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With the application of digital preservation techniques, more and more past
news articles are being digitized and made accessible online. This results
in the availability of large news archives spanning multiple decades. They
offer immense value to our society, contributing to our understanding of
different time periods in the history and helping us to learn about the details
of the past. However, the large sizes and complexities of news archives have
gone far beyond user ability to utilize them efficiently. The need on how to
quickly find the important, useful, precise or interesting information among
an overwhelmingly large amount of news articles has rapidly arisen.

Additionally, in the news domain especially, time has long been an integral
part of search engine ranking with most major search engine giving a
ranking boost for recently published news articles. There are two distinct
temporal aspects of a news article: timestamp (i.e., publication date) and
content time (i.e., temporal expressions embedded in the document content).
In the recent years, exploiting these two kinds of temporal information has
been gaining increased importance in various tasks or applications, such as
temporal web search, temporal question answering, search results
diversification and so on.

In this dissertation, we address four research problems over temporal news
collections. The first three topics investigate different approaches of
incorporating two distinct temporal signals and demonstrate that the
utilization of the temporal information can result in better performance or
even new state-of-the-art results in various tasks. In the last topic we
additionally construct a large dataset to promote the development of related
research over news archives.

Chapter 1 outlines the thesis, including the research background of news
archives, motivation of the research, and an overview including four
research topics of the thesis.

Chapter 2 discusses two key temporal aspects of news archives and
overviews previous studies related to the four research topics presented in
this thesis.

Chapter 3 presents Question Answering in News Archives (QANA) system,
which is designed specifically for answering two types of event-related
questions on news archives. Compared with existing open-domain question




answering (ODQA) models, QANA consist of an additional module called
Time-Aware Re-ranking Module, which increases the retrieval effectiveness
by utilizing diverse temporal information.

Chapter 4 approaches the task of event occurrence time estimation that
defined as follows: given a short event description and a chosen temporal
granularity (e.g., day, week, month, or year), the task is to estimate event’s
occurrence time at the specified granularity. We propose TEP-Trans, which
is a Transformer-based model that exploits both temporal and textual
information from different angles, represented by multivariate time series.
The experimental results show that TEP-Trans outperforms the existing
methods by a large margin at all granularities.

Chapter 5 proposes a novel language model called TimeBERT, which is
trained on a temporal news collection via two new pre-training tasks,
harnessing the two kinds of temporal information to construct time-aware
language representation. TimeBERT consistently outperforms BERT and
other existing pre-trained models, with substantial gains on different time-
related downstream tasks.

Chapter 6 introduces one of the largest ODQA datasets, called ArchivalQA,
of news collections, with the object to foster the research in the field of
ODQA on news archives. The dataset is constructed through a semi-
automatic pipeline, whose resulting questions tend to be non-ambiguous and
of good quality. In the experiments, we undertake comprehensive analysis
of the generated dataset, which does not only show the quality and utility
of the resulting data, but also proves the effectiveness of our question
generation framework.

Finally, Chapter 7 summarizes the thesis and discusses several directions
to be explored as future work.
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