Repeated Measures and Nested Analysis of Variance

An Outline of the Sources of Variation, Degrees of Freedom,
Expected Mean Squares, and F - Ratios

For Several Fixed, Random, and Mixed Effects Models

Notation

The following pages outline the sources of variation, degrees of freedom, expected
mean squares, and F - ratios for several different ANOVA designs under fixed, random,
and mixed effects models. Note that the expected mean squares are comprised often of
several sources of variation. The within cell, residual, or error variation in represented

as s Z, and is the only expected mean square comprised of a single term. Under the

fixed effects model, most of the expected mean squares consist of a sum of s Zand the

variance associated with that particular source of variation. However, under the random
and the mixed effects models many of the expected mean squares consist of a sum of
several terms. This is because when a source of variation is estimated by selecting a
small random subset of the possible levels of that factor, part of the variation due to that
factor arises because of the sampling variation associated with choosing that particular
set of factor levels. When the source of variation is a fixed effect no sampling of the
factor levels occurs so no additional terms enter into the expected mean squares. For
example, in a two factor fixed effects factorial ANOVA the expected mean squares are
(alevels of A, b levels of B, and s subjects within each cell):

Source df E(ms) F

A a-1 s2+bss? MSA/MS
B b-1 sZ+ass? MSg/MS,
AB (a-1)(b-1) s2+ss? MSas/MSe

s|AB (error) ab(s-1) s?

e



However, if factor B is random and A is fixed, the expected mean squares are not free
from variation due to the sampling of factor levels:

Source df E(ms) F

A a-1 S2+bss:+ss 2, MSA/MSag
B b-1 sZ+ass? MSg/MSe
AB (a-1)(b-1) sZ+ss? MSas/MSe
S|AB (error) ab(s-1) s?

e

Note also that each F - ratio is expressed as a ratio of expected mean squares. The
numerator of the F - ratio consists of the expected mean square for the source of
variation to be tested, and the denominator of the F - ratio is chosen to isolate the
variance associated with that source in the numerator. Glance again at the two
examples given above. Under the fixed effects model we could write the F - ratio used
to test the effects of factor A as MSa/MS, or s 2 +bss 2/s 2. Under the mixed model

depicted in the second example the expected mean square of Factor A is confounded
with the sampling variation caused by selecting the particular random subset of levels of

factor B: s 2 +bss 2 +ss 2,. To test the effects of Factor A, we must choose a mean
square for the denominator that will isolate bss 2 in the numerator. MSpag will do this
because it is comprised of the two necessary terms: s 2and ss Z;.

Throughout the pages that follow each F - ratio was constructed in the manner outlined
above. Each expected mean square is derived by pooling the confounded sources of
variation. | have used the lower case Greek letter "sigma" to indicate the variance
associated with a particular source in all instances. Many texts use a different symbol in
the fixed effects models, since in this model each source of variation arises because of
a constant treatment effect rather that partly due to sampling variation in factor levels.

Other notation generally follows Keppel. For further reading on constructing expected
mean squares see Appendix 4 in Keppel.



Notation

Explanation

AS,ABS Interaction of subjects with factors - found in
full within subjects designs

S|A, s|AB Subjects within levels of factor A or
combinations of levels of A and B - found in
partial within subjects designs

AB, etc. Interaction of factor A and B

B x s|A Interaction of factor B with subjects within
levels of factor A

C xs|AB Interaction of factor C with subjects nested
under combinations of levels of factor A and
B

BIA Factor B nested under factor A

CIBIA Factor C nested under both factor A and B

C x BJA Interaction of factor C with factor B nested

under factor A. Factor C is not nested

Final note on F - ratios

As you look through these pages you will see some F - ratios that look pretty
complicated, like this:

IMS,/(MS,; +MS - MS,gc .

These are called "Quasi - F - Ratios" because that consist of a combination of expected
mean squares and are only approximately F distributed. These quasi - F's will have
denominator degrees of freedom equal to:

(MS, +Ms, - M, )?/(Ms? /df, )+ (Ms? /df, ) + (M2 /df, ).

