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Summary

This paper deals with the construction of someetffaetorial experiments carried out in in-
complete split-plot designs in which the leveldaiftors occur as treatments in BIB designs. We
consider two cases. In the first case, the levefaator A are distributed on the whole plots and
the combination levels of factors B and C are disted on the subplots. In the second case, the
combination levels of factors A and B are distrilouta the whole plots and the levels of factor C
are distributed on the subplots. In this paper efficiency factors for the main effects of factors
and their interaction effects in the inter-blockatim, inter-whole plots stratum and inter-subplots
stratum in both cases are given.
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1. Introduction

Let us consider a three-factorial experiment at-pfibt type in which factor A

occurs onv, levels: A, A,, ..., AV1’ factor B onv, levels: B;, B,, ..., BV2
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and factor C occurs ong levels: C;, C,, ..., cv3. In this paper, levels are

distributed in the same way as treatments in balhmeccomplete block (BIB)

designs. We consider two cases:

(i) the levels of factor A are distributed on theolehplots and the combination
levels of factors B and C are distributed on thepois,

(if) the combination levels of factors A and B ardréhsited on the whole plots
and the levels of factor C are distributed on thigptots.

Case i) was considered by Brzeskwiniewicz and Krzyszkav&006).
Let a population of experimental units in an enminent be divided intb

blocks and let each block be additionally dividetbi k; whole plots while
each whole plot is divided intéi; k3 subplots (case)j, or kik, whole plots

while each whole plot is divided intiog subplots (case&if).

In the next section, we are going to give somedia$brmation about BIB
designs and about block designs with incidenceiocgstrequal to the Kronecker
product of three incidence matrices of BIB desidgnsthe third section, the
method of the construction of these split-plot expents and the formulae for
the efficiency factors for the main effects anderattion effects are given.
Catalogue of these designs far<r <4 and 2<k <8 with v<30 is in-
cluded in the fourth section, wheras the number of treatment combination
replicationsk is the block size andis the number of treatment combinations.
The fifth section shows an example, and in thehsgdction, conclusion with
discussion are presented.

2. Preliminaries

We are going to use the notion of BIB designs as in
Definition 2.1. (see e.g. Raghavarao, 1971). A balanced incompletk de-
sign (BIB) is an arrangement of, treatments inb, blocks of sizesky such
that every treatment occuns, times and every pair of distinct treatments is
contained in exactlyl; blocks. The number¥, by, 1o, K5 and A are called
the parameters of BIB design.

rn—A
Let dg= D[k U and letN[ be the incidence matrix of the above BIB de-
'¥g
sign. Then, N,Nr) is also incidence matrix of BIB design with paestars

Ve =V, b =2b, 1y =2r,, kg =kyand A =24, and
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~Im-4m _o-Ap_ do (2.1)

K ko

dm

Note that: for classical BIB design (i.e. desigrihmi; > A5 >0) we have
0 < dp <1, for design in which/y =by, r;=ky =1, ;=0 (i.e. Ng=1,_)
we have dr =1 and for design in whichvy=Kg, rp=b;=Ar, (i.e.
Ng=Jyp,)orvg =Ky, rp=by=Ar =1, (i.e.Np=1, ) we havedr =0.

Ceranka and Goszczurna (1994) give a completeflistcidence matrices
of BIB design for v <20, r <15, 2< Ko< Vy/2, ;>0 and an additional

remark about the construction of the designs Witi2 < k < v—1.

Theorem 2.1.Let Np, Ng, N¢ be incidence matrices of BIB designs with
parametersy, by, 11, ki, A; vo, by, 1y, Ko, Ay; andvg, bg, r3, k3, A3,
respectively. Then, block design with incidencenwat

N1:NADNB DNC (22)

has the following parameters:= v,v,vg, b =bibybs, r=nrr;, K =kikoks
and their association matriX;N; = NN ONgNg ONcNe has eigenvalues
equal to: Py =rk; Py = rlklrzkz(r3 —)\3); Py = rlkl(r2 —}\z)rskg;
Ps = (rl _Al)r2k2r3k3; Ps :(rl ‘7\1)r2k2(f3 ‘)\3); P3 = rlkl(rz _Az)(rs _)\3)
p6 =(I’1—)\l)(l’2 _)\2)r3k3; p7 =(I’l —)\1)(I’2 —)\2)(I’3 _}\3) W|th mU|tIp|IC-
ities: 1, v3—1, v, -1, (v2 —1)(v —1), v, —1, (v —1)(v —1), (v —1)(v2 —1),
(v —1)(v2 —1)(v3 —1), respectively.

