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Machine reading comprehension (MRC) aims to teach computers to read and
understand unstructured text to answer a given question. Various directions have
emerged from the foundational structure of the MRC task, including multi-hop MRC
and conversational MRC. We note that multi-hop MRC requires models to undergo
multiple steps to derive the ultimate answer, making it inherently involve reasoning
steps within the question-answering (QA) process. This characteristic offers valuable
avenues for exploration and model evaluation. Consequently, this thesis endeavors to
explore and assess the reasoning steps within multi-hop MRC.

There are two primary issues associated with the multi-hop MRC task. The first
pertains to reasoning shortcuts, wherein a machine learning model can answer questions
without engaging in multi-hop reasoning. Consequently, the model may lack a genuine
understanding of the question's context and underlying concepts, thereby constraining
its capacity to offer meaningful responses. This compromise undermines the reliability
and effectiveness of the model, particularly in tasks demanding comprehensive
understanding and reasoning. The second concern pertains to the absence of explanatory
information. Such information is crucial for comprehending the rationale behind
models' predictions for specific questions. However, the majority of existing datasets
lack comprehensive tasks designed to provide explanations for predicted answers. While
there is one dataset available (the R4C dataset), its limited size precludes its utility as
a multi-hop dataset with comprehensive explanations for training end-to-end systems.

Our thesis mainly focuses on exploring and evaluating the reasoning steps in multi-
hop MRC; it includes seven chapters. In Chapter 1, we discuss two prevalent issues:
reasoning shortcuts and missing explanations, which serve as the primary motivations
for our research. In Chapter 2, we provide an overview of the multi-hop MRC task,
encompassing the definition of reasoning steps and various representations thereof.
Additionally, we explore the intricacies of reasoning shortcuts within multi-hop MRC,
delineating their definition and existing methods for detection. In Chapter 3, we
construct a new multi-hop dataset, 2WikiMultiHopQA, which is a large and high-quality
dataset providing comprehensive explanations for predictions. Through experiments,
we demonstrate that our dataset poses a challenge for multi-hop models, ensuring that
multi-hop reasoning is required. In Chapter 4, we analyze the effectiveness of the
reasoning steps in the question-answering process in the triple-form. We consider three



aspects in our analyses: QA performance, reasoning shortcuts, and robustness. Our
analyses show that the reasoning steps can help improve QA performance and reduce
reasoning shortcuts, but they do not make the models more robust against adversarial
questions. In Chapter 5, we enhance the existing reasoning steps (triple-form) in
comparison questions, a sub-type of multi-hop questions by introducing three probing
tasks: extraction, reasoning, and robustness. The current reasoning steps in triple-form
are limited by the fixed schedule of Wikidata; therefore, we represent the reasoning
steps in this chapter in a sub-QA format. We then evaluate top-performing models on
our dataset. The results reveal that the models may not possess the ability to subtract
two dates even when fine-tuned on our dataset. Additionally, we analyze the
effectiveness of the reasoning steps in the sub-QA format and find that they can help to
improve QA performance. In Chapter 6, we examine the behaviors of large language
models (LLMs) across three stages in the QA process: question decomposition,
subproblem solving, and composition. To comprehensively investigate LLMs, we
consider three different scenarios for the input context: without context, with
unstructured context, and with structured context. Our main finding is that the current
LLMs fail to decompose complex questions into sub-questions, which is key in the QA
process. In Chapter 7, we conclude our research and discuss about potential future works.
The proposed datasets and analyses in this thesis contribute to building a more
explainable QA system in the future. They also contribute to a better understanding of

the models in the QA process when dealing with multi-hop questions.
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