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1. Introduction

Summarization is the process of extracting the most important information
from a text and presenting it in a condensed form. With vast amounts of in-
formation produced at an unprecedented rate, organizations and individuals
alike face unique challenges, heightening the demand for effective summa-
rization systems. For researchers of many fields, it is challenging to keep up
with the latest developments in their field including Artificial Intelligence itself
as vicariously indicated by the number of journal publications per year which
has almost tripled since 2015 (D. Zhang et al. 2022).

In general, two different forms of summarization are distinguished: ex-
tractive and abstractive. In extractive summarization, the system is tasked
with selecting passages from the document to be included in the summary.
Abstractive summarization, on the other hand, aims to rephrase the most im-
portant aspects of a document with a different syntax. As language models are
becoming more and more capable, research is increasingly shifting from ex-
tractive to abstractive summarization, which is considered more challenging,
but also more fluent, diverse, and readable.

This paper covers recent advances in abstractive text summarization, with
a focus on pre-trained encoder-decoder models (Section 2), large autoregres-
sive language models (Section 3), and instruction-tuned variants (Section 4).
While aiming to be reasonably comprehensive, Figure 1 gives an overview of
the covered models. In Section 5, current evaluation protocols are discussed in
the context of the paradigm shift towards large language models. At the end of
the paper, we discuss limitations, potentials (Section 6), and current commer-
cialization efforts (Section 7).
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2. Pre-trained encoder-decoder models

Figure 1: Current summarization systems can be broadly divided into pre-trained
encoder-decoder models and large autoregressive language models. In general, instruc-
tion-tuned models are most capable when it comes to zero-shot summarization. Other
encoder-decoder models usually require fine-tuning, while autoregressive LLMs are less
effective without instruction tuning. [llustration courtesy of the author.
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Pre-trained encoder-decoder models have gained tremendous popularity
in recent years and are now widely established in the field of natural language
processing. These models are trained in a self-supervised setting on a large,
unlabeled corpus. Notable examples include models such as the denoising
autoencoder BART (Lewis et al. 2020) and Ts (Raffel et al. 2020) that is trained
on a fill-in-the-blank objective. UL2 (Tay et al. 2022) serves as a more re-
cent example that generalizes and combines several denoising pre-training
objectives. By fine-tuning these models on task-specific datasets, they have
achieved state-of-the-art results across many tasks including summarization.
Some pre-trained models are specifically designed for the task of summariza-
tion by choosing a pre-training objective that resembles summarization. For
example, in Figure 2, the architecture of PEGASUS (J. Zhang et al. 2020) can be
observed, which is trained by removing important sentences from the input
document and tasking the model with regenerating them. In a comprehensive
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evaluation of 23 models for the summarization task, Fabbri et al. (2021: 400)
conclude that PEGASUS, BART, and Ts “consistently performed the best on
most dimensions”, which involves human evaluations as well as automatic
metrics. Recently, a task-specific fine-tuning mechanism called BRIO (Liu et
al. 2022) was proposed for summarization. This method introduces a con-
trastive learning component to prevent assigning the entire distribution mass
to the reference summary and instead account for candidate summaries as
well. BRIO has been applied to several models, including BART and PEGASUS.
Another noteworthy model is Z-Code++ (P. He et al. 2023), as it incorporates
an intermediate task-adaptive fine-tuning step using a broad collection of
summarization datasets before fine-tuning on a specific summarization task.
This method has been shown to be especially effective in low-resource settings.

3. Large autoregressive language models

Another significant paradigm shift is the recent emergence of large autore-
gressive language models (LLMs). These decoder-only models tend to have
many more parameters and are trained using the traditional causal language
modeling objective of predicting the next token in a sequence. Brown et al.
(2020) were the first to demonstrate that this approach, at scale, enables zero-
shot prompting to perform a wide variety of downstream tasks. Without any
gradient updates, this involves priming the model with a task-specific natural
language prompt (e.g., “Question: question Answer:”) and then producing
an output by sampling from the model. The same paradigm also allows for
zero-shot summarization, which can be achieved by appending “TL;DR:” to a
prompt, among other options.