The numerator degrees of freedom will be those for the source of variation being
tested. The reason for using these quasi - F's is that when random effects are
embedded in the more complicated experimental designs there may not be a single
expected mean square to place in the denominator that will isolate a particular source of
variation. This is because of the additional confounded sources of variation that arise



because of the sampling variation associated with choosing a subset of factor levels.
Therefore, one must contrive a combination of mean squares that will isolate the source
of variation of interest in the numerator. More than one quasi - F may be possible for
testing a single source of variation. Those that involve the subtraction of a mean square
in the denominator can produce negative ratios if the subtracted mean square is large. If
this occurs an alternative quasi - F must be constructed. These may have more that one
mean square in the numerator. In general for mean squares u,v,x, and w:

df oo = (Wz/dfw)+ (x2/dfx) )

u+v
F¢=
W+ X

., = 1Y)

e (u?/df, )+ (v df, )

(w+x)*

Full Within Subjects Designs

A. One - factor repeated measures ANOVA - Factor A with s subjects per treatment
group is either fixed or random

Source df E(ms) F

A (a-1) s?+ss? MSa/MSgja
S|IA (a-1)(s-1) s 2

S (s-1) s 2




B. Two - factor repeated measures ANOVA (both factors with repeated measures).
Factor A with a levels, Factor B with b levels and s subjects per treatment
combination (Case 1 - Both factors fixed)

Source df E(ms) F

A (a-1) SZ+bss 2 +bs i MSa/MSas

B (b-1) s’+ass’+as? | MSe/MSgs
AB (a-1)(b-1) SZ+SS a5 +S aps MSae/MShes
AS (a-1)(s-1) sZ+bs i

BS (b-1)(s-1) s2+as?,

ABS (@-1)(b-1)(s-1) |s?+s?,

S (s-1) s?

C. Two - factor repeated measures ANOVA (both factors with repeated measures).
Factor A with a levels, Factor B with b levels and s subjects per treatment
combination (Case 2 - Both factors random)

Source | df E(ms)

A (a-1) SZ+bssi+bs i +ssi, +S % | MSA/(MSAeMSas-MShss
B (b-1) SZ+ass)+as’ +SS 5, +S e | MSe/(MSastMSes-MSags
AB (@a-1)b-1) SZ+ss2 +s 2 MSas/MSass

AS (@a-1)(s-1) s 2+bs 2, +s 2.

BS (b-1)(s-1) S¢ +8S g5 +S fgs

ABS @-1b-1)(s-1) | s2+s?,

S (s-1) s?




D. Two - factor repeated measures ANOVA (both factors with repeated measures).
Factor A with a levels, Factor B with b levels and s subjects per treatment
combination (Case 3 - Factor A random, Factor B fixed)

Source | df E(ms) F

A (a-1) sZ+bss ; +bs g MSa/MSas

B (b-1) sZ+assi+as i +SS i, +S i | MSE/(MSae+MSes-MSpes)
AB (a-1)(b-1) SZ+ss2 +s 2 MSas/MSss

AS (a-1)(s-1) sZ2+bs i

BS (b-1)(s-1) S +as g5 +S pus

ABS (@-1(b-1)(s-1) | s2+s?2,

S (s-1) s?

I. Partial Within Subjects Designs

A. Two - factor repeated measures ANOVA (Factor A - between subjects, Factor B -
within subjects). Factor A with a levels, Factor B with b levels and s subjects per
treatment combination (Case 1 - Both Factors fixed)

Source | df E(ms) F

A (a-1) sZ+bs i, +bss 2 MSa/MSas
AS a(s-1) sZ2+bs 2

B (b-1) SZ+ass;+S 2 s MSg/MSgxas
AB (a-1)(b-1) SZ+SS 2 +S b MSas/MSgxas
BXAS a(s-1)(b-1) SZ2+S 24

S (s-1) s?




B. Two - factor repeated measures ANOVA (Factor A - between subjects, Factor B -
within subjects). Factor A with a levels, Factor B with b levels and s subjects per
treatment combination (Case 2 - Factor Arandom and Factor B fixed)

Source | df E(ms) F

A (a-1) sZ+bss ; +bs g MSa/MSas
AS a(s-1) s 2+bs 2

B (b-1) SZ+ass;+SS i +S hus MSg/MShg
AB (@a-1)(b-1) SZ2+SS 5 +S 2 MSas/MSgxas
BXAS a(s-1)(b-1) SZ2+S 2

S (s-1) s?

