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®Rationale of Repeated Measures ANOVA
+ One-way and two-way
+ Benefits
®Partitioning Variance
@ Statistical Problems with Repeated-
Measures Designs
+ Sphericity
» Overcoming these problems
®Interpretation

Goals

/

4 Repeated-Measures ANOVA

Repeated-Measures ANOVA

One or more factors
1. Situation/hypotheses [ dependent samples

Ho ==
2. Test statistic F = MStreatment
MSgrror
3 .Distribution F
J-1, (J-1)7(n-1)

1. Populations are normal
2. Equal population variances for
each cell

3. Sphericity (if more than three
conditions)

4. Assumptions




/~ Benefits of Repeated-Measures
Designs

@Sensitivity

» Unsystematic variance is reduced

» More sensitive to experimental effects
@Economy

» Fewer participants are needed

« ...but participants may become fatigued
or experience practice effects
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® Are certain bushtucker foods (eaten by Australian
Aborigines) more revolting than others?

An Example

@ Four foods tasted by 8 celebrities:
- Stick Insect \
» Kangaroo Testicle
+ Fish Eyeball
» Witchetty Grub i

,!_
® Outcome: 4 n
» Time to retch (seconds)

Celebrity If::l; Testicle Fish Eye Wl(t;;l‘::tty Mean Variance
1 8 7 1 6 5.50 9.67
2 9 5 2 5 5.25 8.25
3 6 2 3 8 4.78 7.58
4 5 3 1 9 4.50 11.67
5 8 4 5 8 6.25 4.25
6 7 5 6 7 6.25 0.92
7 10 2 7 2 5.28 15.58
8 12 6 8 1 6.75 20.92
Mean 8.13 4.25 4.13 B.78
Grand Mean = 5.56
Grand i =819




Logic of Repeated-Measures ANOVA

® The effect of the experiment is found in the within-
participant variance rather than in the between-
group variance

» Within-participant variance is composed of (1) treatment
effect and (2) individual differences in performance (which is
“error”

® The sources of variance for the repeated-measures
ANOVA are the same as those for the one-way
ANOVA...but the variances reflecting the treatment
effect and error are both part of the within-
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participant variance for repeated-measures AN O\y

Ss'l‘otal
Variance between all scores

7N

stithin
Variance Within
Individuals

ssBe!ween

% This captures differences in

the outcome variable that
are not due to treatment

3

ssTxeatment SS effect or error (e.g.,
Effect of Error individual differences). This
Experiment Exrox will not be used to calculate

repeated-measures ANOVA

e

Calculate SSq;;

8 7 1 6
9 5 2 5
6 2 3 8
5 3 1 9
8 4 5 8
7 5 6 7
10 2 7 2
12 6 8 1

Grand Mean = 5.56
Grand Variance = 8.19

2

grand

SSTo‘ral =5 (N B 1)
This is the total amount
of variability that can = 8 19 (32 — 1)
be explained
=253.89
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Calculate SSyiin

SSyiia = S;‘mm("l -+ Spmm:(": -+ Spmorr-(":- _])"'S;ﬁonﬂ (n,—1)
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This is the amount of SSmeae = St = 1)+ S Oty =1) = S O =D+ S (= 1)
variability that is 5ty 1)+ 5 =D+ SO, —D) 53 1 -1)
explained by within- =(9.67x3) + (8.25x3) + (7.58x3) = (11 .67x3)

participant features (i.e., +(4.25%3) = (0.92x3) + (15.58x 3) + (20 92x3)

both treatment and N =20+2475+22.75+35+1275+2.75+46.75-62.75

error)

e

Calculate SS

Treatment

SSTreatment = Z ni (xi B xgrand)2

St esment= 8(8.13 - 5.56)* +8(4.25-5.56)* + 8(4.13 - 5.56) +8(5.75 - 5.56)°

=8(2.57)° +8(-1.31)" + 8(~1.44)" + 8(0.196)

This is the amount of variability that
is explained by the foods

e

Calculate SS

Error

- SSWz‘thz‘n - SST

reatment

SS

Error

SS -S8S

Treafment

=236.50-83.13

53.37

I'I'his is the amount of variability that is explained by error I /

Error SSszhm




/ Mean Squares for Repeated-
Measures ANOVA

oMSy,., = SSError _ 15337 _ 7.30
©dfyyy, = n*(J - 1) = 8%3 = 24
©d£1‘reatment=I_ 1=4-1=3

©derror = (]'1)*(11-‘1) =3*7 =21
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F-Ratio for Repeated-Measures ANOVA

MS 27.71
@F = Treatment — = 379
MSEgrror 7.30

®This is conceptually similar to the one-way
ANOVA
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/ Problems with Analyzing Repeated
Measures Designs

