Subject Index

ACOV matrix, see Covariance matrix of
parameter estimates, asymptotic
ADF, see Arbitrary distribution function
AIC, see Model fit index, Akaike information
criterion
Akaike information criterion, see Model fit
index, Akaike information criterion
ALT model, see Autoregressive latent trajectory
model
Antisocial behavior in children, 155—-160
AR model, see Autoregressive model
Arbitrary distribution function (ADF), 239n
ARCL model, see Autoregressive model,
cross-lagged
Aristotle, 10
Assumptions
of autoregressive models, 209
of autoregressive latent trajectory models,
212-213, 227
of conditional latent curve model, 127, 129,
193, 244
of latent curve models, 20, 22, 90, 127, 129,
163, 193
of maximum likelihood, 39, 55-56, 136—137
of missing data, 60—62, 73
of ordinary least squares, 17—-18, 26, 28, 39,
135n
of unconditional latent curve model, 20, 22,
90, 163, 193
multiple group analysis, 175, 179-182
violated by using ordinal or dichotomous data,
230-232, 239-240
Asymptotic
covariance matrix, see Covariance matrix of
parameter estimates, asymptotic
distribution of test statistic, 44

efficiency, 41-42, 65
equivalence, 87
normality, 41, 65
robustness, 56
standard errors, 48, 56, 65, 67, 70, 96, 119,
137, 143148, 167, 206
Autoregressive latent trajectory model, 188,
208-220, 223-228, 247
assumptions of, 212—-213
conditional bivariate, 214-217
conditional multivariate, 224—-225
empirical example, 215-217
general notation for, 218-220, 223-225
identification, 225-227
unconditional univariate, 213-214
Autoregressive (AR) model, 2, 208-220,
223-228
assumptions of, 209
cross-lagged (ARCL), 209-210
general notation for, 218-220
Auxiliary threshold model, 232-236
empirical example, 233-236, 240-244
identification, 233, 236

Bartlett scores, see Factor scores

Baseline fit indices, see Model fit index, baseline
indices

Bayesian information criterion, see Model fit
index, Bayesian information criterion

Bayesian methods, 67

Best linear unbiased estimator (BLUE), 26

Bias, 27, 55, 62-63, 211, 213

BIC, see Model fit index, Bayesian information
criterion

BLUE, see Best linear unbiased estimator
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Bootstrapping procedures, 56, 137, 231

Case-by-case approach, 25-34, 48-53,
132-133, 135n, 137n, 166
advantages of, 33
and multiple groups, 166, 184—187
application of, 25-29
conditional latent curve model, 132—133, 135n
limitations of, 33—-34, 133
model fit, 29-33, 48-53
unconditional latent curve model, 25-34,
48-53
Categorical data, 245. See also Dichotomous
data; Ordinal data
CFI, see Model fit index, comparative fit index
Chi-square difference test, see Likelihood ratio
test
Chi-square distribution, noncentral, 57
Chi-square test statistic, see Model fit index,
chi-square
Child weight, 94-97
Chronological age, see Time, chronological age
Cluster analysis, 33, 180, 183-187
Cohort, 77-78, 81, 84
Cohort-sequential approach, 84
Combined model, 21, 22, 74, 90, 127-129, 174
Comparative fit index, see Model fit index,
comparative fit index
Complete case analysis, see Missing data,
complete case analysis
Completely latent (trajectory) model, see
Nonlinear trajectory, freed-loading model
Component fit, see Model fit; Model fit index
Conditional latent curve model, 7, 9, 126-161,
202-204, 258-259
and indirect effects, see Indirect effects
and interaction effects, see Interaction effects
and multiple groups, 163—-169
assumptions of, 127, 129, 193, 244
autoregressive latent curve model, see
Autoregressive latent curve model,
conditional
defined, 127
empirical example, 155-160
equation, 126—128
estimation of, 136—137
interpretation of effects in, 139-160, 197
latent covariates, 259-262
matrix expression, 133-135, 173-175,
189-190, 221-222, 224-225
mixture model, 182
with ordinal repeated measures, 243-244
Conditional trajectory model, see Conditional
latent curve model
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Confidence bands, 147n, 149-150, 158—-160
Confidence intervals
for parameter estimates, 27, 150
for slopes, see Confidence bands
for RMSEA, 47
Confirmatory factor analysis, see Factor analysis
Constrained covariance scores, see Factor scores
Cosine, see Nonlinear trajectory, cyclical
trajectory
Count data, 245
Covariance matrix
model-implied, 37, 39-41, 64-65, 92,
121-122, 124, 135, 174-175, 190, 225, 231
of equation errors, 38, 92, 194, 200
of growth factors, 38
of parameter estimates, asymptotic (ACOV),
42, 136, 239
of residuals, 38, 123, 125, 200
sample, 40-41, 69
Covariance structure
equation, 40
model-implied, 40—41, 92, 121, 124,
133-136, 174-175, 189-190, 225, 231
Covariates, see Conditional latent curve model
Crime rates, 3-8, 16-20, 25, 27-33, 42-43,
48-54, 111-112, 166—169, 176180,
182183, 185-186
Cross-lagged effect, 209-210
Cross-sectional data, 1
Cubic curve, see Nonlinear trajectory
Cyclical trajectory, see Nonlinear trajectory,
cyclical trajectory

