
Chapter 9
Temporal Information Access

Masaharu Yoshioka and Hideo Joho

Abstract This chapter introduces the research background and details of temporal
information access tasks in the NTCIR. The GeoTime task was the first attempt to
evaluate temporal information retrieval as an extension of an information-retrieval-
for-question-answering task. Temporaliawas a task to investigate the role of temporal
factors in a search.

9.1 Introduction

Temporal information is important to understand the document and to represent users’
information needs. In the early age of Named Entity Recognition (NER), tasks such
asMUC-6 (Sundheim1995) and IREX (Sekine and Isahara 2000), date and timewere
selected as categories for NER. In information access technology research, there had
been several studies on using such temporal information (e.g., Mani et al. 2004), but
there have not been many studies on temporal information retrieval (Alonso et al.
2007).

Compared to the usage of temporal information, Geographical Information
Retrieval (Geographic Information Retrieval (GIR)) had attracted more researchers,
and a series of workshops on Geographic Information Retrieval (GIR) was started
in 2004 (Purves and Jones 2004). In this series of workshops, temporal information
was only discussed as a related topic of the task.

At NTCIR-8, GeoTime (geographic and temporal information retrieval) tasks
(Gey et al. 2010) were launched as first attempts to construct a test collection for

M. Yoshioka (B)
Faculty of Information Science and Technology, and Global Station for Big Data and
Cybersecurity, Global Institution for Collaborative Research and Education,
Hokkaido University, Sapporo, Japan
e-mail: yoshioka@ist.hokudai.ac.jp

H. Joho
Faculty of Library, Information and Media Science, University of Tsukuba, 1-2 Kasuga,
Tsukuba, Ibaraki 305-8550, Japan
e-mail: hideo@slis.tsukuba.ac.jp

© The Author(s) 2021
T. Sakai et al. (eds.), Evaluating Information Retrieval and Access Tasks,
The Information Retrieval Series 43,
https://doi.org/10.1007/978-981-15-5554-1_9

127

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5554-1_9&domain=pdf
mailto:yoshioka@ist.hokudai.ac.jp
mailto:hideo@slis.tsukuba.ac.jp
https://doi.org/10.1007/978-981-15-5554-1_9


128 M. Yoshioka and H. Joho

temporal information retrieval. This task was designed as an extension of IR4QA
tasks (Mitamura et al. 2008). There were two types of temporal-related queries. One
query type asked for temporal information (“when” question), while the other query
type used temporal information as constraints (winning team of Superbowl in 2002).
Details of the information related to the task are discussed in Sect. 9.2.

Following the success of GeoTime Tasks in NTCIR-8 and 9, a new task was pro-
posed to further investigate the role of temporal factors in the search. The task was
called Temporalia (Temporal Information Access) and was run twice in NTCIR-11
and 12. One of the important innovations in Temporalia was to provide a test col-
lection that allowed researchers to examine the performance of time-aware search
applications using categories such as past, recent, future, and atemporal rather than
focusing on recency queries. Details of the information related to the task are dis-
cussed in Sect. 9.3.

9.2 Temporal Information Retrieval

There are several IR applications that utilize temporal information; e.g., ad hoc
retrieval, hit-list clustering based on the temporal aspect, exploratory search, and
visualization of results based on the temporal relationships (Alonso et al. 2007).
However, there was no IR evaluation campaign for temporal information retrieval
except for some discussions related to Geographic Information Retrieval (GIR)
(Purves and Jones 2004).

To utilize and incorporate the discussion related to Geographic Information
Retrieval (GIR),GeoTime (geographic and temporal information retrieval) tasks (Gey
et al. 2010) were launched at NTCIR-8 as an extension of IR4QA for handling spatial
and temporal-related queries (Mitamura et al. 2008).

9.2.1 NTCIR-8 GeoTime Task

The NTCIR-8 GeoTime Task was designed as an IR4QA task for the geographical
and temporal-related queries.

Parts of queries were constructed using the information of notable events listed
in Wikipedia,1 and several queries were derived from the ACLIA collection (Sakai
et al. 2010). This task used the New York Times collection for the English document
database and theMainichi Japanese newspaper collection for the Japanese document
database.

