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Abstract

Information continuously evolves over time. Because of this dy-
namic nature, time becomes a fundamental dimension that shapes
how we extract, retrieve, interpret, and reason about knowledge.
As information systems are constantly updated, models must de-
termine not only what is relevant, but also when that information
is valid. This tutorial provides a structured and in-depth overview
of the complete temporal information access pipeline: Temporal
Information Extraction (TIE), Temporal Information Retrieval (TIR),
and Temporal Question Answering (TQA). We examine the pro-
gression of temporal methods from early rule-based extraction and
probabilistic retrieval to contemporary transformer-based and large
language model (LLM) architectures. Participants gain a solid un-
derstanding of the core principles underlying the identification and
normalization of time expressions, time-aware document ranking,
and temporal reasoning in retrieval-augmented generation (RAG).
The tutorial concludes with a discussion of open challenges and
future research directions aimed at building Al systems that are
temporally aware, robust, and adaptive. By connecting classical ex-
traction and IR foundations with modern LLM-based reasoning, this
tutorial presents a cohesive and up-to-date perspective on temporal
information systems.
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« Information systems — Specialized information retrieval;
Information retrieval.
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1 Motivation

Time fundamentally shapes how knowledge is created, updated,
and interpreted. Facts change, roles evolve, policies are amended,
scientific findings are revised, and real-world events unfold con-
tinuously. Yet most information access systems — including many
LLMs — are built on largely static assumptions about knowledge.
This mismatch between dynamic reality and static modeling leads
to outdated answers, temporal inconsistencies, and reduced trust
in Al systems.

When a user searches for "best practices for React development"
or asks "What is the EU’s stance on encryption?”, the answer crit-
ically depends on when the question is asked. Recommendations
shift across software versions, policy positions evolve, and factual
knowledge decays over time. Temporal awareness is therefore not
an auxiliary feature of retrieval systems — it is a core dimension of
relevance, contextual appropriateness, and reliability.

The complete temporal information access pipeline addresses
this fundamental challenge by explicitly modeling how time influ-
ences unstructured text. This begins with Temporal Information
Extraction (TIE), which focuses on identifying, normalizing, and
grounding time expressions and events within documents. These
extracted signals then empower Temporal Information Retrieval
(TIR) to perform time-aware ranking and document dating, which
ultimately feeds into Temporal Question Answering (TQA) for rea-
soning over time-dependent facts [4, 9, 19]. Together, these tasks
extend classical NLP and IR notions of relevance by incorporating
temporal validity and evolution.

The rapid adoption of LLMs and Retrieval-Augmented Genera-
tion (RAG) systems has further amplified the importance of tempo-
ral modeling. While LLMs demonstrate strong pattern recognition
and reasoning capabilities, they often exhibit temporal blind spots,
generate outdated information, or fail under temporal perturba-
tions [23]. Without mechanisms for handling knowledge drift and
aligning answers with appropriate timeframes, generative systems
risk producing plausible but temporally incorrect outputs.

Beyond modeling, temporal information access depends criti-
cally on the structure and dynamics of underlying data collections.
Real-world corpora evolve: documents are revised or removed,
knowledge bases are updated, and versioned repositories preserve
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historical states of information. Supporting retrieval over such
evolving collections requires dedicated infrastructure, including
temporal index sharding, time-travel search, and efficient index
maintenance strategies [5, 6]. Moreover, temporal signals in prac-
tice are often noisy or ambiguous — publication time, event time,
modification time, and reference time may diverge — making ex-
traction, normalization, and evaluation particularly challenging.
Benchmark stability, temporal leakage, and snapshot bias further
complicate reliable system assessment.

Although temporal IR has been studied for over a decade, early
work focused primarily on timestamp-based ranking and rule-
driven modeling [5, 14]. In contrast, recent advances introduce
temporal language models, timestamp conditioning, continual adap-
tation, and temporal dense retrieval integrated within RAG archi-
tectures [1, 10, 11, 21, 26, 27]. Despite significant progress, these
developments remain fragmented across subfields. Currently, no
tutorial provides a unified perspective bridging classical temporal
IR with modern neural paradigms.

The most recent related SIGIR tutorial [18] provided a compre-
hensive overview of pre-neural temporal IR methods. However, the
field has since transformed due to the rise of transformer architec-
tures, dense retrieval, temporal language modeling, and LLM-based
systems. Building on our recent survey [19], which reviews over 150
papers, this tutorial synthesizes foundational and modern advances
into a cohesive framework.

By bridging classical IR principles with contemporary neural,
generative, and infrastructure-aware approaches, this tutorial pro-
vides a comprehensive end-to-end view of temporal information
access — from data management and indexing to ranking, reason-
ing, and evaluation. As Al systems increasingly support decision-
making in medicine, law, finance, governance, and everyday life,
temporal reliability is no longer optional; it is essential for building
trustworthy, adaptive, and context-aware intelligent systems.

