GENERATION RULES FOR ANY COMPLETE FACTORIAL DESIGN
OF THE ANALYSIS OF VARIANCE

Notation

The application of generation rules necessitates the consistent use of some
notation system in which the structural definition of the design to be elaborated
is expressed. Generally, the choice of a notation system is arbitrary, and any
preferences are mainly based on criteria of economy. The system to be presented
has been adapted from that of R. G. D. Steel & |. H. Torrie (Principles and
procedures of statistics. New York: McGraw-Hill, 1960) and that of |. L. Myers
(Fundamentals of experimental design. Boston: Allyn and Bacon, 1966). The nota-
tion has been modified to avoid unnecessary complications in the rules. The
suggested system, then, although descriptively equivalent to alternative systems,
is preferred over others primarily because it best accomodates the generation
rules.

Factors

Factors are denoted by uppercase letters, i.e., A, B, C, ..., Z. To accomodate
the fact that sampling in psychology and communications research typically
applies to experimental subjects rather than events in a more general sense, the
use of the letter S to designate subjects is recommended.

The designation’of the sampled entities, S (or possibly E), precedes all factor
designations in the structural definition.

If entities in S are completely randomized through some factor, say A, the
associated measures are referred to as independent. An independent-measure
factor is denoted by parentheses, e.g., SCA).

If measures are repeatedly taken on the same entities in S through some factor,
say A, the measures are referred to as repeated. A repeated-measure factor is
denoted indirectly by not being parenthesized.

For the generation of expected mean squares associated with the various sources
of variation in a particular design, it is necessary to indicate random and fixed
factors in the structural definition. A random factor is denoted by a prime
following the factor-designating letter, e.g., S'. A fixed factor is denoted indirect-
ly by the absence of a prime.
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Levels

Levels are denoted by lower-case letter subscripts corresponding to the factor

letter, e.g.. Aa' saze D Zz. In order to designate the nesting of subjects

gt s
(or events) under any particular factor or factors, all subscripts associated with
parenthesized factors, that is, with independent-measure factors, are put down
with Ss, forming a multiple subscript, e.g., Ssabc'
The present outline of rules applies only to designs in which the number of

subjects (or events) in the s levels of S is identical. Adjustments for unequal-n

designs can easily be made, however.

The structural definition

In general, in psychology and communications research, subjects (or events)
will be dealt with as a random factor. Thus, typically, but not necessarily, the
structural definition will begin with S's rather than with Ss' For pure repeated-
measure designs, factor and level designators are simply added on, e.g.,
S'ABC....Z,. The only difference in pure independent-measure designs is
that all subscripts within parentheses are added onto S'S, egd.. S'Sébc(AaBch).
In designs which contain both repeated- and independent-measure factors,
so-called "mixed” designs, the analogous operations are executed, e.g.,
S'sab(AaBb)Cch. where A and B are independent-, and C and D are repeated-
measure factors. To provide an easier overview, it is suggested but not required
that, as in the latter example, alle independent-measure factors be blocked to-
gether after S'S. . and followed by any repeated-measure factors. [If, however,
different arrangements are preferable for some reason, they can be used, e.g.,
S ap(Ag)C(B)Dy -1

The General Plan for Generating a Particular Design

After the structural definition of a particular design has been specified, the

generation of the entire design proceeds in stages.

1. The sources of variation are determined from the structural definition.
A table is constructed, containing all the elements into which the total

variation is partitioned.
2. For each source of variation, an expression defining its degrees of

freedom is generated from the notation of the particular source under

consideration.
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3. For each source of variation, algebraic and/or computational formulas
for the sums of squares are generated from the expression defining the
degrees of freedom.

4. For each source of variation, the expected mean square is generated
from the table of the partitioned variation.

5. The proper error terms for all F ratios are determined.
Determining the Sources of Variation

Rule 1a.
Produce all possible combinations of the factor letters in the design. Start by
sampling one out of the k letters, and end by sampling k out of the k letters.
For simplicity, put all combinations in alphabetical order.

k
The resulting number of sources thus is »Zlkci'

1=
[llustration: For S'sAaBb or S'sa(Aa)Bb or S'sab(AaBb), k = 3.
Consequently, all cases yield the same set of combinations: A, B, S, AB, AS, BS,
ABS.

