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ABSTRACT
The core of information retrieval (IR) is to identify rele-
vant information from large-scale resources and return it
as a ranked list to respond to user’s information need. In
recent years, the resurgence of deep learning has greatly
advanced this field and leads to a hot topic named NeuIR
(i.e., neural information retrieval), especially the paradigm
of pre-training methods (PTMs). Owing to sophisticated
pre-training objectives and huge model size, pre-trained
models can learn universal language representations from
massive textual data, which are beneficial to the ranking
task of IR. Recently, a large number of works, which are
dedicated to the application of PTMs in IR, have been intro-
duced to promote the retrieval performance. Considering the
rapid progress of this direction, this survey aims to provide

∗Yixing Fan and Xiaohui Xie contributed equally to this survey. Jiafeng Guo is
the corresponding author.
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a systematic review of pre-training methods in IR. To be
specific, we present an overview of PTMs applied in different
components of an IR system, including the retrieval compo-
nent, the re-ranking component, and other components. In
addition, we also introduce PTMs specifically designed for
IR, and summarize available datasets as well as benchmark
leaderboards. Moreover, we discuss some open challenges
and highlight several promising directions, with the hope
of inspiring and facilitating more works on these topics for
future research.
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1
Introduction

Information retrieval (IR) is a fundamental task in many real-world
applications, such as Web search, question answering systems, digital
libraries, and so on. The core of IR is to identify information resources
relevant to user’s information need (e.g., query or question) from a large
collection. Since there might be more than one relevant resource, the
returned result is often organized as a ranked list of documents (e.g.,
Web pages, answers, or responses) according to their relevance degree
against the information need. Such ranking property of IR makes it
different from other tasks, and researchers have devoted substantial
efforts to develop a variety of ranking models in IR.

Over the past decades, many different ranking models have been
introduced and studied, including vector space models (Salton et al.,
1975), probabilistic ranking models (Robertson and Jones, 1976), and
learning to rank (LTR) models (Li, 2014). These methods have been
successfully applied in many different IR applications, such as Web
search engines like Google, news recommender systems like Toutiao,
community question answering platforms like Quora, to name a few.
More recently, a large variety of neural ranking models have been
proposed, leading to a hot topic named NeuIR (Craswell et al., 2017)

3
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4 Introduction

(i.e., neural information retrieval). Different from previous non-neural
ranking models that rely on elaborately-designed features and manually-
designed functions, neural ranking models can automatically learn
low-level dense representations from data as ranking features. Despite
the success of neural models in IR, a major performance bottleneck lies
in the availability of large scale, high-quality and labeled datasets as
deep neural models often have a large number of parameters to learn
(Dehghani et al., 2017b).

In recent years, PTMs have brought a storm and fueled a paradigm
shift in Nature Language Processing (NLP) (Qiu et al., 2020). The idea
is to firstly pre-train models with self-supervised language modeling,
e.g., predicting the probability of a masked token, and then adapt
the pre-trained model to downstream tasks by introducing a small
number of additional parameters and fine-tuning them with some task-
specific objectives. As is demonstrated in recent works (Peters et al.,
2018; Howard and Ruder, 2018), these pre-trained models are able to
capture a decent amount of linguistic knowledge as well as factual
knowledge, which are beneficial for downstream tasks and can avoid
learning such knowledge from scratch. Moreover, with the increasing
amount of computational power and the emergence of the Transformer
architecture (Vaswani et al., 2017), we can further improve the capacity
of pre-trained models by updating the parameter scale, e.g., from million-
level to billion-level (e.g., BERT (Devlin et al., 2019) and GPT-3 (Brown
et al., 2020)) and even trillion-level (e.g., Switch-Transformers (Fedus
et al., 2021)). Both of these are desirable properties for modeling the
relevance in IR.

On one hand, pre-trained embeddings, which are learned on huge
textual corpus with self-supervised modeling objectives, are able to
capture intrinsic semantics inside queries and documents. On the other
hand, large-scale pre-trained models with deeply stacked Transformers
have sufficient modeling capacities to learn complicated relevance pat-
terns between queries and documents. Owing to these potential benefits,
we have witnessed explosive growth of research interest in exploiting
PTMs in IR (Onal et al., 2017; Lin et al., 2021a). Note that in this
survey, we focus on PTMs in text retrieval, which is central to IR.
Readers who are interested in PTMs in content-based image retrieval or
multi-modal retrieval could refer to Dubey (2020) and Fei et al. (2021).

