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a b s t r a c t

Time is an important aspect of text documents. While some documents are atemporal, many

have strong temporal characteristics and contain contents related to time. Such documents

can be mapped to their corresponding time periods. In this paper, we propose estimating

the focus time of documents which is defined as the time period to which document’s con-

tent refers and which is considered complementary dimension to the document’s creation

time. We propose several estimators of focus time by utilizing statistical knowledge from

external resources such as news article collections. The advantage of our approach is that

document focus time can be estimated even for documents that do not contain any tempo-

ral expressions or contain only few of them. We evaluate the effectiveness of our methods

on the diverse datasets of documents about historical events related to 5 countries. Our ap-

proach achieves average error of less than 21 years on collections of Wikipedia pages, extracts

from history-related books and web pages, while using the total time frame of 113 years. We

also demonstrate an example classification method to distinguish temporal from atemporal

documents.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Temporal Information Retrieval (TIR) is a subset of Information Retrieval (IR) that focuses on time-related aspects in

search. TIR has been gaining recently much attention within the IR community (Alonso, Baeza-yates, Strötgen, & Gertz, 2011;

Campos, Dias, Jorge, & Jatowt, 2014). The reason for this is that a relatively large fraction of search queries have temporal

character. Searchers often look for information related to different temporal scopes. To properly accommodate such queries,

search engines need to find documents that refer to the time periods which match time scopes underlying intents of these

queries. The straightforward way is to return documents that contain dates which correspond to the temporal scope of each

search query. However, such approach cannot work well in case when documents do not have any or have only few tempo-

ral expressions, neither it works in the case when the contained temporal expressions are weakly related to the core theme

of documents. As an example, Fig. 1 depicts a hypothetical document that commemorates the end of World War II. It con-

tains a mixture of sentences referring to past events and those that describe the current commemorations as well as an atem-

poral sentence (the last one1). As it can be seen, none of the sentences contains any explicit or implicit temporal expres-

sion. However, with a certain level of historical knowledge humans can position its content onto timeline as indicated on the

right-hand side of Fig. 1. In fact, this cognitive process relies on using temporal clue words (framed by rectangles in Fig. 1) such as
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Fig. 1. Mapping content of an example document onto timeline.

“Obama,” “Nazi,” “Soviet,” and “Stalin”. The question we would like to ask in this paper is then: Can the same process be done

automatically?

Considering that time is a key aspect of document quality, it should be beneficial to automatically categorize documents by

their temporal foci and to map their content onto timeline. This would not only improve the performance of search engines in

handling queries with implicit or explicit temporal intents but also help document understanding. The latter has direct appli-

cations in many text processing tasks including document summarization, information extraction, question answering and so

on.

We propose estimating document focus time, which defines the time to which a document’s content refers (as portrayed

in Fig. 1). The concept of focus time is fundamentally different from the notion of document creation time or timestamp that

constitutes document’s basic metadata. Focus time, which means the relation of the document content to particular time periods,

is essentially independent from its creation time.

We propose a range of statistical methods for automatically determining the focus time of documents by exploiting external

document collections and by extracting contained direct references to time. We first compile large datasets of news articles

related to different countries and then we automatically extract direct mentions of past years from their content. This allows

calculating word to time associations. For example, “Nazi” and “Hitler” are strongly related to the time period from 1939 to

1945. We then propose a simple approach to relate words to years and we later extend it by considering also word’s immediate

contexts. In the next step, we estimate the temporal features of words to select discriminatory words useful for estimating the

focus time of texts (i.e., temporal clue words like those indicated in Fig. 1). Next, we calculate the focus time of a document

by aggregating the focus time of its words using various combination methods. Finally, we demonstrate how to automatically

distinguish temporal documents from atemporal ones using a classification framework. We test three classifiers equipped with

a range of diverse time-related features.

Note that fundamentally our approach does not require the appearance of temporal expressions in texts in order to assign

documents to their corresponding time periods. That is, it can still estimate the focus time of documents that lacks explicit

mentions of any dates in their content. This is an important advantage over traditional methods that rely on the existence of

temporal expressions. However, since temporal expressions constitute useful signals for determining the document focus time,

we also introduce a generic method that combines the purely statistical approach with the one based on processing temporal

expressions. We then demonstrate that the combined method performs the best.

The remainder of this paper is organized as follows. In the next section we review the related work. Section 3 describes the

methodology for calculating the document focus time. Section 4 introduces the experimental settings and Section 5 contains

the results of experimental evaluation of both focus time estimation and temporal document detection. Section 6 provides a

discussion of several issues related to the document focus time estimation. We conclude the paper and describe our future work

in Section 7.

2. Related work

2.1. Temporal information retrieval

Temporal Information Retrieval (T-IR) (Alonso et al., 2011; Campos et al., 2014), which is a subdivision of Informa-

tion Retrieval (IR), attempts to satisfy user information needs by considering not only relevance but also temporal
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