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Index 

!= not equal to, 107 
# comment character, 28 
..., 310 
/ internet folder marker, 32 
\ local folder marker, 32 
~ is modelled by, 417 

<- assignment / gets operator, 27 
==. See R code:double equals sign 
to produce subsets, 251 

-2LL, 212, 213, 297, 401 
Absolute Risk Difference (ARD), 161 
Aggregating data 

example, 222, 252 
AIC, 7, 155, 190, 216, 304, 315, 383, 393, 408, 418, 

434-6, 501, 516 

Akaike information criterion (AIC) See AIC. 
ANCOVA. See Multiple linear regression 
ANOVA, 24, See Multiple linear regression 

naming the model (R Commander), 24 
pairwise comparisons, 25 

ARD 
definition of, 541 

ARR 
definition of, 541 

BIC, 297 

Binomial test, 105 
graphing the binomial distribution, 109 
options available to calculate the p-value, 107 
p-value explained, 107 
p-value graphical explanation, 109 
R code for counts, 108 

Bland-Altman plots, 179 
Boxplot. See graphical summaries of data 

definition of, 531 
c() = concatenate, 28 
Case-control studies, 451 
Centered variables, 510 
Chi-squared tests 

confidence intervals, 123 
mosaic plot, 114 
one way: 

explanation, 111 
R code(counts), 113 
R code(raw data), 113 
R Commander (raw data), 112 
R Commander (counts), 113 
table, 115 

what to do when expected counts less than 
5, 124 

writing up the results, 120 
Clinical significance/effect 

definition of, 532 
Coding frames, 5 
Cohen's d, 474 

Collinearity. See multicollinearity 
Concatenate text. See R code; paste() and cat() 
Conditional logistic regression, 451 

data manipulation, 452 
matched case-control studies, 451 
model development clogit(), 455 
multiple inputs, 455 
reversing case/control values ifelse(), 454, 456 

Confidence interval 
definition of, 531 

Converting between wide/long format, 70, 453,  
See Repeated measures 

Correlation, 125-137 
creating and saving matrices, 253 
part (semi-partial), 370 

obtaining – spcor(), 378 
partial, 368 

obtaining - pcor.test(), 378 
Correlation ellipse 

definition of, 533 
Cox and Snell's R squared, 402 
Cox Proportional Hazards Regression 

Checking the model, 215 
R code, 211 
R Commander, 210 
survival curves for each covariate level, 215 

Creating a new variable, 246 See R Commander: 
creating a new variable 

Creating distributions, 232 
Data analysis process 

data preparation; description; model 
development/evaluation, 6 

data analysis, stages of, 2 
data collection and storage, 6 

dummy data for practicing, 6 
online data collection, 6 
who; how, 6 

Datasets provided by R 
ais Australian athletes (DAAG package), 136 
anorexia data set (MASS package), 19 
listing all, 26 
ox - oxygen saturation (MethComp package), 

180 
Dataframes 

converting a matrix to a dataframe 
as.data.frame(), 254 

creating a new column R code, 86, 246 
dataframe$column name format, 44 
definition of, 533 
forming in R, 29 
naming columns in R, 29 

Degrees of freedom 
What does df mean and why report it?, 66 
Structural Equation Modelling, 500 

Density plot 
definition of, 533 
producing in R, 47 
producing in R Commander, 45 

Dichotomising variables 
definition of, 533 

E Notation, 69, 101, 128, 335 
definition of, 533 

Effect size, 7, 25 
Confidence interval. See noncentral 

distributions, Clinical significance 
Correlation and relation to Cohen's d, 132 
definition of, 533 
Factorial ANOVA, 470-4 
Logistic regression, 402, also see Odds ratio. 
Mann-Whitney U, 102-3 
Meta-analysis, 185, 195   
McNemar's test, 226 
p-value, relationship with, 540 
Poisson regression, 431 
Regression, 146-7, 387, 390  
Sample size, relationship with, 329-32  
t test independent samples, 65, 80, 81 
t test paired samples, 68 
Wilcoxon Matched Pairs, 90 

