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abelian group, 246, 249
acacia, 275, 318
accidental bias, 20
additive model, 77, 82, 87, 90
age, 279
AIDS, 124, 316
alias set, 260
aliasing, 170, 243, 259, 284
analysis, 226, 230, 253, 266, 285
analysis of variance, 33, 40, 46, 64, 67, 87, 90, 112, 113,

145, 200
full, 134, 149, 201
null, 133, 140, 149
skeleton, 134, 138, 140, 149, 200, 201, 285

animal breeding, 146
antagonism, 78
apples, 16, 168
archaeology, 206
asthma, 9, 52, 118, 313

bacteria, 82, 313
balanced incomplete-block design, 219, 223, 226, 233,

257
baseline measurement, 117
bean weevils, 203, 313
best linear unbiased estimator, 24, 25, 28, 39, 62, 143,

226
bias, 68, 122, 124

accidental, 20
assessment, 122
selection, 20, 124
systematic, 20

biotechnology, 155, 315
blind, 122
block, 6, 13, 53, 119, 121

contrast, 62
design, 159, 166

incomplete, 219–238, 241–258
orthogonal, 57, 59, 99

different sizes, 272
factor, 57
large, 146
principal, 246
small, 146
subspace, 57

blocking, 6, 53–71, 105, 146, 283, 284

blood, 80, 315
Bose’s Inequality, 221
bottom stratum, 200
breed, 279

calculations ignoring treatments, 133, 140, 145, 149,
200

calf feeding, 2, 9, 131, 137, 138, 144, 313
car tyres, 168, 170, 314
carbon dating, 206, 317
carry-over effect, 119
case-control study, 125
catalyst, 81
cattle breeder, 154
cereals, 79, 313
chain, 176, 177, 181, 197
character, 242
chemicals, 168
chicken feeding, 50, 88, 91, 313, 316
chicory, 241, 242, 245, 257, 318
chromatograph, 267, 315
cider apples, 145, 147, 160, 161, 188, 258, 316
citrus orchard, 56, 314
class, 93, 169
clinical trial, 237
coarser, 171
cohort study, 125
column, 105

contrast, 111
factor, 111

combinatorial design, 8
common cold, 127, 157
comparative experiments, 40
complete-block design, 58
completely randomized design, 19, 120
concrete, 18, 147, 170, 314
concurrence, 219
confounded, 241

with blocks, 230
confounding, 241–258
consultation, 1
control treatment, 7, 11, 12, 43–47, 52, 72, 99, 124, 234,

237, 282
correction for the mean, 31
coset, 246, 260
cost, 6
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covariance, 24, 38, 59, 60, 111, 112, 194, 284
cow-peas, 78, 97, 315
criss-cross design, 208
cross-over trial, 118, 194, 197, 237, 313, 317
crossover interaction, 78
crude sum of squares, 93, 178

for treatments, 27

data
collection, 2, 283
copying, 2
scrutiny, 3

defining contrast, 259, 260
degrees of freedom, 26, 133, 134, 184, 185, 200
design, 13, 283, 285
detergents, 9, 59, 224, 234, 257, 314
difference set, 220
difference table, 220
direct sum

internal, 23
disordinal interaction, 80
distribution

exponential, 254
F, 34, 40, 144, 146, 268
normal, 29, 34, 35, 40, 253
t, 29, 40, 144
χ2, 34, 40, 253

double-blind, 122
drugs, 48, 86, 118, 119, 122, 185, 191

educating general practitioners, 126
eelworms, 72, 315
effect, 84, 93, 184, 187

fixed, 60–68
random, 60, 67–69

efficiency, 229–234
efficiency factor, 229–234, 242, 257
eigenspace, 113
eigenvalue, 39, 67, 113
eigenvector, 39, 67
enzyme, 80, 315
equality factor, 171
equivalent factors, 170
estimation, 24, 84, 86, 113
estimator, 5, 202, 253
ethical issues, 124
eucalypts, 4, 8, 182, 315, 318
excipient, 17, 249
expectation, 45, 48, 59, 60, 111, 112
expectation model, 50, 77, 84–87, 95, 190, 284
expected mean square, 27, 39, 64, 90, 133, 135, 201
experimental unit, 6–8, 10, 12, 117, 131, 275, 283
exponential distribution, 254

