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Abstract
This paper presents the participation of the Microsoft Research
RADPHI3 team in the Hidden-RAD Challenge: Hidden Causality
Inclusion in Radiology Reports [7]. The task aims to recover hidden
causality from radiology reports, optionally accompanied by their
corresponding frontal chest X-rays (CXRs).

We fine-tune small language models, specifically Rad-Phi-3.5-
Vision-CXR, to recover causality analysis in both language-only and
multi-modal settings, given radiology reports and radiology images
as inputs. We also include baselines of various models in the gen-
eral domain, including models specifically tuned for reasoning tasks
such as GPT-4o [8], LLaMA 3.31, Phi-4 [2], DeepSeek [4], Ope-
nAI o1 [9], OpenAI o1-mini [9], and OpenAI o3-mini2. Through
these experiments, we evaluated the effectiveness of general-domain,
reasoning-specialized, and fine-tuned domain-specific small lan-
guage models in generating causal explanations given radiology
reports and images optionally as inputs.

Keywords
Causal Reasoning, Radiology Reports, Small-Language Models

Team Name
RADPHI3

Subtasks
Task 1 [7]

1 Introduction
Traditional radiology reports focus primarily on documenting the
symptoms, imaging findings, and final diagnosis of the patient. How-
ever, they often lack a comprehensive explanation of the causal
relationships and reasoning that lead to a specific diagnosis. This
omission presents a critical gap in medical reporting, as understand-
ing the underlying decision-making process is essential for both
clinical accuracy and educational purposes. Incorporating causal
reasoning into radiology reports can enhance the interpretability and

1https://github.com/meta-llama/llama-models/blob/main/models/llama3_3/MODEL_
CARD.md
2https://openai.com/index/o3-mini-system-card/

reliability of diagnostic assessments, ultimately improving patient
care.

The Hidden-Rad Challenge [7] seeks to address this limitation
by developing methodologies that explain why a diagnosis is made
during the image interpretation process. By introducing structured
approaches to articulate the reasoning behind diagnoses, this chal-
lenge serves as a foundational step toward generating more accurate
and meaningful medical reports. The primary goal of the challenge
is to evaluate how effectively a diagnosis or the diagnostic process
can be integrated with a given radiology image or medical report,
particularly within the context of the MIMIC database [6]. By fos-
tering advancements in causal understanding, this initiative aims
to enhance the transparency and precision of radiological assess-
ments, contributing to the broader field of medical AI and automated
reporting.

We contribute to the Task 1 [7] of the Hidden-Rad Challenge
which aim to address the lack of explicit causal reasoning within
traditional reports by generating a causality exploration section for
radiology diagnosis. We fine-tune small language models that can
map radiology reports, optionally accompanied by frontal chest
X-ray images to a causal explanation summary that reflect expert
diagnostic reasoning.

Key Contributions towards the task of hidden causality inclusion
in radiology reports:-

(1) Baseline measurements of various general-domain large lan-
guage models, including models specialized for reasoning.

(2) Evaluation under multi-modal settings by providing frontal
chest X-rays along with corresponding radiology reports for
generating causal exploration summaries.

(3) Demonstration that the performance of specialized small
multi-modal radiology models is on par with large general-
domain models.

2 Method
2.1 Dataset
The dataset for this task is sourced from the MIMIC-CXR [6] data-
base, which includes radiology reports and their corresponding DI-
COM images. The dataset contains paired examples of radiology
reports and their corresponding images with expert-verified causal
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Table 1: Experimental Settings.

Base Model Setting Training Data

GPT 4o Text NA
OpenAI o1-mini Text NA
OpenAI o3-mini Text NA
LLaMA-3.3 (70B) Text NA
Phi-4 (14B) Text NA
Deepseek (70B) Text NA
Rad-Phi-3.5-Vision-CXR (4.2B) Text Released data + augmented data

GPT 4o Image + Text NA
OpenAI o1 Image + Text NA
Rad-Phi-3.5-Vision-CXR (4.2B) Image + Text Released data + augmented data

Table 2: Hidden-RAD Dataset.

Dataset Name Train Test

Hidden-RAD 1165 305

explanations, enabling models to learn how radiologists derive causal
relationships from imaging findings. The dataset statistics are avail-
able in Table 2.

To enhance the size and diversity of our dataset, we employed
few-shot prompting with the LLaMA 3.3 language model to augment
the provided dataset with 10,000 additional samples. The prompt is
available in Table 7.

