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Here are data on the number of plants
that emerged for three legume species.

Soil Type

Species Silt loam Sand Clay
Alfalfa None 89 95 22

Treated 92 920 72
Red None 84 96 56
Clover Treated 92 97 68
Sweet None 51 66 17
clover Treated 59 73 40

This is a a single replicate of a 2x3”

factorial.

Ond> y <- vector(89, 92, 84, 92,51,59, 95,90, 96, 97, 66, 73, \
22,72, 56, 68, 17, 40)

amd> species <- factor(rep(rep(run(3),rep(2,3)), 3))

amd> fungicide <- factor(rep(run(2),9))

amd> soil <- factor(rep(run(3),rep(6,3)))
This is based on a data set in Steele and
Torrie. The original was a RCB design
with 3 replicates. The values here are
the rounded treatment means.
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Let's do a complete 3 factor ANOVA.

CQmd> anova("y=(speci es+soi | +f ungi ci de)*3",fstat: T)
Model used is y=(speci es+soi |l +f ungi ci de)*3

DF SS NB F P-val ue
CONSTANT 1 88060 88060 undefined undefined
speci es 2 3320.8 1660.4 undefined undefined
soi | 2 5440. 4 2720.2 undefined undefined
fungi ci de 1 636. 06 636.06 undefined undefined
speci es. soi | 4 225.22 56.306 undefined undefined
speci es.
fungi ci de 2 62. 111 31.056 undefined undefined
soil .
f ungi ci de 2 629. 78 314.89 undefined undefined
speci es. soi | .
f ungi ci de 4 364. 56 91.139 undefined undefined
ERRCRL 0 0 undefined
Oops! Major problem. There are no
degrees of freedom for error. You can't

do the usual F-tests.

Unless you can make some assumptions,
there is little you can do. A typical
assumption is that some or all high order
interactions are O.

This often is OK since in many fields,
important high order interactions are
rare. Even when there is a high order
interaction, its effects are small
compared to other effects.
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When order interactions can be presumed
unimportant, you leave them out of the
model. In this case we will assume
o, =0, all i, jand K.

Crd> anova("y=(speci es+soi | +f ungi ci de) 2", fstat: T)
Model used is y=(speci es+soil +f ungi ci de) ~2

DF SS NB F P-val ue

CONSTANT 1 88060 88060 966.21823 6.3828e-06
speci es 2 3320.8 1660. 4 18.21823  0.0097853
soi | 2 5440. 4 2720.2 29.84700 0.0039439
fungi ci de 1 636. 06 636. 06 6. 97897 0.057474
speci es. soi | 4 225.22 56. 306 0.61780 0. 67389
speci es.

fungi ci de 2 62. 111 31. 056 0. 34075 0. 73005
soil.

f ungi ci de 2 629. 78 314. 89 3. 45504 0. 13442
ERRCORL 4 364. 56 91. 139

Now we have an error term, albeit with
only 4 degrees of freedom. Note that the
error SS and DF are identical with SS,

and DF,_ In the first analysis.

Note that no two-way interaction is sig-
nificant. If you knew they were really O
you could omit them from the model, too.
Their SS would then merge into SS,

giving 12 DF for error.
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This process is sometimes known as
pooling. It is very tempting to pool so
that you have more error degrees of
freedom. In general, pooling should be
avoided unless it's really needed.

Oehlert gives a good rule of thumb:
Consider pooling only when
e DF <10

error —

e [ <2 for any term to be pooled.
Here's the ANOVA again

COrd> anova("y=(speci es+soi | +fungi ci de)"2",fstat: T)
Model

used i s y=(speci es+soi | +f ungi ci de) "2

DF SS NB F P-val ue

CONSTANT 1 88060 88060 966.21823 6.3828e-06
Speci es 2 3320. 8 1660. 4 18.21823 0.0097853
soi | 2 5440. 4 2720.2 29.84700 0.0039439
fungi ci de 1 636. 06 636. 06 6. 97897 0. 057474
speci es. soi | 4 225.22 56. 306 0.61780 0. 67389
speci es.

f ungi ci de 2 62. 111 31. 056 0. 34075 0. 73005
soil .