3. Results

In the planning experiments carried out in somé&-ppbt designs, two in-
cidence matricesN; and N, are of great importance. L&l; be the ¢ x b)

incidence matrix with respect to blocks, then itsj¥-element indicates how
many times the-th (i = 1,2,...,v) combination of levels of three factors occurs
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in j-th block { = 1, ...,b). In this paperN; has the form of (2.2), and therefore,
V =VviVov3 and b =bybybs. Let No be the ¥ x fb) incidence matrix with re-
spect to whole plots (inside each block), then(iitd)-element indicates how
many times thé-th combination of levels of three factoirs=(1,2, ...,v) occurs in
I-th whole plot (= 1, 2,...fb), when f =K; in casei] or f =kjKko in caseif).

For the purpose of observation, we assume aftezdéjlejza (1984) and
Mejza (1986) the randomization linear mixed modéie overall analysis of
variance for this experiment is split into so cadlfgratum analyses. These strata
are connected with the variability among blocksdasthe total experiments,
among the whole plots inside blocks and among subphside whole plots.

Case ()
Information matrices in these strata are, respelstiv

1 r
Ci ==N4N7 —-3J,,
1 kllvv

1 1 .
C2 :k_NZNZ —EN]_N]_, (3.1)
2
C3 = rIV —iNzN'z.
k2

The efficiency factors for the contrasts conneatétth main effects of A,

B, C and interaction effects AB, Ax C, Bx C and Ax B x C int-th stratum
Hit
r

(t=1,2,3) are equal t&;; =—, respectively, wherey;; is i-th non-zero ei-

genvalue ofC;. The order of = 1,2,...,7 corresponds to: main effect of the fac-
tor C, main effect of the factor B, interactione=ff of BxC, main effect of the
factor A, interaction effect of AC, interaction effect of AB, interaction effect
of AxBxC, respectively. Formulae foy;; are presented (similarly as in

Brzeskwiniewicz, Krzyszkowska, 2001), below. Forentdr C, in (3.1) implies

that 141 =%, (i=1,...,7) are eigenvalues 6f, when p;q are the same ag;
in Theorem 2.1. For finding eigenvalues@fandCs;, we consider eigenvalues
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of NpN2. It can be seen thatNp=I, 01 ONgONc and
NN = rgly, ONgNg ONCNG.

Then, eigenvalues di,N’ are equal t0;0), = Psp = ko (3 = Ag):;
P22 = Pe2 = 1(r2 — A2)raks: P32 = Pr2=11(r2 = A2) (13— Aa);
P02 = Paz = TraKarsks.

1 1 1 1
Therefore,yjp =— pio == pi1 =— Piz — Hip and gjz3 =r ——

o, T2 T AT I 12

From the formulae fory;; , we obtain efficiency factorsj; for respective
stratum effects which satisfy the inequalify< &; <1. They are important,

since generally they show which contrasts are edtien(if 14 # 0) and with

how high efficiency factors in two or three strafdnen, we can select for the
analysis of variance this stratum, where the cpoeding &;; is the highest.

Note that the efficiency factors in caspdre equal:
in the first stratum:

1 1 ) ) 1 1
e¥ =dg, e =d,, £l =dod3, &) =d;, € =dydg, £ =didy,
1
e = dyd,ds,
in the second stratum:
) ) 1 1 ) 1
51(2) = ‘952) = £§2) =0, 5}12) =1-d,, 55(,2) =ds(1-d,), £é2) =dy(1-dy),
1
) = dydg(L-dy),
in the third stratum:
) _ () _ 0 _ O _ ) _ () _ 1) _
51(3? —55% =1-ds3 55% —£é§ =1-d,, £§§ —5% =1-d»,ds, 5‘(1% =0,

i — A
whered; =11 i=1,23.
rikj

Case (i)
In this case, information matrices in the stratg egspectively

1 r
Ci ==N4N7 —-3J,,
1 kllvv
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1 1
Co, =———N5N5 —=N;yNj,

2 k1k2 2'N2 K '™

Ca=rl —LN N’
It can be seen that Nz =ly, O, ONc and
N2N'2:r1r2IV1V2 ONcNe. Then, eigenvalues ofNoN% are equal to:

