[2R2 sxpigrs V47 )8V +)

Science Tokyo Research Repository

oo /00000
Article / Book Information

oo@a)
Title(English) A Study of Non-standardWord Usage on Social Media
oo@a) oood
Author(English) Tatsuya Aoki
oo@a) OO0:00@0),

oOooooo:0oo0ooa,

OO000:002830,

000 00:20250 30 260,

ooooo:0o0o0a,

ooo0:00 0,00 0,0000,0000,00000,00 00
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Institute of Science Tokyo,

Report number:[J [0 2830,

Conferred date:2025/3/26,

Degree Type:Course doctor,

Examiner:,,,,,
oooo@a) oood
Type(English) Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

DocTtorAL THESIS

Academic Year 2025

A Study of Non-standard Word Usage
on Social Media

Tatsuya Aoki

Department of Information and Communications Engineering

School of Engineering

Institute of Science Tokyo

Supervisor Manabu Okumura, Professor



Abstract

User-generated texts contain not only non-standard words, such as b4 for before, but
unusual word usages, such as catfish for a person who uses a fake identity online, which
requires knowledge about the words to handle such cases in natural language processing.

This dissertation studies these unconventional word usages in social media contexts
to gain a better understanding of informal language and to advance natural language
processing systems in such settings. To support this effort, we introduce a new dataset
that captures non-standard word usages in both English and Japanese, and we present
a neural model for detecting these usages from large-scale text streams. To deal with
the lack of training data for this task, we propose a method for synthetically generating
pseudo non-standard examples from a corpus, which enables us to train the model without
manually-annotated training data and for any arbitrary language. Experimental results
on X and Reddit datasets show that our proposed method achieves better performance

than existing methods, and is effective across different languages.
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Chapter 1

Introduction

1.1 Background

Social media text often contains slang and other non-standard language usages, posing
problems for natural language processing (NLP) (Eisenstein, 2013). Much research has
addressed this issue at the word-type level, where a word-type refers to a unique word
within a text corpus, tackling expressions such as b4 to mean before or soz to mean
sorry (Aw et al., 2006; Han and Baldwin, 2011; Han et al., 2013; Li and Liu, 2015;
Barteld, 2017; Stewart and Eisenstein, 2018; Kulkarni and Wang, 2018; Lourentzou
et al., 2019; Cho and Kim, 2021; Sun et al., 2022). However, to fully understand
informal language use, it is also essential to examine word-token level usages, where a
word-token refers to a specific instance of a word as it appears in a particular context.
For example, in the sentence The person turned out to be a catfish from an online dating
app, catfish means “a person who uses a fake online profile”, diverging from its original
definition of an aquatic animal (Magdy et al., 2022). This shift highlights how a single
dictionary-listed word can evolve a context-specific sense in online conversations.

This dissertation investigates the word-token level usage of dictionary-listed words
on social media that deviates from standard conventions. We refer to these deviations
as non-standard word usages: non-standard extensions of existing word senses that
diverge from their conventional or literal meanings. Unlike word-type level slangs,
jargons or new word occurrences, such as b4 or soz, non-standard word usages emerge
when an established word takes on an additional meaning or function within particular
social or cultural contexts, often exhibiting creative or context-specific nuances.

Figure 1.1 further illustrates our primary research objective, highlighting the distinc-
tion between In-Vocabulary (IV) and Out-of-Vocabulary (OOV) words. Our central



All Words

In-Vocabulary (1V)

Out-of-Vocabulary

Standard Word Usages Non-standard Word Usages (oov)
Examples: Examples: Examples:

"Try catfish tonight." "His match was a catfish." "I saw it b4."

"I' want that Dodgers cap." "That’s no cap!" "I'm late, soz."

Figure 1.1: Illustration of our primary research focus (striped area): In-Vocabulary
words used as a non-standard usage. For example, catfish denotes a type of fish but
can also mean someone misrepresenting themselves online, and cap typically means
“hat” but can also mean “lie” in slang. Out-of-Vocabulary words, such as b4 or soz, fall
beyond the scope of this thesis.

focus is on handling known IV words that exhibit non-standard or evolving meanings,
such as catfish or cap in Figure 1.1, rather than completely new terms that fall into the
OOV category, such as b4 or soz in the figure. This distinction is crucial because a single
IV term may appear in both standard and non-standard senses, creating ambiguities that a
robust NLP system must resolve. Consequently, the figure raises a fundamental research
question: can we reliably distinguish non-standard word usages to advance NLP
systems for informal language understanding? Before we delve into the research
topic, we first examine why these emergent word usages warrant deeper investigation, as
following sections will clarify the broader complexities they impose on NLP systems.
Non-standard word usages pose a unique challenge for NLP systems, owing to their
evolving and context-dependent nature. They are frequently employed to convey sen-
sitive content in ways that evade censorship (Huang et al., 2013; Zhang et al., 2015;
Steen et al., 2023), necessitating systematic detection to prevent online harms (Fillies
and Paschke, 2024). Non-standard word usages also exist not only in English but also
in other languages (Sboev, 2016), which causes an issue in downstream NLP tasks such
as machine translation. As an example, Figure 1.2 demonstrates how a machine trans-
lation model processes an input sentence containing a non-standard word usage. In this
example, as of December 2024, Google Translate provides a literal translation of the
Japanese word “fiii (mackerel)”, failing to capture its meaning of the slang sense “% —
>N— (computer server)”, which arises from its phonetic similarity. Hence, the correct

translation accounting for the non-standard word usage would be “Twitter’s computer



Japanese - = English -

TwitterDEEHE L /o ¥ Twitter's mackerel
Tsuitta no saba ga ochita
has fallen

& @ m @ G

Figure 1.2: Result from Google Translate for non-standard word usage.
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servers have gone down.” This example illustrates a broader problem: most models
lack the lexical and contextual resources needed to accurately handle these non-standard
word usages.

The difficulty in resolving non-standard word usages within NLP systems is primarily
due to the lack of comprehensive resources documenting these usages, causing models
to misinterpret their alternative meanings. Recent research shows that knowledge of
word usages plays a crucial role in improving the quality of downstream NLP tasks
including machine translation (Hangya et al., 2021; Campolungo et al., 2022), language
modeling (Zhang et al., 2020) or question answering (Fang et al., 2022), implying that
non-standard language use can be handled within the same framework. Nevertheless,
even though linguistic resources such as BabelNet (Navigli and Ponzetto, 2010) provide
extensive semantic networks, they omit many slang senses, creating further obstacles for
training models capable of recognizing non-standard word usages.

The systematic collection of non-standard word usages is therefore essential for im-
proving NLP systems, and the detection of these usages is particularly crucial. This
is because, as a first step in populating language resources with these expressions, we
must systematically extract them from large-scale texts. However, there are three major

challenges that must be addressed before a reliable detection method can be developed.

1. Lack of annotated data for non-standard word usages.

This scarcity prevents supervised machine learning models from being trained
effectively, thereby posing additional challenges. Recent efforts have attempted to
build datasets for slang and non-standard usages. For instance, Sun et al. (2024)
constructed a slang dataset from English movie subtitles. Despite ongoing ad-
vances, there remains a lack of training datasets covering a wide range of domains,
causing semi-supervised methods to struggle with cross-domain knowledge trans-
fer (Ruder and Plank, 2018).



2. The need for multilingual systems.
Since non-standard word usages are not confined to English but also arise in
other languages (Sboev, 2016), it is essential to develop a scalable, language-
independent approach to acquiring and understanding them. Given their multi-
lingual nature, failing to address these variations can limit the generalizability of
NLP models on social media data. Consequently, cross-lingual analysis of detec-
tion methods becomes vital for addressing such usages across diverse linguistic

contexts.

3. The necessity of a lightweight approach.
Given the massive volume of social media data, relying solely on computationally
intensive methods, such as the one based on an in-house large language model
(LLM), can be impractical. Likewise, using third-party LLMs, such as ChatGPT
(OpenAl, 2023), would be prohibitively expensive for large-scale deployment.
Instead, more efficient, lightweight solutions are required to analyze and monitor
evolving non-standard word usages at scale, without incurring excessive compu-

tational or financial costs.

In this dissertation, we study non-standard word usages both in English and Japanese
to deepen our understanding of informal languages and to advance NLP systems accord-
ingly. We address the aforementioned challenges in non-standard word usage detection

by developing the following two language-independent, annotation-free methods:

* Word Embedding-based Method.
This approach incorporates word embeddings to capture semantic similarities
between words, enabling the identification of non-standard usages by analyzing
deviations from standard patterns. We employ Skip-gram (Mikolov et al., 2013)
for learning word representations, which can be done in a language-independent
manner and is a lightweight solution. To train these embeddings, this method
utilizes a balanced set of usage examples so that each word usage is represented
proportionally, allowing the model to effectively distinguish non-standard from
standard usages. Furthermore, by manipulating the learning algorithm of Skip-
gram with negative sampling and comparing dot products between target and
context words, the approach can detect which words are used in a non-standard
way, leveraging the common-sense knowledge encapsulated in the trained word

embeddings.



* Masked Language Model-based Method.
This approach leverages masked language models (MLMs) to evaluate a word
usage within a broader context, enabling more accurate detection of non-standard
expressions than the word embedding-based method. We employ RoBERTa (Liu
et al., 2019), a widely used MLM in modern NLP, which is available in over
100 languages making them well-suited for multilingual scenarios. To eliminate
the need for large annotated corpora, this method employs pseudo-label training
(Bergsma et al., 2008; Poon et al., 2009) by generating synthetic datasets for non-
standard word usage detection, which are then applied in real-world settings. A
classifier layer is built on top of the MLM components and is fine-tuned using
these pseudo-labeled corpora, allowing the system to predict whether a given word
usage is non-standard. This design remains sufficiently lightweight to be feasibly
applied to large-scale, real-world text streams, thereby addressing the need for

scalable, multilingual solutions.

In addition, we introduce a new dataset designed to advance research in this area.
This dataset comprises data from English Reddit! and Japanese X? (formerly Twitter),
allowing us to examine the robustness of our methods across different linguistic set-
tings. Unlike Sun et al. (2024), which focused on slang expressions in movie subtitles,
our dataset draws upon social media texts, thereby capturing the highly dynamic and
evolving nature of real-world, user-generated languages. As such, it serves as a more
representative benchmark for studying non-standard word usages in authentic online
contexts.

In our experiments, we first concentrate on the task of word usage classification,
where the objective is to determine whether a given word in a sentence is used in
a non-standard way. We evaluate this classification task using a Japanese X dataset,
a newly created expert-annotated corpus tailored for word usage classification. We
then extend our approach to a non-annotated English Reddit dataset, discovering non-
standard usages with evaluations conducted by crowd-workers. The results on both the
Japanese X dataset and the English Reddit dataset demonstrate that our proposed model
can effectively detect non-standard usages across different languages and social media

platforms.

Thttps://www.reddit.com
Zhttps://x.com



1.2 Contributions

Non-standard word usages have become increasingly pivotal in NLP, particularly as
social media content diversifies and expands. This thesis addresses the complexities
of detecting and analyzing non-standard word usages in multilingual social media data.

The primary contributions of this work are summarized as follows:

* Methods for Non-standard Word Usage Detection on Social Media.
We introduce two distinct approaches that do not rely on specialized non-standard

usage annotations:

— A word embedding-based approach that employs Skip-gram and balanced
corpora to learn semantic representations in a lightweight, language-agnostic
manner. By comparing deviations from common-sense norms embedded
within these learned vectors, this approach effectively identifies non-standard

usages without extensive manual labeling.

— A masked language model (MLM)-based approach that employs ROBERTa
and a word usage classifier layer enhanced with pseudo-label training.
RoBERTa is available in multiple languages, making this method inherently
language-agnostic and suitable for diverse linguistic contexts. Synthetic
examples are generated from unannotated corpora, enabling more robust

detection of non-standard word usages across varying real-world scenarios.

* Construction of Novel Datasets for Non-standard Word Usages.
We curate new datasets for non-standard word usages on English Reddit and
Japanese X. By focusing on authentic, user-generated text, these datasets more

accurately represent the evolving and informal nature of language on social media.

* Multilingual Evaluation of Non-standard Word Usages.
Our methods are systematically evaluated on both English and Japanese datasets,
demonstrating adaptability across languages with distinct linguistic features. Expert-
annotated data and crowd-sourced evaluations confirm the scalability and effec-

tiveness of the proposed approaches.

These contributions collectively advance the detection and analysis of non-standard
word usages, offering new datasets and innovative methodologies, and a comparative
framework for handling informal languages in large-scale, multilingual social media

contexts.



1.3 Outline of Thesis

This thesis investigates methods for detecting non-standard word usages and a cru-
cial aspect of understanding informal languages, by developing novel computational

approaches. The structure of the thesis is organized as follows:

* Chapter 2 surveys existing literature on non-standard word usages and reviews
two foundational NLP components: representation learning by the Skip-gram

model and masked language modeling with RoBERTa.

* Chapter 3 first creates a dataset of non-standard word usages of X in Japanese,
annotated by experts to conduct the analysis of this phenomenon. We then in-
troduce a word embedding-based method that detects non-standard usages in an

unsupervised manner by examining context-word similarities.

* Chapter 4 proposes a masked language model-based method augmented with
pseudo-label training, eliminating the need for extensive annotated corpora. This
chapter also introduces an English Reddit dataset annotated by crowd-workers
and presents a comprehensive evaluation of both the word embedding-based and

masked language model-based methods on Japanese and English datasets.

* Chapter 5 concludes the thesis by summarizing the main findings, discussing

broader implications for NLP, and proposing directions for future work.



Chapter 2

Related Work

In this chapter, we first review the existing literature on the use of informal language
in social media and related studies in natural language processing. We then focus on
word embedding and masked language modeling, highlighting key considerations for
their application to non-standard word usages and examining how these approaches have

been utilized in related work.

2.1 Informal Language Use on Social Media

Eisenstein (2013) reported that social media text contains a lot of non-standard usages,
including emoticons and abbreviations, which some researchers have attempted to nor-
malize at the lexical level (Han and Baldwin, 2011). There has also been work on
predicting the meaning of rare or unknown words (Stewart and Eisenstein, 2018; Yan
et al., 2020). One of the related areas of research is slang (Kulkarni and Wang, 2018; Pei
etal., 2019; Sun et al., 2022). Particularly, Sun et al. (2024) focus on broad slang as their
research subject, examining not only in-vocabulary words and multi-word expressions
such as sugar daddy, but also other slang terms like innit, used to mean “isn’tit”, or bruyv,
meaning “brother”. In our study, we focus solely on the usages of in-vocabulary words
appearing in social media texts generated by users, whereas their research mainly deals
with subtitles in the movie domain. Therefore, our research differs from that of Sun
et al. (2024) in terms of the research subject. Also, the term “slang” can be somewhat
ambiguous in this context. Specifically, it may refer to a word itself being considered
slang (word level) or to a particular usage being considered slang (token level). In this
study, we use the term “non-standard word usage” to avoid this ambiguity, referring only

to the latter case.



Elsewhere, researchers have focused on in-vocabulary words that have novel or special
uses in a particular domain. Gella et al. (2014) observed that individual Twitter users
tend to favor specific senses for particular words, which may differ from user to user.
Bamman et al. (2014) proposed a model to learn word representations that reflect
geographical differences in language usage. Hamilton et al. (2016) and Yang and
Eisenstein (2017) reported that, on social media such as Twitter, words can have opposite
sentiment polarities depending on the author or communities that the author belongs.
Other research focuses on investigating specific language use across communities. For
example, Del Tredici and Fernandez (2018) conducted an analysis of language use
across different communities, while Lucy and Bamman (2021) attempted to investigate

meanings in niche communities.

2.2 Natural Language Processing for

Evolving Word Usages

In the following sections, we explore how a range of NLP tasks and methodologies
can shed light on the complexities of informal language, newly emerging usages, and

domain-specific expressions in user-generated texts.