C. Two - factor repeated measures ANOVA (Factor A - between subjects, Factor B -
within subjects). Factor A with a levels, Factor B with b levels and s subjects per
treatment combination (Case 3 - Factor A fixed and Factor B random)

Source | df E(ms) F

A (a-1) S2+bss i +bs 2 +ss i, +S b, | MSA/(MSas+MSae-MSexas)
AS a(s-1) sZ+bs? +s2.o

B (b-1) S2+ass?+S s MSg/MSegxas

AB (a-1)(b-1) SZ2+SS i +S 2 MSas/MSgxas

BXAS a(s-1)(b-1) |sZ+s’,s

S (s-1) s?




D. Two - factor repeated measures ANOVA (Factor A - between subjects, Factor B -
within subjects). Factor A with a levels, Factor B with b levels and s subjects per
treatment combination (Case 4 - Both random)

Source | df E(ms) F

A (a-1) SZ2+bss i +bs 2 +ss i, +S b | MSA/((MSas+MSae-MSgxas)
AS a(s-1) sZ+bs? +s2 .o

B (b-1) SZ+assS;+SS 55 +S b MSg/MShg

AB (a-1)(b-1) SZ2+SS i +S 2 MSae/MSgxas

BXAS a(s-1)(b-1) |sZ+s’,s

S (s-1) s?

E. Three - factor repeated measures ANOVA (Factor A & B - between subjects,
Factor C - within subjects). Factor A with a levels, Factor B with b levels, Factor C
with c levels, and s subjects per treatment combination (Case 1 - Factor A, B, and

C Fixed)
Source df E(ms) F
A (a-1) SZ2+cs i +bess 2 | MSA/MShgs
B (b-1) sZ+cs i +tacss? | MSe/MSpes
AB (a-1)(b-1) sZ+cs i +Css?, | MSas/MSpes
ABS ab(s-1) sZ+cs Z
C (c-1) sZ+abss i +s s | MSc/MScxass
AC (a-1)(c-1) S2+bss i +si,ms | MSac/MScxass
BC (b-1)(c-1) sZ+ass 2 +siuss | MSec/MScxass
ABC (a-1)(b-1)(c-1) S2+S i +S&uns | MSasc/MScxass
CXABS ab(c-1)(s-1) S2+S & s




F. Three - factor repeated measures ANOVA (Factor A & B - between subjects,
Factor C - within subjects). Factor A with a levels, Factor B with b levels, Factor C
with c levels, and s subjects per treatment combination (Case 1 - Factor A, B, Fixed
and C Random)

Source | df E(ms) F

A (a-1) S§+b0$i+b$ ic +CS§BS+S(§XABS MS,
MSABS + MSAC - MSCXABS

B (b-1) sZ+acss 2 +ass 2. +CS 2o +S Les MS,

e
MSABS + MSBC - MSCXABS

AB (a-1)(b-1) sZ+css i, +csi 2 82 MS,

e aes 1SS asc CXABS
MSABS + MSABC - MSCXABS

ABS ab(s-1) S2+CS 5o +S Snms

C (c-1) sZ+abss g +S & us MSc/MScxags
AC (a-1)(c-1) SZ2+bss 2. +S & es MSac/MScxags
BC (b-1)(c-1) SZ+asS 5. +S Sms MSgc/MScxags
ABC (@-1)(b-1)(c-1) | s 2 +5s5 %c +S &nss MSasc/MScxass

CXABS | ab(c-1)(s-1) s2+s?

e CXABS




G. Three - factor repeated measures ANOVA (Factor A & B - between subijects,
Factor C - within subjects). Factor A with a levels, Factor B with b levels, Factor C
with c levels, and s subjects per treatment combination (Case 3 - Factor A random,
and B and C Fixed)

Source df E(ms) F

A (a-1) S 2 +bcss 5 +CS 5 MSa/MShes

B (b-1) sZ+acss 2 +cs 2, +CSs 2, MSg/MSag

AB (a-1)(b-1) S 2 +CSS 25 +CS ipe MSae/MShes
ABS ab(s-1) S2+5sS 5

C (c-1) sZ+abss g +S & us MSc/MScxags
AC (a-1)(c-1) SZ2+bss 2. +S & us MSac/MScxags
BC (b-1)(c-1) SZ+asS 5. +S Sms MSgc/MScxags
ABC (@-1)(b-1)(c-1) | s 2 +5ss %c +S Einss MSasc/MScxass
CXABS ab(c-1)(s-1) S2+S & s