2) _ 2) _ 2) _

,01(2) =nrp(r3 = Ag), péz) = nrorgks, P;gz) =nry(r3 - A3),

,04(122) =nrorks, Pézz) =nrp(r3 = A3), ,0@(322) =niroraks, P

73 =nrp(r3 = Ag)

with multiplicities n; ,i = 1,..., 7.
From the above formulae, we obtain efficiency festgimilarly as in case)(
in the first stratum:

@ - O ;_
&1 =&17, 1717,
in the second stratum:

2) _ 2) _ 2) _ 2) _
5:52) =0, Eéz) —1—d2, E:gz) —d3(1—d2), 2 1—d1,

€40 =
2 2 2
e =dali-dy), £63 =1-ddy, £33 =d(1-ydy),
in the third stratum:
£@ =@ =6 =e@ =1-dy, e = =@ =0.

4. Catalogue of split-plot designs with three facis

In table 1, we present parameters of split-plotgtssconsidered in this paper for
v< 30, 2<r £ 4, 2< k £8 with efficiency factorsej; (omitted (1) in ca-se(

and omitted (2) in casé)). Symbols 1, 2, 3, 4, 5 denote classical BIBgiesisee
Ceranka, Goszczurna, 1994) with following numbétseatments in blocks:

(1,2), (1,3), (2,3) for symbol 1,

(1,2, (1,3), (2,3), (1,2), (1,3), (2,3) for symbol 2,

(1,2), (1,3), (1,4), (2,3), (2,4), (3,4) for symtml

(1,2), (1,3), (1,4), (1,5), (2,3), (2,4), (2,5),48 (3,5), (4,5) for symbol 4,
(1,2,4), (1,3,7), (1,5,6), (2,3,5), (2,6,7), (3)4@,5,7) for symbol 5.