Emoticons, 2 
Eta squared (η2), 470 
Exact probability, 88 

F distribution 
drawing curve, 145 
explanation, 145 

Factor, 21, also see Boxplot for plotting. 
changing values ifelse(), 454, 456 
converting to a factor 

R code, 30-1, 98, 106, 318, 448 
R Commander, 98, 245, 247-8, 460 

Converting value labels in SPSS files to factor 
levels, 377 

converting to a numeric/extracting labels, 30-1, 
318 

creating using c("x", "y"), 232 
creating using rep(), 422, 440, 452 
creating using factor(), 30, 347 
generating level gl(), 30 
definition of, 533 
observed and manipulated subtypes, 473 
providing names for levels 

labels(), 30, 247 
rownames(), 257-8 

removing empty levels - droplevels(), 190 
reordering, 248 

Factor analysis, 477 
assessing appropriateness of dataset, 479 
Bartlett Test of Sphericity, 480 
communality, 484 
diagram, 478 
EFA/CFA, 477 
extracting factors, 481 
factor loadings, 484 
Hofman’s complexity index, 492 
interpreting output, 484 
Kaiser normalisation, 492 
Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy (MSA), 480 
latent variable, 477 
matrix input instead of raw data, 489 
multicollinearity - det(), 481 
obtaining factor scores, 486 
Principal Axis Analysis, 482 
reification problem/misplaced concreteness, 

486 
rotation – giving meaning, 485 
strategy, 490 
total variance explained, 484 
uniqueness, 484 

Factorial ANOVA, 457 
alternative analysis processes, 459 
balanced design, 458 
Beeswarm and boxplots, 463 
blocking, 459 
confidence intervals, 464 
crossed factors, 458 
describing n x n, 458 
effect size, 470 

comparisons, 472 
eta squared (η2), 470 
generalised eta squared (ηg2), 472 
omega squared (ω2), 470 
specific comparisons mes, Cohen’s d, 473 

example, 457 
factor types observed/measured, 472 
homogeneity of variance assumption, 462 
interaction/profile plots, 461, 462, 465 
main effect, 459 
nested designs, 475 
number of factors = 458 
pairwise comparisons, 468 
pairwise comparisons Dunnett’s test, 468 
post hoc tests, 467 
R code, 466 
R Commander, 464 
simple main effects, 459 
split plot, 459 
Tukey's Honest Significant Differences, 467 
writing up the results, 474 
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Files 
Exporting 

comma field separator as *csv - write.csv(), 
241 

R Commander, 241 
R code, 242  
tab field separator as *DAT - 

write.table(sep="\t"), 241 
importing (R Commander), 235 

cells in excel, 239 
clipboard, 239 
R code, 236 
table from Word, 239 

reading 
rda R binary data files 

R Commander (local and web), 43, 85, 219, 221 
R code – load(), 34 

From the web – load(url()), 34, 193 
Error message, 237  

Fonts 
family=, 319 
seeing what is installed demo(Hershey), 14 
size - cex=%, 319 

Function(s) 
definition of, 28, 534 
arguments, 534 
how to write your own, 534 

Generalised Estimating Equations (gee), 297, 325 
standard errors, 325 

Generalised Eta Squared, 472 
Generalised Linear Model (GLM), 427 

Global environment. See working directory 
Gpower, 330 
Graphical summaries of data. See Bland - Altman 

plots 
beeswarm(), 476 
Boxplots, 22, 54 for several variables. See R 

code, boxplots.  
subgroups, 220, 463 

CI's for means, 23 
correlation plot (coloured), 138 
correlation/scatterplot  matrix, 137, 377 
density plots, 27, 43, 45 
displaying standard errors, 220 
distributions, 43 
Extended Association Plot, 276 
histograms, 43, 99 
stripchart(), 476 
xyplot. See R code:xyplot() 

Grouping variable, 38, 97 
GUI preferences, 14 
History file, 264 

deleting, 265 
saving – savehistory(), 264 

Hypothesis (null) testing approach (NHST), 7 
I as is function I() = upper case i, 445 
Incidence Rate Ratio (IRR) 

definition of, 541 
Inference 

definition of, 534 
Intraclass correlation coefficient (ICC), 178, 315 

irr package, 176 
K-M plots, 197 

plots for publication, 206 
R code, 205 

Kappa, 175 
irr, 176 

Krippendorff's alpha, 177 
Levels of agreement, 175, See Kappa, 

Krippendorff & ICC 
more than two raters, 178 

Levels of measurement, 5 
Continuous, 536 
definition of, 536 
Discrete, 536 
Interval, 537 