For the evaluation, because most of the queries have both temporal and spatial
aspects, the articles that can be used for answering questions for temporal and spatial
aspects were categorized as “fully relevant” and ones that can answer only one aspect

1For example, notable events in 2002 are listed at https://en.wikipedia.org/wiki/2002.

https://en.wikipedia.org/wiki/2002
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(temporal or spatial) are categorized as “partially relevant”. The submitted results
were evaluated by the same schemes used for the ACLIA IR4QA collection (Sakai
et al. 2010).

The following are examples of the queries.

• How old was Max Schmeling when he died, and where did he die?
• When and where did a massive earthquake occur in December 2003?

The former question asks for temporal information using a “when” question.
The latter question also has the “when” question style, but it also uses temporal
information to represent constraints (“in December 2003”).

There were 14 teams that participated in NTCIR-8 GeoTime (8 and 7 teams sub-
mitted runs for Japanese and English runs, respectively) using various approaches
(Gey et al. 2010). The baseline system utilized ordinary ad hoc IR systems such as
probabilistic IR with blind relevance feedback. This baseline system worked well
for the English run but underperformed in the Japanese run. Another approach uti-
lized a NER system and/or geographic resources to extract named entity information
including geographic and temporal information from the queries and documents. The
best performing NTCIR-8 Japanese run was a hybrid approach that combined the
probabilistic approach and weighted Boolean query formulation based on the NER
results (Yoshioka 2010). There were approaches that focused on geographic infor-
mation including the hierarchical relationship among location names (e.g., Tokyo is
a part of Japan) and the distance between the extracted location of the query and
document, and there were several discussions about the temporal information.

Another approach emphasized the style of the query in GeoTime. Because the
query was provided as a question in IR4QA style, the relevant documents should
contain the information for its answer. Based on this understanding, one team counted
the number of temporal or geographic mentions that can be candidates for the answer
for re-ranking (Kishida 2010). Another approach decomposes the question into one
for geographic information and another for temporal information.After decomposing
the question, they used a factoid question answering system to determine the answer
and utilize its information for constructing new queries (Mori 2010). However, those
approaches did not perform well for the task.

From the analysis of the difficult queries based on the evaluation of the submitted
results, two types of difficult queries were identified. One type is that the system
tends to misinterpret the constraint of the query. An example of the query is “When
and where were the 2010 Winter Olympics host city location announced?”. In this
question, “2010” is used as a part of an event name and not as a constraint-specifying
articles should be selected from those published in 2010 or after. Another type of
difficult query requires a list of events to determine relevant articles. An example of
this type of query is “When and where were the last three Winter Olympics held?”.
It is difficult to retrieve relevant articles without generating an event list that satisfies
the query constraint. Details of the discussion about the difficulties of the problem
are addressed in Sect. 9.2.3.
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9.2.2 NTCIR-9 GeoTime Task Round 2

By comparing the English runs and Japanese runs, there were queries that have
large performance variability for the same topics. Therefore, the news article data
for English runs were expanded to include newspapers from different countries. In
addition to the news articles of the New York Times collection, English versions of
Korean Times (Korea), Mainichi (Japan), and Xinhua (China) were used to construct
a document database.

There were 12 teams that participated for NTCIR-9 GeoTime (5 and 9 teams sub-
mitted runs for the Japanese and English runs, respectively) using various approaches
(Gey et al. 2011). One large difference from the previous GeoTime was the usage
of external resources such as Yahoo PlaceMaker, Wikipedia, DBpedia, Geonames,
Google Maps, and the Alexandria Digital Library gazetteer. Most of the teams uti-
lized such information for improving the retrieval results related to the geographic
queries. However, the query that required reverse geocoding (finding place names
from a latitude/longitude information) was not appropriately handled except that the
team manually extracted the related event name using Wikipedia.

The best performing team for both Japanese and English runs used manual query
expansionwith a related event name and/or name of the location usingWikipedia and
Google Maps (Sato 2011). Because this approach was not automatic, it was difficult
to compare this result with others. However, this result suggested that the extraction
of such related event names or locations is crucial for improving the recall of the
related articles.