2.2 Experimental Design
The experiments included hidden causality restoration in both text-
only (radiology reports) and multi-modal (radiology report+images)
settings using both general domain models including models spe-
cialized for reasoning and radiology specialized multi-modal small
language models.

We experimented on several general-domain models, including
GPT-4o, LLaMA 3.3, Phi-4, DeepSeek (70B), OpenAI o1-mini,
and OpenAI o3-mini in text-only setting and GPT-4o and OpenAI
o1 models in multi-modal setting incorporating frontal chest X-ray
images alongside radiology reports.

We fine-tuned Rad-Phi-3.5-Vision-CXR, a multi-modal version
of a small language model optimized for radiology tasks [10]. The
fine-tuning process utilized a combination of released data and aug-
mented data to enhance its domain-specific reasoning. The model
was fine-tuned under two settings: one to generate causal exploration
summaries from radiology reports, and another to generate them
from both radiology reports and images.

The experimental settings are available in Table 1.

2.3 Model Architecture
Rad-Phi-3.5-Vision-CXR is based on Phi-3.5-vision-instruct [1]
architecture. It consists of a CXR-specific image encoder, an adapter
layer and a small-language model. This model was instruction-tuned
on various radiology-specific datasets [10]. The image encoder was
trained using a contrastive learning setup leveraging sigmoid loss

for language-image pre-training [11]. The sigmoid loss function
helps to reduce higher penalization towards multiple positive image
text-pairs in a batch as it handles samples independently of other
samples in a batch. The input image resolution used is 336×336.

2.4 Training Details
We fine-tuned RAD-Phi-3.5-Vision-CXR model with the image
encoder frozen using low rank adaptation method [5] in both image
+ text and text-only settings. In both configurations, we employed a
batch size of 32 and trained the model for 3 epochs with a learning
rate of 5e-5. For both the experiments, we utilized the AdamW
optimizer with a cosine learning rate scheduler and a linear warm-up
strategy.

2.5 Evaluation Metrics
A LLM based evaluation scheme was used to assess the accuracy
and consistency of diagnostic reports based on:

• Contextual Similarity: Evaluates how semantically aligned
the report is with the diagnostic and observational content of
the Gold Standard.

• Consistency with Diagnostic Basis: Evaluates how accurately
the report reflects the diagnostic basis outlined in the Gold
Standard.

• Consistency with MIMIC Items: Evaluates how accurately
the report reflects observations stated in the Gold Standard.

• Evaluation of Hidden Causality Restoration: Evaluates how
clearly the report restores and reflects causality stated in the
Gold Standard.

A detailed definition is available in the repository3.
For lexical performance, BERTScore [12], Cosine Similarity, and

BioSentVec [3] were used. Additionally, a qualitative assessment
by radiologists was performed for further validation. The weightage
assigned to these metrics is provided in Table 6.

3 Results
In the text-only setting involving radiology reports, the radiology-
specific small-language model Rad-Phi-3.5-Vision-CXR achieved
the best performance. Among general-domain models, GPT-4o was

3https://github.com/hidden-rad/Evaluation-Scheme-Experiment-
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Table 3: Hidden-RAD Test Set Results - Report-only Setting.

Model Name BERTScore BioSentVec COS Similarity GPT Score White GPT Score Black Weighted Score

Deepseek (70B) 0.242 0.724 0.411 0.641 0.66 0.503
LLaMA-3.3 0.27 0.74 0.49 0.65 0.663 0.514
OpenAI o3-mini 0.238 0.754 0.472 0.681 0.703 0.532
OpenAI o1-mini 0.254 0.758 0.5 0.677 0.701 0.534
Phi-4 0.233 0.761 0.476 0.676 0.71 0.534
GPT 4o 0.238 0.765 0.495 0.681 0.702 0.535

Rad-Phi-3.5-Vision-CXR 0.256 0.766 0.541 0.68 0.7 0.538
Note: Here the weighted score does not include the qualitative evaluation score.

Table 4: Hidden-RAD Test Set Results - Report + Image Setting.

Model Name BERTScore BioSentVec COS Similarity GPT Score White GPT Score Black Weighted Score

OpenAI o1 0.229 0.748 0.459 0.677 0.698 0.528
GPT 4o 0.236 0.77 0.522 0.691 0.713 0.543

Rad-Phi-3.5-Vision-CXR 0.259 0.767 0.538 0.683 0.696 0.538

Note: Here the weighted score does not include the qualitative evaluation score.

