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1 Outline (to be added to frequently – keep checking)

September 26: Updated the path analysis slides for week 2 to include the Rohrer (2018) paper and figures.
Correction to the psuedo inverse of a matrix in linear algebra slides

September 28: Updated the slides for Week 2

October 3: Added a link to the Roher (2018) paper. Added a link and the Wysocki et al. (2022) paper. Fixed
the link to the general factor of personality slides. Added slides discussing a recent blog post on hierarchical
structure.

October 5: Added links to the LISREL data examples and to a nice set of web pages by David Kenny
discussing SEM models

Added the First slides on sem which introduce sem as a way of solving simple and complex medation
problems.

October 9: Finally added homework 3

October 17:Updated the slides on for the week. In particular, updated the items slides. Added the (Widaman
and Revelle, 2022) article discussing how to analyze complex data using simple models..

October 19” Added the goodness of fit slides and updated the change and more change slides.

October 21: Corrected some bad links.

October 24: Added the factor invariance link

October 26: Added the advanced modeling link

October 31: Improved theIssues in inference and the latent class analysis slides.

November 2: Added slides from Yves Rosseell on longitudinal sem and categorical sem
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http://personality-project.org/revelle.html
mailto:revelle@northwestern.edu
http://personality-project.org/courses/454/454.correlation.paths.pdf
http://personality-project.org/courses/454/linearalgebra.pdf
https://ssicentral.com/index.php/products/lisrel/lisrel-examples/
https://davidakenny.net/cm/causalm.htm
https://personality-project.org/courses/454/454.sem.pdf
https://personality-project.org/courses/454/454.problemset.3.pdf
http://personality-project.org/courses/454/454.items.pdf
https://personality-project.org/courses/454/454.goodness.of.fit.pdf
http://personality-project.org/courses/454/454.change.pdf
http://personality-project.org/courses/454/454.wk6.change.pdf
https://personality-project.org/courses/454/454.invariance.pdf
https://personality-project.org/courses/454/454.advanced.pdf
http://personality-project.org/courses/454/454-wk8.pdf
http://personality-project.org/courses/454/454.latentclass.pdf
http://personality-project.org/courses/454/rosseel_sem_longitudinal.key.pdf
http://personality-project.org/courses/454/rosseel_sem_cat.key.pdf


Week Topic Reading Lecture Notes Homework
1 Review Loehlin Chapter 1 Correlation and Regression Problem set 1

Correlation and
Regression

Linear Algebra linear algebra Exercises from Loehlin

Reliability Introduction to R 1-12 (page 32-34)
Introduction to R – appendix
inverse of a matrix.

2 Basic Model fitting Loehlin Chapter 2
Directed Acyclic Graphs
(Rohrer, 2018)

Path models Problem set 2

Week 2 slides n
Model fitting
Using R

3 Simple models Loehlin Chapter 3 OLS/WLS/MLE problem set 3
statistical control
Wysocki et al. (2022)

EFA and hierarchical structure.
why latents sem and mediation
A general factor of personality? homework 3

4 Exploratory FA Loehlin Chapter 5 review of factor analysis
factoring real data

Problem set 4

Hierarchical factor mod-
els

5 EFA (continued) Loehlin Chapter 6 factoring real data continued Problem set 5
(Widaman and Revelle,
2022)

items vs continuous measures

goodness of fit
change
more change

6 CFA Loehlin Chapter 4 measurement invariance Problem set 6
Multiple Groups testing invariances analysis and critique

one good and one bad
example of modeling
complex structures

How to define a model

MIMIC models Advanced modeling with Lavaan
types of variables, types of mod-
els

7 Goodness of Fit Loehlin Chapter 7 Problem set 7
Evaluating Alterna-
tives

Advanced modeling with Lavaan

8 Loehlin Chapter Issues in inference Problem set 8
latent class analysis

9 longitudinal From Yves Rosseel longitudinal sem
Categorical categorical sem

2 Detailed Notes

2.1 Week 1

Introduction to latent variables (405 in a week).

Review of Correlation, regression, and classical reliability theory. See also Chapter 4 on Correlation and
regression as well as Chapter 5 on multiple correlation and regression.

Review of matrix algebra (Appendix A)

2.2 Week 2

Application of linear algebra to pattern and structure. Exploratory factor analysis as a basic latent variable
model. Structural equations as linear algebra or as path diagrams. Directed Acyclic Graphs (DAGs) as a
tool for theory construction (Rohrer, 2018). The basic logic of DAGs is to show conceptual relationships.
SEMS apply linear models to these conceptual relationships.

Finding the inverse of a matrix.

2.3 Week 3

Structural models and goodness of fit tests. Barrett (2007), Examples with simulated data.

