Subject Index

Additivity, 15
in factorial experiment, 105
Adjusted mean, 50, 51, 53
alternative to blocking, 58
randomized block experiment in, 59—
61
Agriculture, application in, 1, 10, 16,
21, 25, 26, 37-39, 46, 59, 62, 75,
89, 92, 99, 136, 143, 146-148, 170,
171, 175, 178, 211, 236, 239, 262
Alias, 250
Analysis of covariance, 53, 62, 68, 260
of regression, 18, 30, 50, 52, 55, 67
of variance, 28, 36, 45, 128, 173
Animal feeding trials, application in, 6,
16, 20, 25, 32, 39, 48, 64
Assay, application in, 3, 16, 49, 63, 64,
283, 284, 288-291
direct, 289
four-point, 290
indirect, 290
six-point, 290

Balanced incomplete blocks, 221-230
adjoined to other designs, 238
analysis of, 228
definition of, 221
efficiency factor of, 229
extended, 239
index of, 222, 223
list of, 226
need for, 46, 219
randomization of, 227
relation with confounding, 261

Bias, arising from subjective attitude to
treatments, 80
non-randomized experiment, occur-
rence in, §
observations, in, 81
removal by concealment, 80
Binomial distribution, 169, 170, 177
Bioassay, see Assay
Biology, application in, 2, 23, 25, 31,
32, 43, 46, 48, 64, 74, 92, 93, 135,
143, 144, 183, 184, 215, 225, 252,
262, 265, 284 :
Blocks, see Balanced incomplete blocks,
Incomplete block designs, Ran-
domized blocks

Carrier variable, definition of, 97
Carry-over effects, 19-21, 196, 217,
272-276
Chain block design, 242
Classification factor, 92, 135, 195
Comparative experiment, definition of,
4
Completely randomized design, 49, 71,
166 ‘ ’
Complex response, reduction of, 201
Component of variation, 131, 172-174,
180
Composite designs, 255
Concomitant observations, additional to
blocking, 58-62
alternative to blocking, 49-55
confounding, with, 260
definition of, 48, 200
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Concomitant observations, index of re-
sponse, compared with, 57
interaction, detected by, 18, 52, 53,
58, 59, 200
Latin square, in, 63
precision increased by, 48-68, 200,
260, 269
several, 67
Confidence limit, 119, 158, 176
Confounding, analysis of observations,
15, 266
assays, in, 290
double, 265
examples of, 259, 262
factors at more than two levels, 264
fractional replication with, 265
index of designs, 263
need for, 46, 151
partial, 260
purpose of, 258
split unit experiments, in, 264
total, 259
2n experiments, in, 258-264
Contrast, definition of, 155
Control treatment, 6, 80, 178, 197, 238
Correlation coefficient, 55, 67
Costs, 164, 178, 180, 181, 185, 193, 286
Covariance, analysis of, 53, 62, 68, 260
Cross-over designs, 270, 271, 290
Curvature, see Response curve
Cyclic substitution, 233, 241, 272

Decision, as object of experiment, 163,
164, 182, 188

Defining contrast, 250, 259

Degrees of freedom, 29, 41, 43, 45,
119, 129, 138, 166, 176, 177, 230

effect on precision, 167, 168

Dentistry, application in, 79, 217

Dichotomous observations, 202

Differential precision, 179, 238

Diffusion theory, 285

Dilution series, 284

Direct treatment effect, 272

Dose-response curve, see Assay

Double- confounding, 265

Double sampling, 183-185, 189

Education, application in, 40, 63, 65

Efficiency factor, of incomplete block
design, 229, 242
Electronic computer, 11
Epistatic model, 102
Error, see Precision, Standard devia-
~ tion, Standard error
Examples, agricultural field trials in
general, 1, 46,' 75, 143, 175
allergen preparations on: cattle, 225
alloys, 282 i
apples, 59
artificial insemination, 92, 93, 262
assay of drugs, 3, 16, 63
barley, 10 |
barnacles, 2
blood cells, 183 ;
blood of mice, 1%14
bronchial spasm, 185187
burr removal, 124
carpet wearing tri}gal, 89
catalyst, 118 /
clinical trial, 3, 79
" cotton winding, 2/13
counting of cells, etc., 184, 283
crop disease, 16
dishwashing, 223’
dressing of N for!sugar beet, 178
false teeth, 217
fatigue, 21
fertilizer and stréngth of cotton, 26
fertilizer trial, 92‘ 211
fiber webs, 32 ;‘
fruit trees, 62, 147
fuel consumption, 40, 216
gasolines, compa'{ison of, 216
headache pills, 18
industrial process“es in general, 2, 5,
18, 35
Lamarckian effect in rats, 7
Lanarkshire milk/ experiment, 77
leaves, uniform sets of, 215
market research, 514, 215
milk yield, 20, 39/
“Muller-Lyer” illusion, 21
nuclear physics, 1‘77
oiling of wool; 10
paper technology, 274
parasitology, 74, 135, 143
pencillin, production of, 136
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- Factor, choice of, 134-137
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Examples, pigs, feeding of, 6, 16
pilot plant investigation, 259
plant-breeding, 239
political attitudes, 136
porous plug method, 288
raspberry variety trial, 89
relative. humidity in drawing and
spinning, 149, 280
sewage, 23
sock shrinkage, 82
stem rot of clover, 236
subjective preference study, 232
sugar beet, 136, 146-148
teaching of English, 40, 65
textile carding, 19, 124 )
textile spinning, 62, 170, 172
tissue culture, 252, 265
tobacco-mosaic virus, 232
tooth paste, 79
variety trials in general, 37-39, 143,
146
virulence of bacteria, 284
wood technology, 92
Experimental design, new work in, 292
Experimental unit, see Unit, experi-
mental