Rule 1b.

Maintain all subscripts as specified in the structural definition. Also, maintain
any primes.

[llustration: For the design S'Sa(Aa)B'b, the chain Aa' B'b, s'sa' AaB'b.

Aaslsa' B.bs.sa’ AaB.bslsa results.
Rule Ic.

Eliminate those combinations which have any subscript letters not contained in
the factor letters of the combination.

[llustration: In the design described above, the combinations S'Sa and B‘bslsa

are eliminated because they contain subscript 2 but not factor letter A.
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Rule 1d.

Transpose combinations which contain multiple subscripts by letting S pre-
cede other factor denotations. Parenthesize the factor designations defined in the
subscripts following s of 5°

[1lustration: In the design described above, the combination Aas.sa changes to
S'g4CA,), and A B’ S’  changes to S’ (A B .

Simplification: The execution of rules 1a through 1d yields all the sources of
variation associated with a particular design. Since the factor letters define these
sources, and the subscripts are not used in the application of subsequent rules,
the notation may be reduced to factor letters, primes, and parentheses.

For the conventional, complete description of the sources of variation, the factor-
letter combinations, written as subscripts, are preceded by 62, which, in turn, is
preceded by all remaining factor letters of the design. Again conventionally,

these remaining letters, taken from the structural definition, are written in lower
case, e.g., for the design S'sab(AaBb)Cc, the source AC is written bs GZAC.

Generating Degrees of Freedom

The generation of degrees of freedom from the factor-letter combination denoting
a particular source proceeds in stages similar to those used in the determination
of the sources of variation of a design: first, the combinations are exhausted,
and second, omission rules are applied. It should be noted, however, that the
omission rules can be applied as the.combinations are determined. The elimina-
tion of terms during the process of generation may be considered more econo-
mical than the exhaustive generation of terms which are subsequently tested for
inclusion-exclusion. Thus, generation and omission rules may be applied quasi-
simultaneously (that is, immediately after a particular combination is determined,
inclusion or exclusion is decided upon). However, for clarity, the rules are pre-
sented for the exhaustive generation of terms followed by the execution of

omission decisions.

Rule 2a. .
Assign positive Vvalue to the combination of all factor letters defining the source

of variation. This combination constitutes the first term in the df string to be

generated.
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Table 1
Ther Determination of Sources of Variation
[llustrated with Various Designs

(Initial Stages)

Combinations™ Elimination of improper sources”

Design S (A BLC, S'sa(Aa)BLC, S'sab(AaBb)Cc 8’ apc®aBpCs?
A, A, A, Ay
By By By By,
Cs Cq Ce Ce
Ss Ry N Tab? St
AgaBp AgBp AgBp AgBp
AaCc AaCq AaCq AaCe

Sources A4S AgS'sa? A35%an A Svabo

of | BpCq ByCq BpCe BpCe

variation ByS's “BpSisa BpS<wak. BpSvabe
CcS's TSSan TS%abe TS rabe
AaBpCe AaBpCe AaBpCe AaBpCe
AgBpS's AgBpS'sa? AaBpS'sap”? A3 BpSvabe
AgCcS's Aaccs'sa¢ RS vab AC S sabe-
BpCeS's BpSeisa- BESeSsab. | PECTSwabe-
AgBpCcS's? AaBpCcS'sa®? | AgBpCoS'sar??| AaBpCcSsap®?