2 Objectives
By the end of this tutorial, attendees will:

(1) Understand the foundations of TIE, including the identifi-
cation of temporal expressions and events in unstructured
text, and their normalization into standardized formats (e.g.,
TIMEX3).

(2) Understand the fundamental principles of TIR and TQA,
including temporal intent detection, document dating, focus
time estimation, and recency-aware ranking.

(3) Compare classical time-aware retrieval methods (e.g., tem-
poral indexing and timestamp-based ranking) with modern
neural and transformer-based approaches, and understand
how temporal signals are incorporated into dense retrievers,
temporal language models, and RAG pipelines.

(4) Analyze the temporal limitations of LLMs, including out-
dated knowledge, temporal hallucination, and sensitivity to
distribution shifts, and explore paradigms for temporal rea-
soning such as event ordering, duration inference, multi-hop
reasoning, and continual adaptation.

(5) Understand practical challenges in evolving collections, tem-
poral indexing infrastructure, versioned corpora, and evalu-
ation under dynamic knowledge settings.
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(6) Identify open research directions in temporal robustness,
uncertainty modeling, dynamic knowledge updating, and
temporally-aware Al systems.

3 Relevance to SIGIR

The topic directly aligns with SIGIR’s core themes of information
retrieval, ranking, and evaluation. TIE, TIR, and TQA address chal-
lenges such as extracting temporal metadata, time-aware ranking,
document dating, recency modeling, and retrieval over evolving col-
lections. As search systems increasingly operate over dynamic and
continuously updated corpora, the ability to accurately extract time
signals and use them for temporal awareness becomes a critical
dimension of relevance estimation and system reliability.

The recent integration of LLMs into retrieval pipelines further
amplifies these challenges. While LLM-based systems are now
widely studied within the SIGIR community, their temporal limita-
tions — including outdated knowledge, temporal inconsistencies,
and sensitivity to distribution shifts — remain insufficiently ad-
dressed. This tutorial connects long-standing research in temporal
IR with contemporary advances in neural retrieval, dense indexing,
and RAG, highlighting how temporal reasoning and recency aware-
ness can enhance the robustness and trustworthiness of modern
retrieval systems.

The tutorial also builds upon SIGIR’s prior engagement with
temporal IR, including the 2016 SIGIR tutorial on Temporal Infor-
mation Retrieval [18]. Since then, the field has evolved substantially
with the rise of transformer architectures, temporal language mod-
els, and dynamic evaluation frameworks. This tutorial updates and
extends these foundations in light of recent developments.

A related version of this tutorial will be presented at The Web
Conference 2026, where the emphasis is placed on web-scale dy-
namics and evolving content ecosystems. In contrast, this SIGIR
2026 edition is specifically tailored to the IR community by pre-
senting a complete, end-to-end pipeline that explicitly introduces
TIE alongside Retrieval and Answering. Furthermore, it places a
stronger emphasis on core IR research settings, including ranking
models, temporal indexing strategies, evaluation methodologies,
and retrieval-augmented generation. The material has been sub-
stantially expanded and adapted to reflect these methodological
additions, aligning closely with the priorities of the SIGIR audience.

Overall, the tutorial offers a timely and IR-centered contribution
to the SIGIR 2026 audience by integrating foundational temporal IR
research with modern neural and generative retrieval paradigms.

4 Format and Audience

Format: This tutorial is to be conducted in a lecture-style format
as a half-day, on-site session with scheduled breaks.

Intended Audience: This tutorial is aimed at researchers, students,
and practitioners in NLP and IR who are interested in temporally
aware LLM and RAG systems. It is suitable for introductory to
intermediate audiences in both academia and industry.
Prerequisite Knowledge: Attendees are expected to have a basic
familiarity with language models and information retrieval. The
tutorial is self-contained and introduces key concepts in temporal IR,
time-aware RAG, temporal reasoning in LLMs, and the evaluation
of temporal reliability.
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Section & Duration

Topics and Learning Objectives

1. Introduction and Motivation (15 min)

2. The Temporal Pipeline: Extraction, Retrieval, &
QA (25 min)

3. Foundations: Pre-LLM Extraction & Retrieval
(20 min)

4. Neural and Transformer-based Temporal Mod-
els (20 min)

Goal: Establish why time is a fundamental dimension in information access.

e Why time matters in NLP and IR: recency, evolution, factual decay.

o Key challenges: knowledge volatility, temporal ambiguity, context shift.

o Core definitions: introducing the Extraction — Retrieval — Answering pipeline.

Goal: Introduce the core canonical tasks, formats, and benchmarks across the pipeline.
Extraction (TIE): Recognizing time expressions/events and normalization (e.g., TIMEX3).
Retrieval (TIR): Temporal intent detection, document dating, focus time estimation.
Answering (TQA): Temporal granularity and query understanding.