How to simulate structural data. This has been revised with a correction for two factor simulations and
with a more extensive analysis of the effects of sample size on estimating parameters in the two factor
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https://personality-project.org/revelle/syllabi/454/454.week1.pdf
https://pmc.psych.northwestern.edu/revelle/syllabi/405/variance.covariance.pdf
https://personality-project.org/r/book/AppE.pdf
http://personality-project.org/courses/454/linearalgebra.pdf
https://personality-project.org/r/
https://personality-project.org/r/book/AppendixA.pdf
https://personality-project.org/r/sem.appendix.2.pdf
https://journals.sagepub.com/doi/pdf/10.1177/2515245917745629
https://personality-project.org/courses/454/454.correlation.paths.pdf
https://personality-project.org/courses/454/454.wk2.pdf
https://personality-project.org/courses/454/454.problemset.3.pdf
https://journals.sagepub.com/doi/pdf/10.1177/25152459221095823
https://personality-project.org/courses/454/efa.sem.pdf
https://personality-project.org/courses/454/454.wk3.pdf
https://personality-project.org/courses/454/454.sem.pdf
https://personality-project.org/courses/454/general.pdf
https://personality-project.org/courses/454/454.problemset.3.pdf
https://personality-project.org/courses/454/454.wk4a.efacfa.pdf
https://personality-project.org/courses/454/454.wk4.realdata.pdf
https://personality-project.org/r/sem/sem.chap3.pdf
https://personality-project.org/r/sem/sem.chap3.pdf
https://personality-project.org/courses/454/454.wk4.realdata.pdf
http://personality-project.org/courses/454/454.items.pdf
https://personality-project.org/courses/454/454.goodness.of.fit.pdf
http://personality-project.org/courses/454/454.change.pdf
http://personality-project.org/courses/454/454.wk6.change.pdf
https://personality-project.org/courses/454/454.invariance.pdf
https://personality-project.org/courses/454/454.wk7.critic.pdf
https://personality-project.org/courses/454/marsh.10a.pdf
https://personality-project.org/courses/454/erdle.10.pdf
https://personality-project.org/courses/454/454.advanced.pdf
http://personality-project.org/revelle/syllabi/454/454.wk7.variables.pdf
http://personality-project.org/revelle/syllabi/454/454.wk7.variables.pdf
https://personality-project.org/courses/454/454.advanced.pdf
http://personality-project.org/courses/454/454-wk8.pdf
http://personality-project.org/courses/454/454.latentclass.pdf
http://personality-project.org/courses/454/rosseel_sem_longitudinal.key.pdf
http://personality-project.org/courses/454/rosseel_sem_cat.key.pdf
http://pmc.psych.northwestern.edu/revelle/syllabi/454/454.week1.pdf
http://personality-project.org/r/book/Chapter4.pdf
http://personality-project.org/r/book/Chapter4.pdf
http://personality-project.org/r/sem.appendixA.pdf
http://personality-project.org/r/book/Chapter6.pdf
http://personality-project.org/r/sem.appendix.2.pdf
http://personality-project.org/r/sem.simulation.pdf


model.

Using basic sem programs to find structure and apply goodness of fit tests. Using the sem (Fox et al., 2013)
and lavaan (Rosseel, 2012) packages.

Some useful data set examples from the Lisrel manual

A very nice wet of web pages discussing sem and atent variable analysis by David Kenny

2.4 Week 4

Analysis of hierarchical factor models using hierarchical and bifactor solutions. The lecture notes for week
4 are here and prior notes are prior year notes

2.5 Week 5

Exploratory and confirmatory factor analysis, continued. The lecture notes for week 5 are here.

Considering issues of using items rather than continuous measures. items vs continuous measures. Unfortu-
nately, items have serious problems with skew.

One of the most powerful applications of sem is the analysis of change.

2.6 Week 6

Comparing three examples from the literature: a short example (Erdle et al., 2009) of how not to report
factor analysis, a sem paper which which actually fails to identify the model correctly (Erdle et al., 2010) and
another (Marsh et al., 2010) which systematically compares models. This last one includes a good discussion
of how to do measurement invariance.

2.7 Weeks 7-9

lavaan uses many examples from the MPlus manual (http://www.statmodel.com/ugexcerpts.shtml. See
in particular the example data sets at http://www.statmodel.com/usersguide/chapter5.shtml. The
notes describing lavaan output for these examples are available here.

Comparing sem in R and LISREL (Jöreskog and Sörbom, 1999). Consideration of goodness of fit tests
(Barratt et al., 2007) (Click on Issue 5 in the left had column). R and LISREL lecture notes

Commercial software for structural equation modeling: EQS Bentler (1995), LISREL (Jöreskog and Sörbom,
1999) MPlus (Muthén and Muthén, 2007).

2.8 R advice

The R tutorial gives a short introduction to the use of R.

• (Macs and PCs) For this, or any other package to work, you must activate it by either using the
Package Manager or the “library” command:

– type library(psych)

– sessionInfo to make sure you have the most recent version of psych.

– install.packages("psych", repos="https://personality-project.org/r", type="source")

to get the latest version .

– If loading the psych package works, function such as describe and pairs.panels should work
(or at least give an error message that is NOT “could not find function”).

– entering ?psych will give a list of the functions available in the psych package.
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https://ssicentral.com/index.php/products/lisrel/lisrel-examples/
https://davidakenny.net/cm/causalm.htm
http://personality-project.org/r/sem.chap3.pdf
https://personality-project.org/courses/454/454.wk4.realdata.pdf
http://personality-project.org/revelle/syllabi/454/sem.wk4.pdf
http://personality-project.org/revelle/syllabi/454/sem.week5.pdf
http://personality-project.org/revelle/syllabi/454/454.wk.5a.pdf
http://personality-project.org/revelle/syllabi/454/sem.skew.pdf
http://personality-project.org/revelle/syllabi/454/sem.change
http://personality-project.org/revelle/syllabi/454/erdle.09.pdf
http://personality-project.org/revelle/syllabi/454/erdle.10.pdf
http://personality-project.org/coursesi/454/marsh.10a.pdf
http://www.statmodel.com/ugexcerpts.shtml
http://www.statmodel.com/usersguide/chapter5.shtml
https://personality-project.org/courses/454/454.advanced.pdf
http://personality-project.org/r/sem.chap4.pdf
http://www.sciencedirect.com/science/journal/01918869 
http://personality-project.org/revelle/syllabi/454/454.week6.lisrel.pdf
http://www.mvsoft.com/products.htm
http://www.statmodel.com
http://personality-project.org/r
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