H. Three - factor repeated measures ANOVA (Factor A & B - between subjects,
Factor C - within subjects). Factor A with a levels, Factor B with b levels, Factor C with ¢
levels, and s subjects per treatment combination (Case 4 - Factor A and C random,
and B Fixed)

Source | df E(ms) F

A (a-1) S 2 +bCss 4 +CS 5ps + 0SS 5. +S 2 es MS,
MSABS + MSAC - MSCXABS

B (b-1) SZ+acss ;+cs 2 +ass 2. MS,
+CSsS iB +SS ch +S éXABS MSAB + MSBC - MSABC
AB (a-1)(b-1) S2+CSS 55 +CS 2ae MS,;

MSABS + MSABC - MSCXABS

ABS ab(s-1) S2+SS e +S S

C (c-1) sZ2+abss 2 +bss 2. +S s MSc/MSac

AC (a-1)(c-1) SZ2+bss 2. +S & es MSac/MScxags
BC (b-1)(c-1) s2tas? +ss i+l MSec/MSaac
ABC (@-1)(b-1)(c-1) | s 2 +ss 2. +S dins MSagc/MScxaes

CXABS | ab(c-1)(s-1) s2+s?

e CXABS




I. Three - factor repeated measures ANOVA (Factor A & B - between subjects, Factor
C - within subjects). Factor A with a levels, Factor B with b levels, Factor C with c levels,
and s subjects per treatment combination (Case 5 - Factor A and B random, and C

Fixed).
Source | df E(ms) F
A (a-1) S 2+bCss 2 +Cs 25 +CSS 2, MS,
MSyes + MS,c - MScies

B (b-1) sZ+acss 2 +cs 2 +Css 2, MSg/MSas
AB (a-1)(b-1) SZ2+CSS 25 +CS ipe MSae/MShes
ABS ab(s-1) sZ+cs 2
C (c-1) s Z+abss 2 +bss 3 MS.

+ass 2. +5S 25 +5 2 s MS,c +MSgc - MS,ec
AC (a-1)(c-1) S2+bss 2 +55 2 +S e MSac/MSaac
BC (b-1)(c-1) S2+ass’ +55 2, +S 2o MSzac/MSaac
ABC (@-1)(b-1)(c-1) | sZ+ss 2. +S 2 e MSaec/MScxags
CXABS | ab(c-1)(s-1) S2+S & s

e




J. Three - factor repeated measures ANOVA (Factor A & B - between subjects,
Factor C - within subjects). Factor A with a levels, Factor B with b levels, Factor C with ¢
levels, and s subjects per treatment combination (Case 5 - Factor A, B and C
random).

Source | df E(ms) F
A (a-1) s 2 +bess 2 +css 5, +bss 5 MS,

65 fos +5 Jao +5 G VS *MSuc - MSvec
B (b-1) S & +acss ; +CS jgs +CSS g MS,

#2530 45 Joc ¥ s WS M - MSsoc
AB (a-1)(b-1) S 2+0SS 25 +SS Zpc +CS pas +S s MS,q

MSABS + MSABC - MSCXABS

ABS ab(s-1) SZ2+Cs % +S S
C (c-1) s Z+abss 2 +bss 3 MS.
+ass 2. +SS Ae +S s MS,c + MSgc - MS,ec
AC (a-1)(c-1) S2+bss 2 +55 2 +5 2,0 MSac/MSpac
BC (b-1)(c-1) s2+ass? +s5 2. +5 2,0 MSec/MSsac
ABC (@-1)(b-1)(c-1) | s 2 +5ss %c +S &ins MSasc/MScxaes

CXABS | ab(c-1)(s-1) s2+s?

e CXABS




K. Three - factor repeated measures ANOVA (Factor A - between subjects, Factors
B and C - within subjects). Factor A with a levels, Factor B with b levels, Factor C with ¢
levels, and s subjects per treatment combination (Case 6 - Factor A, B, and C Fixed)