Benchmark overview: design, extraction metrics, and evaluation paradigms.

Goal: Review classical methods prior to the neural era.

o Rule-based and statistical temporal extraction (e.g., HeidelTime, SUTime).

o Probabilistic and temporal language modeling approaches for retrieval.

e Temporal indexing, metadata annotation, and early ranking strategies.

Goal: Explain the evolution of temporal representation learning.

o Transformer-based extraction (NER for time/events) and temporal language models.
o Temporal adaptation, continual learning, and timestamp conditioning.

e How neural encoders capture or forget temporal signals.

Quick Q&A (10 min) Clarify foundational concepts (TIE and TIR) and prepare participants for the RAG and reasoning
sections.
Coffee Break (15 min) Informal networking and discussion.

5. Temporal RAG and Reasoning (30 min)

6. Data, Infrastructure, and Evolving Collections
(20 min)

7. Emerging Topics and Open Challenges (10 min)

8. Concluding Discussion and Q&A (15 min)

Goal: Explore answering and reasoning in LLM-based temporal systems.

o Integrating extracted temporal metadata within LLM pipelines (Temporal RAG).
o Temporal dense retrievers and alignment.

e Temporal reasoning: event ordering, duration inference, multi-hop reasoning.

o Benchmarks for evaluation and temporal reasoning limits of LLMs.

Goal: Address real-world challenges in applying the pipeline to dynamic collections.
Applying extraction at scale: metadata reliability and noisy temporal signals.
Evolving corpora: updates, revisions, and versioned collections.

Temporal index sharding, archive search, and time-travel retrieval.

Evaluation under dynamic and temporally shifting datasets.

Goal: Discuss open challenges and future directions.

o Temporal uncertainty, diachronic-synchronic integration.

o Continual updates, temporally aware LLM agents, dynamic evaluation.
Goal: Summarize insights and engage participants.

o Key takeaways unifying Extraction, Retrieval, and Answering.

o Interactive discussion on open research problems.

Table 1: Tutorial structure, and learning objectives (total duration: 3 hours, including a 10-minute Q&A and 15-minute coffee

break).

5 Tentative Outline & Schedule

o Related Papers: We have compiled a repository of related re-

The tutorial spans 3 hours and comprises 8 main sections. We search papers and resources, accessible at:

present a detailed breakdown of the tutorial’s structure in Table 1.

6 Tutorial Material

The materials and logistics are summarized below:

https://github.com/DataScienceUIBK/Temporal QA-Survey
e Organization details: The tutorial will be delivered in an on-site
format, with all presenters physically attending and presenting.

7 Presenter Qualifications

The tutorial is delivered by a team of three senior and one junior

e Duration: The tutorial is planned as a 3-hour session. researcher with extensive expertise in temporal information extrac-
e Tutorial Website: Our tutorial website is available at: tion, retrieval, question answering, temporal reasoning, and large
https://datascienceuibk.github.io/temporal-ir-extraction-tutorial- language models [1, 5, 6, 12-14, 17, 20, 24-26]. Collectively, the
sigir2026/ instructors maintain a strong record of publications and commu-
o Slides: All presentation slides will be made publicly available on nity service in these areas, covering both foundational and applied

the tutorial website after the event.

e Survey: Our preprint survey paper is available at:

https://arxiv.org/abs/2505.20243

aspects of time-aware information access.
Bhawna Piryani focuses on temporal IR and QA in her PhD study,
contributing to recent work on temporally robust retrievers and
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LLM-based temporal reasoning. She is the lead author of the recent
survey on Temporal Question Answering [19].

Avishek Anand has organized and delivered tutorials at top IR
venues, including Explainable Information Retrieval [7, 8] (SIGIR
2023, FIRE 2023) Question Answering on the Curated Web [22] (SIGIR
2020, ICTIR 2021) and Temporal Information Retrieval [18] (SIGIR
2016).

Omar Alonso has extensive experience in temporal informa-
tion retrieval, recency-aware ranking, and search evaluation un-
der dynamic conditions, with research examining how temporal
signals influence ranking models, freshness modeling, query in-
tent, and large-scale search architectures [2-4]. Bridging founda-
tional research and real-world deployment, he brings both academic
and industry perspectives on designing, evaluating, and deploying
temporally-aware retrieval systems at scale under evolving data
conditions.

Adam Jatowt has been an active contributor to the Temporalia
Task Series [15, 16] and has multiple publications on temporal
ranking, intent detection, development of various temporal tasks
and evaluation of time-aware systems. He co-authored comprehen-
sive surveys on temporal IR [9, 19].

Together, the team brings complementary expertise in temporal
extraction, retrieval, QA, explainability, and LLM-based reason-
ing, ensuring a comprehensive and high-quality introduction to
Temporal Information Extraction, Retrieval, and Question
Answering.
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