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Abstract

The US Food and Drug Administration issued a guidance in 2002, ‘‘Food-Effect Bioavailability and Fed Bioequivalence Studies,’’ in

which it states ‘‘in addition to a BE [bioequivalence] study under fasting conditions, we recommend a BE study under fed condi-

tions for all orally administered immediate-release drug products’’ for abbreviated new drug applications. This statement involves

3 studies: a BE study under fasting status, a food-effect (FE) study, and a BE study under fed status. In practice, when it is known

that there is no FE with a reference (R) formulation, a sponsor may choose to run a BE study that assesses the drug effect and food

effect with a test (T) formulation in a single study that includes 3 treatments: R formulation at fasting status, T formulation at fasting

status, and T formulation at fed status. Such a study combines the fasting BE study and the FE study on the T formulation and may

justify the waiver of the fed BE study if conclusions can be made that there is no FE with the T formulation after this combined

study completes. This article discusses how to calculate the sample size for this kind of study with different primary analysis

models. Also discussed are (1) sample size calculations with more general BE studies and (2) how they can be implemented using

commercial software in a standard 2-treatment, 2-period, and 2-sequence crossover design, as well as (3) a related practical issue

of how to retrieve residual intrasubject mean squared error from historical summary results in the literature.
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1. Introduction

Bioavailability (BA) and bioequivalence (BE) studies are

widely conducted in pharmaceutical companies. Bioavailabil-

ity of a drug is defined as the rate and extent to which the active

drug ingredient or therapeutic moiety is absorbed and becomes

available at the site of drug action. Bioequivalence involves

comparison of BA between a test (T) and a reference (R) drug

product, where T and R can vary depending on the comparison

to be performed (eg, generic drug vs reference-listed drug,

extended vs immediate release, oral vs intravenous, different

formulations or manufacturing processes, etc). Food effect

(FE) refers to the impact on the BA when the drug is taken with

food versus an empty stomach. The US Food and Drug Admin-

istration (FDA) issued a guidance in 2002, ‘‘Food-Effect

Bioavailability and Fed Bioequivalence Studies,’’ in which it

states ‘‘in addition to a BE study under fasting conditions, we

recommend a BE study under fed conditions for all orally

administered immediate-release drug products’’ for abbre-

viated new drug applications.1 This statement involves 3

studies: a BE study under fasting status, an FE study, and a

BE study under fed status. Sometimes, it is known that there

is no FE with R formulation, and it is reasonable to assume that

there is no FE with the T formulation either. For example, a

drug has already been approved in tablet form (R formulation),

and it has already been established that there is no food effect

with the tablet, and now in developing pediatric therapy, a sus-

pension (T formulation) with the same effective drug substance

is studied. However, although it is almost certain that there will

not be any FE on T formulation, the regulatory agency would
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still want to see data to substantiate it. In this situation, a spon-

sor may choose to run a BE study assessing the drug effect (in

terms of exposure) and food effect with T formulation in a sin-

gle study that includes 3 treatments: R formulation at fasting

status, T formulation at fasting status, and T formulation at fed

status. With such a design, assessment is made on the FE on the

T formulation in addition to BE between T and R formulations

(ie, the study would combine the fasting BE study and the FE

study on the T formulation), and it may justify the waiver of the

fed BE study if conclusions can be made that there is no FE with

the T formulation after this combined study completes. If FE on

the T formulation cannot be ruled out, a fed BE study is probably

still necessary. In this situation, one can consider a Williams

design with balanced 3 treatments, 3 periods, and 6 sequences

(6 � 3) and can randomize subjects according to a schedule

shown in Table 1, where A stands for R under fasting status,

B stands for T under fasting status, and C stands for T under fed

status.2 Any permutation of the order of the 6 sequences will not

affect the sample size calculations or BE/FE assessment. How-

ever, the design matrix depends on such permutation.