Noir to help remembering levels, 537 
Nonimal, 536 
Ordinal, 536 
Ratio, 537 

Likelihood 
definition of, 535 
in logistic regression, 400 

Likelihood ratio test, 401 
LINE, 141 
Linear Predictor (LP), 400, 427 

LISREL, 495 
LOESS line 

definition of, 536 
Log linear regression. See Poisson regression 
Logistic regression, 399 

Akaike information criterion (AIC), 408 
assessing a published paper, 423 
classification table, 404, 412 
confidence intervals, 409, 417 
deviance, 401 
diagnostics, 413 
drawing confidence intervals, 413 
equation explained, 399, 424 
interpreting the coefficients, 403, 405, 417 
log likelihood, 401, 410 
logistic function, 400 
logit function (log odds), 400, 401 
model chi-square, 401 
model fit, 401, 424 

Hosmer - Lemeshow statistic, 402, 409 
multiple inputs, 416 
predicted values, 409, 412 

curve(), 409 
predict(), 409, 411 

pseudo R squares, 401 
Cox–Snell, 402, 410 
Nagelkerkes, 402, 410 
R code, 407 

R Commander, 406 
sample size estimation/power, 414 
seeing the iteration history – trace=TRUE, 400 
sensitivity/specificity, 404 
setting iteration tolerance - epsilon=value, 401 
strategy, 422 
tables for binary inputs – xtabs(), 419 
using counts/proportions instead of raw data, 

421, 422 
writing up the results, 415 

Logrank and Breslow Tests, 203 
Mann-Whitney U, 93-104 

writing up the results, 103 
Maximum likelihood 

definition of, 535 
in logistic regression, 400 

McNemar's test, 225, 451 
Meta-analysis, 183 

Adding text slab=, 189 
Baujat plot, 192 
Cochran’s Q, 184 
Cochrane Collaboration, 194 
forest plot, 183 
funnel plot, 188 
heterogeneity, 184 

Accounting for, 189 
Higgins I squared, 185 
metafor package, 183 
moderators, 190 
OpenMeta[Analyst] software, 194 
Publication bias, 188 
R squared, 190 
Random effects, 184 
rma(), 187 
tau (τ), 184 
trimfill(), 189 
Writing up the results, 192 

Mixed effects models, 297 
Model, 140 

Monte Carlo simulation, 124 
Mosaic plots, 114, 275 

mosaic plots versus bar charts, 276 
shading schemes ( R code), 276 
vcd (Visualizing Categorical Data) package, 114 

Multicollinearity, 372 
Multiple linear regression, 367, See Regression. 

added variable plots, 390 
ANCOVA, 374 
ANOVA table – obtaining/interpreting, 391 
assumptions, 367 
comparing models, 382 
confidence intervals, 381, 386 
correlated errors (violation), 395 
drawing non-parallel regression lines, 388 
drawing parallel regression lines ANCOVA 

assumption, 386 
including and testing interaction terms, 388 
LINE, 141 
multicollinearity, 372 
overall fit, 368 
parameter estimation/evaluation, 368 
predicted values, 395 
R code, 379 
R Commander, 379 
R Commander diagnostics, 392 
dummy coding/contrasts, 374-5 
relative importance of inputs- lmg(), 390 
sequential/hierarchical (type I sums of squares, 

371 
standardised b(beta) R code, 380 
statistical validity, 368 
stepwise procedures, 371 
strategy, 396 
theory behind it, 368 
two continuous inputs, 377 
type III sums of squares, 373, 387, 391 
variance Inflation Factors (VIF), 372, 380 
Venn diagram 

regression slopes, 372 
representation R2, 371 

writing up the results, 396 
Multiple logistic regression. See Logistic 

regression. 

