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Abstract

Temporal dynamics and how they impact upon various components of
information retrieval (IR) systems have received a large share of atten-
tion in the last decade. In particular, the study of relevance in infor-
mation retrieval can now be framed within the so-called temporal IR
approaches, which explain how user behavior, document content and
scale vary with time, and how we can use them in our favor in order to
improve retrieval effectiveness. This survey provides a comprehensive
overview of temporal IR approaches, centered on the following ques-
tions: what are temporal dynamics, why do they occur, and when and
how to leverage temporal information throughout the search cycle and
architecture. We first explain the general and wide aspects associated
to temporal dynamics by focusing on the web domain, from content and
structural changes to variations of user behavior and interactions. Next,
we pinpoint several research issues and the impact of such temporal
characteristics on search, essentially regarding processing dynamic con-
tent, temporal query analysis and time-aware ranking. We also address
particular aspects of temporal information extraction (for instance, how
to timestamp documents and generate temporal profiles of text). To this
end, we present existing temporal search engines and applications in re-
lated research areas, e.g., exploration, summarization, and clustering of
search results, as well as future event retrieval and prediction, where
the time dimension also plays an important role.

N. Kanhabua, R. Blanco, and K. Nørvåg . Temporal Information Retrieval.
Foundations and TrendsR© in Information Retrieval, vol. 9, no. 2, pp. 91–208, 2015.
DOI: 10.1561/1500000043.
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1
Introduction

During the last decade, information retrieval has been successful in pro-
viding everybody with easy access to the vast amount of information
available on the Web. As illustrated in Figure 1.1, creating, handling,
and sharing information on the Web has seen the unprecedented growth
and change in recent years. Cornerstones for such development are new
technical devices and corresponding changes in our everyday behav-
iors. Digital photos and videos create large data volumes and numerous
artifacts. Participative content generation and sharing in Web 2.0 so-
lutions and social interaction via networks and platforms have gained
wide acceptance, ranging from media-specific sharing (e.g., Flickr) over
text and video distribution channels (e.g., Twitter and Youtube) up to
web-based documentation and sharing of nearly complete life histories
as encouraged by Facebook.

While the current way of accessing the Web comprise a good base-
line, an optimal access to the evolving Web requires new models and
algorithms for retrieval, exploration, and analytics which go far beyond
what is needed to access the current state of the Web. This includes tak-
ing into account the time dimension, structured semantic information
available on the Web, as well as social media and network information.

2
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1.1. Temporal Dynamics 3

Figure 1.1: Internet Growth/Usage Phases/Tech Events (created by Mark Schueler,
used with permission).

1.1 Temporal Dynamics

It is noteworthy that the time dimension has strong influence in many
domains, e.g., Topic Detection and Tracking (TDT) (Allan et al., 1998;
He et al., 2007), and Emerging Trend Detection (ETD) (Berry, 2003).
However, in this context, we focus on the impact of time on the Web
and we explain the evolution of the Web and its impact on web search
and data mining before going into the details of temporal information
retrieval. We will then discuss the scope and aim of this survey, and
present the organization of the rest of the survey.

The Web has evolved in many aspects including its size, content,
structure, and how it is accessed by people through web search engines.
Such evolution has been previously discussed in (Ke et al., 2006; Risvik
and Michelsen, 2002).

In this work, we aim at providing a comprehensive survey and an-
swers to the following questions: what are temporal web dynamics, why
do they occur, when and how to leverage the time dimension through-

Full text available at: http://dx.doi.org/10.1561/1500000043



4 Introduction

Figure 1.2: Categorization of documents by the degrees of content change, i.e.,
static or dynamic.

out the search cycle and architecture. For this purpose, we begin by
explaining the general and wide aspects associated to temporal web dy-
namics, namely, the evolution of the Web categorized by its changes of
1) content and structure, and 2) user querying behavior.

1.1.1 Content and Structure Changes

The content of the Web, changes constantly over time, e.g., web doc-
uments are added, modified or deleted continuously. National and in-
ternational initiatives have recognized this need and started to collect
and preserve parts of the Web (Gomes et al., 2011; Costa et al., 2013).
The most prominent one is the Internet Archive, which has collected
more than 456 billion web pages (as of April 15, 2015) since 1996. Two
important European initiatives include 1) the Internet Memory Foun-
dation providing a set of smaller crawls for specific topics, domains and
projects and 2) the British Library that aims at preserving national web
content.

As illustrated in Figure 1.2, we categorize document collections,
such as, personal homepages, corporate websites, Wikipedia articles and
blogs, with respect to the various degrees of change, and whether the
document creators or web sites keep different versions of each hosted
document, i.e., versioning vs. non-versioning. On one hand, web archives
are created by periodically visiting and crawling publicly available web
pages. A web archive contains documents with multiple versions since

Full text available at: http://dx.doi.org/10.1561/1500000043



1.1. Temporal Dynamics 5

the new version of a document will be added into the archive repository
when re-crawling. On the other hand, a web archive can have just one
or the latest version for each document due to non-versioning policies,
e.g., news archives, or real-time web data, such as, Twitter messages.