Method 1

Denote the treatment effect by FA, FB, and FC. When it is

expected that there is no FE on the test formulation, we suggest

Method 1 to assess BE of T versus R: we calculate a 90% con-

fidence interval (CI) for the difference y1¼ (FBþ FC) / 2 – FA,

under a mixed-effects model, where the response variable is the

log-transformed pharmacokinetic (PK) parameter (eg, area

under the curve [AUC] or peak concentration [Cmax]) and the

explanatory variables include treatment (sequence) period as

fixed effects and subject within sequence as a random effect.3,4

The sequence effect can be dropped from the list of explanatory

variables because the variation due to sequence, if it exists, will

then be incorporated into the intersubject random errors—not a

problem for the purpose of the BE analysis, in which the intra-

subject random error plays the important role. BE is declared if

the back-transformed CI (anti-log of the CI derived from the

model) falls completely within the interval (DL, DU), with

default values DL ¼ 0.80 and DU ¼ 1.25 for all PK parameters

under consideration.

Method 2

The second method to assess BE of T versus R is to construct a

90% CI for the difference y2 ¼ FB – FA with the same mixed-

effects model. BE (under fasting status) is declared if the back-

transformed CI falls completely within the interval (DL, DU).

This method is adopted when it is expected that there may be

a food effect on the test formulation.

Both methods are to test the following hypotheses:

H0 : fmT=mR � DLg [ fmT=mR � DUg versus

H1 : DL < mT=mR < DH ;
ð1Þ

where mT and mR are the mean value of the PK parameter for the

2 formulations, respectively. In the log-scale, for Method 1, the

drug effect is essentially reparameterized as follows:

FA ¼ FR þ FN=R;FA ¼ FT þ FN=T ;FC ¼ FT þ FW=T ;

with FR¼ log(mR) representing the direct R effect, FT¼ log(mT)

the direct T effect, and FRþ FT¼ 0; FN/R¼ 0 the effect of fast-

ing status under R; FN/T the fasting status under T; FW/T the fed

status under T; and FN/T þ FW/T ¼ 0. For Method 2, in which

the BE is assessed under fasting status only, FA ¼ log(mR) and

FB ¼ log(mT).

The 2 formulations are declared bioequivalent if it can be

demonstrated that the 90% CI of the ratio is wholly contained

within the interval (DL, DU). The hypotheses in Equation 1 can

be decomposed as two 1-sided tests at the a ¼ 0.05 level, with

the null hypotheses as H01: mT/mR� DL and H02: mT/mR� DU. If

neither null hypothesis holds, then the alternative is accepted,

DL < mT/mR < DU (ie, a success requires winning both compo-

nent tests).

The rest of this paper is organized as follows. Section 2

describes the statistical models. Section 3 elaborates the algo-

rithm of the sample size calculation, accompanied with an

example. Section 4 discusses more general situations. Section

5 discusses how to retrieve residual intrasubject mean squared

error from historical summary results in the literature. Finally,

we conclude the paper in Section 6 with a discussion.

2. Statistical Models

Suppose that there are n subjects in each sequence in the 6 � 3

crossover design in Table 1. Then the total sample size is

N ¼ 6n. We also assume that there are no carryover effects

in the model because in practice, a washout period of sufficient

length can be chosen to completely eliminate the residual

effects from one dosing period to the next.5 Note that the set-

ting can include a different number of subjects in different

sequences. Our focus is on the sample size calculation at the

Table 1. A 6 � 3 crossover design.

Period

Sequence 1 2 3

1 A B C
2 A C B
3 B A C
4 B C A
5 C A B
6 C B A

A ¼ R under fasting status; B ¼ T under fasting status; C ¼ T under fed status.
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design stage, and it is more reasonable to have a balanced

design with these 6 sequences. The model is as follows.

Yijk ¼ mþ Sik þ Pj þ Fðj;kÞ þ eijk ; with

i ¼ 1; :::; n; j ¼ 1; 2; 3; and k ¼ 1; :::; 6

where

Yijk is the response of the ith subject in the kth sequence at the

jth period;

m is the overall mean;

Sik is the random effect of the ith subject in the kth sequence,

Sik
iide Nð0;s2

SÞ;
Pj is the fixed effect of the jth period, P1 þ P2 þ P3 ¼ 0;

F(j,k) is the direct fixed effect of the formulation in the kth

sequence, which is administered at the jth period.