Data augmentation, 67
Decomposition of effects, see Indirect effects
Degrees of freedom (df), 25, 44, 68, 176
Definition variables, 81-82
Diagonally weighted least squares (DWLS), 240
Dichotomous data, 229-245, 257-258, 236. See
also Ordinal data
assumptions violated by, 230-232
Direct maximum likelihood, see Maximum
likelihood, direct
Dummy variable approach, 163—-170
in conditional latent curve models, 137,
139-140
covariates, 168—169
empirical example, 166—169, 185
identification, 165
level 2 models, 165
missing data, 63, 73
multiple-group analysis, 171, 180, 185
parameter estimation, 166
DWLS, see Diagonally weighted least squares
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EM algorithm, 181
Empirical examples
antisocial behavior in children, 155-160
child weight, 94-97
crime rates, 3-8, 16—20, 25, 27-33, 42—-43,
48-54, 111-112, 166-169, 176180,
182-183, 185-186
involving multiple groups, 166—169,
176-180, 182183, 185-186
labor force, 215-217
liberal democracy, 251-254, 257-258
National Longitudinal Survey of Youth (NLSY),
59-62, 65-72, 83-87, 94-97, 100-103,
155-160, 191-192, 197-198, 204-207,
215-217, 233-236, 238-244
neighborhood satisfaction, 233-236, 238-244
of autoregressive latent trajectory model,
215-217
of auxiliary threshold model, 233-236,
240-244
of conditional latent curve model, 155-160
of dummy variable approach, 166—169, 185
of interaction effect, 155-160
of invariance testing, 176—180, 257-258
of maximum likelihood, 42—43, 48—54,
69-71, 83-86, 176—-179
of missing data, 59-62, 65-72, 83-87,
251-254
of multiple imputation, 71-73
of multiple indicators, 251-254
of multivariate latent curve model, 204-207
of nonlinear trajectory, 94-97, 100—103,
111-112
of ordinal data, 233-236, 238, 240-244
of ordinary least squares, 5—6, 16—34, 53-54
of time-invariant covariate, 191-192,
197-198, 204-207
of time-varying covariate, 197—198
reading and math achievement, 59-62, 65-72,
83-87, 100-103, 191-192, 197-198,
204-207
Equality constraints, see Parameter(s),
constrained to equality
Estimator, see Diagonally weighted least
squares; Maximum likelihood; Ordinary
least squares; Weighted least squares
Exploratory factor analysis, see Factor analysis,
exploratory
Exponential trajectory, see Nonlinear trajectory,
exponential trajectory

Factor analysis, 12—13, 34-37, 52-53
exploratory, 12—13, 34
model, 121, 248-249
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Factor loading, 35
and invariance testing, 255-257
estimated, 98—103
in multiple-indicator model, 252-257
in piecewise linear trajectory models, 105
in quadratic trajectory models, 89-90
in unconditional univariate autoregressive
latent trajectory models, 213
matrix, 38, 76, 80, 91, 97, 99, 105, 108,
115-119, 173
Factor regression scores, see Factor scores
Factor scores, 52—-54
indeterminacy, 53
Factorial invariance, see Invariance
Finite mixture model, see Groups, mixture
modeling approach
Fit, see Model fit
Fit index, see Model fit index
Fixed-effects components, 8, 21, 90, 128
Freed-loading model, see Nonlinear trajectory,
freed-loading model
Full information maximum likelihood, see
Maximum likelihood

Group-level trajectory, see Latent trajectory,
mean
Groups
analyzing data from, 162—187
cluster analysis, 186—187
dummy variable approach, 162—-169, 171, 179,
185
empirical example involving, 166—169,
176-180, 182-183, 185-186
interpretation of models involving, 164
invariance, see Invariance
mixture modeling approach, 180—184
multiple groups analysis, 162—-163, 170—180,
185-186
unknown, 180-184, 186—187
Growth curve, see Latent trajectory
Growth curve models, see Latent curve models
Growth factor, see Latent variable
Growth mixture model, see Groups, mixture
modeling approach

