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Applied Research Design and Analysis (ARDA)

Analysis of Variance (ANOVA):
Interactions and Post-hoc analyses

Dr Kate Williams

Planned/Post-hoc Comparisons

* Exploring significant main effects when there are
more than 2 levels associated with an IV.

* Are you expecting differences at the start of your
study?
— Planned comparisons (a Prior)

* Are you wanting to explore non-hypothesised

differences?

— Post-hoc comparisons for between-subject factors (e.g.,
Tukey, Scheffe, Bonferroni)

— Comparing main effects for within-subject factors (e.g.,
Bonferroni Pair-wise comparisons)

Let’s look at our Intervention study in further
detail to examine distress levels...

¢ Research Question:

—Is a coping intervention programme more
effective than a control condition in reducing
distress across three time points?

« 1. Referral, 2. Waiting period, and 3. After diagnosis

* How would you set this study up?

* What would you be comparing? And why?




Intervention Study

* One categorical between-subjects IV
(number of levels ?)

* One categorical within-subjects IV (number
of levels ?)

* One continuous DV

Intervention Study

* One categorical between-subjects IV (2 or more levels)

— INTERVENTION GROUP V CONTROL GROUP

* One categorical within-subject s IV (2 or more levels)
— TIME 1 (referral) v TIME 2 (waiting period) v TIME 3

(after diagnosis)

* One continuous DV

— Distress scores (measured on validated scale)

Study Design

CONTROL INTERVENTION

Time 1 ‘ ‘

Time 2

* A 2 x 3 Mixed design ANOVA




Study Design

Time 1 8.21 7.46 15.67
Time 2 6.21 6.30 12.51
Time 3 5.56 6.46 12.02
Total Mean 19.98 20.22 40.2

Time IV has more than 2 levels

[\
Patient distress over time

Time 1 Time 2 Time 3
Referral Waiting After Diag

Even if the main effect for time is sig, ANOVA does not tell
us which means are different from which other means.
E.g., could be a significant difference between T1 & T2 but
not between T2 & T3.

SPSS ANOVA Output
Descriptive Statistics

group Mean Std. Deviation M
tot_int1 intervention T.46 8.631 124
caontral 821 8.077 137
Total 7.85 8.361 261
tot_int2 intervention B.30 ¥.338 124
control B.21 T.044 137
Total 6.25 7174 261
tot_int3 intervention 6. 46 F.aar 124
control 4.56 6266 137
Total £.99 .04 261




SPSS Output: Assumptions

Box's Test of Equality

Check that the Sig.
value here is bigger
than .001 (i.e., NOT
significant) to ensure
that this assumption
has not been violated.

of Covariance

Matrices®
EBox's M 8.555
F 1.408
dft ]
dr2 473190960
Sig 207

Tests the null

hypothesis that

the observed
covariance

matrices of the

dependent
variables are
equal across
groups

a. Desian:
Intercept + group
Wyithin Subjects
Design: Time

SPSS OQutput: Assumptions

Measure MEASURE_1

Mauchiy's Test of Spherici/®

Within Subjects Effect

hauchly's W

Approx. Chi-
Square

Sy

Epsilon?

Greenhouse-
Geisser

Hugnh-Feldt

Lawer-bound

Time

927

10636

2

000

832

842

500

Tests the null hypothesis that the error covariance matrix of the orthonp
Propartional to an identity matrix

2 Maybe used to adjustthe degrees offreedom for the averaged te sts}

Tests of Within-Subjects Effects tahle

b. Design: Intercept + group
Within Subjects Design: Time

wized fransformed dependent variables is

significance. Corrected tests are displayed inthe

Assumption being tested is that correlation between all variables is
roughly the same. Sig value here should be bigger than 0.05 (i.e., NOT
significant). If it is significant then assumption of sphericity is violated
and you will need to report values from either the ‘Multivariate Tests’
box or other rows in the ‘Tests of within-subjects effects” box in the

output.