9.2.3 Issues Discussed Related to Temporal IR

One of the difficult queries in NTCIR-8 GeoTime was “When and where were the
2010 Winter Olympics host city location announced?”. To discuss the difficulties of
this query, it was necessary to discuss the types of temporal expression. Alonso et al.
(2007) proposed the following types of temporal expression.

1. Explicit. Temporal expression directly describes its information (e.g., September
11, 2001).

2. Implicit. There is imprecise temporal information, such as names of holidays or
events. It is possible to extract temporal information using knowledge about such
holidays or events (e.g., Labor Day, 2001, can be mapped to September 1, 2001,
and Vancouver Winter Olympics can be mapped to February 2010).

3. Relative. Temporal expressions represent temporal entities that refer to other tem-
poral entities. Temporal information resolution is necessary to extract its tempo-
ral information (e.g., “yesterday” of the news article published on September 12,
2001, can be mapped to September 11, 2001).

In the query discussed above, “the 2010 Winter Olympics” is the name of the
event and can be treated as an implicit temporal expression. However, it is not a
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constraint for selecting relevant articles. It is necessary to have a mechanism to
select which kinds of temporal expression should be used for constraints to retrieve
relevant articles.

Another problem is related to handling the relationship between temporal infor-
mation and event names that represent imprecise temporal information. An example
of this difficult query is “When and where were the last three Winter Olympics
held?”; “the last three” uses relative and imprecise temporal information to select
relevant event names (three Winter Olympic event names). Because most of the rel-
evant documents contain such event names but do not have such relative expression,
it is difficult to retrieve such articles without event names. As we confirmed in the
case of NTCIR-9 GeoTime, query expansion using such event names significantly
improves the performance.

9.3 Temporal Query Analysis and Search Result
Diversification

To facilitate research on temporal information access, Temporalia-1 in NTCIR-11
(Joho et al. 2014) focused on each of the four categories in a structured way, while
Temporalia-2 in NTCIR-12 (Joho et al. 2016) was designed to encourage researchers
to explore ways to combine the four categories in a meaningful way. Both were
designed to address the temporal ambiguity and diversity of the search space.

9.3.1 NTCIR-11 Temporal Information Access Task

Temporalia-1 at NTCIR-11 consisted of two subtasks: Temporal query intent clas-
sification and temporal information retrieval.

9.3.1.1 Temporal Query Intent Classification

The Temporal Query Intent Classification (TQIC) subtask was used to classify a
given query into one of the following classes: past, recency, future, and atemporal.
Example queries are ground truth temporal classes are shown inTable9.1. The classes
were defined as follows.

Past: class characterizing queries about past entities/events whose search results
are not expected to change much with the passage of time.

Recency: class characterizing queries about recent entities/events, whose search
results are expected to be timely and up to date. The information contained in the
search results usually changes quickly with the passage of time. Note that this type
of query usually refers to events that happened in the near past or at the present time.
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Table 9.1 Example queries and ground truth temporal classes for the TQIC subtask (dry run)

Query class Query example

Past Price hike in Bangladesh 2008

Past Who was Martin Luther

Past When did the Titanic sink

Past Yuri Gagarin cause of death

Past History of Coca-Cola

Recency Apple stock price

Recency Number of millionaires in USA

Recency Time in London

Recency Trendy plus size clothing

Recency Did the Pirates win today

Future 2013 MLB playoff schedule

Future Release date for iOS7

Future College baseball regional projections

Future Disney prices 2014

Future Long-term weather forecast

Atemporal Blood pressure monitor

Atemporal Distance from earth to sun

Atemporal How to start a conversation

Atemporal New York Times

Atemporal Lose weight quickly

In contrast, the “past” query category tends to refer to events in a relatively distant
past.

Future: class characterizing queries about predicted or scheduled events, and the
search results of which should contain future-related information.

Atemporal: class characterizing queries without any clear temporal intent (i.e.,
their returned search results are not expected to be related to time and should not
change much over time). Navigational queries are considered to be atemporal.