NA (meaning 'not available') = missing value, 29 
Nagelkerke's R squared, 402 
Negative Predictive Value, 170 

confidence interval, 173 
New statistics, the, 7 
NNT 

definition of, 541 
Noncentral distributions, 333 

chi-squared distribution, 340 
chi-squared distribution CI, 340 
chi-squared distribution effect size CI, 341 
Chohen’s f effect size measure, 338 
Cohen's w, 340 
correlation (rho), 339 
F distribution, 337 
F distribution CI, 339 
MBESS package, 335 
noncentrality parameter, 333 
power values using R's built in function, 335 
t distribution, 336 

Normal distribution 
definition of, 537 

notepad++ text editor, 14 
NppToR, 267, See Rstudio 
Null hypothesis significance test (NHST) approach, 

7 
Null hypothesis distribution, explaining p-value 

Binomial test, 109 
Chi-squared, 116 
t test, 63-4 
when effect size=zero, see the online chapter R 

and the Raspberry pi. 
Number needed to Harm (NNH), 167 
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confidence interval, 167 
Number needed to treat/harm, 165 

confidence intervals, 166 
Numeric 

definition of, 537 
Object 

definition of, 27 
Odds 

against an event, 538 
definition of, 538 
for an event, 538 
range compared to probability, 539 
relationship to probability, 539 

Odds ratio, 161, 226 
Advice on calculating, 164 
definition of, 539 
writing up the results, 163 

Omega squared (ω2), 470 
OpenEpi, 161 

help files, 164 
p-value, 540, See Null hypothesis distribution 

asymptotic, 88 
bootstrapped. See re-sampling 
displaying distribution, see online chapter R and 

the Raspberry pi 
definition of, 540 
exact probability, 88 
explained using t value, 63 

Packages 
afex, 473 
DAAG, 136 
dependencies = TRUE option, 17 
displaying information & version sessionInfo(), 

17 
downloading and installing a zipped version, 

179 
Epi, 17 
epibasix, 163 
epitools, 162 
geepack, 321 
ggplot2. See Publication quality graphics. 
ibeeswarm, 463 
install.packages() - installing, 15, 17, 70, 151, 

162, 176, 200, 205, 211, 280 
installing non-CRAMS packages, 261 
irr, 176 
Isr, 471 
KappaGUI, 178 
lme4, 304 
loading - library(package name), 17, 19 
MESS (Miscellaneous Esoteric Statistical 

Scripts), 324 
MethComp (Functions for analysis of Method 

Comparison studies), 179 
multcomp, 468 
nlme, 303, 321 
psych, 17 
psychometric, 17, 151 
QuantPsyc, 156 
reshape2, 70, 453 
rhosp, 17 
rpsychi, 17 
updating - update.packages(ask=FALSE), 17 
UsingR, 151 
vcd, 275 
vcd(Visualizing Categorical Data), 114 

Partial eta, 470 

Partial omega squared, 470 
Plot markers (pch) 

definition of, 540 
markers for males and females (Venus and 

Mars), 540 
Poisson distribution, 427 
Poisson regression, 427 

comparing models, 436, 444, 445 
R code anova(), 438 
R Commander, 438 

conditional poisson regression, 450 
confidence intervals, 431, 437 
deviance, 432, 435 
drawing prediction lines, 439, 440 
equidispersion assumption, 428 
growth model approach, 445 
interaction terms, 437 
negative binomial distribution glm.nb(), 432, 

433, 434, 438 
offset, 441, 443, 446, 448 
overdispersion, 428, 431, 433, 435, 450 
quasi-likelihood approach 

family=quasipoisson(), 432 
R code, 432 
R Commander, 430 
resampling, 432 
sandwich estimators, 432 

Positive Predictive Value (PPV), 170 
confidence interval, 173 

Predictive values, 169 
Prevalence, 173 
Primary outcome variable, 399 

Publication quality graphics, 345 
ggplot2, 345, 346 

Deducer, 356 
online point and click (Jeroen Ooms), 361 
plot(), 345 
point and click interfaces, 354 
qplot(), 345 
RcmdrPlugin.KMggplot2, 351 

layers, 345 
aes(), 345 
geoms(), 345, 357, 358 

R 
window description: 

