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Exploiting Prior Knowledge and Contextual Awareness
for Adaptive and Interpretable Healthcare Analytics

Abstract

With the increasing adoption of electronic health records (EHR) where healthcare is safety-critical, developing
robust and interpretable analytics methodologies for clinical data analytics is important to provide more
personalized decision support. In this thesis, computational methodologies are developed to exploit prior
medical knowledge and input context awareness to achieve the goal.

To incorporate prior knowledge, representation learning is first adopted to allow medical ontologies to guide the
learning of analytics models from the EHR data. ADORE, a representation learning framework, is proposed
that enables adaptive integration of two types of medical ontologies with EHR data to facilitate more robust and
compatible integration, ultimately enhancing downstream task performance. In addition, the knowledge
embedded in LLMs, which have demonstrated impressive success in various domains, can also be harnessed.
HyperKD is thus proposed, which makes progressive queries to an LLM using adaptive context prompts
during the model training process to enhance deep learning models for EHR data analytics.

Apart from leveraging prior knowledge, context awareness is also crucial to support more personalized patient
analysis. One direction is instance-wise feature selection (IWFS), which aims to identify the feature subsets
most relevant to an individual for a given downstream task. IWFS used to suffer from the learning instability.
FlexGPC is proposed, which is a flexible subspace-based method that learns a set of feature groups to be
dynamically selected and composed into instance-specific feature masks. Furthermore, input context can also
be leveraged to address the data missingness in EHR data, which arises in complex patterns due to diverse
factors such as inconsistent data collection protocols and privacy constraints. An adaptive imputation approach
called Hynetlmpute is further proposed to learn a hypernetwork to represent a family of variational
autoencoders (VAES) to support missing pattern-specialized imputation.

All the proposed methods have been rigorously evaluated empirically using benchmark and real-world EHR
data with promising results obtained.
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