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4. A factor often used in designs is Weeks. Give a set of circumstances under which
Weeks could be considered a fived factor and under which Weeks could be considered
a random factor.

The variable Weeks could be considered fixed if an experiment was conducted dur-
ing each of a specific number of weeks. It would be random if the design included
randomly selecting the weeks during which the experiment would be conducted.

5. Write the general model for a four factor completely randomized design having three
repeats. Use the letters A; having two levels, B; having three levels, Cy, having four
levels and D) having two levels. How many experimental units are required for this
experiment?

The general model would be

Yijkim = p+ Ai+ Bj + ABjj + Cy + ACj; + BCj + ABCjy,
+D; + AD;; + BDj + CDy; + ABDUZ + AC Dy
+BCDjg + ABCDijgi + €mijii)

Subject to the assumptions A; ~ N(0,0%), B ~ N(0,0%), AB;; ~ N(0,0%5),
Cr ~ N(0,0%), ACi, ~ N(0,0%.), BCjr ~ N(0,0%), ABCijr ~ N(0,0%50), Di ~
N(0,0%), AD; ~ N(0,0%p), BDji ~ N(0,0%p), CDy ~ N(0,02,), ABD;j; ~
N(0,0%5p), BCDjjy ~ N(0,0%0p), BCDjjy ~ N(0,0%0p), ABCD;ji ~ N(0,0450p)s
Emijrt) ~ N (0, 02). For the factors in our model we have [ =2, J =3, K =4, L =2
and M = 3. This means that there are IJK LM = 144 repetitions of the experiment.

6. Using A; fized at three levels and B; fized at two levels, sketch a picture having A;
significant, B; and AB;; insignificant. Sketch a picture having A; and Bj insignif-
icant but AB;; significant. Sketch a picture having B; insignificant, A; and AB;;
significant.



BB

12. Use the rules given in Section 3.3 to derive the formulae for df, SS, and MS for the
two factor completely randomized design given by (3.2.2)

The two factor model for this problem is

Yijk = B+ Ai+ Bj+ ABij + epj) (1)
And the formulae will be
Source | df SS MS
A4, [I-1 TR G —7.)? SS(A)/T - 1)
B; J—1 IK Y (44 — ) SS(B)/(J —1)
enij) | TJ(K =1) > 2 2ok Gigk — Fig-)? SS(e)/I1J(K —1)
Total IJK -1 iZj Zk(f‘jmk — g)2

15. Assuming A; fized and B; random, use the rules in Section 3.4 to derive the EMS
values for the model (3.2.2)

I/f | J/r | K/r
Source | df i ] k E(MS)
A; I-1 0 |J |K |o2+Koip+Kop+ JK®(A)
B; J—1 I |1 | K |o2+IKo%
ABy |(I-1)(J-1)]|0 |1 |K |o2+Ko?g
exiy) | TJ(K —1) 1 |1 1 o?

22. For a three factor experiment with no repeats, derive the exact, approximate, and
conservative tests under the following circumstances. When the test is conservative,
indicate which conclusion can be made and which conclusion cannot be made.

(a) All three factors are fixed.



df F/i F/j F/k R/l EMS

A; (I-1) 0 J K 1 JK®A)
B; (J-1) I 0 K 1 IK®B)
ABy;  (I-1)(J-1) 0 0 K 1 K®AB)
Ch (K-1) I J 0 1 I1J9(C)
ACy,  (I-1)(K-1) 0 J 0 1 JBAC)
BCj,  (J-1)(K-1) I 0 0 1 I®BC)
ABCy, (FD(J-1)(K-1) 0 0 0 1  &ABC)
€l(ijk) 0 1 1 1 0 - -

All interactions are conservatively tested by ABC for significance. There is no

test for ABC.
(b) Only the first factor is random.

df R/i F/j F/k R/l EMS
A; (I-1) 1 J K 1 JKo5
B; (J-1) I 0 K 1 Koiz+K®B)
AB;; (I-1)(J-1) 1 0 K 1 Koy
Ci (K-1) I J 0 1 Jo%o+ Jok
ACy;, (I-1)(K-1) 1 J 0 1 Jo% o
BCjy, (J-1)(K-1) I 0 0 1 oo +19(BC)
ABCy, (F1)(J-1)(K-1) 1 0 0 1 o?pe
€l(ijk) 0 1 1 1 0 - -

The table shows that AC tests C', AB tests B and ABC tests BC. We also
have conservative tests (for significance) by ABC for A, AB and AC'. The second

order interaction ABC is not testable.