SPSS Output: Assumptions

Levene's Test of Equality of Error Variances®

F dft df2 Sig
tot_int1 .01z 1 2549 810
tot_int2 264 1 2549 608
tot_int3 3.297 1 2549 071

Tests the null hypothesis that the error variance of
the dependentwariable is equal across groups

a. Design: Intercept + group
Within Subjects Design: Time

Check that the Sig. value for each condition in this box is bigger than 0.05
(i.e., NOT significant). Need to ensure that all are not significant because this

tells us that the assumption of homogeneity of variances has not been

violated and so we are safe to proceed with our interpretation of the ANOVA.




SPSS Output: Interaction

Tests of Within-Subjects Effects

Measure MEASURE 1

Tyne I Sum Farlal Ela
Saurce of Squares df Mean Sguare F Sig. Squared
Time Sphericity Assumed 510,938 B 96460 | 11326 000 4z
Greenhouse-Geisser 510938 1.864 274.099 11.226 000 042
Huynb-Feldt 510938 1.884 271155 11226 000 042
Lower-hound 510938 1,000 10.9: 11.226 001 042
Tirme * groug ericity Assumed 88442 2 44221 1843 | o 1M LIS
Greenhause-Gelsser a THGT T[T 8 207
Huynt-Feldt 88442 1.884 46.937 43 147 007
Lower-hound 88442 1.000 88442 1843 185 007
Enor(Time)  Sphericity Assumed 11788 265 518 57
Greenhouse-Geisser | 11788265 | 432.793 %7
Huynt-Feldt 11788265 | 488.034, 24155
Lower-hound 11788.265 Zj?ﬂ{ 45515

[No significant interaction |

*Be careful when reading the columns*
Final column ‘Partial Eta Squared’ shows estimate of effect size

Measure MEASURE 1

SPSS Output: Main effects

Tests of Within-Subjects Effects

Type Il Bum Parlial Eta
5 \f Sruas: Af. i E. i Squared
CMW 510,938 7 255,469 | 11.226 [ =
Greenhouse-Geisser 510038 | 1864 T74090 | 11226 000 042
Huynh-Feldt 510,938 1.884 271155 11226 / 0oo 042
Lower-bound 510,938 1.000 510.938 11226 001 042
Time *group  Sphericity Assumed BB.442 2 44221 1.94) 144 o7
Greenhouse-Geisser 98442 | 18G4 arag | 1ghs 188 007
Huynh-Feldt 83442 | 184 45037 43 147 07
Lower-bound 83442 | 1000 442 | [1043 185 07
ErorTime)  Sphericity Assumead 11788.265 518 22757
Greenhouse-Geisser | 11788.265 | 492.793 14417
Huynh-Feldt 11788265 | 488034 241
Lower-bound 11788.265 | 250.000 4575
Significant main effect of Time
SPSS Output: Main effects
Tests of Between-Subjects Effects
Measure MEASURE 1
Transformed YariablezAverage
Type [l Sum Partial Eta
Source of Squares df Mean Square F Sia Squared
Intercept 35046299 1 35046299 | 278.603 000 516
Loroun ) 7,369 1 1.369 o1 E e =)
Error 32571750 758 TIE 760

| No significant main effect of Group
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Post-hoc comparisons — Between groups
* If you have a significant main effect of a between-
subjects factor with more than 2 levels:

— E.g., 3 groups (Caffeine, Placebo, No caffeine)

— You can ask SPSS to perform post-hoc tests

43 Repasted Measures

£ studyid number [id]

< gender [gender]

< Aue TAuel

& Warital status [Marital]
Education [Educ)

& Nuinber of chitdien

Within-Subjects Variables

mime)

toties1(1)
tolies2(2)
toties2(2)

Between Subjects

‘& oroup

Covariates:

Factor(s):

Post-hoc comparisons — Between groups

Move the variable
in to the ‘Post Hoc
Tests for:’” box

Some post-hoc tests are more
conservative than others.
Depending on the statistics
book you read some would
recommend using Tukey,
while others would
recommend Scheffe, and
others Bonferroni. | have
ticked all of these so you can
see the difference in the
values they produce.

R Unecariste: Post Hoc Multiple Comp

Eacirs)

arisons for Observed Mesns =

POt Hoc Tests for

Graup.

