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National Research Council. 
(2007). Human-system 
integration in the system 
development process: A new look. 
National Academies Press.

“System designers, like people in general, can 
be subject to an “over-confidence” bias, 
focusing on the potential benefits of new 
technology while failing to anticipate the 
complex interactions and new problems that 
may emerge (Feltovich et al., 2004). 
… There is an urgent need for improved HSI 
methods and tools that will enable system 
designers to anticipate and head off potential 
problems earlier in the design process (Woods, 
2002).”
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• What is SEM?

• Connections with

• Factor analysis (not PCA)

• Regression analysis

• Path diagrams

• Data: COVID-19 Threats
• Model specification and 

interpretation
• Answer specific questions
• Confirmatory factor analysis
• Path analysis

• Wrap up: HSI Examples

OVERVIEW

Introduction Hands on Examples
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What is SEM?

Structural 
Equation 
Modeling

Measure the 
unobservable

Examine 
relations 

across 
variables

Structural 
Equation 
Modeling

Factor 
Analysis

Regression 
Analysis
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Multiple regression
ANOVA, ANCOVASimultaneous 

equation models Confirmatory 
factor analysis

Path analysis

Growth curve 
models Time series models

Numerous models 
can be fit in SEM

SEM is a General Framework
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Unobservables in Human-Systems 
Interactions Research
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SEMs as Path Diagrams
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SEMs as Path Diagrams

1
Constant
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Principal Components Analysis Factor Analysis

Latent 
Variable

Variance due to what one 
intended to measure

Other sources of variance, 
including measurement error

Principal 
Component

Measured Variables
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Why Use SEM?

• Unobserved variables
• Account for measurement error
• Sequential relations between variables (observed/unobserved)
• Missing data
• Test a theory about variable relations
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SEM Terminology

Exogenous variables: 
Only predict other variables

Endogenous variables: 
Have variables predicting them

LV Indicators: 
Variables caused by 
unobserved variables

Uniqueness: 
Variance not explained 
by LV: Systematic 
(unique to MV) plus 
measurement error

Manifest variables: 
Measured/observed 
variables

Latent variables: 
Unobserved causal 
variables
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SEM Analysis

Data
Variances and covariances (and means)

Residuals
WRT variances and covariances (and means)

Degrees of freedom
WRT variances and covariances (and means)

Shift in focus
Multivariate analysis of covariance structures (and means)

df = knowns – unknowns 

Example: 7 variances + 21 covariances
df = 28 – unknowns (# of estimates) 
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SEM Inner Workings

How many degrees of freedom?
knowns - unknowns

6 – 3 
df = 3
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SEM Inner Workings

Path diagram 
depicts a model

Expected 
covariance 
structure

implies

Residuals to 
assess fit

Sample 
covariance

Estimation 
tries to 
match

Compare
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Path Tracing Rules

Go Back, Turn Around, Go ForwardSewall Wright (1920)
Obtain expected moments from a path diagram

𝛽

𝜎#$ 𝜔&$
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Path Tracing Rules

Variances
Leave and come back to the same variable.

Covariances
Leave and arrive to another variable.

*Means omitted today

Sewall Wright (1920)
Obtain expected moments from a path diagram

Multiply
Paths along the way

Sum
All possible ways

Go Back, Turn Around, Go Forward

Rules
1. We can only leave 

through a double-
headed arrow or “going 
back” on an arrow

2. You can only turn once 
(no limit on 
backward/forward)

3. Turn around through 
double-headed arrows

4. You only arrive through 
an arrowhead
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Path Tracing Rules
𝛽

𝜎#$ 𝜔&$

X Y

X

Y

𝜎#$

𝛽𝜎#$𝛽 + 𝜔&$𝛽𝜎#$

Model-Implied 
Variance-Covariance 
Matrix
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PollEv.com/lauracastros462

https://pollev.com/lauracastros462
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Data for Examples
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How do Perceived 
Threats of COVID-19
Impact Well-Being 
and Public Health 

Behaviors
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Using SEM to Answer Specific Questions
1. How do we measure perceptions of COVID-19 

threats?

• Two types of threat

2. Do perceptions of COVID-19 threats predict 

• Well-being markers

• Public health behaviors

3. Are effects of each type of threat on outcomes equal?

• Simple regression
• Multiple regression
• Path analysis 

(multivariate 
multiple regression)

• Exploratory 
factor analysis
• Confirmatory 

factor analysis
• Assessing 

measurement

• Equality 
constraints
• Model 

comparisons
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SEM Software

R Packages
lavaan
sem
MIIVsem
openMx

SAS
PROC CALIS
JMP Pro

And many more!
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Examples
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Human Performance in Agile Production Systems
Layer (2005)
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THANK YOU
Questions?

Resources
“Cheat-sheets” in the supplementary materials of this recorded presentation:
https://community.jmp.com/t5/Discovery-Summit-Americas-2020/ABCs-of-Structural-Equations-Models-2020-US-45MP-590/ta-p/281529

Books and article suggestions in this blog post:
https://community.jmp.com/t5/JMP-Blog/Structural-equations-models-A-favorite-amongst-those-who-use/ba-p/230334

https://community.jmp.com/t5/Discovery-Summit-Americas-2020/ABCs-of-Structural-Equations-Models-2020-US-45MP-590/ta-p/281529
https://community.jmp.com/t5/JMP-Blog/Structural-equations-models-A-favorite-amongst-those-who-use/ba-p/230334

