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We have seen that computer programming is an art,
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BACKGROUND



INTRODUCTION

Writing is not only an important form of communication but is one of the core
skills of higher education. The challenges of academic writing in Japanese as
a second language (L2) are compounded by the complexities of the Japanese
writing system and the difficulties of acquiring the specialized knowledge of
academic writing style necessary to be an effective communicator in ones field
of specialization. Individual learners can rely on domain-specific dictionaries,
style guides, or extensive study of documents from their field, but these activities
are often separated from the act of writing on a computer. Although the use of
spellcheckers and online grammar correction services is becoming increasingly
ubiquitous, the target of these services is often the general public, so they seldom
support the specialized needs of L2 writers in an academic setting. For example,
learners using a search engine are able to look for examples on how to use words
and expressions, but the general purpose nature of many such tools limits the
amount of assistance they can provide, especially in highlighting differences
in writing style. More recently, with access to large quantities of language data
available at low monetary and computational cost, a number of methods have
been proposed to utilize these large quantities of language data' for the purposes
of writing assistance. In this thesis, I propose the use of recently available Japanese
language corpora to realize writing assistance systems for L2 writers attending
Japanese institutions of higher education, where they are required to write reports
and papers in Japanese. I will show that:

1. Linguistic resources such as corpora are effective for enhancing collocation
usage in writing.

2. Tt is possible to develop a model of writing style (register) that can dis-
criminate between correct writing styles using corpora containing diverse
registers.

1.1 THE JAPANESE WRITING SYSTEM

Japanese is written in a mixture of script styles that reflect the language’s history
of borrowing and innovation (Kess & Miyamoto, 1999; Gottlieb, 2008; Tranter,
2008; Joyce, 2011). Modern Japanese writing is comprised of four principal
component scripts: morphographic 2= /kanji/ “Chinese characters”, the two
“kana” syllabographic sets of OS5 HV7& /hiragana/ and 71% /17 /katakana/,

1 Referring to the gigabyte level and beyond.



1.1 THE JAPANESE WRITING SYSTEM

and supplementary alphabetic 01— <= /romaji/ “Roman alphabet”, Arabic
numerals, and various other symbols. This section will introduce these scripts
and their interactions within the writing system as a whole.

1.1.1  Morphographic Kanji

The first component of the Modern Japanese writing system, kanji, was in fact
borrowed from China as early as the 1st century CE (Shibatani, 1990). It was
adopted with the Chinese language of the period and used as the written lan-
guage, but retained Chinese syntax, orthography, and pronunciation. The gradual
change towards using kanji to write Japanese language led to the creation of the
dual system of EHFt+ /on’yomi/ “Sino-Japanese pronunciations” and Fl| 5% &
/kun’yomi/ “Native-Japanese pronunciations” associated with kanji today.

One factor that contributed to the change was the invention of special conven-
tions for reading order and the pronunciations of Chinese texts, known as ElES
/kundoku/. This greatly facilitated the influx of Chinese words into the Japanese
language (Miller, 1967), where imitations of the original Chinese pronunciation
were pronounced in the kundoku style.

For example, the kanji BE representing a dragon was pronounced as /ryi/ in
the Sino-Japanese approximation. For many other words that already existed in
the Japanese language, the Japanese kun yomi native pronunciation was preferred.
For example, the Chinese character f is pronounced in Native-Japanese as /fuji/
and refers to the wisteria flower. And in some other cases, the two readings
coexist, providing us with two or more different ways to read one character. In
fact, the aforementioned dragon character BE was simplified to the character
& and which is more commonly pronounced in the Native-Japanese /tatsu/,
although both kanji and pronunciations are still in common use, though they
are used in different circumstances.

The number of kanji used has historically been high, but through several
government reforms beginning in the middle of the 20th century, the proscribed
kanji list has ranged from the 1,850 kanji introduced in the first reform (the %4
FA7E5 5% /toyo kanjihyo/ list in 1946), to the most recent standard list (the &
FIE=73k /joyo kanjihyo/ “List of characters for general use”, last modified in
2010) that contains 2,136 kanji. A subset of the joyo kanji list consisting of 1,006
B EF /kyoiku kanji/ “education kanji” is also the proscribed standard list of
characters taught during the six years of elementary school.

In Modern Japanese, kanji are primarily used to write content words from
many word classes, including nouns, verbs, adjectives, and adverbs. As the
number of kanji is large, and the joyo kanji list is typically learned by the end of
high school, kanji can in some ways be associated with reading difficulties. Such

See §6 for more
information



1.1 THE JAPANESE WRITING SYSTEM

difficulties are even more pronounced for L2 learners of Japanese* who are still
in the process of learning kanji.

1.1.2  Syllabographic Hiragana and Katakana

The two native syllabaries of hiragana and katakana were developed in the 9th
century, although both were independently developed. Their basis as a phonetic
transcription is found in the 77 ZEEE /man’yoshi/ (759 CE), an anthology of
Japanese verse®. While it is possible to write all sounds of the Japanese language
in either hiragana or katakana, their use did not displace kanji* completely,
leading to the present mixed system of writing in Modern Japanese.

Hiragana and katakana characters represent syllables or morae of equal dura-
tion, and are both comprised of 46 basic characters. For example, the syllable /na/
is represented as 73 in hiragana and 7~ in katakana. Additionally, using the & &
/dakuon/ “voiced” () and ¥&% /handakuon/ “semi-voiced” (" ) diacritics,
the set of characters expands to 71 for both scripts. For example, combining the
syllable 7" /ka/ with the voiced diacritic~  results in the character H' /ga/.

Though both syllabaries can represent all Japanese writing, their use is markedly
different. Hiragana are mostly used for grammatical elements and inflections.
They are also used in place of kanji in texts that are meant to be read by readers
who have not yet learned all joyo kanji, typically children and pupils in compul-
sory education. Katakana, on the other hand, are predominantly used to write

foreign loan words, scientific names, and onomatopoeia5 .

1.1.3  Alphabetic Romaji and Arabic Numerals

The most recent borrowing of a foreign script is the romaji script, which was first
introduced to Japan around 1548 through Japanese Catholics translating Catholic
books using Portuguese orthography. The prevailing transliteration conventions
for Modern Japanese are the \7R > & /hebonshiki/ “Hepburn system” (used
here), proposed by the American missionary James Curtis Hepburn (1815-1911),
and the 553 /kunreishiki/ “Cabinet Ordinance System”, which is the official
transliteration method ordained by the Japanese government in 1954. Romaji
are commonly used for supplementary glosses in public transportation, and for
advertising and mass media.

2 The situation is somewhat different for Chinese learners of Japanese, as other issues such as
semantic deviance between Japanese and Chinese characters exist.

3 Indeed, characters employed in the man'yoshii are referred to as JJZ{R 4 /man’ydgana/ (Miller,
1967; Shibatani, 1990).

4 Women traditionally forbidden from learning kanji were the first (and last) wholesale adopters of
hiragana during the Heian period (794-1185).

5 Tranter (2008) includes discussion of more novel uses.



1.2 COMPUTER-AIDED WRITING ASSISTANCE

Table 1: Usage domains for each component of the Japanese writing system. In the case
of the mixed examples, bold characters are used for kanji to distinguish them
from hiragana symbols.

Example Common usage

Kanji EFELUDOX Nouns, verb stems

Hiragana [OSY)VAN Inflectional and grammatical elements

Katakana hEh7r Foreign names, loan words, scientific
species names, onomatopoeia

Romaji MOTTAINAIL MEXT Signs, advertisements

Arabic 42,2013 Numbers

num.
Symbols o L1, Punctuation, emoji (emoticons)

Arabic numerals are frequently used with horizontally-arranged text, espe-
cially on the Internet and in academic correspondence, while numbers repre-
sented with kanji are still very common for vertical text, such as that found in
literary works.

1.1.4 A Multi-Script Writing System

The mixed-script style of writing Modern Japanese is known as J2F DV R U
N X /kanji-kana-majiribun/, which can be translated as “mixed kanji and kana
writing”. Though the term implies mixing, the four components of this system
— kanji, hiragana, katakana, and romaji — are used in complementary ways.
These separate fields of use can thus be expected to influence the writing process
in a great way.

1.2 COMPUTER-AIDED WRITING ASSISTANCE

This section briefly notes various methods for computer-aided writing assistance
with a particular focus on those targeting the Japanese language. The main types
of writing assistance can be categorized according to the types of errors they seek
to prevent: spelling, grammatical, stylistic, or semantic errors (Naber, 2003).
Online dictionaries and, especially, the Japanese language input environment
(IME) exert considerable influences on the styles of many writers, but they
provide little help in automatically checking for problems in meaning, grammar,
or style. Grammar checkers have predominantly been limited in scope; a good
example is Chantokun, a recent system that only looks for misuses of Japanese
particles. Style checkers mostly help to identify common style incongruities, such
as the distinction between the “dearu-cho” and “desu/masu-cho” forms of writing.

— Table 1

— §8.3
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Table 2: Error types and common applications providing assistance.

Error type Tools and systems employing these techniques

Spelling Word Processor, Web Browser, IME (Japanese)

Grammar  Word Processor (limited support in MS Word)

Style “After the Deadline” (Mudge, 2010; “After the Deadline - Spell, Style,
and Grammar Checker for WordPress, Firefox, TinyMCE, jQuery,
and CKEditor,” 2013), Leacock et al. (2009)

Opverall, there is an increasing trend to take advantage of large-scale language
data for these tasks, as is the case with the “After the Deadline - Spell, Style, and
Grammar Checker for WordPress, Firefox, TinyMCE, jQuery, and CKEditor”
(2013) system as well as the Microsoft Research ESL Reading Assistant® (Mudge,
2010; Leacock, Gamon, & Brockett, 2009).

1.3 JAPANESE SECOND LANGUAGE EDUCATION

It is important to distinguish between different forms of Japanese L2 education,
according to learner location, availability of language instructors, and access to
native Japanese speakers.

According to a 2009 report from the Japan Foundation, there are over three
and a half million people learning Japanese outside Japan (“Japan Foundation:
Survey Report on Japanese Language Education Abroad,” 2009). Fortunately,
access to quality educational materials has become easier with the advent of the
Internet. However, the situation for learners with specialized language needs,
such as those who are pursuing a degree at a Japanese institution of higher
education, has, regrettably, not improved as much.

The Japan Student Services Organization (2013) reports that there are 138,075
international students in Japan; another report by the Japanese Ministry of
Education, Culture, Sports, Science and Technology (MEXT) Agency For Cul-
tural Affairs (2011) reports that there are 40,799 international students studying
Japanese in Japan. While recognizing that not all international students, whose
primary research activity is conducted in English, need to master writing in
Japanese, still the number of students who study Japanese while in Japan is not
insignificant. However, all students pursuing specialized study at institutions of
higher education within Japan can undoubtedly benefit from mastering some of
the following skills:

« read Japanese textbooks

o write reports and papers

6 Although it operation has discontinued.
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« listen to lectures and take notes

« present at conferences and seminars

Because it is often not practical to tailor the Japanese language class to meet
the specialized language needs of various learners from different fields of special-
ization, an alternative is needed (Oshima, 2009; Muraoka, Chinami, & Nishina,
2009). One way of approaching the problem is to provide Computer-Assisted
Language Learning (CALL) systems for use online. CALL systems can supple-
ment the language learning provided to learners and assist them in studying
authentic materials from their research domains. For example, the reading assis-
tance system Asunaro includes coursework for students in Japanese scientific
and technical Japanese in addition to reading assistance features (Nishina et al.,
2004).

1.4 COLLOCATIONS

The term collocations, as used in this thesis, is defined as frequently co-occurring
patterns of words. Knowledge of collocations is regarded as being essential to
achieving high levels of L2 proficiency (Pawley & Syder, 1983). Specifically,
collocations are important because they offer more contextual information about
a word than can be found in conventional dictionaries. Indeed, Nation (2001)
likens collocations to the “word properties” that Romer (2006) argues interact
with orthography, grammatical behavior, meaning, association, frequency, and
style.

Collocations are usually extracted from corpora using computer programs
and the strength of the association is measured by some statistical measure
such as a x2- or ¢-test. More recently, with the availability of morphological and
dependency grammar analyzers, it is possible to compute more robust and com-
prehensive collocation rankings with less effort, if the collocations are further
constrained to combinations of certain word classes or grammatical relations.
These techniques offer a complement to the filtering for “less-interesting” func-
tional and common words that are commonly employed with naive n-gram
extraction approaches. In this thesis, collocations are extracted based on the
grammatical relations between them.

The application of collocations to language learning and teaching has a long
history, beginning with Sinclair (1987)’s COBUILD project, which led to the
development of the COBUILD English dictionary. Johns (1991)’s proposal”
of data-driven learning (DDL) situates the role of the learner as a discoverer
of language and the teacher as a guide who helps the learner to develop more
effective strategies for learning the rules of the language.

7 See Johns (2002) for a later conceptualization.

Appendix §10.4
contains definitions for
several collocation
measures

See §3.5 for more
information
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1.5 PROBLEM STATEMENT

L2 Japanese language learners enrolled at Japanese institutions of higher ed-
ucation, where they are required to communicate and write in Japanese, face
formidable challenges in not only learning the day-to-day language skills that
they need to successfully communicate with other students and teachers, but
also in learning to write in the specific register of Japanese academic discourse.
Although some textbooks that specifically cover the Japanese academic register
for L2 learners currently exist®, they are inherently limited in what they can cover
and, consequently, can only feature small subsets of the specialized vocabulary
or expressions of a particular domain. In contrast, the availability of large-scale
language resources grants access to a wide variety of topic and registers. The
effective use of such resources holds the promise of supplanting static learning
and reference resources with dynamic systems capable of covering a wider range
of writing and information needs.

1.6 RESEARCH QUESTIONS

The aim of this research is to assist L2 Japanese language learners in writing
better reports and research articles. To that aim, I make use of corpora to develop
context-aware writing assistance systems that enable learners to use the right
word in the right context when writing Japanese compositions.

In evaluating the validity of this approach, it is essential to ask two important
research questions.

e Research Question 1

Is it possible to utilize linguistic resources, such as corpora, to
realize more effective systems for computer-assisted writing?

o Research Question 2

Is it possible to provide writing style guidance based on cor-
pora alone?

1.7 APPROACH

The approach of this thesis can be summarized in the following two points:

1. Undertake a linguistic theory-informed and quantitative exploration of
language data.

8 One relevant example is Nishina, Doi, and Takano (2007).
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2. Conduct evaluation experiments with student participants to assess the
efficacy of the developed system, to detect deficiencies, and make appro-
priate modifications to the system design.

In order to address Research Question 1, this research first presents the nec-
essary foundation for modeling context within Japanese writing using register-
and topic-diverse corpora. First, context is modeled in terms of register, topic,
and readability. With a register model corresponding to the functional or stylistic
aspects of writing, a topic model corresponds to the content part of writing, and
a readability model can function to reflect the degree of field of experience over-
lap between a writer and a reader. With the first research question, my interest
is primarily in demonstrating how collocation search can be used to improve
writing collocations.