classification, 92, 135, 195

connected with experimental tech-
nique, 135

definition of, 91

qualitative, 30, 97

ranked qualitative, 98

sampled qualitative, 99

specific qualitative, 96

types of, 92, 96-99

Factor level, choice dependent on re-

sponse, 139

choice of, 137-142, 257

definition of, 92

extreme, choice of, 138

number for estimating slope and cur-
vature, 140-142

spacing of, 139-142

unequally spaced, 26, 139

Factorial experiment, advantages of,

94

assays, in, 290
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Factorial experiment, complete, 93
definition of, 92°
disadvantages of, 95
Fiducial limit, see Confidence limit
Fractional replication, 151, 214
choice of number of levels, 257
confounding, with, 265
general description, 248
index of designs, 253-255
more than two levels, for, 254
2n gystem, for, 251-254

Galois field theory, 112
Genetics, application in, 7, 288
Graeco-Latin square, deﬁmtlon of, 44
example of, 216
table of, 207
Group theory, 112

Incomplete block designs, 15, 219-230,
237-244
assays, in, 290
Index of response, 55
Industry, .application in, 2, 5, 10, 18,
19, 23, 25, 44, 49, 35, 62, 92, 99,
118, 124, 136, 149, 170-172, 213,
259, 274, 280, 282
Interaction, 94
estimation of error by, 128, 169
examples of, 101
dependence on scale of measure-
ment, 105
graphical presentation of, 104
interpretation of, 103-108, 125-128
linear X linear, 124, 255
multi-factor, 110
precision in 27 experiment, 113
removable, 105
scientific importance of, 107
significance test for, 103
three-factor, 108
2n experiment, in, 110-113
two-factor, 100
Interference between units, 19-21
Inverse sampling, 184

Latin squares, combination of, 40-44
concomitant variable in, 63
cross-over trials, use in, 271, 272
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Latin squares, degrees of freedom in,
166
fractional replicate, for, 255
general discussion, 35-44
knight’s move, 75
more than two alphabets, with, 212~
214
orthogonal partition of, 209-211
randomization of, 206
systematic, 75, 281
table of, 206
two alphabets, with, 44, 207
use in factorial experiments, 143
use in obtaining uniform units, 215
use in split unit experiment, 148
Lattice designs, 46, 240
Lattice rectangle, 244
Lattice squares, extensions of, 237, 244
need for, 46
randomization of, 235
table of, 236
Least squares, method of, 31, 88, 229
Level, see Factor level
Linear X linear interaction, 124, 255

Main effect, definition of, 100
situations in which useful, 108
see also, Confounding, Factorial
experiment, Fractional replica-
tion
Market research, application in, 214,
215
Medicine, application in, 3, 18, 74, 77,
79, 183, 184, 185-187
Missing values, 30

Number of levels, see Factor level
Number of units, see Size of experi-
ment

Observations, assumptions concerning,
14, 272
choice of, 4, 198-203
purposes of, 199-200
subjective, 34, 202, 203, 232
Optimum allocation, 281
Optimum conditions, search for, 286-
288

Orthogonal partition of Latin square,
209-211

Orthogonal polynomials, 118

Paired comparison design, 23-26, 78
Partially balanced incomplete block,
design, 238-243
Physics, application in, 177, 242, 288
Plots, shape in field trial, 37
Poisson distribution, 170, 283, 284
Polynomial, see Response curve, poly-
nomial ‘
Power of test, 161, 162, 176
Precision, determinants of, 8, 154
different for different comparisons,
179,238 |
estimation of, 165-175
theoretical calculation of, 169
Prior experience, use to estimate stand-
ard deviation, 174
Psychology, application in, 21, 25, 49,
' 63, 65, 201, 232

