Sequential Monte Carlo Estimation of Dynamic Structural Equation Models
Dynamic structural equation models (Asparouhov et al., 2018) have become extremely popular for analyzing intense longitudinal data in psychology and education research. Intense longitudinal data are characterized by many observations per individual, typically from the hundreds to tens of thousands. Examples include studying how children learn math through learning apps (Judd et al., 2024) and studying how certain patterns in the neural signals in the brain leads to more or less accurate performance in cognitive tasks (McCormick & Kievit, 2023).
Mathematically, dynamic structural equation models are hierarchical time series models, in which observations from each individual make up a multivariate time series whose parameters characterize its autocorrelation, cross-correlation, noise, and trends. The higher levels contain models for the time series parameters, for example relating the autocorrelation parameters to covariates of interest or interventions. 
Due to the very high number of parameters combined with large datasets, these models are typically hard to estimate. Existing computational approaches have used Markov chain Monte Carlo methods, including Gibbs sampling (Asparouhov et al., 2018) and Hamiltonian Monte Carlo (Schaaf et al., 2024), but both take a lot of time to run and convergence is often hard. 
It is well known in the literature that sequential Monte Carlo algorithms (Dai et al., 2022; Naesseth et al., 2019) are highly competitive for similar state space models with a temporal structure, but still there has been no attempts yet at using such algorithms to estimate dynamic structural equation models. The goal of this project is hence to investigate sequential Monte Carlo in this context. 
We will narrow the scope based on the interests of the students, but some key ingredients of the project might be:
· Getting a good grasp of sequential Monte Carlo algorithms.
· Formulating a sequential Monte Carlo algorithm for one particular case of a dynamic structural equation model.
· Coding it all up and comparing with competing algorithms.
The project is part of an ongoing collaboration with Jessica Schaaf and Rogier Kievit at Radboud University (https://lifespancognitivedynamics.com/) and Ethan McCormick at the University of Delaware (https://e-m-mccormick.github.io/), and certainly has the potential to lead to a scientific publication. We will have access to various datasets for testing out the methods.
Short Bio of the Supervisor
I am professor of statistics in the Department of Psychology, with a particular interest in computational methods and software development, both in the Bayesian and frequentist settings. A bit more info can be found here: https://osorensen.rbind.io/. I have experience supervising both master’s and PhD students. Feel free to reach out in case you have any questions you would like to discuss.
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