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Natural language is the medium through which humans mainly communicate and
store their knowledge to pass it on. Manual analysis and handling of such massive
quantities of natural language is beyond human capabilities, therefore, automatically
processing such information through natural language processing (NLP) has been an
active field. Searching for information is typically done by asking questions in search
engines and going through the returned results to find a specific piece of information
in mind, which can be tiresome and time-consuming. A question answering (QA)
system can automatically read those documents and return the exact answer
immediately, making our lives easier. This thesis focuses on the study of the QA task
in different settings.

Chapter 1 introduces the background of the QA task and explains in detail the
different settings. Considering the complexity of the question, where a question
requires one or more reasoning hops, the task is divided into single-hop and multi-hop
QA. Considering whether the context is provided to the model alongside the question,
the QA task is categorized into open-book and closed-book settings.

Chapter 2 presents a review of the recent advancements in NLP that are mainly
related to QA. Details are provided on the training procedures for the Transformer
architecture, which is the basic block of today’s state-of-the-art models. The variations
of the Transformer-based models that are used in the thesis are explained, including
encoder, decoder, and encoder-decoder models.

In Chapter 3, a study for improving multi-hop QA in an open-book setting is
conducted. Models for handling multi-hop questions are required to identify and
collect important pieces of information from the provided context documents to
achieve the answer. Models that utilize the identified supporting sentences have been
developed; however, they utilize such sentences ineffectively. They either only focus
on the sentences to find the answer and ignore the remaining context or do not use
the supporting sentences at all. However, both the sentences and the remaining
context may contain important information for the answer. In this chapter, a method
is proposed to focus on the supporting sentences more effectively by tagging the
sentences while keeping the remaining context and then using the tagged sentences
for answer prediction. Additionally, the new method focuses on beneficial signals from
context documents by tagging the bridging entities between the documents.
Experiments on HotpotQA, a popular dataset for multi-hop QA evaluation, showed an
improved answer accuracy of 0.77 EM and 0.98 F1 over models with comparable
architecture.

In Chapter 4, the setting of closed-book QA was investigated. While the existence and
the amount of factual knowledge that models memorize during pre-training have been
studied, the mechanism and inner workings are not investigated. This chapter




investigates how models memorize factual knowledge and their inner workings.
Through gradient analysis and corrupting attention components with noise while
observing the outcome, the query component in the attention mechanism is found to
be the most responsible for finding the answer. Moreover, after pruning parts of the
encoder and decoder in turns and monitoring the differences, the encoder is found to
be responsible for finding the broad entity embedding, while the decoder finds the
exact entity. Furthermore, using different head-scoring techniques, it is demonstrated
that certain areas in the model retain more information about factual knowledge than
others. Also, it i1s shown that related entity types are generally clustered in similar
areas in the model.

Chapter 5 describes the investigation of multi-hop QA in a closed-book setting and its
improvement. The chapter proposes showing reasoning steps that are obtained
through explicit and implicit question decomposition to the answering model to
improve the performance. The multi-hop QA performance was increased by about 6
EM points on average on MuSiQue, HotpotQA, and 2Wiki datasets. Several possible
points for further improving the multi-hop baseline are also identified.

In Chapter 6, this thesis concludes the study of QA models with varying settings and
discusses possible trajectories for future research.
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