2.2.1 Word Sense Disambiguation

Word sense disambiguation (WSD) is a fundamental task in NLP (Ide and Véronis,
1998; Navigli, 2009), closely related to our work. WSD systems are typically trained on
relatively clean, well-curated text and reference senses from static inventories. However,
social media platforms introduce non-standard word usage, including dynamic slang,
creative orthography, and rapid sense evolution, that often fall outside typical settings.
As Liu and Liu (2023) reported, non-standard word usages on social media are
frequently out-of-distribution compared to models trained on conventional corpora,
where they claimed that such usages can lead WSD models to overfit or misinterpret
novel senses with high confidence. Moro et al. (2014) proposed Babelfy, a unified
approach to WSD and entity linking, which leverages a lexicalized semantic network
to generate semantic signatures for concepts and named entities. By treating WSD and
entity linking as interconnected tasks, Babelfy offers a more flexible framework that can

potentially adapt to the dynamic nature of social media language. Although leveraging



extra-linguistic cues can be beneficial (Barnard et al., 2003), the unpredictable context
of social media posts, which often include memes, emojis, or abbreviations, complicates
disambiguation. As an alternative, Bejgu et al. (2024) proposed Word Sense Linking, a
more flexible approach that moves beyond traditional assumptions of predefined sense
candidates and pre-identified ambiguous spans. Their method automatically identifies
spans to disambiguate and links them to appropriate senses, but it still relies on a fixed
sense inventory and may struggle with completely novel senses, such as emerging social

media terms like catfish.

2.2.2 Semantic Change Detection

Semantic change detection (SCD) is yet another close research field (Kulkarni et al.,
2015; Hamilton et al., 2016; Kutuzov et al., 2018; Hu et al., 2019; Giulianelli et al., 2020;
Montariol et al., 2021; Inoue et al., 2022; Nagata et al., 2023). In the field of diachronic
semantic change, their focus is on employing word similarity calculations across different
time spans (Kulkarni et al., 2015; Hamilton et al., 2016; Giulianelli et al., 2020; Martinc
et al., 2020; Nagata et al., 2023) or clustering using topic models (Montariol et al.,
2021; Inoue et al., 2022), which differs from our main research objective. Tang et al.
(2023) propose a sense-centric method for detecting semantic changes across corpora.
Their approach leverages pretrained, static sense information to automatically annotate
word occurrences with sense IDs, then compares the resulting sense distributions across
corpora using divergence or distance measures. However, as with the WSD approaches
discussed above, this method relies on fixed sense information, which may limit its
capacity to address non-standard word usages or rapidly evolving language not well-

represented in existing sense inventories.

2.2.3 Unknown Sense Detection

Most relevant to this study is research on detecting unknown or novel senses in web
corpora. Erk (2006) addressed the problem of unknown word sense detection, which
involves identifying corpus occurrences not covered by a given sense inventory, an area
where many WSD or SCD methods struggle due to non-standard word usages. Lau
et al. (2012) introduced the task of novel sense detection, where they attempted to
identify novel word senses via word sense induction through topic modelling, which

Cook et al. (2014) extended by leveraging novelty scores for word senses. Building
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on these foundations, Lau et al. (2014) introduced a method for learning word sense
distributions and detecting unattested senses, particularly useful in domain adaptation.
Their approach employs topic models as a proxy for sense, enabling the grouping of
tokens that exhibit the same novel sense.

One important distinction, however, is that these studies primarily focus on word-type
level processing rather than individual usage. This contrasts with our core research
objective, which requires analysis at the word-token level by examining each instance
of word usage in context. Moreover, as noted by Li et al. (2016) and Wu et al. (2022),
classic topic modeling approaches often face challenges when applied to shorter texts
(such as those on X), due to data sparsity and limited word co-occurrence information.
This limitation suggests that alternative methods may be more suitable for detecting

non-standard word usage in such contexts.

2.3 Word Embedding-based
Non-standard Word Usage Detection

2.3.1 Word Embedding

Word embedding is a cornerstone of modern natural language processing (NLP), en-
abling machines to understand and process human language with greater nuance and
accuracy. At their core, word embeddings are dense vector representations of words
in a continuous vector space, where semantically similar words are positioned closely
together (Mikolov et al., 2013). Unlike traditional one-hot encoding methods, such
as Bag-of-Words modeling, which result in high-dimensional and sparse vectors, word
embeddings capture intricate semantic relationships in a dense and efficient manner.

The concept of word embeddings is grounded in the distributional hypothesis (Harris,
1954), which posits that words appearing in similar contexts tend to have similar mean-
ings. This principle is operationalized through various models that learn embeddings by
analyzing large corpora of text, identifying patterns and co-occurrences of words within
predefined contexts.

Mikolov et al. (2013) proposed the Continuous Bag-of-Words (CBOW) and Skip-
gram architectures, which demonstrated significant improvements in capturing semantic
and syntactic relationships. These neural models leverage shallow neural networks to

predict target words from their contexts (or vice versa), effectively learning meaningful

11



vector representations in the process. They also published a widely used software tool
called Word2Vec! to learn word embeddings using these two methods. Other models,
such as GloVe (Pennington et al., 2014) and FastText (Bojanowski et al., 2016), have
further enhanced the quality and applicability of word embeddings. GloVe combines
global matrix factorization with local context window methods, while FastText extends
the Word2Vec approach by incorporating subword information. This extension allows
the model to generate embeddings for out-of-vocabulary words through the aggregation
of character n-grams.

In summary, word embeddings provide a foundational framework for representing
and manipulating textual data in a continuous vector space, facilitating more sophisti-
cated and effective NLP models. The subsequent subsections dive deeper into specific

embedding techniques of Skip-gram model.

2.3.2 Skip-gram with Negative Sampling

The Skip-gram model, introduced by Mikolov et al. (2013), is a widely used neural
network-based approach for learning high-quality distributed word representations. It is
a key component of the word2vec framework and has significantly influenced subsequent
developments in natural language processing and word embedding techniques.

In Skip-gram, given a sequence of words wy, wa, ..., wr in the training data and a

window size m, the objective is to maximize the following expression:

T
2 dogp(wisibw,

t=1 —m<i<m,i#0

where p(wg|w;), the probability of the context word wy given the target word wy, is

defined as:
ouT

IN
exp(vlY - v!

Wi|We) = .
PO = (VY -v0UT)

Here, W represents the vocabulary of the training data, and v/ and vOUT

are the input
and output word vectors, respectively. The model predicts context words surrounding a
given target word, using these vectors to compute probabilities.

To reduce the computational cost of training, Mikolov et al. (2013) proposed Skip-

gram with Negative Sampling (SGNS). SGNS modifies the Skip-gram objective to

Thttps://code.google.com/archive/p/word2vec
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maximize the following expression when the target word w; and a context word wy

appear close to each other:

N
log U(V{ﬁ\t’ . VOUT) + Z By, ~z(w) log U(—V{i\f youTy

W Wn
n=1
where o denotes the sigmoid function, N is the number of negative samples, and Z(w)

is a probability distribution used to sample negative examples. In SGNS, when w; and

our

wg co-occur, the term log O'(Vg\f Vi

) is maximized, while log o‘(—V{ﬁ\f . nglJT) is
minimized for negative samples w,,. This optimization allows SGNS to efficiently learn
word vectors that reflect co-occurrence patterns in the corpus.

When measuring word similarity, the input word vectors v/ are widely used. However,
relatively few studies, such as those by Mitra et al. (2016) and Press and Wolf (2017),
have effectively utilized the output word vectors vOU7. Levy and Goldberg (2014)
demonstrated the equivalence between SGNS and Shifted Positive Pointwise Mutual
Information (SPPMI), showing that the use of both vV and vOUT in SGNS is related to
leveraging word co-occurrence information encoded in SPPMI. This equivalence implies
that the strength of association between a target word and its surrounding words can be
effectively captured using these vectors.

Considering the training process of input and output word vectors in SGNS and its
equivalence to SPPMI, it becomes clear that calculating word similarity should not solely
rely on cosine similarity between input vectors (V{\]X and V{{,\; ), as commonly done in prior

research. Instead, similarity measures that incorporate both input and output vectors,

ouT

wi ), should also be considered for a more comprehensive evaluation

such as o (VY - v
of word relationships.

In this thesis, SGNS serves as a foundation for developing our word embedding-
based approach to identifying non-standard word usage. Its ability to capture semantic
similarities is particularly valuable for understanding deviations in word usage, which is

a core aspect of our proposed methodology.

13



2.4 Masked Language Model-based
Non-standard Word Usage Detection

2.4.1 Transformer-based Language Modeling

Language models are fundamental components in NLP that assign probabilities to se-
quences of words, enabling tasks such as text generation, translation, and comprehension.
Formally, a language model defines a probability distribution P(x) over a sequence of

tokens x = {x1, x2, ..., X,}, where:
n
P(x) = HP(Xi|X1,X2, e Xinl).
i=1

Vaswani et al. (2017) introduced transformer, a widely used framework in neural
network-based language models. Unlike Recurrent Neural Networks (RNNs) (Cho
et al., 2014) or Long Short-Term Memory (LSTM) networks, transformer processes all
tokens in a sequence simultaneously, thereby enabling efficient parallelization and the
capture of long-range dependencies.

Figure 2.1 presents an overview of the transformer architecture. The model consists of
multiple layers, each integrating multi-headed self-attention and feed-forward networks.
Layer normalization (Ba et al., 2016) stabilizes training and accelerates convergence,
while residual connections (He et al., 2016) promote efficient gradient flow, mitigating
the risk of vanishing gradients.

An autoregressive language model, including the transformer, is trained to predict
the next token in a sequence given all previously observed tokens. Formally, given
a tokenized sequence x = (xy,x2,...,X,), the training objective is to minimize the

negative log-likelihood of the observed tokens:

n
Ly = —Zlogp(x,- | x<i36),

i=1
where 6 denotes the parameters of the model, and p(x; | x<;) is the model’s conditional
probability of the token x; given all preceding tokens x; = (x, ..., x;—1). Cross-entropy
loss provides a practical way to evaluate how closely the predicted probabilities of the
model match the actual observed tokens. By minimizing this loss, the model learns to

assign higher probability to the correct token at each step, thereby improving its accuracy
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Figure 2.1: The architecture of transformer. Source: (Vaswani et al., 2017)

in predicting the next token.

2.4.2 RoBERTa-based Masked Language Modeling

Masked Language Modeling (MLM) has become a popular way to pre-train the language
models for further inference or downstream task, particularly following the introduction
of models such as BERT (Devlin et al., 2019). MLM is widely used to learn contextual-
ized representations (Peters et al., 2018), leveraging hidden representations from masked
token prediction to capture deep bidirectional context, which can be effectively applied in
various NLP downstream tasks (Yang et al., 2023; Wettig et al., 2023). Unlike traditional
left-to-right or autoregressive language models, MLLM is trained over partially masked

input sentences, where a subset of tokens is replaced with a special [MASK] token. The
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model then learns to predict these masked tokens based on their context, enabling the
capture of bidirectional dependencies within text. Formally, given a sequence of tokens
x = {x1,x2,...,X,}, asubset of tokens is randomly selected and replaced with [MASK],
yielding the masked sequence Xpasked- The MLM objective is to maximize the likelihood
of the original tokens given this masked sequence:

Lyviim = - Z log p(X; | Xmasked> 6),

Xi €Xmasked

where 6 denotes the model parameters. This formulation encourages the model to
learn context-aware representations by leveraging both left and right contexts, thereby
enriching its understanding of language structure and meaning.

Liu et al. (2019) introduced RoBERTa, the bidirectional transformer-based MLM
architecture, that set new benchmarks across a wide range of NLP tasks, including
sentiment analysis, question answering, and text classification. RoBERTa employs a
dynamic masking strategy during training, generating multiple masked versions of the
same text. This approach involves randomly selecting and masking different tokens each
time a sequence is fed to the model. The masking process in RoBERTa follows these

steps:
* 80% of the time: Replace with the [MASK] token.
* 10% of the time: Replace with a random token.
* 10% of the time: Leave unchanged.

This varied approach helps the model learn more robust representations and prevents
it from relying too heavily on the [MASK] token or specific masked patterns. By
dynamically changing the masked tokens in each epoch, RoBERTa ensures that the
model encounters a diverse range of contexts for each word. The remainder of this
section details how the ROBERTa model contextualizes masked tokens within a given
input.

Figure 2.2 illustrates the essential components and workflow of RoBERTa for masked
language modeling. Formally, let the tokenized sequencebe x = (x1,X2, ..., Xi, ..., Xy)
where i is the index of a token selected for masking, x; may be replaced with [MASK],

a random token, or left unchanged according to the masking strategy described above.
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Figure 2.2: Overview of masked token prediction in ROBERTa.

RoBERTa contextualizes the masked token as follows:

H = RoBERTx(x),
h; = Extract(H, i),

212 layers for ROBERTa-base and 24 layers for RoBERTa-large.
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(2.4.1a)

(2.4.1b)

where H denotes the sequence of hidden representations produced by the multi-layered
bidirectional transformers> of RoOBERTa, depicted as RoBERTa Layer in the Figure 2.2,

and h; is the hidden representation corresponding to the i-th token. Extract in Equa-



tion ( 2.4.1b) is a function that selects the hidden state at position i from H.
Next, the hidden representation of the masked token, h;, is fed into an LM head as

in the figure to generate a deeper representation for the final masked token prediction.

Formally,
z; = LM Head(h;), (2.4.2a)
LM Head(h) = W, FE(h) + b, (2.4.2b)
FF(h) = LayerNorm (GELU(W/h + by)), (2.4.2¢)

where FF(-) denotes a feedforward network that serves an intermediate representation
computed by a fully connected layer (FC in the figure), parameterized by the weight
matrix W, and the bias term by, followed by a GELU activation (Hendrycks and
Gimpel, 2016) and layer normalization (Ba et al., 2016). The weight matrix W, and
the bias term b, project this intermediate vector into the vocabulary size, depicted as

Projection Layer in the figure, thus making it suitable for token prediction as follows:

p(%]x) = softmax (z;). (2.4.3)

In Figure 2.2, we illustrate the stacked bidirectional transformer component, referred
to as “RoBERTa Layer”. We do so because h; in Equation ( 2.4.1b), the hidden rep-
resentation produced by this component, is widely used and commonly referred to as
“RoBERTa embedding” (Kennington, 2021; Kaminska et al., 2021; Wang and Riddell,
2022; Kuznetsov et al., 2024). The same applies to other MLLM architectures, such as
BERT, which also employ an LM head for the masked language prediction task; the
hidden representation from the bidirectional transformer is frequently used in related
work, including studies on semantic change (Kulkarni et al., 2015; Hamilton et al.,
2016; Giulianelli et al., 2020; Martinc et al., 2020; Nagata et al., 2023) and metaphor
detection (Choi et al., 2021; Li et al., 2023,).

However, as previously reviewed, the LM Head in Equation ( 2.4.2b) is the module the
model actually predicts the masked token, and the FF(-) refines the context for the final
masked token prediction. Despite this crucial role, its functionality is less widely recog-
nized; only a few studies have explored the role of the LM Head in constructive decoding
(Gera et al., 2023), accelerated inference (Arora et al., 2022; Elhoushi et al., 2024), and
general masked token prediction (Petroni et al., 2019; Xu et al., 2020; Heinzerling and
Inui, 2021; Gao et al., 2022). To effectively differentiate word usage, deeper repre-
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sentations can better capture context, as supported by previous research on contextual
embeddings (Ethayarajh, 2019). Therefore, we hypothesize that the feedforward output
within the LM Head, which corresponds to the output in Equation ( 2.4.2c), provides a
more context-rich representation than the commonly used “RoBERTa embedding”, h;
in Equation ( 2.4.1b).

In this thesis, we leverage ROBERTa as a core methodology for detecting non-standard
word usage. The capability of MLM to comprehend nuanced word usage within rich
contextual environments makes RoOBERTa particularly suitable for identifying deviations
from standard patterns. Furthermore, we investigate the effectiveness of utilizing the

LM Head in our experiments.

19



Chapter 3

Word Embedding-based
Non-standard Word Usage Detection

In this chapter, we begin by investigating word usage through known non-standard word
usage patterns found on the web. We then construct a dataset from X, a collection of user-
generated social media texts, and manually annotate each instance to determine whether
it is standard or non-standard usage. Finally, we propose a method that automatically

detects non-standard usages by leveraging word embeddings.