Research Question 2 can be considered as being a more specific case of Re-
search Question 1, where the interest is more in showing that collocations can
be corrected not only in terms of their grammaticality, but also in terms of
their register appropriateness. This question is mainly addressed through the
formalization of the register identification feature within Nutmeg, as introduced
later in §8.2.1. This approach employs frequencies of collocations across differ-
ent corpora to make inferences concerning their appropriateness for academic
writing.

More specifically, responses to Research Question 2 require both the construc-
tion of a writing assistance system, based on the context models, and evaluations
of the system in terms of both its contexts models and its features.

1.8 THESIS OUTLINE

Having sketched out some of the background necessary for subsequent chapters,
this section concludes Part I of the thesis, which ultimately touches on several
different academic fields such as linguistics, natural language processing and
educational technology. Part II will introduce the concept of context in writing,
which is analyzed in terms of register, topic, and readability. Part IIT will introduce
two writing assistance systems and explain how the models introduced in Part
IT can be effectively used to improve the systems. Finally, Part IV concludes the
thesis with evaluations of its contributions.

Field of experience is
defined in the next
chapter
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Figure 1: Schematic representation of the structure of the thesis.
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CONTEXTUAL MODEL AND WRITING CONTEXT

2.1 WRITING AND COMMUNICATION

General communication

destination

Figure 2: Model of general communication (adapted from Schramm (1997), p. 54).

In Wilbur Schramm’s model of communication, the components of commu-
nication are the source, the signal, and the destination. In Figure 2, we see the
source, a university student, encoding into the signal some concepts she wants
to communicate to the destination, a university professor. The signal is then
decoded by the destination. In this model, the intersection between the source
and destination’s respective fields of experience represents the common field of
experience, which is the essential element for successful communication.

Given the definition of field of experience as the beliefs, values, experiences,
and learned meanings of an individual (Schramm, 1955), clearly it is only possible
for a signal to be successfully decoded when there is a significant degree of overlap
between the respective fields of experiences that the source and destination bring
to the communication.

As the form of communication examined in this thesis is written communica-
tion, the situation is somewhat more constrained than in the general model.
Specifically, it is one in which the writer is attempting to communicate with a
reader, but cannot obtain any feedback—one-way communication. In order to
increase the possibility of being correctly understood in such situations, writers
must seek to accommodate the reader and attempt to narrow the gap between
their respective fields of experience in the only way possible—by expanding their
own field of experience.

The constrained version of the communication model has several direct im-
plications for the writer and their field of experience:

12
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2.1 WRITING AND COMMUNICATION

writer »Tﬁ'—> reader

Figure 3: Constrained version of the communication model used within this thesis.

o The writer must consider the reader’s perspective, which, within the model
framework, refers to assuming, or targeting, to a certain level of knowledge
on the part of the reader audience. Thus, the writer can only seek to convey
information that falls within the field of experience that the readers are
assumed to possess.

o Reflecting these assumptions, the writer must also employ appropriate
scaffolding strategies, including their gradual removal, in order to facili-
tate the reader in reaching an appropriate interpretation of the writer’s
intended signal.

While the importance of the shared field of experience is clearly implied within
Schramm’s model of communication, this thesis specifically seeks to develop and
elucidate the key notion of context that the shared field of experience represents,
by focusing on the three contributing factors of register, topic, and readability.
As illustrated in Figure 4, the model of context developed here consists of three
distinct component models of register, topic, and readability, which are regarded
as integral elements of the context model. Although these component models
are examined in more detail in separate chapters later, that is more for clarity of
exposition, as their modeling draws on different established NLP methods.

Within some approaches to register, such as that advanced by Biber and Con-
rad (2009), topic is situated as a separate but influencing factor within register.
Similarly, in Halliday’s Systemic Functional Grammar framework, register is
defined in terms of field, mode, and tenor (Halliday & Matthiessen, 2004). Cer-
tainly, the interrelationship between register and topic is rather complex, and,
indeed, while some NLP methods make no distinctions between them, others
only focus on one dimension.

The example in Figure 5 contrasts two ways of writing about the same topic
but using different registers. The first example is taken from a transcript of
the Japanese Diet, and, given that it represents spoken language, it contains
colloquial variations of adverbs, such as ¥ (& D /yahari/ “of course” (° > (XD
/yappari/) and verb inflection contractions such as ~5 % /~cha/ (TI& /dewa/).
In contrast, the second example is an attempts to express the same sentence in
a more formal, academic register. It, thus, contains more compact expressions,

13



2.2 REGISTER AND CONTEXT

~writer, ade
field of experience field o?experience

source [encode ecoder|destination|

Better decoding of signal
(better communication)/

Chs

Shared field of experience

Figure 4: The context model developed in this thesis.

including the compound noun HEH5T /kyodokenkyi/ “collaborative research’,
and use of the T34 % /dearu/ sentence final copula form.

Example from the Japanese Diet (BCCWJ Sample OM25_00003):
"An experiment is something that should be done together (with other people)."

Jikken nan to iu no wa, yappari kore wa issho ni yaranakucha ikenai.
Original: yapp ¥

TEINAL s e i WS DI, B D ZHIE—ICP 5B E»WIFRL,

Reg\lcrgtécg%lig Jikken wa, kyoudoukenkyuu toshite okonau beki W

register EERlF, HRARE U TITROIRELEDTH 3, nticip?

Figure 5: Contrast between two registers for essentially the same topic.

In this thesis, I adopt a practical approach towards the topic, in regarding it as
a set of content words that can be expressed in many situations (i.e. different reg-
isters). Register, then, represents the writer’s repertoire of different expressions
for a given topic, from which the writer selects the appropriate one according to
the specific context/communication purpose/function of the communication.
As components of field of experience, register and topic are discussed again in §4
and §5, which explains how they can be indirectly measured from the linguistic
features extractable from written text (cf. Biber & Conrad, 2009).

2.2 REGISTER AND CONTEXT

Variations in language can be analyzed from several different viewpoints, de-
pending on the distinction that one wishes to apply. The most general distinction
is attributed to Saussure in his famous Course in general linguistics, where he

14
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2.2 REGISTER AND CONTEXT

delineates language change into diachronic and synchronic change (1959, p. 22,
88, 110). When focusing on diachronic change, one attempts to trace the changes
in language that occur with the passage of time. In contrast, when focusing on
synchronic change, one is concerned with the changes that occur due to other
factors, such as social, geographic, and functional changes.

Many studies of linguistic variation have tended to focus on language di-
alects, from either a social or geographical perspective. The social perspective
is generally characterized by sociolinguistically-oriented studies that regard
meaning-preserving phonetic variations in a language as an indicator of a social
dialect (Labov, 1994). Studies from the social perspective usually assume that
all dialects are communicatively equivalent and often limit the scope of their
investigations to variations reflecting demographic differences such as gender,
social position, ethnicity, and race. On the other hand, although studies from
the geographic perspective also tend to focus on meaning-preserving phonetic
variations, they usually limit investigations to variations associated with a par-
ticular location. One example of this orientation is the construction of dialect
maps that document the variation in the pronunciation of /g/ between the velar
plosive [g], nasal [p], and others, in the word kagami (The National Language
Research Institute, 1981). Recently, both perspectives have broadened the scopes
of their investigations to cover various syntactic phenomena.

Following Biber and Conrad (2009), however, another approach to more re-
cently emerge, which is essentially the one taken in this thesis, is to analyze
language variation from a functional perspective. Thus, analyses of functional
variation focus more on the contexts under which language exchanges occur, and
variations in language are seen as being directly connected to the situation of lan-
guage use. In this way, the approach requires an implicit mapping of the context
to the actual selection of specific language patterns, which, in turn, correspond
to both language-internal and language-external criteria. Language-internal
criteria include linguistic features, such as the ratio of kanji in a sentence or the
frequency of hedge words within a passage of text. Language-external criteria
include various factors, such as media labels, author information, publication
year, and other metadata, as well as consumer information. In terms of the con-
strained model of communication presented in §2.1, while language-internal
criteria roughly equates to the shared field of experience, the language-external
criteria encompasses the wider range of factors that constrain the context under
which communication can occur.

The terms “register”, “genre”, “style”, “text type”, and “domain” have all been
used within linguistic studies to refer to variations of one kind or another. Unfor-
tunately, different scholars subscribe to different definitions of almost all of these
terms and what one scholar might describe as register, another might describe
as style or genre. For a comprehensive overview of the terms within linguistic

> <«

studies, the reader is referred to Lee’s “Genres, Registers, Text Types, Domains,
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Table 3: Tentative interpretations of register, genre, style, text type, and domain (Modi-
fied from Hodos$cek, 2010).

Term Interpretation

Register A variety of language associated with the specific situation of use.
Example: register of written academic Japanese; classroom

conversation
Genre A category of language defined by a community, or associated with

expected rhetorical structure and themes. Example: genre of Japanese
research articles; crime novels

Style Variations in language associated with an individual’s “unique” uses of
language. Example: sensationalist style; vague written style

Text A grouping of texts based purely on linguistic features. Example:

type informational text type

Domain Text devoted to a single topic or a small set of related topics, often
inside one genre. Example: domain of computational linguistics

and Styles” (2001). However, it is useful to briefly note how these terms can be
interpreted with respect to (1) the internal-/external criteria contrast, (2) the
incorporation/absence of topic, and (3) their characteristic linguistic features. A
preliminary summary is offered in Table 3.

2.3 SYSTEMIC FUNCTIONAL LINGUISTICS (SFL)

Within Systemic Functional Linguistics (SFL), the functional bases of grammati-
cal phenomena are described in terms of the INTERPERSONAL, TEXTUAL
and IDEATIONAL metafunctions. They, in turn, relate to the three contextual
vectors: tenor, field, and mode, that together comprise the context within the SFL
framework. Increasingly, within the SFL framework, register has come to refer to
the three contextual variables of field, tenor, and mode themselves (Hasan, 2009,
p- 57). A conceptual image of the relationship between metafunction, context,
and text is presented in Figure 6.

The textual metafunction relates to mode; the internal organization and com-
municative nature of a text. This comprises textual interactivity (disfluencies
such as hesitators, pauses and repetitions), spontaneity (covering lexical density,
grammatical complexity, coordination (how clauses are linked together) and the
use of nominal groups) and communicative distance (cohesion).

The interpersonal metafunction relates to a text’s aspects of tenor or inter-
activity. Like field, tenor comprises three component areas: the speaker/writer
persona (stance, personalization and standing of the speaker or writer), social
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genre//

registerr  metaredundancy
(realisation)

ideational

| language

4

Figure 6: The relationships between metafunction, context, and text (Martin, 2009,
p. 162).

distance (how close the speakers are to each other) and their relative social status
(whether they are equal in terms of power and their knowledge of a subject).

The ideational metafunction is divided into two parts: the experiential and
logical metafunctions. The ideational metafunction relates to the field aspects
of a text, or its subject matter and the context of use. Field is divided into three
areas:

o Semantic domain: the subject matter of a text through organizing its
nominal groups (nouns / noun phrases) and its lexical verbs, adjectives
and adverbs.

o Specialization: jargon or other technical vocabulary items.

 Angle of representation: types of processes, participants and circum-
stances.

Table 4: Metafunctions in SFL (Halliday & Matthiessen, 2004)

Metafunction Aspects of context

Ideational (experiential, logical)  Field
Interpersonal Tenor
Textual Mode

The editors of the Continuum Companion to Systemic Functional Linguistics
(2009, p. 246) define register as “a text type seen from the ‘system’ end, as a
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functionally motivated subsystem within a language that is characterized by
a ‘general[’] (or 'generalized’) structure potential and by distinctive (usually
quantitative) patterns of selection within the lexicogrammar and semantics.”
This definition is especially relevant for studies looking for ways to empirically
quantify variation within the language in terms of some specific and concrete
linguistic features. However, while the SFL framework offers a comprehensive
theoretical device for the study of register, there have been far fewer serious
attempts to apply the framework to actual language data compared to other
approaches. Studies rooted within corpus linguistics, however, have tried to
incorporate some of its elements and, over the course of the past two decades
or so, there have been a few developments of empirical methods of capturing
register variation based on exploratory multivariate statistics.

2.4 THE MULTI-DIMENSIONAL (MD) APPROACH

In contrast, the Multi-Dimensional (MD) approach to register analysis, pio-
neered by Douglas Biber in his book Dimensions of register variation (1995; also
see Biber, 1993), adopts a multi-pronged exploratory approach to register vari-
ation within language. Specifically, the approach attempts to describe register
variation in terms of the interactions between various linguistic features and
their situations of use. Thus, the approach that has been used to investigate
register variations within English can be summarized through the following six
steps (reproduced from Biber (1995), Biber and Conrad (2009)):

1. An appropriate corpus is designed and collected based on
previous research and analysis. The situational characteristics
of each spoken and written register included in the study are
documented.

2. Research is conducted to identify the set of linguistic features
to be included in the analysis.

3. Computer programs are developed for automated grammati-
cal analysis; the entire corpus of texts is analyzed to compute
the frequency counts of each linguistic feature in each text.

4. The co-occurrence patterns among linguistic features are an-
alyzed, using a factor analysis of the frequency counts.

5. Dimension scores for each text with respect to each dimension
are computed; the mean dimension scores for each register
are then compared to analyze the linguistic similarities and
differences among registers.

6. The “factors” from the factor analysis are interpreted func-
tionally as underlying dimensions of variation.

18
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Clearly, however, the design and compilation of the corpus and associated
NLP tools used in the feature extraction processes from steps 1.-3. require a wide
variety of linguistic knowledge and research in order to yield significant results at
the subsequent factor analysis steps. While the availability of large-scale corpora
has ceased to be a major obstacle for conducting MD analyses, linguistic feature
selection, extraction, and validation all still remain open problems, especially
for languages other than English where MD analyses have yet to be undertaken.
In other words, the amount of register variation that can be explained relies
heavily on the careful selection of linguistic features, which, in turn, depends on
the existence of detailed investigations of the linguistic features under consid-
eration. Another problem that has been pointed out by Biber in Dimensions of
register variation, especially for large comparative studies, is that quantitative
changes in the distributions of lexicogrammatical features across registers, when
considered individually, can quickly become far too complicated to interpret
reliably (qualitatively) in terms of the specific situations of use (Biber & Conrad,
2009). However, since a register is characterized by a specific range, or pattern,
of selections within the lexicogrammar, cooccurring lexicogrammatical features
can be reinterpreted (qualitatively) as a small number of inherent dimensions
of variation within lexicogrammar. The methodology employed to achieve this,
namely, MD analysis, was developed by Biber (1995) and consists of the statisti-
cal factor analysis of the frequencies of lexicogrammatical features. The factors
obtained from such analyses are then interpreted functionally as the underlying
dimensions of register variation.

In a factor analysis, a large number of original variables are reduced to a small
set of derived, underlying variables. For each factor (or dimension), there are
both positive and negative features. When positive features occur with a high
frequency within a text, negative features will occur with lower frequencies and
vice versa. When all the dimensions are identified, a dimension score can be
computed for each text or corpus, which can further be used to graphically
represent their positions on various dimensions. Thus, linguistic variation can
be described not in binary terms, but rather in terms of several continuous scales
of variation that correspond to the identified dimensions.