F-distribution, 34, 40, 144, 146, 268
F-probability, 64

factor, 169–214
factorial

design, 11, 241–270
experiment, 97
treatments, 11, 75–99, 124, 248, 316

false replication, 135, 170, 284
field beans, 250, 315
field trial, 55, 56, 313
finer, 171
Fisher’s Inequality, 221
fit, 178
fitted value, 23
fixed effects, 15, 60–68, 110, 132, 226, 253, 279
fractional replicate, 161, 166, 167, 259–270
frogs, 125
full analysis of variance, 134, 149, 201
fungicide, 11, 47, 182, 186, 313, 315

genomics, 236
glass jars, 276, 315
Graeco-Latin square, 162–167

finite field, 163
prime order, 163
product method, 165

grafting skin, 154
grasshoppers, 152, 316
grazing, 275

half replicate, 260
Hall’s Marriage Theorem, 235
Hasse diagram, 175–177, 185–189, 195, 196, 198–202,

243, 283
hay fever, 68, 315
herbicides, 78, 315
historical controls, 118, 125
hypothesis test, 5, 33–35, 44, 70, 84, 113, 135, 140, 141,

202, 253, 266

incomplete-block design, 219–238, 241–258
balanced, 219, 223, 226, 233, 257
complement, 221
cyclic, 220, 236
from Latin squares, 221
lattice, 221
optimal, 233
resolved, 221, 223, 230
unreduced, 220

infimum, 171
informed consent, 126
insect repellent, 53, 121, 314
insulators, 266, 318
intention to treat, 126
interaction, 77–84, 88, 90, 93, 95, 97, 122, 140, 141,

144, 146, 152, 159, 161, 166, 167, 202,
214, 237, 242, 244, 252, 259, 265, 279

crossover, 78
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decomposing, 242
disordinal, 80
three-factor, 95
threshold, 80
trigger, 81
two-factor, 95

Intersection Principle, 84
irrigation, 54, 55, 211, 314

kiwi fruit, 4, 313

laboratory measurement, 55, 313
ladybirds, 2, 170
Latin square, 106, 157–167, 222, 242

cyclic, 106
group construction, 106
product construction, 107

lattice design, 221–223, 230, 234, 238
layout, 13
leafstripe, 3, 313
linear model, 14, 23, 24, 59–61
lithium carbonate, 17, 226, 314
litters, 56
local control, 6, 13
lucerne, 155

main plot, 146
main effect, 84, 88, 90, 140, 141, 144, 159, 242
main-effects-only design, 159, 161, 166, 167, 192, 214,

241, 259
management, 55, 56, 68, 114, 221, 275
marine engineering, 41
matched pairs design, 119
maternal dietary supplements, 126
matrix, 26, 195
maximal model, 85, 86
mean, 5
mean square, 26, 44, 64, 86

for residual, 28
for treatments, 32

mental arithmetic, 9, 202, 314
metal cords, 64, 68, 69, 315
microarrays, 236, 317
milk, 25, 28, 29, 32, 34, 123, 280, 316, 318
minimization, 122
model, 45, 48, 132, 148, 253, 285
molybdenum, 211, 317
mouthwash, 126
multiplicative model, 82
mushrooms, 57, 314

nematodes, 175, 181, 192
normal distribution, 29, 34, 35, 40, 253
null analysis of variance, 15, 133, 140, 149
null model, 30, 88

oats, 83, 315

observational study, 125
observational unit, 8, 10, 12, 117, 131, 276, 283
oceanography, 166, 317
oilseed rape, 11, 13, 44, 313
optimal incomplete-block design, 233
Ordering Principle, 252
orthogonal

basis, 23
complement, 23
decomposition, 182
design, 197–214
factors, 178
Latin squares, 162, 222
plot structure, 193
projection, 23
to blocks, 230
treatment structure, 189
vectors, 23

Orthogonality Principle, 85
overall mean, 30

Park Grass, 98, 208
pasture grass, 70, 315
piglets, 56, 313
pill manufacture, 249, 315
placebo, 122, 237, 282, 317
plan, 13, 284
planned analysis, 4, 284
plot, 10

factor, 170, 193, 196, 197, 276
structure, 5, 12, 193, 198, 272, 279, 283

potatoes, 42, 47, 52, 168, 314
power, 5, 6, 15, 35–38, 69, 71, 120, 121, 126, 144, 152,