3.1 Non-standard Word Usages in Japanese

3.1.1 Target Word Selection

In this study, we aim to investigate unconventional word usage. To achieve this, we first
identify a set of candidate words, hereafter referred to as target words, for which we will
annotate each occurrence in a sentence as either standard or non-standard. We selected

target words that meet all of the following conditions:

1. The word has at least one known non-standard usage in the domains of computers,

company/service names, or internet slang.
2. There exists an online resource or reference detailing as non-standard word usage.

3. The word appears at least 100 times in a balanced corpus (ensuring sufficient

frequency).

Based on these criteria, we identified 40 total words: 10 from the computer domain,
10 from company/service names, and 20 from internet slang. Table 3.1 lists all 40 target

words along with descriptions of their non-standard usages.
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Domain | Word | Description of Non-standard Usage

& Proxy

i) Tool

Y5 Account

& Client
Computers A Serial Number

fit Computer Server

Y% | Share (software)
i Firefox (software)
A Android (operating system)

= Windows (operating system)
% pixiv

X pixiv
J& | KDDI

P48 | Apple Inc.

7 SoftBank

Companies/Services # NTT DOCOMO
¥ eMobile (now known as Y !mobile)
i KLab Inc.
2R Amazon.com, Inc.
e Amazon.com, Inc.
=0 Means “(laugh).”
E 1 Means “(laugh).”
I Means “2D (two-dimensional).”
BH Means “3D (three-dimensional).”
< Means “good job” or “thanks for your work.”
il | Means “jealous.”
[ | Means “DVD or Blu-ray disc.”
] Means “attack/raid (online).”
725, | Means “lacking presence.”
Tnternet Slang BRFt | Refers to a regional national university.
#kHR | Means “guaranteed” or “no doubt.”
A Means “being stuck in a fandom/interest.”
i Means “online bulletin board.”

i | Means “reply,” derived from “anchor” rendered in Kanji.
H Means “cheat” (the Kanji Ff visually approximates “cheat’)
¥ | Refers to an overweight person or gaining weight.
We bh | Refers to the “yutori” generation in Japan.
HhFE | Means “a person or thing that causes trouble.”
47 | Invests time or money into another’s service.
N Pursues an online personality for potential offline contact.

Table 3.1: List of 40 selected words and their non-standard usage descriptions.

3.1.2 Observations

From Table 3.1, we identified several broad categories of non-standard word usages that

characterize how Japanese internet users adapt or coin terminology.
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In particular, many words can be grouped as follows:

* Homophones: The use of words that sound similar to their intended meaning
is indeed common in Japanese internet slang. For example, “fifj (saba, literally

mackerel)” is used to represent “server” due to similar pronunciation.

+ Metaphorical Expressions: The examples of “%#k (literally dense forest)” for
the company Amazon and “FJ## (literally disc)” for DVDs/Blu-rays show how
metaphorical associations are used. We also observed that some of the explanation
of terms like “#77” and “PH\ " accurately reflect their usage in specific online

subcultures.

e Visual Puns: The observation about “F” representing “5— b (cheat)” due to
visual similarity when compressed and demonstrates the creative use of kanji in

online communication.

Beyond these stylistic or structural patterns, an important functional division emerges:

1. Referring to Existing Knowledge: This category includes non-standard usages
that anchor to recognized real-world entities or concepts but employ creative or al-
ternate wording. For example, “#48& (literally apple)” denotes Apple Inc., and “#&
(literally crab)” refers to KLab Inc. Despite their unconventional linguistic forms,
these expressions rely on widely understood referents (e.g., globally recognized

companies or technologies).

2. Referring to Non-existing or New Knowledge. This category features expres-
sions describing phenomena unique to online subcultures, lacking direct real-world
analogues or dictionary-defined senses. A typical instance is “PH\> (enclosure)”,
indicating being “an enthiams for physically meet (often within an online stream-
ing community)”. Such terms often originate within specific communities and

may be unfamiliar to those outside these groups.

This creative range of non-standard usages in Japanese social media stems from
phonetic similarities, metaphorical expansions, and playful orthographic alterations, all
of which require careful consideration of context and community norms for accurate
interpretation. Beyond highlighting linguistic ingenuity, these expressions also offer
valuable clues for deeper semantic analysis, revealing insights into how meanings evolve,

become disambiguated, and adapt to new or subcultural contexts. In this dissertation,
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we focus primarily on the detection of non-standard word usage as our main task and
therefore do not undertake semantic analysis or other closely related inquiries (Gella
et al., 2013; Shoemark et al., 2017; Stewart and Eisenstein, 2018; Shoemark et al.,
2019); nonetheless, we regard these findings as crucial for the future advancement of
NLP. For example, learning to interpret phrase-describing models (Ni and Wang, 2017;
Ishiwatari et al., 2019) or employing definition models (Noraset et al., 2017; Huang
etal., 2021, 2022; Segonne and Mickus, 2023) can provide deeper insight into the actual

meaning of expressions.

3.1.3 Data Collection and Human Annotation

To construct the dataset, we collected posts on X from January 1, 2016, to January
31, 2016, as our data source. Twitter was chosen because words often appear in both
general and non-standard usages within the same platform, allowing us to capture diverse
language phenomena. We performed morphological analysis on posts containing any of
the 40 selected words and extracted 100 random posts for each word where it was tagged
as a general noun. We employed MeCab' with the IPA dictionary? for morphological
analysis. For each selected post, two annotators manually judged the usage of the target
word in one of three ways: either in a literal sense, as part of a proper noun, or in
a non-standard sense. If the target word was part of a proper noun (e.g., “H ./ .’
containing “fi.”), the post was discarded from our final dataset. Additionally, if either
annotator deemed the usage ambiguous or impossible to determine from context (96
posts in total)?, it was excluded from the dataset.

Table 3.2 summarizes the resulting dataset with the distribution of standard versus
non-standard usages across the three domains. The final dataset consists only of posts on
which both annotators agreed, split into those judged standard and non-standard usages.*
Cohen’s kappa for this annotation task was 0.808, indicating substantial agreement.
Because the dataset contains relatively few training examples for each word, it may
not be suitable as a training corpus for supervised learning from the standpoint of

data volume as we indicated in Chapter 1. Therefore, in this study, we propose an

Thttp://taku910.github.io/mecab/

Zhttp://ipadic.osdn.jp/

3Exarnples include emoticon-like usage, e.g. “( " & *),” where the character “F” (“mushroom”) was
simply part of a face emoji.

“Proper nouns were excluded because future named entity recognition methods could automatically
remove such cases.
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Category #Standard #Non-standard

Computers 416 234
Companies/Services 440 252
Internet Slang 817 814
Total 1,673 1,300

Table 3.2: The details of the labels for the created dataset on Japanese X.

Category \ Words
W Ml ¥ fit
Non-standard Label Dominant | <& 74 HoOOHE &Rk
HE N Je
vy 2l F OB &
. 2R B m BE K
Standard Label Dominant I 2z % g ik
= % % i 75
. i B #tk W &=y
Unbiased 1t @Y b

Table 3.3: Breakdown of the 40 annotated words.

unsupervised method to detect non-standard word usages and use this dataset solely for
evaluation purposes.

We found that some words have a dominant label: one may be predominantly used in
a standard manner, while another is largely used in a non-standard manner. Although
each of the 40 target words was chosen for its known non-standard meaning, they do not
all appear in non-standard usages at comparable rates. Table 3.3 categorizes the words

into three groups based on their final labels for each usage:

* Non-standard Label Dominant: Over 70% of annotated posts were judged non-

standard.
¢ Standard Label Dominant: Over 70% were deemed standard.

» Unbiased: No single label constituted more than 70% of annotations.

This grouping helps illustrate that some words, such as “fi#” for “computer server”, “F.”

to mean “laugh” are frequently used in unconventional senses, whereas others, such as

“B3” for “proxy” or “[&” for “KDDI”, more commonly retain their literal or dictionary-

24



Category #Standard | #Non-Standard H Total

Non-standard Label Dominant 127 956 || 1,083
Standard Label Dominant 1,291 95 || 1,386
Unbiased 255 249 504

Total 1,673 1,300 | 2.973

Table 3.4: Distribution of standard and non-standard usages by label dominance.

defined meaning. Table 3.4 further quantifies how many standard vs. non-standard

examples fall into each group.

3.2 Methodology

In this study, we propose a method for detecting non-standard word usage by considering
the learning mechanism of SGNS (Skip-gram with Negative Sampling). Specifically,
we begin by training Skip-gram with Negative Sampling (SGNS) on a balanced corpus
to obtain distributed word representations. Next, we compute the inner product between
the target word’s vector and those of its surrounding words. If the computed value is
low, the target word is judged to be used in a non-standard way. We employ a balanced
corpus, a corpus consisting of texts sampled without bias to represent the language as
a whole, to ensure that the learned word vectors capture the generality of word usage.
Consequently, cases with high inner product values are interpreted as standard usages,
while those with low values are considered non-standard usages.

Figure 3.1 provides an overview of the embedding-based method. In the proposed
method, the word vectors are trained using SGNS. The non-standard usage of a target
word is detected based on the weighted average similarity between the input-side word

vector v/ of the target word and the output-side word vectors vOUT

of its surrounding
words. The weighted average of these similarity scores is defined as the word’s standard-
ness score. The reason for adopting the weighted average similarity as the standardness
score is rooted in the SGNS learning process. SGNS applies weighted learning, giving
greater emphasis to words closer to the target word in the context Levy et al. (2015).
We calculate the weight a for the weighted average as an integer using @ =m+ 1 —d,
where m is the window size and d is the distance from the target word to a surrounding

word. Let the target word in the sentence be denoted by wy, its input-side word vector by
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yuu-syoku wa saba no shio-yaki
Si: H o R B B o EEE
dinner - mackerel - grilled with salt
{Yesterday's dinner was & mackerel grilled with salt )
IN ouT
Pwsew, T(Vu, Vo) X Oy 06x1+01x2 + 01x2+ 08x]
wiEw, “ \we " Pw; 3 -’l TR Sl l“ = 0.3 — standard
EwJ ew, Fwy ! - ! - !
Twitter no saba ga ochi-ta
S:: BEE 1 Twitter @ 0 8 A EB5K
Twitter = mackerel - wenl down
It seems that Twiltter's mackerel went down yesterday:)
IN ouT
> o(vy, vy ") X ay 01x1 4 01x2 4+ 01x2+ 01x1
wiEWe wy wy ot - : — - = = (0.1 — non-standard
Zw,(—_w.. Qo - -

Figure 3.1: Overview of the word embedding-based method.

VIN

w, » and the set of surrounding words within a window of size m by w,. The output-side

word vector of each surrounding word w; € W, is denoted by V07, and its associated
weight is Q- Given these definitions, the standardness score for the target word w; is

calculated as follows:

1 T
ijewc O'(VWIY : V%U ) X Qy;

ZWjEWC aWj

(3.2.1)

b

where o is the sigmoid function. For unknown words appearing within the window,

ouT

i corresponding to the token for unknown words is used. This

the word vector v
vector vy, is derived from low-frequency words in the corpus used for training the word
vectors.

The sigmoid function is used in Equation ( 3.2.1) because it is also employed as a non-
linear function in the SGNS learning process’. If the computed standardness score is
low, the target word’s usage is judged to be non-standard, whereas a high score indicates

standard usage.

Shttps://code.google.com/archive/p/word2vec/

26



3.3 Experiments

3.3.1 Baselines

The proposed method has the following three key features:

1. Use of a balanced corpus for learning word vectors.

ouT

2. Incorporation of both v/V and v when computing the standardness score.

3. Application of a weighted average to refine the final score.

In the following sections, we introduce several baseline models, each trained under
different conditions or with distinct representation learning strategies. This comparison
enables us to assess how various design choices (such as the choice of training corpus or
word-vector derivation method) impact the detection of non-standard usages. Through
comparative experiments, we demonstrate how effectively these features enhance the

detection of non-standard usages.

Models trained by different corpora: The proposed method calculates differences
between the usages found in the training corpus and those found in the evaluation
dataset, regarding these differences as a “standardness score.” Since the word usages
contained in the training corpus serve as a reference for detecting non-standard usage, we
anticipate that the choice of training corpus will substantially affect detection accuracy.
Accordingly, in this study, we prepare four corpora with different characteristics to
determine which corpus best supports word-vector learning for this task. Table 3.5

presents an overview of each corpus.®

Models that only use v/" by different representation learning algorithms: In contrast

to common approaches that rely solely on v/ ouT,

ouT

, our proposed method also utilizes v
To evaluate the effectiveness of v
only vV, following previous work Neelakantan et al. (2014); Gharbieh et al. (2016). In

, we compare our method with a baseline that uses

this baseline, O'(V{v’y . ng]T) in Equation ( 3.2.1) is replaced by the cosine similarity,

INTIN
th wj

—v——v, t0o compute the standardness score. Furthermore, to compare results with
[Ivay IVl

%To compile the Web corpus, we followed the method of Kawahara et al. (2006) Kawahara and
Kurohashi (2006). For Wikipedia, we used the Japanese edition as of July 2016, downloaded from
https://dumps.wikimedia.org/jawiki/. The newspapers include the Mainichi, Nikkei, and Yomiuri from
1994 to 2004.
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Corpus Distinct Word Types Word Count

BCCW]J 131,913 110 million
Web 336,048 600 million
Wikipedia 1,081,154 890 million
Newspapers 1,204,914 1.5 billion

Table 3.5: Corpora used for training. BCCWJ: Balanced Corpus of Contemporary
Written Japanese (Maekawa et al., 2010). Web: Randomly extracted sentences from
the Web. Wikipedia: Japanese Wikipedia (July 2016). Newspapers: Articles from
1994-2004.

word vectors learned by methods other than SGNS, we also conduct experiments using
word vectors derived from Positive Pointwise Mutual Information (PPMI) via Singular

Value Decomposition (SVD) Levy et al. (2015); Hamilton et al. (2016). In that setting,

IN ouT
w, and v

SVD. As with the baseline method, we use cosine similarity to compute the standardness

SCOI'E!.7

v in Equation ( 3.2.1) respectively denote the z-th and j-th components after

Models that do not apply any weighting to the surrounding words: As described in
Section 3.2, @ in Equation ( 3.2.1) represents the weight corresponding to the distance
between the target word and its surrounding words. To assess the effectiveness of this
weighting, we compare against the case in which no weighting is applied, i.e., setting
a = 1 in Equation ( 3.2.1).

Models that discards function words in computing the score: We also conduct exper-
iments that exclude function words, such as particles, auxiliary verbs, and conjunctions,
from the set of surrounding words w, in Equation ( 3.2.1). As illustrated in Figure 3.1,
the surrounding words w; in real text can be function words (e.g., particles). However,
the similarity between the target word vector and function-word vectors may not neces-
sarily be beneficial for determining the target word usage. Therefore, we also evaluate
a model that calculates Equation ( 3.2.1) using the subset we C W, from which these
function words have been removed. In Mikolov et al. (2013), Skip-gram training is
conducted under the assumption that high-frequency words carry less information than

low-frequency words. Specifically, it employs sub-sampling of high-frequency words:

7In both the baseline that relies solely on v/ and the SVD-based approach, we also tried using the
sigmoid function in place of cosine similarity, but performance was lower than with cosine similarity.
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Parameter Hidden size

Input word vector 150
LSTM hidden layer 300
MLP input size 600
MLP hidden layer 600
Context vector 300
Output word vector 300

Table 3.6: context2vec model parameters.

each word in the training corpus is probabilistically excluded based on how often it ap-
pears. Because many function words fall into the high-frequency category, this approach

can be seen as essentially similar to excluding function words.