Data editor window, 14 
Graphics window, 14 
R Console window, 13 
Script editor window, 243 

R code 
abline() to add a straight line to plots, 109 
aggregate(), 252 
as.data.frame(), 254 
as.factor() converting a numeric variable to a 

factor, 98 
attach() - sets 'current' data set, 211 

definition of, 531 
with(), using instead of, 48, 68, 246, 407, 

428, 531   
BA.plot( ), 180 
binom.test(), 108 
boxplots for several variables, 87 
cat(), 410 
chisq.test(), 119 
CI.Rsqlm(), 151 
clogit(), 455 
cohen.kappa(), 176 
col=colour, 103, 109, 205, 542 
Confint(), 155 
cor(), 136 

use="complete.obs", 254 
corr.test(), 302 
coxph(), 211 
cumsum() to provide cumulative frequency, 57 
dimnames(), 119, 162 
dotplot(), 307 
double equals sign ==, 103 
editing R CommandeR code, 254 
epitab(), 162 
expand.table(), 257 
expandTable, 257 
file =file.choose(), 255 
font.main=number, 207 
geeglm(), 325 
ifelse(), 456 
kappa2(), 176 
kripp.alpha(), 177 
legend(), 205 
length() to find number of observations, 57, 280 
leveneTest(), 79 
lm()  linear Model, 155 

lm.beta(), 156 
lty(linetype), 205, 207 
definition of, 536 
lwd=line width, 109, 207 
definition of, 536 
main(title) chart title, 71, 87 
Mathematical operators, 251 
matrix(), 119, 162, 275 
mean(), 80 
melt(), 70 
merge() - to join dataframes, 317 
mosaic(), 276 
names() to name columns of a dataframe, 318 
ncol= number of columns, 119, 275 
nrow= number of rows, 257 
order, 70 
paste() to concatenate text, 89, 104, 188, 189, 

310, 319 
pch= plot symbol number, 540 
prop.test(), 108 
reading files 

rda R binary data files, 219, 241 
rda R binary data files advantages over txt 

files, 221 
read.csv() comma separated text files, 236 
read.delim() tab separated text files, 78, 236 
read.table() all types of text files, 236 

riskratio(), 162 
round(number,decimal places), 136, 433, 479 
scan(), 237 
sd() standard deviation, 69 
simple.lm(), 151 
single command spanning more than one line 

space +, 28 
stack() to stack columns, 80 
str() to show object structure, 317 
Surv(), 205, 211 
summary() – to provide summary statistics from 

a dataframe or model object, 28, 30, 39, 
154, 163, 187-190, 206, 295, 375, 389, 408, 
422, 430, 465, 513  

survfit(), 205 
t() transpose function, 177 
var.test - in place of Levenes test, 78 
with() in place of attach(), 68 
write.matrix() to save a matrix as a file, 255 
xlab(x axis label), 71 
xyplot(), 71 
xyplot() - lattice package, 308 
ylab(y axis label), 71 

R Commander 
creating a new variable, 21 
Data ->Active data set -> Save Active dataset, 

241 
Data-> Active data set-> Export active data set, 

241 
Data->Active data set->Remove cases with 

missing data, 221 
Data->Active data set->Select active data set, 

234, 235 
Data->Active dataset->Aggregate variables in 

active data set, 222, 252 
Data-> Active data set -> Refresh active dataset, 

86 
Data->Import data, 235 
Data->Manage variables in active dataset -> 

Compute new variable, 86 
Data->Manage variables in active dataset-

>convert numeric variables to factors, 98, 
106, 202 

Data->Manage variables in active dataset-
>Reorder factor->levels, 221 

Data->New dataset, 231 
Data->Survival data->Survival data definition, 

201 
Edit data set button, 20 
Edit data set button changing a factor to a 

numeric type, 223 
Editing & manipulating variables, 245 

converting a numeric variable to a factor 
defining bins, 248 

deleting, 249 
displaying factors within a dataframe, 247 
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numeric to a factor with level names, 247 
Recoding, 245 
renaming, 249 
reordering factor levels, 248 