Heteroscedasticity, 21, 26n

Heywood case, 70, 156n

Hierarchical linear model, see Multilevel models

History of latent curve models, see Latent curve
models, history of

Identification, 21-25, 25n, 93-94, 99-100, 106,
112, 121-125, 128-132, 172, 225-227,
233, 236, 251
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Identification (continued)
algebraic conditions, 23-24
defined, 21
null beta rule, 132
overidentification, 25, 41, 225-226
t-rule for, 23n
two-step rule, 130—132, 251
underidentification, 21, 25, 225
IFI, see Model fit index, incremental fit index
Implied moment matrices, see Covariance
structure, model-implied; Covariance
matrix, model-implied; Mean structure,
model-implied
Importance resampling, 67
Improper solution, 48—49
Imputation, see Missing data, multiple imputation
Incremental fit index, see Model fit index,
incremental fit index
Indirect effects, 141, 155, 204, 250
Infinite regress, 211
Interaction effects
among exogenous predictors, 140—141,
168-169
among exogenous predictors and time,
142-154
and multiple groups, 165
confidence bands, 147n, 149-150, 158—-160
empirical example, 155-160
higher-order, 150-154
nonlinear, 153154
probing, 142-154, 157-160
regions of significance, 147—149, 147n,
158-160
Intercept equation, 20, 22, 25, 89, 97-98, 104,
107, 109, 127, 129, 139-140, 142, 147, 151,
153-154, 163-167, 170-172, 180, 189,
193, 196, 198-199, 203, 211, 214, 243, 248
Invariance, 249, 254-259
empirical examples, 176—180, 257-258

Kurtosis
correcting, 3, 16, 137, 216
excess, 44—-45, 55-56, 136, 231, 252
multivariate, 42, 55, 136, 231

Labor force, 215-217
Lagrangian multiplier, 49
Latent covariates
time-invariant, see Time-invariant covariate
time-varying, see Time-varying covariate
Latent curve models (LCM), see book
assumptions, 20, 22, 90, 127
extensions of, 229-262
general notation for, 218-225
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history of, 9-14
matrix expression for, 36-38, 133-135,
173-175, 181, 189-190, 193-194, 197,
203-204
multivariate, see Multivariate latent curve
model
nonlinear, see Nonlinear latent curve model
unconditional, see Unconditional latent curve
model
Latent difference score (LDS) model, 208
Latent factor, see Latent variable
Latent trajectory, 34—35
defined, 2, 34
equation, 19, 22, 25, 89, 97-98, 104
historical conceptualizations, 10—14
individual differences in, 8, 12
mean, 8-9, 10-11
model-implied, 17, 19, 24
nonlinear, see Nonlinear trajectory
predictors of, 9, 12
variability in, 8
Latent variables, 12—-13, 34-37, 52
change in, 245-262
LCM, see Latent curve models
Liberal democracy, 251-254, 257-258
Likelihood ratio test, 49, 51
Linear latent curve model, see Latent curve
model
Linear transformation, see Transformation
LISREL, 108, 227n, 240, 242n
Listwise deletion, see Missing data, complete
case analysis
Loading, see Factor loading
Logistic regression, 243
Longitudinal data, 1