—

Group

«

Equal Variances Azsumed

Gaomel

nces Not Assumed

Tamhanes T2 [ Dunners T3

150 K
o Borterron ¥ Tuker
Siak Tukeys-
¥ Schette Duncan
Hochberg's GT2 [ Test

(o) [ )

Waller-Duncan

Dunngt

Games-Howell 7] Cynners C




SPSS Output: Post-hoc comparisons — Between groups

Mutiple Comparisons

Dependent Variable: Errors

Mean 95% Confidence Interval
Difference (-
. . A dd Eor i LowerBound | UooerBound
Tukey HSD ~ Caffeine Placebo -3.40° 767 002 542 138
No Caffeine -5.200 757 000 -7.22 -318
Placeho Caffeine 3407 757 .002 138 5.42
Mo Caffeine -1.80 7857 083 -3.82 22
No Caffeine  Caffeine 5.207 757 000 318 722
flacak Al i 3 — =
Scheffe Caffeine Placebo -3.40 787 003 551 120
Mo Gaffeine -5.200 757 000 -7.31 -3.09
Placeho Caffeine 340 757 .003 129 551
Mo Caffeine -1.80 7857 099 -3.01 31
No Caffeine ~ Gaffeine 5.207 757 000 3.09 731
Placeh 480 oo 4 4
Bonferioni  Cafleine Placabo 340 757 002 550 -1.30
Mo Gaffeine -5.207 757 000 -7.30 310
Placebo Caffeine 3407 757 .002 1.30 5.50
Mo Caffeine -1.80 7857 108 -3.90 a0
No Caffeine ~ Gaffeine 5.207 757 000 310 730
Placebo 1.80 757 105 -30 350

The error term is Mean Square(Erron) = 1.433
* The mean difference is significant at the 0.05 level

Reporting Between groups post-hoc analyses

¢ The information you present should include:
— The type of post-hoc test
— The mean and Standard Deviation values for each group
— The Sig value for each comparison.

* E.G., “Employing the Bonferroni post-hoc test, statistically
significant differences were found in error rates between
the Caffeine (M=4.7; SD=0.2) and No Caffeine (M=1.3;
SD=0.1) groups (p < 0.005), and between the Caffeine
(M=4.7; SD=0.2) and Placebo (M=2.7; SD=1.7) groups (p <
0.001). However, there was no statistically significant
difference found between the Placebo (M=2.7; SD=1.7)
and No caffeine (M=1.3; SD=0.1) groups (p = 0.1).”

Comparing significant main effects
for within-subject factors

* If you have a significant main effect of a within-
subjects factor with more than 2 levels:
— SPSS can perform Pairwise comparisons

¢ E.g., In ourintervention example there was a
significant main effect of time (3 levels)

* Where does the difference lie?

—Timel & Time 3? Time2 & Time3? Timel & Time2?
All?




Pairwise Comparisons - Within

#3 Repeated Measures

& study id number [id]

£ Education [Educ]
& Number of children ..

(Time):
& gender [gender] toties1(1)
< Age [Age) T ¥ | toties2t2)
& Warital status [Marital] toties3(3)

Within-Subjects Variables

Between-Subjects Faclor(s

< group

Covariates:

Pairwise Comparisons - Within

3 Repeated Measures: Estimated Marginal Means

Estimated Marginal Means

X

Eactor(s) and Facter Display Means for:
(OVERALL) Time

aroup N
Time

group*Time

| Move the variable in to the
1 ‘Display Means for’ box

(¥ Compare main effects <: Tick ‘Compare main effects’

Confidence interval P N B
Change ‘Confidence interval
‘Bnnlarmm

adjustment’ to ‘Bonferroni’

_ Descriptives

#3 Repeated Measures

<% study id number lid]
& gender [gender]

& Age [Age] >
& Warital status [Warital)
& Education [Educ]
& Number of children [. b

ok _|[ paste [cancel |[ Help |

Within-Subjects Variables
(Time):

toties1(1)

toties2(2)

toties3(3)

Between-Subjects Factor(s

& group

Covariates:




Descriptives
Ensure these boxes are ticked

"\,',-'i Repeated Measures: Options X

Displ

escriptive statisticsé

[] Transformation matrix

Estimates of effect size [¥] Homogeneity tests

[] Observed power [ TEpreadvs—te I
[7] Parameter estimates [7] Residual plot |
[] sSCP matrices [ Lack offit