© Same participants in all conditions
* Scores across conditions correlate
+ Violates the assumption of independence
© Assumption of Sphericity
+ Sphericity refers to the condition where the variances of the differences between all
possible pairs of groups (i.e., levels of the factor) are equal
+ The violation of sphericity occurs when the variances of the differences between all
combinations of the groups are not equal
+ If sphericity is violated, then the variance calculations may be distorted which would
result in an inflated F-ratio
+ Sphericity can be evaluated when there are three or more levels of a repeated-
measures factor and, with each additional repeated-measures factor, the risk for
violating sphericity increases
+ If sphericity is vi the of fr for the rep ANOVA
should be adjusted to correct for this violation
+ Sphericity is measured using Mauchly’s test

+ p < .05 means that the sphericity assumption is violated
+ p> .05 means that the sphericity assumption is met
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What is Sphericity?
Testicle - Eye - Witchetty Eye - Witchetty Witchetty

Stick Stick - Stick Testicle -Testicle -Eye
1 -1 -1 -2 -6 -1 5
2 -4 -1 -4 -3 0 3
3 -4 -3 2 1 6 5
4 -2 -4 4 -2 6 8
8 -4 -3 0 1 4 3
6 -2 -1 0 1 2 1
7 -8 -3 -8 5 0 -5
8 -6 -4 -11 2 -5 -1

Variance 5.27 4.29 25.70 11.55 14.29 26.55

/~ Corrections for Violations of
Sphericity Assumption

® Three corrections:
» Greenhouse-Geisser Correction

« This conservative correction should be used when sphericity estimates
are less than .75 or nothing is known about sphericity

+ Huynh-Feldt Correction

« This liberal correction should be used when sphericity estimates
are.75 or greater

+ Lower-Bound Correction
 Not used very often because it is extremely conservative
©® Multiply degrees of freedom by these estimates to
correct for the effect of sphericity
@ Another way to deal with violations of the sphericity

assumption is to use a multivariate ANOVA (MANOVA)
because it does not rely on a sphericity assumption/

- Correcting for Sphericity

Mauchly's Test of Sphericity

Measure: MEASURE 1t

Epsion

Aggro Graerrocie
tavehly's W | ChiSouare | ot e Geisser
T

Within Sutject Huyrh-Fekdt ‘ Lower-bound
T 5 5]
Tasts the vl hygothesis Thal 1 er1or GOVaNaNce Matix of the GrihORIMaIzed Fans formed SRpendent varabes i
propartional to an dentity matrix

0533=139 0.533=1119

S i




a Output
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If we use the Greenhouse-Geisser correction,
then we would retain the null hypothesis.
However, if we had used the Huynh-Feldt, then we
‘would have rejected the null

This is the amount of variability
that is explained by the
treatment effect

Tests Within-Subjects Effects
Messure: MEASURE_1

Type N
Source of 8 df |Mesn Square
Animal Sphericity Assumed = > 3 27.708
83.125 =

Gresnhouse Geiser 52001
Huynh-Feldt s1819
Lower-bound 82125
EvorAnimal] Sphenicity Asumed 7304
Gresnhouse-Geisser 13.707
Huynh-Feldt 10.870
Lower-bound 21911

This is the F-ratio...notice that it is the
same whether we assume the
sphericity assumption is met and or
violated (because the corrections only
adjust degrees of freedom)

This is the amount of
variability that is explained
by error

Multiple Comparison Procedures

® Compare each mean against all others (t-tests)

@ In general terms they use a stricter criterion to
accept an effect as significant

» They control the familywise error rate

« Bonferroni method for controlling Type I error:

a

Bonferroni o = ————————
Number of Tests
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/ What is Two-Way Repeated Measures
ANOVA?

® Two factors
- Two-way = 2 factors
» Three-Way = 3 factors

©The same participants in all conditions
» Repeated Measures = ‘same participants’

« This should be used to analyze data from a within-
subjects design

4
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o Effects of advertising on evaluations of
different drink types
« Factor A (Drink): Beer, Wine, Water
« Factor B (Imagery): Positive, Negative, Neutral

An Example

+ Outcome Variable: Evaluation of product from -100
(dislike very much) to +100 (like very much)

4
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ssTutal
Variance between all

- §§artiqipants % -

sswithin ssBetween
Variance explained by the Between-
experimental Participant
manipulations Variance
7O
SS SSg SSxxs
Effect of Effect of Effect of
Drink Imagery Interaction
I I [
ssEr:ro:rA ssEnorB ssEr:ro:rA xB
Error for Error for Error for
Drink Imagery Interaction

/Running the Analysis: Naming factors

Repeated Measures Define Factor(s) =)

‘Vlthin-Subject Factor Name: I
|

Number of Levels: |
Drink(3)
imagery(3)

Measire Name:

|_petre Beset || concel || hew | /
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/ Defining Variables

B Repeated Measures (===
Vilthin-Subjects Variables :
(Drink jmagery): L

& Beer+ Corpratpeeneg) [ |37 700 =) | Corasts..
& Beer + Person i Armen 7012 ™
03 e ——

& Wine + Sexy [winepos) .