MANOVA, see Multivariate analysis of variance
Maximum likelihood (ML), 39-42
advantages of, 65
assumptions of, 39, 55-56, 136—137
direct, 63-66, 70-73, 136-137, 175-176,
181, 238-239, 245
empirical examples, 42—-43, 48-54, 69-71,
83-86, 176—-179
estimation of polychoric correlations, 237-239
fitting function, 41, 136
full information approach, 52
limitations of, 87
properties of estimates, 41-42
robustness of, 55-56, 73
Mean structure
equation, 39, 92-93
model-implied, 39-41, 64-65, 92-93, 121,
124, 133-136, 174-175, 189-190, 225,
231
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Measurement model, 130, 245-262
Mediation, see Indirect effects
Missing at random, see Missing data, missing at
random
Missing completely at random, see Missing data,
missing completely at random
Missing data, 7n, 58—87, 94n
and alternative metrics of time, 73—82
and polychoric correlations and covariances,
238-239, 245
complete case analysis, 62, 69-72
direct maximum likelihood, 63—-66, 70-73,
137
empirical examples, 59-62, 65-72, 83-87,
251-254
listwise deletion, see Missing data, complete
case analysis
missing at random (MAR), 58, 61-63, 65,
72-73, 83
missing completely at random (MCAR),
58-63, 65, 72
missing indicator approach, 63
missing not at random (MNAR), 58, 61-63,
65
multiple imputation, 63, 66—68, 71-73, 86n,
245
pairwise deletion, 63
treatment of, 62—73
typology of, 58—62
Missing not at random, see Missing data,
missing not at random
Mixture model, 180—184
Model comparison, 171, 216-217, 254-257
Model fit
component, 48—54, 138—139
in case-by-case approach, 29-33, 48-51
indices, see Model fit index
overall, 44-48, 137-138, 262
significance tests for component fit, 51-52
Model fit index. See also Empirical examples
Akaike information criterion (AIC), 47
baseline indices, 45-46
Bayesian information criterion (BIC), 47
chi-square (1), 44, 56-57, 64—65, 68, 138
comparative fit index (CFI), 46
incremental fit index (IFI), 46, 138
R?, 31, 49-50, 138
relative noncentrality index (RNI), 46, 138
residual moments, 50-51
root-mean-square error of approximation
(RMSEA), 47, 57, 138
stand-alone indices, 47
TM[, 68
Tucker-Lewis index (TLI), 45-46, 138
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Model identification, see Identification
Moments, 22-23, 23n
Mplus, 183n, 252n
Multilevel models, 5455, 155n, 245, 262
Multiple groups, see Groups
Multiple imputation, 63, 66—68, 86n, 245
empirical example, 71-73
Multiple indicators, 246—262
advantages of using, 246—247
and ordinal data, 257-258
correlated disturbances, 249-250
empirical example, 251-254
model identification, 251
Multivariate kurtosis, see Kurtosis, multivariate
Multivariate analysis of variance, 12
Multivariate latent curve models, 188-228
empirical example, 204—207
Mx, 64n, 245
Multivariate skewness, 55

National Longitudinal Survey of Youth (NLSY),
59-62, 65-72, 83—-87, 94-97, 100-103,
155-160, 191-192, 197-198, 204-207,
215-217, 233-236, 238-244

Negative error variance, 70, 156n

Nested models, 51

Nominal data, 245

Noncentral chi-square, 57

Nonconvergence, 49

Nonlinear effects

of exogenous predictors, 153

of time, see Nonlinear trajectory

Nonlinear latent curve model, 88—125

assumptions of, 90

completely latent model, see Nonlinear
trajectory, freed-loading model

structured latent curve models, 109

Nonlinear trajectory, 88—125

and interactions, see Interaction effects,
nonlinear

cubic trajectory, 97-98

cyclical trajectory, 109—112

empirical examples, 94-97, 100—103,
111-112

estimated factor loadings, see Nonlinear
trajectory, freed-loading model

exponential trajectory, 107

freed-loading model, 98—103, 155

historical applications, 12

interpretation of, 94, 97-98, 102—103, 106

piecewise linear trajectory, 103—106, 124-125

polynomial trajectory, 89—-98, 119

quadratic trajectory, 89-97, 119-123, 154

requirements, 7
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Nonnormality
adjustments for, 56
robustness of methods to, 42, 55-56
Null beta rule, 132
Null hypothesis, 44, 48, 51, 56, 60, 68, 150,
185, 258

OLS, see Ordinary least squares
Ordinal data, 229-245, 257-258
assumptions violated by, 230-232, 239-240
auxiliary threshold model for, 232-236
corrective procedures, 232-240
empirical example, 233-236, 238, 240-244
Ordinary least squares (OLS)
advantages of, 53-54
assumptions of, 17-18, 26, 28, 39, 135n
bias and, 27, 55
empirical example, 5-6, 16-34, 53-54
intercept estimate, 26
limitations of, 28, 33-34, 43
precision of, 28—29
slope estimate, 26
Outliers, 31, 49, 262
Overidentification, see Identification

Pairwise deletion, see Missing data, pairwise
deletion
Parameter(s)
confidence interval for, 27
constrained to equality, 23n, 51-52, 156,
156n, 167, 171-172, 177-179, 213, 250,
255
estimation, 25. See also Maximum likelihood;
Ordinary least squares
identification, see Identification
known, 22, 93, 129-130
number of, 23
precision of, 28—29
standard errors for, 27
unknown, 22, 93, 129-130
Path diagram
defined, 35
examples of, 35, 69, 81, 86, 91, 101, 105, 128,
131, 132, 157, 164, 173, 195, 196, 199,
202, 205, 209, 210, 212, 214, 215, 249,
251, 260, 261
Peabody Individual Achievement Test (PIAT),
59-62, 65-72, 83-87, 100-103, 191-192,
197198, 204-207. See also National
Longitudinal Survey of Youth
PIAT, see Peabody Individual Achievement Test
Piecewise linear trajectory, see Nonlinear
trajectory, piecewise linear trajectory
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Polychoric correlation matrix, 237-240, 244
Polychoric covariance matrix, 237-240
Polynomial trajectories, see Nonlinear trajectory
Polyserial covariances, 245