In parallel to content changing, the link structure of the Web also
evolves (Dai and Davison, 2010a). The changes of content and structure
affect basic processes like crawling and indexing, but also the computa-
tion of graph-based authority measures used for document ranking or
spam detection.

1.1.2 Changes in User Behavior

Temporal web dynamics are related to user querying behavior in at
least two ways. First, search traffic for particular queries varies over
time and might present certain temporal patterns, such as, spikes, pe-
riodicity (e.g., weekly or monthly), seasonality and trends. Examples
of sporadic or spiky queries are breaking news (e.g., iran, japan, earth-
quake), celebrities (e.g., beyonce, lady gaga), and short-span events (e.g.,
marathon, lollapalooza). Periodic or seasonal queries are, for instance,
annual events (e.g., earth day, march madness, april fools’ day, pgatour)
and television series (e.g., american idol, crystal bowersox, dancing with
the stars). Queries representing trends consist of anticipated events (e.g.,
iphone 7, mlb, miss usa), past recent events (e.g., easter ideas, final four),
and current events (e.g., tax extension, presidential candidates).

Second, many queries are time-sensitive queries, which contain un-
derlying temporal information needs that do not exhibit a temporal
pattern in search streams. In other words, a time-sensitive query can be
inferred to a particular time period, for example, an initial query Brazil
FIFA World Cupmight be later reformulated as 2014 FIFA World Cup. We
categorize such queries with underlying temporal information needs into
two types: 1) an explicit temporal query having temporal criteria explic-
itly provided by users (Berberich et al., 2007; Nørvåg, 2004), and 2) an
implicit temporal query with no temporal criteria provided (Campos
et al., 2012a; Kanhabua and Nørvåg, 2010a). An example of explicit
temporal query is U.S. Presidential election 2016, whereas an implicit
temporal query, e.g., Brazil FIFA World Cup, is likely to refer to the
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6 Introduction

most recent World Cup event in 2014 or the historical event in 1950.
Note that, the temporal intent of the latter type can be determined
using temporal information extraction techniques. Several studies of
real-world user query logs have shown that temporal queries comprises
a significant fraction of web search queries. For example, Zhang et al.
(2010) showed that 13.8% of queries contain explicit time (Nunes et al.
(2008) reported 1.5%) and 17.1% of queries have a temporal intent im-
plicitly provided (7% reported by Metzler et al. (2009)).

Understanding temporal search intent is a challenging task that is
the first step for applying an appropriate time-aware ranking method.
In addition to the change in information needs, user interactions in the
social Web are highly dynamic over time, e.g., comments, likes, interests
as well as users’ profiles. This affects how user interests/profiles should
be modeled by taking into account such dynamics.

1.2 Scope and Aim of this Survey

This survey gives a comprehensive overview of the most important as-
pects of temporal information retrieval. It describes techniques involved
in the complete pipeline of processing, from obtaining web documents,
document processing and indexing, information extraction, and query-
ing. It also gives an overview of application areas showing that its use
extends well beyond simply searching web archives.

In addition to giving an extensive overview, we also intend that this
survey should be self-contained enough to be used as lectures/teaching
material for researchers that want to get acquainted with the research
area. The survey can be read and understood by anybody with basic
information retrieval knowledge, but should also be of use for more
advanced researchers wanting to understand in more detail this field
of research. As such it extends previous overviews of challenges and
opportunities in temporal information retrieval (Alonso et al., 2011b),
and the survey by Campos et al. (2014b).

The remainder of this survey is organized as follows: Section 2 de-
scribes research problems for the pre-processing step of temporal docu-
ment collections, i.e., dynamic crawling and temporal indexing of web
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1.2. Scope and Aim of this Survey 7

documents. Section 3 presents current approaches to identifying and
extracting of temporal information useful for leveraging in temporal
information retrieval. Section 4 describes approaches to determining
the temporal intents of queries, the effect of terminology changes over
time, as well as query performance prediction for temporal queries. Sec-
tion 5 describes a comparison of different time-aware ranking methods.
Section 6 presents applications in information retrieval and related re-
search areas where the time dimension also plays an important role, e.g.,
temporal analytics and exploration, temporal summarization, temporal
clustering of search results, and future event retrieval and prediction.
Section 7 concludes the survey and discusses possible research topics be-
yond what have been addressed in the survey. Finally, in Appendix A,
we present existing research resources and recent evaluation workshops
organized in the field of temporal information retrieval.
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