Under the design in Table 1,

FA ¼ Fð1;1Þ ¼ Fð1;2Þ ¼ Fð2;3Þ ¼ Fð3;4Þ ¼ Fð2;5Þ ¼ Fð3;6Þ;

FB ¼ Fð2;1Þ ¼ Fð3;2Þ ¼ Fð1;3Þ ¼ Fð1;4Þ ¼ Fð3;5Þ ¼ Fð2;6Þ;

Fc ¼ Fð3;1Þ ¼ Fð2;2Þ ¼ Fð3;3Þ ¼ Fð2;4Þ ¼ Fð1;5Þ ¼ Fð1;6Þ;

and FA þ FB þ FC ¼ 0;

eijk is the intrasubject random error in observing Yijk,

eijk
iide Nð0;s2

eÞ;
fSikg and feijkg are mutually independent.

With Method 1, the target difference is y1 ¼ FB þ FC=2�
FA; and we estimate it with the following linear contrast of

sequence-by-period means, �Y�jk ¼ 1
n

Pn
i¼1

Yijk :

L1 ¼
X6

k¼1

X3

j¼1

C2jk
�Y�jk ; with C1jk

� �
6�3
¼ 1

6

�1 0:5 0:5
�1 0:5 0:5
0:5 �1 0:5
0:5 0:5 �1

0:5 �1 0:5
0:5 0:5 �1

0
BBBBBB@

1
CCCCCCA
;

and the variance of ^1 is as follows:

VarðL1Þ ¼
s2

e

n

X6

k¼1

X3

j¼1

C2
1jk ¼

1:5s2
e

N
:

With Method 2, the target difference is y2¼ FB�FA; which we

also estimate with a linear contrast:

L2 ¼
X6

k¼1

X3

j¼1

C2jk
�Y�jk ; with C2jk

� �
6�3
¼ 1

6

�1 1 0

�1 0 1

1 �1 0

1 0 �1

0 �1 1

0 1 �1

0
BBBBBB@

1
CCCCCCA
;

and the variance of ^2 is as follows:

VarðL2Þ ¼
s2

e

n

X6

k¼1

X3

j¼1

C2
2jk ¼

2s2
e

N
:

Let Vh be the estimate of Var(Lh) for h ¼ 1, 2. That is,

V1 ¼ 1:5ŝ2
e

N
and V2 ¼ 2ŝ2

e

N
, where ŝ2

e is the intrasubject mean

squared error obtained from the analysis of variance table. The

test statistic for the hypotheses in Equation 1 is

Th ¼ ŷh=V
1=2
h ;

where ŷh is the ordinary least squares estimate of yh, and h ¼ 1

and 2, corresponding to the above two methods. Th follows a

noncentral t distribution with the degrees of freedom deter-

mined by ŝ2
e .

For a 6 � 3 design with a total sample size of N, the total

sum of squares (SS) has 3N – 1 overall degrees of freedom

(DFs), and subject accounts for N – 1 DFs. Therefore, 2N DFs

are left for within-subject SS. With treatment and period each

accounting for 2 DFs, the residual intrasubject SS has 2N – 4

DFs.

The sample size is decided by the following formula6:

f ¼ PRNT ð�tn;a; n6� 3; t2Þ � PRNT ð�tn;a; n6� 3; t1Þ; ð2Þ
where a is the significance level, tn,a is the upper a-quantile of

the Student t distribution with n degrees of freedom, f is the

power, and PRNT(�) represents probability from a noncentral

t distribution, with

n6�3 ¼ 2N � 4; t1 ¼ ½logðmT=mRÞ � logðDLÞ�=Vh;

t2 ¼ ½logðmT=mRÞ � logðDU Þ�=Vh;V1 ¼ 1:5ŝ2
e=N ;

and V2 ¼ 2ŝ2
e=N :

3. Algorithm for Sample Size Calculation

Let ŝ2
e denote the residual intrasubject MSE from a historical

study; with Method 1, the sample size can be calculated with

the following algorithm:

(i) Set values for a, f, and mT/mR (default a¼ 0.05, f¼ 0.80,

and mT/mR ¼ 1);

(ii) Select a range of sample size (N1,N2), for each

N 2 [N1,N2], and do the following:

a. V1 ¼ 1:5ŝ2
e=N

b. t1 ¼ [log(mT/mR) – log(DL) ] / V1

c. t2 ¼ [log(mT/mR) – log(DU) ] / V1

d. Calculate PRNT(–tn,a,n6�3,t2) – PRNT(–tn,a,n6�3,t1),

where PRNT(�) is the probability from a noncentral

t distribution, and n6�3 ¼ 2N – 4

(iii) If Equation 2 is established with one N, then stop;

otherwise, return to step ii.
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As FDA guidance requires a BE study have a sample size of

at least 12, in practice, (N1, N2) can start with (12,100); for most

BE studies, this range would be wide enough to cover the sam-

ple size with target power, as well as some with higher powers

for consideration. In rare situations, if that range is not enough,

then try a range with larger numbers—for example, (101,200),

(201,300), and so on—until the desired power appears, which

should happen within just a few of these intervals as normally

BE studies are not large.