As argued above, it has become possible, in principle, to utilize this approach
for the Japanese language with the increased availability of large-scale Japanese
language corpora. However, the main obstacle to such analyses is at the step of
extracting the linguistic features, as it is still necessary to make suitable modifica-
tions in order to be able to extract the features that are salient for register variation
within the Japanese language. As the automatic extraction of features from text
remains a difficult task the higher one ascends up the lexicogrammar stratum,
the SFL framework becomes even more attractive as an important source of
inspiration for new directions to pursue towards realizing the corpus-based,
exploratory approach.
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2.5 SUMMARY
To recap, within the SFL framework, register can be represented through the three
contextual vectors of field, tenor, and mode. In a similar vein, Biber has posited
seven broad categories of situation type that describe the external characteristics
of functional variation. A comparison of these two methods is provided in Table
5.
Table 5: Situational characteristics and the three contextual vectors

Biber and Conrad (2009, pp. 111-112) Halliday and Matthiessen (2004)

Participants Field

Relationships among participants Field

Channel Mode

Production and comprehension circumstances Tenor

Setting Tenor / field

Communicative purposes Tenor

Topic Mode / field / topic

As one concept closely related to register, it is vital to understand how the
status of genre within both frameworks is intrinsically connected to both register
and text.

As Martin (2009)’s depiction of the cline of realization in Figure 6 suggests,
language is construed through the interpersonal, ideational, and textual meta-
functions which, in turn, construe register through the contextual vectors of
tenor, field, and mode and, thus, it is these contextual vectors that ultimately
construe genre. Accordingly, within the SFL framework, the difference between
genre and register is one of realization—they are on different semiotic planes.

Biber and Conrad (2009) provides a contrastive view of the three perspectives
associated with language variation, as is shown in Table 6. Moreover, the defini-
tion of genre provided by the editors of the Continuum Companion to Systemic
Functional Linguistics 2009 shares striking similarities with the one presented
in Biber and Conrad (2009).

[A genre is] a higher-level grouping of texts having the same compo-
sitional structure (“generic structure”), corresponding to rhetorical
categories of procedural, expository, narrative and so on. The struc-
ture is specified in terms of a sequence of elements each having a
distinct function with respect to the whole and each characterized
by particular lexicogrammatical features.

Indeed, remarking on the similarities between these two frameworks, Biber
and Conrad has stated that the “distinction between register and genre [...] clearly
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Table 6: Relations between register, genre and style (reproduced from Biber and Conrad

(2009, p. 16))

Textual focus
Linguistic character-
istics

Distribution of lin-
guistic characteristics

Interpretation

Register

Genre

Style

sample of text excerpts
any lexicogrammatical
feature

frequent and pervasive
in texts from the variety

features serve impor-
tant ~ communicative
functions in the register

complete texts
specialized expressions,
rhetorical organization,
formatting

usually once-occurring
in the text, in a particu-
lar place in the text
features are convention-
ally associated with the
genre: the expected for-
mat, but often not func-
tional

sample of text excerpts
any lexicogrammatical
feature

frequent and pervasive
in texts from the variety

features are not directly
functional; they are pre-
ferred because they are
aesthetically valued

shares some characteristics with the use of the concepts in Systemic Functional

Linguistics, especially with respect to the genre perspective emphasizing the

conventional features of whole texts, while the register perspective emphasizes

variation in the use of linguistic features” (Biber & Conrad, 2009, p. 22).



CONTEXT AND CORPORA

As the approach to writing assistance taken in this thesis is essentially data-driven,
where corpora are used to model context, an important question that must be
addressed is how can such data be used to effectively realize a writing assistance
system. Clearly, in order to properly verify this approach, it is essential to utilize
multiple corpora varying in terms of register, topics, and readability, which are
important components of context.

This chapter introduces the linguistic resources used throughout the thesis.
Native corpora are used to realize the data-driven learning (DDL) component of
the developed writing assistance systems. Learner corpora are also introduced as
they are used later in §8, when evaluating the register model. Finally, the chapter
also introduced some dictionaries and natural language processing tools, with
special focus on the representation and extraction of words and collocations in
Japanese.

3.1 SCIENTIFIC AND TECHNICAL JAPANESE CORPUS (STJC)

A basic requirement for building a model of scientific and technical Japanese
is the existence of a collection of authentic materials that adequately covers
the target range of domains. Unfortunately, the data requirements for a writing
assistance system for academic contexts are not fully satisfied by either the
BCCWT] or the Japanese version of Wikipedia, which are both introduced in
the succeeding sections. Although these corpora contain Japanese text covering
many topics and registers, they do not offer a substantive and representative
sample of scientific and technical Japanese, and no such corpus existed at the
conception of this research. Therefore, a new corpus, called the Scientific and
Technical Japanese Corpus (STJC), was constructed in order to meet these
requirements.

The following criteria were used when choosing journals for inclusion into
the corpus:

1. The journal specializes in some scientific or engineering field.

2. The journal is published by a society with at least a thousand members.

3. The journal has established review procedures.

4. The journal gave permission to use article texts within the developed
systems.
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3.1 SCIENTIFIC AND TECHNICAL JAPANESE CORPUS (STJC)

Table 7: Journal citation index scores as of July 2013. Higher index scores generally

indicate higher journal standing. Source: Google (2013)

Journal

h5-index h5-median

J. of Natural Lang. Proc.

J. Inst. of EL. Eng. of Japan B
J. Japan Soc. of Civil Eng. B

J. Japan Soc. of Civil Eng. A
J. Japan Soc. of Civil Eng. D
J. Japan Soc. of Civil Eng. C

J. Chem. Soc. of Japan

J. Inst. of El. Eng. of Japan A
J. Nippon Med. Sch.

7

Y1 B BV e ]

N/A
N/A
N/A

12

g N O N \©

N/A
N/A
N/A

Table 8: Composition of the Scientific and Technical Japanese Corpus.

Journal Tokens  Chunks Sentences Sources
J. of Natural Lang. Proc. 1,655,975 541,277 45,885 201
J. Chem. Soc. of Japan 708,269 222,453 18,698 184
J. Inst. of El. Eng. of Japan A 640,259 206,464 17,057 163
J. Japan Soc. of Civil Eng. D 389,182 123,598 9,797 41
J. Inst. of EL. Eng. of Japan B 241,303 78,669 6,521 50
J. Japan Soc. of Civil Eng. C 159,338 53,669 5,535 21
J. Japan Soc. of Civil Eng. A 156,644 50,679 3,873 34
J. Japan Soc. of Civil Eng. B 84,234 28,066 2,216 21
J. Nippon Med. Sch. 66,885 21,204 1,664 28
TOTAL 4,102,089 1,326,079 111,246 743

Currently, the corpus includes papers from the Journal of Natural Language
Processing, the Journal of the Japan Society of Civil Engineers, the Journal of Nip-
pon Medical School, the Journal of the Chemical Society of Japan, the Journal of
Environment and Natural Resources Engineering, as well as the Journal of the In-
stitute of Electrical Engineers of Japan. As illustrated in Table 7, six of the journals
are listed within the top 100 of Google Scholar’s Japanese index, which provides
a measure of the relative impact of each journal. For comparative purposes, one
may note that the top-scoring journal in the Google Scholar’s Japanese index is
the Journal of Information Processing (IS ¥RALIEZA S 5HICEE) with h5-index of

9 and h5-median of 14.
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3.2 BALANCED CORPUS OF CONTEMPORARY WRITTEN JAPANESE (BCCWJ) 24

Table 9: Composition of the BCCW] sub-corpora.

Sub-Corpora Approx. size Year Content

Publication 35 million words ~ 2001-2005 Published books, magazines,
and newspapers

Library 30 million words ~ 1985-2005 Books cataloged at more
than 13 public libraries in the
Tokyo area

Special-purpose 35 million words ~ 1975-2008 White paper text, Internet

text, Diet minutes,
best-selling books, etc.

3.2 BALANCED CORPUS OF CONTEMPORARY WRITTEN JAPANESE

(BCCWYJ)

The Balanced Corpus of Contemporary Written Japanese (BCCW]) was devel-
oped as a five year project led by the National Institute for Japanese Language
and Linguistics (NINJAL). Its aims were to construct a representative sample of
written Modern Japanese from 1975 to 2005 (Maekawa, 2007b; Maekawa, 2007a;
Maekawa, 2011). Additionally, the corpus was to be compiled as a tagged corpus
and have sufficient scale and coverage of the sub-varieties of written language to
offer a representative sample of the Japanese written language. The first official
release of the corpus in 2012 (version 1.0) includes three sub-corpora of roughly
equal size.

Reflecting their different purposes, different sampling methods were used
in the compilation of each sub-corpus. The publication sub-corpus was sam-
pled during a shorter time span than the library sub-corpus in order to be a
representative sample of books, magazines, and newspapers that were sold and
presumably consumed by the public. The library sub-corpus is more representa-
tive of the books for which public demand was deemed sufficient for copies to be
available across many libraries within the Tokyo region. In contrast to the first
two sub-corpora, the special-purpose sub-corpus serves more for comparative
purposes, for, although not necessarily totally representative of each component
register, the overall variety of registers is much greater than for the other two.

The BCCWTJ corpus is encoded in an XML format that includes sentence
and paragraph-level metadata annotations, such as tags for speech, titles, and
quotations. As can be seen in the XML sample shown in Figure 7, the inclusion
of quotations and other tags that relate to the register of a sample make this data
particularly useful for investigating or controlling for register variation within
the samples, such as, for example, controlling for the presence of dialog within
works of fiction.

— Table 9

The composition of
media in the BCCW]
corpus is presented in
Table 10 in terms of
token, chunk, sentence,
paragraph and source
counts. While the term
token is commonly used
to denote a word, a
token here is defined as
a Short Unit Word.
Refer to §3.5 for more
information.



3.2 BALANCED CORPUS OF CONTEMPORARY WRITTEN JAPANESE (BCCWJ)

<?xml version="1.0” encoding="UTF-8"?>

<sample sampleID=”LBal_00004” version=”1.0” type="variablelLength”>
<article articleID="LBal_00004_V001” isWholeArticle="false”>
<info arg="article/@isWholeArticle” value=” SEfE-INEL” />
<titleBlock>

<title>

<sentence type="quasi”>&HE+ EEDEF</sentence>

<br type="automatic_original” />

</title>

</titleBlock>

<cluster>

<titleBlock>

<title>

<sentence type="quasi”’>— Hif</sentence>

<br type=”automatic_original” />

</title>

</titleBlock>

<paragraph>

<sentence> KIEAF (—h—t) ZA+—HIKIE TEEDZ2) BESZH
TUTcs </sentence>

<sentence type=”quasi”>ILUZE[L. </sentence>

<br type=”automatic_original” />

</paragraph>

<quotation>

<citation>

<paragraph>

<sentence> FCTLEIOBHEWRBICHBTREREBZHITT. INZMD
EWVWSER, AR HOTRBEOEFRZILRI DHICOBZRAWVWLS &
9%, </sentence>

<br type=”automatic_original” />

</paragraph>

</citation>

</quotation>

Figure 7: Sample from BCCW] XML format file.

25



3.3 JAPANESE WIKIPEDIA 26
Table 10: Breakdown of major BCCW] media labels.

Media label Tokens Chunks Sentences Paragraphs Sources
Books 70,472,742 24,654,541 3,155,084 1,552,490 22,058
Yahoo! Blogs 13,212,757 4,275,507 943,646 783,871 52,676
Yahoo! Q&A 12,088,127 3,947,304 780,510 624,616 91,445
Minutes of the Diet 5,600,649 1,858,486 139,802 45,810 159
White papers 5,495,254 1,705,664 139,373 101,587 1,500
Magazines 5,114,752 1,718,895 281,765 155,260 1,996
Gov. pamphlets 4,739,306 1,295,337 255,841 209,679 354
Legal documents 1,206,481 401,505 33,289 25,364 346
Textbooks 1,126,214 392,651 63,370 45,952 412
Newspaper 1,036,285 343,304 50,960 26,546 1,473
Verse 237,685 106,265 18,974 18,974 252
TOTAL 120,330,252 40,699,459 5,862,614 3,590,149 172,671
3.3 JAPANESE WIKIPEDIA
Currently, the largest freely available corpus of Japanese text is the Japanese
version of Wikipedia®. The decision to include it, in addition to the STJC and
BCCWTJ, was made for two reasons.

The first reason is that for many tasks, the quantities of data provided by the
STJC and BCCW] are insufficient. The amount of data required to accurately
capture some language pattern is a function of both the number and the frequen-
cies of its components, i.e. their complexity—also commonly referred to as the
“sparseness problem”?. Due to the nature of the data used within Natsume, which
includes triplet combinations of nouns, case particles, and verbs, the amount
of extractable data is only really sufficient for the most common expressions.
Moreover, other NLP technologies deployed within the Natsume system, such as
getassoc?, are more precise at the scales of data available with Wikipedia. The
total size of the Wikipedia corpus is around four times larger than the BCCW].  — Table 11

However, one unfortunate side effect of including Wikipedia is that for many less
frequent collocations, the only information available is from Wikipedia, making
it impossible to compare between corpora.

Another requirement of the project is that there are no legal restrictions relat-
ing to displaying online examples obtained from the corpora texts. The permis-
sive license of Wikipedia allows for the display of all text sentences as example

—

Accessible from https://ja.wikipedia.org/.

2 An intuitive way of thinking of this is of conducting a search query on the Internet, where each
consecutive word entered into the search box returns fewer results.

3 Available from http://getassoc.cs.nii.ac.jp/.



34 NATANE LEARNER CORPUS

Table 11: Various unit sizes for the Wikipedia corpus (as of 7/3/2013).

Corpus Tokens Chunks Sentences Paragraphs Sources

Wikipedia 416,472,135 131,701,931 15,915,085 6,525,344 853,975

sentences in the systems. As a community effort, the quality of the Wikipedia
data can vary considerably, and in some cases, texts contain ungrammatical
elements or overly complex sentences.

3.4 NATANE LEARNER CORPUS

Natane is a Japanese language learner corpus annotated for learner errors. Com-
pared to solely utilizing native corpora, the principle benefit of also incorporating
a learner corpus from the perspective of developing a writing assistance system
is that the learner corpus can highlight the kinds of errors that learners tend to
make. For example, in the case of Natane, by comparing learner error tendencies
based on their first language, it is possible to provide customized guidance with
lesson plans that are more appropriate to the learner’s first language.

Compared to native corpora, learner corpora tend to be much smaller in size
and variety. This is due to the difficulties of obtaining learner writing, which in
most cases is specifically elicited for the construction of a corpus rather than
collected from readily-available sources, as was the case in the construction of
the BCCWT] or STJC. Another important differentiator is the inclusion of error
annotations and background information about the learners who generated the
original texts.

The end goal of the on-going construction of the Natane corpus is to compile
a database that is both well-formed and sufficient in size for the automatic iden-
tification and correction of writing errors. It should be noted that, even though
it is possible to construct relatively simpler systems such as the spellcheckers,
co-occurrence checkers, and writing style checkers, it is far more difficult, even
for state-of-the-art NLP systems, to engineer features that require more sophisti-
cated understandings of semantics and discourse. As more features are annotated
within corpora, it is likely that the number of automatic correction targets will
increase.