Participants were handed a set of query strings and query submission dates and
were asked to develop a system to classify each of the query strings to one of the
four above-mentioned temporal classes. As this problem rather requires different
kinds of knowledge (e.g., historical information or information on planned events),
the participants were allowed to use any external resources to complete the TQIC
subtask as long as the details of external resource usage were described in their
reports. Each participating team was asked to submit a temporal class (past, recency,
future, or atemporal) for each one of the queries. The performance of submitted runs
was measured by the number of queries with correct temporal classes divided by the
total number of queries.
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Table 9.2 Example topics for the TIR subtask (dry run)

Girl with the Dragon Tattoo

Description I have recently watched a film called Girl with
the Dragon Tattoo and I really liked it.
Therefore, I would like to gather information
about the movie

Past question How did the casting of the film develop?

Recency question What did the recent reviews say about the film?

Future question Is there any plan about a sequel?

Atemporal question What are the names of the main actors and
actresses of the film?

Search date 28 Feb 2013 GMT+0:00

9.3.1.2 Temporal Information Retrieval

The Temporal Information Retrieval (TIR) subtask was used to retrieve a set of
documents in response to a search topic that incorporates a time factor. In addition
to a typical search topic description (i.e., title, description, and subtopics), the TIR
search topic description also contains a query submission date (see Table9.2). This
subtask required indexing of the document collection with any standard information
retrieval toolkit. Participants were asked to submit the top 100 documents for each
temporal question per topic (e.g., top 100 documents for a past question and another
100 for a recency question). The retrieval effectivenesswas evaluated by the precision
at 20 for each of the temporal questions. Similar to the TQIC subtask, the results
section presents an analysis of the performance across temporal questions.

9.3.2 NTCIR-12 Temporal Information Access Task Round 2

Temporalia-2 at NTCIR-12 also consisted of two subtasks: temporal intent disam-
biguation and temporally diversified retrieval.

9.3.2.1 Temporal Intent Disambiguation

The Temporal Intent Disambiguation (TID) subtask determined a probability dis-
tribution of a query over four classes denoting the types of temporal intent: past,
recency, future, and atemporal. The definitions of the four classes were based on
TQIC in Temporalia-1. An example of the probability distribution of temporal intents
is shown in Tables 9.3.
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Table 9.3 Example queries for the TID subtask (dry run) with query submission date of May 1,
2013. Ground truth probability of temporal intents was determined by votes from crowd workers

Query Past Recency Future Atem.

Australian open 0.091 0.0 0.455 0.455

Motorcycle
accident June

0.7 0.0 0.3 0.0

NBA finals 0.1 0.0 0.4 0.5

NBA playoff
schedule

0.0 0.2 0.6 0.2

Price of oil 0.0 0.9 0.0 0.1

How to lose
weight

0.0 0.1 0.0 0.9

Time in India 0.0 1.0 0.0 0.0

History of
volleyball

1.0 0.0 0.0 0.0

Table 9.4 Example topics for the TDR subtask

Junk food health effect

Description I am concerned about the health effects of junk
food in general. I need to know more about
their ingredients, impact on health, history,
current scientific discoveries, and any
prognoses

Past question When did junk foods become popular?

Recency question What are the latest studies on the effect of junk
foods on our health?

Future question Will junk food continue to be popular in the
future?

Atemporal question How junk foods are defined?

Search date 29 May 2013 GMT+0:00

9.3.2.2 Temporally Diversified Retrieval

The Temporally Diversified Retrieval (TDR) subtask required participants to retrieve
a set of documents relevant to each of four temporal intent classes for a given topic
description (see Table 9.4). Participants were also asked to return a set of docu-
ments that is temporally diversified for the same topic. They received a set of topic
descriptions, query issuing times, and indicative search questions for each temporal
class (past, recency, future, and atemporal). The objective of the indicative search
questions was to show one possible subtopic under a particular temporal class. Par-
ticipants were asked to develop systems that can produce a total of five search results
per topic (past, recency, future, atemporal, and diversified).
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9.3.3 Implications from Temporalia

This section discusses the implications of Temporalia tasks on system development
and test collection, respectively.