* Rule la. # Rule lc. @ Rule 1b. ¢ Rule 1d to be applied.
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Table 2

The Determination of Sources of Variation

[llustrated with Various Designs

(Final Stage)

Design S'sAgBpCo S'sa(ABLCe | S'saplAaBRICe | S'sabc(AaBpCe)
bcsczA bcsczA bcsczA bcsozA
acstszB acsczB acsczB acsazB
absczc absczc absczc abs<52C
abcczs-
csczAB csazAB csczAB ‘csozAB
bsczAC bsczAC bsozAC bsczAC
beoas: beo’s (ay*

Sources asazsc asoch asczac ascch

of acczBs-

variation abozcs-
so”ABC sa“ABC so°ABC so”ABC
co”aBs’ co’saB* | cosam”
bo’scs: bo’sarc®
a"zBCS‘
°2ABCS' °2S'(A)BC’ °23’(AB)C* "ZS'(ABC)'

* Rule 1d.
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[llustration: The first term for the source S(A)B is sab, or, since it denotes a
product, any permutation thereof, e.g., abs.
Rule 2b.

Reduce the complexity of the last letter combination generated by unity, and
change the prefix to the opposite mode (from + to -, or vice versa).

[llustration: If +sab defines the last term generated, the complexity is reduced
to combinations of two letters, all having negative value.
Rule Zc.

At the determined complexity, generate all combinations of the letters specified
in the source-defining combination.

[llustration: For the source S(A)B, the two-letter combinations are —ab, -as,
-bs.
Rule 2d.

[f the source-defining letter combination contains parenthesized letters, eliminate
all generated combinations which do not contain all the parenthesized letters.

[llustration: Given the source S(AB)C, the resulting triplets are —abc, -abs,
—acs, —bcs. From this set —acs and -bcs are dropped.

Rule Ze.

Continue to apply rules (2b) through (2d)

(a) if the source-defining combination does not contain parentheses, until the
complexity zero is reached, at which time unity (dependent upon the prefix
changes, either + or -) is put down, terminating the df string generated; or

(b) if the source-defining combination contains parentheses, until the complexity
of the parenthesized subset is reached, at which time all parenthesized letters

(either + or -) are put down, terminating the df string generated.

[llustration (a): For the source ABC, the string abc-ab-ac-bc+a+b+c-1 results.
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Table 3
The Generation of Degrees of Freedom

[llustrated with Various Sources of Variation

Source

of variation String defining df s

*
. 6%y (a*-1%%)
a-1
. GZAB (ab*-a#-p%+1#%)
ab-a-b+1
. GzABC (abc*—ab#-ac®-bc®+a#+p2+c®-1#%)
abc-ab-ac-bc+a+b+c-1
*__H L&
. "ZS'(A) (as*-a®-¢%%)

as—a

(abs*-ab#-as®-bs%ra#&)

2
- 08 . (A)B
sa’a’hb abs-ab-as+a

(abcs*—abcH#-abs®-acs?_bes P ab &)

2
- 68 (A BL)C
sab*“a"b’~c abcs—abc-abs+ab

(abcds*~abcd®-abes®-abds-acds—beds%+abe#
+abd®+abs+acd+acs+adstbedPebes®+bds? +ods®.

- 0%, (A BLC Dy -ab#-ac®-ad-as-bc?-bd¥_bs " od"-er? as%s a &)
abcds-abcd-abes-abds-acds+abc+abd+abs+acd

+acs+ads-ab-ac-ad-as+a

* Rule 2a. # Rule 2b. @ Rule 2c. ¢ Rule 2d. $ Rule 2e(a).
& Rule 2e(b).
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[llustration (b): For the source SCAB)C, the resulting string is abecs—-abc-abs
+ab.

Generating Algebraic and Computational Formulas
for Sums of Squares

The formulas for each source of variation are determined in a one-to-one corre-
spondence of terms from the string defining the degrees of freedom associated
with this source.

(A) Sums of squares, algebraic.

Rule 3a (A).

Put all elements of a particular df string as subscripts. Between prefixes and
subscripts, insert means composed of the same letters as the subscripts. Set M,
the grand mean, for unity subscripts.

[llustration: For source AB asssociated with the df string ab-a-b+1,
ABab—Aa—Bb+M.

Rule 3b (A).
Parenthesize and square the expression.

.= - = =—=.2
Illustration: (ABab—Aa-Bb+M) :

Rule 3c (A).