As an on-going joint project involving several Japanese language teachers,
the collection and annotation of the corpus initially progressed through the
following stages:

1. Collection of learner essays and their transcription.
2. Initial annotation of learner errors using Excel (Cao & Nishina, 2010;
Cao, Kuroda, Yagi, Suzuki, & Nishina, 2010).
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3. Analysis of the initial annotations leading to specification of framework
for classifying learner errors (Cao, Kuroda, Yagi, & Nishina, 2011; Cao,
Yagi, Kuroda, & Nishina, 2012).

4. Use of the multipurpose annotation tool Slate* for error tagging (Kaplan,
lida, Nishina, & Tokunaga, 2012).

For more detailed information about each stage in the construction process,
the reader is referred to the papers cited above.

3.4.1  Collection

The essays were collected from undergraduate and graduate students as well
as students attending Japanese language schools. All essays were written on a
specific topic, though not all topics were the same. Data concerning learner age,
nationality, university level, first language, major, and Japanese language learning
experience, as well as other background information, was recorded with the
essay. Additionally, the learners signed a waiver authorizing the anonymous use
of their essay within Natane, which includes a web interface with full-text search
features®. Although more than 5,000 sentences have been collected, currently,
only around 3,500 have been annotated. In its present state, Natane consists of
285 essays obtained from 192 learners, totaling 205,520 characters. From a total
of 9,041 annotations, there are 6,789 learner errors. The distribution of learners
by their first language, as shown in Table 12, is biased towards Mandarin Chinese
speakers, who account for more than half of the learners and the essays. The
remaining languages are predominantly from Asia.®

3.4.2 Initial Annotation

While error classification frameworks for languages such as English and French
already exist (D1az-Negrillo & Fernandez Dominguez, 2006; Granger, 2003;

I’Haire & Faltin, 2003), there was no preexisting comprehensive error anno-
tation scheme or descriptive framework for Japanese language learner errors.
Given the absence of a suitable framework, the project decided to proceed with
constructing one by drawing on both previous research and the teaching expe-
rience of the annotators (Cao & Nishina, 2010). During the initial annotation
process, it became clear that there were two major kinds of errors. The first were
unambiguous errors (ordinary errors), while the second were errors that the
annotators regarded as being unnatural language uses (unnatural production

More information on Slate is available on its homepage: http://www.cl.cs.titech.ac.jp/slate/.
Available at http://hinoki.ryu.titech.ac.jp/natane.

Current statistics shown in Table 12 are available on the Nutmeg website (http://hinoki.ryu.titech.
ac.jp/natane/stats).
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34 NATANE LEARNER CORPUS

Table 12: Distribution of Natane essays by first language and gender.

First language Male Female Unknownsex Total
Mandarin Chinese 62 64 26 152
Marathi 6 23 7 36
Vietnamese 18 9 0 27
Korean 24 3 7 34
Spanish 2 0 0 2
Malay 8 0 0 8
Slovenian 7 0 0 7
Hungarian 1 0 0 1
Thai 1 0 0 1
Unknown 5 0 12 17
TOTAL 133 90 62 285

errors), but not ungrammatical. The ordinary errors include deviations from
standard orthography, syntactic function (voice, tense, aspect, and modality),
conjugation, and subject-predicate incongruity. They are typically easy to anno-
tate and occur frequently. In contrast, the unnatural production errors include
word choice, addition, or omission of text units (phrase, paragraph, etc.). They
are typically less frequent, and being harder and more subjective to annotate,
there tends to be less agreement between annotators.

3.4.3 Framework of Error Classifications

The feedback gained from the initial annotation process was crucial for refining
the framework of error classifications (Cao et al., 2011). The resultant error
annotation framework is essentially hierarchical in nature, and is able to take
into account different viewpoints regarding the learner errors, as well as allowing
for the systematic annotation of such errors (Yagi & Suzuki, 2012). The hierarchy
consists of up to four levels, with the higher levels corresponding to courser,
more abstract categories, and branching out into three principal dimensions:

1. Error domain: linguistic level of the error (i.e. phoneme, word, phrase, ...,
discourse; the word tag is further classified into word classes like noun,
verb, etc.).

2. Error category: type and form of the error.

« Type: addition, omission, word order, deviation from standard or-
thography, etc.

 Form: conjunction, conjugation, collocation, and (Japanese letter)
script.
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34 NATANE LEARNER CORPUS 30

3. Error source: reason or background for the error (i.e. annotator’s subjec-
tive opinion about the source of the error—register and style mismatch,
coherence, first language interference, etc.). — Figure 10
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Figure 8: Error classification hierarchy: error domain.

3.4.4 Other Japanese Language Learner Resources

Although there are still relatively few other Japanese language learner corpora,
the situation has improved somewhat recently, with the release of the follow-
ing resources: the Learner’s Language Corpus of Japanese’, Teramura corpus®,
NINJAL'’s learners corpus’, and the JC Corpus'. The major difference between
Natane and these learner corpora is that, because they are more focused on the
annotation of grammatical errors, they have less comprehensive error classifica-
tion frameworks than the one used in Natane. That is especially important for
the present research, as errors related to register misuse included in Natane can
be used to evaluate register identification systems. — Section 8.2

3.4.5 Conclusion

Natane is a learner corpus that has many potential uses, although Japanese lan-
guage educators and NLP researchers are naturally its primary target users. Using
the search interface for the Natane corpus, Japanese language educators can
utilize Natane to find examples of learner errors. Moreover, the data provided
is particularly useful for analyzing the error tendencies due to first language

7 More information available from http://cblle.tufs.ac.jp/llc/ja/.
8 More information available from http://teramuradb.ninjal.ac.jp/.
9 More information available from http://jpforlife.jp/taiyakudb.html.
10 More information available from http://www34.atwiki.jp/jccorpus/pages/21.html.
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Figure 9: Error classification hierarchy: error category.
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Figure 10: Error classification hierarchy: error source.

interference, as well as for helping to observe the overall language acquisition
process. The latter usage is primarily aimed at NLP and machine learning applica-
tions, where Natane can be applied to the construction of novel error correction
systems. An example of one such system is the Nutmeg writing assistance system
introduced in §8.

While the availability of more Japanese language learner corpora is undoubt-
edly a welcome situation, given that they all use different frameworks of error
classification, one pressing issue is for some common standard to emerge. It is
hoped that the present research, in particular, can contribute to identifying some
of the issues surrounding the annotation of register-related errors.

3.5 UNITS OF LANGUAGE

The concept of the word unit in Japanese is not as straightforward as in many
Western languages, in large part because the Japanese writing system does not
employ spaces to delimit word boundaries. One of the goals of the BCCW]
project was to provide a standardized unit of language that could simplify re-
search on language (Maekawa, 2007b). The basic word unit taken up by the
project was the Short Unit Word (SUW), which represents a relatively short unit
corresponding to one morpheme. The second unit, called the Long Unit Word
(LUW), is closer to the 3Z&fi /bunsetsu/ “phrase” that consists of an independent
element (noun or verb) and a dependent element (particle or inflection suffix).
The potential benefit of adopting two language units is in allowing different
levels of linguistic analysis. For lexical and morphological research involving
concordance searches of the corpus, the SUW provides the greatest flexibility
for identifying and selecting appropriate examples, while the LUW may be a
more appropriate unit for investigating some issues such as lexical comparisons
within genre-related studies.
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3.5 UNITS OF LANGUAGE

Table 13: Relationship between SUWs, LUWs, and chunks (Source: Yomiuri shimbun
(evening edition), 4/28/2004; BCCW] sample ID: PN4c_00026).

Table 13 shows how a sentence can be broken down into chunks, LUWSs, and
SUWs. Although based on the bunsetsu, the process of identifying LUW:S is
rather complex because it involves both top-down and bottom-up processing.
In the initial top-down parsing step, a sentence is chunked into bunsetsu that
are analyzed in terms of SUWs and in the subsequent bottom-up parsing step,
LUWs are constructed from component SUWs (independent and dependent
elements). Accordingly, LUWs include combinations formed from SUWs plus
common conjugations, inflections and affixes, and combinations formed by
joining noun and verb elements into compound units.

Specifically constructed for morphological parsing of the BCCWT] corpus,
the morphological parser dictionary UniDic is a hierarchical dictionary that
essentially adopts SUWs for its dictionary entries (“UniDic Project Top Page,”
2013). The top-level word classes of the UniDic hierarchy are nouns (&3
/meishi/), pronouns ({§# 5 /daimeishi/), verbs (58 /doshi/), i-adjectives (&
A5 /keiyoshi/), na-adjectives (FZ4REF /keijoshi/), adverbs (Bl /fukushi/),
prefixes (BZBEEF /settoji/), suffixes (BEEEFE /setsubiji/), interjections (EXE)FA
/kandoshi/), particles (BiFa /joshi/), auxiliary verbs (Bi&7a /jodoshi/), pre-
nominals (JE{4&Fd /rentaishi/), conjunctions (¥&#t&8 /setsuzokushi/), symbols
(R85 /kigd/), punctuation (fBIFCS /hojokigd/), and white-space characters
(ZEH /kithaku/) (“UniDic Project Top Page;” 2013). As LUW:s are constructed
from SUWs, the word class hierarchy is identical for the most part. One im-
portant difference, particularly relevant for the present study, is that ambiguous
SUWs that, depending on context, can be either a noun or adverb, or a noun or
verb, are disambiguated in the process of becoming LUWs.

The relationship between SUWs and LUWs may be further elucidated with
reference to the notion of chunks within the Japanese dependency grammar
analyzer CaboCha'! (Kudo & Matsumoto, 2013). CaboCha’s dependency gram-
mar consists of chunks linked by grammatical dependency. The chunks consist
of either one or more morphemes (SUWs) that can be separated into content
and grammatical or functional portions. Content portions roughly correspond
to LUWSs, while there is no direct analog to the grammatical and functional
portions, which can comprise several SUWs or even several LUWs (commonly
consisting of particles), as illustrated in Figure 11.

11 Available from http://code.google.com/p/cabocha/.

Chunk Sl o | RFILE | fEST RERREHANY b PE LT,

LW Sl O | RTIL | & | fEs | T REBRREH N> b | fEL ||,
suw S0 CO|\KRF | & | o | T|ARB | RR | &E | AXYb | &2 | BB | L ||,
Reading | Konkai kono | hoteru | o | tuka | tte | 6gata | yakei | kansyo | ibento o | kikaku | si | ta | .
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Figure 11: Chunks from Table 13 arranged in the dependency grammar of CaboCha.



REGISTER MODEL

This chapter provides an outline of the research project’s attempt to model the
register component using word class-based linguistic features.

41 MODIFIER-VERB RATIO (MVR)

The modifier-verb ratio, commonly abbreviated as MVR, was proposed in 1965
by Kabashima and Jugaku as part of a study on Japanese stylistics. More recently,
as more sophisticated language processing tools and larger, more varied, corpora
have become available, word class ratios have been reexamined in studies such as
that of Fujiike, Konishi, Ogura, Ogiso, and Koiso (2011). This section attempts to
explore the variability in register between and within the media in the BCCW],
by observing the distribution of this linguistic-internal measure.

According to Kabashima and Jugaku, texts can be classified on a scale ranging
from summative (E#JHY /yoyakuteki/) to descriptive (H8E Y /byoshateki/)
(1965). Summative texts convey only the bare minimum—the skeleton or frame—
of what they are describing. In contrast, descriptive texts specify in detail what
they are describing, making the reader feel as if he is part of the situation de-
scribed. Kabashima and Jugaku (1965) further characterizes descriptive texts
as either active (B E# B/ /ugokibyoshateki/) or static (3 D & XHEW
/arisamabyoshateki/).

The modifier-verb ratio was first introduced as a quantitative method of clas-
sifying texts into these categories using only the ratio of modifier to verb counts.
Kabashima and Jugaku define modifiers as consisting of adjectives, adverbs, and
pre-nominals (1965, p. 122). Once words are classified according to their word
classes and ratios for each word class are calculated, one can then calculate the
modifier-verb ratio by dividing the ratio of modifiers with the ratio of verbs in a
text:

modifiers
MVR =100———— (1)
verbs
In summary, texts with a high noun ratio and low modifier-verb ratio tend to be
summative, while those with low noun ratios tend to be descriptive. Furthermore,
descriptive texts with low modifier-verb ratios tend to be active, while those

with high modifier-verb ratios tend to be static.
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42 MVR EXTRACTION

—— active(MVR=low)
descriptive(N=low)

L static(MVR=high
text static( igh)

summative(N=high)

Figure 12: Categorization of texts using noun and modifier-verb ratios (adapted from
Kabashima and Jugaku, 1965, p. 25; N and MVR information added by
author).

42 MVREXTRACTION

Modifier-verb ratios were computed for a pre-release version of the BCCW], as
follows. First, using plain text samples from the BCCW], sentences were split
based on a set of common sentence delimiters (from the set of both half- and
full-width characters “!2. o | ?7”), except for when a delimiter was encoun-
tered inside a quotation. Next, the sentences were morphologically analyzed
into SUWs using the morphological parser MeCab (version 0.98) and UniDic
dictionary (version 2.1.0) (Kudo, 2013; “UniDic Project Top Page,” 2013; NIN-
JAL [National Institute for Japanese Language and Literature], 2011). In the next
step, the SUW data was fed into the LUW analyzer Comainu (version 0.53a),
which produced morphologically parsed Japanese text with LUWSs as the base
unit.

Finally, following Kabashima and Jugaku (1965), all word classes were coded
and counts were made for the five classes of modifiers (M), nouns (N), verbs (V),
interjections (I), and other (O). Using these frequency counts, it was straight-
forward to calculate the modifier-verb ratio as MV R = 100%. Special care
needed to be taken for samples that contained no verbs, where it was not possible
to calculate a modifier-verb ratio, and such samples were treated as outliers (572
and 492 samples from Yahoo! Q&A and Yahoo! Blogs, respectively, were treated
as such).

Kabashima and Jugaku (1965)’s method of sampling of materials differs
slightly from the one used for the BCCWJ, because in their sampling method,
they took random sentences from each book, to yield an average word class ratio
of each book. In contrast, for at least the library and publication sub-corpora in
the BCCWJ, the sampling was done on the whole body of material, with samples
taken in fixed- and variable-length chunks from random books and other media
(Maruyama et al., 2010). Thus, while the sample may be less than represen-
tative of the sampled work, when taken together, the samples do constitute a
representative sample of the complete body sampled.
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4.3 RESULTS

Compared to Fujiike et al. (2011), whose study was based on smaller sample sizes
and used a scatterplot to visualize noun and modifier-verb ratios, the relationship
between noun and modifier-verb ratios is plotted for each media using a bivariate
visualization method called a bagplot. The bagplot, first proposed by Rousseeuw,
Ruts, and Tukey (1999), is a 2D generalization of a boxplot used to analyze the
relationship between two variables. According to Rousseeuw et al. (1999), “the
bagplot visualizes the location, spread, correlation, skewness, and tails of the
data” More specifically, it consists of a bag containing 50% of the data points, a
fence (computed by magnifying the bag by a factor of 3) that separates inliers
from outliers, and a loop containing the points outside of the bag but inside the
fence. In addition, the central point for each bagplot is defined as the point with
the highest halfspace depth and is denoted by a star-shaped point, while any
point outside the fence is considered an outlier.