Quasi-Latin square, need for, 46, 87,
265
|
Random digits, table of, 299, 300
use of, 71
Random permuta“tions, tables of, 295—
1298
use of, 71
Randomization, |balanced incomplete
block experir;nents, of, 227
concealment in|selecting material for
inclusion, 791
consequences fbr concomitant vari-
ables, 52
curtailment for'practical reasons, 89
danger of “im?roving” subjectively,
78
effect on interpretation, 93
estimation of erfror made possible, 84
exact test of sjgniﬁcance produced,
84 :
factor levels, oﬂ 280
Latin squares, df, 205
Latin squares, several, of, 43
lattice squares, of, 235

e g e

SUBJECT INDEX 307

Randomization, mathematical conse-
quences of, 83-85, 87
mechanics of, 70-72
rejection of unsatisfactory arrange-
ments, 86
restricted, 87
several stages, 82
systematic errors removed by, 7
unbiased estimates produced, 84
Youden squares, of, 233
Randomized blocks, 26-35
analysis of, 27-30
degrees of freedom in, 166
factorial experiments, use with, 143
Randomness, nature of, 72-74
Ranked data, 34, 202, 232
Recovery of intérblock information,
230, 264
Regression analysis, 18, 30, 50, 52, 55,
67
Residual, 29, 36, 45, 58-61
Residual standard deviation, estimation
of, see Precision, Standard devia-
tion
Residual treatment effects, 19-21, 196,
217, 272
several series, estimation from, 272-
276
single series, estimation from, 276
Resolvable designs, 225, 227, 228, 230
Response curve, curvature of, 115, 118
definition of, 97
discontinuous, 141
levels, number for estimating slope
and curvature, 140-142
linear, 114
logistic, 116
polynomial, 115
polynomial, disadvantages of, 117
second-degree, 114
simple types of, 114
slone of, 115, 118
theoretical, 116
Response surface, analysis to infer un-
derlying mechanism, 123
definition of, 120
examples of, 121
fractional replication, with, 257
linear, 123

Response surface, second degree, 123

Rotation experiments, 277

Sampling, 27, 85, 171, 194
Scale of measurement, 15-17, 105
Selection rules, in genetics, 288 -
Sequential methods, 3, 164, 181-189
effect on statistical analysis, 182, 187
_example of, 185-187
© t test, 187
when useful, 182
Significance, statistical, meaning of,
158-163 ’
exaggerated in sequential application,
182
Significance test, power of, 161, 162
Simplicity, importance of, 11
Size of experiment, effect on precision,
9
cthical considerations concerning, 3
optimum determined from costs, 178
prior calculation of, 175-181
Slope; see Response curve
Sociology, application in, 136, 232
Split plot, see Split unit experiment
Split unit experiment, 30, 142-151, 195
analysis of, 144-146
confounding in, 264
Standard deviation, calculated theoreti-
cally, 169-171
components within and between
units, 172, 173, 193
definition of, 8
estimation of, 29, 36, 45, 119, 165-
175, 229, 274
factorial experiments, estimation in,
128-131
precision of estimate of, 171
several sources of variation, affected
by, 27, 81-83, 172, 173, 193
Standard error, adjusted means, of, 54
balanced incomplete block experi-
ment, in, 229
biased by absence of randomization,
76
definition of, 8, 156
estimated, 166
formulas for, 157, 175-181

Latin square, in, 29
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Standard error, randomized blocks, in
29
sampled qualitative factor, with, 129
slope and curvature, of, 118, 140-
142
Statistical analysis, desirability of, 12
Steepest ascent, method of, 287
“Student’s” ¢ test, 29, 119, 131, 167
Subjective preference, 202, 242
Subunit, definition of, 148
Surveys, 4
Systematic design, 74, 77, 279-281
Systematic error, 5, 7, 80, 81

t test, 29, 119, 131, 167
Textiles, application in, 10, 19, 26, 32,
49, 62, 82, 89, 124, 149, 170, 172,
199, 213, 280
Theoretical relation, estimation of, 285
Transformations, 15-17, 53, 64, 105,
115, 116, 125, 171 .
Transport, application in, 40, 216
Treatments, choice of, 4, 196-198
definition of, 2, 92, 196-198
restricted by practical considerations,
89, 282
Treatment effect, direct and residual,
272
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Treatment effect, true, 7, 15, 155
Treatment errors, 82, 83

Trend, elimination of, 279
Twins, use of, 25, 46, 240

Units, experimental, choice of, 4, 191-
196 j
definition of, F, 155, 191
independence of, 196
size of, 192-194
two per- block, 23-26, 78, 240-
242 ‘
uniform, obtained by Latin square,
215
Unreduced designs, 225, 233

Validity, range of, 9-11, 95, 194-196
Variance, analysis of, 28, 36, 45, 128,
173
|
Whole unit, 148, 150
Youden square, an?.lysis of, 234
definition of, 231 -
extended, 244
need for, 46
randomization of, 233
table of, 234