THREE-FACTORIAL EXPERIMENTS GENERATED... 23
Table 1. Parameters and efficiencies of split-plot designs
Casel) Case (i)
11 | &1 | &31 | &1 | &1 | &L | &1 | &1 | &1 | &1 | &1 | 1| &1 | En
no.[Na|Ns[Nc| v | b 2 | &2 | & | &2 | &2 | &2 | &2 | E12| E2| &2 | &2 | &2 | &2 | &2
E13 | E23 | 33 | &43 | &3 | &3 | &3 | &13 | &£23 | 33 | &3 | E53 | &3 | &r3
1(112]12]|12|6 0|1|0|02901(0259 0 | O| 1| 0|0250 (0,25 O
o| 0| O|O750 |07 O | O| O| O|0O,750 (0,79 O
1({0| 1] 0| 1| O 1l 14 9 3 d ]
212]|12]12(12(12 0|1|0|02901(0259 0 | O| 1| 0|0250 (0,25 O
o| 0| O|O750|0,753 O | O| O| O|0O,750 (0,75 O
1{0f 1] 0| 1| O 1l 14 9 3 d ]
3(13|12]|12|16(12 0|1|0|030(033 00| 1| 0|0380(0,33 0
0| 0| 0O|jO6YO |06 O| O| O| O|O,6Y 0 (067 O
1({0f 1] 0| 1| O 1l 14 9 3 d ]
411|13(12(18]|9 0|1|0|02901(029 0 | O| 1| 0|0250 (0,25 O
o| 0| 0O|O750 |07 O | O| O| O|0O,750 (0,75 O
1({0| 1] 0| 1| O 1l 14 9 3 d ]
5(11(13|1, (18| 6 1| 0| 0/0,2%,25 0| O 1| 0| 0]|0,280,25 0| O
0| 0| O|0O,7%0,75 0 | O| O 1| 21|0,7%0,75 1 | 1
o) 1| 1| o 0| 1 1l o 9 g d q
6 |13]J2|1/|18(18 0250 | 0| 1(0250(| 0|02 0| 0| 1(0250 | O
0| 0| 0| 0 0| Of Of O 1 0250 | 0| 10,25
074 11| 0(07% 1 11/0,79 0 |0,79 0 |0,79 O |0,75
7012|1]1|18(18 0,25(0,25/0,06/ 1 |0,250,25/0,06/0,25/0,250,06( 1 [0,250,25/0,06
o| 0| 0| 0| o Of Of of 0,829 0 | 0 |0,750,19
0,750,75(0,94{ 0 |0,750,75/0,94/0,75 0 (0,79 O (0,79 O |0,75
8 |12|13| 2 |18(12 0250 | 0| 1(0250 (| 0|029 0| 0| 1(0250 | O
0| 0| 0| 0 0] Of Of O 1 0250 | 0| 10,25
0749 1| 1| 0(07% 1 11/0,79 0 |0,79 0 |0,79 O |0,75
9 |1,|1|1(18({9 0,25(0,25(0,06f 0 | O | O| O |0,2%0,250,06f 0 | O | O| O
0| 0| O| 1|0,2®,250,06 0 (0,790,129 1 |0,25 1 (0,25
0,750,75(0,94{ 0 |0,750,75/0,94/0,75 0 (0,79 O (0,79 O |0,75
10| 1, [12| 4 |20]20 038 o0 0| 1|03 0| 0|0330| 0| 1({0380]| O
o| 0| 0| 0 0] Of Of O 14 o038 | O | 10,38
063 1| 1| 0(0,63 1 1/063 0 |0,63 O |0,63 O |0,63
11|14 (12| 1 |24|12 0250 | 0| 1(0250 (| 0|02 0| 0| 1(0250 ]| O
0| 0| 0| 0 0| Of Of O 1 0250 | 0| 10,25
074 1| 1| 0(07% 1 11/0,79 0 |0,79 0 |0,79 O |0,75
121, |14 1 |24| 6 0250 | 0| 1(0250(| 0|029 0| 0| 1(0250 ]| O
o| 0| 0| 0 0] Of Of O 1 0250 | 0| 10,25
074 1| 1| 0(07% 1 11/0,79 0 |0,79 0 |0,79 O |0,75
13|13 (12| 3 |24|18 033 0|0| 1(0330|0|0330|0(| 1(0330]O0
o| 0| 0| 0f 0] Of Of O 14 033 | 0| 10,33
067 1| 1| 0(0,67 1 1/067 0 |0,67 O |0,67 O |0,67
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c.d.tab. 1
141, |13| 3 (24|12{3|6|033 0| 0| 1|/033 0| 0|033 0| 0| 2(03301| O
of 0| O Of Oof Of Of O 1 0330 | 0| 10,31
067 1|1| o067 1| 1]|067 0 |0,67 0 |0,67 0 |0,67
15(14|J2| 1 (24|24{4|4]023 0| O | 21|02 0| 0|023 0| O] 212|025 0| O
o 0| O Of Of Of Of O 1 0250 | 0| 10,24
079 1|(1| 0(07%212| 1]|0,78 0 |0,79 0 |0,79 0 |0,75
16|12 |14| 2 (24|12 4| 8|023 0 | O | 21 |025 0| 0|023 0| O| 121|025 0| O
oOf 0| O Of Of Of Of O 1 0,250 | 0| 10,24
079 1|(1| 0(07%212| 1]/0,78 0 |0,79 0 |0,79 0 |0,75
17(13|13]1(27/9(2|6|{025 0| 0| 21|/02%50 (| 0|023 0| 0| 2(02% 0| O
O O O Of Of Of Of O 1 0,250 | 0| 10,24
079 1|(1| 0(07%212| 110,78 0 |0,79 0 |0,79 0 |0,75
18(13| 1|1 (27|27 4| 4|0,250,25/0,06/ 1 |0,250,25/0,06|0,25/0,250,06] 1 |0,250,25/0,06
o| 0o 0| O0Of 0| O] oOf o o0,78,19 0 | O |0,750,19
0,750,75/0,94, 0 |0,750,750,94/0,75 0 |0,79 0 |0,79 0 |0,75
19(13|13| 2 (27|18/4|6|023 0 | O | 1 |02%5 0| 0O|023 O | O| 1(02% 0| O
oOf 0| O Of Of Of O O 1 0,250 | 0| 10,24
079 1|(1| 0(07%212| 1|07 0 |0,79 0 |0,79 0 |0,75
20|1, (1,|5|28(14|{3|6|022 0O | O| 1({0220 | O|022 0| O| 1|0220 | O
of 0| Of Of O0f Of Of O 1 0,220 | 0| 10,24
o741|1| 0|0,78212| 1]|0,78 0 |0,79 0 |0,79 0 |0,78
21|15 (1|1 |30(15( 2| 4|02 0 | O| 1({02% 0| O 0,23 O | O| 1|02%0 | O
oOf 0| Of Of Of Of Of O 1 0,250 | 0| 10,24
079 1|(1| 0(07%212| 1]0,78 0 |0,79 0 |0,79 0 |0,75
22|15 (J2|1|30(30{4|4|023 0| O| 1({02% 0| O|023 0| O| 1|02%0 | O
oOf O O Of Of Of Of O 1 0,250 | 0| 10,24
079 1|(1| 0(07%212| 1|07 0 |0,79 0 |0,79 0 |0,75
23|13(1,|4|30(30{ 44|03 0| O| 1({0380)| 0|03880| 0| 1|/0380 )| 0
of 0| Of Of Oof Of Of O 1 0,380 | 0| 10,34
063 11| 0|0631| 1]|063 0 |0,63 0 |0,63 0 |0,63
2411, 13| 4 |30(20|{4| 6|03 0| O| 1(038 0| 0|03 0| 0| 1|/0380 )| O
of 0| Of Of Oof Of Of O 1 0,380 | 0| 10,34
063 11| 0|06312| 1]|063 0 |063 0 |0,63 0 |0,63