(3 x bag)

outlier
fence

halfspace
median

bag
(50% points)

Figure 13: Visual explanation of bagplots.

The ratios computed by the method outlined in §4.2 were used to plot the bag-
plots using the aplpack package for the statistical programming environment
R (Wolf & Bielefeld, 2010; R Core Team, 2013). Figure 14 shows the bagplots
plotting the relationship between the noun and modifier-verb ratios for each
media, here limited to noun ratios of 0-60% and modifier-verb ratios of 0-200
for clarity.

Furthermore, for easier comparisons and quantitative assessments of each
media, Table 14 presents the halfspace median of N and MVR, the percentages
of samples inside a bag, the percentages of samples outside a bag but inside a
fence, as well as the percentage of outliers for each media.
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Figure 14: Bagplots for the noun ratio (N) to the modifier-verb ratio (MVR) for each

media.
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Table 14: Summary of the bagplot statistics for each media, sorted by MVR median.
Media Bag(%) Fence(%) Outliers(%) N median MVR median
Newspapers 51.17 47.45 1.37 31.50 36.35
White papers 49.47 49.40 1.13 33.07 36.93
Textbooks 49.69 47.62 2.69 29.00 40.82
Minutes of the Diet 49.06 48.43 2.52 22.46 49.86
Books 52.36 46.22 1.41 25.00 52.86
Magazines 50.33 48.14 1.53 27.63 54.96
Yahoo! Q&A 53.91 41.35 3.66 21.01 56.82
Yahoo! Blogs 48.51 43.28 3.71 23.76 64.77

4.4 DISCUSSION

In general, the negative correlation of noun ratios with modifier-verb ratios
observed by Kabashima and Jugaku (1965) was re-confirmed for the BCCWJ,
which is indicated by the consistently downward orientations of the bags. The
media of Magazines was the only exception to this tendency and merits further
investigation. Interestingly, Magazines have both a relatively high noun ratio
as well as a high modifier-verb ratio, a combination not adequately treated in
Kabashima and Jugaku (1965). Although both Internet corpora, Yahoo! Blogs
and Yahoo! Q&A, showed the largest bag and fold areas, as well as the highest
outlier percentages, Yahoo! Q&A, in particular, has the highest concentration
of samples in the bag and the least between the fence and the bag, suggesting
a different distribution of variations in the word classes compared to the other
media. Not surprisingly, White papers, Newspapers, and Textbooks have the
highest noun ratios, as well as the lowest modifier-verb ratios, classifying them
as summative texts, while the Books media has an average noun ratio, but a
higher than average modifier-verb ratio.

4.5 CONCLUSION

This section has attempted to shed some light on the ways in which the modifier-
verb ratio can be applied to the modeling of inter- and intra-corpus register
differences. More specifically, it briefly touched on the issues of extracting word
class ratios pertaining to word classes and word units in the morphological
parser dictionary UniDic and Comainu LUW parser. From using bagplots to
visualize the distributions of word classes within the BCCWTJ, it was possible to
essentially replicate the negative correlations between noun ratios and modifier-
verb ratios observed by Kabashima and Jugaku (1965). Finally, the combination
of the bagplot and modifier-verb ratio revealed clear differences on both the
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summative-descriptive and static-active scales between media, while also pro-
viding insight into the amount of variation inherent inside a particular media.

4.6 FUTURE WORK

Modifier-verb ratios are a relatively simple index of the variety observable both
inside and between corpora, and, clearly, more needs to be done to extend
Kabashima and Jugaku’s analysis to new varieties of writing, such as those found
in Internet corpora, and to possible investigations of the positive correlation
between nouns and MVR observed for Magazines. Moreover, comparisons with
other measures, such as lexical density, for example, in Halliday (2009, p. 75-77),
or the multidimensional feature approach outlined in Biber (1995), should be
attempted.

As a word class based measure, one may expect the modifier-verb ratio to be
relatively robust for topic changes in an otherwise situationaly homogeneous
register. However, this could be further investigated by, for example, using the
Nippon Decimal Classification (NDC) library classification system supplied for
the Books media, the topical information available for the Internet corpora, as
well as a model of topic as introduced in the next chapter, for a deeper under-
standing of the intra-corpus variation phenomena. Finally, although the BCCW]
contains material sampled from a relatively short timespan of up to 30 years,
there is no guarantee that any inferences derivable from the empirical data can
be attributed to diachronic differences.
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TOPIC MODEL

Within this thesis, topic is used to refer to sets of words corresponding to the
informational content in a text. This, in contrast, to the more commonly en-
countered definition as the grammatical subject of a sentence. Thus, the term
topic refers to more than just one word, but to a set of words connected by an
underlying concept.

5.0 LATENT DIRICHLET ALLOCATION TOPIC MODEL

Latent Dirichlet Allocation (LDA) is a type of probabilistic topic model. From
the perspective of document classification, it is an unsupervised approach to
annotating document collections with thematic information, while from the
perspective of discovery, it can help the process of hypothesis formation con-
cerning some aspects of documents (Blei, 2012). Blei (2012) offers the following
comments of explanation concerning the intuitions behind latent Dirichlet al-
location. From the assumption that some number of “topics,” as distributions
over the words, exist for a whole collection, it is possible to select a distribution
of the topics, then, select a topic assignment from the distribution, and, finally,
select a word from the selection of corresponding topics. Thus, the overall rela-
tionships between documents, topics, and words within the LDA topic model
can be represented as the graphical model in Figure 15. Taking an example of
a posting to Yahoo! Blogs, Figures 16 and 17 also illustrate the relationships
between documents and topics and between topics and words, respectively.

50 0.01

() (D

words ] topics (1000)
(42,827,371) documents
(172,517)

Figure 15: Graphical model of Latent Dirichlet Allocation topic model used in Hodos¢ek
and Nishina (2012a).

As LDA uses words as features, it is natural to ask questions about what kinds

of words should or should not be included. From the perspective of attempting
to maintain a practical distinction between topic and register, it is important
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probability of topic in document
Document : Yahoo! Blogs (sample: OY14_49098)

(Yahoo! Services>Yahoo! Blogs > Testing)
(%\ Knﬁ\ gﬁl %ZZD,O] 42857)
(CEAL IE% ’AE\ E?JI\ ¥, 0.142857)
( )
( )

Topics :

Eo. . £5. & A, 0.142857
= éﬁ\ =, BA. @95, 0.142857)-

Text : TS AERHEAT>TEE—T
230 BTz~ (58

Figure 16: Relationship between documents and topics.

( probablllty of word
ord in topic

Topic name :H&E. FR. X&. . FH

Topic word :(#5,0.500869) (#1£,0.162328) (X#,0.0422419)

probabilities (#£%,0.0295168) (¥&,0.0289082) (F14#,0.0267782)
(5%,0.0196688) (#£,0.0188665) (15&,0.018009)
(##%1,0.0173174) (4£)E,0.0160172) (K*#,0.015132)--

Figure 17: Relationship between topics and words.

to avoid the inclusion of grammatical particles and functional expressions that
reflect features relating to register. On the other hand, content words that reflect
the theme and the topic of a text should be included. From this perspective, the
distribution of content words within a passage of text corresponds to the topic of
that text. Correspondingly, the topic features used within the model are nouns
(excluding numbers), verbs (excluding dependent verbs), adjectives (excluding
dependent adjectives), and adverbs based on the SUWs provided by UniDic.
Finally, an LDA model of 1,000 topics (with parameters: & = 50, 8 = .01) was
built using Yahoo! LDA (Smola & Narayanamurthy, 2010) for the BCCW] using
these features.

5.2 RESULTS

Similar to the methodology employed in the previous chapter, the topic pro-
portions within a particular media were examined by using the topic and word
proportions generated by the LDA model for every BCCW] sample. Table 17
lists the top five topics obtained per BCCW] media label. Overall, the topic
model is able to differentiate between media that are more similar in style from
those that are more similar in terms of their topics. For instance, conducted
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analyses revealed just some of the following correlations from Table 15, arranged
according to media:

o Books

First, correlations between the three Books corpora reflect some aspects
of the sampling methodology used in their construction. The Library (LB)
and Publication (PB) media, though employing different sampling bod-
ies, were highly correlated. However, the Bestseller (OB) media showed
markedly weaker correlations with both, indicating that its sampling
method has exerted some influence on the selection of topics. Accord-
ingly, while topic correlations for both the Yahoo! Blogs (OY) and Q&A
(OC) are weaker than for the Library and Publication media, Bestseller
media has slightly stronger correlations.

» Magazines

This media is more strongly correlated with the Internet media (OY and
OC), the Books media (PB and LB), as well as the Newspapers media.
Although individual magazines tend to focus on specific topics, when
taken together as the Magazines media, they also cover a wide range of
general interest topics and news, which results in the considerable degree
of topic variation observed for this media.

« Yahoo! Blogs and Q&A

For these media, the correlations are generally low, apart from stronger
mutual correlations and their correlations with the Magazines (PM) media.
While the variety of topics within the Yahoo! Blogs and Q&A media is
considerable, as evidenced by the fact that together they cover 1,000 topics,
their weak correlations with the Books media, which also contains similar
numbers of topics, imply that the proportions of these topics are different.

o White papers

The strongest topic correlations observed are for the Legal documents
media, the Minutes of the Diet media, and with the Newspapers (PN)
media. These correlations reflect the fact that White papers are also closely
related to government and politics, which are also central domains for
these other media. Interestingly, even though the Minutes of the Diet
media is different in register, it is remarkably similar in topic. This would
seem to suggest that the topic model is able to successfully discriminate
between topic and register, at least in this particular instance.

o Minutes of the Diet



5.3 DISCUSSION

The strongest correlations were observed with the Legal documents (OL)
and White papers (OW) media. In stark contrast to their close similari-
ties as media forms in both containing colloquial communications, the
Minutes of the Diet media displays a weak negative correlation with the
Yahoo! Q&A and Blogs media. This also represents evidence that the topic
model’s ability to successfully differentiate between register and topic.

The overall patterns of topic correlations between the various media also relate
directly to the results obtained from a hierarchical cluster analysis, as shown
in Figure 18. Within the figure, there are two clear clusters: one on the left side
that relates to government and public policy (OP, OM, OW, and OL), and one
looser clustering on the right side consisting of one statistically significant cluster
representing a balanced range of general topics (OC, PB, OY, LB, PM, OB, and
PN), together with the Textbook (OT) and Verse (OV) media that capture yet
another distinctive range of topics. Table 16 presents a summary of the topic
coverage across BCCW] media labels.

Cluster dendrogram with AU/BP values (%)
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Figure 18: Hierarchical cluster analysis of BCCW] media by topic using binary distance
with Ward’s method. The AU/BP values correspond to approximately un-
biased and bootstrap probability values, respectively. The enclosed cluster
grouping signifies a grouping with AU values greater than 95%.

5.3 DISCUSSION

Results from the correlation and hierarchical clustering analyses would seem to
suggest a split between the media that cover many topics and the media that cover
only a specific subset. An investigation of frequent topics from each of these
groups might provide a clearer sense of these differences. Referring to Table 17,
the top topics for the Books media, such as “face, eyes, so, hands” and “say, thing,
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Table 15: Spearman correlations between topic probabilities assigned to all samples of BCCW] media. Strong correlations are emphasized in bold (> .50).

PB LB OB PM PN ocC oy OW ov OT OpP OL
Books PB
Books LB 0.85
Books OB 050 0.66
Magazines PM 058 0.56 043
Newspapers PN 056 0.55 029 0.59
Yahoo! Q&A OoC 0.25 0.18 028 0.54 0.33
Yahoo! Blogs oy 018 022 034 060 037 0.77
White papers Ow 033 0.17 -0.09 0.10 049 0.06 -0.11
Verse OV 028 042 042 027 0.16 0.16 0.33 -0.20
Textbooks OoT 0.52 0.54 0.35 0.34 0.38 0.19 0.20 0.24 0.29
Govt. pamphlets (0)3 0.14 0.09 -0.02 0.17 0.37 0.10 0.13 0.29 -0.01 0.13
Legal documents OL 0.24 0.04 -0.15 -0.08 029 004 -0.17 0.61 -022 0.12 0.23
Minutes of the Diet OM  0.18 0.10 -0.04 -0.01 0.36 -0.03 -0.15 0.53 -0.18 0.08 0.21 0.56

NOISSNOSIA ¢S
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Table 16: Topic coverage across BCCW] media labels sorted by topics found.

Media Topics found
Books PB 1,000
Yahoo! Q&A oC 1,000
Yahoo! Blogs oYy 1,000
Books LB 999
Magazines PM 946
Books OB 892
Newspapers PN 847
Textbooks oT 646
White papers ow 484
Verse ov 409
Legal documents OL 329
Govern. pamphlets  OP 264
Minutes of the Diet OM 224

think, so, time”, clearly reflect the general, descriptive style of fiction writing,
which accounts for a large portion of this media. These topics are in fact similar
to those identified for the Yahoo! Q&A and Blogs media, which also underscores
the similarities in their ranges of topics. In contrast, the other media include
more specific topics that do not feature as highly in the other media. For example,
the Newspaper media includes a sports-related topic represented by “win, times,
tournament, first, finals” and several topics relating to politics such as one of
foreign diplomacy (“president, USA, relation, government, diplomacy”) and
another of domestic politics (“premier, LDP, Koizumi, politics, prime minister”).
In a similar vein, the Verse media contains topics that are only typically found
in verse, such as “night, day, flower, autumn, moon” and “wind, white, center,
sky, red”. Thus, the other media category clearly contains more selective sets of
topics.

5.4 CONCLUSION AND FUTURE WORK

In summary, the LDA topic model is capable of generating topics that, arguably,
reflect fairly faithfully the real topics and themes of their respective media. By
using this model, it is possible to obtain three advantages: (1) identification of
media that contain a wide variety of topics, (2) identification of media that con-
tain similar or specific/original topics, and (3) a supplement to the classification
of media according to register presented in §4, that is more capable of capturing
context.
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Table 17: Top five topics per BCCW] media.

