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Topic: Framework for Explainable Al (XAl): Textual Explanations for Deep
Learning Models using Domain Knowledge and Large Language Models in the
context of Dementia Detection from MRI scans

Abstract

Explainable Al (XAl) in dementia detection is essential as it enhances transparency, allowing healthcare
professionals to understand and trust Al-driven diagnoses predictions. With the public availability of
large language models (LLMs) - such as the ones meant for daily tasks such as GPT3 and GPT4, or the
LLMS more tuned for medical tasks such Med-PaLM, there is an increasing trend of testing LLMs
suitability for explaining medical Al methods [1,2] or creating new LLM augmented Al methods [3,4].
However, current research has yet to critically understand aspects of these LLMs, such as their
robustness, reliability, interpretability, and logical consistency [5,6,11], particularly in high-stakes
medical environments [7,8,9]. Infusing medical domain knowledge into LLMs has demonstrated
interesting results in terms of improved expert alignment and reduced clinically harmful responses
[18], and also have been used in several studies to improve reliability [10,12].

This thesis aims to perform a feasibility study by developing and evaluating a hybrid explanation
framework that integrates rule-based logic with Large Language Models (LLMs) to generate textual
explanations for dementia diagnosis predictions made by deep learning models [14]. The goal is to see
whether it is possible to enhance the description of pathology data in a way that is clinically relevant.

Introduction

Background and context:

The existing deep learning based segmentation model [13] helps to produce a metric called the W-
score, which reflects volumetric deviations in brain regions based on MRI scans. It is computed
through volumetric analysis and indicates how much a subject’s brain structure differs from a healthy
baseline, while controlling for common covariates such as age, sex and brain size. These W-scores are
generated for muitiple brain regions and are used to assess atrophy patterns associated with
dementia. By using W-scores, the model aims to determine whether a subject shows signs of
dementia.

As part of the framework, we will also incorporate Retrieval-Augmented Generation (RAG) techniques
to enrich LLM outputs with domain-specific knowledge. In particular, clinical guidelines from the
Deutsche Gesellschaft fiir Neurologie (DGN) will be used to ground the explanations in validated
medical context [14], thereby improving their reliability, interpretability, and practical utility in
diagnostic settings. In addition, established diagnostic guidelines for Alzheimer’s disease from the NIA-
AA criteria and research framework will be included in RAG knowledge base [15][16][17].

The rule-based method would apply predefined logical conditions to volume w-scores. For instance,
regions are marked abnormal if w-scores exceed a threshold of two standard deviations. By using an
anatomical hierarchy, the rule-based method would collapse multiple affected sub-regions into
higher-level areas and classifies pathology severity as mild, moderate, or strong based on the w-scores
[13].
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This thesis will assess if combining rule-based methods with LLMs is capable of producing superior
explanations for dementia detection. The model’s performance will be quantitatively assessed, using
methods such as perturbation analysis, on ability to understand anatomical regions and pathological
process of brain atrophy. The qualitative evaluations will be conducted by neurologists who will give
feedback on the clinical usefulness of explanations and give recommendations on how to possibly
improve the explanations. The goal is to determine whether this combined approach can produce

sufficiently reliable explanations to support clinical usage.

Researc

h guestions:

1. How do purely data-driven LLMs, LLMs augmented with rule-based logic, and purely rule-
based systems compare regarding their explanations of dementia detection from MRI scans?

2. Quantitative evaluation of the feasibility study - Can LLMs be controlled via feedback from the
ruled based logic? Does this enable them to recognize and correct their own mistakes? We
want to compare the explanations in terms of accuracy, consistency and clinical relevance.

3. Qualitative Evaluation - Explore whether LLMs enhance the logical consistency of
explanations, and evaluate their clinical usefulness and trustworthiness by presenting them
to neurologists and collecting their expert feedback.

Experiment Generic LLM LLM fine-tuned on medical use cases
order
1 Base LLM [single shot prompting] Medical text finetuned LLM [single shot
prompting]
2 Base LLM + RAG on The German Neurological | Medical text finetuned LLM + RAG on DGN
Society (DGN)'s disease guidelines)
3 Base LLM + RAG on DGN + ontology’s | Medical text finetuned LLM + RAG on DGN +
hierarchical rules
ontology’s hierarchical rules)
Table 1: Research objective for comparison of different framework
Tasks
e Lliterature Research: A PRISMA (inspired} systematic study, with explicitly defined inclusion

and exclusion criteria. Measurable outcome: Identifying 20 relevant papers of LLMs for
explanation generation and reporting the model types, datasets, and identifying the metrics

used for LLM evaluation.

Develop a proof-of-concept framework using two open source LLMs - one generic (for e.g.
Mistral Al} and another finetuned for medical use-case {for e.g. BioMistral Al) to create rule-
based explanations using prompt engineering by incorporating Retrieval-Augmented
Generation (RAG) over the German Neurological Society’s (Deutsche Gesellschaft fiir
Neurologie - DGN) disease guidelines [14] and other medical text [15-17] (refer Fig 1).
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The framework will be evaluated against the medical accuracy of the explanation by the
metrics identified by the literature research. Additionally, the framework will be benchmarked
against standalone LLM and rule-based approaches [13] to evaluate the added value of their
integration.

e Quantitative framework evaluation, using public datasets — ADNI [19], AIBL [20], and DELCODE
[21] using metrics identified earlier by literature survey:

1. Automate the similarity measurement on the full dataset {N=~4000 samples) using
perturbation analysis - comparing LLM outputs before and after perturbation,
incorporating similarity in embedding space and N-gram metrics.

2. Measure rate for hallucination on a subset of samples (N=~30) with proxy ground
truth [7].

e Qualitative framework evaluation. Collective feedback from neurologists on (N=3-5) MRI
scans with subjects on the AD continuum.

e Documentation and Thesis Writing.

Yes

Adherence
to rule
based jogic

-

Fig 1: Rule based augmented prompt engineering framework. In this setup, W-score measures
volumetric deviations in brain regions while controlling for covariate. RAG refers to Retrieval-
Augmented Generation. DGN denotes the clinical disease guidelines provided by the Deutsche
Gesellschaft fur Neurologie to be used as context for the RAG.

Expected research outcomes:

The expected outcome of this thesis is to evaluate the feasibility of LLM models being controlled using
domain based rules. We could benchmark the performance of the developed LLMs augmented with a
rule-based logic system against existing rule-based logic and purely data-driven LLMs. Additionally, we
would test the cutcomes of using a general-purpose {for e.g. Mistral Al) LLM versus a medical-specific
(for e.g. BioMistral Al). Overall based on feasibility analysis, our study aims to deliver a well-analysed,
interpretable system that enhances clinician trust and supports real-world application in dementia
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diagnosis by evaluating how effectively domain knowledge can be integrated into LLMs to generate
meaningful explanations for deep learning model decisions based on MRI scans.

The thesis must contain a detailed description of all developed and used algorithms as well as a
profound result evaluation and discussion. The implemented code has to be documented and
provided. Extended research on literature, existing patents and related work in the corresponding
areas has to be performed.
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