9.3.3.1 Implications on System Development

From the meta-analysis of 17 runs submitted to the TQIC subtask, the classification
of recency queries was found to be the most difficult with 56% accuracy, and past
queries were the easiest with 73%. Another overall trend was that no single approach
was effective across the four temporal classes. A confusion matrix showed that: (1)
atemporal queries are likely to be confused as either recency or past queries (16.7%
and 9.6%, respectively), (2) past queries are likely to be confused as atemporal
queries (13.1%), (3) recency queries are likely to be confused as future or atemporal
queries (28.2% and 13.5%, respectively), and (4) future queries tend to be confused
as recency queries (25.9%). Correlation analysis suggested that it was difficult to
apply the same technique to predict recency queries and atemporal queries with high
accuracy.

The TIR subtask showed a similar pattern with varied performance across the four
classes. No single systemwas able to perform the best for all classes. The learning-to-
rank approach was effective for atemporal and past queries, while BM25 performed
well for recency and future topics.

The meta-analysis of 37 runs submitted to the TID subtask suggested that when
a query was temporally ambiguous and multiple temporal classes can be inferred,
detecting atemporal features was the most difficult. Also, some techniques were
good at modeling temporally less diverse queries (i.e., a fewer number of nonzero
probability classes), while other methods were good at modeling temporally more
diverse queries.

The results of the TDR subtask suggested that a learning-to-rank approach was
effective in retrieving relevant documents for all classes compared to BM25. How-
ever, the best performance on temporal search result diversification was obtained by
a round-robin of BM25 rankings of four temporal classes, suggesting that there is
still room for improvement in this area.

9.3.3.2 Implications for Test Collection

Document Collections

One of the challenges in building a test collection for temporal-aware technolo-
gies was to obtain access to document collections that have rich temporal features.
Temporalia was fortunate to have support to use the “LivingKnowledge news and
blogs annotated sub-collection” constructed by the LivingKnowledge project and
distributed by the Internet Memory Foundation. The collection was approximately
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20 GB large when uncompressed and over 5 GB large when zipped. The collection
spanned from May 2011 to March 2013 and contains around 3.8 million documents
collected from about 1,500 different blogs and news sources. The data were split into
970 files based on the date and sources (there might be more than one file per day).
Texts in the collection were annotated by entities and by temporal expressions that
were resolved to a specific day, month, or year (Matthews et al. 2010). The relative
expressions such as “next month” was resolved based on the publication date of the
articles.

In Temporalia-2, we alsomade efforts to diversify the target language of document
collections to Chinese using SogouCA-20122 and SogouT-2012.3 Similar to the
English collection, SogouCA-2012was based on news articles frommajor publishers
in China. For annotating temporal expressions, a variant of the standard format
TIMEX3 used in TempEval task was applied.4

Relevance Assessments

Another challenge we faced during the construction of Temporalia test collections
was relevance assessment. The temporality of topics and relevance can be subjective
and not always deterministic. Therefore, we used a mixture of methods to ensure
that both queries and documents were temporally annotated for evaluation.

We had a combination of workshops and crowdsourcing in formal runs. In another
series of workshops, participants (not necessarily the same people as topic creators)
were asked to read the formal run topic descriptions carefully and assess the relevance
of the retrieved documents.

The documents were then evaluated using crowdsourcing as for their relevance to
each of the temporal subclasses. For each assigned subtopic, CrowdFlower workers
were asked to identify at least one highly relevant and one irrelevant document. They
were also asked to note the relevant text from original documents in the case of highly
relevant documents. The relevance of these documents was verified by a third person
during the workshop to improve their reliability.

The documents initially identified by the workshop participants were then used
as “test questions” of crowdsourcing jobs. Test questions were questions that crowd-
sourcing workers had to pass to participate in our relevance assessment jobs. We
used CrowdFlower to run relevance judgments. Our configuration of crowdsourcing
is based on common settings used by various IR evaluations (e.g., Kazai et al. 2013).

