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Introduction
Mediation analysis: the consideration of how a third 
variable affects the relation between two other variables
(MacKinnon, 2008).

、

Why SSM in Mediation Analysis?

Simulation Studies on Example 1

Structural equation modelling (SEM) Framework:
• Focus on cross-sectional between-subject design, with 

homogeneity assumption.
• Unable to capture longitudinal change when the 

longitudinal data are intensive (Chow, et al. 2010; 
Molenaar, 2003).

State-Space Modelling Framework:
• A more accurate and flexible representation in longitudinal 

within-subject designs with capturing intraindividual 
variations (Chow, et al. 2010).

• Particularly suitable in Single-Case Experimental Design 
(SCED).
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Discussion
Model Formulation: State and 
Measurement Equations

Measurement/Observation Equation: 

State/Transition Equation:

Estimation Method: Kalman Filter

Example 1: A Basic Lag-One Example

Example 2: A Lag-Two Model

Prediction Phase

Update Phase

Example 3: A Lag-one SSM with 
Latent Variables

Reference

Lag-P Model: Broadly, we can extend the lag-2 SSM model 
in Example 2 to lag-p, where 𝜂t is influenced by previous 
lags up to 𝜂t-1

Covariates:  SSM’s flexibility permits the inclusion of 
covariates (input/control variables) in both measurement and 
state equations, as described below.

Missing Values: With the Expectation-Maximization (EM) 
algorithm, SSM excels at handling missing data by iterating 
between estimating the missing data given the model 
parameters (E-step) and optimizing the model parameters 
given the estimated data (M-step).
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Example: Self-awareness influences the level of physical 
activity, and this effect is mediated by mood strength.
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Fig. 2. Path Diagram of the Basic Lag-One SSM  Model 

Table 1. The Estimates with Standard Errors for Simulated Data 
Using Lag-One Model

Fig. 3. Path Diagram of the Lag-Two SSM Model 

Fig. 4. Path Diagram of a SSM  Model with a Latent Mediator 
Measured by Five Manifest Variables

• A recursive algorithm used to estimate the hidden states 
(latent variables).

• Operate in two primary phases: prediction and update. 

Fig. 1. Path diagram of the mediation analysis model

Examples: Social Interactions, Health Status Changes

Predictor (X) Outcome (Y)

Mediator (M)

Indirect Effect

a b

c’
Direct Effect

Self-awareness  

Mood

Phys. Activity  

State-space modeling (SSM): a modeling framework 
designed to analyze dynamic systems observed (Shumway 
and Stoffer, 2000). 
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