For Method 2, the algorithm for sample size calculation is

similar: just replace V1 ¼ 1:5ŝ2
e=N with V2 ¼ 2ŝ2

e=N in step ii.

Example 1. Hypothetically, assume we have the informa-

tion of intrasubject variability of historical study, and the resi-

dual intrasubject MSE ŝ2
e ¼ 0:0862. (This value is chosen

because CVintra ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
expðŝ2

eÞ � 1
p

¼ 0:30.) (In practice, the

residual intrasubject MSE is not often available. Later in this

article, we will show how to retrieve it with other usual avail-

able information.) Assuming a ¼ 0.05, f ¼ 0.80, mT/mR ¼ 1.0,

DL ¼ 0.80, and DU ¼ 1.25, then with different numbers of N,

the right-hand side of Equation 2 is shown in Table 2.

Recall that the total sample size N needs to be a multiple of 6

for the adopted 6� 3 crossover design. Thus, from Table 2, the

total sample size required is 24 based upon Method 1 and 36

based upon Method 2, for providing a power of 80%. It is clear

that Method 1 is more powerful than Method 2.

4. General Situation

In a general situation, a BE study could include multiple treat-

ments formed by R and/or T administered under more

conditions. (Examples with 4 treatments: a BE study with R

and T each administered as both an intravenous and a subcuta-

neous dose, or a BE study with R and T each administered at

both fasting and fed status.)

The primary interest is the assessment of BE between R and

T. In a standard 2 � 2 design, the interesting contrast is

FT � FR ¼ c
*0

0 � F
*

0, where c
*

0 ¼ ð�1; 1Þ0 denotes the vector of

the contrast coefficients, F
*

0 ¼ ðFR;FT Þ0 denotes the vector of

the drug effects, and the notation a
*0 � b

*

means the inner product

of vectors a
*

and b
*

. In a BE study with t(t > 2) treatments formed

by R and/or T administered under more conditions, denote the

treatment effect with F1, . . . , Ft, F
*

¼ ðF1; � � � ;FtÞ0, and the

interesting contrast (for the assessment of BE between R and

T) is c
*0 � F

*

, where c
* ¼ ðc1; � � � ; ctÞ0 is the vector of the coeffi-

cients for the contrast of interest, in which all the R components

sum to –1 and all the T components sum to 1. Then the total

sample size for this multiple-treatment trial can be approxi-

mated with the total sample size for a standard 2 � 2 design

with the same a, f, DL, DU, and mT/mR, but replacing the

residual intrasubject MSE, ŝ2
e , with an adjusted residual intra-

subject MSE,

ŝ2
adj ¼ ŝ2

e � c
*
�� ��2

= c
*

0

�� ��2
:

Example 1 (continued). ŝ2
e ¼ 0:0862, with Method 1, the

vector of the coefficients for the contrast of interest is c
*

1 ¼
ð�1; 0:5; 0:5Þ0, then ŝ2

adj ¼ ŝ2
e � c

*

1

�� ��2
= c

*

0

�� ��2¼ 0:75ŝ2
0 ¼

0:06465. Therefore, the sample size can be approximated with

the one for a standard 2 � 2 with the same input for all para-

meters but a smaller residual intrasubject MSE.

With Method 2, the vector of the coefficients for the contrast

of interest is c
*

2 ¼ ð�1; 1; 0Þ0, then ŝ2
adj ¼ ŝ2

e � c
*

2

�� ��2
= c

*

0

�� ��2¼
ŝ2

0 ¼ 0:0862. Therefore, the sample size can be approximated

by that for a standard 2 � 2 design with the same input for all

parameters.

5. Retrieving the Residual Intrasubject MSE

Usually, from a historical study in the literature, the following

information is available:

(1) the design, eg, single-sequence drug-drug interaction

(DDI), 2�2 BE, or 6�3 BE;

(2) the total sample size, N0;

(3) the 100(1 – 2a)% CI, (lower limit, upper limit), for the

geometric mean ratio (GMR), T/R, of the PK parameters.