Source df E(ms) F

A (a-1) sZ+bess i +bes 2, | MSA/MSas

AS a(s-1) s2+bes 2

B (b-1) sZ+acss 2 +cs s | MSe/MSexas
AB (a-1)(b-1) SZ2+CsS i, +CS hus | MSas/MSexas
BXAS a(b-1)(s-1) SZ+CS e

C (c-1) sZ+abssZ+s2,s | MSc/MScxas
AC (a-1)(c-1) S2+bss i +s i, | MSac/MScxas
CXAS a(c-1)(s-1) SZ2+5 2

BC (b-1)(c-1) sZ+ass i +s 2 s | MSec/MSeacxas
ABC (a-1)(b-1)(c-1) S2+sS e +S 2ns | MSaBc/MSaexas
BCXAS a(b-1)(c-1)(s-1) s2+si




L. Three - factor repeated measures ANOVA (Factor A - between subjects, Factors B
and C - within subjects). Factor A with a levels, Factor B with b levels, Factor C with c
levels, and s subjects per treatment combination (Case 6 - Factor A Fixed, Factors B
and C random).

Source | df E(ms) F
A (a-1) s 2+bcss 2 +hes 2 + MS,
CSS iB + bss ic + CS éXAS + MSAS + MSAB + MSAC - MSBXAS - MSABC
bS éXAS +Ss iBC +s éCXAS
AS a(s-1) SZ2+bcs 5 +CS Sus +
bS éXAS +s éCXAS
B (b-1) sZ+acss2+cs e+ MS,
ass éc +S SCXAS MSgc +MSguas - MSgexas
AB (a-1)(b-1) S j + Css f\B +cs SXAS + MS,s
SS ch +S écxxxs MSguas + MSppc - MSgouas
BXAS | a(b-1)(s-1) S2+CS 2 *S hoxas
C (c-1) sZ+abss2+bs s+ MS.
ass éc +S SCXAS MScxas + MSgc - MSgexas
AC (a-1)(c-1) SZ+bss i +bs i s+ MS,c
SS ch +S SCXAS MScxas + MSpgc - MSpeuas
CXAS | a(c-1)(s-1) S2+DbS Zas +S Zoxas
BC (b-1)(c-1) SZ2+ass i +S 2 MSgc/MSgcxas
ABC (@-1)(b-1)(c-1) | sZ2+5S 2 +S foxas MSagc/MSgcxas
BCXAS | a(b-1)(c-1)(s-1) | s 2 +5 2 s

e




lll. Nested Designs

A. Two - factor nested ANOVA (Factor B nested under Factor A). Factor A with a
levels, Factor B with b levels, and s subjects per treatment combination (Case 1 -
Factor A and B Fixed).

Source df E(ms) F

A (a-1) S 2 +bss ? MSa/MSsjae
BIA a(b-1) SS+SSia MSg|a/MSs)ae
S|AB ab(s-1) s?

B. Two — factor nested ANOVA (Factor B nested under Factor A). Factor A with a
levels, Factor B with b levels, and s subjects per treatment combination (Case 2 -
Factor A fixed and B random).

Source df E(ms) F

A (a-1) S +bss;+ss g, MSa/MSgja
BIA a(b-1) SS+SSia MSg|a/MSs)ae
S|AB ab(s-1) s?

C. Two — factor nested ANOVA (Factor B nested under Factor A). Factor A with a
levels, Factor B with b levels, and s subjects per treatment combination (Case 3 -
Factor A and B random).

Source df E(ms) F
A (a-1) sZ+bss?+ss g, MSA/MSg)a
BJIA a(b-1) SZ+ss g, MSg(a/MSs)aB

S|AB ab(s-1) s?

e




D. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with ¢ levels, and s subjects per

treatment combination (Case 1 - Factor A, B, and C fixed).

Source df E(ms) F

A (a-1) s 2 +bcss 4 MSa/MSs)asc
BIA a(b-1) S & +CSS g MSg|a/MSsjasc
C|BJA ab(s-1) S +SS g MS cigja/MSsjasc
S|ABC abc(s-1) 52

E. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with ¢ levels, and s subjects per
treatment combination (Case 2 - Factor A random, B and C fixed).

Source df E(ms) F

A (a-1) s 2 +bcss 4 MSa/MSs)asc
BIA a(b-1) S & +CSS g MSg|a/MSsjasc
C|B|A ab(s-1) S +5SS g MS c|gja/MSsjasc
S|ABC abc(s-1) 52

F. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with ¢ levels, and s subjects per
treatment combination (Case 3 - Factor A, B, and C random).