Power, 44-45, 56-57, 262

PRELIS, 235n, 240, 242n

Principal components analysis, 13

Probit regression, 243244

Quadratic curve, see Nonlinear trajectory

R2, see Model fit index, R?
Random-effects components, 9, 21, 90, 128
Raw difference scores, 2
Reduced-form equation, see Combined model
Regions of significance, 147-149, 147n,
158-160
Regression, see Ordinary least squares
Relative noncentrality index, see Model fit index,
relative noncentrality index
Repeated measures
Dichotomous, see Dichotomous data
latent, 245-262
minimum number of, 7, 93
ordinal, see Ordinal data
modeling overview, 16—19
Resampling procedures, 56, 137, 231
Residual
covariation, 200
mean vector, 50
moments, 50
Residualized change model, 210
Residualized change scores, 2
RMSEA, see Model fit index, root-mean-square
error of approximation
RNI, see Model fit index, relative noncentrality
index
Robustness
asymptotic, 56
to violations of normality assumption, 42
to violations of distributional assumptions, 232
Root-mean-square error of approximation, see
Model fit index, root-mean-square error of
approximation

Sample size, 45, 57, 63

SAS, 108n, 186, 227n

Saturated model, 64, 137, 155

Scaling
latent variables with multiple indicators, 255
time metrics, 118119

SEM, see Structural equation modeling

Sine, see Nonlinear trajectory, cyclical trajectory
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Skewness, 32
correcting, 3, 16, 216
multivariate, 55
Slope equation, 20, 22, 25, 89, 97-98, 104, 107,
109, 127, 129, 139-140, 142, 147, 151,
153-154, 163-167, 170-172, 180, 189,
193, 197-199, 203, 211, 214, 243, 248
Software
LISREL, 108, 227n, 240, 242n
Mplus, 183n, 252n
Mx, 64n, 245
PRELIS, 235n, 240, 242n
SAS, 108n, 186, 227n
Specific error, 246
Specific variance, 246
Spline, see Nonlinear latent curve model
State-trait-error model, 208
Statistical power, see Power
Structural equation modeling (SEM)
advantages of, 36, 43, 54
approach to estimating trajectories, 34—54,
90-93, 132-139
perspective, 16
Structured latent curve models, 109

t-rule, 23n
TIC, see Time-invariant covariate
Time
and piecewise trajectories, 103—106
chronological age, 74—83, 87
fully balanced data structure, 75
individually varying values of, 81-82
metrics of, 35-36, 73-87, 114—120
transforming metric of, 112—120
wave of assessment, 35-36, 74-79, 82-85, 87
Time-invariant covariate (TIC), 188—192,
195-198, 201-207
defined, 190
empirical example, 191-192, 197-198,
204-207
latent, 259-262
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Time-varying covariate (TVC), 188, 190n,
191-198, 207-210, 218-220, 222-223
defined, 34
empirical example, 197—198
general notation for, 218-220, 222-223
latent, 261-262
unconditional TVC model, 193-194
TLI, see Model fit index, Tucker-Lewis index
Ty, see Model fit index, Ty
Trajectory, see Latent trajectory
Transformation
of repeated measures, 112-113
of time metric, 112—-120
Tucker-Lewis index, see Model fit index,
Tucker-Lewis index
TVC, see Time-varying covariate
Two-step rule, 130—132, 251

Unconditional latent curve model, 7, 16—57,
188189, 193, 201-202
and multiple groups, 170—172
and time-varying covariates, 193
assumptions of, 20, 22, 90, 163, 193
case-by-case approach, 25-34
defined, 16, 21
estimation of, 39-42
equation, 19, 73-74
identification of, 21-25
matrix expression, 38, 189, 193-194, 197,
220-221, 223-224
Unconditional trajectory model, see
Unconditional latent curve model
Underidentification, see Identification
Uniform Crime Reports (UCR), 3-6, 111,
166n
Unique variance, 246

Wald test, 49

Wave of assessment, see Time, metrics of

Weighted least squares (WLS) estimator, 26n,
239-240



