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Building Structural Equation Models in JMP Pro
Outline

• What, why, and how of SEM

• Building blocks

– Simple linear regression

– Confirmatory factor analysis

• Multiple-Group Analysis

• Summarize key benefits of SEM in JMP Pro
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What is SEM?
Definition

• General analysis framework for investigating associations between variables

• Flexibility: Model variances, covariances, and means in observed data

Multiple regression
ANOVA, ANCOVASimultaneous 

equation models Confirmatory 
factor analysis

Path analysis

Growth curve 
models Time series models

Numerous models can 
be fit in SEM
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What is SEM?
Analogy

SEM OLS Regression



C o p y r i g h t  ©  J M P  S ta t i s t i c a l  D i s c o v e r y  L L C .  A l l  r i g h t s  r e s e r v e d .

SEM in JMP Pro
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SE
M

Why use SEM?
Even in the simplest cases: Missing data

O
LS
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eg
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Sample Size = 8 (50%)Sample Size = 16 (100%)

Listwise deletion:
• Reduced power
• Restrictive assumptions

can lead to bias
• Or do multiple 

imputation

Use all available data:
• Greater power
• Less restrictive 

assumptions
• Done by default
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Why use SEM?
SEM is particularly useful if you need to…

• Handle missing data with cutting edge methods without the hassle of 
multiple imputation
• Specify a model in which variables are both predictors and outcomes

– Understand mechanisms by which things happen

• Test specific theories about the association of variables
– Leverage your domain expertise

• Model variables that cannot be measured directly (aka latent variables)

• Model variables that have measurement error (and account for it)

• Diagrams that describe your statistical models intuitively
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Why use SEM?
SEM is particularly useful if you need to…

• Specify a model in which variables are both predictors and outcomes
– Understand mechanisms by which things happen
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Why use SEM?
SEM is particularly useful if you need to…

• Specify a model in which variables are both predictors and outcomes
– Understand mechanisms by which things happen

𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝐼𝑛𝑡𝑒𝑛𝑡𝑖𝑜𝑛𝑠 = 𝐵! + 𝐵"𝑅𝑒𝑝𝑢𝑡𝑎𝑡𝑖𝑜𝑛 + ⋯+ 𝐵#𝐴𝑑𝑣𝑒𝑟𝑡𝑖𝑠𝑒𝑚𝑒𝑛𝑡 + 𝑒
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Why use SEM?
SEM is particularly useful if you need to…

• Test specific theories about the association of variables
– Leverage your domain expertise
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Why use SEM?
SEM is particularly useful if you need to…

• Model variables that 

– Cannot be measured directly (aka latent variables)

– Have measurement error (and account for it)
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Why use SEM?
SEM is particularly useful if you need to…

• Diagrams that describe your statistical models intuitively



C o p y r i g h t  ©  J M P  S ta t i s t i c a l  D i s c o v e r y  L L C .  A l l  r i g h t s  r e s e r v e d .

Why use SEM?
Path Diagrams: Intuitive, Powerful, Represent Statistical Model
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Undercover Agents
SEM for Improving Operations and Field Outcomes
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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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How does SEM work?
Shift in focus: from data table to covariance matrix

• Multivariate analysis of covariance structures (and means)

• Implications:
– Data

Variances and covariances (and means)

– Residuals
WRT variances and covariances (and means)

– Degrees of freedom
WRT variances and covariances (and means)
df = knowns - unknowns

Example: 7 variances + 21 covariances
df = 28 – unknowns (# of estimates) 
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How does SEM work?
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How does SEM work?

• Model and path diagram imply
– Covariance structure: Σ
– Parameter vector: Θ

• We have sample covariance matrix: S

• We minimize a discrepancy function F[S, Σ(Θ)] to obtain !Θ

• We use:
𝐹!" 𝑺, 𝜮 = ln 𝜮 − ln 𝑺 + 𝑡𝑟 𝑺𝜮#$ − 𝑝

• Missing data: Full Information Maximum Likelihood
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Building Block #1
Simple Linear Regression

Simple Regression Example

X Y

1

Y	= 𝜏! + 𝛽!𝑋 + 𝜀"
X	= 𝜏# + 𝜀$

𝛽!

𝜀"𝜀#

𝜏!𝜏$
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Building Block #1
Regression + Regression +… + Regression = Path Analysis

Regression Building Block

X Y

1
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Building Block #1
Regression + Regression +… + Regression = Path Analysis

Regression Building Block

X Y

1
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Building Block #1

DEMO
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Building Block #2

Confirmatory Factor Analysis (CFA)

Latent

YXW

Reputation versus
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Latent Variable Definition

https://community.jmp.com/t5/JMP-Blog/Principal-components-or-factor-analysis/ba-p/38347

https://community.jmp.com/t5/JMP-Blog/Principal-components-or-factor-analysis/ba-p/38347
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Building Block #2

Confirmatory Factor Analysis (CFA)

Latent

YXW

11
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Building Block #2

Confirmatory Factor Analysis (CFA)

Latent

YXW

1

1 𝜆! 𝜆$

𝜏! 𝜏$ 𝜏%

𝛹!

𝜀! 𝜀$ 𝜀%

W	= 𝜏! + 1𝐿 + 𝜀!
X		= 𝜏" + 𝜆!𝐿 + 𝜀"
Y		= 𝜏# + 𝜆"𝐿 + 𝜀#
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Building Block #2

CFA Building Block

Latent

YXW

1 11
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Building Block #1 and #2

CFA  + Regression Building Blocks

Latent

YXW

1 11
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SEM Research Examples in Law Enforcement
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Building Block #2

DEMO
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Multiple Group Analysis

• Extends all models fit in SEM
• Investigate similarities and differences across populations
• Requires grouping variable (often with few levels)

SEM Technique
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MGA Extension

Xf Yf

Multiple Group Analysis

1

𝛽!&

𝜀"&𝜀#&

𝜏!&𝜏$&

Simple Regression Example

X Y

1

𝛽!

𝜀"𝜀#

𝜏!𝜏$

X     m Y m

1

𝛽!'

𝜀"'𝜀#'

𝜏!'𝜏$'

Females

Males



C o p y r i g h t  ©  J M P  S ta t i s t i c a l  D i s c o v e r y  L L C .  A l l  r i g h t s  r e s e r v e d .

MGA Equal 𝛽 (Model 2)

Multiple Group Analysis

MGA All Free (Model 1)

Xf Yf

1

𝛽!&

𝜀"&𝜀#&

𝜏!&𝜏$&

X     m Y m

1

𝛽!'

𝜀"'𝜀#'

𝜏!'𝜏$'

Females

Males

Xf Yf

1

𝛽!

𝜀"&𝜀#&

𝜏!(𝜏$&

X     m Y m

1

𝛽!

𝜀"'𝜀#'

𝜏!)𝜏$)

Females

Males

Compare Models
Does constraint = worse fit?
Does constraint = same fit?
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Multiple Group Analysis

DEMO
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Summary
SEM in JMP Pro

• SEM: Many benefits
• JMP Pro: Reduces barriers



jmp.com
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Thank you!


