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ANCOVA

Reduce systematic bias & within groups error.

The influence of covariate on the dependent
variable is statistically controlled.

Control variable that not the main interest but have
effect on the dependent variable.

Confirmatory study? Exploratory?

Purposes

= Reduce bias (adjust estimates of population
~means on one or more variables)

» Increase power (reduce experimental error)

» The magnitude of the reduction in the error term is
related to the size of the correlation between the
covariate and the dependent variable in the design

= The larger the correlation, the greater is the reduction
in the error term

Between Group variation indep var + Between Group. variation. COV

[FaNcovA =

i

Within Group variation.individu diff' + Within Group variation COV

G

ANCOVA

Evaluates whether the population means on the
dependent variable, adjusted for differences on the
covariate, differ across levels of a factor.

Suitable for a study to examine the effect of
treatment but do no have equal baseline
parameters.

If the factor has more than 2 levels, need o do post
hoc test.

ANCOVA

®» Variance: in Dependent Variable

= The linear combination that is examined in ANCOVA isthe Y
score that is adjusted for the effects of the covariates

= Covariance: between Dependent Variable & Covariate(s)

= Examine the proportion of shared variance between the adjusted
Y score and the Independent Variable.

Ratio: Between Groups/ Within Groups

= The ratio of between-groups variance over within-groups
variance that determine the p value.

= [-test
= The significance test in ANCOVA

= |f significant, 2 or more means statistically differ after controlling
for the effect of 1 or more covariates
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Example

No. of days with

Drugs .| cold a year after
/ -7 medication

Main effect

i -
§ -~
P ”
! ction -7 .
..:3% . . . Year?
;i eftec _-” Regression
H 7 effect

-~

Baseline no. of
days with cold

Year1

Step 1: Data exploration:
descriptive summary by mean/%

i
i

_ Step 3: Determine main effect in the
model (no variable selection)

Aneliae 4 Grdabes - LN Batkons 5 Winvow 7 Heli

Reporis
Descriptive Statistics

Tadeg

Senerafized Linear kodels
wixed Models

13
. . M
Step 2: Bivariate exploration:
One-way ANOVA
Descripiives
cold?
485% Confidence Interval for
Wean
N Megn | Sld. Devialion | Bid Freor | LowerBaund | UpperBoand | Mikfaur: | Hedmum
placebo o 1280 3.584 1.133 10,24 15.35 g 28
low dose vitamin G 10 7.70 3.86G 1.221 1.54 10.46 3 15
high dose vitamin C 10 10.00 v 4422 1.388 B.B4 1318 2 18
Total 30 WAL 4.378 808 853 1169 3 20
ANOVA
cold2
Sum of
Squares dr #ean Square F Sig.
Betwaen Groups 130.487 2 65,233 4137 A Firyy v
¥yithin Groups 425.700 w 15.767
Toial 566167 20
15
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_ Step 5: Checking model assumptions

1.  Normality of distribution of residuals

=  For dependent variables on the covariate and in
the same group

® |f the scores for the covariate alone are normally
distributed the ANCOVA is robust to this
assumption

2. Homogeneity of variance
= | evene's test
= Scatter plot residual vs predicted

3. Linearity: Covariate is linearly related to the dependent
variable within all levels of the factor

= Preferably r>0.3
= Scatter plot residual vs covariate

21

Homogeneity of regression slopes: the relationship of
dependent variable to the covariate in each group
should be the same

= Regression slopes (B,) for Y=[,+B,X should be the same
for all treatment levels

Overall Model Fitness: scatter plot of residual vs
predicted

Assumptions

= Random samples

By study
= Observations are independent design and
= Reliability of covariate method

1. Assumption: Normality of distribution

Analyzé - Graphe: lies L pddans” Eitow L rep]
T egots .
7 Daseriiive Seétetics Busplds  poeso
Teples 3 Factor levels together | } E Stem-ancheat
Compara Mesrs @.._w.mﬁ:nmawwummwﬂ 1 m@mﬂaﬁg
o o} I