[7] Residual SSCP matrix [] General estimable function

Significance level: Confidence intervals are 95.0 %

[QOI"IUI"II..IE][ ‘Cancel ][ Help ]

SPSS Output: Pairwise Comparisons

Pairwise Comparisons

Measure: MEASURE_1

95% Confidence Interval far
Mean Difference”
Difference (-
MTime () Tims Jy Std. Error Sig.” Lower Bound | Upper Bound
1 2 3.900° 407 000 2.708 5.084
3 4.000" 537 000 2.423 5577
2 1 -3.900° 407 000 -5.094 -2.706
3 100 379 1.000 -1.011 1211
3 1 -4.000" 537 000 5.577 -2.423
2 -100 379 1.000 1211 1.011

Based on estimated marginal means
*.The mean difference is significant atthe .05 level
b. Adjustment for multiple comparisons: Bonferroni

Reporting Within groups post-hoc analyses

* The information you present should include:
—The type of post-hoc test
—The mean and SD values for each group
—The Sig value for each comparison.




Interaction effects in ANOVA

* Experiments involving more than one factor (1V)
gives us the main effect of each of the factors but
also the possibility of an interaction between the
factors.

* Manipulating more than 1 factor means we can
see the ways in which a factor interacts with
another.

* E.g., In the intervention study example there were

2 IVs: Group (Intervention vs. Control) that could
interact with the other IV of Time point (1,2,3).

Interaction: Intervention Study

IV1: Group

‘ Intervention ‘ ‘ Control ‘ /

1IV2: Time

Timel | Time2 | Time3
Referral || Waiting || Diagnose

Interaction effects in ANOVA

* In order to investigate an interaction effect you
would need to look at Simple Effects.

* Asimple effect occurs when there is a significant
effect of one level of a factor across the levels of
the other factor.

* It can be thought of like separating the whole
design of your study in to smaller constituent
elements.




Interaction effects in ANOVA

* Simple effects can be investigated with:

—T-tests
—Planned Contrasts
—One-way ANOVA

BUT: Remember the investigation of simple
effects must avoid ‘capitalising on chance’.

Think back to how you deal with multiple
comparisons!!!

Interaction effects in ANOVA

* You may need to split the sample into

groups according to one of your IVs.

* You could do this by using the ‘Split File’

option in SPSS

—This allows you to split your sample
according to one categorical variable and
repeat analyses separately for each group.

Interaction effects in ANOVA

Say we obtained a significant interaction between Group
and Time in the intervention study....

We might split the SPSS file by Group and look at the effect
of Time on distress scores separately for the intervention
group only and then run a separate analysis for the effect
of Time on distress scores for the Control group only.

Use your SPSS books to see how splitting a file is done —
remember to turn off the split file option when you are
finished otherwise all subsequent analysis will be split.
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Interaction effects in ANOVA

* Relatively straight forward to interpret an
interaction when each of your factors only has 2
levels.

* BUT: What if you had a study where one (or more)
of the factors (IVs) has more than 2 levels?

* This gets quite tricky and you need to think
carefully about what further analyses to do and
how to interpret the results.

Interaction effects in ANOVA

* If you are comparing means across levels
using t-tests, you MUST ALWAYS KEEP ONE
FACTOR CONSTANT!

* Say there was a significant interaction
between:

—IV1: Group (2 levels: Intervention or
Control)

—IV2: Time (3 levels: 1, 2, 3).

Interaction effects in ANOVA

® You could compare the means for:
* Intervention group Time 1 and Time 2;
* Intervention group Time 2 and Time 3;
* Intervention group Time 1 and Time 3
¢ Control group Time 1 and Time 2;
¢ Control group Time 2 and Time 3;
¢ Control group Time 1 and Time 3

e BUT NEVER: Intervention group Time 1 with Control
group Time 3, for example.

12



Note on follow-up tests

* Think about whether the comparisons are
within-subjects or between-subjects

—This will dictate whether you run Independent
samples or Repeated-measures analyses.

* Think about whether you have any
interaction effects, as this will dictate on
what data you run any follow up analyses.
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