
9555A Structural Equation Modeling 
Introduction and Overview 

Introductions -- and why am I here teaching this course? 
 
Course Outline 
 Content    
 Lecturing style 
 Readings 
 Evaluation 
 Expectations 
 What you will get out of this course 
 
Projects 
Overview of SEM 
Mplus and other software  
 
 



Where Does SEM Fit Within  Mathematical Modeling? 

• Axiomatic Models 
• Algebraic Models 
• Computational Models 

• Algorithmic 
• Connectionist 
• Bayesian 

 
 
The algebraic model – like the linear regression model 
 
 
This model describes how input stimuli and model parameters produce output 

y ax b= +



Logic of SEM  

• A model reveals something (limited)  but meaningful about reality 
• e.g., The mean is a model that describes the reality of a collection of numbers 
• The linear regression equation is a model of the relation between two variables 
• SEM “translates” the variance-covariance data matrix into a more parsimonious 

representation of the associations between the variables 
• The variance-covariance matrix 



Logic of SEM  

• Note   cov rxy xy x ysd sd=



Logic of SEM  

• Can we say something meaningful about all the elements in the matrix 
• There are a lot of elements:    

 
 
• With 12 variables, the variance-covariance matrix consists of 78 elements: 

• 12 variances + 66 covariances  
• We start with 78 degrees of freedom (dfs) (think of the analogy of 

dollars) 
• We could create a replica of this matrix but it would cost us 78 dfs 
• Let create a simplified but close replica of the matrix with fewer than 78 parts 

in the model (i.e., model parameters) 
• Each part (model parameter) costs 1df 
• The more degrees of freedom left over the more parsimonious the model 
• BUT there is a balance between parsimony and goodness of model fit to the 

original data matrix 
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Logic of SEM  

• Let’s use the following model and see how closely we can reproduce the 
original  variance-covariance matrix of 78 elements 

• There are 27 parts (parameters) in this model (we will learn how to count them) 
• 78 – 27 = 51 dfs 



Logic of SEM  

• How good is this model?  
• The answer lies in how well we have reproduced the original variance-

covariance matrix 
• In other words: goodness of fit 
• The RAM model in SEM is a visual representation of the algebraic equations 

used to reproduce the original variance-covariance matrix 
• Instead of RAM, SEM can also be represented in a set of 

• Matrices (as in LISREL, the original formulation) 
• Regression equations (EQS) 



Logic of SEM  

• Here is our reproduced variance-covariance matrix: 



Logic of SEM  

• To see goodness of fit, we can look at deviations from the original variance-
covariance matrix (also called the observed matrix) to the reproduced matrix 
(also called the model matrix) 

• Original – reproduced = residual 
• Here is the residual matrix:  

 



Logic of SEM  

• Various indices of goodness of fit 
• Some of these take into account parsimony 
• Tests of significance of the parameters  
• A powerful feature of SEM is the ability to compare models 
• We should take this feature more seriously 

 



Features of SEM 

• SEM as combination of factor analysis and multiple linear regression 
• Measurement model and structural model 
• Confirmatory factor analysis vs. SEM 
• Path analysis vs. SEM 
• The Measurement Model 

• The common factor model (may have seen this in EFA) 
• Latent variables 
• Observed variables (e.g., the indicator variables) 
• The residuals (also called errors, uniqueness)  
• Difference between CFA and EFA 

• The Structural Model 
• Exogenous and endogenous variables 
• Residuals 
• Different types of parameters 

 
 
 

 



SEM and Your Future as a Researcher 

• Focus on concepts and latent variables 
• Construct validity and the nomological network  
• Focus on processes 
• How to develop a model or a theory 

• Theory construction and model building skills (Jaccard & Jacoby, 
2010) 

• My application of their 26 heuristics to Intrinsic Motivation: 
http://publish.uwo.ca/~ptrembla/heuristics-revised.pdf 
 
• a few examples:  

• analyzing your own experiences 
• case studies 
• participant observation 
• Your grandmother isn’t always right 

 
 

 

http://publish.uwo.ca/~ptrembla/heuristics-revised.pdf


Mplus Website 



Mplus Basic Syntax 

Ten basic commands (with sub-commands) 
Most common: 
 TITLE: 
 DATA: 
 VARIABLE: 
 MODEL: 
 
Others: 
 DEFINE: 
 ANALYSIS: 
 OUTPUT: 
 SAVEDATA: 
 PLOT: 
 MONTECARLO: 
 



Free Format Data File Specification in Mplus 

DATA: 
file is test1.dat; 
VARIABLE: 
names are v1 v2 v3; 
missing all (-999); 



Fixed Format Data File Specification in Mplus 

data: File is vignette.dat; 
    Format is 21F8.2; 
variable: names are clust gender age  
everdr intox days12 daysse avgdr12 avgdrse smoke 
bp_PA bp_V bp_A bp_H bp_tot AE_TR AE_LC AE_CB AE_RA 
uni_num program2; 
missing = blank; 



Mplus: Regression – One Predictor 



Mplus: Regression – One Predictor 



Mplus: Regression – One Predictor MLR (Maximum Likelihood Robust) 



MONTECARLO in Mplus and Power 
Example : A Correlation between two variables 



AMOS in SPSS 



AMOS  



lavaan (latent variable analysis) in R  

Rosseel, Y. (2012). lavaan: An R package for structural equation modeling. 
Journal of Statistical Software, 48, 2, http://www.jstatsoft.org/v48/i02 
 
http://lavaan.org/ 
 
 

If you are new to R and want to start with the help of a menu driven 
environment (GUI; Graphic User Interface), you can download the 
Rcommander (John Fox). See  http://socserv.mcmaster.ca/jfox/Misc/Rcmdr/ 
 

http://www.jstatsoft.org/v48/i02
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