f ungi ci de 2 629. 78 314. 89 3. 45504 0. 13442
ERRCRL 4 364. 56 91. 139

By the rule of thumb you can consider
pooling speci es. soi | and speci es. f un-

gi ci de, but not soi |l . fungicide, since its
F = 3.455 > 2.
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Redo ANOVA omitting speci es. soil and
speci es. f ungi ci de:

Ord> anova("y = species + soil + fungicide + soil.fungicide",\

fstat: T)
Model used is y = species + soil + fungicide + soil.fungicide
DF SS VB F P- val ue
CONSTANT 1 88060 88060 1350. 84455 5.2892e-12
speci es 2 3320.8 1660. 4 25.47043 0.00011898
soi | 2 5440. 4 2720. 2 41.72831 1.4027e-05
fungi ci de 1 636. 06 636. 06 9. 75712 0. 010807
soil.
fungi ci de 2 629. 78 314. 89 4. 83041 0. 03404
ERRCRL 10 651. 89 65. 189
[t's just as well we didn't pool
soi | . fungi ci de; 1t's now significant.
Crd> interactplot(y, soil, fungicide,\
title:"Soil by fungicide interaction plot")
S0il by fungicide interaction plot
o R\\H_.mmﬁma with
01 - fungicide

",

701 No fungicide
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The average effect of fungicide is pos-
1tive except on silt loam soils.
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' : ; Cmd> |ist(al go,seq,size,ramfaults
Here's what the pooled interactions oy St go. S e R W th 2 I evel s
: faults REAL 54
looked like. ram REAL 54 FACTOR with 3 levels
. . . seq REAL 54 FACTOR with 3 levels
Ord> interactpl ot (y, soil , species,\ si ze REAL 54 FACTORwith 3 levels
title:"Soil by species interaction plot")
. . - Qmd> 2*373 # nunber of distinct treatnents
CGrd> i nteractpl ot (y, speci es, fungi ci de, \ (1) 54
title:"Soil by species interaction plot") : . :
301 by spacies interacsion plot 3051 by spesies_interastion plot There 1s no replication. The number of

T &5
&0
75
o
&5

s ==

&0

treatments = number of cases.
Cmd> | ogfaults <- |oglO(faults) # anal yze | ogs

70

o - Ond> anova( "l ogf aul t s=( al go+seq+si ze+ram) ~4", print: F)

“ HO wIURI
= HO wINRZI

o Ea &0 Mbdel used is | ogfaults=(al go+seg+si ze+ran) "4
55 NOTE: Sore results are in variables SS, DF, and RESI DUALS
A0 50 Use coefs(), secoefs(), or nmodelinfo() to retrieve other
a0 5 a5 results
1 2 . 3 1 2 ) 3
Levels of soil favels oF species Ond> DF[-run(12)] # last 5 DF, last is O
. al go. seq. ranal go. si ze. ranseq. si ze. ranal go. seq. si ze.ram ERRCRL
Not precisely parallel, but not far off. 4 4 8 8 0
Ond> SS[-run(12)]

mxm_.j_u le 8.9 al go. seq. r amal go. si ze. ranseq. si ze. r amal go. seq. si ze. ram ERRCRL
o> data < dene | 8. 8" 0. 0049053 0.00075474 0. 19844 0. 0042996 0
exnpl mmmm - mmm ( 5 exnpl 8.8") Oomd> anova( "l ogf aul t s=( al go+seq+si ze+ran) ~3", pval : T)