Let MOE ¼ 1
2
½logðULÞ � logðLLÞ� denote the margin of

error, and let n denote the DFs of the t statistic, and then the

formula for the residual intrasubject MSE is

ŝ2
e ¼

N0

2
�MOE2=t2

n;a;

where n is decided by the design and the sample size as follows:

Table 2. Numeric calculation results for the right-hand side (RHS) of
Equation 2.

RHS

N Method 1 Method 2

20 0.7188 0.5242
21 0.7489 0.5609
22 0.7760 0.5951
23 0.8004 0.6269
24 0.8223 0.6564
25 0.8420 0.6838
26 0.8596 0.7093
27 0.8754 0.7328
28 0.8894 0.7546
29 0.9020 0.7748
30 0.9132 0.7934
31 0.9232 0.8105
32 0.9321 0.8264
33 0.9400 0.8410
34 0.9470 0.8545
35 0.9532 0.8668
36 0.9587 0.8772
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n ¼ N0 – 1 for single-sequence DDI,

n ¼ N0 – 2 for a 2 � 2 BE,

n ¼ 2(N0 – 2) for a 6 � 3 BE.

Example 2. Hypothetically, let’s assume there are historical

data from a single-sequence DDI study in which a total of

30 subjects took the studied drug at period 1 followed by

another drug in addition to the studied drug at period 2. The

90% CI of the GMR of the PK parameters (of the studied drug)

between the 2 periods is (0.83, 1.15), which means there is no

DDI. Now, to design a new BE study for the studied drug, we

want to know the intrasubject variability based on the historical

data.

Solution:

With N0 ¼ 30, MOE ¼ [log(1.15) – log(0.83)] / 2 ¼ 0.1630,

n ¼ N0 – 1 ¼ 29, and a ¼ (1 – 90%) / 2 ¼ 0.05, we have

ŝ2
e ¼

N0

2
�MOE2=t2

n;a ¼ 0:1381:

This derived intrasubject MSE (together with assumptions of

significance level a, power f, expected mean ratio between

different formulations mT/mR, and the limits for equivalence

DL and DU) can then be used to calculate the sample size for the

new study.

Example 3. In this hypothetical example, the historical data

are from a 2� 2 BE study in which a total of 30 subjects (ie, 15

subjects per sequence) took one formulation at the first period

and another at the second period, and the 2 sequences have a

different order for the 2 formulations. The 90% CI of the GMR

between the 2 formulations is (0.83, 1.15), which means the 2

formulations are bioequivalent. To know the intrasubject varia-

bility, we have the following.

Solution:

With N0¼ 30, MOE¼ [log(1.15) – log(0.83)] / 2¼ 0.1630,

n ¼ N0 – 2 ¼ 28, and a ¼ (1 – 90%) / 2 ¼ 0.05, we have

ŝ2
e ¼

N0

2
�MOE2=t2

n;a ¼ 0:1378:

Example 4. In this hypothetical example, the historical

data are from a 6 � 3 BE (þ FE) study, the same design

as has been introduced at the beginning of this article. The

total sample size is 30 subjects (ie, 5 subjects per sequence).

The 90% CI of the GMR between the 2 formulations is

(0.83, 1.15), which means the 2 formulations are bioequi-

valent. To know the intrasubject variability, we have the

following:

Solution:

With N0 ¼ 30, MOE ¼ [log(1.15) – log(0.83)] / 2 ¼ 0.1630,

n ¼ 2N0 – 4 ¼ 56, and a ¼ (1 – 90%) / 2 ¼ 0.05, we have

ŝ2
e ¼

N0

2
�MOE2=t2

n;a ¼ 0:1425:

6. Discussion

6.1. Testing of FE in Method 1

With Method 1, a prudent statistician may feel that a formal

test of the FE on the T formulation should be performed

before testing the BE between R and T formulations with

y1 ¼ ðFB þ FCÞ=2� FA, and the latter test should happen only

after it has already been established that there is no FE with the

T formulation.