• Each task had five documents to judge
• Ten cents were paid for one task
• Each task had 120 s of minimum work time
• Each document had at least three judgments

2http://www.sogou.com/labs/dl/ca.html.
3http://www.sogou.com/labs/dl/t-e.html.
4http://www.timeml.org/tempeval2/tempeval2-trial/guidelines/timex3guidelines-072009.pdf.

http://www.sogou.com/labs/dl/ca.html
http://www.sogou.com/labs/dl/t-e.html
http://www.timeml.org/tempeval2/tempeval2-trial/guidelines/timex3guidelines-072009.pdf
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We had several iterations of revising job instructions and relevance criteria before
running all formal run subtopics. We tested both detailed instructions and simple
instructions, but we received mixed responses from workers. Also, detailed instruc-
tions caused the time required for relevance assessment to increase too much. After
several iterations, we decided to use the following three levels of relevance criteria.

Not Relevant The web page does not contain any information to answer the search
question.

Highly Relevant Theweb page discusses the answer to the search question exhaus-
tively. In the case of amultifaceted search question, all ormost subthemes or view-
points are covered. Typical extent: several text paragraphs, at least four sentences
or facts.

Relevant The web page contains some information to answer the question, but
the presentation is not exhaustive. In the case of a multifaceted search question,
only some of the subthemes or viewpoints are covered. Typical extent: one text
paragraph, or one to three sentences or facts.

9.4 Related Work and Broad Impacts

After introducing temporal information retrieval task as a part of GeoTime task at
NTCIR 8, there were several lines of research emerged as a variation of temporal
information retrieval. Kanhabua et al. (2015) is a comprehensive textbook that intro-
duces such research results. Moulahi et al. (2016) also summarizes past efforts in
temporal information retrieval evaluation and discuss future directions. From these
results, we would like to introduce some research that is highly related to the tasks
discussed above.

Strötgen and Gertz (2013), Daoud and Huang (2013) both proposed proximity
methods for the Geotemporal Information Retrieval task. In this method, proximity
of the geographic and temporal information are considered for ranking documents in
addition to the standard information retrieval ranking such as BM25. Another inter-
esting example is event-centric search and exploration (Strötgen and Gertz 2012).
This framework was proposed for analyzing historic documents using geographic
and temporal constraints constructed from event information. In the discussion of
GeoTime, there was a consideration of using the name of an event for time con-
straints. This event-centric approach utilizes these characteristics to find documents
relevant to the event for exploration.

There have been related efforts to construct test collections for InformationAccess
technologies with temporal awareness, such as the TREC Temporal Summarization
Track (2012–2015) (Aslam et al. 2015; Guo et al. 2013) and TRECKnowledge Base
Acceleration Track (2012–2014) (Frank et al. 2014). The TREC Temporal Summa-
rization Track had two subtasks: Sequential Update Summarization andValue Track-
ing. Sequential Update Summarization sought to find timely, sentence-level, reliable,
relevant, and nonredundant updates about developing event, while Value Tracking
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aimed at tracking values of event-related attributes that were of high importance to
the event. TREC Knowledge Base Acceleration Track was a challenge for filtering
a large stream of text to find documents that can help update knowledge bases like
Wikipedia, Facebook, or Crunchbase. Both efforts either explicitly or implicitly had
a focus on recency information about entities. NTCIR Temporalia was, on the other
hand, designed to facilitate research on diverse temporal attributes in a systematic
manner.

There have been several extensions of the original work. For example, Hasanuz-
zaman et al. (2016) applied temporal query intent classification techniques to stock
market analysis. Rizzo and Montesi (2017) used the LivingKnowledge collection to
conduct a temporal analysis of a digital library collection. Finally, Joho et al. (2013,
2015) used the Temporalia test collection to study temporal information-seeking
behavior in a controlled user study and a questionnaire-based study. The studies
identified the difference in resource selection and relevant content types across tem-
poral attributes of information needs. These are some of the ways in which the test
collection for temporal information access can have broader impacts than the original
objectives of the resources.

See the citation of the overview papers (Gey et al. 2010, 2011; Joho et al. 2014,
2016) for more details of broader impacts from GeoTime and Temporalia.

9.5 Conclusion

We have introduced two tasks related to temporal information access in the NTCIR
workshop. GeoTimewas the first attempt to placemore emphasis on temporal search,
and Temporalia provided a framework to examine the performance of time-aware
search application using a test collection. The review of the literature suggests that
these resources have been useful for researchers to advance temporal information
access technologies and to better understanding temporal information-seekingbehav-
ior.
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