A model that incorporates neural language model: Finally, to investigate whether
deeper neural network layers influence detection accuracy, we compare our approach
with context2vec (Melamud et al., 2016), a method for vectorizing context using multi-
ple layers. While our proposed model relies on a shallow, single-layer neural network,
context2vec employs a multi-layer model based on Bi-directional LSTMs (Bi-LSTMs).
Another key difference is that Skip-gram predicts a target word based on its surrounding
words in a fixed window, whereas context2vec processes the input sentence from left-to-
right and right-to-left up to the target word. In context2vec, the entire sentence’s word
embeddings feed into a Bi-LSTM, whose left and right context outputs are concatenated
before passing through a two-layer multilayer perceptron (MLP). The final output layer
of the MLP (a context vector) is then used to predict the target word. In our task, the
sigmoid-transformed dot product between this context vector and the target word vector

serves as the standardness score.

3.3.2 Experimental Settings

We set the dimensionality to 300 for training word vectors. In each corpus, words with
fewer than five occurrences were replaced with <unk> prior to training. For learning
word vectors via SGNS (Skip-gram with Negative Sampling), we used the Python library
gensim (Rehiifek and Sojka, 2010), setting the number of negative samples to 10. To
train word vectors using SVD, we adopted the implementation by Levy et al. (2015)8,

8https://bitbucket.org/omerlevy/hyperwords
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where Positive Pointwise Mutual Information (PPMI) is first computed and then reduced
via singular value decomposition. We trained for a total of five epochs. Additionally,
we conducted experiments using window sizes of 2, 5, and 10.

For context2vec, we set the negative sampling number to 10 and used Adam (Kingma
and Ba, 2014) as the optimization algorithm, with a learning rate of 1073, Table 3.6 lists
details such as the dimensions of hidden layers and word vectors. To improve training
efficiency, we treated BCCWJ and Web as medium-scale corpora, and Wikipedia and
Newspapers as large-scale corpora. For the medium-scale corpora, we used 100 mini-
batches, trained for 10 epochs, and replaced words with fewer than five occurrences with
<unk>. For the large-scale corpora, we used 500 mini-batches, trained for 5 epochs,
and replaced words with fewer than ten occurrences with <unk>.

For evaluation, we sort the standardness scores computed for each instance in the test
set in ascending order. We then use average precision, taking the lower-ranked items in
these scores to be classified as non-standard usages. In addition to these experiments,

we also replicate the condition from Section 3.2 in which function words are not used.

3.3.3 Results

Table 3.7 presents the experimental results. In this table, “weighted” and “uniform”
respectively indicate whether weighting is applied to the target word’s surrounding
words. The dagger symbol (T) denotes that the results show a statistically significant
difference (at the 5% level based on a permutation test) when compared with the SGNS
IN-OUT weighted model trained on BCCWJ, which is our proposed approach. Bold
indicates, for each window size (2, 5, 10), the highest average precision among the SGNS
IN-OUT, SGNS IN-IN, and SVD models.

Comparison for Model Selection

According to Table 3.7, the highest average precision is achieved by context2vec trained
on Wikipedia, with a value of 0.845. Among our proposed methods, the SGNS IN-OUT
weighted model trained on BCCWIJ with a window size of 5 achieves the highest average
precision at 0.839. Deeper neural network layers appear to contribute to accuracy, as
evidenced by context2vec’s stable, high values ranging from 0.803 to 0.845. Neverthe-
less, the results also demonstrate that even a shallow model—such as SGNS IN-OUT—

can achieve performance comparable to deeper models when the learning approach, the
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.. . SGNS IN-OUT SGNS IN-IN SVD
Training Corpus | Window _ - - - . . context2vec
weighted  uniform | weighted uniform | weighted uniform
2 821 832 6267 6487 6147 6237
BCCWIJ 5 839  .833% 347 7367 6737 .6507 .803
10 822 812} 748+ 7377 6481  .643F
2 a72¢ 0 777 6901  .6947 6251 .627%
Web 5 793 187 461 7397 6551  .649% 810
10 796 786 75 761 5671 5657
2 7947 .801 J127 7245 6301 .632%
Wikipedia 5 a75% 0 767% 781 174 6281  .626F .845
10 782 72 19 6957 307 734%
2 749t 7577 .6901  .6907 6041 .609t
Newspapers 5 799 791 7437 735¢% J18F 7067 818
10 798 784 768 7545 7307 7187

Table 3.7: Average precision for each model.

handling of learned word vectors, and the choice of training corpus are suitably arranged.

Next, we compare performance for each window size. Focusing on window sizes of
2, 5, and 10, the SGNS IN-OUT model trained on BCCW]J attains the highest average
precision at all three window settings. This outcome suggests that using BCCWJ
and SGNS IN-OUT tends to yield high average precision regardless of window size.
Additionally, for a window size of 2, 11 out of 12 models exhibit decreased average
precision when weighted treatment is applied. A possible explanation is that, with fewer
surrounding words, the weighting mechanism may overly emphasize function words
near the target, leading to diminished accuracy. This point may be related to the results

in later experiments where function words are excluded.

Comparison for Function Words

Table 3.8 shows the average precision achieved by models in which function words
are excluded during the calculation of the standardness score. The dagger symbol
(1) indicates that, at the 5% significance level under a permutation test, a statistically
significant difference was observed compared with the SGNS IN-OUT weighted model
trained on BCCW]J, which is our proposed method. From Table 3.8, we see that when
function words are not used, the proposed SGNS IN-OUT weighted model yields the
highest average precision. Specifically, this configuration uses BCCW] as the training

corpus, sets the window size to 5, and achieves an average precision of 0.857.
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.. . SGNS IN-OUT SGNS IN-IN SVD
Training Corpus | Window _ - - - . . context2vec
weighted  uniform | weighted uniform | weighted uniform
2 8081  .810F 6961 6967 6311 .630F
BCCWIJ 5 857  .848% 901 7775 6741  .655% TT37
10 849 .839 Bl 7967 6931  .685%
2 561 75T 722% 0 7187 6301  .6217%
Web 5 7941 7867 531 7427 6691  .664F .396%
10 731 759% 7937 783 J117 699
2 T8t T8 7331 734 .6361 .631%
Wikipedia 5 789t 779% 72 7567 6531 .645% 176%
10 799t 7917 J781F 7607 091 714%
2 551 7457 722% 7187 6301 .624%
Newspapers 5 799t 7917 7601 7507 14+ 700% .808
10 .808 7987 981 7945 5991 5935

Table 3.8: Average precision for models that do not use function words.

Model | Training Corpus | Window | Weighting
SGNS IN-OUT BCCWJ 10 §
X
2 v
BCCWJ 5 7
SGNS IN-IN X
10
v
Wikipedia 10 X
p v
BCCWI 10 X
SVD v
Web 10 7

Table 3.9: Models for which a significant difference was observed between function-
word and non-function-word usage. A check mark (v') indicates a weighted-model,
whereas a cross mark (X) indicates a no-weight model.

From Tables 3.7 and 3.8, excluding function words during the calculation of the
standardness score improved average precision in 48 out of 76 models. Of these, 12
models showed a statistically significant difference between excluding function words
and including them. Table 3.9 lists the models for which a significant difference was
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observed. In contrast, 26 models saw decreased average precision when function words
were excluded, and 2 models showed no change. Notably, the average precision of
context2vec decreased in four of these models. Since context2vec embeds words and then
processes them via a Bi-LSTM and a multilayer perceptron, excluding function words
might weaken its effectiveness as a language model, resulting in poorer predictions.

The model that showed the greatest improvement in score was the SVD weighted model
trained on Web data with a window size of 10, yielding a 0.144-point improvement. On
the other hand, the largest decrease in score, 0.414 points, occurred with context2vec
trained on Web data. These findings suggest that how function words are handled can
significantly affect average precision.

Next, we compare performance based on each window size. Referring to Table 3.8,
when comparing the results at window sizes of 2, 5, and 10, the SGNS IN-OUT
model trained on BCCWI achieves the highest average precision under each condition,
consistent with the broad trends noted in Section 3.3.3. In the experiments using
a window size of 2, only 3 of the 12 models showed decreased average precision
under weighting, which indicates that the adverse effects of weighting observed in
Section 3.3.3 are mitigated. This outcome implies that smaller window settings may be

more susceptible to the negative influence of function words.

Comparison for Weighting

From Table 3.7, examining how average precision changes between models that apply
weighting (weighted) and those that do not (uniform) reveals that, among the 36 models
evaluated, 22 show improved average precision when weighting is applied. In contrast,
13 models see decreased precision, and 1 model shows no change. Under the condition
where function words are excluded (Table 3.8), 30 out of 36 models benefit from weight-
ing in terms of average precision, 4 exhibit decreased precision, and 2 show no change.
To investigate the significance of weighting, we conducted statistical tests on these ex-
perimental results. Out of 72 pairs of models (weighted vs. uniform), 36 pairs showed
statistically significant differences in average precision. Table 3.10 summarizes these
findings. Although not all configurations yielded statistically significant differences, our
results indicate that surrounding words closer to the target word serve as valuable cues
for this task, suggesting that the proposed weighting approach effectively leverages such
local context.
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o . SGNS IN-OUT SGNS IN-IN SVD
Training Corpus | Window
w/FW  w/oFW | w/FW w/oFW | w/ FW  w/oFW
2 x* X x* X X X
BCCWIJ 5 v vV X v v vV
10 v Vv Vv v X X
2 x* X X X X v
Web 5 v Vv X Vv X X
10 v v v v X X
2 x* X x* X X X
Wikipedia 5 X v X v X X
10 v Vv v Vv X X
2 x* X x* X X v
Newspapers 5 v v X v v v
10 V4 v v X v X

Table 3.10: Statistical investigation of weighting. “w/ FW” refers to models that include
function words, and “w/o FW” refers to models that exclude them. A check mark (V")
indicates that the weighted model’s average precision is statistically higher than that of
the non-weighted model, whereas a cross mark (X) indicates no statistically significant
difference was found in that comparison. A double dagger (i) means the non-weighted
model’s average precision is statistically higher than that of the weighted model.

Model | Training Corpus | Window | Weighting | Function Words | Avg. Precision
SGNS IN-OUT BCCW]J 5 v X 0.857
SGNS IN-IN BCCWJ 10 v X 0.8117
SVD Wikipedia 10 X v 0.7347
context2vec Wikipedia N/A N/A v 0.845

Table 3.11: Experimental settings yielding the highest average precision for each model.
A checkmark (v') indicates that the feature is used, whereas a cross mark (X) indicates
that it is not used. A dagger symbol () indicates that a statistically significant difference
was found, at the 5% level via a permutation test, compared with the SGNS IN-OUT
model.

Comparison of Highest Performance by Each Model

Table 3.11 summarizes the highest average precision scores attained by each model
across all experiments, along with the corresponding experimental settings. Statistically

significant differences emerged between the average precision of our proposed SGNS
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IN-OUT model and both the SVD and SGNS IN-IN models. These results suggest that

UT as well as v/ helps improve average precision for this task.

using v©

We also performed a significance test comparing the SGNS IN-IN and SVD models;
the resulting p-value was 0.089. Although SGNS-based methods appear to achieve
higher average precision, the difference is not statistically significant.

Focusing on experimental configurations for each method, we see that SGNS-based
methods tend to achieve higher average precision by using BCCW] as the training corpus,
applying weighting, and excluding function words. Conversely, methods based on SVD
and context2vec achieve their best average precision by using Wikipedia as the training
corpus and including function words. Because the most effective corpus for achieving
higher average precision varies according to the particular learning method, choosing a

corpus suited to each method is essential.

3.4 Oracle Performance under Real-world Settings

In our previous experiments, we evaluated document rankings within the evaluation
dataset by sorting them according to their standardness scores, where higher scores
indicate standard usage and lower scores indicate non-standard usage.

When we measure performance using average precision, we integrate performance
across all possible score thresholds. Although ranking-based evaluations are valuable,
real-world applications generally require selecting a single threshold to identify which
usage is non-standard. Hence, we define a specific threshold for the standardness score,
which separates standard from non-standard usage in a binary classification. In our
setting, any instance whose standardness score falls below this threshold is labeled as
positive (non-standard), while those that exceed the threshold are labeled as negative
(standard). Because our primary interest lies in non-standard usage, we treat lower-

scoring instances as “positive” (or “detected”).

3.4.1 Word Usage Classification

In this section, to investigate upper-bound performance of each method in a real-world
settings, we conducted an experiment by setting a specific threshold, and conduct error
analysis for further improvements of the method. We classified instances with scores
below this threshold as non-standard usage and instances with scores above it as standard

usage, and evaluate the performance based on precision, recall, and F-values for non-
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Model Precision Recall F-score

SGNS IN-OUT 765 831 796
SGNS IN-IN 711 814 759
SVD 6037 .805 6897
context2vec 743 852 794

Table 3.12: Results for the word usage classification task using the models that yielded
the highest average precision, as listed in Table 3.11.

Model Non-standard Label Dominant Standard Label Dominant Unbiased
Precision ~ Recall F-score Precision  Recall F-score  Precision Recall  F-score
SGNS IN-OUT 952 .845 .895 237 789 364 801 791 796
SGNS IN-IN 947 .834 .887 .192 768 307 7041 755 729
SVD 910 .840 .874 1261 758 2177 .6047 691 6447
context2vec 941 881 910 202 716 316 758 791 774

Table 3.13: Precision, Recall, and F-score for each class

standard labels. In this experiment, we tested thresholds ranging from 0.001 to 1.000
in increments of 0.001 and ultimately selected the threshold that produced the highest
F-value for classification.

Table 3.12 shows classification results of each model. Bold values indicate the highest
performance for each metric, and the dagger (1) indicates that the corresponding result
is statistically significantly different from the proposed SGNS IN-OUT model at the 5%
significance level, as determined by the randomization test. According to these results,
the F-value obtained by the proposed method was the highest among all models at 0.796.
Furthermore, the model that achieved the highest precision was SGNS IN-OUT (the
proposed method), whereas the model that achieved the highest recall was context2vec.

Next, we investigated the evaluation metrics for each class shown in Table 3.3. In
the constructed dataset, each word exhibits a degree of label imbalance, and Table 3.3
classifies 40 target words into three groups depending on whether they skew toward a
particular label or show no skew. To analyze how the evaluation metrics vary by class, we
computed the precision, recall, and F-value for each class. We used the same threshold
as in the experiment described above.

Table 3.13 shows the results for each class. The dagger (f) again indicates that a

statistically significant difference at the 5% level was confirmed by the permutation test,
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when compared with the SGNS IN-OUT model. We observed that the precision in the
non-standard label dominant class tends to be relatively high for all models, whereas
precision for the standard label-dominant class tends to be low, indicating an imbalance
in the evaluation metrics. These results suggest that choosing a threshold that maximizes
the overall F-value succeeds in detecting words widely viewed as non-standard. However,
words that only a small number of individuals consider non-standard often produce more
false detections.

Next, we perform a qualitative evaluation of the experimental results produced by
the proposed method. Below are examples of non-general word usages detected by the

proposed approach:

(i) 5B DHEMBIIRAN o722 LWL, Android SR W o IFVWE 5T

(i) .. EVBRALD T LAV HVLRTHZ Voo T

(iti) SR F 7 ZERABEN S 272 —A LR D 72h 6 RE EF TN &kda-?
(iv) .. 2 XD LT THEBETH > FL T2 D0 —HFHMOA L 2 RWVR7R

V) BRI DDDDDDDDDDDDDHDN TR RDDDDDHDDDH DD

In (i) and (ii), “F4&” and “BRF7 are examples where the proposed method successfully
detected non-general usages, even for words whose general label is otherwise dominant.
Moreover, in (iii) and (iv), “J&” and “F represent usages that differ from those shown
in Table 3.2, yet the proposed method accurately detected them®.

Example (v) was not detected by the method based on context2vec, yet it was suc-
cessfully detected by the proposed method. Although context2vec considers the entire
input sentence, in this particular instance the consideration of the full sentence appears
to have led to an incorrect judgment. In contrast, because the proposed method focuses
on the window of surrounding words before and after the target word, it is less affected

by unrelated words in the sentence, leading to a successful detection.

3.4.2 Error Analysis

In this section, we present examples of non-standard word usages that were not detected

by the proposed method in the usage classification:

°In this context, “J8” primarily refers to “drops” in social games, and ““F” primarily refers to “snipers”
in online games.
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Actual\ Predict ‘ Non-Standard Standard Actual\ Predict ‘ Non-standard Standard

Non-standard 1080 220 Non-standard 1108 192

Standard 332 1341 Standard 384 1289
Table 3.14: Confusion matrix for the Table 3.15: Confusion matrix for con-
proposed method. text2vec.

