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SONITA SUM: A DATA-DRIVEN APPROACH TO MOTORCYCLE SAFETY: APPLYING
MACHINE LEARNING AND DEEP LEARNING TO INJURY SEVERITY PREDICTION.
THESIS ADVISOR: VATANAVONGS RATANAVARAHA, Ph.D. 195 PP.

Keyword: Motorcycle crash severity/Machine learning/Deep learning/Explainable
artificial intelligence/Random Forest/Convolutional Neural Network/SHapley Additive

exPlanations

Motorcycle crashes constitute a persistent public health and transportation
safety challenge in Thailand, where motorcyclists account for the majority of road
traffic  fatalities. This dissertation advances methodological and empirical
understanding of motorcycle crash injury severity through four interrelated studies that
integrate supervised learning, deep learning, and explainable artificial intelligence (Al)
techniques. Drawing upon nationwide crash data from the Thailand Highway Accident
Information Management System (HAIMS), the research collectively seeks to enhance
predictive accuracy, interpretability, and policy relevance in motorcycle safety
modeling within a developing-country context.

The first study of this dissertation compares four supervised learning
algorithms—Decision Tree, K-Nearest Neighbor, Naive Bayes, and Random Forest—
against traditional statistical models using 2020-2022 crash data. The Random Forest
model exhibited the best predictive performance (AUC = 0.726) and, through SHapley
Additive exPlanations (SHAP), identified nighttime conditions, large-truck involvement,
depressed medians, and two-lane roads as major contributors to severe injuries. The
second study applies the Random Forest-SHAP framework to examine urban-rural and
day-night variations, confirming that darkness, large trucks, and depressed medians
increase severity, while barrier medians, side-swipe crashes, and well-lit environments
reduce risk. The third study develops a Convolutional Neural Network (CNN) model for
curved roadways, demonstrating superior performance of a three-layer architecture
(accuracy = 0.634) over deeper CNNs and conventional models. SHAP analysis

highlights large-truck involvement, head-on collisions, depressed medians, speeding,



v

and dark conditions as dominant factors, with hazardous combinations such as trucks
operating in darkness and head-on collisions across all median types. Lastly, the fourth
study introduces an explainable hybrid Random Forest-Convolutional Neural Network
(RF-CNN) model for single-motorcycle crash severity prediction (2016-2023). The hybrid
ensemble (85% CNN, 15% RF) achieved the highest accuracy (58.9%) and recall
(69.9%), outperforming standalone models and Binary Logistic Regression, while SHAP
interpretation emphasized nighttime lighting, lane configuration, curvature, speedin,
and alcohol use as key determinants of severity.

Collectively, the four studies advance the methodological frontier of crash
severity modeling by bridging the persistent gap between predictive performance and
model interpretability. The empirical findings provide a robust foundation for
developing evidence-based motorcycle safety interventions, including enhanced
nighttime illumination, geometry-specific speed management, improved median
design, and targeted rider training programs. Overall, this dissertation establishes a
comprehensive, explainable machine learning framework for motorcycle crash severity

analysis, contributing to both theoretical advancement and practical policymaking in

transportation safety research.

School of Transportation Engineering Student’s Signature
Academic Year 2025 Advisor’s Signature /

Co-advisor’s Signature ,OQ’Q’]“»/‘V/




	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf
	02Approved.pdf
	51af881ae21a0a27171d50c5492c8b275d8dca5335b1b1a4cc60d6a9d21f8f1d.pdf

	03 Abstract.pdf
	51af881ae21a0a27171d50c5492c8b275d8dca5335b1b1a4cc60d6a9d21f8f1d.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf
	8cf2f899a8be35cadf8f1849e1e671f10d74c414097e8c78efcefd3917e32d57.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf
	8cf2f899a8be35cadf8f1849e1e671f10d74c414097e8c78efcefd3917e32d57.pdf

	04Acknowledgement.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf

	08 Ch3.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf
	51af881ae21a0a27171d50c5492c8b275d8dca5335b1b1a4cc60d6a9d21f8f1d.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf
	8cf2f899a8be35cadf8f1849e1e671f10d74c414097e8c78efcefd3917e32d57.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf
	8cf2f899a8be35cadf8f1849e1e671f10d74c414097e8c78efcefd3917e32d57.pdf
	a548063ff7050c8ca34de3e9802b15b61a8afc84575f47927029fbf6325e6c22.pdf




