LEIBNIZ RESEARCH CENTRE technische universitat
FOR WORKING ENVIRONMENT dortmund

AND HUMAN FACTORS
AT THE TU DORTMUND

Master’s thesis (Statistics and /or Data Science)
Topic: Advancing Model Selection Methods for Extended Maximal Interaction Two-Mode
Clustering

This project aims to address a critical gap in the extended maximal interaction two-mode clus-
tering (E-ReMI) methodology: the development of robust model selection techniques to deter-
mine the optimal number of row and column clusters (P, Q) in complex two-mode data. Current
model selection criteria, such as the Akaike Information Criterion (AIC) and Bayesian Infor-
mation Criterion (BIC), incorporate penalties for model complexity but there is no clear way to
measure the complexity of clustering algorithms using classification likelihood. Specifically,
the challenge lies in accounting for the unknown 0/1 cell entries of the /XP row partitioning
matrix Z and the JxQ column partitioning matrix K in the penalty.

The project proposes two innovative approaches to address this challenge. The first involves
extending the work of Hofmeyr (2020), who derived approximations for the effective degrees
of freedom in k-means clustering, to E-ReMI model. The second approach makes use of a
Bayesian framework, with P and Q being estimated parameters. This approach seeks to incor-
porate model selection directly into the clustering procedure by making use of mixture models
with priors on the number of mixture components, as outlined by Miller and Harrison (2018).
This research will provide practical tools for determining the optimal structure in two-mode
data, hence improving the applicability of maximal interaction clustering across several do-
mains, including neuroscience, social sciences, and genomics. The project's outcomes will en-
hance theoretical underpinnings and provide practical insights for real-world data analysis, fos-
tering advancements in probabilistic model-based clustering methodologies.

Key Requirements

e Master’s students in Statistics or Data Science with a strong foundation in Mathemati-
cal Statistics, particularly in likelihood estimation, and inference.
o Proficiency in R and/or Python, with experience in statistical computing and data anal-

ysis.
o Willingness to present findings at research meetings and contribute to academic publi-
cations.
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