Full text available at: http://dx.doi.org/10.1561/1500000100
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Up to now, numerous studies have been devoted to the application
of PTMs in IR. In academia, researchers have carried out a variety
of innovation and initiative in the usage of PTMs in IR. For exam-
ple, earlier attempts tried to leverage pre-trained word embeddings
to promote ranking models, and have achieved some notable results
(Onal et al., 2017). More recent works proposed improving existing pre-
trained models by either reforming the model architecture (MacAvaney
et al., 2020; Khattab and Zaharia, 2020; Gao and Callan, 2021a) or
considering novel pre-training objectives (Chang et al., 2020; Ma et al.,
2021b; Ma et al., 2021c), which can better meet the requirements of IR.
Meanwhile, in industry, Google’s October 2019 blog post1 and Bing’s
November 2019 blog post2 both showed that pre-trained ranking models
(e.g., BERT-based models) can better understand the query intent and
deliver a more useful result in practical search systems. Besides, looking
at the ranking leaderboard3 today, we can see that most top-ranked
methods are built on PTMs, just by looking at the names of these
submissions. Considering the increasing number of studies on PTMs in
IR, we believe that it is the right time to survey the current literature,
highlight advantages and limitations of existing methods, and gain some
insights for future development.

In this survey, we aim to provide a systematic and comprehensive
review of works about PTMs in IR. It covers PTMs published in major
conferences (e.g., SIGIR, TheWebConf, ICLR, WSDM, CIKM, AAAI,
ACL, and ECIR) and journals (e.g., TOIS, TKDE, TIST, IP&M, and
TACL) in the fields of deep learning, natural language processing, and
information retrieval from the year 2016 to 2021. There exists some
previous works discussing related topics. For example, both Onal et al.
(2017) and Guo et al. (2020) reviewed the landscape of neural retrieval
models used in three major IR tasks. They also discussed early usage
of pre-trained embeddings in neural ranking models, but did not cover

1https://www.blog.google/products/search/search-language-understanding-b
ert/ Date accessed: 23 June 2022.

2https://azure.microsoft.com/en-us/blog/bing-delivers-its-largest-improveme
nt-\in-search-experience-using-azure-gpus/ Date accessed: 23 June 2022.

3https://microsoft.github.io/msmarco/#docranking Date accessed: 23 June
2022.

Full text available at: http://dx.doi.org/10.1561/1500000100

https://www.blog.google/products/search/search-language-understanding-bert/
https://www.blog.google/products/search/search-language-understanding-bert/
https://azure.microsoft.com/en-us/blog/bing-delivers-its-largest-improvement-\in-search-experience-using-azure-gpus/
https://azure.microsoft.com/en-us/blog/bing-delivers-its-largest-improvement-\in-search-experience-using-azure-gpus/
https://microsoft.github.io/msmarco/#docranking


6 Introduction

every aspect of PTMs in IR. Guo et al. (2022) reviewed semantic models
for the first-stage retrieval, including early semantic retrieval models,
neural retrieval models, and retrieval models based on PTMs. More
recently, Lin et al. (2021a) provided a thorough survey of transformer-
based models for IR, which reviews existing literature on the application
of pre-trained contextual embedding in text ranking. Different from
these works, we make a comprehensive overview of PTMs applied in
IR, including the usage of pre-trained word embeddings as well as the
application of pre-trained transformers. More specifically, we review the
application of PTMs in different components of an IR system, including
the first-stage retrieval component, the re-ranking component, and other
components. We also describe PTMs specifically designed for IR tasks,
as well as resources for pre-training or fine-tuning ranking models. In
addition to the model discussion, we also introduce some open challenges
and suggest potential research directions for future works.

The structure of this survey is organized as follows. We will firstly
provide a systematic overview of IR in Section 2. Following this, we
then review works about PTMs applied in the retrieval component,
the re-ranking component, and other components in Sections 3 to 5,
respectively. In Section 6, we present works in designing novel PTMs
tailored for IR. We also summarize available large-scale datasets as well
as popular benchmark leaderboards in Section 7. Finally, we conclude
this survey in Section 8 and raise some promising directions for future
research.
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