As we stated in Section 1, Method 1 is not recommended for

general situations but in the case when it is almost certain there

is no FE on the T formulation with good scientific basis. Nev-

ertheless, with a prudent statistical approach, we can perform

the FE test first and then the BE upon successful establishment

of no FE. From a hypothesis testing perspective, we can split

the type I error rate between these 2 tests so that the family-

wise type I error rate is maintained at the .05 level. Then the

testing procedure is as follows.

First we test H01 with a ¼ 0.025:

H01 : fFB � FC � dLg [ fFB � FC � dUg versus

H11 : dL < FB � FC < dU :
ð3Þ

If H01 is rejected, we then test H02 with a ¼ 0.025:

H02 : fðFB þ FCÞ=2� FA � dLg [ fðFB þ FCÞ=2� FA

� dUg versus H12 : dL < ðFB þ FCÞ=2� FA < dU :

ð4Þ

If H01 cannot be rejected, we then test H03 with a ¼ 0.025:

H03 : fFA � FB � dLg [ fFA � FB � dUg versus

H13 : dL < FA � FB < dU ;
ð5Þ

where dL ¼ log(0.8) and dU ¼ log(1.25).

For this testing procedure, the sample size can be decided as

the maximum of those required for tests 3 to 5, where the algo-

rithm for Method 2 can be used for tests 3 and 5 with a¼ 0.025,

and the algorithm for Method 1 can be used for test 4 with a ¼
0.025.

Finally, we note that in some situations, the washout period

may not be sufficient to fully remove the carryover due to the

limited resources. If this happens, one may need to include a

carryover effect in the mixed-effect model or to conduct a test

for the carryover effect before planning the sample size calcu-

lation for bioequivalence studies.

6.2. How to Use nQuery to Calculate
the Sample Size in General Situations

Using nQuery to calculate the sample size for Method 1 in

Example 1, we do the following:

(i) Click File/New, and tick the following: Goal Means,

Number of Groups Two, Analysis Method Equivalence;
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(ii) Select TOST for ratio of means (log scale) for two group

or cross-over;

(iii) Select TOST for equivalence for ratio of means (log

scale) for cross-over;

(iv) Input: a ¼ 0.05, DL ¼ 0.80, DU ¼ 1.25, mT/mS ¼ 1,

sqrtðMSEÞ ¼ sqrtð0:75ŝ2
0Þ ¼ sqrtð0:06465Þ ¼ 0:2543.

Then we get the per-sequence size n ¼ 12, so the total sample

size is N ¼ 2n ¼ 24, which is the same as what we got with

numerical calculation in Table 2 for Method 1.

For Method 2 in Example 1, steps i to iii remain the same as

above, and in step iv, make the only change that sqrtðMSEÞ ¼
sqrtðŝ2

0Þ ¼ sqrtð0:0862Þ ¼ 0:2936. Then we get the sequence

size n ¼ 16; for a 2 � 2 study, the total sample size would

be N ¼ 2n ¼ 32, which implies a total sample size of 36 for the

2 � 2 design, which is the same as what we got with numerical

calculation in Table 2 for Method 2.

Using the above algorithm with Method 2, the calculated

sample size is very close to the result from commercial soft-

ware nQuery or PASS.7,8 Both nQuery and PASS only give

sample sizes per sequence, assuming a standard 2 � 2 cross-

over design. For a 6� 3 design, one doubles the result from the

software for the total sample size. The reason is because the

sample size equation under a standard 2 � 2 crossover is as

follows:

f ¼ PRNT ð�tn;a; n2�2; t2Þ � PRNT ð�tn;a; n2�2; t1Þ; ð6Þ
where

n2�2 ¼ N � 2;

t1 ¼ ½logðmT=mRÞ � logðDLÞ�=V0;

t2 ¼ ½logðmT=mRÞ � logðDU Þ�=V0;

V0 ¼ 2ŝ2
e=N :

Practically, the total sample size N is not very small, and there-

fore the t distributions with n2�2¼ N – 2 and n6�3¼ 2N – 4 are

very close. Since we also have V0¼ V2, Equation 6 should give

a result very similar to that from Equation 2 with Method 2.

The rationale for n2�2 ¼ N – 2 is as follows. The total SS has

2N – 1 overall DFs, and subjects account for N – 1 DFs. There-

fore, N DFs are for within-subject SS. With treatment and

period each accounting for 1 DF, the residual intrasubject SS

has N – 2 DFs.
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