(c) Only the first factor is fized.

df F/i R/j R/k R/1 EMS
A; (I-1) 0 J K 1 o4pc+Jo%c+Koig+ JKO(A)
B, (J-1) I 1 K 1 Io%,+IKo
AB;; (I-1)(J-1) 0 1 K 1 odigo+Koig
Ch (K-1) I J 1 1 Io}o+1Jod
AC (I-1)(K-1) 0o J 1 1 o4pe + Joho
BCj,  (J-1)(K-1) I 1 1 1 Ioka
ABCijr,  (F1)(J-1)(K-1) 0 1 1 1 %50
El(ijk) 0 1 1 1 0 - -

ABC tests AC and AB. BC tests B and C. ABC conservatively tests BC' for
significance. A is tested approximately with AB + AC — ABC.

(d) All three factors are random.



af R/i R/j R/k R/l EMS

A; (I-1) 1 J K 1 oiget+Joic+Koap+KJoh
B, (J-1) I 1 K 1 o%gotloss+ Koip+IKoy
AB;; (I-1)(J-1) 1 1 K 1  odipo+Koig

Ch (K-1) I J 1 1 dhpo+lodo + Joo + 1ok
ACi, (I-1)(K-1) 1 J 1 1 oipe+Joic

BCjy, (J-1)(K-1) I 1 1 1 oo+ 1o,

ABCij;  (F1)(J-1)(K-1) 1 1 1 1 A5

€l(ijk) 1 1 1 0 - -

ABC tests AB, AC' and BC. A is approximately tested by AB + AC' — ABC.
B is approximately tested by AB + BC' — ABC. C'is approximately tested by
AC + BC — ABC. There is no test for ABC.

23. Repeat problem 3.22 assuming the three factor interaction is zero.

(a) All three factors are fized.

df F/i F/j F/k R/l EMS
A; (I-1) 0 J K 1 JK®(A)
B; (J-1) I 0 K 1 IK®(B)
AB;; (I-1)(J-1) 0 0 K 1 K®(AB)
Cy (K-1) 1 J 0 1 1Jo(C)
ACiy (I-1)(K-1) 0 J 0 1 JO(AC)
BCj, (J-1)(K-1) 1 0 0 1 19(BC)
ABCyj,  (I-1)(J-1)(K-1) 0 0 0 1 0
€l(ijk) 0 1 1 1 0 - -
All interactions can be tested using ABC' directly.
(b) Only the first factor is random.
df R/i F/j F/k R/1 EMS

A; (I-1) 1 J K 1 JKo?%

B, (J-1) I 0 K 1 Koiz+K®B)

AB;; (I-1)(J-1) 1 0 K 1 Kog

o (K-1) I J o 1 Joie+Jod

ACjy (I-1)(K-1) 1 J 0 1 Joi o

BCjy, (J-1)(K-1) I 0 0 1 I19(BC)

ABCsj,  (I-1)(J-1)(K-1) 1 0 0 1 0

El(ijk) 0 1 1 1 0 - -

ABC tests A, AB, AC and BC. AB tests B. AC tests C.
(¢) Only the first factor is fixed.



df F/i R/j R/k R/1 EMS
A; (I-1) 0 J K 1 Joic+Koig+JK®(A)
B; (J-1) I 1 K 1 Ioj.+IKog
AB;; (I-1)(J-1) 0o 1 K 1 Ko’ g
Cy (K-1) I J 1 1 Io%o+1Jo
ACi (I-1)(K-1) o J 1 1 Joi o
BCjy, (J-1)(K-1) I 1 1 1 Io%.
ABCyr (I-D)(J-1)(K-1) o 1 1 1 0
€l(ijk) 0 1 1 1 0 - -

ABC tests AB, AC and BC. BC' tests B and C. A can be approximately tested

using AB + AC — o2

(d) All three factors are random.

df R/i R/j R/k R/1 EMS
A; (I-1) 1 J K 1 Joi+Koap+KJoh
B, (J-1) I 1 K 1 Io%.+Koiy+I1Koy,
AB;; (I-1)(J-1) 1 1 K 1 Ko’ g
o (K-1) I J 1 1 Io%e+ Jobo +1Jo
ACy;, (I-1)(K-1) 1 J 1 1 Jo% e
BCjy, (J-1)(K-1) I 1 1 1 Io%.
ABCij, (I-D)(J-1)(K-1) 1 1 1 1 0
€1(ijk) 1 1 1 0 - -

ABC tests all first order interactions. A is approximately tested by AB + AC —
o%. B is approximately tested by AB + BC — o2. C is approximately tested by

AC + BC — o2.