& Wiine + Corpse [wineneg] 7(21) fosiboe J
& Wine + Person in Ammch, - ','gg swe. |
& Water + Sexy [waterpos] T om Options...

& Water + Corpse [watern.

& Weter + Personin Arme. Lo =

Between.Subjects Factor(s}

/ Defining Variables

[ Repeated Measures

) Repeated Measures: Profie Plots SRR Repeated Measures: Profie Plots I =
s R prcor [
- 2 o Ml
|
" e o — [
hd | # | oy }
Segarate Pots: Segarate Ficts:
» [ i %
o ./ a -
oy
Gortewn ]_corcel ][ o] (Coorttnn ][ concet ][ rew]




Getting Means
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BB} Repested Messures: Options

Estimated Marginal Means

I

acton(s) and Factor nteractions: Display Means for:
overay ]

Cgserved power Seresd v teve it
Porsmr ostnstes [ Besnl it

() 55¢P matrices ackof ft
ResSScpmattc [ Genera estimatls ction

Spiscance ieyet [05 | Confisence rtervais e 55 0%

Cancel Hep.

magery ™ | oreamagery
Orrimagery
h
(%] Compare man effects
Confidence tervel schustment
Bontenca -
Display
Jescritive statistes () Transtormation matic
[Estmetes ot etrect sze [ tomogenaty tests

Output: Sphericity

Mauchly's Test of Sphericify

Measure: MEASURE_1

wauchly's | Approx psion”
Wit SubjectsEttect | W | chiSavare | ot Gesser | Huynh-Feilt [ Lower-bound
267 23753 ST 591 500
52 742 2 7 77 500
595 5041 ] 758 979 250
Tests the null hypothesis that the error covariance matrix of the orthonorisized transformed dependent variables is proportional to an

identey matrec
a. May be used to sgst the degrees of freedom for the &

(by defaut) of the Tests of Within Subjects Effects table

veraged test

b. Design: intercept - Within Subjects Design: DRINK~MAGERY sDRMKC'TRAGERY

The sphericity assumption is
violated for the main effect of
drink...so we should use the
Greenhouse-Geisser correction

f significance. Corrected tests are displayed in the layers.

Output: Sphericity

Mauchly's Test of Sphericify
Uessure: UEASURE_1

wauchly's | Approx psion”
Wit SubjectsEttect | W | chiSavare | ot Greenhouse Gesser | Huynh-Fet | Lower-bound
DRNK. 267 23753 ST 591 500
MAGERY 82 742 > ur 797 500

DRIK * MAGERY

579

250

Tests the nul hypothesis that the error covariance matrix of the orthany

identey matr

(by defaut) of the Tests of Within Subjects Effects table
b. Design: intercept - Within Subjects Design: DRINK+MAGERY sDRINK

The sphericity assumption is
violated for the main effect of
imagery...so we should use the
Greenhouse-Geisser correction
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Output: Sphericity

Measure: MEASURE_1

Mauchly's Test of Sphericify

Meuchlys | Approx psion”
Wit SubjectsEttect | W | chiSavare | ot Greenhouse Gesser | Huynh-Fet | Lower-bound
DRIK %7 | z7m 2 17 a1 500
MAGERY 82 1422 2 7 77 500
DRHK * WAGERY 595 5041 C D 788 578 250

Tests the nul hypothesis that the error covariance matrix of the of

identey matrec

a. May be used to agpst the degrees of freedom for the averaged i

(by defaut) of the Tests of Within Subjects E ffects table.
b. Design: intercept - Within Subjects Design: DRINK+MAGERY sDRINK

%3 transformed dependent variables is proportional o an

GERY

of significance. Comected tests are dsplayed in the layers

The sphericity assumption is
met for the interaction...so we
do not need to correct the
degrees of freedom
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/" Output: Main ANOVA

Tests of Within Subjects Effects.