(vi) =AFTRRENRY — FANRT v b o> TTE

(vii) 55 #HTT L —¥, =7k, 24, 82, 53D LTE—FRLL o7
(viii) B~ BRALZDAFH, BRDRE, BOEEIIHH LTIV

(ix) FHHORMHILTL X iR A7 +r—bkHLTo9 !

(x) BERRD T2V N[/ 53 BRI B T DITIE - T 223 Ty 2 S E - |

As shown in (vi), there were cases in which the target word had very few surrounding
words, and thus detection was unsuccessful. Nonetheless, as seen in (v), even when
there are few surrounding words, detection may still be successful. Hence, in situations
where surrounding context is limited, the model’s output appears to be unstable.

Next, in (vii), when there are low-frequency words or unknown words (e.g., “Z A"
or “I 7 ") near the target word, detection can fail. The proposed method uses a
pre-trained vector for unknown words whenever they appear. However, to handle cases
like these, additional processing tailored to unknown words may be necessary.

Furthermore, in (viii) and (ix), a tendency was observed for detection to fail when the
target word itself appears among its own surrounding words. In SGNS training, the dot

OUT vectors tends to be relatively high!®, causing

product between a word’s v/ and v
the overall standardness score to rise and eventually leading to a detection failure.
Finally, (x) illustrates a case that was not detected by the proposed method but was
successfully detected by the context2vec-based method. Because the proposed method
considers only the fixed window of surrounding words around the target word, it cannot
account for clues, such as “# 4,” which appears at a distance from the target word but
may be essential for interpreting its usage. In contrast, context2vec considers the entire

sentence, enabling successful detection.

1%When calculating the dot products of v/V and vPUT for 10,000 randomly sampled words, the dot
product for a given word’s own v/V and vOUT was, in 9,997 out of 10,000 cases, higher than the average
dot product between v/V and vOUT for other words. Note also that the cosine similarity between v/V
vectors for the same word is always 1, so the SGNS IN-IN model experiences a similar issue.
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We further perform an error trend analysis using confusion matrices for the exper-
imental results presented in Table 3.12. In addition to the proposed method, we also
analyze context2vec, which demonstrated high performance in previous experiments in
Tables 3.11 and 3.12. Tables 3.14 and 3.15 show the confusion matrices corresponding
to each set of experimental results. The top-right cell in each confusion matrix indicates
false-positive instances, where the model incorrectly predicted a standard usage as non-
standard. Conversely, the bottom-left cell represents false-negative instances, where the
model failed to detect a non-standard usage and instead labeled it as standard. From
Table 3.14, the proposed method produced 220 false negatives (missed detections) and
332 false positives. Meanwhile, Table 3.15 shows that the context2vec-based approach
yielded 192 false negatives and 384 false positives. Comparing these results, the pro-
posed method has relatively more false negatives and fewer false positives, whereas the
context2vec-based method exhibits the opposite pattern.

In summary, the proposed method exhibits fewer false positives but more false neg-
atives compared to the context2vec-based approach. From a practical standpoint, the
choice between these two methods depends on whether it is more critical to minimize
missed detections of non-standard usages (favoring context2vec) or to avoid falsely flag-
ging standard usages as non-standard (favoring the proposed method). Which type of
error introduces more risk depends on the specific application. For instance, in con-
structing a dictionary of non-standard usages, overlooking (false negatives) can be more
problematic, because missed usages are difficult to recover later. On the other hand, in
a live dialog system, erroneous interpretations of standard usages as non-standard (false
positives) may undermine user trust more than failing to detect non-standard usages.
Therefore, depending on the intended use, one approach may be more suitable than the

other.

3.5 Discussion

We introduced an approach that uses local contextual cues and function-word exclusion
to detect non-standard word usages effectively. Here, we focus on two substantial
considerations in our design that may restrict its versatility in practice.

Global threshold: A single static threshold overlooks the fact that non-standard usages
often manifest differently across distinct domains and user groups. The use of a global

threshold may, for example, lead to over-detection of non-standard usages in more formal
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corpora, while under-detecting them in more colloquial or domain-specific data. This
phenomenon surfaced in our error analysis, particularly when comparing results on
BCCWI (a balanced corpus) versus Web data (with more slang). Although the global
threshold achieved high precision in certain domains, we observed that specialized texts
with unique jargon (or distinct usage patterns) sometimes slipped through undetected,
resulting in higher false negatives.
Fixed window size: The proposed model incorporates a fixed window size for the
surrounding context, which imposes artificial boundaries around each target word and
potentially misses important context beyond that window. As illustrated in example (x)
in the error analysis, the target word “# 77" was not flagged as non-standard because
the relevant clue, “7# 37, appeared several tokens away, outside the fixed window.
In contrast, a model such as context2vec, which considers the entire sentence via a
Bi-LSTM, successfully detected that usage. While our weighting and function-word
exclusion strategies partially mitigate these constraints (for instance, by emphasizing
words nearer to the target), they do not fully resolve instances where critical signals lie
far from the immediate neighborhood.

Together, these limitations underscore the need for a more adaptive approach that can
flexibly adjust to domain variation, rather than relying on a single global threshold, such
as in classification-based models built on a language model (Peng et al., 2003; Chen

et al., 2022) to fully incorporate broader contexts.

3.6 Conclusion for this Chapter

In this study, we developed an automatic approach to detect non-standard word usages,
focusing on social media terms whose meanings may not appear in existing dictionaries.
To support our research, we introduced a manually annotated dataset of 40 Japanese
words, each of which has at least one non-standard meaning. Every usage of these
words in the dataset was then manually annotated as either standard or non-standard by
domain experts. The proposed method employs Skip-gram with Negative Sampling to
learn word vectors from a balanced corpus. We then compute a “standardness score”
for each target word usage by taking a weighted average of the sigmoid-transformed dot
products between the target word’s vector and those of its surrounding words. If the
standardness score is high, the usage is deemed standard; if it is low, the usage is deemed

non-standard. In our method, rather than using only v/", which is common in prior
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research, we combined v/" with vOUT for this computation. Experimental results show
that incorporating vOY7 and weighting surrounding words by proximity significantly
improve detection accuracy, suggesting that nearby context offers vital cues. Further
improvements were achieved by excluding function words, indicating that function words
may not be crucial for detecting non-standard usages.

This research serves as a starting point for analyzing words used in non-standard ways
on social media. By extending the proposed approach, we anticipate that our findings will
facilitate broader analyses of word usage across different social media data. Although our
evaluation experiments were conducted in a closed setting using the constructed dataset,
applying threshold-determination strategy to the standardness scores should enable open
settings, such as extracting non-standard usages from previously unseen data, which we

address in the following chapter.
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Chapter 4

Masked Language Model-based
Non-standard Word Usage Detection

Chapter 3 introduced a Japanese dataset for non-standard word usage detection and
proposed a word embedding-based method for this task. In this chapter, we present
a masked language model-based approach that addresses the limitations of the word
embedding-based method, namely the need for a threshold and limited access to context
words, by employing a classifier-based strategy. We begin by revisiting the task definition

for clarity.

4.1 Task Definition

This study addresses a word usage classification task, where we are given an input
sentence and a target word within that sentence. The goal is to determine whether the
usage of the target word is standard or non-standard. We then extend this approach
by applying the same classification scheme to all target words in the input sentence,
thereby transforming a single-word classification task into a word usage detection task
that identifies any non-standard usages across multiple words. In this study, we lay
the groundwork for our approach by focusing exclusively on nouns, leveraging their
intrinsic semantic importance as an initial lens through which to investigate word usage
classification.

Figure 4.1 illustrates an example word usage classification task on a given sentence and
corresponding target word. Specifically, the model inspects the contextual usage of the
target word and decides whether that usage aligns with a dictionary definition (standard)

or diverges from it (non-standard). In the provided example, the word nova is used
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Model Input

Sentence: If you were actually good enough to be in low nova, then you
wouldn’t be in that level.
Target Word: nova

Model Output: non-standard

Figure 4.1: Example input and output for the word usage classification task.

as non-standard because it refers to a specific gaming rank rather than its conventional

astronomical meaning.

4.2 Methodology

We assume that for non-standard usages, both (1) predicting the target word from its
surrounding context and (2) predicting the context words from the target word present
challenges. However, we hypothesize that these prediction tasks provide important clues
for detecting non-standard usages. Based on this insight, we propose a model that
incorporates vector representations produced from both context2target prediction task,
where we predict a target word from its surrounding context words, and target2context
prediction task, where we predict the surrounding context words from the target word.
By combining the information from these two approaches, our model seeks to enhance
the accuracy of identifying non-standard word usages. In this section, we briefly review
methods for context2target prediction and target2context prediction commonly used in
NLP.

context2target prediction

Masked language models such as BERT (Devlin et al., 2019) or RoBERTa (Liu et al.,
2019) are trained to predict masked tokens from a given context.! A masked language
model takes as input a masked sentence such as X’ = {wy, wy, [MASK], wq4, .., w,}
(where the original token w3 is masked as [MASK]), and predicts the ground-truth

masked token w3 from a contextual representation. The masked language model uti-

ICBOW (Mikolov et al., 2013) is an earlier well-known method for learning word embeddings based
on context2target prediction. We include experiments based on CBOW in this paper, but find that masked
language model performs better than CBOW.
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lizes bi-directional transformers for capturing contextual representation, which are com-
posed of multi-headed self-attention mechanisms and element-wise feedforward net-
works (Vaswani et al., 2017). As illustrated in Figure 2.2, on top of these transformer
layers, both BERT and RoBERTa build a prediction layer known as language modeling
head (LM head)?, which is an architecture designed to predict masked tokens through a
vocabulary-sized projection layer. This LM head is trained using the cross-entropy loss
function, where the model learns to predict masked tokens during training. Combined
with the softmax function, this layer generates a probability distribution over all possible
tokens, allowing the model to predict the masked token by selecting the one with the
highest probability. The LM head is implemented by first applying a fully-connected
layer to the input features coming from bi-directional transformers, followed by the
GELU activation function (Hendrycks and Gimpel, 2016) and layer normalization (Ba
et al., 2016). After that, the processed features are projected back to the size of the
vocabulary through a projection layer that includes a bias term. This architecture plays
a crucial role as a masked language model, enabling the prediction of masked tokens
from the given context.

As mentioned in Chapter 2, since the masked language model directly models target
word prediction based on context, it can be used to capture difference of training contexts
for a given target word. Thus, in our model, we use contextualized representations
obtained from a masked language model as a feature for context2target prediction.
In the experiment, we used the hidden representation obtained from the LM head by
excluding the final projection layer. Specifically we utilize the hidden representation
obtained from Equation ( 2.4.2c), the output after applying the fully-connected linear

layer, GELU activation, and layer normalization, and finetune for the classification task.

target2context prediction

As described in Chapter 2 and 3, Skip-gram Negative Sampling (SGNS) (Mikolov et al.,
2013) is a method for learning word embeddings based on predicting context words
from a target word in vector space, by assigning two different vector representations
to every word in the vocabulary: one for that word as a target word, and one as a
context word. Given a target word in context, SGNS is trained by maximizing the

dot-product between the vector for the target word and vectors for the context words.

2We follow an implementation by HuggingFace. https://github.com/huggingface/transformers/blob/
main/src/transformers/models/roberta/modeling_roberta.py#L1116
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Figure 4.2: Overview of the MLM-based method.

We regard this training procedure as target2context prediction, where we assume that
the vectors trained by target2context prediction will produce a different aspect to the
vectors obtained from context2target prediction. As proposed in Chapter 3, this training
procedure can also model how a target word fits in context by manipulating the trained
vector representations, suggesting that target2context prediction is helpful in classifying
word usages. Based on this finding that those two different representations from SGNS
called IN and OUT embeddings play an important role in distinguishing word usages,

we also incorporate these two distinct vectors into our model.

4.2.1 Word Usage Classifier

In this work, we classify a target word in a sentence as either standard or non-standard
using a binary word classifier which takes into account of contextual features from
target2context prediction and context2target prediction. For the task formulation, given
a sentence with n words X = {wy,..,w,} and a target word Weger € X, we classify
Wiarget @8 y € {0, 1}, where 0 indicates a standard usage and 1 indicates a non-standard
usage.

Figure 4.2 presents an overview of our proposed method. We first feed the sentence X
into the masked language modeling layer to get an initial contextualized representation

hiaree. We then feed this representation to the feedforward network FF(-), which is a
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part of the component of the LM Head as in Equation ( 2.4.2¢), to make a further con-
textualized representation. We treat this output O,ger as a context2target representation
of wtarget.3 We use the mean of the contextualized embeddings for each of the wordpiece
tokens that make up the target word. Note that we keep the target word unmasked for
the training of non-standard word detection, (i.e. we do not replace the target word
Wiarget With [M ASK]), as we find that masking the original word negatively impacts
on results, consistent with the findings of Zhou et al. (2019) in the context of lexical
substitution. We also incorporate a target2context representation €rget, in the form of
a word embedding of the target word w,ee learned by Skip-gram . We concatenate
the two vectors to form € = [Orget; €target], as the combined representation of the target
word. Finally, we feed ¢ into a 2-layered multi perceptron with ReLLU activation (Agarap,

2018) and softmax function to implement binary classification, as follows:
p(¥]1X) = softmax(W; ReLU(W;c+b;) +by), 4.2.1)

where Wi, W, by, b, are weight matrices and bias vectors. To train the classifier, we

use binary cross entropy loss:

D
L(3v9) === > yilog(50) + (1 = yplog(1 - ), (422)
D=
where y; € {0, 1} is the gold label, y; is the model prediction (i.e. probability of non-
standard usage), and D is the number of examples in the minibatch.

Similar fields incorporate features from masked language models such as BERT, but
few utilize the feature from the LM head. Metaphor detection models also incorporate
features from masked language models (Choi et al., 2021; Li et al., 2023,). In these
studies, dedicated networks are proposed based on the Metaphor Identification Procedure
Crisp et al. (2007) and Selectional Preference Violation (Wilks, 1975, 1978), using
BERT embeddings derived from the output of a bidirectional transformer. Our proposed
method, however, does not employ specialized networks for these tasks. Instead, we
introduce features based on skip-gram and use the information from the LM head
following the transformer output, rather than relying on the transformer output itself.
Similarly, in the field of diachronic semantic change, many studies utilize contextualized

embeddings from models like BERT. Their primary focus, though, is on using word

3Each word is tokenized into wordpieces to reduce the vocabulary size.
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Sentence Vocabulary

I have a dog and a cat .

_-'—""'_f(- “—-____\__‘_H_
e Y
Standard Examples Pseudo Non-standard Examples ‘g

) E
a I have ai_aog] and a cat . ‘ I have a|gaze|and a cat .
g .
: — /
H* I have a dog and a|cat . ‘ I have a dog and a|speech]A

Figure 4.3: Pseudo-example creation.

similarity calculations across different time spans Kulkarni et al. (2015); Hamilton et al.
(2016); Giulianelli et al. (2020); Martinc et al. (2020); Nagata et al. (2023) or clustering
with topic models Montariol et al. (2021); Inoue et al. (2022). This focus differs from

our classification-based approach.

4.2.2 Pseudo-label Training

Equation ( 4.2.2) requires the gold label y to train the model, meaning that we need
a large-scale source of annotated data. However, constructing a large-scale dataset is
expensive as it needs expert lexicographic knowledge. To counter the lack of manually-
annotated training data for this task, we incorporate the idea of pseudo-example learning
(Bergsma et al., 2008; Poon et al., 2009; Pauls and Klein, 2012; Kiyono et al., 2019),
where we automatically generate a dataset of synthetic non-standard examples from a
raw corpus, and use it to train the model. That means that our model does not need any
annotated training data and can be trivially adapted to different domains and languages,
given that we can easily generate training data given a monolingual corpus.