Source df E(ms) F

A (a-1) S2+becss ; +CsS 5, +5S gga | MSA/MSga

BIA a(b-1) S & +CSS g 5SS S MSg|a/MScig)a
C|BJA ab(s-1) S2+SS dga MS cigja/MSsjasc
S|ABC abc(s-1) s?

e




G. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with ¢ levels, and s subjects per
treatment combination (Case 4 - Factor A and B random, C fixed).

Source df E(ms) F

A (a-1) s2+bess2+ossZ, | MSWMSen

BJA a(b-1) SZ+ss g, MSg|a/MSs|aec
C|BJA ab(s-1) S2+SS dga MS c|gja/MSsjasc
S|ABC abc(s-1) s?

H. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with c levels, and s subjects per
treatment combination (Case 5 - Factor A fixed, B and C random).

Source df E(ms) F

A (a-1) S2+becss 4 +CsS 5, +5S Zga | MSA/MSgia

BIA a(b-1) S&+5SSgatS cpa MSg|a/MScig)a
C|BJA ab(s-1) S2+SS dga MScgja/MSsjasc
S|ABC abc(s-1) s?

e

I. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with ¢ levels, and s subjects per
treatment combination (Case 6 - Factor A and B fixed, C random).

Source df E(ms) F

A (a-1) s 2 +bcss 4 MSa/MSs)asc
BIA a(b-1) s2+ssi,+ssZga | MSe/MScpia
C|B|A ab(s-1) S +5SS g MS c|gja/MSsjasc
S|ABC abc(s-1) 52




J. Three — factor nested ANOVA (Factor C and B nested under Factor A). Factor
A with a levels, Factor B with b levels, C with ¢ levels, and s subjects per
treatment combination (Case 7 - Factor A and C fixed, B random).

Source df E(ms) F

A (a-1) s2+bess2+ossZ, | MSAMSep

BJA a(b-1) SZ+ss g, MSg|a/MSs|aec
C|BJA ab(s-1) S2+SS gga MS cgja/MSsjasc
S|ABC abc(s-1) s?

e

K. Three — factor nested ANOVA (Factor B nested under Factor A). Factor A with
a levels, Factor B with b levels, C with c levels, and s subjects per treatment
combination (Case 8 - Factor A, B, and C fixed).

Source df E(ms) F

A (a-1) s 2 +bcss 4 MSa/MSs)asc
BIA a(b-1) SS+SSia MSg|a/MSsjasc
C (c-1) s Z+abss & MSc/MSsjaec
AC (a-1)(c-1) sZ+sbs 5. MSac/MSsjaec
CXBJA a(b-1)(s-1) SZ2+SS ogn MScxeja/MSs)asc
S|ABC abc(s-1) s?




L. Three — factor nested ANOVA (Factor B nested under Factor A). Factor A with
a levels, Factor B with b levels, C with c levels, and s subjects per treatment
combination (Case 9 - Factor A and C fixed, B random).

Source df E(ms) F

A (a-1) sZ+bess2+ossZ, | MSAMSen

BJIA a(b-1) SZ+ss g, MSg|a/MSs|aec
C (c-1) s2+abss i +ss g, | MSc/MScxea
AC (a-1)(c-1) S2+sbs i +5S &g | MSac/MScxaia
CXBJA a(b-1)(s-1) SZ2+SS ogn MScxeja/MSsjasc
S|ABC abc(s-1) s?

M. Three — factor nested ANOVA (Factor B nested under Factor A). Factor A with
a levels, Factor B with b levels, C with c levels, and s subjects per treatment
combination (Case 10 - Factor A fixed, B and C random).

Source df E(ms) F
A (a-1) S & +bess i +Css g, + MS,
bss ic +ss éXBlA MSB|A +MS, - MSCXB|A
BIA a(b-1) S & +5SS oatSS Sga MSgja/MScxgja
C (c-1) S +abss i +SS &ga MSc/MScxgia
AC (a-1)(c-1) S +shs i +5S Sgn MSac/MScxgia
CXBIA a(b-1)(s-1) | s?+ssign MScxg|a/MSsjasc
S|ABC abc(s-1) s?