The most popular model in this category is GPT-3 (Brown et al. 2020) with
its 175B parameters. OPT (S. Zhang et al. 2022) and BLOOM (BigScience Work-
shop 2022) are two open-source alternatives aimed to replicate the results. Go-
pher (Rae et al. 2022) and PaLM (Chowdhery et al. 2022) take this approach to
the extreme by scaling to even larger model sizes of up to 560B parameters.
On the contrary, Chinchilla (Hoffmann et al. 2022) and LLaMA (Touvron et al.
2023) take scaling laws and compute budgets more strictly into consideration
and this way achieve training a 70B respectively 65B model while still being able
to match or outperform larger models. It is also worth mentioning the Galac-
tica 120B scientific language model (Taylor et al. 2022), which demonstrates
the effectiveness of specialized LLMs. It outperforms other LLMs in its spe-
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cificdomain by using a sophisticated dataset design that incorporates domain-
adapted tokenization. It treats citations and modalities such as chemical for-
mulas and protein sequences in a special manner by introducing task-specific
tokens for them.

Figure 2: The PEGASUS architecture with its pre-training objectives. The model combines Masked
Language Modeling (MLM) as well as Gap Sentences Generation (GSG). As part of GSG, important
sentences are masked and used as a target for the decoder. The importance is proximately scored by
ROUGE-1 between a sentence and the remaining portions of the document. Taken from . Zhang et al.
2020.

Masked tokens [ mythical J [ names J [ It is purewhite . <eos> ] Target text
t t i
Transformer Encoder Transformer Decoder
ttt trtt ottt O
Input text [ Pegasus is v.\It uure white . (S;ia';iz":?;:‘ .

Original [ Pegasus is mythical . It is pure white . It names the model . ]
D

4. Instruction-tuned models

Instruction tuning refers to the process of fine-tuning a pre-trained model
with a diverse range of datasets that are described using natural language task
instructions. This step ensures that the training process is more aligned with
how the model will be used during inference and has been shown to signif-
icantly improve performance on zero-shot tasks. It enables the model to be
straightforwardly and more reliably instructed to perform a certain task. For
instance, it is now possible to use “Summarize the article: article” as a prompt
for the summarization task. More prompt examples are shown in Figure 3.
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Figure 3: Exemplary instructions for zero-shot summarization using GPT-3. Notably,
the natural language instructions of LLMs enable greater control over tasks, such as
length-constrained summarization. Taken from Goyal/Li/Durrett 2022.

CNN article: https://www.cnn.com/2022/09/09/politics/judge-throws-
out-trumps-rico-lawsuit-against-hillary-clinton-and-democrats/index.html

Length-constrained prompt
Summarize the above article in 2 sentences.

GPT-3: Donald Trump's lawsuit against Hillary Clinton, the Democratic
National Committee, and several other individuals and entities has been
dismissed by a federal judge. The judge ruled that Trump's claims are
unsupported by any legal authority and that many of his specific factual
assertions are implausible or unsupported.

Keyword-constrained prompt
Summarize the above article briefly focusing on Alina Habba.

GPT-3: Alina Habba is an attorney for Donald Trump. She stated that
Trump will "immediately move to appeal this decision." Habba also said
that the judge's opinion is "rife with erroneous applications of the law" and
that it "disregards the numerous independent governmental investigations
which substantiate our claim that the defendants conspired to falsely
implicate our client and undermine the 2016 Presidential election."

To tune models for instructions, the most common approaches are super-
vised fine-tuning and reinforcement learning from human feedback (RLHF,
Christiano et al. 2017). When it comes to pre-trained encoder-decoder mod-
els, there are several popular instruction-tuned models available. For instance,
To (Sanh et al. 2022) and FLAN-T5 (Chung et al. 2022), which are both based
on Ts, have gained significant traction among practitioners. The same is true
for large autoregressive language models of which most have an instruction-
tuned equivalent: InstructGPT (Ouyang et al. 2022), OPT-IML (Iyer et al. 2023),
BLOOMZ (Muennighoff et al. 2023), FLAN-PaLM (Chung et al. 2022). Taylor et
al. (2022) demonstrated with Galactica an alternative approach to enable rudi-
mentary instruction prompting with their prompt pre-training method. This
involves adding task prompts to the pre-training, rather than tuning the model
after pre-training. A recent trend in the open-source community is to fine-tune
LLMs based on conversational and instruction-following data generated by an
existing and strong instruction-tuned LLM such as ChatGPT. This hasled to the
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development of Alpaca and Vicuna, both of which are based on LLaMA (Taori
etal. 2023; The Vicuna Team 2023;Y. Wang et al. 2023). The task of summariza-
tionis represented in most natural-language-prompted datasets. For example,
in the API prompt dataset used by InstructGPT, 4.2% of instructions fall under
the ’summarization’ use case. Similarly, To augments classic summarization
datasets like CNN Daily Mail (Nallapati et al. 2016) or SamSum (Gliwa et al.
2019) with instruction templates that can be used to fine-tune the model.