Table of split-plot designs fov< 50, 2<r <10, 2<k <10 with effi-
ciency factors Eigl) are presented by Brzeskwiniewicz and Krzyszkowska

(2006). From (2.1), it follows that many designs teve the same parameters
and efficiency factors. For example, the design2®in table 1 has the same

parameters and efficiency factors as split-plot igleswith N =lg
(Vl :bl =5, = kl =1, Al :0), NB :12 (V2 = k2 =2, b2 =TIy :/12 :1)
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110110 by . J
and NC: 1 01101 (V3 =3, =6, I3 =4, 3 =2, 3 =2). In
011011

table 1, for the same parameters and efficiencypfaconly one design is pro-
posed.

5. Example

We consider design no. 9 in table 1 with parametersl8,b = 9,r = 4,
k = 8. To construct the incidence matrix of thisigeswe use matrixl, and
the incidence matrix of the design BIB no. 1 fromtatogue of Ceranka,
Goszczurna (1994) with parameters=3, b=3, r,=2, K;=2 and A5=1. Inci-
dence matrices of these designs have the form:

110
NA:12 (V1:k1:2, bl=r1:/11:1), NB:NC: 101
011

(V2 :bz =V3 :b3 =3, 5) :kz = r3=k3 =2, /12 :A3 =1).
FromN; =N ONg ONg we can obtain the distribution of levels A, B
and C in blocks in both cases:

Case ()

The distribution (before randomization) is schegally given by

block | block Il | block Ill | block IV block V | block V | block VII |block VIII | block IX
B1C1 B1C1 BiCz B1C1 BiC: BiC> B2C1 B2Cy B2C;
B1C> B1Cs B1Cs B1C, B1Cs B:Cs B2C> B2Cs B2Cs

A1 A1 A1 A1 A A1 A1 Ay Ay
B.C1 B2Ci1 B2C> B3C; BsC1 BsC2 B3Ci BsCy BsCz
B2Co B2Cs B2Cs B3C> BsCs BsCs BsCz BsCs B3Cs
B1C1 B1C1 B1C> B1Cy B1C:1 B1C2 B2Cy B2Cy1 B2Cz
B1Co B1Cs B1Cs B.Co BiCs B:Cs B2C> B2Cs B2Cs
Az Az Az Az Az Az Az Az Az
B.C1 B2Ci1 B2C> B3C; BsC1 BsC2 B3Ci BsCy1 BsCz
B2Co B2Cs B2Cs B3C> BsCs BsCs BsCz BsCs B3Cs

where A, A, are levels of A; B B,, B; are levels of B; andCC,, C; are levels
of C.
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The efficiency factors for estimation of effects B, C, AxB, AxC, BxC and
AxBxC in three strata are the following:

1 1 1 1 1 1 1
e | ex | e | e | e | e | e
© (B) (BxC) Q)] (AxC) | (AxB) | (AxBxC)
1 0,25 0,25 0,06 0 0 0 0
2 0 0 0 1 0,25 0,25 0,06
3 0,75 0,75 0,94 0 0,75 0,75 0,94
Case (i)

The distribution (before randomization) is schegally given by

block | | block Il | block Il | block IV | block V| block V¥ | block VII |block VIII | block IX
Alalg—ZAlal% A;B; gz AlBl%AlBl%AlBl gz A:B, g; A;B, g; Ale%z
Aleg—ZAlBZ% A;B, gz AlB3%AlB3%AlB3 gz A;B; g; A;B; g; AlB3%§
Azalg—ZAzal% A,B; gz AzBl%AzBl%AzBl gz A,B, g; A,B, g; AZBZ%
Aszg—ZAZBZ% A,Bs gz AZB3%AZB3%AZB3 gz A,Bs g; A,Bs g; AZB3%§

