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1 Motivation

Grammatical Error Correction (GEC) is the task of automatically detecting and correcting all types of
errors in written text. Although most research has focused on correcting errors in the context of English as
a Second Language (ESL) (Leacock et al., 2010), GEC can also be applied to other languages and native
text. The main application of a GEC system is thus to assist humans with their writing.

Academic and commercial interest in GEC has grown significantly since the Helping Our Own (HOO)
and Conference on Natural Language Learning (CoNLL) shared tasks in 2011-14 (Dale and Kilgarriff!
2011; Dale et al., 2012; Ng et al., 2013} [Ng et al., 2014), and a record-breaking 24 teams took part in the
recent Building Educational Applications (BEA) shared task (Bryant et al., 2019). Given this interest,
and the recent shift towards neural approaches, we believe the time is right to offer a tutorial on GEC for
researchers who may be new to the field or who are interested in the current state of the art and future
challenges.

With this in mind, the main goal of this tutorial is not only to bring attendees up to speed with GEC
in general, but also examine the development of neural-based GEC systems (Grundkiewicz et al., 2019
Choe et al., 2019a)).

The tutorial will thus cover introductory material and near cutting-edge research.

2 Content

The tutorial will begin by introducing the task and describing some of its challenges in terms of the
complexity of natural languages and technical limitations. For example, closed class errors, such as
prepositions, are often easier to correct than open class errors, such as content words, because the confusion
sets are smaller and they tend to require less semantic knowledge.

It will then continue by providing an overview of the evolution of approaches to the problem, including:

e Rule-based methods; e.g. [Park et al. (1997), [Schneider and McCoy (1998)).
e Language model rescoring; e.g. Turner and Charniak (2007), Gamon et al. (2008]).

Error-type classifiers; e.g. De Felice and Pulman (2008), (Tetreault et al. (2010), Rozovskaya and
Roth (2011)), Rozovskaya and Roth (2014).

Statistical machine translation (SMT); e.g. Junczys-Dowmunt and Grundkiewicz (2016)), |(Chollampatt
and Ng (2017).

Neural machine translation (NMT); e.g. [Yuan and Briscoe (2016), (Chollampatt and Ng (2018a)),
Junczys-Dowmunt et al. (2018)), Zhao et al. (2019).

This will be followed by a review of GEC shared tasks for English, showing how they helped advance
research in the field.

The next section will then introduce all English datasets available to GEC researchers, including the
FCE (Yannakoudakis et al., 201 1)), Lang-8 (Mizumoto et al., 2011} [Tajir1 et al., 2012), NUCLE (Dahlmeier
et al., 2013), JFLEG (Napoles et al., 2017) and W&I+LOCNESS (Bryant et al., 2019), and discuss
challenges in annotation and corpus processing. It will also discuss standard evaluation procedures and
metrics, including the M?2 Scorer (Dahlmeier and Ng, 2012), I-measure (Felice and Briscoe, 2015), GLEU
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(Napoles et al., 2016) and ERRANT (Bryant et al., 2017)), and highlight their limitations (Grundkiewicz et
al., 2015} |Choshen and Abend, 2018}, |Chollampatt and Ng, 2018b).

After the break, the tutorial will continue by focusing on the development of state-of-the-art neural
GEC systems (Grundkiewicz et al., 2019; (Choe et al., 2019a). In particular, although SMT systems
outperformed NMT systems for much of the past five years, a number of techniques, such as transfer
learning from monolingual data, strong regularization, model ensembling, and using a large-scale language
model, have closed this gap. We will also highlight the main challenges in neural GEC — data sparsity and
sub-optimal decoding — and describe several proposed techniques to overcome them (Rei et al., 2017}
Kasewa et al., 2018} [Xie et al., 2018} |Ge et al., 2018}; |Lichtarge et al., 2019; |Grundkiewicz et al., 2019
Choe et al., 2019b; |(Chollampatt et al., 2019; Kiyono et al., 2019).

Finally, we will close the tutorial by discussing the findings of the BEA-2019 shared task (Bryant et
al., 2019), and outlining future work and research directions. In particular, we will highlight the advent
of low resource GEC, which strives to make it possible to build GEC systems for any language without
human-annotated training data (cf. Bryant and Briscoe (2018)), [Stahlberg et al. (2019), |Alikaniotis et al|
(2019)).