5. Evaluation of large language models

Most commonly, summarization systems are evaluated on automated met-
rics. ROUGE (Lin 2004) in particular has a long-standing history in the field
and measures the lexical overlap between reference summaries and generated
summaries. More recent metrics such as BertScore (Zhang et al. 2019) and
BARTScore (Yuan/Neubig/Liu 2021), which are better at capturing semantic
equivalence, are also becoming increasingly established. However, as large
language models become more capable and generalize to a wide range of
tasks, they are less frequently or thoroughly evaluated on summarization
tasks specifically. Instead, they are evaluated on benchmark suits that focus
on question answering and common-sense reasoning, such as SuperGLUE (A.
Wang et al. 2019) or MMLU (Hendrycks et al. 2020), that do not explicitly in-
volve summarization. As a result, several research groups have independently
investigated the capabilities and limitations of LLMs in summarization more
recently (Goyal/Li/Durrett 2022; Bhaskar/Fabbri/Durrett 2023; Liu et al. 2023;
Qinetal. 2023;Xiao et al. 2023; Yang et al. 2023; T. Zhang et al. 2023). According
to Goyal, Li, and Durrett (2022), summaries generated by instruction-tuned
GPT-3 receive lower scores on automatic metrics compared to fine-tuned
encoder-decoder models (To and BRIO). Despite this, the model outperforms
them significantly in human evaluation. The conducted human evaluation by
T. Zhang et al. (2023) suggests that they even surpass the reference summaries
in quality and are on par with high-quality summaries collected separately for
this evaluation. These works cast great doubt on existing evaluation protocols,
especially in the context of this paradigm shift. Several of the works describe
the low correlation of automatic metrics with human judgment, low reference
quality, lacking inter-annotator agreement, and different summarization
styles (in length, abstractiveness, formality) as problematic. This is in line
with issues raised in previous works such as Fabbri et al. (2021) that point
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out the lack of comparability of summarization evaluation protocols — for
automated metrics and human evaluation alike. Considering these issues and
with summarization systems rivaling human performance, T. Zhang et al.
(2023: 10) hypothesize that a limit is reached in evaluating “single-document
news summarization”, while Yang et al. (2023: 5) call for “rethinking further
directions for various text summarization tasks”. In fact, the “glass ceiling”
phenomenon has been observed more broadly in natural language generation,
with even recent automated metrics barely improving correlation with human
judgment (Colombo et al. 2022).

6. Limitations and new frontiers

As discussed, there are severe limitations to the current evaluation metrics
and protocols, and finding a new standard is an essential area for future
research. Liu et al. (2023), for example, suggest using atomic facts to reduce
ambiguity in human evaluation, while a recent work in the area of machine
translation shows that LLMs themselves make state-of-the-art evaluators
offering greater correlation with human judgment than any other automatic
metric (Kocmi/Federmann 2023). The latter is also supported by Kadavath
et al. (2022), who find that LLMs are capable of self-evaluation. At the same
time, LLMs are known to suffer from hallucinations (Ji et al. 2023) and as sum-
marization moves to higher levels of abstractiveness, factuality comes into
question. Works like Bhaskar/Fabbri/Durrett (2023) or Goyal/Li/Durrett (2022)
show that summarization factuality is still an unsolved issue for LLMs, while
others openly discuss how to measure factuality in the first place (Kryscinski
et al. 2020; Pagnoni/Balachandran/Tsvetkov 2021).

6.1 Long document summarization

Despite exponential progress (see Figure 4), many current summarization sys-
tems are still hindered by the limited context windows of language models
which prevent them from processing longer documents that would especially
benefit from summarization such as lengthy news articles, scientific papers,
podcasts, or books. There are several common strategies to overcome this lim-
itation. One simple method involves truncating the input text (Zhao/Saleh/Liu
2020;A. Wang et al. 2022). For some document types such as news articles, this
might serve as a reasonable strategy, as they tend to convey the most salient
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information in the beginning. In fact, selecting the first k sentences (Lead-k)
is often used as a baseline summary for news summarization systems (See/
Liu/Manning 2017; Zhong et al. 2019). In a similar vein, for the summariza-
tion of scientific papers, often only the abstract, introduction, and conclusion
(AIC) are passed to the summarizer, as previous research found these sections
to be the most salient (Sharma/Li/Wang 2019; Cachola et al. 2020). Another
approach is to employ an extractive summarizer or retrieval module such as
Dense Passage Retriever, Karpukhin et al. (2020), as part of a two-stage system,
to select important segments before passing the text to the abstractive sum-
marizer (Liu/Lapata 2019b; Ladhak et al. 2020; A. Wang et al. 2022). There are
also transformer architectures that do not suffer from these limitations such
as LED (Beltagy/Peters/Cohan 2020) or LongTs (Guo et al. 2022) which replace
O(n®) attention patterns with more efficient ones. Finally, experiments have
been conducted on summarizing chunks of the text in potentially multiple iter-
ations before producing a final, coherent summary (Gidiotis/Tsoumakas 2020;
Zhao/Saleh/Liu 2020; Wu et al. 2021; Y. Zhang et al. 2022; Yang et al. 2023).