The efficiency factors for estimation of effects B, C, AxB, AxC, BxC and
AxBxC in three strata are the following:

2 2 2 2 2 2 2
A A A A
(©) (B) (BxC) (A) (AxC) | (AxB) (AxBxC)
1 0,25 0,25 0,06 0 0 0 0
2 0 0,75 0,19 1 0,25 1 0,25
3 0,75 0 0,75 0 0,75 0 0,75

Comparison of results in the above tables indic#ttes casesi) and {i) are
identical with respect to the estimation (functioh¥actors A and C effects and
for their interaction AC effects, because their efficiency factors areakdu
each stratum. Cas@ {s more advantageous than casefér the estimation of
factor B effects, for the interaction oxB effects, for the interaction of>¥8
effects and ABxC effects, because in casg their efficiency factors in the
third stratum (the deeper one) are higher tharage ¢i).
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6. Conclusion and discussion
From the formulae foeigl) and sigz) (see Section 3), we can obtain:

Corollary 6.1. In the first stratum, efficiency factors in cageand (i) are the
same, i.efi(ll) = ‘Si(lz) fori=1,..,7.

Corollary 6.2. In the second and the third stratum, efficiencgtdes for
i =1, 4, 5 in casei) and caseil) efficiency factors are the same, i.e.

1 2 .
‘SIE) = |J ) for] =2, 3.

Corollary 6.3. In the second stratum, efficiency factorsifer2, 3, 6, 7 in case)(

are at least the same as in cdgeile. £i%) < £i(22). In the third stratum, the effi-

ciency factors in casei)(are higher than in casai){ i.e. é’i%) 2£i(32) for

i =2, 3,6, 7. Ifdy =1, then the above efficiency factors are the saree,

2)

e =&{?) fori=2,3,6,7anfi=2,3. Ifdg =0 thens{) = £{? forj=2,3.

In the planning experiment in split-plot desigrerd is a problem with the
selection of the stratum in which analysis of vaci is to be introduced. The
decision is simple when the efficiency factors egeal because then, we select
the stratum with the higher number since the stnatariance is the smaller the
“deeper” the stratum is. However, in case whenaheve variances are un-
known, the choice of stratum is not easy. It magpea that greater efficiency
factors in the stratum with a lower number will haelance the smaller variance
in the “deeper” stratum with a higher number. Hersteeh designs are valuable

in which certaind; =0 or 1, because in certain stratum, some efficiéactors
are equal to one. For example:

if dy =0thene) =8 =1,

if dy =0andd, =1 thene’A(flz) = £é12) = 85122) = Eézz) =1,
if d3 =0 andd, =1 then

D_ 000202 _
s =eid=eg =ed =a =g = a3 = eqg =1
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DOSWIADCZENIA TROJCZYNNIKOWE ZAKEADANE
W UKLADACH SPLIT-PLOT GENEROWANYCH
PRZEZ UKLADY BIB

Streszczenie

W pracy rozwaamy ddwiadczenia trojczynnikowe zatone w niekompletnych uktadach o
pojedynczo rozszczepionych jednostkach eksperyrmseta (split-plot). W tych déwiadcze-
niach poziomy trzech czynnikéw A, B i G sozmieszczone tak jak obiekty w uktadach zréwno-
wazonych o blokach niekompletnych (BIB). W pracy rozasay dwa przypadki rozmieszczenia
czynnikow na daych i matych poletkach. W pierwszym przypadku pazjoczynnika A roz-
mieszczamy na dych poletkach, a kombinacje pozioméw czynnikéw® ma matych poletkach.
W drugim przypadku kombinacje pozioméw A i B rozerezamy na diych poletkach a pozio-
my czynnika C na matych. Podajemy wspotczynnikkgfenosci dla efektow gtéwnych i inte-
rakcyjnych rozwaanych czynnikéw w trzech warstwach: blokowej,zylth poletek i matych
poletek.

Stowa kluczowe zrownowaone uktady o blokach niekompletnych, wspoétczynedaktywndci,
iloczyn Kroneckera macierzy, gtéwne i interakcyjatekty czynnikéw, uktady split-plot, do-
$wiadczenia trojczynnikowe

Klasyfikacja AMS 1993: 62K10, 62K15