Rank Published books (PB) Library books (LB) Bestselling books (OB) Magazines (PM) Newspapers (PN)
1 B 8.5 %5, F 5.5 85,25 K 5.5 85,25 K AR, RGN, B THA YV ES B85, B, KR, 90, RES
face, eyes, so, hands say, thing, think, so, time say, thing, think, so, time popular, style, feel, design, use win, times, tournament, first, finals
2 E3ER3.%5K BB FZ5F B B85 %5, F Ny T, ZAA—K, =y MY, 5 1)L AHERR, SKE, BIHR, BT, 543
say, thing, think, so, time face, eyes, so, hands face, eyes, so, hands bag, skirt, knit, shorts, style president, USA, relation, government, diplomacy
3 B RG2KGES Y E5FBHE TS 55,13, 8, 8% A3 VeV, TIVRIv Iy N TUYN NS BIR BRI X3, BUR #HE
thing, at, about, due to, thing say, thing, think, so, time say, leave, man, telephone, come shirt, brand, jacket, print, color premier, LDP, Koizumi, politics, prime minister
4 =3, /<, B3, BiF, Bk 55,13, 58, 8% A3 5,5 8% %5 BRIE, BE 1, 1, R, 1< 179, 70, A RAZ I, B 15>
say, at, due to, relation, meaning say, leave, man, telephone, come say, voice, face, thing, so movie, director, work (film), production, depict Traq, terrorism, Israel, war, Iran
5 R, VUV, RE, RS >, B R £ESHERS £EHI,Y S EFILRTF— ¥—M Uy L, TVIY LIRSS RS-
display, click, setting, button, option thing, say, time, year, think thing, person, say, thing, now model, body, seat, liter, engine town, year, month, meeting, thing
White papers (OW) Verse (OV) Textbooks (OT) Government pamphlets (OP) Legal documents (OL)
1 RGR2LT5,H% & 8,76, %, B KB BAND, B EZX B, 0B A B, W BULAHR Yy — 5,08, B, B3 N<
at, for, about, perform, plan/aim night, day, flower, autumn, moon experiment, examine, thing, think, know month, day, city, apply, center clause, paragraph, regulation, concern, at
2 F =t 8N R, 5 B, B, $, 2, 770 BER-C8 - 8- 8 ] ES | DS A &8 BE BB, EB
year, percent, increase, plan, separate wind, white, center, sky, red calculation, numeral, number, answer, line section, Il M, month, heisei, city clause, paragraph, regulation, due to, business
3 HE B FE R R ZERY XS EE), 7, BE, B, Wik B, B, &, 9, i FE B IEE EDD,KE
project, maintenance, fiscal year, enforce figure, huge, thing, light, now exercise, power, speed, time, body time, day, years after, minute, morning project, thing, regulation, decide, cabinet minister
4 FERR AN BA BEFZ3,F RIS, B AR, 3F, KA X, B, 77vY A, B, &R &, AR WUE, W, F
year, international, month, at, cooperation face, eyes, voice, so, hand reaction, liquid, chemistry, molecule, water-soluble precinct, month, fax, day, govern. office act, law, revision, thing, year
5 X IR FR3 % B, A F & =, B, B R, B BL,F, AR % BT, e, e 8,
rate, rise, year, due to, thing eyes, center, voice, hands, body formula, function, time, next, thing town, year, month, meeting, thing enforcement, order, credit, trial, thing
Yahoo! Q&A (OC) Yahoo! Blogs (OY) Minutes of the Diet (OM)
1 BHBRBES, 005, HE 65, % 8,8 %8, 0<% KE BN
manner of, teach, how, know, leave place, already, after, before, mood cmt. member, about, thing, cabinet minister, govern.
2 5.5 AK,.5% 5.5 85,25 K E5.RE35.%R
say, now, person, time, know say, thing, think, so, time say, reason, so, thing, way
3 3,885,235, K <8, B8H, X\, Hk3, X6 £ ER =B, O ER
say, thing, think, so, time today, tomorrow, laugh, persist, you might say bill, Diet, submit, about, bill
4 SEAL, iR, ST, S, X—L BN, #Y, ZKLU W, iR, 55 5%, 85 HE R
prize winning, exhibit, valuation, contact, mail eat, lunchbox, delicious, food, today say, thing, think, problem, reason
5 FLB3,%ELK 3.9, A K,4% 3,835,835, %4

place, already, after, before, mood

say, now, person, time, know

say, think, reference, thing, way
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There are three possible directions that could be profitably pursued in future
work: (1) improving the specification of the topic model by incorporating other
aspects of the media, such as media labels relating to language-external criteria,
and by further investigating the employment of LUWSs rather than SUWs, for
the language-internal criteria, given that LUWs further constrain the situational
contexts in which they occur; (2) improving the topic model by varying the
number of topics utilized and by comparing separate topics generated from
separate topic models for individual media, and (3) evaluating the utility of these
topics within writing assistance systems.
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READABILITY MODEL

Readability may be simply defined as the relative difficulty of reading or un-
derstanding a text. It is an important part of written communication as it is a
function of both the writer’s and reader’s fields of experience.

Constructing a model of readability can potentially aid in realizing a number
of important applications for writing assistance systems. For example, a writing
assistance system that presents example sentences to the user would be greatly
enhanced by being able to show examples that are highly appropriate to the user’s
proficiency level. Similarly, another interesting direction would be to develop
the ability to consider the user’s proficiency level and, based on that information
alone, to weight different kinds of search queries and suggestions.

6.1 PREVIOUS WORK

Readability research in English has a long and varied history beginning as early
as the late 19th century (Benjamin, 2012). In contrast, there is considerably less
published research on readability formulas for Japanese, with the exception of
the readability formula of Tateisi, Ono, and Yamada (1988), which is essentially
a linear regression that takes the average number of characters, average roman,
hiragana, katakana, and kanji characters per sentence, and the ratio of commas
to periods as its predictors. More recently, readability assessment systems have
been developed that incorporate a number of novel features or newer statistical
methods: for example, Shibasaki and Hara (2010) uses a multivariable polyno-
mial model, based on surface features, but with predicate counts, while Sato,
Matsuyoshi, and Kondoh (2008) proposes another using a bigram language
model.

6.2 DATA

It should be noted, however, that there are some issues with applying the Japanese
readability formulas and classifiers, just described, to the context of L2 Japanese
learners. As a working solution to the absence of an appropriate corpus graded
for L2 Japanese learners, this research project utilizes the Textbook media of the
BCCW] version 1.0. The Textbook media consists of samples from nationally
approved K-12 textbooks, with every sample containing information on its
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Table 18: Textbook media composition by grades.

School Grade  Sentences Paragraphs Samples
Elementary 1 363 121 9
2 505 173 10
3 1,492 460 19
4 1,418 414 15
5 2,228 552 20
6 3,340 888 21
Middle 7 1,570 523 14
8 5,172 1,149 29
9 4,438 1,056 24
High 10 32,926 6,744 251
TOTAL 53,513 9,750 412

grade level, which is used in the present research as an approximate proxy for
readability levels.

As can be seen in Table 18, there were imbalances in the amounts of Textbook
media texts across the grades. In order to redress this situation somewhat, grade
levels were grouped under three school levels: elementary (grades 1-6; coded as
E), middle (grades 7-9; coded as M), and high (grade 10-12; coded as H) school.
Moreover, as Figure 19 shows, there were also imbalances in the distributions of
subjects across the elementary, middle, and high school levels.

Physical education Japanese Foreign language Informatics Tech. and Home Economics
© Grade
IE(l—GJ
- MM o)
c EH (10-12)
> -
S N ]
o o I - | e ] |
E_ Mathematics Science Lifestyle Social studies Arts
S
©
(%]
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Figure 19: Subject distribution of the BCCW] Textbook media by grade.

In order to tune and evaluate models of readability, the data was split into
training and test sets according to a 3:1 ratio. Additionally, a stratified random
split strategy based on school level was employed to maintain similar school
level distributions for both the training and test sets. — Table 19



6.3 PREDICTORS OF READABILITY

Table 19: Textbook sub-corpus training and test sets.

Sentences Paragraphs Samples % of total

Training set 40,136 7,314 311 75
Testing set 13,377 2,436 101 25
TOTAL 53,513 9,750 412 100

6.3 PREDICTORS OF READABILITY

In contrast with previous studies that have used more traditional surface features,
the present research includes several vocabulary and syntactic-level features that
may be more applicable to L2 learners (Heilman, Collins-Thompson, Callan,
& Eskenazi, 2007). Overall, 14 different linguistic features were selected for
their potential impact on readability, which can be grouped according to their
complexity and linguistic level:

o Surface features:

In addition to the number of characters in a sentence, tokens (SUWs) and
chunks are counted from the morphological and dependency structures
of the sentences.

« Syntactic features:

Based on CaboCha, calculate average chunk depths and average distances
between chunks. While not strictly speaking a syntactic feature, numbers
of predicates per sentence were also calculated following the definition in
Shibasaki and Hara (2010).

 Writing system features:

As described in §1.1, the Japanese writing system employs several different
scripts in writing: romaji, katakana, hiragana, kanji, and symbols. Accord-
ingly, ratios of each word class were recorded at the sentence, paragraph,
and source levels.

o Vocabulary features:

In contrast to the other features that focus on surface or structural features
of language, two vocabulary level features were also included. The first is
the average (pre-2010) Japanese Language Proficiency Test (JLPT) word
level!, which is consistent with the goal of assessing L2 readability. The
second is the average log-scaled probability of tokens (matched on word

1 AJLPT vocabulary list is available from http://www?7a.biglobe.ne.jp/nifongo/data/noryoku.html.
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class and lemma) found in the BCCW] Library Books (LB) media, which
is used as a measure of the general vocabulary usage in the context of
printed materials for adult native speakers—contrasting with the vocabu-
lary usages encountered within the Textbook media, which is related to
adolescent readers.

Bunsirou wa tamerawazuni sono yubi wo kuti ni hukumu to, kizuguti wo tuyoku sutta. BCCWJ sam p[e
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Figure 20: Extraction of surface readability features.
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Figure 21: Extraction of syntactic readability features.

In order to identify the correlates of readability at the sentence, paragraph,
and sample levels, Pearson correlation coeflicients were calculated for each
feature with grade level. Hiragana and kanji consistently showed the highest —— Table 20
correlations to grade level at all levels of analysis. That is to be expected, as
the nationally accredited textbooks that form the Textbook corpus conform
to stringent guidelines on which kanji are to be used in which grades. When



6.4 MODELS

Table 20: Pearson correlations for the linguistic features with Textbook grade level for
sentences, paragraphs, and samples (top 3 in bold).

Level Factor Sentence Paragraph Sample
Writing system  Hiragana -0.334 -0.470  -0.720
Katakana 0.091 0.142 0.168
Kanji 0.331 0.443 0.730
Romaji 0.067 0.145 0.153
Symbols -0.071 -0.056  -0.373
Commas -0.047 -0.114  -0.028
Surface Characters 0.206 0.147 0.334
Tokens 0.209 0.303 0.589
Chunks 0.201 0.290 0.597
Syntactic Link distance 0.174 0.302 0.631
Chunk depth 0.182 0.311 0.606
Predicates 0.126 0.190 0.544
Vocabulary JLPT word level -0.206 -0.169  -0.283
BCCW]J-LB word level -0.154 -0.185 -0.301

comparing between levels and groups, hiragana and kanji from the writing
system group, and the surface and syntactic groups in general, correlate higher
as the level of analysis increased from the sentence to the sample, while the
vocabulary group features remain mostly unaffected. Finally, the group of surface
features (characters, tokens, and chunks), as well as link distance and chunk
depth from the syntactic group were all found to be highly correlated (r > 0.9,
p < 0.001) at all levels of analysis (sentence, paragraph, and sample).

6.4 MODELS

After examining the correlations for individual predictors with grade level, the
research project next turns to investigate which combinations of predictors
would be the most effective in predicting overall readability classification perfor-
mance. Expanding on the modeling conducted in Hodo$¢ek et al. (2012), several
supervised learning and statistical classification algorithms were selected for va-
riety and performance across a range of data sets to predict the three readability
classes (E, M, and H) using the 14 predictors:

« SVM

A Support Vector Machine using a Gaussian radial basis kernel function.
Contained in the kernlab package for R (Karatzoglou, Smola, Hornik,
& Zeileis, 2004).
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6.4 MODELS

« C5.0

According to the Kuhn, Weston, Coulter, and Quinlan (2013), “C5.0 is
an evolution of the C4.5 model described in Quinlan (1993) containing
several new features, such as winnowing for feature selection, boosting as
well as using a cost function for building the model. C5.0 can create both
tree- and rule-based models.” Contained in the C50 package for R.

o Random forest

Classification and regression based on a forest of trees using random
inputs, as described in Breiman (2001). Contained in the randomForest
package for R (Liaw & Wiener, 2002).

o Neural net

Single hidden-layer neural networks with possible skip-layer connections.
Contained in the nnet package for R (Venables & Ripley, 2002).

o Lasso and elastic-net regularized generalized linear model

A multinomial regression model using the glmnet package for R (Fried-
man, Hastie, & Tibshirani, 2010).

Depending on the machine learning model, feature selection can greatly
impact model performance, such as when there is colinearity between features.
For this reason, most of the selected models incorporate some form of automatic
feature selection?.

Training and validation of the models was carried out using the caret pack-
age for R, which provides functions for data splitting, pre-processing, feature
selection, model tuning using resampling, and variable importance estimation,
among others (Kuhn, 2008). The algorithm used for the training and validation
of the models, presented in Algorithm 1, is essentially that of Kuhn (2008), and
is reproduced here for the purpose of exposition.

2 The variety of neural networks used in this thesis being the exception.



6.5 RESULTS

1 Define sets of model parameter values to evaluate
for each parameter set do
for each resampling iteration do
Hold—out specific samples
Fit the model on the remainder
Predict the hold—out samples
end

Calculate the average performance across hold—out predictions

o 0 NN R W

end

—
=]

Determine the optimal parameter set

—

1 Fit the final model to all the training data using the optimal parameter set

Algorithm 1: Model training and validation.

Parameter tuning was carried out using 10-fold cross-validation with 3 rep-
etitions (lines 3-7). The accuracy performance measure was used (line 10) to
determine the best model, which was then fit on the held-out test data (line 11).
This procedure was repeated for every type of model on the three granularity
levels: sources, paragraphs, and sentences. Thus, the total number of final models
produced was 15.

6.5 RESULTS

The results of the models are summarized in Table 21. As the classification is
three-way in nature, the results are calculated by comparing each class factor
level to the other two levels. Accuracy rates for the models are computed along
with 95% confidence intervals. The Kappa statistic is used to measure the amount
of agreement between the predicted and reference classes. p-values from McNe-
mar’s test are used to test for the significance of this agreement. One-sided tests
were also conducted to test whether the accuracy was better than for the “no
information rate,” which is set to the largest class percentage in the data (high
school level).

Analysis of model differences based on accuracy alone revealed no significant
differences between models at the sources and paragraphs levels, while significant
differences were found for almost all models at the sentences level.

A more detailed view of classifications is offered in Table 22 using confusion
matrices that tabulate the predicted and reference classes for each model. When
comparing the grade levels, it is clear that the middle school level (M) consistently
had more misclassifications compared to the other school levels, where, for
example, the sentence model only yielded a two-way classification, as either
belonging to the elementary school or high school levels.
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6.6 DISCUSSION

The analysis of confusion matrices across the five models and three levels
revealed that the glmnet model, while exhibiting similar classification to the
other models, also exhibited the highest count of undesirable classifications,
which can be attributable to the model’s low performance on the middle school
class.

In summary of the prediction performance, the confusion matrices (Table 22)
and performance statistics (Table 21) for each model show a general increase in
the number of misclassifications from samples to sentences, and, in particular,
at the middle school level.

Finally, as a sub-goal of the research project is to identify the relative impor-
tance of the selected predictors, Table 23 shows the variable importance data for
the SVM model, while Table 24 shows another for the C5.0 model. The analysis
here is limited to the sentences level, as the performance of predictors at that
level has the most applications for an example sentence display feature.