For every factor letter in the design, let a summation operator precede the
parenthesized expression. Eliminate those operators associated with letters not
defined in the subscripts within the parenthesized expression, and let their
letters as constants, precede the remaining summation operators.

[llustration: Given the structural definition S'Sab(AaBb)CC, and, for the source

AB the expression <ﬁab—xa-§b+ﬁ)2. the expression first becomes

abecs ___ e ab ___ = = =3
ZZZZ(ABab—Aa-Bb+M) , and then csZZ(ABab—Aa—Bb+M) §
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Note: Lower-case letters as subscripts denote variables. In contrast, the same
letters above summation signs denote the number of levels of the associated
factors, or the number of subjects (or events).

Table 4
The Generation of Algebraic SS Expressions

[llustrated with Various Sources of Variation

Sou.rcg of Degrees of freedom and sums of squares
variation
df = a -1
2
bso A @ . e
$S= bst (A, -My )
df = ab -a -b +1
2
sC AB ab
. R = == =D
SS = sZX(AB,p-A,-Bp+M)
df = abcs -abc -abs +ab
2 _ abes _____ — S e 5
C S'(AB)C §_S = ZZZZ(ABCSabcs'ABCabc'ABsabs"‘ABab) ¥
where ABCS,p.s = Xapes
df = abcs -abc
2
do”s'(ABC) —
SS = dZ)ZZZZ(ABCSabcs—ABCabc)2

* Rule 3a(A). ¥ Rule 3b(A). @ Rule 3c(A).
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(B) Sums of squares, computational.

Rule 3a (B).
Set all factor letters specified in the structural definition of the design as
subscripts of X, defining‘the data matrix. For every subscript of X, let a summa-

tion operator preceds X.

Illustration: In an S'Sab(AaBb)Cc design the data matrix is X and the

abces’
complexity of a summation operations for X is ZXXXX.

Rule 3b (B).

Maintaining all prefixes, every element of the df string is associated with the
specified set of basic operations.

[llustration: The df string ab-a-b+!1 associated with source AB in an
Ssab(AaBb)Cc design yields ZXIZXX-ZEIXEX-ZIZEX+IXXIXEX.

Rule 3c (B).

For any particular set of operations on X, the letters specified in the associated

element of the df string are put down in greatest proximity to X, determining

the range of the summations. All permutations of these letters are permissible.

[llustration: The element EX YT X associated with the df element ac becomes
ac ca

TEXXX or ZIXXX.

Rule 3d (B).

The letter-denoted summation signs and X are parenthesized, and the parenthe-
sized expression is squared.

ac ac
[llustration: In the example above, LXX XX becomes TI(ZEX)2.

Rule 3e (B).

The remaining summation signs are denoted by the remaining letter subscripts
of X. Again, all permutations are permissible.
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: bs ac , sbac
[llustration: In the example above, ZX(ZXX)“ or XX(XXX)“ results.

bs ac
Or more explicitly expressed, it becomes, e.g., ZX(ZXX

Rule 3f (B).

For each elementary expression, the product of the letters heading the summation

2
abcs)

signs within parentheses is put down as the denominator.

abs abs 5 a
Ilustration: (XX X)? becomes (EZZZXI™ %¢

abs , % (;:X)z a
and XX (XX)“ becomes —;—————s , whereas X

X)? becomes

(F3x
abs ' f)
S
TIx?

Table §

The Generation of Computational SS Expressions

[llustrated with Various Sources of Variation

Source of Degrees of freedom and sums of squares
variation
daf = a -1
bsh ¢a@ ¢
X (X X, 02 abs® e
bso?p SS = = abs H# EEE X
bs a
2 abs
. ZEEzmy®  sbsp
a
df = ab -a -b +1
2
SG AB s ab bs a as b
2 2 2 abs
ss = T(EEX)Y  XEEX) O XEEX) + ¥TYX2
ab a b
df = abecs - abc - abs +ab
2
®”S'(AB)C abcs , s abc , cabs , c¢csab ,
ss = GEXEX)  ZEZEX) ZEXXX) 5 TI(XIX)
T abcs abc abs ab
daf = abcs -abc
2 3
ds®s'(ABC) d abes ., ds abc ,
. X ITEX) LILESLIX)
88 =
abcs abc

* Rule 3a(B).
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3b(B). @ Rule 3c(B). % Rule 3d(B). % Rule 3e(B). & Rule 3i(B).

a bs 2
2(X¥X)
bs !

remains unchanged.