] Normaly picts with tests

St v Level with Lews e Tesl

=] Mong
T Potwer estimetion

sy -

|
B ot {3 Stetistics 3 PRts _

24




dC I

BT I
wei} ogroYpRdS Lo asf] 3 ~Pesdg uoganicd [ G5e r=
L - - e R e pq i 2 Sogl 1
1eg Jolg : e -—
H S L
ydiog m . ) z
~mer U [ L _lege £
a
: . ¢
T
. e _ a7 FEH £ D
T wers O SURIIIES 52 L =551 ADEMED AR S SR
LA e
| B sofEqeE papjoen Mpas) [
il MERIS RS0
e
H senes efBloAaT [
B o A
o P . _ 1 FDUBIER SA0RD [ 2
) S ﬂ&aﬂ 1pa g L st
|10 5l oo oy mresalr g7 % ) peauneary O upeps §5 S
T ) - T purpemEs L3 ua pEpuels 13
P2 Bord B i (5

Aslanbaiy

U e gl = warl o)

wuen— Aoy

[ EEEE
4 =sspopl pesIy
{ SiEpogy Teeur] paSisuss,

SRR PREdey m

fouanasy

AUEL TRGIATAL P 1k SR 9 DU

EoT=—

e
e S
pesis )

P o L LT )

— weiBcpp

sanfea paoIpaxd ‘enpisoy

awmnd e

rowss__. By

Asuatlingg




| Distribution of residuals | 2. Linearity
4. Homogeneity of regression slopes

Detie™  ranstorm . Analyze < Grephs -

frs ] 5 Define Varlble Progertios. . Assumption need to be checked for
b Copy Deta Propets... each group of independent variable
R e Custay St dn ——
B, Define Detes. .

£ Define Mutile Response Sets..

" B Wenlity Dupticale Cases...

by
s & sot Ceses... .
E4 . e & ro.of dsyswihcolde...| &3 Analyze sicases, to nal cteate groups
g . Surl Varkibhes... 114 ro_ot aays with oo 5_| & Compaes groupe
B2 Transpose... | 7 no.of days with cod 5. &1 Crgerize ouipte by groups
A Restrudture... Graupes Based nr )
Merge Fiies . @ {7 ronin C Trestment oronr],
5
EB: Aaregats... et

i 5 Sortdho Sls by rouping verisbles.
i £ File 2 adraacy sored

Cumri2 Stetus: Anslysis by grocps Is off.

Residual for cold2

Scatter plot Assumption: Linearity
Homogeneity of regression slopes

Graghs - LORIes AG0-008;; TAMIOW:

Vi € Treamur: plasabn

e CToramiet low A vitsmin G

u
o

& Vit € Treetmerk [g...
& no.of gays wiheokd s_ |

3.

e of digs welth w0l syrpioiny dndyr
T af das @hth 4610 Hpmptemn Znd g

T — " m o S

Ro. OF QiYL B 2610 IYmEESTS 200 4T . ot ey with eeld aymptom) Hetwr Wkt € Trmmnnt bl 4o vharn €

e ©

*Slopes between covariate and DV are similar
across groups

Sl *Indicates no interaction between Dependent
e e Stogte 1 s cbort specliclions e Variable and covariate

E Scater m ot b *If slopes differ, covariate behaves differently

T 5] ovetey [ ].1] =0 ) o ) e i depending on which group (i.e., heterogeneity of
Lﬁ:_ Sectir _H Soater regression)

[ PRI - = et e e e i

Sinple
Scater

ne. of dap wkth relsl mymptons Zne v

el S e *When slopes are similar (what we desire), Y is 7 , i 7

e s st
adjusted similarly across groups
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Groghs T NRies. Add-ones.Windaw

p Crart Bt
Pn Qﬁau!nqu.iluﬂaﬁn

I

LRI

R O

4 Viamn C Tredmend [g...
&7 100, o dery w5
& oot deryss with coid 5 _
& no.of days with cold 5

|7 prese vaie e e pr

B i wooins imommayrooms: |
Coponne:

|

i

| R ——

Residual vs predicted

37
_ 2. Homogeneity of Covariance
~Frinele B .Levene's Test of Equality of Error
: Eackar(s) end Paclor Inferactions: ) JFq._n:.nmmn )
ao(.mmaE - Dependent Variable:no. of days with cold
: g pm s sympioms 2rdyr -
m F ] di 3 sig. |
: T e,
i | 722 | . 2] 27| {#es)]
i _ | Tests the null hypothesis that the emor
_ _ vaniance of the dependeniwariable is equal
1 | across groups.
. a.Design: Intercept + cold 1-+ group
—Masgler
| & Desoripiive stoffsics % Homogenely bty
: 7] Botenster of eMtect siza 3 Spread vs. level piol
T3 Observed powar ¥ Residuei piot
! 7 Poromeler estimoles 5 Lack of &
1 T7) Contrast costhclend matrb % Genera) eamnabie 1unciion
Significenes leyak [65 | Confizence infervale are 85.0%
39
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~Eathnated wariinad Mean:

Fortor{z) and Facter nkerastions:

FOispiay

- i} Destriiiva stafldics
[ Estimatas of sHect sire [ Spresd vs, level piot

3 Opserved power (A Resiouel pick

£ Parameter otinetes B tack ottt

] Contrast coefiient malrix ™ Gereral astimsile function

] Hotooenetty tesis

Signiticance leyel: 105 Canfidenca inlerysls are B5.0%

45

Descriptive Statistles
Depandant Variable:no. of days with cold symploms 2nd w

Vilamin C Treatment Mean Sid. Daviabion | N

placebo T +zs0 1584 10
low dose vitamin G TT0 3.860 10¢
high dose vitamin C 1000 4.422 10
Total - 1017 4.379 |: 30

Tesis of Betwean-Subjacts Effects
Dapandent Variabie:no. ot days with cold sympioms 2nd wr

Descriptive statistics: mean no.
with cold symptoms without
adjustment of baselines

The number of days of cold

Sourte - -Type lil Sum .

nz-umgm-mm - df bfean-Square F Sig. w<3u.ﬂ°—.=m ﬁ——mm—- mao:m
Carrood Madel T5EBEE 3 2928 | sam | 63 .
oot~ | 14om30 i vamgse | ses2|  em groups when holding
group 140913 2 70457 4582 20 -
cald1 25918 1 25818 1.686 208 oo:mﬂmsﬂ ﬁ:m :::——Um—- o.ﬁ
Eror aozez | 28 6278 days with cold symptoms in
Total 3557.000 a0 .
Corracted Total 556167 29 the prior fo treatment

.

a. R Squared = 234 {Adjusted R Squared = 198)

Esfimates

Dapendent Varizblsme. of days with cold sympioms 2nd yr
Wiamin C Treatment {- .

95% Confidence Infenal

Upper Bound >QH=W.H¢Q ammo—:mﬁ.ﬂm<m

Mean Sid. Error | Lower Bound

placeba 13.087 1281 10.505
low dose vilamin G . 7.858% ._.MA.m. 5287
high dosa vilamin & 8,545 1289 5.886

= statistics: after adjustment of

10418

roson baselines

walues: no. of days with cold symploms sty = T0.37.

a. Covariaies appearing in the model are evaluated atthe followlng

460

Table 1. Adjusted mean of cold symptoms after adjustment with

the number of days the year prior

ANCOVA

= Control for the effects due to the covariate and seeing

Treatment group | Days with cold symptoms in second year P
value**
Mean (95% CI)* Adjusted Mean™*
{95% CI)
Placebo 12.80 (10.24, 15.36) 13.10 {10.50, 15.69) 0.020
Low dose vit C 7.70(4.94, 10.46) 7.86 (5.30, 10.42)
High dose vit C 10.17 (8.53, 11.80)  9.54 (6.90, 12.19)
*One —way ANOVA
**ANCOWVA, resulis adjusted for bassline numbers with cold symptoms
Placebo vs low dose p=0.0086,
Placeho vs high dose p=0.065,
Low vs high dose p=0.362 (post hoc analysis L3D})
47

if there are differences in groups

ANCOVA is primarily concerned with reducing error
variance/increasing power, when used appropriately for
experimental setups.

The difference between ANCOVA and MLinR is the
language used to describe the results (mean differences
vs. coefficients etc.}, some different options for
analysis because of the categorical variable (post hocs,
effect size}, and an additional assumption (homogeneity
of regression)

48
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