Figure 4: The context length has been steadily and exponentially increasing in open-source and
closed-source language models alike. Not considered are models like LED, which specifically try to
maximize the context length at the cost of performance otherwise. Illustration courtesy of the author.
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6.2 Multi-document summarization

The process of creating a summary from a collection of documents related
to a specific topic is called multi-document summarization (MDS). This
presents similar challenges to summarizing a long document, as the problem
of limited context length is amplified when multiple documents are involved.
Understanding the relationships between the documents is also essential for
completing the task effectively. The first strategy for MDS is to simply concate-
nate all documents into one large text and use techniques designed for single-
document summarization. However, this requires the model to process very
long sequences. Therefore, a two-stage process similar to that used for long
document summarization is commonly employed (Liu et al. 2018; Liu/Lapata
2019a). State-of-the-art approaches also use hierarchical architectures or
graph-based methods to capture inter-document relations (Liu/Lapata, 2019a;
W. Li et al. 2020; Pasunuru et al. 2021). At the same time, MDS approaches
increasingly aim to utilize pre-trained encoder-decoder models such as BART,
Ts, or PEGASUS (Goodwin/Savery/Demner-Fushman 2020; Pasunuru et al.
2021). One recent and noteworthy model in this category, PRIMERA, is specif-
ically designed for MDS and builds upon the foundations laid by PEGASUS
(Xiao et al. 2022). For the GSG objective, PRIMERA chooses sentences that
represent clusters of documents. It employs a document concatenation ap-
proach and architecturally uses LED to handle long sequences. In this manner,
the model is generally applicable, and there are no dependencies on specific
datasets. Although there is no scientific evaluation yet, the recent emergence
and popularity of practical tools like LangChain and Llamalndex hint towards
the use of LLMs to handle collections of documents. For instance, Llamalndex
enables the storage of documents in an index that is organized like a tree, with
each node representing a summary of its child nodes.

6.3 Controllable summarization

Controllable summarization is a multifaceted research question that refers to
both the form or style (such as length, formality, or abstractiveness) and the
content of a summary. The summary may be conditioned on a specific aspect or
entity or, more broadly, on any given keyword or query. In recent years, a wide
variety of approaches have been proposed. One of the most comprehensive sys-
temsis CTRLSum (J. He et al. 2022), a pre-trained encoder-decoder that gener-
alizes controllability by utilizing keywords and prompts alike. In evaluations,
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the authors show the effectiveness of their method for length and entity con-
trol, as well as some more specialized tasks (e.g., patent purpose summariza-
tion). Recent studies conducted by Goyal/Li/Durrett (2022), Xiao et al. (2023),
and Yang et al. (2023) offer initial insights into the potential of instruction-
tuned LLMs like GPT-3 and ChatGPT. These systems have shown great promise
for diverse summarization tasks based on keywords, aspects, and queries. Fig-
ure 3 shows two examples of how zero-shot prompting can enable controllable
summarization in such systems. Nevertheless, the potential of LLMs for this
task is still largely unexplored. Yang et al. (2023) note that their results can
only serve as a lower bound, as the models are naively prompted without any
prompt tuning or self-correction. A first glimpse of the potential of a more so-
phisticated prompting strategy is provided by Xiao et al. (2023) who suggest
editing generated summaries with an editor model based on instructions from
a separately trained model. In stark contrast, there is also a significant amount
of research that focuses on controlling only one aspect of summarization. For
example, in length-controllable summarization alone, systems have been pro-
posed that early-stop the decoding process (Kikuchi et al. 2016), select informa-
tion before passing it to the summarizer (LPAS; Saito et al. 2020), or incorpo-
rate length information as part of the input (Kikuchi et al. 2016; Liu/Luo/Zhu
2018). More recently, Liu, Jia, and Zhu (2022) also introduced a length-aware
attention mechanism (LAAM).