Editing and manipulating cases (rows) 
aggregation, 252 
copying a subset, 251 
copying an entire dataset, 251 
correlation matrices, 253 

editing autogenerated R code, 254 
equation box, 210 
Graphs->Histogram, 99 
Graphs->plot of means, 220 
importing data 

Excel, 235 
SPSS, 235 
textfiles, 235 

Importing data, 235 
installing, 15 
Models -> Confidence intervals, 151 
Models -> Graphs-> Basic diagnostic plots, 150 
opening a text file from a URL, 74 
plugins (for R Commander) 

RcmdrPlugin.mosaic, 277 
RcmdrPlugin.survival, 200, 210 

Rcmdr(), 15 
re-opening R Commander, 16 
Statistics-> Contingency tables ->Enter and 

analyse two-way table, 118 
Statistics->Fit models->Generalised linear 

model, 408, 417, 418, 430 
Statistics-> Fit models -> Linear regression, 149, 

154 
Statistics->Means->Paired sample t- test, 69 
Statistics->Means->Single sample t- test, 62 
Statistics->Nonparametric tests->Two sample 

Wilcoxon test (i.e. Mann-Whitney U), 100 
Statistics->Summaries->correlation matrix, 254 
Statistics-> Summaries -> Frequency 

distributions, 106 
Statistics-> Summaries-> Active data set, 20 
Statistics-> Survival Analysis -> Compare 

survival functions, 204  
Statistics -> Survival analysis -> Estimate survival 

function, 201, 202 
Tools-> Load Rcmdr plug-in(s), 200 
View data set button, 20, 105 
window description, 15 

R Commands 
definition of, 542 

R data types 
factor 

converting from a factor to a numeric 
variable (R Commander), 223 

gl(), 30 
levels, 30 
recording factor levels (R Commander), 221 

factor creating, 30 
grouping variable, 38, 97 
numbers, 30 

R software - Downloading and installing, 11 
Random effect, 184, 297, 305, 326 

Correlated, 315 
Ranking, 83 
Raspberry Pi, see online chapter R and the 

Raspberry pi 
Reference group, 162, 542 
Regression, 157 

confidence interval for R squared, 151 
confidence intervals, 151 
Confint() for confidence intervals, 155 
diagnostics, 150 
drawing confidence /prediction intervals, 151 
R code, 155 
R Commander, 149 
standardised beta (β), 156 
visualising the line of best fit, 150 
writing up the results, 156 

Relative Risk (RR) 
definition of, 542 

relationship to odds ratios, probability and risk 
difference, 540 

Relative Risk Reduction (RRR) 161 
definition of, 542 

Removing cases with missing values (R 
Commander), 221 

Repeated Maximum Likelihood (ML) approach, 
304 

Repeated measures 
coef(), 305 
confidence intervals, 306 
converting from wide to long format, 300 
fixef(), 305 
Gee, 297 
lattice package, 301 
level 1 variables, 298 
level 2 variables, 298 
lme4, 304 
LMM - Linear Mixed Model, 302 
melt(), 300 
model comparison Anova(), 314 
nlme package gls() function, 303 
profile plots, 301 
random intercept and slope model, 314 
ranef(), 305 
reporting correlations across repeated 

measures by group, 302 
single parameter/null model, 304 
working correlation / model covariance 

matrixes, 321, 326 
comparing, 324 
QIC, 324 
QIC() function – MESS package, 324 

working correlation / model covariance 
matrixes lme4 approach, 326 

xyplot() 
panel function, 310 

..., 310 
groups(), 313 
packet.number(), 310 
panel.abline(), 310, 311 
panel.text(), 310, 319 
panel.xyplot(), 310 
paste(), 319 
superpose, 313 

par.strip.text, 319 
Re-sampling, 283 

Bootstrapping explained, 289 
Bootstrapping functions, 290 
combinations, 284 
conditional null distribution, 286 
confidence intervals, 291 
Jackknife, 293 
large samples, 287 
Mann-Whitney U, 287 
memory management (computer), 294 
Monte Carlo simulation, 287 
permutation tests, 284 
permutation tests on small samples using R, 

