WITHIN GROUPS 20.000 18 1111
TOTAL 190.296 26

@The MS,,; is also the pooled (average)

variance across the cells, since all n are equal:

(.333+2.333+2.333+1+1+.333+2.333+0+.333)/9 = 1.111
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Analysis
®F_,(2,18)=3.55
@®F_,(4,18)=2.93

@Since 15.25 > 3.55, the effect for

profession is significant

@Since 14.55 > 3.55, the effect for

length is significant

@Since 23.46 > 2.93, the effect for

profession * length is significant
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Effect Size Revisited

@Eta Squared is calculated for each
effect S

2 _ effect

neﬂéct - SS

total

£0mega Squared also for each effect
> _ SSEﬂ'ect - (kEﬁ'ecr _I)MSWG
et SS, +MS,,
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Effect Size Example

@ Effect Size for Profession

SS oo 33.852

ﬂf%rofession = Profession = = 178

) SS...  190.296
a)é _ SSProfession — (kProfession — 1)MSWG —

rofession SST +MSWG
— —1)*
G 33.853-[3-D* LI _ | o
190.296+1.111

Multiple Comparisons

@If a main effect is significant and has more
than 2 levels, than you need to do marginal
comparisons
@& If the interaction is significant
— You should break the interaction down by
performing a simple effect analysis of A at
each level of B (The effectof Aat By, AatB,, A
at B3, etc.) and vice versa

— If any of them are significant and if A has more

than 2 levels, follow up with simple comparisons
Psy 320 - Cal State Northridge 30
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Multiple Comparisons

Simple
Effects
for B

by by bs
aq
. — [ []

DARREEE

as
E— ap
Simple Simple
Effects< a2 Comparison
for A — for A
as
as
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Specific Comparisons

@If the comparisons were planned than
analyze them without any adjustment
to the critical value

@&|f they were post-hoc than the values
needs to be adjusted (e.g. Tukey,
Bonferroni, etc.)

—This is the same as previously covered
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Multiple Comparisons Example
Main Effect: Profession

Multiple Comparisons

Dependent Variable: ENJOY.

Mear
Difference 95% Confidence Interval

() PROFESS __(J) PROFESS () | st Emor | Sig. | Lower Bound [ Upper Bound

5D 1 s 2 Belly Dancers 267" 497 000 371 .62
3 Polticians -1.89* 497 001 293 -84

2 Belly Dancers 1 Administrators 267" 497 000 162 371

3 Polticians 78 497 135 -27 182

3 Poliicians 1 Administrators 1.89" 497 001 84 293

2 Belly Dancers 78 497 135 -1.82 27

Bonferroni 1 Administrators 2 Belly Dancers 267 497 000 3.98 .36
3 Polticians -1.89° 497 004 -3.20 -58

2 Belly Dancers 1 Administrators 267" 497 000 1.36 398

3 Polticians 78 497 405 -53 209

3 Polticians T Administrators 189* 497 004 58 320

2 Belly Dancers 78 497 405 -2.09 53

Based on observed means.
*. The mean difference s significant at the .05 level
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Multiple Comparisons Example
Main Effect: Length of Stay

Multiple Comparisons

Dependent Variable: ENJOY.

Mean
Difference 95% Confidence Interval

) LENGTH _(J) LENGTH () Std. Error Sig Lower Bound | Upper Bound

TSD T Tweek 2 2 weeks 267 497 000 371 162

3 3 weeks -1.56" 497 006 -2.60 -51

2 2weeks 1 1week 267" 497 000 162 371

3 3 weeks 111 497 038 o7 216

3 3 weeks 1 1 week 1.56" 497 006 51 2.60

2 2 weeks 1110 497 038 216 -07

Bonferroni 1 1 week 2 2 weeks -2.67" 497 000 -3.98 -1.36

3 3 weeks -1.56" 497 017 -2.87 -24

2 2weeks 1 1week 267" 497 000 136 398

3 3 weeks 1.1 497 115 -20 242

3 3wecks 1 1week 156" 497 017 24 287

2 2 weeks A1 497 115 242 20

Based on observed means.
*. The mean difference is significant at the .05 level.
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Simple Effect and Simple Comp.
Profession at 1 week

ANOVA
ENJOY.
Sum of
Squares of Mean Square F sig
Between Groups 68,222 7 I 27508 ]
Within Groups 7.333 6 1222
Toal 75556 8
Multiple Comparisons
Dependent Variable: ENJOY.
Difference 95% Confidence Interval
() PROFESS ___(J) PROFESS 1) Sd.Evor | Sig. | Lower Bound | Upper Bound
=) T Adminstralors 2 Belly Dancers. 567 503 001 788 346
3 Poliicians 500" 203 001 821 379
2 Belly Dancers 1 Administralors 567 903 001 346 7.88
3 Poliicians -3 203 725 254 188
3 Polticans 1 Adminisirators 6.00° 903 001 379 821
2 Belly Dancers £ 903 725 188 254
Bonferront 1 Administralors 2 Belly Dancers. 567 903 002 563 270
3 Poliicians 600" 903 002 897 303
2 Belly Dancers 1 Administralors 567 903 002 270 863
3 Poliicians -3 903 1.000 330 263
3 Polticans T Adminisirators 500" 903 002 303 897
2 Belly Dancers. 33 903 1.000 263 330
“The mean difference is significant at the .05 level 35

Higher-Order Designs

& Higher-order — meaning more than 2 IVs

— With 3 IVs; each with 2 levels you have a 2 x
2 x 2 design

— If we have even 5 subjects per cell we are
talking about a minimum of 40 subjects

—We are also talking about:

* SS; =SS, + SSg + SS; + SSpg + SSpc + SSg¢ +
SSpac + SSwa
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Higher-Order Designs

@ Higher-order — meaning more than 2 1Vs

— With 4 IVs; each with 2 levels you have a 2 x
2 x 2 x 2 design
— If we have even 5 subjects per cell we are
talking about a minimum of 80 subjects
— We are also talking about:
« SS; =SS, + SSg + SS + SSp + SSag + SSac +
SSpp + SSpc + SSgp + SS¢p + SSpgc + SSap +
SSaco + SSgcp + SSasco + SSwa
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