Figure 4.3 depicts the method for constructing the training dataset with pseudo exam-
ples. The procedure is composed of two steps: (i) choose a target word in a sentential
context as a standard example; and (ii) replace the selected word with an alternative
word based on uniform random sampling from vocabulary in the training corpus, and
regard the modified sentence as a non-standard example. Note that we iterate the target
word selection over all possible nouns in each sentence, meaning that the same sentence
is repeatedly used during training based on the number of nouns it contains. Since
this approach does not require any human annotation, we can train the model on any

language, and present experiments on both English and Japanese.
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4.3 Experiments on Japanese Social Media Dataset

4.3.1 Experimental Settings

We built a Japanese Twitter dataset in Chapter 3, where a target word in each sentence is
manually annotated as to whether its usage in context makes sense relative to common-
sense expectations. As reported in Chapter 3, some target words in the dataset are not
used as nouns but rather as parts of named entities. Therefore, we use a subset of this
dataset in our experiments, after filtering out any word segmentation errors. To perform
the word segmentation filtering, we used two Japanese morphological analyzers —
Mecab (Kudo et al., 2004) and Juman++ (Tolmachev et al., 2018) — and selected those
target words which both analyzers identified as a single-morpheme common noun. The
filtering process eliminated 385 sentences from the original dataset, resulting in a total
of 2,588 sentences, consisting of 1,380 standard usages and 1,208 non-standard usages.
Note that this X dataset is only used for evaluation and not for training, fine-tuning, or
hyper-parameter tuning. To train our model, we took the BCCW]J corpus (Maekawa
et al., 2010) and extracted one million (standard) examples from the corpus, from
which we generated one million pseudo-examples according to the process described
in Figure 4.3. For hyper-parameter tuning, we prepared a separate validation dataset
from BCCWIJ made up of 1000 sentences evenly split between standard and pseudo
non-standard examples.

As evaluation metrics, we use accuracy and average precision to measure overall
classification performance, and precision, recall, and F1 score to assess detection per-
formance specifically for non-standard usages. We report averaged performances across

three different random seeds.

4.3.2 Model Details

Following Chapter 3, we use word embeddings via Skip-gram with negative sampling
over the BCCW]J corpus (Maekawa et al., 2010), with dimensionality 300, window size
5, and the number of negative samples set to 10, which resulted the best performance
in the previous experiments. We also incorporate /N and OUT embeddings produced
from Skip-gram forming target2context representation in Equation ( 4.2.1) as €rger =
gt Vioant trget and VOUT are the IN and OUT embedding for the target word.
In regard to this point, we provide an ablation study on feature representation for a target

[v | where v
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word. For the masked language model, we use pre-trained Japanese ROBERTape. 2,
which was trained over Japanese Wikipedia and the Japanese portion of CC-100. During
training, we freeze the pre-trained weights of the word embeddings and bi-directional
transformers in ROBERTa, and only finetune a part of LM head described in Section 4.2
and the word usage classification layer.

In the proposed method, we apply dropout (Srivastava et al., 2014) before the ReLU
activation in Equation ( 4.2.1) with a dropout rate of 0.1. The hidden size for the affine
transformation in Equation ( 4.2.1) is set to 768. We used the Adam optimizer (Kingma
and Ba, 2014), with learning rate 0.001, learning rate decay factor 0.99, and minibatch
size 128. We trained the model for 30 epochs, and performed model selection based
on the model that achieved the best F1 score on the validation dataset. All experiments

were done by using HuggingFace (Wolf et al., 2020).

4.3.3 Baselines

We prepared comparison methods for this word usage classification task. In this ex-
periment, all models address the same problem: classifying a target word in the given
sentence as either standard or non-standard. We evaluate the performance of the model

relative to two baseline methods as detailed below.

1. worp2vEc: This method was proposed in Chapter 3, and models the non-
standardness of a target word in context according to a weighted average of the
dot-product between the word embedding for the target word and word embed-
dings for the surrounding words (based on a fixed context window size). This
method requires a global threshold to classify whether a given target word is used
in a standard way or not. In the experiment, the threshold is determined by 10-fold
cross validation over the data. In comparison, our model does not rely on any such
threshold for classification as it is trained directly over the end-task of standard vs.

non-standard usage prediction.

2. TS5pase: To investigate the effectiveness of a pre-trained masked language model
for this task, we employed Text-to-Text Transfer Transformer (T5) (Raffel et al.,
2020), alarge language model that does not incorporate a specific masked language

modeling architecture within its design. We used a pre-trained Japanese T5pase?,

“https://huggingface.co/nlp-waseda/roberta-base-japanese
Due to computational resources and limitations, we use the base model instead of the large model.
®https://huggingface.co/sonoisa/t5-base-japanese
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which was trained over Japanese Wikipedia and the Japanese portion of CC-100
and OSCAR. Note that we did not use TS’s original decoder, relying solely on the
encoder’s hidden layers for this task. For a fair comparison, we added the same
LM head networks used in RoOBERTa (Section 4.2) to the encoder of T5, applied
the same classifier layer afterward, and incorporated IN and OUT embeddings
in the same manner as in the proposed model. As with the proposed model, we
freeze the pre-trained weights of the TS5 encoder and word embeddings, resulting
in the same set of trainable parameters. The training corpora and parameters were

likewise consistent with those used in the proposed model.

We also report the metrics produced by large language models (LLMs), such as
ChatGPT (OpenAl, 2023). However, it is important to note that direct comparison with
these models is not feasible due to the financial and computational costs associated
with applying such methods to large-scale text streams, like those from Twitter or
Reddit. These limitations result in a lack of scalability and make it challenging for these
methods to rank examples based on their level of non-standardness. For the comparison
with the LLM based method in our task, we employed GPT-47 (OpenAl, 2024) and
Swallow-70b instruction model® (Fujii et al., 2024), both of which are multilingual
models capable of handling Japanese texts. In these methods, we instructed the model
to determine whether the target word in the input text was used in a standard or non-
standard way. For constructing a prompt, we incorporated a few-shot approach (Bsharat
et al., 2024; Tarumoto et al., 2024), providing examples that included both standard and
non-standard usages to boost the performance. Table 4.1 shows the concrete prompt used
in the experiment. Responses indicating agreement or disagreement were converted into

binary labels for evaluations.

4.3.4 Results

Table 4.2 shows the results on the Japanese Twitter dataset. The proposed method
achieves overall best performance, balancing high accuracy, F1 score, and average
precision. The proposed model outperformed the second-best baseline, TSpase, by a
margin of 1.2 to 2.5 points across metrics. Based on the results, our proposed method
outperforms all baseline models in terms of accuracy, F1 score and average precision at

a level of statistical significance (p < .01) by permutation test.

7Specifically, we used the gpt —4-0613 model in batch inference.
8We used t okyotech-11m/Swallow-70b-instruct-hf through HuggingFace library.
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Prompt

#HH TER: XHTHEZONHEN RN HENPE DD EEZ T X W,
— R HEDSGE Ndv) 2. 295 TRVLEGEAEIE Twnwx ) 2B X TLEE
W,

#HH AT

XE: ZORE»DNWLH~
BAZE: (N

HHE A

[=4A

#HH AT

YE: E L CHRITAKHIEZ S 27
BAGE: R

#HHE (O]

A

HHE AT

XE: JLBEEDON=F 7 4 A TEK LY
HZE 74 R

#HHE (O]

=M

#HH AT

NE: BEHEBICTFH LTl EY 4 XD IEDFE L
HZE 74 X

#HHE O]

INAY-3

#HH# N

X E: {sentence}
HZE: {rarget-word}
## O]

Table 4.1: Japanese prompt used for GPT-4 and Swallow.

Compared to worD2VEC, TSp,ee and the proposed model achieves better results in
major metrics, highlighting the importance of an explicit word usage classification
layer in more parameterized pre-trained language models and pseudo-label training.

Specifically, when evaluating accuracy in relation to the number of words in a sentence,
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Model Accuracy Precision Recall F1 Average Precision

worD2VEC (SGNS IN-OUT) 152 152 834 793 .860
T5Sbase .816 799 .808  .803 .877
Proposed Method 831 811 833 821 .896
Swallow-70b .609 .555 823  .663 -
GPT-4.0 .805 .830 685 750 -

Table 4.2: Experimental results on the Japanese Twitter dataset. Bold indicates the best
score.

the top 20% of longer sentences, containing the most words, achieved accuracies of
.810 and .830 in the worDp2VEC method and the proposed method respectively, while
the bottom 20% of shorter sentences, containing the fewest words, had accuracies of
7181 and .793, respectively. This indicates that the absolute difference in accuracy is
greater in the top 20%. One possible explanation for this is that worp2vEC method has
a limitation due to its cut-off window, where the capacity of the model is restricted by
the size of its context window, resulting in the discarding of valuable information in
sentences that contain more words than the window can accommodate. In contrast, our
proposed model fully leverages the contextualized representation from the bi-directional
transformer, leading to higher accuracy for longer sentences. Shorter sentences were
more difficult to classify for both methods due to the lack of contextual information,
leading to lower performance. This aligns with the observations made by Pei et al.
(2019) in slang detection. Compared to TSpase, the proposed model outperformed all the
evaluation metrics suggesting that an explicit masked language modeling architecture
helps in this task. GPT-4.0 and Swallow did not perform well in the classification.
Further prompt engineering could help those models achieve better quality, but this is
beyond the scope of this paper.

Table 4.3 shows a quality comparison of each method. In contextually rich examples,
such as the first and second examples, all models were able to correctly predict the
target words. These sentences provide strong contextual cues that make it easier for
the models to infer the intended meaning of the target words. worDp2vEC model fails
to predict correctly when the target word appears at the beginning or end positions in
the sentence. This limitation is due to the cut-off window inherent in the Skip-gram

architecture, which restricts the contextual information to a fixed window size around
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Table 4.3: Example sentences and corresponding model predictions. Bold indicates the
target word. A checkmark (v') denotes a correct model prediction.

the target word. When the target word is near the sentence boundaries, the model
lacks sufficient context on one side, leading to incorrect or ambiguous interpretations.
TSpase model and the proposed method demonstrate superior performance in handling
abbreviations and domain-specific terms, particularly in cases involving “SZ5”, which
refers to the platform name “pixiv” in these examples. All models struggle with short
sentences that lack sufficient context or that incorporate commonly used expressions
from the internet. As Pei et al. (2019) reported, investigating word usages for short
sentences is generally difficult. In the latter case, we hypothesize that this issue arises
from both the training corpora and the pre-trained knowledge of LLLMs. This problem,
particularly in the context of evolving word senses, is closely related to diachronic
semantic change (Kulkarni et al., 2015; Hamilton et al., 2016; Kutuzov et al., 2018), a
research field that investigates how the meanings of words shift over time. A potential
solution may involve incorporating historical corpora, such as COHA?, to better capture
these temporal variations in meaning (Hamilton et al., 2016; Sommerauer and Fokkens,
2019; Martinc et al., 2020; Nagata et al., 2023). However, such language resources are
not available for the Japanese language. Alternatively, introducing a bias toward formal

language by integrating formal written texts, such as newspaper articles, into the training

“https://www.english-corpora.org/coha
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Model Accuracy Precision Recall F1 Average Precision

Proposed Method 331 811 833 821 896
w/o Word Embeddings 761 754 727 740 .807
w/o Finetuning LM head .810 770 .844 805 875
w/o LM head .820 793 831 811 .885

Table 4.4: Ablation study on Japanese Twitter dataset. Bold indicates the best score.

data could help further mitigate this issue, which we propose as a direction for future
research.

Table 4.4 shows the ablation study to understand the effectiveness of masked lan-
guage model and word embeddings. All the ablation points demonstrated a statistical
significance compared to the proposed model, with a level of p < .01 according to
permutation test. As detailed in Table 4.4, utilizing both contextualized representations
and word embeddings boosts classification performance, suggesting that it is helpful
for the model to have features from both context2target prediction and target2context
for this task. We also found that fine-tuning the LM head, which directly models a
target word prediction (Section 4.2), was the second most crucial factor. This suggests
that freezing the LM head restricts its potential ability to understand and distinguish
given usages though pseudo-label classification. While the presence of the LM head
itself shows the statistical margin, it was the least impactful compared to other ablation
points. Overall, the ablation study indicates that both the masked language model and
word embeddings significantly enhance task performance and these findings suggest that
leveraging the full capabilities of the pre-trained prediction component, including the

LM head, is important for better performance.

4.3.5 Error Analysis

We analyzed the error cases to investigate what misclassifications were made by the
models. For the analysis, we picked the TS5, model and the proposed model that
performed the best F1 score on the testing set.

Table 4.5 shows confusion matrix for each model to analyze classification errors. In
this study, we regard positive as non-standard usages and negative as standard usages. The

top right cell represents the false-positive cases, where the model incorrectly predicted
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Actual\Predict | Standard ~Non-standard

Standard 1,046 334
Non-standard 195 1,013

a Confusion matrix for wornp2vEc (SGNS IN-OUT).

Actual \ Predict ‘ Standard Non-standard

Standard 1,155 225
Non-standard 246 962

b Confusion matrix for TS5y, model.

Actual\Predict | Standard Non-standard

Standard 1,129 251
Non-standard 214 1,029

¢ Confusion matrix for the proposed model.

Actual \Predict | Standard ~Non-standard

Standard 1,229 151
Non-standard 353 855

d Confusion matrix for GPT-4.

Table 4.5: Confusion matrices for Japanese Twitter experiment.

a standard instance as non-standard, while the bottom left cell represents the false-
negative cases, where the model failed to detect a non-standard instance, incorrectly
labeling it as standard. worDp2vEC model, shown as (a) in Table 4.5, produces a high
rate of false positives, indicating frequent misclassification of standard instances as non-
standard. TS5y, model, shown as (b), achieves the lowest false-positive rate, but the
model struggles with detecting non-standard instances, resulting in the highest rate of
false negatives. The proposed model, shown as (c), offers a balanced approach, reducing
false negatives more effectively than the other models, which suggests it is particularly
strong at identifying non-standard instances. Although the proposed model does not
achieve the lowest number of false positives, its overall performance in minimizing
misclassifications makes it the most reliable model for distinguishing between standard
and non-standard word usages in Japanese Twitter data. GPT-4, shown as (d), tends not
to produce the non-standard label as frequently as other models, yet it achieves the best
precision for this label. This indicates that the model only detects non-standard usage

when it has high confidence in Japanese texts.
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Failure Type | Sentences

(@ ZRE DD EL DTV LWFBICRZLDIZS 55,

False-Positive | (b)) XY X7 4 A+, EF o TI0EF o T— X7 4 AERSRAXIRBRATIN F XU Zob s —
(© ALBER?ZH S > THRAEBIHFE Lo RV L, L ZABNZVE B EbRVL

(d) Z5FAIMEIAX VEBWORBH TR -> T2 T2 bo 2—KICR &5 2k
False-Negative | (e) Bim BIEEDBIZEFE o TE3D THN—KNERBEICR X T A o7
) 77 R0 ANTHIRR o THMET HHRZZZS TEEZ Zww

Table 4.6: Example false-positive and false-negative cases by the proposed method.
Bold indicates the target word.

Table 4.6 shows example error cases produced by the proposed model for each failure
category. The top three word types for misclassification are “#i”, “E4, and “#&” for
false-positive cases, and “FJ#%”, “V4”, and “EL.” for false-negative cases. These top three
word types account for 46.9% of the total false-positive errors and 28.7% of the total
false-negative errors. We observed a false-positive pattern in narrative cases, such as
case (b) in Table 4.6, where the model tends to classify a sentence as non-standard if it
contains dialog between characters or humans. However, this pattern did not represent a
major cause of the overall false-positive cases. For false-negative errors, the model tends
to ignore phrasal slang that is often used on the web, such as in case (e) “THICIZE 57
(becoming enthusiastic about something)” or case (f) “F4 X % (indicating laughter
in a similar fashion to “lol”, laughing out loud, in English). To prevent such failures, we
need to carefully choose the corpora for the pre-trained model and pseudo-label training
to avoid including examples that could introduce a bias toward net slang in the masked
language model and the usage classifier.