6.6 DISCUSSION

Examinations for the importance of the predictor variables for the SVM and C5.0
models reveals that features that do not necessarily appear in most sentences,
such as romaji, katakana, symbols, and commas, are less important predictors for
the sentence model. The two most important features were identified as hiragana
and kanji. Other important features were chunk depth and link distance from
the syntactic feature group, and tokens, length, and chunks from the surface
feature group. On the other hand, the results for the BCCW] and JLPT level
vocabulary-based features indicate that they are less relevant to classification
performance compared to the other feature type groups. This also highlights the
inappropriateness of the JLPT level feature within an L1 data context. Finally,
these data suggest that for sentence-level predictors to be useful, they should be
sufficiently general to be of relevance for most sentences or, at the very least, are
useful for discrimination where other more general features fail.

In cases where some predictors are highly correlated with some other pre-
dictors (such as the general inverse relationship between hiragana and kanji
in a sentence), it may be detrimental to classifier performance to include all
such predictors within the model. Given, however, that an important sub-goal
of the present research project is to try and identify which predictors are the
most predictive of readability within actually-implemented classification models,
highly-correlated predictors were not excluded from the conducted analyses. On
the other hand, it is also relevant to note that some of the classification models
used here are not greatly influenced by the presence of such highly-correlated
predictors, so decisions about whether or not to exclude can be rather moot.
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Table 21: Model statistics for each level.

Source

SVM C5.0 Random Forest | Neural Net glmnet
Accuracy 0.891 0.901 0.921 0.851 0.881
95% CI (0.813,0.944) | (0.825,0.951) | (0.85,0.965) (0.767,0.914) | (0.802,0.937)
No Information Rate | 0.614 0.614 0.614 0.614 0.614
P [Acc > NIR] 4.7e-10 8.83e-11 2.25e-12 1.53e-07 2.27e-09
Kappa 0.802 0.813 0.852 0.722 0.766
Mcnemar’s Test p 0.543 0.062 0.112 0.228 0.0186

Paragraph

SVM C5.0 Random Forest | Neural Net glmnet
Accuracy 0.736 0.724 0.735 0.703 0.706
95% CI (0.72,0.752) (0.708, 0.74) (0.719, 0.75) (0.686, 0.719) | (0.69,0.722)
No Information Rate | 0.558 0.558 0.558 0.558 0.558
p [Acc > NIR] <2e-16 <2e-16 <2e-16 <2e-16 <2e-16
Kappa 0.525 0.509 0.528 0.471 0.456
Mcnemar’s Test p <2e-16 <2e-16 <2e-16 <2e-16 <2e-16

Sentence

SVM C5.0 Random Forest | Neural Net glmnet
Accuracy 0.678 0.682 0.692 0.67 0.657
95% CI (0.67, 0.686) (0.674, 0.69) (0.684, 0.699) (0.662, 0.678) | (0.649, 0.665)
No Information Rate | 0.616 0.616 0.616 0.616 0.616
p [Acc > NIR] <2e-16 <2e-16 <2e-16 <2e-16 <2.2e-16
Kappa 0.291 0.343 0.354 0.296 0.229
Mcnemar’s Test p <2e-16 <2e-16 <2e-16 <2e-16 <2.2e-16
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Table 22: Model classification confusion matrices for E, M, and H on the sources, paragraphs, and sentences held-out test sets. Rows represent predicted
classes while columns represent the true classes. Best prediction numbers across models are marked with bold weight, while the highest undesirable

prediction (misclassifying E as H or H as E) numbers are underlined.

Prediction

Reference
Source

SVM C5.0 Random Forest Neural Net glmnet
E M H E M H E M H E M H E M H
E 22 1 2 22 2 2 22 1 2 22 3 2 22 2 1
M 1 11 3 1 9 0 1 11 0 0 7 3 0 6 0
H 0 4 57 0 5 60 0 4 60 1 6 57 1 8 61

Paragraph

SVM C5.0 Random Forest Neural Net glmnet
E M H E M H E M H E M H E M H
E 471 117 60 481 135 96 453 111 70 467 129 91 466 122 85
M 60 218 92 68 207 92 89 248 98 76 183 122 32 115 49
H 121 347 1534 103 340 1498 110 323 1518 109 370 1473 154 445 1552

Sentence

SVM C5.0 Random Forest Neural Net glmnet
E M H E M H E M H E M H E M H
E | 1114 330 368 | 1216 416 460 | 1228 353 419 | 1246 479 538 | 1009 367 454
M 69 176 91 203 474 349 163 475 275 79 136 126 1 0 3
H | 1153 2289 7772 917 1905 7422 945 1967 7537 | 1011 2180 7567 | 1326 2428 7774
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Table 23: The results of variable importance in the tuned SVM model based on ROC

6.6 DISCUSSION

curve analysis. Variables are sorted by average importance across the classes.

Table 24: The results of variable importance in the tuned C5.0 model based on the
percentage of training set data that fall into all the terminal nodes after the

split.

Variable E M H
Hiragana 100.0 72.4 100.0
Kanji 97.1 70.1 97.1
Tokens 61.6 40.8 61.6
Length 59.9 40.6 59.9
Chunks 57.0 40.1 57.0
Chunk depth  52.0 39.8 52.0
Link dist 51.0 39.3 51.0
JLPT level 389 27,5 389
Katakana 36.8 259 36.8
Romaji 355 24.8 35.5
Predicates 35.1 314 351
BCCWT level 24.6 24.6 19.2
Symbols 245 205 245
Commas 0.0 11.0 11.0

Variable Overall
Predicates 100.0
Commas 100.0
Chunk depth 100.0
Chunks 100.0
JLPT level 100.0
Length 100.0
Link dist 100.0
Tokens 100.0
Hiragana 100.0
Kanji 100.0
Romaji 98.8
Symbols 96.3
BCCWT] level 89.0
Katakana 0.0
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6.7 CONCLUSIONS AND FUTURE WORK

As differences in terms of model accuracy were not significant for the source
and the paragraph levels, in considering which model might be more preferable
over the other, it is important to take into account criteria such as the ease of
interpretability. In terms of that criteria, the glmnet model would seem preferable.
However, closer inspection of the model’s classification profile across classes
reveals a high rate of misclassifications for the elementary school level with the
high school level and the high school level with the elementary school level.
These are naturally undesirable properties, as applying such a model to the
selection of example texts to users of writing assistance systems would lead to
the systems offering sentences that are less readable to beginner-level L2 learners.
Based on this criteria, then, any of the following three models would be more
preferable: random forest, SVM, or C5.0.

6.7 CONCLUSIONS AND FUTURE WORK

Having investigated which linguistic features correlate best with Japanese K-12
Textbooks’ grade levels, the research project next constructed classification
models using a combination of the features as predictors, and measured the
effectiveness of each predictor within the model at each level of analysis (sen-
tence, paragraph, and sample). The preliminary findings suggest that for certain
predictors to be effective, they should be applied to the paragraph or higher levels.
However, the results also indicate that the relative importance of some other
predictors, such as JLPT word level, is less influenced by the level of analysis.

While the present models and predictors have been shown to be effective
at the sample level, the findings also point to the value of future work that
would seek to develop new predictors that are also effective at the sentence
level. Moreover, a clear prerequisite for the development of an L2 readability
measure is to construct a Japanese language corpus that is graded in terms of its
readability for L2 learners, as that would be fundamental to the construction
of models that are capable of predicting the readability of texts for L2 learners.
In such models, the L1 of the target learner might also play an important role,
because, for example, learners from China may experience different problems
in understanding sentences that have a high kanji ratio compared to learners
from languages that do not use Chinese characters.

Finally, other future work could attempt to vary ratios between the training
and test data sets to investigate the impact on performance, as well as inves-
tigating different remedies for the class imbalances between the school levels
within the data, perhaps by using down-sampling techniques or setting prior
probabilities. As the primary goal of building the readability model is to utilize
it in classifying sentences from the BCCW], STJC, and Wikipedia, which differ
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from the Textbook media in both topic and register, particular care should be
taken to not over-fit the model.



Part III

WRITING ASSISTANCE SYSTEMS



NATSUME

Natsume is an online writing assistance system that began operating in 2009
(Hodos¢ek, 2013; Abekawa et al., 2011a). The focus during the initial develop-
ment of Natsume was to allow users not only to search for collocations, but also
to provide several ways for the learner to obtain some degree of confidence con-
cerning the correct usages of the collocation. For example, search results would
provide not only raw collocation information, but would also allow the user to
look for a selection of similar collocations from which to make a final selection.
Similarly, by comparing collocational tendencies across different genres, the user
would be able to make more informed decisions concerning the suitability of
selected collocation according to their specific writing goals.

Thus, Natsume focuses on assisting L2 learners of Japanese in writing technical
Japanese. For example, writing reports or papers at universities can be hard if
the students cannot differentiate between candidate words or expressions in
terms of whether they correspond to spoken or written Japanese. As a study and
writing aid, the use of conventional (non-corpus-based) electronic dictionaries
is prevalent among L2 Japanese learners. However, these dictionaries seldom
contain information concerning a word’s usage with respect to written and
spoken language. Natsume, by virtue of having access to corpora representing
varjous registers, contains information that can be used to determine if a word
is more appropriate for spoken Japanese or for written Japanese.

When writing in a second language, it is often the case that one knows the
meaning of a noun or verb, but does not know what verb goes together with
what noun. Conventional dictionaries often contain only a limited amount of
information on the frequently co-occurring patterns of words. These frequently
co-occurring patterns of words—collocations—are important because they offer
more contextual information about a word than available from conventional
dictionaries. Moreover, knowledge of the collocations has been identified as an
important factor in achieving high second language proficiencies (Pawley &
Syder, 1983).

With Natsume, users can use the system to find the collocations of a word,
compare the observed frequencies for various genres, and check correct uses by
looking at example sentences. These tasks are consistent with the philosophy
of data-driven language learning (cf. §1.4), where providing users with access
to authentic information is essential for them to be able to make decisions
about word choices and regarding their writing. Currently, Natsume is targeted
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7.1 COLLOCATION SEARCH INTERFACE

primarily at intermediate to advanced learners of Japanese, although it can be
used by Japanese native speakers as well.

The opening interface to Natsume includes a search box and a number of
selectable options relating to collocational patterns and sorting. After choosing
an appropriate word to search for and clicking the search button, the user is
presented with the collocation view, from which the user can access additional
information from both genre comparison and example sentence views:

1. Collocation view: This displays collocates of the searched keyword.

2. Genre comparison view: This displays the distribution of genre frequen-
cies for a given collocation, in revealing use trends for the collocation
across different genres.

3. Example sentence view: This displays authentic examples so the user can
see how the collocation is actually used in context.

7.1 COLLOCATION SEARCH INTERFACE

Upon loading the Natsume webpage in a browser, users must select the particular
collocation pattern they wish to search for and a matching noun, verb or adjective
into the search box to commence a search. The search will present a table
containing 8 columns representing different case particles. Inside every column
are relevant collocates of the search keyword, which, by default, are sorted by
frequency. It is possible to obtain different sets of collocations by changing the
sorting of results according to various criteria (frequency, Dice’s coefficient, ¢
score, Jaccard similarity coefficient, Log-likelihood ratio, x? coefficient, and
Mutual Information score). Color bars to the right of each collocate indicate
either the relative frequency or the association measure score of the collocation
in all corpora. Additionally, users can search for and compare two or more
similar patterns at the same time to help decide which one is more suited for
them. By using this feature, users can also resort on any input word, which, in
turn, makes it easy to see at a glance which words collocate with which input
words. The example in Figure 23 includes such a three-way comparison between
the semantically similar verbs %> % /yaru/ “do (colloquial)”, 9% /suru/ “do”,
and 1T /okonau/ “perform, do”.

If the user is interested in seeing more information on a particular collocation
triplet, they can click on a collocate within the table in order to load the genre
comparison view below the collocation view. It is also possible to determine the
behavior associated with clicking, from the following options:

« Particle/conjugation expansion: Can be used to compare among different
grammatical uses of collocates.
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7.1 COLLOCATION SEARCH INTERFACE

Context: Student writing report

Word processor & browser

Word Processor IX) Browser IX)

£ (o —
- 1 e 3
&8
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e

context Noun
switch Verb
/ Adjective

Search for collocations in
browser while writing in
word processor

Natsume Web Interface
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Figure 22: Usage example where student selects the appropriate way of writing “to do
an experiment” in a report.
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7.2 GENRE COMPARISON INTERFACE
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Figure 23: Natsume collocation search interface.

« Synonym expansion: Can be used to automatically compare among similar
collocates. Synonym expansion is provided by getassoc (Abekawa et al.,
2010).

« No expansion (default): The standard view, only provides genre informa-
tion for the selected collocation.

o Click expansion: Can be used to manually compare genre information
for collocates.

7.2 GENRE COMPARISON INTERFACE

With the genre comparison view, users can visually compare a collocation’s
usage across different genres. The frequency numbers visible within the genre
comparison interface are the relative frequencies of occurrence of a particular
collocation per 100,000 collocations. This calculation is carried out to help make
frequencies more comparable, even when corpus sizes differ, as is the case here.
Moreover, Natsume uses data from the x? tests to color-code genres as pink
if the frequency of occurrence is significantly larger than the average across
all genres, and blue if the frequency is significantly lower (using a significance
threshold of 0.05). Thus, for genres that are not color coded, the frequencies
are not significantly different from the mean. When even more information is
desired, the user can bring up the example sentence view which shows example
sentences from the selected corpora. The primary use of this interface is to utilize
the genre comparison feature to help in deciding whether one’s word choice is
indeed appropriate for one’s chosen register.
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7.3 EXAMPLE SENTENCE INTERFACE
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Figure 24: Comparing the collocations of “jikken” with “yaru”, “suru”, and “okonau”
across genres.

7.3 EXAMPLE SENTENCE INTERFACE

The example sentence interface, which is triggered as a pop-up by the user click-
ing on a collocate in the genre comparison interface, is shown in Figure 25.
Examples are grouped by genre, with up to 6 randomly-chosen sentences dis-
played per genre. Every part of the collocation is highlighted, including verb
suffixes, to better convey the sense of the complete meaning unit. To the right of
every sentence, the sentence’s publication source appears, which includes the
title of the source, its author, and publication year. The example sentence view
can also be used when the user desires more contextual information concerning
a collocation which is not already provided by one of the other views.
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Figure 25: Example sentences for the collocate “jikken o okonau™
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7.4 USAGE SUMMARY

The user can judge if a collocation is suitable for one’s writing context by com-
paring its frequency across genres, the differences with similar collocations,
and actual usages, as presented within the example sentences sampled from the
different corpora. The defining feature of Natsume is the ability to differentiate
between expressions that are suitable for writing in academic contexts and those
that are not. Consider the following example from the STJC corpus:

o RBICKDREUZBRILRRISKITBRL.

