Analysis of Covariance
(ANCOVA)
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Goals

®When and Why do we use ANCOVA?
®Partitioning Variance

®Carrying out in SPSS

®Interpretation

» Main Effects
« Covariates

/~  When And Why Do We Use
ANCOVA?

®To test for differences between group means
when we know that an extraneous variable
may have an impact on the outcome variable

®Used to control known extraneous variables
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Advantages of ANCOVA

®Reduces Error Variance
« The error variance in the model can be reduced by
explaining some of the unexplained variance
©® Greater Experimental Control
» By controlling known extraneous variables, we gain
greater insight into the influence of the predictor
variable(s)
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Partitioning of Variance
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@ Imagine that researchers wanted to test a new
sexual stimulant drug called Viagra-2
© Three groups of men were given various doses of
the drug and asked to report their sexual desire
+ There are several possible extraneous variables such as
the sexual desire of their partners
©® We can conduct the same study but measure the
libido of their partners over the same time period
following the dose of Viagra-2
+ DV = Participant’s libido

An Example

» IV = Dose of Viagra (Placebo, Low Dose, & High Dose)
« Covariate = Partner’s libido
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/ Relationships between the IV and
Covariate

This is what is generally assumed
with a traditional ANOVA model
(i.e., no covariate is involved)

. = .

/ Relationships between the IV and
Covariate

This is the ideal scenario for the
ANCOVA because the covariate

Tom v
l shares its variance only with the
i unexplained portion of variance in
by viagr. libido...this is the only time when
ANCOVA is appropriate

/ Relationships between the IV and
Covariate

ANCOVA is commonly used in this
scenario but it is not appropriate. In
this scenario, the covariate shares
variance with the IV which will be
problematic for interpreting the
ANCOVA
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Dose Participant’s | Partner's Libido
3 1
2 1
5 5
2 1
Placebo 2 2
2 2
7 7
2 4
; : Dose Participants | partner's Libido
5 3
3 1
Low Dose : 2 Placebo 3.22(1.79) 3.44 (2.07)
7 6
5 4 Low Dose 4.88 (1.46) 3.12(1.73)
4 2
9 1
2 3 High Dose 485(2.12) 2.00 (1.63)
6 5
3 4
4 3
4 3
High Dose 4 2
6 0
4 1
6 3
2 0
8 1
5 )

a ANCOVA on SPSS

B Univariate
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/ Results Without the Covariate

Tests of Between-Subjects Effects

Dependent Variable: Libido
Type ll Sum

Source of Squares 8 | Mean Square F

Corrected Model 16.848° H 8422 | 2416

Intercept 535.184 1 535184 | 153522

DOSE 16,844 2 8422 | 2416

Error 94123 21 3486

Total 683.000 20

Corrected Total 110967 29

a R Squared = 152 (Adusied R Squared = .089)

‘Without the partner’s libido as a
covariate, the dose of Viagra-2 does
not have a significant effect on the
sexual desire of the participants
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Output

Levene's Test of Equality of Error Variances

Dependent Variable: Libido

Tests the null hypothesis that the error variam
the dependent variable is equal across groups.
a. Design: Intercept+PARTNER-DOSE

Tests of Between-Subjects Effects

The Levene’s Test shows that the
variances between the groups are
not equal. However, the ratio of the
largest and smallest group
variances are not terribly large so
the ANCOVA would normally be
used as itis

Dependent Varisbla: Libids
Type lll Sum

Sour of Sausres o |Mean Square F si

Conected Model 24.780% 3 11.583 3852 018

Intercept 12471 1 12471 4182 082

PARTNER 17.908 1 17.908 .109 020

oose 28.227 2 14188 4822 oie

Enor 7e.210 20 2921

Tetal 282,000 0

Corracted Total 110.967 29

. R Squared = 313 (Adjusted R Squared = 234

Output

Levene's Test of Equality of Error Variances
ibido

Dependent Variable:

ss=s] 2] ar] ow0]
Tests the null hypothesis that the error variance of
the dependent variable is equal across groups.
a. Design: Intercept+PARTNER-DOSE

Tests of Between-Subjects Effects

This shows that the libido of the
partner is associated with the
sexual desire reported by the
participants

Dependent Varisble: Libids
Type lll Sum

Souros of Sausres of |Meansquwe | F si

Conected Model 347800 3 11883 | 3882 o1

intaroept 12471 1 12471 4182 og2!

PARTNER 17.908 1 17.908 .109 02 >

cose 28.337 2 tetes [ 4s32

Erer 78.218 20 2921

Total £82.000 0

‘Conected Total 110.9687 29

. R Squared = 313 (Adjusted R Squared = 234




Output

Levene's Test of Equality of Error Variances
Dependent Variable: Libido
7 o)
Tests the null hypothesis that the error variance of
the dependent variable is equal across groups.
a. Design: Intercept+PARTNER-DOSE

Tests of Between-Subjects Effects
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This shows that the dose of Viagra-
2 has an impact on the sexual
desire of the participants when the
libido of the partner is included as
a covariate

Dependent Varisble: Libido

Type lll Sum
Sourcs of Sausres gt Mesn Squsre F S
"Con 347800 11,883 3952 a1s
Intercept 12471 12471 4182 0:
PARTNER 17.908 17.908 e.109
posE 28337 14188 4822 aie >
Ence 76218 2931
Total £82.000
Conacted Total 110.967

. R Squared = 313 (Adjusted R Squared = 234
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Levene's Test of Equality of Error Variances

ibido
7 o)
Tests the null hypothesis that the error variance of
the dependent variable is equal across groups.
a. Design: Intercept+PARTNER+-DOSE

Dependent Variable:

Tests of Between-Subjects Effects

Dependent Varisble: Libide

ms{.,“.f

Conected Total

2921
\\

Type lll Sum N
of Sauares Mesn Squsre F si The covariate has an
347800 11.883 3.952 018 impact on the result of
121471 12471 4182 o2 :
17.308 17908 [ 109 020 Fhe. analy.ss because
14,168 4822 ote its inclusion reduces

the variance that is
T ———] UN€Xplained (i.e.,

. R Squared = 313 (Adjusted R Squared = 234

error variance)

Output

Estimates
pigo
idence intereal
Dose of
1000 Mean Std_Error | Lowsr Bound | Upper Bound
Placebo 29267 59 G
Low Dose ane & 3436 5998
High Dose 5151% 503 4118 5184
a Covanates evaluated
Partner's Libido= 273
Pairwise COMparisons

Dep: L ibig

Participants in the high dose group report
higher levels of sexual desire than those in
the placebo group...but participantsin the
low dose group do not differ from those in
either the placebo group or the high dose

group

Fyw——— 4
Mean
@Ooseor () Doseor | Diflerence ¢-
Vizota Ao ) Swemor | sigs | Lowers Ugper Bound
Placebo  Law Dose EE) 840 (3
HighDose 2225 803 030 24273 -A77
LowDose  Placebo 1786 ) -381 3953
High Dose 439 811 932 -2.509 1631
HighDose  Placebo 2205 803 030 77 4273
Low Dose 439 21 LEF) 163 2509

Based on estmated marginal means
a. Adjustment for multiple comparisons: Sidak
*. The mean difference is significant atthe .05 level,




/Unadjusted Means

Adjusted Means

=1
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F(2,26) = 4.14,p < .05 /