230, 284
principal block, 246
prospective study, 125
protocol, 10, 12, 282–285
pseudo-replication, 135
pseudofactor, 197, 251, 262
psychology, 41, 122, 318
pullets, 11, 314
purpose of the experiment, 5, 282

quantile, 254
quantile plot, 254, 269
quantitative factor, 12, 79, 92, 266
quarter replicate, 161, 264

rain, 4, 313
random effects, 15, 60, 67–69, 112, 132, 148, 193, 228,

253, 279
random sample, 5, 271
randomization, 8, 13, 15, 19–21, 38, 41, 59, 98, 108,

118, 120, 122, 123, 132, 138, 147, 159,
161, 196, 223, 271–279, 284, 285

sequential, 121
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randomized controlled trial, 118
rats, 185, 192, 317
repeated measurements, 147
repetition, 131
replication, 5, 19, 30, 35–38, 41, 43–44, 52, 70, 85, 87,

97–99, 121, 126, 131, 181, 197, 284
residual, 27, 35, 85, 134, 140, 226

degrees of freedom, 202, 285
mean square, 28, 45, 84, 86
sum of squares, 27, 201, 202

residual effect, 119
resolution, 265
resolved incomplete-block design, 221, 223, 230
retrospective study, 125
rice, 54
road signs, 54, 286, 314
rotation experiment, 274, 313
row, 105

contrast, 111
factor, 111

row–column design, 105–114, 118, 157, 158, 235–238,
272

rubber, 48, 314
rugby, 205, 317
rye-grass, 7, 9, 75, 97, 146, 170, 173, 174, 191, 200,

241, 313

saplings, 80, 315
scalar product, 22
selection bias, 20
semi-Latin square, 211
sex, 279
significance level, 35, 70, 121, 144
silicon wafers, 276, 318
single replicate, 159, 166, 241, 250, 253
skeleton analysis of variance, 15, 134, 138, 140, 149,

200, 201, 285
smoking, 125, 316
soap pads, 193, 317
source, 33
split-plot design, 146–153
squared length, 22
standard error, 29, 202

of a difference, 29, 86, 90, 95, 140, 141, 143, 230
of a mean, 29

strata, 67
stratum, 40, 120, 132, 133, 138, 148, 149, 196, 198,

241, 285
stratum variance, 196, 226
straw, 114, 316
strictly orthogonal factors, 241
strip-plot design, 209
subgroup, 246, 249, 259
subplot, 146
subspace, 178, 182
sugar beet, 247, 253, 254, 257, 315

sum of squares, 22, 23, 26, 39, 52, 86, 94, 133, 134,
145, 184, 187, 200, 253

crude, 27, 178
for the mean, 31
for treatments, 32, 49, 51, 201
total, 28

Sum Principle, 84
superimposed design, 166
supplemented balance, 234
supremum, 172
synergism, 78
systematic bias, 20

t-distribution, 29, 35, 40, 70, 144
t-test, 35
table of means, 86, 90, 95, 178
tablet manufacture, 81, 249, 315
three-factor interaction, 95
threshold interaction, 80
time, 147, 279
time-course experiments, 147
tomatoes, 9, 314
total sum of squares, 28
tractor, 56
treatment, 7, 8, 11, 282

contrast, 22, 62, 111
effect, 32
factor, 21, 75, 170, 189, 197, 242
structure, 5, 12, 43–51, 189, 198, 279, 283
subspace, 21, 149, 198, 202, 241, 285
vector, 22

trees, 53
trigger interaction, 81
two-factor interaction, 95

uniform factor, 175
universal factor, 171
unstructured

plots, 12, 19
treatments, 12

variance, 5, 6, 15, 24, 28, 30, 37, 39, 40, 43, 62, 69, 121,
137, 141, 194, 229–234, 253

variance ratio, 34, 40, 64, 68, 135, 141, 202
vetch, 83, 315

wash-out period, 119
washing, 208, 317
weeds, 56, 315
weight, 262
wheat, 8, 313
whole plot, 146
wine, 16
wine tasting, 59, 105, 315

χ2-distribution, 34, 40, 253

Youden square, 236
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