
Navigating Uncertainty in Causal Reasoning 

Enquiries: 3411-2385        Email: comp@comp.hkbu.edu.hk        Website: https://bit.ly/bucs-events

DR. SHAOBO CUI
Postdoctoral Researcher
École Polytechnique Fédérale de Lausanne (EPFL), Switzerland

ABSTRACT

Despite remarkable advances in Large Language Models (LLMs), causal reasoning
remains a challenge for AI. Commonsense causality, shaped by contextual nuances
and incomplete knowledge, aligns with human tendencies to infer cause-and-effect
based on incomplete knowledge. Philosophers like Hart and Mackie emphasized
principal causes and modifying conditions, while psychologists such as Heider and
Kelley studied the fluidity of causal attribution. These insights highlight how humans
integrate supporters that reinforce causal confidence and defeaters that weaken it.

In this talk, I introduce the Belief of Causation with Uncertain Factors (BoCUF)
framework, which unifies psychological insights with AI-compatible modeling to
systematically capture how uncertain factors shape causal judgments. Building on this
framework, I present CESAR, a token-level causal strength quantification method that
explicitly represents how supporters and defeaters modulate the strength of causal
beliefs. Next, I introduce Dichotomy-oriented Geometric Embedding (DoGE), which
quantifies the opposition between competing uncertain factors, offering a structured
way to analyze their interplay in causal reasoning. Finally, I show how epistemic self-
consistency can be evaluated within BoCUF to ensure that AI systems maintain
coherent causal judgments across shifting contexts. Together, these contributions
advance AI’s causal reasoning ability, improving interpretability and reliability.
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