. : a ¢ N
) Adata set fromCehlert (2000) \enph{A First Course in Design Model used i's _Qm@ﬂ aul ts=( m_mmO+wmn+w_ Nm_),r\wmi 3 E P-val ue
W and Anal ysis of Experiments}, New York: W H Freenan. CONSTANT 1 433. 53 433.53 8. 0664e+05 0
. al go 1 0.47188 0.47188 877.98573 1.8243e-09
) Data originally froman exanpl e (hormework probl en?) of Barry. wmm 2 4. 6473 23236 4323 40535 7. 3001e-13
W Margol in Table 8.7, p. 187 si ze 2 7. 8635 3.9318 7315.55961 8.9187e-14
) Col umns are paging aigorithm initialization sequence, program LU coq 3 00033265 0,0016633 - 300471 O.10104
W N“quw_mﬁ%_ |, medium or | mwmmxmm_%mm_ location (large, medium al go. si ze 2 0.0041899  0.002095 3.89794  0.065794
! " : ¢ ¢ : " al go. ram 2 0. 011324 0. 0056621 10. 53504 0. 0057356
Read fromfile "TP1: Stat5303: Data: GeCh08. dat seq. si ze 4 0.15635  0.039088  72.72785 2.5105e-06
omd> makecol s(dat a, al go, seq, si ze, ram f aul t seq. ram 4 1.7938 0.44845  834.39270 1.6316e-10
mekecol s(data, al go, seq, size, ram faul ts) size.ram 4 0.095118  0.023779  44.24470 1.6887e-05
Omd> al go <- factor(al go);seq <- factor(seq) al go.seq.size 4 0.0027469 0.00068673 1.27776 0. 35476
. . ) algo.seq.ram 4  0.0049053 0.0012263 2.28176 0. 14907
Ow> size <- factor(size); ram<- factor(ram al go.size.ram 4 0.00075474 0.00018868 0. 35107 0. 83645
. . . seq.size.ram 8 0. 19844 0. 024805 46. 15350 6.7256e-06

This is a 3x3x3x2 = 3°x2 factorial. ERRCRL 8  0.0042996 0.00053745
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Here is a side-by-side plot of all the The numbers identify the particular

effects and residuals. effect. For a main effects, 1, 2, 3,
e IR 82 8288250 4 Just are the factor level.
<mo~olo_OHOOHOOHOOH VA 9) .

o ar Zide by side plot for Hoﬁmﬁwm-nmpaa,,mmfmuumﬁmi>m._ _ |_|<<O .—.mo.ﬁo_\ @ﬂﬂmo.ﬂm OmD _um h:w_u—mcmh_ as a
rL e Tumcwithlargesteffects | matrix with rows corresponding to the
| s | first factor and columns to the second.
: 3 _w | | The numbers count down columns:

W A m M i e u%i. Blevel 1 |Blevel 2 |Blevel 3
S \ 5 A level 1 1 4 7
S B algo'ran & A level 2 2 5 8
< : Alevel 3 3 6 9
T T T S T T T With three factors, the first changes
size algo.sise Sedq.ramn algo.seqg.ram RESIDUALS ,ﬂ.mm.—umm.ﬁ. .—”jm mmoo:a D@X.ﬂ mja .ﬂj@ W—\.Q
This plot is helpful in deciding the real slowest
importance of different effects C1 C2 C3
For example, although al go. ramis sig- Bl B2 B3 | Bl B2 B3| Bl B2 B3
nificant, its contribution to the means is Al 1 4 7 |10 13 16|19 22 25
clearly less than most other significant A2 2 5 8 |11 14 17|20 23 26
terms. A3 3 6 9 |12 15 17 |21 24 27

Type hel p(si debysi de) for more infor-
mation on si debysi de() .
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Here are some interaction plots:

Crd> interactpl ot (l ogfaul ts, seq, size)

Crd> interactpl ot (|l ogfaults, seq, ran

CGrd> interactplot(l ogfaults,size, ran

CGmd> interactplot(logfaults,algo, ran

Wrb-C GHAO0 — HO WO0 6T

Wrb-C GHAO0 — HO WO0 6T

The
the

Interzation plot of logfaults Intaranotion plot of logfzults
3.6 52(. 51Z& =TT mae Seq.ram ____a----""7777
3.4 ) BT ]
=
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2.5 o O
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2.2 2
1 i ) 1 i 3
Levels of seq Levels of seq
Interzation plot of logfaults Interzation plot of 1ldgfmults
4 . - 3.6 R
SlZe . Fal =T i 5 4] Fom-- —=—-""7"
z 3.
. R, .| #lgo.ram
g o3
3 1 -
5 2.5 T
i 2
2.5 £ 2¢
1 2.4
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2 L f\llllll\lllll\!—
1 i
Lewvels of size Levels of alge

degree of non-parallelism reflects
size of the ANOVA SS. Most non-

parallel are seq.ramand al go. ramwhich
have SS = 1.794 and 0.0113 All are
significant when « = .0S.

For

3 or more factors, each line corres-

ponds to a combination of factors
labelled like effects in si debysi de() .
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