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In this workshop, you will see

* An introduction to lavaan

 How to import raw and summary data

* lavaan syntax, commands, and options

* How to request a variety of specific results
« See examples in the form of exercises

« Learn about some additional features
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What is lavaan?

» Created by Yves Rossell to offer an
affordable, open-source alternative to Mplus

* Free!
— as in free speech AND free beer
* Open-source:

— no estimation method is secret
— open to peer-review, like science

Intuitive syntax, similar to Mplus
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What is lavaan?

« Part of R

— Unlike Mplus and LISREL, you can do data
management and other analyses easily in the
same place you run your model

* |Interactive

— Unlike Mplus and LISREL, you don't need to run
an analysis again if you want additional output

— All output is created and stored in an object, from
which you can easily extract anything you want
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Help with lavaan

« Examples are provided on his web site:
http://lavaan.ugent.be/
* Also in his paper on lavaan
http://www . |statsoft.org/v48/i02
* Find help files in R by typing on the
command line:

> help (package = lavaan)
« KUant Guide # 21

http://crmda.ku.edu/main/KUant_Guides
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Importing Data Files

« Can import *.dat, *.txt, *.csv into R
« With the “foreign” package, can import files
from SPSS, SAS, Stata...

install.packages ("foreign")
library (foreign)
help (package = foreign)

e Can use

— Raw data

— Sufficient statistics (correlation/covariance matrix,
means, standard deviations)
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Data Files

* Limited only by R's memory capacity
— Unlike Mplus, no maximum of 500 variables or
5000 observations

R uses “NA" as the missing value code

* Variable names can be anything starting with
a letter
— Unlike Mplus, no limit of 8 characters

— Unlike Mplus, you can import data with variable
names already in the file
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Descriptive Statistics

* We won't provide an intro to R, but
KUant Guide #20 is available

* Open the Syntax Guide we provided:
“exampleCode.R”

* Read in data from example *.dat files
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Syntax Operators

Mplus keyword

lavaan operator

e var~ 1

« value®var
 start(value)*
c(“label”)*var
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“defined by”

“Iis correlated with”

“Is regressed on”
(estimate the intercept)
(fix a value)

(starting value)

(label a variable)

BY

WITH

ON

[var]
var@value
var*value
var (label)
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Main Commands

lavaan(model, data)

cfa(model, data)

sem(model, data)

growth(model, data)

Methods & Data Analysis

Run any type
Run a CFA

Run an SEM

Run a growth curve
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Other Arguments for Commands

* When you fit a model
fitl <- sem(modl, data=myData, EXTRAS)

* You can specify other options for EXTRAS
— FIML estimation for missing data
missing = "fiml"
— Standardize latent variables to identify model
std.lv = TRUE
— See KUant Guide #21 for more options/details
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Step 1: Model Syntax

modl <- "

## factor loadings
Agency =~ Agencyl + Agency?2 + Agency3
Intrin =~ Intrinl + Intrin2 + Intrin3
Extrin =~ Extrinl + Extrin2?2 + Extrin3
Positive =~ PosAFF1l + PoOsSAFF2 + POSAFF3
## correlated residual variances
Intrin3 ~~ Extrin3
## latent regression paths

Positive ~ Agency + Intrin + Extrin

1A

« Save model as a string of text called mod1
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Step 2: Fit the Model

Fit the model to the data

fitl <- sem(modl, data = myData)

All model results are saved in the object “fit1”




Step 3: Request Model Output

There are several ways to extract results.

« Basic summary
summary (f1tl)

« Get more information about fit
summary (f1tl, fit.measures = TRUE)

« Get standardized solution
summary (f1tl, standardized = TRUE)

e Whatelseisin “fit1”?
str(fitl) ## the structure of fitl
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Step 3: Request Model Output

Use parameterEstimates () function
e parameterkEstimates (fitl)

Use the inspect () function

e inspect (f1tl,
e inspect (f1tl,
e inspect (f1tl,
e inspect (f1tl,
e inspect (f1itl,
e inspect (f1tl,
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"coetf")

"se™)

"fit")
"modindices")
"rsquare")

1A Std")




Exercise #1

Let's start simple.

Create syntax for a multiple regression
e DV = Yy

* [Vs =x1x2

* Use “ex1” example data
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Regression Syntax

modl <- 'y ~ x1 + x2'

fitl <- sem(modl, data = exl, meanstructure = TRUE)
summary (fitl, standardized=TRUE)

## compare to regression as a linear model

ml <- Im(y ~ x1 + x2, data = exl)
summary (ml)
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Regression Output

lavaan (0.5-9) comverged normally after

Number of obserwvations

Estimator =
Minimum Function Chi-square 0. 000
Degreesz of freedom 0

P-value 0. 000
Farameter

Information Expected
Standard Errors Standard

Std. err Z | ] Std. Tv
Regressior

0.042
0. 044

Intercepts:
W 0 0.043 7 0. 000

Variances:
'}" O 0. 060
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Exercise #2

f/ - :

/\ . I
E / \ :2 /
=

Write model syntax for this Path Analysis.
Fit the model to the “ex2” example data.