287 
plotting, 291 
random seed number, 295 
Wilcoxon matched pairs, 287 

Risk, 161 
definition of, 542 
number needed to treat/harm, 165 

Risk difference, 161 
Rprofile.site file - changing R startup options, 542 
Rstudio, 267 

break point, 268 
creating packages, 270 
debugging, 267 
linking to Notepad++, 271 
step through, 269 

Sample size requirements 
alpha - type one error, 329 
beta - type two error, 329 
cluster trials - Aberdeen University, 332 
critical value, 329 

Gpower, 330 
PASS, 332 
power (1-beta), 329 
StudySize, 332 

Sensitivity, 169 
Specificity, 169 
Standard deviation 

definition of, 542 
Standardised (z) scores, 128, 246, 390, See also 

centered variables 

Stripchart, 104 
Structural Equation Modelling (SEM), 493 

AIC, 501 
background, 493 
BIC, 501 
calculating R2 from correlations and path 

coefficients, 497 
CFI, 501 
complex example, 520 
covariances basis for it, 499 
direct, indirect and total effects, 498 
does my bum look big in this, 501 
EQS, 501 
evaluating sem research, 521 
extending sem techniques, 521 
fixed parameters, 500 
Heywood cases, 501 
identification constraint, 500 
latent variables, 494, 500, 506-7, 509, 516, 521 
Lavaan, 511 

confidence intervals, 513 
fit/modification indices, 513, 514 
modifying code, 512 
residual analysis/local fit, 515 

manifest variables, 494 
matrix representation, 495 

a matrix, 495 
C matrix, 495 
F matrix, 495 
m matrix, 495 
S matrix, 495 

model fit, 501 
OpenMx 

code example, 517 
path 

double arrow explanation, 497 
single arrow error terms, 497 
single arrow explanation, 497 
single arrow importance of direction, 497 

path diagrams, 494 
R2, 497 
RAM-format path diagram, 494 
RMSEA, 502 
sample size determination, 503 
sample size, importance of, 499 
SEM 

code, 517 
debugging, 518 
modification indices, 518 

SRMR, 501 
standardised residual variance (SRV), 497, 498 
strategy, 501, 503 
why and when to use it, 499 
Ωnyx free software tool, 504 

adding data, 505 
adding double arrowed paths (covariances), 

507 
adding intercepts/mean structures, 510 
adding latent variables, 506 
adding observed variables, 505 
adding single arrow paths, 507 
comparing models, 515 
comparing nested models, 516 
creating a model, 504 
downloading, 504 
fixing/freeing parameter estimation, 507 
including standardised values in diagram, 

508 
linking to R, 511 
model estimation, 508 
reloading a saved model, 511 
viewing estimation history, 509 
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viewing results, 509 
viewing standardised values, 508 

Summaries 
describe.by() - for subgroups, psych package, 39 
gmodels CrossTable() function for SPSS like 

tables, 280 
groups of values, 39 
numeric summaries, 38 
overview, 37 
percentages for each category/factor level, 57 
relative/cumulative percentages, 57 
subgroups - tapply(), 39 
tapply() summary value options, 39 

t test 
paired samples 

effect size, 68 
R code, 71 
R Commander, 69 

single sample 
R Commander, 62 

two independent samples, 74 

effect size, 80 
Levene's test, 76 
R code, 78 

R code for grouping variable layout, 79 
R Commander, 77 
writing up the results, 81 

Tab character, 542 
Tables of counts 

expanding into flat files, 257 
single variable, 257 
two variables, 258 

Tatsuki Koyama. See R code: kmplot() 

Variance, 542 
Vector 

definition of, 28 
Which test? algorithm, 526-7 
Wilcoxon Matched Pairs Statistic, 83 

graphing the  T+ distribution, 89 
R code, 88 

R Commander, 87 
Working correlation matrix. See Repeated 

measures 
Working directory 

finding it - getwd(), 265 
Working environment. See Workspace 
Workspace, 263 

inspecting objects  - str(), 263 
list the objects (dataframes/objects), 263, 265 
loading (local and web) – load(), 264 
removing a subset of objects, 265 
removing all objects, 263, 265 
saving - save.image(), 264 

Z scores, 128, 147, 390, 487, 488, 542 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