4.4 Experiments on English Social Media Dataset

In the previous experiment, we addressed the word usage classification task using a
pre-annotated dataset. For practical applications, we extend this task into a non-standard
usage discovery task by applying the classification over unannotated corpora to all
possible candidate words, selecting sentences and their associated target words with the
highest scores for the non-standard label. In this experiment, we utilize Reddit!? as a data

source to validate our method for the discovery task through crowd-sourced evaluation.

1Ohttps://www.reddit.com
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Subreddit # Users # Sentences

r/hiphopheads 51,372 1,003,320
r/4chan 42,765 238,228
r/teenagers 35,373 984,618
r/australia 24,636 1,033,833
r/ireland 10,258 303,885

Table 4.7: Selected subreddits and its statistics.

4.4.1 Non-standard Word Usages in English
Data Collection

This section outlines the detailed data creation process. We collect sentences from
Reddit posts during 2014 for annotation, and run three kinds of models, worD2VEC,
TSpase and our proposed model, over the candidate posts. After aggregating detected
non-standard usages obtained by those methods, we perform human annotation to the
results via crowd-sourcing and regard annotated sentences as final dataset. Reddit is a
social media platform and has various communities called subreddits which are dedicated
to a particular topic. We assume that each subreddit has its own slang or jargon related
to the community, which gives us some non-standard usages of certain words. The
processes involved in this procedure will be explained in detail below.

We first select five subreddits for our experiments as shown in Table 4.7. Based
on Del Tredici and Fernandez (2018), given that “small-to-medium-sized” communi-
ties are more prone to lexical innovations than larger communities with 15 million
users, we selected subreddits that fits this size. In addition to a niche commu-
nity, r/hiphopheads, we also include subreddits of a more general nature such as
r/4chanorr/teenagerstoaddsomediversity,andr/irelandorr/australia
to investigate regional variations of English.

We next create a set of word tokens (and their associated sentences) for a subreddit
where the words are used as a noun, as in the previous experiment. We use the sentence
chunker from nltk (Bird, 2006), lowercase all words and perform part-of-speech tagging
with TreeTagger (Schmid, 1999).

We filter out nouns that do not occur in COCA!!, the corpus of contemporary American

Mhttps://www.english-corpora.org/coca
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English, as we focus on unusual usage of an in-vocabulary word. Similar to our approach
with the Japanese dataset, we also filter out words that appear fewer than 100 times in
COCA.

We run baselines methods, worp2VEC and TS5p,s and our proposed model over the set
of words and sentences, and collect non-standard usages of word type that are predicted
by the models. Note that a word type is considered non-standard by a model only if it
has at least 10 non-standard usages by different users. As a result, we have 40—1200
candidate word types per subreddits.

Lastly we randomly select five different word types from each subreddits per method,
resulting in a total of 15 word types. Using these 15 word types, we extract the 10 most
non-standard usages/sentences detected by each method. In total, we select 75 word

types, yielding 750 usages per method and resulting in a dataset of 2,250 sentences.

Human Annotation

We perform human annotation of the collected data using Amazon Mechanical Turk
(Mturk).'? In this annotation, each worker is asked whether the given target word in a
sentence is used in a standard or non-standard way, on a scale of 1 to 5. In more detail,
workers are asked to mark non-standard usages as 5 (‘Very Unusual’) or 4 (‘Unusual’)
for the given target word, and 2 (‘Natural’) or 1 (‘“Very Natural’) otherwise. The slider
is set to a default position of 3, which is not used in the annotation task, and the system
automatically blocks submission if the worker does not move the slider towards either 1
or 5. A snapshot of the annotation screen is shown in Figure 4.4.

In this annotation, workers are asked to annotate 32 sentences in a HIT (= annotation
session). We include two quality control items in each set, in the form of one sentence
extracted from English Wikipedia (which workers needed to annotate as 2 or 1) and
one sentence from English Wikipedia where a noun was randomly replaced with the
target word (which workers needed to annotate as 4 or 5). We employed several filtering
strategies to ensure higher quality from workers: a HIT approval rate greater than 95%,
more than 100 accepted HITs, and United States as location. We rejected HITs where one
of the quality control items was annotated other than expected'?. In total, 273 workers

participated in the combined annotation task, and five different workers annotated each

Zhttps://www.mturk.com

3We rejected HITs that failed both control questions for the first 47% of the tasks. However, this
restriction yielded a 73% rejection rate, making it difficult to collect sufficient data. Hence, we relaxed
the conditions thereafter.
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In this task, you are asked to decide whether the bolded word in a given sentence constitutes an unusual usage/interpretation.

On a scale of 1-5, your task is to mark how much do you feel the word seems unnatural or odd in the context.
You should mark 5 ("Very Unusual®) or 4 ("Unusual”) if you think the word feels unnatural. Otherwise, mark it as 2 ("Natural”) or 1 ("Very Natural").

Please move the slider from its default value of 3 to indicate your decision.
Adjusting the slider from its default position ensures that you have actively considered your response.

Examples:

It is the second largest private employer in the United States and one of the world's most valuable companies.

Expected Answer: 1 ("Very Natural”)
Explanation: the employer in this sentence describes the common interpretation of the word.

Dehaired seal skin thong is threaded through casing emerging from two holes at the handcycle.

Expected Answer: 4 ("Unusual”)
Explanation: it is hard to interpret the usage of handeycle from the context.

If you were actually good encugh to be in low nova, then you wouldn’t be in silver.

Expected Answer: 5 ("Very Unusual”)
Explanation: the usage of nova here seems to have no relation with the astronomy sense of the word, and appears out of place; it is difficult to interpret or understand the sentence.

Note that you should base your judgment on your intuitions as to common/standard usages of the bolded word, and you are not required to look the word up in a dictionary.

We will vet your judgments based on sentences which we have pre-annotated in each HIT and judged to be clear-cut cases, and not majority rules with other Turkers.

Question 1
The mane figures were very good likenesses to their cartoon counterparts and included a small comic with each figure which was a shortened version of the first five episodes of the show .

Very Natural Very Unusual

—

Question 2
i'm biased but lil ugly mane has been extremely consistent with both his rapping and his production

Very Natural Very Unusual

e

Question 3
Also | just want to say keep uplifting the South mane and keep putting out good soulful music my brotha .

Very Natural Very Unusual
—e

Figure 4.4: Example MTurk snapshot. Workers are required to move the slider to submit
their responses.

sentence.'* The average time for workers to complete a HIT was 37.12 minutes, which
translates to approximately 1.16 minutes per question. To mitigate individual variation
in the annotated labels, we binarized the labels by converting 5 (‘Very Unusual’) or
4 (‘Unusual’) into a non-standard label and 2 (‘Natural’) or 1 (‘Very Natural’) into
a standard label as a post-process. We then assessed inter-annotator agreement using
Fleiss” Kappa (Fleiss et al., 1971) to investigate the quality. The agreement study yielded
a score of 0.1129, which falls into the category of slight agreement (Landis and Koch,

1977), indicating that the task involves a certain level of subjectivity among annotators.

“Note that we allocate several workers per instance to alleviate individual variation and investigate the
majority of the understanding for the term as the annotation task depends on the subjectivity or background
knowledge of the workers.
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Subreddit #Standard #Non-standard

r/4chan 105 104
r/hiphopheads 220 40
r/ireland 224 32
r/teenagers 256 30
r/australia 271 28
Total 1,076 234

Table 4.8: The details of the labels for the created dataset.

Example non-standard word usages

Subreddit ‘ Sentences
r/4chan (a) He shoved the sandwich in her face and said skedaddle , it’s actually alpha as ****,
r/hiphopheads | (b) lame friends who know nothing about hip hop lol... you cant let ppl rag on redman or method.
r/ireland (c) What did McWilliams have to do with the tiger , was future shock not a warning?

(d) taking some physics and calculus this semester and a couple gen ends will do the same
over summer and then start my engineering courses which are formatted differently at Purdue
r/australia (e) Nice shot , great technique , so did u flip a grad and to help control the city ambient light ?

r/teenagers

Table 4.9: Example sentences that are annotated as non-standard by at least 4 workers.
Bold indicates the target word. Profanities have been redacted. Explanation of each
usage: (a) a dominant or assertive male; (b) Method Man, a famous rapper in United
States; (c) an abbreviation of general as in General Education; and (d) Celtic Tiger, the
rapid economic growth in Ireland from the 19th—20th century; and (e) an abbreviation
of graduated filter.

For creating the final dataset, we extracted sentences where at least 4 workers agreed
on either a standard or non-standard label and discarded the others. It is important
to note that this process is a trade-off between the quantity and quality of the dataset;
we discarded 940 examples that potentially contains gold labels. However, given the
fact that the annotation task depends on the subjectivity of the worker, we decided to
prioritize quality over quantity. As a result, 1,076 examples were labeled as standard,
and 234 examples were labeled as non-standard. Table 4.8 shows detailed annotation
results. As illustrated in the table, r /4 chan contains the most non-standard usages in

the dataset, whereas r /australia reflects more common usages.

Observations

Example non-standard word usages are shown in Table 4.9. As the examples demon-

strate, each usage somewhat reflects the culture of a particular community; r/4chan
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and r /teenagers tend to include more slang, while r /hiphopheads is related to a
specific music genre. We found that gen in case (d) in Table 4.9 used in r /teenagers,
refers to “general”, as in General Education, often abbreviated as “Gen Ed” in the context
of curriculum or courses in a university. We also found the term tiger in case (e) is often
used to refer to Celtic Tiger in r/ireland that reflects its geographical information
about the community. Contrary to our expectations, however, we did not observe many
dialectal usages in r/australia and r/ireland communities.

Building on the Japanese examples, Table 4.9 highlights parallel trends in English
social media. For example, method signifies “Method Man”, just as “JE (literally nun)”
can mean Amazon.com in Japanese. Meanwhile, terms like gen or alpha mirror the new
or subcultural senses that Japanese non-standard word usages frequently exhibited in
Chapter 3. In both languages, context and insider familiarity govern these non-standard

usages, underscoring the need for flexible, culture-aware NLP approaches.

4.4.2 Model Details

For the English experiments, we implemented the proposed method using English re-
sources. We trained word embeddings on the COCA and trained the classifier using
the pre-trained English RoOBERTap,. > on the ukWaC corpus (Ferraresi et al., 2008).
Similar to the Japanese Twitter experiment, we generated one million standard and
pseudo-examples from the corpus, along with 1,000 sentences for validation data. The
same hyperparameters as those used in the Japanese experiment were applied, and we
selected the model based on its best performance on the validation dataset. The prompt
used in GPT-4 is shown in Table 4.10.

For worDp2vEC baseline, we utilized the embeddings trained in the aforementioned
process with a threshold of -0.02 determined based on the validation dataset described
previously. Unlike the previous experiment on Japanese dataset, where we determined
the value based on 10-fold cross-validation over test data, real-world applications like
this English experiment require the model to have a single threshold applicable to all

sentences. We also employed the pre-trained English TS5y, model'® and followed the

Shttps://huggingface.co/Facebook Al/roberta-base
16https://huggingface.co/google-t5/t5-base

61



same training strategy as the proposed model'”.

4.4.3 Evaluation Metrics

Using the newly annotated dataset, we investigate the usage classification performance
of the baselines as well as our proposed model. As in the previous experiment, we used
accuracy, precision, recall, F1 score, and average precision to evaluate the rankings, with

results from GPT-4 provided as a reference.

"Note that the pre-training corpora for ROBERTap,s and TSpqs. differ, complicating direct compar-
isons between the models. Specifically, ROBERTay,. is trained on BookCorpus, Wikipedia, CC-News,
OpenWebText, and Stories, while TSp,se uses the Colossal Clean Crawled Corpus (C4) and Wikipedia.
These differences in training data likely result in distinct linguistic patterns and biases, impacting their
performance on downstream tasks.
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Prompt
### INSTRUCTION: In this task, you are asked to decide whether the target word
in a given sentence constitutes an unusual usage/interpretation.

If the usage is standard or natural, respond with "YES”; if it is not, respond with
”NO.”

### INPUT:

SENTENCE: They threatened to nuke the enemy city.
TARGET WORD: nuke

### OUTPUT:

YES

### INPUT:

SENTENCE: I had to nuke the entire server to get rid of the virus.
TARGET WORD: nuke

### OUTPUT:

NO

### INPUT:

SENTENCE: The tank rolled through the streets, demonstrating its power.
TARGET WORD: tank

### OUTPUT:

YES

### INPUT:

SENTENCE: In our raid, I play as the tank to absorb the boss’s attacks.
TARGET WORD: tank

### OUTPUT:

NO

### INPUT:

X E: {sentence}
B35 {rarget-word}
### OUTPUT:

Table 4.10: English prompt used for GPT-4.

4.4.4 Results

Table 4.11 shows the results on the English Reddit dataset. Our proposed model outper-

forms baselines model on all the major evaluation metrics. The absolute improvement
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Model Acuuracy Precision Recall F1 Average Precision

woRrD2VEC (SGNS IN-OUT) 342F 156 611 249 1417
TSpase 6697 .189 261 219 1807
Proposed Method 762 306 256 279 245
GPT-4.0 789 434 594 502 -

Table 4.11: Experimental results on the English Reddit Dataset. Bold indicates the best
score. A dagger symbol () indicates there is a statistical significance (p < .01) against
proposed method.

between the second-best baseline and the proposed model was 9.3, 3.0 and 5.5 points for
accuracy, F1 score and average precision respectively. We observed a statistical signifi-
cance with a level of p < .01 for accuracy and average precision based on permutation
test. There is no statistical significance observed for the F1 score.

As we can see from Table 4.11, worp2vEc suffers from overall classification perfor-
mance. One reason for this is that the worp2vEC method requires a global threshold
for decision-making. In worp2vEC method, it is likely that a single global value cannot
effectively work for all examples, and we might need to fine-tune the threshold based on
the specific word. In contrast, our proposed pseudo-data based method does not require
any threshold tuning for classification achieving the best accuracy and proving to be
effective for this task. Compared to TSp,ee, our proposed method achieves higher eval-
uation result for across all metrics, highlighting the importance of pre-trained masked
language models for distinguishing word usages. In contrast to the experiment on the
Japanese dataset, GPT-4 achieves the best performance across all the metrics. Although
the technical report (OpenAl, 2024) does not explicitly mention about the training data
for GPT-4, the model demonstrates a stronger capability in handling English texts than
other languages as reported by its higher performance on language understanding tasks
such as GLEU (Wang et al., 2019). This tendency for higher performance on English
also applies to our word usage classification task. However, as we mentioned in Section
4.3.3, using LLMs is not scalable as the current prompt only produces a binary label
for the given input string, making it difficult to determine which specific usage is more

likely to be non-standard. In addition, inference with GPT-4 is financially expensive and
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Sentences

... never having done it, because your post gave me cancer anyway.
not *that* into gen 111 to be honest but heck yeah i’m getting Omega Ruby...
... end up retiring in 2022 and will make ton more profit in real estate...

<\ A\ | worRD2VEC
NN TSpase
< N A | Proposed

<SS S| GPT4

I think the game was clever and interesting and made good use of the medium ...
If you want you can PM your origin / steam username and we can play something.
For me it’s when my friend will text me something like ’hey dude ...

Table 4.12: Example sentences and corresponding model predictions. Bold indicates
the target word. A checkmark (v') denotes a correct model prediction.

not feasible for large text streams, such as those on Twitter or Reddit.'® As noted in the
previous experiment, prompt engineering to boost the performance or teach the model
to produce a scalar value is out of the scope of this paper.

Table 4.12 shows a quality comparison of each method. All models made correct
predictions for the first two sentences. Interestingly, these sentences contain metaphorical
expressions, such as “gave me cancer’” and “mad as hell”. These phrases are not literal
but are used to convey strong emotions or negative experiences. Despite the figurative
language, all models successfully captured the intended meaning, showing their ability
to handle metaphorical usage. The proposed method and GPT-4 correctly predict certain
challenging sentences, even for the typo “ton”, which was originally meant to be “ten”.
None of the methods correctly predicted non-standard usages'® when the literal meaning
also fits the context. For instance, in Table 4.12, the word “origin” refers to a gaming
platform, yet its literal meaning fits the sentence contextually. Similarly, the word “text”,
commonly used in digital communication to mean sending a message, was not correctly
identified despite its increasing prevalence in internet language. Developing more robust
models to address these cases is left for future work.