Generating Expected Mean Squares

The rules to be presented have been adapted from S. L. Crump (The estimation
of variance components in analysis of variance. Biometrics Bulletin, 1946, 2, T-11)
and from E. F. Schultz, Jr. (Rules of thumb for determining expectations of mean
squares in analysis of variance. Biometrics, 1955, 11, 123-135).

Given the table of completely described sources of variation, the €(MS) for each
source is determined by testing all sources associated with the design for
inclusion-exclusion.

Rule 4a.

Put down the o2 term associated with the source under consideration.

[llustration: For the source csczAB put down csazAB. However, to determine

F ratios, it suffices to use some abbreviation, e.g., °2AB' or AB only.

Rule 4b.

Ignore all sources which are denoted by fewer subscribed factor letters than are
contained in the denotation of the source under consideration.

[llustration: If the source is SOZABC' all sources associated with one or two sub-
scripted factor letters are ignored.
Rule 4c.

Ignore all sources which do not contain all the subscripted factor letters associ-
ated with the source under consideration.

Clearly, rule 4c implies rule 4b, which serves greater economy only. Rule 4b
may therefore be neglected.

P, 2 . : : 2 .
[llustration: If source dsc ABC 18 under consideration, source as¢ BCD’ lacking

A in the subscript, is ignored.
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Rule 4d.
Ignore all sources which contain non-parenthesized subscripted factor letters
denoting fixed factors not defined in the subscript of the source under conside-

ration.

Illustration: If source bczs-(A) is under consideration, source GZS'(A)B is ignored,

whereas source 523'(A)B' is not ignored.

Rule 4e.
Put down all remaining sources. Insert addition signs between all terms.

[llustration: For the source bsc—"A in the design S'CAB'), associated with the
sources bsszA. asazB., S°2AB" GZS'(AB')' the resulting expression is

bs<52A + sczAB. + GZS'(AB') or, abbreviated, A + AB' + S'(AB").

Determining Valid F Ratios

For each source of variation in a design, the proper error term must be deter-
mined.

Rule 5a.

Ignore the first term in the €(MS) of the source under consideration, and find the
source associated with an €(MS) which is identical to the remaining terms.

If no match can be found, a valid F ratio does not exist for the source under
consideration.

[llustration: In the design described above, the £(MS) associated with the source
bsazA. when its first term is ignored, reduces to SGZAB. + st‘(AB')' This truncated
€(MS) matches the £(MS) associated with the source 552AB'- which thus defines

the proper error term.

Rule 5b.

To test any source of variation, put the obtained mean square associated with a
source over the obtained mean square associated with the proper error term,
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Table 6
The Generation of Expected Mean Squares

Illustrated with an 8’ (A BL,C.) Design

€(MS) under H F
Sources s 1 A=
(abbreviated notation) @fnym/digen’
bese?s A*+3(ABC)# MS s /MSs'caBC)®
acso’p B+S'(ABC) MSp/MSg (ABC)
absczc C+S'(ABC) MS~/MSg(aBC)
csosp AB+S'(ABC) MS 4 5/MS3(ABC)
bso?s o AC+S'(ABC) MS 4 /MS3'(ABC)
ase?pe BC+S'(ABC) MSpc/MSs'(ABC)
s6%ARC ABC+S'(ABC) MSzpc/MSs'aABC)
* Rule 4a. # Rules 4b through 4e. @ Rules 5a and 5b.
Table T
The Generation of Expected Mean Squares
Illustrated with an S’y (AB'C) Design
Sources €(MS) under Hy F
bcsczA A*+AB'+S'(AB'CY¥ ﬁA/——SAB'@
acso’g: B'+S'(AB'C) MSp/MSs(AB'C)
absc’c C+B'C+S'(AB'C) MS~/MSp
csoZpp AB'+S'(AB'C) MSp/MSgaB'C)
bsczAc AC+AB'C+S'(AB'C) MSxc/MSxp'c
aso’gc B'C+S'(AB'C) MSpc/MSs'(AB'C)
st'(AB'C) S'(AB'C)
*Rule 4a. # Rules 4b through 4e. @ Rules 5a and 5b.
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Table 8
The Generation of Expected Mean Squares
Illustrated with an S'g;1,(A'BC) Design