3 Tutorial outline

A brief outline of the tutorial:

1. Introduction

(a) Task definition
(b) Linguistic and technical challenges

2. Historical approaches and shared tasks

(a) Different approaches to error correction
(b) Shared tasks on GEC

3. Data and evaluation

(a) Annotation of error corpora

(b) Artificial error generation

(c) Evaluation procedures and metrics

(d) Limitations of automatic and human evaluation

4. Neural GEC and current trends

(a) GEC as a low-resource NMT task
(b) Overcoming the data sparsity

(c) Improving correction

(d) Beyond the NMT approach

5. Recent and future work

(a) Low resource GEC for other languages
(b) Findings of the BEA-2019 shared task
(c) Future directions

4 Prerequisites and reading list

A basic knowledge of machine learning (e.g. familiarity with precision, recall, F-score metrics, and

ensemble methods) and neural approaches to natural language processing (e.g. the concept of sequence-

to-sequence encoder-decoder neural models) will be helpful to understand the content of the tutorial.
Suggested reading list:
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1. Automated grammatical error detection for language learners. Leacock, Chodorow, Gamon, and
Tetreault (2010).

2. The CoNLL-2014 shared task on grammatical error correction. Ng, Wu, Briscoe, Hadiwinoto,
Susanto, and Bryant (2014).

3. Building a state-of-the-art grammatical error correction system. Rozovskaya and Roth (2014).

4. Phrase-based machine translation is state-of-the-art for automatic grammatical error correction.
Junczys-Dowmunt and Grundkiewicz (2016).

5. A multilayer convolutional encoder-decoder neural network for grammatical error correction. Chol-
lampatt and Ng (2018).

6. Neural grammatical error correction systems with unsupervised pre-training on synthetic data.
Grundkiewicz, Junczys-Dowmunt, and Heafield (2019).

7. An empirical study of incorporating pseudo data into grammatical error correction. Kiyono, Suzuki,
Mita, Mizumoto, and Inui (2019).

5 Instructors

Roman Grundkiewicz is a Researcher at Microsoft Research and a Research Associate in the Institute
for Language, Cognition and Computation at the University of Edinburgh. His research interests include
machine translation and its applications to automatic grammatical error correction, automatic post-editing,
and transliteration. He completed his PhD on “Algorithms for Automatic Grammatical Error Correction”
at the Adam Mickiewicz University in Poznan, Poland. He participated in several shared tasks, winning
the BEA shared task on GEC in 2019, and the WMT shared tasks on Automated Post-Editing in 2016 and
2018. His teaching experience includes courses on programming languages, artificial intelligence, natural
language processing and machine learning. At the Machine Translation Marathons in 2018|1_-I and 201q?]he
ran tutorials on the Marian NMT toolkit] for an international audience.

Christopher Bryanﬂ is a Research Associate in the ALTA InstituteE] based in the Department of
Computer Science and Technology at the University of Cambridge. His research interests include
automatic grammatical error detection and correction, automatic corpus annotation, and computer aided
language learning (CALL). He completed his PhD on “Automatic annotation for grammatical error
correction” in 2019 and is the lead developer of the associated ERRor ANnotation Toolkit (ERRANT).
Most recently, he also led the organisation of the BEA shared task on GEC in 2019, and has previously
given a tutorial on GEC to an international audience at the first summer school on Machine Learning for
Digital English Language Teaching in 2017@

Mariano Felic is a Research Associate in the ALTA Institute, based in the Department of Computer
Science and Technology at the University of Cambridge. His research interests include grammatical error
detection and correction, artificial error generation, automated generation of cloze tests and evaluation
methods. He holds a PhD from the University of Cambridge, which focused on the generation of artificial
errors to augment learner corpora for translation-based GEC. He was also one of the organisers of the
BEA 2019 shared task on Grammatical Error Correction and a tutor of GEC at the first summer school on
Machine Learning for Digital English Language Teaching in 2017.

"nttp://statmt.org/mtml8

Thttp://statmt.org/mtml9

*https://marian-nmt.github.io

‘https://www.cl.cam.ac.uk/-cjb255/
Shttp://alta.cambridgeenglish.org/
®https://www.cl.cam.ac.uk/~hy260/ALTA-Summer—School-Chania-2017/
"nttps://www.cl.cam.ac.uk/~mf501/
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