
Index

approximate fit, 177
attributes of causal relationships, 4

basis set, 62
basiSet function, 78
Judea Pearl’s, 62
Shipley’s, 62, 84

Bentler–Weeks model, 94
Bernard, Claude, 11

causal conditioning. See control of
variables: statistical

causal homogeneity, 188
causal inference algorithm, 241, 243
causation implies correlation, 7
causes

ancestor, 22
as distinct from correlation, 59
child, 21, 26
common, 21
decomposition of, 105
descendant, 22, 24
direct, 21, 56, 105
independence, 22
indirect, 21, 22, 56, 105
parents, 21

CFI. See comparative fit index
chi-square statistic. See maximum

likelihood
chi-square test. See maximum likelihood
choke point, 246
collider, 22

shielded, 23
unshielded, 23, 234

comparative fit index, 180
obtaining in lavaan, 181

concentration matrix, 75
conditioning

on a collider, 33
statistical, 15, 23, 24, 127

conditioning set, 24
control of variables, 13

difference between physical and statistical
control, 14

physical, 13, 45, 47
statistical, 14, 35

controlled experiment, 12, 46, 54
convergence. See maximum likelihood
correlation

partial, 72, 75
pcor function, 74

covariance
algebra, 93
between-groups covariance matrices, 191
cov function, 79
definition, 64, 93
fixing to zero in sem function, 118
multilevel covariance matrices, 210

cyclic causal discovery algorithm, 268

DAG. See graphs
DAG function, 26, 78
definite non-collider, 237
degrees of freedom

d-sep tests, 63
ML chi-square test, 99, 102
multigroup SEM, 191
nested models, 190

discovery algorithms, 261
d-sep. See d-separation
dsep claim. See d-separation
dSep function of R, 27
d-sep tests, 61, 78

generalisation, 81
including phylogenetic corrections, 202

d-separation, xii, 20, 24, 25, 26, 27, 32, 33, 35, 41,
47, 51, 56, 63, 79, 226, 237, 241, 242, 243,
273

and feedback loops, 36, 264
and probabilistic independence, 32
and selection bias, 36
and unfaithfulness, 39, 47
counter-intuitive consequences, 33

effect
decomposition of, 105
direct, 106
indirect, 107
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effect (cont.)
measurement units, 107
spurious, 108

equivalent models, 55, 242
experimental control, 2, 43, 54, 59
experimental unit, 10, 11

factor scores, 138
in lavaan, 138

Fisher, 5, 6, 7, 12, 13, 17, 28, 37, 44, 45, 46, 57, 59,
60, 81, 84, 85, 276, 291

Fisher’s C test, 63, 79
Fisher’s genius. See Fisher
fixed.x argument in sem function, 118
fixing scale of latent variables, 134, 140

generalised additive models, 68
ggm library of R, 26
graphs

acyclic, 21
causal, 24
cyclic, 37
DAG, 21
directed, 5, 20
partial ancestral graph (PAG), 265
partially directed, 235
undirected dependency graph, 226, 228, 231

hierarchical data, 201

independence
conditional, 29, 30, 63, 71
context sensitivity, 41
permutation tests, 68
probabilistic, 24, 25, 29

indicator variables, 132
reliability, 138

inductive causation algorithm, 225
intraclass correlation, 200

lavaan package, 91, 105
installing, 114

logical positivism, 42, 58

manipulation theorem, 48, 49
Mardia’s coefficient, 112, 172
Markov condition, 4, 31
maximum likelihood

and non-normality, 169, 172
and small sample sizes, 165, 168
bootstrapped estimates, 176
chi-square statistic, 98, 99, 116, 190
convergence, 116, 121, 122
estimation, 95
function, multivariate normal data, 98

measurement error, 126, 128
meaning of, 130

measurement models, 131, 153
fitting in lavaan, 140

missing data, 183
mice package in R, 183
missing argument in sem function, 184

mixed models, 206
multigroup SEM. See structural equation modelling
multilevel SEM. See structural equation modelling

non-collider, 23
non-independence of observations, 188, 200
number of iterations

changing default value in sem function, 121

over-identifying constraints, 88

parameters
confidence intervals, 120
constraining free parameters, 123

multigroup models, 197
fitting, 102
fixed/free, 89, 91, 95
fixing, 123
naming, 123, 197
parameterEstimates function, 120
specifying starting values, 121
standard errors, 104
standardizedSolution in lavaan, 105

parTable function, 117
path

blocked, 24
decomposition of. See causes
definite discriminating path, 240
directed, 22, 232
inducing, 233
undirected, 22, 24, 232

path analysis, xii, 2, 40, 56, 57, 58, 59, 60, 87, 89,
98, 245, 293, 294, 295, 296

and multiple regression, 109
path coefficients

and measurement error, 130
estimation. See parameters

path diagrams
conventions, 185

Pearl, Judea, xii, 19, 224
Pearson, Karl, 57
phylogenetic generalised least squares (PGLS), 201
phylogenetic signals, 201
phylogenetically independent contrasts (PICs),

201

R2

obtaining from inspect function, 120
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randomisation, 2, 6, 7, 8, 50
randomised experiment. See randomisation
regression, 15

form-free, 69
residuals, 16

RMSEA. See root mean square error of
approximation

root mean square error of approximation,
182

Satorra–Bentler chi-square statistic, 147, 176
saturated pattern, 243
SEM. See structural equation modelling
sem function, 116
shadows, 1, 3, 16, 18, 33, 55, 95, 100, 224, 260
shipley.test function, 79
simulating data in R, 115
Spearman correlation, 66
Spearman partial correlation, 74
statistical power, 120, 178, 250
structural equation modelling, 61, 88, 153

multigroup models, 190
fitting in lavaan, 196

multilevel models, 210
nested models, 189

TETRAD II, 225
tetrad representation theorem, 247
trek, 246

under-identification, 134, 137, 154
rules for avoidance, 155
structural versus empirical, 155

vanishing tetrad algorithm, 247
sampling variance, 257
test statistic, 257

vanishing tetrad equations, 245
vanishing tetrads, 144, 245
variables

centred, 91
endogenous, 90
error, 90, 99
exogenous, 62, 90, 99, 118
latent, 61, 90, 126

composite, 163
exploratory methods, 257
formative, 163
reflective, 163

manifest, 89
standardised, 113

variance
definition. See covariance
unique/common in measurement models,

133

Wayang Kulit. See shadows
Wright, Sewell, 2, 56, 85, 87, 104, 146,
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