Sources €(MS) under Hj F
beso?y - A'"+A'C'+S'(A'BCH? MSyx /MSpx c®
acsczg B+A'B+BC'+A'BC'+S'(A'BC" ¢
absc’c C'+A'C'+S'(A'BC") MSc/MS 4 o
cso’sp A'B+A'BC'+S'(A'BC") MS 4 g/MSg pc
bso?g o A'C'+S'(A'BC) MS 4 c/MSg'(A'BCH
aso’ge BC'+A'BC'+S'(A'BC") MSpc/MS4 pe
so?5BC A'BC'+S'(A'BC) MS 4B /MSs(A'BCY
525'(A'BC') S'(A'BC"

* Rule 4a. # Rules 4b through de. @ Rules 5a and 5b.

2 A valid F ratio does not exist. An approximate F ratio may be derived
using linear combinations of expected mean squares.

Table 9
The Generation of Expected Mean Squares
[lustrated with an S5, (A'B'C") Design

Sources E(MS) under H; E
bcsozA- A*+A'B'+A'C'+A'B'C'+S'(A'B'CH¥# z¢

acsozs- B'+A'B'+B'C'+A'B'C'+S'(A'B'C") ¢
abso?c C'+A'C'+B'C'+A'B'C'+S'(A'B'C") ¢

csa’s g A'B'+A'B'C'+S'(A'B'C") MSx g /MSgpc®
bschvC- A'C'+A'B'C'+S'(A'B'C") MSx c/MS 5 'gc

asc B'C' B'C'+A'B'C'+S'(A'B'C) mB'C'/mA'B'C'

SO A'B'C A'B'C'+S'(A'B'C") ‘&SABC'/MSS(AB'C')
st‘(A'B'C') S'(A'B'C')

* Rule 4a. # Rules 4b through 4e. ® Rules 5a and 5b.
A valid F ratio does not exist. An approximate F ratio may be derived
using linear combinations of expected mean squares.
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that is,

Flo) = SSCa) / dfCa) _ MSCa)

SSCao)/ dfay) MSCa )’

where F has df(a) and df(x) degrees of freedom.

[llustration: The F ratio for the source described above is

M_{i(bsczA)/M_§(sczAB.) or, abbreviated, Fs = MS,/MS,p. -

Appendix

The sums of squares, algebraic and computational, and the degrees of freedom,
associated with all sources of variation of various elementary designs are
presented in complete form in the tables of the appendix.
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& Appendix - 1:

Analysis of Variance (one-factor arrangement)

S';A, repeated-measure design

Source Tx2: Algebraic (8S) daf Tx?: Computational (8S)
as as
2 S & )2 L(EX)2 _ (ZEX)2
S6T A sZ(A-M) a-1 - e SR
s _ s a5 as._ o
ac’y: aX(,-M)? ‘ s-1 LX) _ (ZLX)
as s a as
2 33 (ES. K _S+WD2 §5y2 _ ZEX? X2, EEx)?
o°aAs’ LE(AS 4~ Ag-Sg+MD as—a-s+l LLX™ o MLy o el o Sl
2 $3 (A5, )2 §rxz_ (X2
6“total LEX(AS M) as-1 TXX“ - T
5'3¢(A;) independent-measure design
Source Tx2: Algebraic (8S) df Tx2: Computational (8S)
a _ as. ., as._ o
5624 sEE M2 a-1 IGX® _GIX®
as
" as .  _ 8302 _ TOX2
c S'(A) ZZ(ASaS—Aa) as—a b 20 4 e
as
2 88 mw TR &3.v2_ (ZzXx?
% total LZ(AS,-M) as-1 LEXE - SeeL