6.4 Multi-modal summarization

So far, most research attention has been given to text summarization sys-
tems. However, there is an abundance of media and content such as podcasts,
movies, and meetings that not only involve text but also other modalities in-
cluding images, videos, and audio. These other modalities potentially contain
key information that a pure text summarization system might miss, thus
creating a semantic gap. For instance, H. Li et al. (2017) have demonstrated
the importance of including audio and video information in the task of sum-
marizing multimedia news, while the work of M. Li et al. (2019) has shown
the value of including participants’ head orientation and eye gaze when sum-
marizing meetings. One of the key challenges of multi-modal summarization
systems is the fusion of different input modalities. Currently, most systems
take a late-fusion approach (see Jangra et al. 2023), for example by utilizing a
pre-trained encoder. However, recently, a number of promising Transformer-
based models have been proposed, which allow the input of diverse modalities
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such as Perceiver 10 (Jaegle et al. 2021) or GATO (Reed et al. 2022) that have yet
to be applied for the summarization task.

7. Commercialization

With language models having surpassed a certain level of performance, the
creation and integration of these models into products and tools have become
increasingly common, leading to a “gold rush” of NLP startups (Butcher 2022;
Toews 2022). For summarization systems in particular, the context lengths of
models are of utmost importance and have expanded exponentially in recent
years as can be seen in Figure 4, to a level that is practical for more tasks and
commercially viable. As such, many summarization systems have become
productized and have been made available in consumer-oriented interfaces
over the past year. In 2022, Google introduced document summarization in
Google Docs (Saleh/Kannan 2022) and conversation summarization in Google
Chat (Saleh/Wang 2022), both powered by fine-tuning the PEGASUS model.
However, low-quality summaries in the datasets are mentioned as problem-
atic. To tackle this issue, the developers utilize techniques such as dataset
distillation, data formatting, and clean-ups, while continuing to collect more
training data. Through knowledge distillation, they distill the models into
more efficient hybrid architectures of a transformer encoder and a recurrent
neural network (RNN) decoder. Separately, an additional model is trained to
filter out generated summaries that are of low quality. More recently, Microsoft
announced plans to roll out meeting summarization powered by GPT-3.5 in
Microsoft Teams in Q2 2023 (Herskowitz 2023), but they have not provided
any further technical details. Discord, the community messaging platform,
uses “OpenAl technology” for grouping messages into topics for conversation
summaries (Midha 2023). Zoont’s recent smart recording feature, which in-
cludes meeting summarization and smart chaptering, vaguely mentions the
use of GPT-3 to “augment” its own models (Parthasarathy 2023). Cohere just
launched a dedicated text summarization endpoint (Hillier/Gallé 2023) that
largely avoids several problems of LLMs such as the need for prompt engineer-
ing and limited context length. In addition, they offer settings to gain more
control over the generated summaries: the level of extractiveness, the length,
and the format (either fluent text or bullet points). More broadly, access to any
standard LLM naturally allows for summarization by specifying the respective
prompt. This is true for OpenAl's GPT-3, Al21 Studio, Antrophic’s Claude, or
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Cohere Generate — to name some that are available via paid APIs and power
summarization functionalities in many commercial applications. ChatGPT
might be notable, as it also enables a more interactive approach to summa-
rization. Domain-specific summarization tools are another area of interest.
For instance, Zoom IQ for Sales (Larkin 2022) aims to provide insights and
summaries for sales meetings, while BirchAlI, a spinoff from the Allen Institute
for Artificial Intelligence, focuses solely on providing customer call summaries
for call centers. Meanwhile, beyond big tech and distinguished Al labs, sum-
marization systems are starting to reach many more surfaces such as browsers
(Opera; Szyndzielorz 2023), email clients (Shortwave; Wenger 2023) or note-
taking apps (Notion; I. Zhao 2023). This trend suggests that summarization is
not an application on its own, but a basic feature to be widely implemented on
most surfaces and to be widely accessible in the foreseeable future.

8. Conclusion

Text summarization is a rapidly evolving field with two recent paradigm
shifts. First, towards finetuning pre-trained encoder-decoder models, and
second and even more recently, towards zero-shot prompting of instruction-
tuned language models. As a result of these developments, it appears that
single-document summarization has reached a tipping point where the focus
on improving automated metrics has diminishing returns and might even
misdirect the research community. Therefore, we suggest a shift of emphasis
towards improving human evaluation protocols and exploring self-evaluation
of LLMs. Additionally, more targeted evaluation of certain aspects, such as
factuality, should be considered and more broadly the uncovering of capabil-
ities of pre-trained language models and fine-tuned summarization models.
However, when contemplating summarization in a wider scope, tasks such as
multi-document summarization and multi-modal summarization continue
to present significant hurdles. Nonetheless, abstractive text summarization
systems for single documents have matured and are rapidly being integrated
into consumer products.
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