Table 5: Hidden-RAD Leaderboard Rank

Model Name Setting BERT BioSentVec COS Sim GPT White GPT Black Qual. Score Weighted Score

OpenAI o1-mini Text 0.254 0.758 0.5 0.677 0.701 – 0.671
GPT 4o Text 0.238 0.765 0.495 0.681 0.702 – 0.672
Rad-Phi-3.5-Vision-CXR Image + Text 0.259 0.767 0.538 0.683 0.696 0.682 0.675
Rad-Phi-3.5-Vision-CXR Text 0.256 0.766 0.541 0.68 0.7 0.690 0.676
GPT 4o Image + Text 0.236 0.77 0.522 0.691 0.713 0.713 0.682

Note: Here the weighted score includes the qualitative evaluation score.

the top performer, followed by reasoning-focused models such as
OpenAI o1-mini, OpenAI o3-mini, and Phi-4, which exhibited simi-
lar performance levels. Deepseek (70B) had the lowest performance
in this category.

In the multi-modal setting, involving radiology reports and frontal
chest X-ray images, GPT-4o had the best performance, closely fol-
lowed by Rad-Phi-3.5-Vision-CXR. Notably, GPT-4o outperformed
the reasoning fine-tuned OpenAI o1 model in the multi-modal setting
and demonstrated improved performance compared to the text-only
setting.

In text-only settings, smaller language models, such as Rad-Phi-
3.5-Vision-CXR, OpenAI o1-mini, OpenAI o3-mini, and Phi-4, ei-
ther outperformed or were on par with larger models like GPT-4o,
Deepseek (70B), and LLaMA 3.3. Similarly, in the multi-modal
setting, Rad-Phi-3.5-Vision-CXR was very close in performance to
the larger GPT-4o model.

The metrics are available in Table 3 and Table 4. The weighted
score in these are computed according to Table 6 without the quali-
tative evaluation score.

The final leaderboard rankings of our best models for Task 1 of
the Hidden-RAD Challenge, including the qualitative evaluation,
are presented in Table 5. Our top-performing model is Rad-Phi-3.5-
Vision-CXR, fine-tuned in the text-only settings.

4 Conclusion
In this study, we conducted a comprehensive evaluation of various
general-domain models, reasoning models, and models fine-tuned on
radiology-specific datasets for Task 1 of the Hidden-RAD Challenge,
which is to recover hidden causality in radiology reports. Addition-
ally, we introduced a fine-tuned version of a small multi-modal
model Rad-Phi-3.5-Vision-CXR, capable of generating causality
exploration from radiology reports, with the option to incorporate
frontal chest X-ray images. Our results demonstrate that smaller mod-
els achieve performance on par with, in some cases exceed, that of
larger language models in both general domain and domain-adapted
settings and also in text-only and multi-modal settings. Future work
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can focus on the use of these recovered causal explorations in auto-
mated radiology reporting workflows and large scale experiments of
this pilot challenge.
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A APPENDIX

Table 6: Weightage of Metrics

Metric Weightage (%)

BERTScore 5
COS Similarity 5
BioSentVec 20
GPT Base Score (Black) 25
GPT Base Score (White) 25
Qualitative Score 20

Table 7: Prompt for dataset generation (LLaMA 3.3).

You are a radiology expert. The user will send a radiology report and your task is to generate causal explanation for the given
radiology report.
a. You will first clean the given report as a preprocessing step:

• Eliminate irrelevant comparisons (e.g., "Chest x-ray from ___").
• Remove any mention of date and time (e.g., "The chest PA and lateral views submitted at 14:08").
• Retain essential anatomical observations (e.g., "pleural effusion, patchy opacities, diaphragm elevation").
• Include important imaging abnormalities (e.g., "right costophrenic angle blunting, calcified aorta").

b. You will then generate a causal explanation using the following steps:

• Extract key diagnostic conclusions.
• Describe how the findings are interrelated.
• Retain the location of disorders, tubes, lines, and devices (if present), and provide the final causal reasoning.
• Present the most probable causes or implications for the patient’s condition.

c. Please adhere to the sentence structure used by the radiologist.
Here are a few examples of Radiology Report and their corresponding Casual Explanation.
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