| The main effect for

drink is significant

Type i Sum
curce ol Sgu e o | Mesn Square £ 0
‘Drink Sphericiy Assumed 2002344 2 1046472 | __Sa0al 03t
Greennouse-Geisser w023aa | 1% 1812784 € 5108 5> )
00234 | 1w 1770939 |ttt
Lower-bound 2092344 | 1000 2092344 | 5108 036
Errorrink) Soheriy Assumed 5878 38 204892
Graennouse-Oeissar Trasere | 21030 285028
Huymi £ ot Tresere | 22448 346838
Lower-bound 19.000 408783
magery Sphericiy Assumed 21028678 2| 10814339 | 122565 000
Greenhouse-Osister | 21626678 | 1495 | 14468490 | 122865 000
Huni f ot 2me2mere | vsea | 13s7vase | 122888 000
Lower-bound 228678 | 1000 | 21828878 | 122868 000
Erroromageny Sohenicny Assumed 52078 E] 68234
as2ere | 28403 118048
3352878 | 30280 110729
3352878 | 19000 176467
Orink Imagery w2442 O 656106 | 17.15% 000
w2422 | 31m 811778 [ 17455 000
w2422 | 304 670482 | 17.14% 000
Lower-bound 244722 | 1000 2620422 | 17188 001
ErorDrNkImagen) 2008689 78 38248
2008699 | 60678 7303
2006609 | 74373 39.083
2006689 | 19,000 152984

/" Output: Main ANOVA

Tests of Within Subjects Effects.

The main effect for
imagery is
significant

Type W Sum
curce of Sy o | wesnsouas | ¢ "
ok oA RSSO 2002344 7| tous72 | sioe | on

Oreennouse-Geisser | 2092344 | 1184 | venares | suoe | 0%
HupohF ot 2002348 [ vier | viroede | swos | oz
Lower-bound 2092344 | 1000 | 2092344 | 5106 | om
Erroron Sohericn Assumed Tres.678 30 204892
Orwennouse-Gaissar | 7rasers 21930 285028
Ho Folat rresers | 22448 8830
Lowsrbound rrassre | 19000 08783
Tage Sohericny Avsumed | 21620670 2| 1001439 | Saweert——soa |
Orwernouse-Gessser | ziezmers | 1495 | 1esssaso Cuzases | oo
s F ol aezmers | 1see | 1asriase | TITRRT—0 |
auzeers | 1000 | mezers | izases | oo
Ernoromazim 257070 ] CE
nszer8 | 28400 118048
nszere | 30280 10729
auszare | 19000 176467
Orink *Imagery %20422 ' wse106 | 17198 | 000
wan | 310 o278 | 1285 | oon
w2z | ame 670462 | 17486 | 000
220422 | 1000 | 2624422 | 7985 |  oor
ErrorDnrImagen] 006,689 7 38246
008699 | s0e78 790
2006609 | 7437 39083
Lower-bound 2008689 | 19000 152908
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/" Output: Main ANOVA
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Tests of Within Subjects Effects.

Tope i Sum
ource ol So ar 40 Square £ g
o o Asroed | 2002340 T] tossina | swoe | om
oresnvousecuaser | zo9z3as | vise | vevarea | sies | ow
Fon 023 [ 1aer | e | sa0s | om
Lower-bound 2002 344 1.000 2092344 5108 036
E] SorwrctAsramed | 1resers | o400z
Greenhouse-Geisser TTes8Te 21030 355028
HuynhF et Tresere 22448 46838
Lowsrsoung vrosare | 19000 | acases
o SonmAsromed | 71620670 2| oeran [ mses | o
Greenhoute-Geisiar 21626678 1495 14468480 | 122565 000 . : N
Mo Foan Jtszmers | 1se | 1ssrass | 1zses | oo || The interaction is
Lowersoung avezners | vooo | neamsrs | 122ses significant
Tt Soerkey Astamed 397078 5 CED
Graenhouse-Geisser 332078 | 28400 118048 /
nszere | 2020 10729 k
52878 | wwooo | 1reser
T 020an | Temroe s |00
Greennouse-Geisser wuan2 | 3m e -
a2eam | 2o | erowsa | 1nass| oo
Lowervound w2 | oo | asawen | vnvss | oo
ErorDrrage  Sohwrkiy Assured | 7908 669 0 o
orvennouse-cwsser | 290608 | 00679 303
Huynh F of 2906 669 74373 39.083
Cowsrpouns osess | 19000 | rsa0ms

Main Effect of Drink

Mean Attitude

Needs
MCPs to
determine
which
means are
different

There was a significant main effect of the type of drink for the
attitude rating, F(1.15,21.93) =5.11,p < .08.

4 Main Effect of Imagery

i

Needs
MCPs to
determine
which
means are
different

There was a significant main effect of the type of imagery for the
attitude rating, F(1.50, 28.40) = 122.87, p < .001.
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Drink by Dose Interaction

gy

Treaine
— =
= 3 Timne

It appears that the interaction
between drink and imagery
is due to individuals

' reporting relatively positive
& attitudes when they drank
beer while being exposed to
negative imagery...but this
would need to be confirmed
using post-hoc tests

=N
a3

Mean Amtade
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There was a significant interaction between the type of

F(4,76) = 17.16,p < .001.

drink and the type of imagery for the attitude rating, /
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