Note: AS 4 = X g
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Appendix - 2:

S'sA By Analysis of Variance

pure repeated-measure design

Source Exz: Algebraic (8S) i df Tx? : Computational (8S)
2 S & M2 3852 ER§yy2
bsc“y bsZ(A,-M) a-1 RRENY S Jabs_
2 2 G gcgszxﬁ c%bszm2 -
asc’p asZ(Bb—M) b-1 £ Lt
2 $ @& T2 ER? | $REx)?
abo’y: abX(S;-M) s-1 Z - 52X
2 ST R boa—bl w2 ERbn?  28hx2 . S%%hye
S6°AB s ab~ AaBp* ab-a-b+ LA - LERKT  ZOEKF L (ZERXOC
2 335 (A5, K _S.+ VD)2 582 i%w? 182 . dPix?
bo’pg: bIE(AS - A —Sg+M) as-a-s+l IO ZGERXT . XG0, (ZZIX)T
2 Voez = 3 .50 E\E(%X)z E&EXF fzczaf’xﬁ (%bszxﬂ
ac“pg’ aXX(BSpe-By-Sc+M) bs—b-s+1 - - L - EEEA _afw
2 2% AB.. A5 -ES abs 2 §B%we w2 | Ridwe
6“ABS’ ZZE(ABSabS—ABab—ASaS—BSbS abs—-ab-as-bs TEEX - s = +.. = 2
K 4B +5.-WD? B $? . REin? | 3E%2  $¥w?
+ a+ b+ . +a+D+s— + _% + el + __ab_L - il
5 abs . abs_ ; (%gg)()z
o%otal (X gps- M) abs-1 Trxx? - (LZEXS

Note: ABS_p = Xgps
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O Appendix - 3:

Source £x2:

S'25(A 2By

Analysis of Variance

mixed design

Algebraic (SS) df £x? : Computational (89)

2 T 152 %cbg:)oz c§b§>02
bsc®y bsZ (A -M) a-1 ZZEX) G REX)

2 2 gé‘i‘}oz <>a:b§:><)2
ENY asZ(Bb—M) b-1 D Tl _aZ'Bs—

2 Bhae = = 2 $28xp E(bEX)Z lzjoa:%)o (§§EX)
S6°AR STI(ABy~ A Bp+M) ab-a-b+l - _%s_. - X0, 022X

as a S

2 as, —= 1 2 TEEXZ | IEEX)?

bG S'(A) bZ Sas—Aa) as-—a + - —%
1o 2 abs 5 $R%w?  fERw? | B

2 — _
6%S'(AIB TET(ABS,p-ABy-AS g+ Ay) abs-ab-as+a TIrxio ZIZZXX_ ZIEX)T | IQEX
2 aRe abs. o ERExy?
[+ total ZZZ(XabS—M) abs-1 TXIXE - e

Note: ABSabs = Xabs
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Appendix -4: S ps(AgBp) Analysis of Variance

pure independent-measure design

Source £x?: Algebraic (88 oodf Tx% : Computational (88)
a _ abs abs_ ,
bso?x bsZ(A,-M)? a-1 2G2X° _ (ZEEX)
b_  _ bas , abs -,
aSGZB asZ(Bb—M)2 b-1 %& - (za ESX)
, ab __ o _, BROx2 _ Bz Bk $%x2
s6°AR SEI(AB,y- A ~Bp+MD ab-a-b+l ZIQXT _ LEEX)T . ZGIXT , Q22X)°
A 223 (RBS,, -AB,,? bs-ab s TXGwP
SS'(AB) abs~ABab abs=a — bkl
5 abs . abs , (%E%X)z
o%otal EEEX g~ M) abs-1 TEEX? - BREXS

Note: ABS_ s = Xaps
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