Table 4.13 shows the evaluation metrics for each subreddit by the proposed model.

Overall, the model performs inconsistently across subreddits, with r/4chan showing

18 As of August 2024, it would approximately cost over $50,000 just to apply the classification to the
examples that our model processed to create the dataset.

Note that there are cases where the model’s output is standard, yet the annotation label is non-standard.
This occurs because we collect the top 10 usages sorted by the scores for non-standard labels; however,
not all usages are classified as non-standard if the score for a usage does not meet the threshold.
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Subreddit Acuuracy Precision Recall F1 Average Precision

r/4chan 541 643 173 273 .618
r/hiphopheads .788 377 S75 455 .389
r/ireland .801 194 188  .290 .164
r/teenagers .808 143 167 154 115
r/australia 823 195 286 232 179

Table 4.13: Evaluation metrics for each subreddit by the proposed method.

Example detected non-standard word usages

Subreddit Sentences

r/4chan (a) You are alpha , you will ignore it, or fight it with the counter, the pride in what you are.

r/4chan (b) do please go ahead and eat that cancer right up with the rest of the newfriends, friend
r/ireland (c) EDIT : Should say that I 'm on meteor now and have no such problems.

r/teenagers (d) text your mom ““ I use your toothbrush to apply the toothpaste to ****, to get high”

r/4chan (e) ... you have those I mean there has to be at least a couple bro tier who hang around there.
r/australia (f) ... a group against the hostile and unlawful treatment of asylum seekers ... thats 4chan tier
r/hiphopheads | (g) ... angsty high school tier lyrics get in the way of some otherwise dope production.

r/4chan (h) I am trained in gorilla warfare and Im the top sniper in the entire US armed forces.
r/hiphopheads | (f) ... how do you have so little comment karma eve though u have been here for a year.

Table 4.14: Example detected non-standard usages. Bold indicates the target word.
Longer sentences have been shortened and profanities have been redacted. Explanation
of each usage: (a) a dominant or assertive male; (b) a toxic person or behaviour; (c)
a mobile network company in Ireland; (d) sending a message; (e-g) a slang refers to
ranking something or someone by level or quality; (h) a typo for “guerrilla”; and (f) a
typo for “even”.

strong precision but weak recall, r/hiphopheads offering a more balanced perfor-
mance, and r/ireland, r/teenagers, and r/australia demonstrates high
accuracy but low precision and recall. One possible reason for this tendency in ac-
curacy is the imbalance in the dataset containing non-standard usages; r/4chan and
r/hiphopheads contain the most non-standard labels, with 104 and 40 non-standard
usages respectively, while r/australia and r/teenagers contain the least, with
28 and 30 non-standard usages respectively, resulting in higher accuracy for subreddits
with more standard usages.

Table 4.14 illustrates example non-standard usages detected by the proposed model.

As shown in case (a-d) in Table 4.14, the proposed model successfully detects net slangs
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Actual\Predict | Standard ~Non-standard

Standard 305 771
Non-standard 91 143

a Confusion matrix for wornp2vEc (SGNS IN-OUT).

Actual \ Predict ‘ Standard Non-standard

Standard 815 261
Non-standard 173 61

b Confusion matrix for TS5y, model.

Actual\Predict | Standard Non-standard

Standard 940 136
Non-standard 174 60

¢ Confusion matrix for the proposed model.

Actual \Predict | Standard ~Non-standard

Standard 895 181
Non-standard 95 139

d Confusion matrix for GPT-4.

Table 4.15: Confusion matrices for English Reddit experiment.

or non-standard usages across different subreddits. Interestingly, as shown in cases (e-
g), the model detects the same word tier as non-standard, which may indicate a signal
that the term is likely a more general slang term rather than community-specific jargon
(Del Tredici and Ferndndez, 2018). Additionally, as shown in cases (h-f), the model is
able to detect typos labeling them as non-standard suggesting that it could potentially
be applied to grammatical error correction at the lexical level (Ng et al., 2014; Kiyono
et al., 2019; Kaneko et al., 2020) or data cleaning for further NLP applications (Saito
et al., 2014, 2017; Bolding et al., 2023).

4.4.5 Error Analysis

Similar to the previous experiment with the Twitter dataset, we analyzed the error cases
using confusion metrics and conducted an example error case study.
Table 4.15 shows confusion matrix for each model to analyze classification errors.

As noted in Section 4.3.5, we regard positive as non-standard usages and negative as
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standard usages, and the top right cell in Table 4.15 represents the false-positive cases (in-
correct detection), while the bottom left cell represents the false-negative cases (missed
detection). worD2VEC model, shown as (a) in Table 4.15, achieves the greatest number
of correct detections for the non-standard label, but it also has an increasingly high rate
of false positives, which lowers the overall metrics. This may be related to a threshold
determined by the validation set, which reveals a discrepancy between the synthetic
dataset and actual texts. T5p,se model, shown as (b), produces a similar number of false-
negatives compared to the proposed model but has a higher rate of false-positives. The
proposed model, shown as (c), demonstrates a strong performance in distinguishing be-
tween standard and non-standard labels. Compared to worD2vEC model and the TSp,ge
model, the proposed model achieves the highest precision for standard label detection,
with fewer misclassifications as non-standard. However, similar to the T5pa model,
it shows a relatively high number of false negatives for the non-standard label. As a
reference, GPT-4 shown as (d) demonstrates a strong capability in correctly identifying
both standard and non-standard labels, with relatively lower rates of false positives and
false negatives. This indicates that GPT-4 provides a more accurate and reliable classifi-
cation performance, making it a robust choice for handling the variability in the dataset
depending on the language. The overall performance suggests that while the proposed
model excels at identifying standard labels, it faces difficulties in accurately detecting
non-standard labels, similar to the other models compared. The performance of GPT-4
on the English dataset is not as strong as on the Japanese dataset, and these underwhelm-
ing outcomes further highlight the complexity of the task, including challenges posed
by annotation errors from crowd-sourced evaluations. We will address these issues in
the following paragraph, where we conduct an example-wise error analysis that includes
a discussion of annotator errors, supported by explanations for each case.

Table 4.16 shows example error cases produced by the proposed model for each failure
category. As we can see from the results, the false-positive cases include a literal usage
of method as in case (a) in Table 4.16 or revenue to mean a financial institution as in
case (b). However, it also contains annotation errors, such as mane in case (c) being
used to mean an American rapper “Gucchi Mane”, or guise in case (d) meaning its
homophone “guys”. For false-negative cases, the model fails to detect non-standard
or contextually nuanced usage of certain words. For instance, the model incorrectly
treats hell in case (e) as a standard usage rather than recognizing it as a name, despite

the use of “his” as a reference. Likewise, the model fails to identify alpha in case (f)
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Failure Type | Sentences

(a) ... with extreme attention to detail and great execution, much like a director or method actor.
(b) ... got a scam email supposedly from irish revenue saying they owed me and fill in my details.
(c) ... really really happy phase and that was on repeat it’s just a feel good song to me mane.

(d) guise ireland better than all of u, here s a lovely shot of our artistic culture.

False-Positive

(e) I think hell want to ride the press wave of squashing his beef with the game

(f) He shoved the sandwich in her face and said skedaddle, it’s actually alpha as **%*%*,

(g) Thanks , I should really pick up that “vocabulary” everyone’s talking about.

(h) Going to Asia for a height problem is pretty pathetic but considering how unwanted I feel..

False-Negative

Table 4.16: Example false-positive and false-negative cases by the proposed method.
Bold indicates the target word. Longer sentences have been shortened and profanities
have been redacted.

as part of a slang expression, highlighting the difficulty the model faces in handling
context-specific colloquial usage. Furthermore, similar to the false positive cases, we
have identified annotation errors. Specifically, MTurk workers tend to label usages as
non-standard when the target word is used in an interrogative form within a sentence
(case (g)) or when the overall meaning of the sentence is unclear or controversial (case
(h)). To prevent such undesired annotation errors in the future, more detailed instructions
should be provided on MTurk, explicitly mentioning cases to avoid along with relevant
examples.

2Finally, we outline future avenues of error analysis that have not yet been addressed
in this dissertation. Real-world applications may require different threshold settings
depending on their objectives. For instance, a stricter threshold can be used to increase
precision, while a more lenient threshold can ensure broader coverage. In the proposed
method, decisions are made by a binary classifier that treats any label exceeding a 50%
probability as positive. For example, by designating cases with a predicted probability
of 70% or higher as “non-standard”, one can configure a high-precision setting similar
to the first method. In practical applications, an important consideration is how much
recall can be maintained at a given level of precision, and this remains a topic for future

research.

4.5 Discussion

In this study, we were able to detect non-standard word usages from unlabeled corpora

and analyze these examples in detail. The following discussion highlights limitations of
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the current approach and outlines possible improvements for this task.

Enhancement of human evaluations: According to our human annotation tasks on the
usages detected by each method, crowd-workers sometimes struggled with ambiguity in
determining whether certain examples were standard or non-standard. Specifically, we
found instances where both our proposed method and GPT-4 labeled certain examples
incorrectly, where those examples turned out to be annotation errors. To address this
issue, we could add more stringent qualifications for crowd-workers, such as geographic
or educational background requirements, refine the task instructions, increase the number
of quality control questions, or employ multiple annotators for cross-validation.

More accurate detection of non-standard word usages: Although we found that
the proposed methods outperformed LLM-based methods like GPT-4 or Swallow for
Japanese, we also observed that GPT-4 performs quite well for English. As discussed
in Chapter 1, applying LLM-based methods to massive text streams (e.g., those found
on X or Reddit) poses both computational and financial challenges. To address these
concerns while still pursuing high accuracy in this task, a two-stage hybrid detection
approach similar to Huang et al. (2023) can be adopted, which consists of (1) a candidate
extraction stage and (2) a refinement stage. In the first stage, candidates would be
extracted in advance by an automated non-standard detection method, such as those
proposed in the first or second study. Experimental results in the second study show
that the word embedding-based method proposed in the first study yields higher recall
and thus would be more suitable not to ignore ground-truth non-standard word usages in
the second refinement stage. Alternatively, we can apply ensemble-technique (Shazeer
et al., 2017; Huynh et al., 2020) to ensure the coverage. Once candidates are narrowed
down in the first stage, the second stage can rely on an LLM-based method for the final
decision. Further prompt-engineering techniques, such as Chain-of-Thought (Wei et al.,
2022), Selt-Discover (Zhou et al., 2024), or Auto-Evolve (Aswani et al., 2024), may also
enhance the accuracy of LLMs, that are beyond the scope of this thesis. Ultimately,
this two-stage approach could mitigate the cost and scalability issues that are originally
associated with LLLM-based solution for this task.

More scalability in language expansion: An important feature of the proposed ap-
proach is its relative language independence, given that it primarily relies on distribu-
tional representations of words learned from unlabeled corpora. However, the method-
ology still depends on having a pre-trained language model available for each target

language. One viable approach to further minimize language dependence is to adopt
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multilingual pre-trained models, such as XLM-R (Conneau et al., 2020), a multilin-
gual variant of RoBERTa that can handle multiple languages in a single framework.
Despite this advantage, multilingual approaches can introduce challenges related to vo-
cabulary overlap and representational interference across languages (Rust et al., 2021),
potentially lowering performance for language-specific nuances. Moreover, Zhao and
Aletras (2024) found XLM-R less faithful than monolingual RoOBERTa, and the larger
the multilingual model, the less faithful its rationales became compared to its monolin-
gual counterpart. This concern may be critical in assessing whether a multilingual or

monolingual approach is more suitable for non-standard word usage detection.

4.6 Conclusion for this Chapter

In this work, we introduced a new English Reddit dataset focusing on non-standard
word usage and proposed a RoOBERTa-based model for detecting such usages in social
media text. To deal with the lack of annotated data for non-standard usage detection, we
incorporate pseudo-example learning, where we train the model over synthetic examples
generated from a corpus. Experimental results on a Japanese X dataset and English
Reddit dataset show that our proposed method achieves better performance across arange
of evaluation metrics and different languages than baseline methods. Our experiments
show that fine-tuning LM head and incorporating Skip-gram information are essential for
improving model performance, enabling better adaptation to non-standard usages. These
findings underscore the value of combining different sources of pre-trained knowledge
to enhance the model ability to distinguish non-standard usage patterns. Although we
focus on noun cases, the proposed model is able to handle other parts of speech or even

phrases, which we leave for future work.
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Chapter 5

Conclusion

5.1 Conclusion

This thesis investigated non-standard word usages on multilingual social media and
proposed language-agnostic, annotation-free methods for effectively detecting them.

In the first work, we introduced a newly created Japanese evaluation dataset from X,
featuring example usages annotated by domain experts, and proposed a lightweight word
embedding approach for detecting non-standard word usages. The proposed method is

based on Skip-gram and combined both v/V and vOU7

word vectors obtained through its
representation learning algorithm. Specifically, we computed a weighted average of the
sigmoid-transformed dot products between the target and surrounding word vectors as a
usage standardness score, with higher scores indicating standard usage and lower scores
signifying non-standard usage. In the proposed method, the final classification of the
usage was determined by a threshold. We found that incorporating v°Y7 yields higher
performance, suggesting that output-side word vectors are especially useful for referenc-
ing both the target word and its surrounding words. Also weighting surrounding words
according to their distance from the target further improved performance, indicating that
nearer words provide more critical cues for non-standard word usage detection.

In the second work, we proposed a masked language model-based method that elim-
inates the need for a global threshold and incorporates broader contextual information
to overcome the limitations of the first approach. To evaluate this method, we intro-
duced an English Reddit dataset annotated by crowd-workers. The proposed method
is based on masked language modeling with a RoOBERTa-driven word usage classifier,
leveraging capabilities of the pre-trained model to accurately detect non-standard word

usages across diverse linguistic settings. To mitigate the scarcity of labeled data for non-
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standard usages, we employed pseudo-example learning, whereby synthetic training
examples are generated from unlabeled corpora. Our multilingual experiments revealed
that this approach achieves superior performance across various metrics both in English
and Japanese compared with baseline methods. Additionally, fine-tuning the LM head
and integrating the word embedding information, introduced in Chapter 3, led to greater
adaptability in detecting non-standard word usages. These findings show the benefit of
fusing diverse pre-trained knowledge to better capture evolving, informal language in

real-world social media contexts.

5.2 Future Work

Finally, we present possible future directions for this line of research.

Extension of the research target: Although our work centered on nouns, neither of the
proposed methods in Chapters 3 and 4 depends on a specific part of speech. Investigating
all word classes, rather than limiting the scope to nouns, could provide a clearer view
of the practical landscape of non-standard word usages. In addition, extending these
methods to other languages remains a key consideration. While we initially focused on
Japanese and English, the RoBERTa model, employed in the second study, supports over
100 languages, which naturally allows the proposed method to be applied in broader
cross-lingual settings. By investigating these additional languages, researchers could
gain a deeper, comparative perspective on non-standard word usages.

Potential NLP applications by extending this work: In analyzing non-standard word
usages, understanding their underlying meanings is as crucial as extracting examples,
since it broadens our comprehension of these expressions. Building on the findings of this
thesis, several avenues of NLP research can be pursued to deepen our understanding of
non-standard word usages. Based on our observations in Chapters 3 and 4, non-standard
word usages typically refer to (1) new knowledge or (2) existing knowledge. In both
cases, definition modeling (Noraset et al., 2017; Huang et al., 2021, 2022; Segonne and
Mickus, 2023) will help us interpret and introduce a new sense of the term. We believe
that these insights can be incorporated into knowledge bases like BabelNet (Navigli and
Ponzetto, 2012) to expand NLP capabilities for addressing non-standard expressions.
In turn, applications that integrate enriched knowledge for downstream tasks such as
information retrieval (Moro et al., 2014; Feng et al., 2020) or machine translation (Pham

et al., 2018; Pu et al., 2018) can more reliably process unconventional terms.
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