1
COLLEGE OF THE UNIVERSITY OF
o IQJE‘?ER " QU KANSAS
20

sssssssssssssssssss



Path Analysis Syntax

mod2 <- ## regressions
vl + y2 ~ x1 + x2 + x3
v3 ~ vyl + y2 + x2

## correlated residual wvariances

vyl ~~ y2 !
fit2 <- sem(mod2, data = ex?2, meanstructure = TRUE,
missing = "fiml")

summary (fit2, fit.measures=TRUE, standardized=TRUE)
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Path Analysis Output

lavaan (0.5-9) converged normally after 41 iterations
Parameter estimates:
Number of observations 500
Information Observed
Number of missing patterns 44 Standard Errors standard

Estimator ML Estimate 5td.err Z-value P{>|z]|) std.Tv 5td.all
Minimum Function Chi-square Regressions:

Degrees of freedom Yl ~
P-value %1

Chi-square test baseline model:

Minimum Function Chi-square 2692.689
Degrees of freedom 12
P-value 0.000

Full model versus baseline model:
Comparative Fit Index (CFI)

Tucker-Lewis Index (TLI)

Covariances:
sl ===
w2 0.083 0.823 0.01%

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -3963.561

Loglikelihood unrestricted model (H1) -3962.852 Intercepts:

0.062 0. 000 -1.051
0.066 0.603 -0.034
0.077 0. 000 1.070

Number of free parameters 16
Akaike (AIC) 7959,122
BEayesian (BIC) 8026.556
Sample-size adjusted Bayesian (BIC) 7975.771

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

standardized Root Mean Square Residual:
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" NOTE: “ex3” data uses
Exe rCI Se #3 sufficient statistics as input

Yot

Negative 1*
2

e66
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CFA Syntax

mod3 <- ## factor loadings

Positive =~ great + cheerful + happy
Negative =~ sad + down + unhappy '

fit3 <- cfa(mod3, sample.cov = mycov, sample.mean =
mymeans, sample.nobs = nObs, std.lv =
TRUE, meanstructure = TRUE)

summary (£f1t3, standardized = TRUE, fit.measures =
TRUE)
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CFA Output

- ) Parameter estimates:
lavaan (0.5-9) converged normally after 23 iterations

Information Expected
Number of obserwvations 759 standard Errars standard

Estimator ML Estimate 5td. Z-value P(>|z|)
Minimum Function Chi-square c Latent variables:
Degrees of freedom Positive =~
P-value E great
cheerful
Chi-square test baseline model: happy
Negative =
Minimum Function Chi-square sad
Degrees of freedom down
P-value . unhappy

Full model wversus baseline model: Covariances:
Positive ~-
Comparative Fit Index (CFI) .977 Negative
Tucker-Lewis Index (TLI)
Intercepts:
Loglikelihood and Information Criteria: great
cheerful
Loglikelihood user model (HO) happy
Loglikelihood unrestricted model (H1) sad
down
Number of free parameters unhappy
Akaike (AIC) Positive
Bayesian (BIC) Negative
sample-size adjusted Bayesian (BIC)

[= T B R SR TR T
[ e R e el el B SR
[ B X S Y S PV T}

variances:
great

RoOOT Mean Square Error of Approximation:
a o cheerful

RMSEA . [

sad

down
unhappy
Positive
Negative

90 Percent Confidence Interwval
P-value RMSEA <= 0.05

Standardized Root Mean Sgquare Residual:

[ = = R R
|l == I = e e e e |

SRMR.
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Exercise #4

* Fit another 2-factor CFA, this time both are
Positive Affect, measured on 2 occasions

* Add correlated residuals among variables
measured repeatedly

« Use labels to constrain loadings across
time

 Free factor variance at 2"9 occasion

|
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Longitudinal CFA Syntax

mod4 <- ## factor loadings
Posl =~ Ll*greatl + L2*cheerfull + L3*happyl
Pos2 =~ Ll*great2 + L2*cheerful?2 + L3*happy?
## free factor variance at second time
Pos2 ~~ NA*PosZ

## correlated residual variances

greatl ~~ great?

cheerfull ~~ cheerful?

happyl ~~ happy? !

fitd <- cfa(mod4, data = ex4, std.lv = TRUE)

summary (fit4, standardized=TRUE, fit.measures=TRUE)
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Longitudinal CFA Output

lavaan (0.5-9) converged normally after
Number of observations

Estimator

Minimum Function Chi-square
Degrees of freedom

P-value

Chi-square test baseline model:

Minimum Function Chi-square

Degrees of freedom

P-value
Full model wersus baseline model:

Comparative Fit Index [(CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

BEayesian (BIC)

sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA
20 Percent Confidence Interwval
P-value RMSEA <= 0.05

standardized Root Mean Square Residual:
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54 iterations

Information
Standard Errors

380

ML
. 708
T Latent variables:
POS1 =~
greati L1y
cheerf11 (L2)
happyl (L3}
POs2 =~
great2z (L1}
cheerfl12z (L2)

happyz  (L3)

274

Covariances:
greatl ~-
great2z
cheerfull ~
cheerfulz

happyl ~-
happy2

POS1 ~—
Pos2

variances:
Pos2
greati
cheerfull
happy1
greatz
cheerfulz

happy?2
Pos1

Parameter estimates:

Estimate

| el == I e e e e e Y )

std.

Z-value

Expected
Standard

P(>1z])

| S I e e e Y e Y e Y )
| S = o s e s e )
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Exercise #5

NOTE: Each latent variable has
3 indicators, see “ex5” data.

B41 Make a 2-group model (by Sex)

1*

Intrinsic N Positive
V1 ) A Affect (4)

[ EXtrinsic

©)
\/ 1*
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SEM Syntax (1)

mod5 <- ## factor loadings
Agency =~ c¢ (L1, L1)*Agencyl + AgencyZ2 + Agency3
Intrinsic =~ Intrinl + Intrin2 + Intrin3

Extrinsic =~ Extrinl + Extrin?2 + Extrin3
Positive =~ PosAFF1 + PosAFF2 + PosAFF3
## latent regression paths

Positive ~ Agency + Intrinsic + Extrinsic '

fith <- sem(mod5, data = ex5, std.lv = TRUE,
meanstructure = TRUE, group = "Sex")

summary (fi1tb, standardized=TRUE, fit.measures=TRUE)

Center for Research
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SEM Syntax (2)

## weak invariance

fith <- sem(mod5, data = ex5, std.lv = TRUE,
meanstructure = TRUE, group = "Sex",
group.equal = "loadings")

summary (fi1tb, standardized=TRUE, fit.measures=TRUE)

## constrain regressions to equality, too

fith <- sem(mod5, data = exb5, std.lv = TRUE,
meanstructure = TRUE, group = "Sex",
group.equal = c("loadings", "regressions"))

summary (fithb, standardized = TRUE, fit.measures = TRUE)
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Group 1 [1]:

Estimate
Latent variables:
Agency =-
Agencyl (L1)
Agency2
Agency3
Intrinsic =
Intrini
Intrin2
Intrin3
Extrinsic =
Extrini
Extrinz
Extrin3
Positive =~
POSAFF1
POSAFF2
POSAFF3

Regressions:
Positive ~
Agency
Intrinsic
Extrinsic

SEM Output

Group 2 [2]:
Z-value F{=|z|]) Estimate
Latent variables:
Agency =~
Agencyl (L1)
Agency?
Agency3
Intrinsic =~
Intrinl
Intrinz
Intrin3g
Extrinsic =
Extrini
Extrin2
Extrin3
Positive =
POSAFF1
POSAFF2
POSAFF3

Regressions:
Positive ~
Agency
Intrinsic
EXtrinsic
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Exercise #6

NOTE: Fix each loading.

! Constrain residuals to equality.
Vs ; i

Vi | | ntercep )

OHC INEDA 611C INCEZ GHC INCES OHC INCE

Qlk‘:
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e
; KANSAS
i i /n' Center for Research 33

Methods & Data Analysis



Growth Curve Syntax

modo <- ## initial status and shape of change
intercept =~ 1*NegTl + 1*NegT2 + 1*NegT3 + 1*NegT4
slope =~ 0*NegTl + 1*NegT2 + 2*NegT3 + 3*NegT4

## constraint residual variance to equality over time
NegTl ~~ thl*NegTl
NegT2 ~~ thl*NegT?2
NegT3 ~~ thl*NegT3
NegT4 ~~ thl*NegT4 '

fite <- growth (mod6, data = exb)

summary (fit6, standardized=TRUE, fit.measures=TRUE)
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Growth Curve Output

Parameter estimates:
lavaan (0.5-9) converged normally after 37 iterations

) Information Expected
Number of obserwvations 16584 standard Errors standard

Estimator ) ) ML Estimate std.err Z-value P(»|z|) std.1v
Minimum Function Chi-square 671 Latent variables:

Eegr$es of fresdom Dng intercept =
value : NegT1l

NegT2
NegT3

Minimum Function Chi-square R
Degrees of fTreedom slope =~
P-value . NegTl

NegT2

Full model versus baseline model: NegT3
NegT4

Chi-square test baseline model:

Comparative Fit Index (CFI) .
Tucker-Lewis Index (TLI) . Covariances:
intercept ~-
Loglikelihood and Information Criteria: slope g g -8.472 0.000

Loglikelihood user model (HO) . Intercepts:
Loglikelihood unrestricted model (H1) NegT1
NegT2
Mumber of free parameters NegT3
Akaike (AIC) - NegT4

Bayesian (BIC) . : intercept . . 120.621  0.000
Sample-size adjusted Bayesian (BIC) 77 slope 0 -15.072 0.000

ROOT Mean sguare Error of approximation: —
variances:

NegT1
NegT2
NegT3
NegT4

RMSEA
90 Percent Confidence Interwal
P-value RMSEA <= 0.05

standardized Root Mean Square Residual: "-fl‘tGCt
slope
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Troubleshooting

* Check if model is identified and specified
correctly

» Draw a diagram of your model with
commands for each parameter

* Check data file is reading in correctly

— Eyeball your data file for funny patterns
— Check your missing codes
— Warning Message
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