/Taisha ni yori hasseishita nisankatanso wa mizu ni yokaishi, .../

“The CO2 produced through the metabolism dissolves in water, W

Comparing the expression /nisankatanso ga mizu ni yokaisuru/ “CO2 dis-
solves in water”, taken from the example below, with the expression /sato ga mizu
ni tokeru/ “sugar dissolves in water”, one can say that native Japanese speakers
with experience in writing scientific and technical Japanese can judge the former
as written in an academic, technical style, while the latter as being of a more
informal, spoken variety. For learners without such native language intuitions,
but needing to arrive at the same conclusion, Natsume provides a data-driven
way of helping them to move a step closer towards gaining such intuition.

7.5 NATSUME EVALUATION
7.5.1 Sentence Rewriting Task

The first evaluation was conducted to measure the improvements in terms of
register usages for collocations within a sentence rewriting task. The experiment
was limited to eliciting rewrites from participants, mainly, in areas where using
Natsume could aid the user in selecting an appropriate collocation and did not
tackle any issues relating to how use of Natsume could potentially improve
writing skills in general.

7.5.1.1 Experimental Procedure

The experimental procedure, as shown in Figure 26, was used to test for the
effects of using Natsume to assist with sentence rewrites. The experiment was
conducted in January 2011 with 40 undergraduate participants enrolled in a

Excerpt from Terajima, R, Shimada, S., Oyama, T., & Kawasaki, S. (2009) “Fundamental Study of
Siliceous Biogrout for Eco-Friendly Soil Improvement”, Doboku Gakkai Ronbunsha C, Vol. 65
No. 1, p. 120-130.
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:Condition:

Assign to groups based on L1 Control Treatment
~
I Test1 I I Test2 |—
>
Participants US)
I I I
| Test2 | | Test 1 |—

A A N

Figure 26: Experimental design for Experiment 1.

4-year university in Tokyo. The Japanese language proficiency level of partic-
ipants was high enough for the participants to be able to conduct studies in
Japanese, corresponding to levels 1 or 2 of the (pre-2010) Japanese Language
Proficiency Test (JLPT). The first phase of the experiment involved Group A
solving Task 1, and Group B solving Task 2 as the control condition. The sec- — Figure 26
ond phase of the experiment involved both groups solving the opposite task, as
the treatment condition of using Natsume. After completion of both tasks, the
participants were asked to fill out a survey concerning their experiences using
Natsume.
More than half of the participants had Mandarin Chinese as their L1 (22),
followed by Korean (9), Indonesian (2), Thai (2), Mongolian (2), and one par-
ticipant for Vietnamese, Khmer, and Bengali, respectively. Participant group
selection was carried out in order to roughly balance participant L1s across the
groups.
The two tasks (Task 1, Task 2) each consisted of 15 sentences and one short
passage of text written in a colloquial style. Care was taken to closely match the  Copies of the tasks with
levels of difficulty for the two texts based on the numbers of words per each level ~ associated instructions
of the JLPT. are available in

.. . L . . Appendix §10.2.1
Several restrictions were imposed on the participants during the experiment:

o Participants were allotted 30-60 minutes to complete each task.

o Use of electronic and online dictionaries?

was permitted during the tasks,
and most participants made use of them.

o Participants were instructed in the use of Natsume for 5 to 10 minutes
prior to commencing the treatment task.

o For both tasks, the participants were instructed to rewrite the sentences
into an academic style. During the control phase, participants had to

rely solely on their intuitions about academic style. During the treatment

2 Dictionaries were restricted to non-scientific and technical Japanese, i.e. general Japanese-Japanese
and L2 learner dictionaries.
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phase, the participants were instructed to look at the STJC genre frequency
when deciding on about the appropriateness of expressions for academic
writing.

All the instructions provided to the participants were in Japanese.

7.5.1.2  Scoring Method

The same scoring method was used for both tests and conditions.? Each sentence
involved either one or two collocations, with the total number being 23 for each
task. Points were awarded according to the appropriateness of the rewrites as
examples of the academic register and according to whether the type of colloca-
tion was searchable with Natsume; with maximums of 1 point for unsearchable
and 2 points for searchable (i.e. NPV). The number of such expressions was
approximately 20 per task. That aspect of the scoring method was included to try
and identify cases where Natsume would be less helpful and to try and obtain
some sense of what kinds of rephrasing strategies such L2 learners might employ.
The types of collocations that were unsearchable with Natsume at the time this
study was conducted included, for example, ones involving adverb, adjective,
and adverbial adjective words.

Example (1) is a sentence taken from Test A (Appendix 10), and can be roughly
translated as “Even if meteorites collide, it is unlikely to affect us in a great way”.
Example (2) is an actual rewrite taken from the experiment, while Example (3)
is a more appropriate rewrite for the target academic register.

(1) RIEOFD INKENRDOHN>T H, B RKEVWEELELS
PEWTU & S,

/tendai no naka no showakusé ga butsukatte mo, watashitachi wa oki ékyo
o morawanai desho/

) KIEDHD INKENRDMD D FAfcBid KEWEEEZ (T
WwW7iZas>,

/tendai no naka no showakusé ga butsukaru ga, watashitachi wa oki ekyo
o ukenai dar6/

(3) KIED NRENEEL T B, HRREXR/FRAR ZEZZ TR,
/tendai no showakusé ga shototsushite mo, wareware wa jidai/shinokuku

na ékyo o ukenai/

In Example (2), #£&%Z H 517\ /ékyd o morawanai/ “to not receive an
affect” is rewritten as 22 %Z 21772\ \ /ekyo o ukenai/ “to not be affected” which

3 For this particular study, scoring was conducted by the authors of Hodos¢ek and Nishina (2011a).
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Table 25: The results of the type III ANOVA conducted on score with L1 as a covariate
and condition, test, and group as independent variables.

Sum Sq Df Fvalue Pr(>F)
(Intercept)  5089.7 1  30.33 5.035x 1077 ***
L1 11144 2 3.32 0416 *
Condition 22236 1 1325 .0005 i
Test 142 1 0.08 7719
Group 147.1 1 0.88 3522

Residuals 124189 74

is awarded 2 points, while NEKEH R DM B /showakusé ga butsukaru/ “the
meteorite impacts” and K E L\ /oki/ “big” are not rewritten and so receive 0
points. Thus, the total points awarded to Example (2) are 2.

Example (3) shows the more appropriate rewrite in this context, where the
collocation of NKEHEZE U T /showakusei ga shototsushite/ “the meteorite
impacts” and one of the word-level rewrites E K73 /jadaina/ “severe” or ;3
%73 /shinkokuna/ “serious” are also employed, to receive an additional 2 and 1
points, respectively. Thus, the total number of points awarded to (3) are 5.

7.5.1.3  Results

Figure 27 shows boxplots for the scores as a function of group, test, and condition.
Given that direct comparisons of the possible interactions between all levels of
the three independent variables (condition, test, and group) are not feasible with

the experimental design used, a ANOVA was conducted with L1 as the covariate.

Prior to conducting the analysis, the L1 factor was recoded to include only three
levels: Chinese (N = 24), Korean (N = 6), and Other (N = 10).

The results of the ANOVA, presented in Table 25, indicated a significant effect
of condition (F' = 13.25, p < .001) and a significant effect of L1 (F'(2,1) =
3.32,p < .05) Post-hoc comparisons using the Tukey HSD test indicated that
the mean score for the treatment condition was significantly higher than the
mean for the control condition. However, the post-hoc tests for L1 did not detect
any statistical differences between the means for Mandarin, Korean, and Other
languages (Table 26).

Finally, even though more than half of the participants were Chinese and the
average scores for the Chinese and Korean participants were higher than the
averages for the other groups, the highest overall scoring participant was from
Mongolia (coded as “Other” in the ANOVA analysis).
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Condition: Control Condition: Treatment
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Figure 27: Boxplots for the control and treatment scores as a function of group and test.

Table 26: The results of the post-hoc Tukey HSD tests.

Factor Comparison i1 — g Lwrbound Upr bound Dadj
L1 Mandarin-Korean 0.39 -8.10 8.88 .9934
Other-Korean 8.45 -1.35 18.25 .1047
Other-Mandarin 8.06 -0.42 16.55 .0661

Condition Treatment-Control 10.51 4,74 16.28 .0005
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7.5.1.4 Discussion

Overall, scores were found to be higher for the treatment than for the control
condition, suggesting that even first-time users could successfully navigate the
Natsume interfaces and make appropriate decisions based on the data presented
to them.

One can also gain useful insights into the participants’ impressions and pre-
conceptions towards the Japanese academic register and about the rewriting
strategies that L2 learners may employ by examining the rewriting results from
the control task. Although in the minority, there were five participants who
scored lower under the treatment condition than for the control tests, and fur-
ther examination of these rewrite sentences revealed that they were generally
higher-scoring participants on the control test, possibly indicating higher levels
of language proficiency and deeper knowledge of the academic register. Cer-
tainly, the rewrite strategies that they employed were rather advanced, including
conjunctive particles, adverbs, adjectives, and written style expressions, as well as
various paraphrasing strategies, such as adjusting for abstract/concrete concepts
and verb nominalizations.

These points suggest a few possible reasons for the lower scores under the
treatment condition of using Natsume. One is that the tested version of the system
did not provide sufficient collocational patterns to support the participants’
existing rewrite strategies, as shown in Table 27. Another possible reason could
be that for such highly-proficient learners, it may not have been particularly
time-effective for them to undertake the rewrite task using an unfamiliar system,
which did not necessarily provide any better rewrite suggestions than they could
already generate themselves based on their own fields of experience, which
would already reflect their exposures to academic topics and the Japanese written
academic register.

Returning to the larger pattern of results, however, while the findings do in-
dicate that many of the study participants possibly had some awareness of the
academic register, which was also indicated by responses to the questionnaire
survey, they also highlight a lack of practical knowledge concerning techniques
and steps for finding and determining whether collocation candidates are ac-
tually appropriate for the academic register. For instance, the main comments
regarding the participants’ own perceived knowledge of academic writing from
the post-experiment survey included the following:

o There are written words that should be used instead of their spoken equiv-
alents.

o Higher usage of kanji is appropriate.

o Use of the /de-aru/ form is preferred.

o There are certain noun phrases, predicates, conjunctive particles, and
adjective usages that are unique to the academic register.
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Table 27: Examples of rewriting not supported by Natsume.

Type of rewrite

Before

After

Lower—higher concept

Noun phrase—noun

Verb nominalization

Adverb

Adjective

Noun

Compound particle

Modality

Conjunctive particle

TSAFYIREDITR
/purasuchikku nado no gomi/
“garbage such as plastic”
KDRS

/mizu no fukasa/

“depth of water”

RE o Fo M

/kimatta joken/

“terms that were decided on”
W< oD

/ikutsuka no/

“some” (hiragana)

W2 WBRE R

/iroirona kanten/

“various viewpoints”
REWVWEW

/0ki chigai/

“large difference”
RIRICDOWT

/kazoku ni tsuite/

“concerning the family”
RENESLIICLRFNIEESEWN
/joken ga au yo ni shinakerebanaranai/
“the terms must be made to fit”
EZHULEDT
/kangaedashita node/

“Because ... thought of ...”

TRT =

/funen gomi/
“incombustible garbage”
R

/suishin/

“water depth”

TR
/senketsujoken/
“predetermined terms”
=t

/jakkan/

“some” (kanji)

TR BB
/samazamana kanten/
“various viewpoints”
REWE

/oki sa/

“large difference”
RIEICEAL T
/kazoku ni kanshite/
“related to the family”
FKEW|IcINEL
/joken o mitasu beki da/
“the terms must be fulfilled”
R UTch¥p Z (T
/teishutsushita ga yue ni/
“For that reason ...”
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+ Having seen an academic word or phrase before, it is still hard to use it
correctly in a sentence.

Thus, in summary of the survey results, while some participants were aware
of the differences between non-academic and academic writing styles, they are
unable to determine if the particular expressions that they use are appropriate
for academic writing. Finally, the significant effect for L1 within the ANOVA
analysis would seem to suggest a need for further investigations of L1 effects
within each of the coded language groups.

7.5.2  Report Writing Task

University-level report assignments require the student to observe and analyze
data, form objective conclusions based on that data, as well as to refer to pre-
vious work within the problem space (Swales, 1990). In order to measure the
effectiveness of Natsume within an authentic writing environment, a second eval-
uation experiment was conducted in June 2011. The experiment consisted of a
report writing task with 20 undergraduate participants of intermediate-advanced
Japanese language proficiency from technical and scientific fields attending a
4-year university in Tokyo.

7.5.2.1 Experimental Design

Condition
Assign to groups based on Japanese
language proficiency and L1 Control Treatment
~
I Theme 1 I I Theme 2 |—
o
.. >
Participants =
n
I Theme 2 I I Theme 1 |—

S S N

Figure 28: Experimental design for Experiment 2.

The experimental design for Experiment 2 closely follows that of Experiment 1,
but rather than having the students rewrite sentences, they were given themes to
write reports about. Moreover, as shown in Figure 28, participant group selection
was carried out randomly based on the students’ language proficiency level*
and L1. Table 28 presents the results of a paired ¢-test carried out on language
proficiency scores by group, which fails to reject the null hypothesis. In other
words, the results supported the appropriateness of the assignments.

4 Based on their language proficiency test scores at the beginning of the semester.
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Table 28: The result of the ¢-test for language proficiency scores between groups A (it =
35.10,SD =6.20, N = 10) and B (it = 34.8, SD = 7.40, N = 10).

t-test type Test statistic df p value

Paired 0.145 19 .886

The following two topics were chosen and assigned to the different groups:

1. Should Japan prohibit animal experiments? ( "HA(FENIER Z 25
lCgRU, )

2. Should English be made an official language of Japan? ( THAIIZEEZ
EZARRFEICINUY)

Both topics came with a short introduction setting out the problem by provid-
ing relevant basic vocabulary and directions to help the participants argue for
their positions.

While writing, the participants had to observe the following guidelines:

o The participants were provided with laptops, wrote in MS Word 2010, and
used the Firefox 5 browser (when using Natsume).

o The participants had to write for at least half an hour but no longer than
one hour.

« In their reports, they had to decide to either reject or agree with the theme
and to back up their decision with reasoning. A short summary of the
topic for each theme was provided and is available in Appendix §10.3.1.

« Each report had to be at least 200 characters long.

o Use of the /de-aru/ form was mandated.

« When using Natsume, the participants would refer to the STJC genre
frequency when deciding if a collocation was suitable for the report.

o Use of general, non-specialized electronic or online dictionaries was al-
lowed for both conditions (control and treatment).

o Before the experiment, all participants were introduced to Natsume and
trained in how to used it for 5-10 minutes.

During the experiment, the amount of time each participant spent on the
writing task, as well as the usage log for Natsume during the treatment condition
was recorded.

7.5.2.2 Data Extraction

Collocation data was extracted from the written essays using Natsume. In order
to compare the collocation productions between the two conditions, all extracted
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collocations were matched with the Natsume usage logs for each participant, so
that only those collocations that contained keywords searched for with Natsume
were retained. In total, there were 146 keywords contained in the search logs, 100
of which were unique. Furthermore, the collocations were required to contain
the top 8 most frequent keywords. Based on these criteria, 66 collocations were
identified for the control condition, while 36 collocations were found for the
treatment condition.

7.5.2.3  Evaluation Procedure

In this experiment, collocations were evaluated from three viewpoints (register,
semantics, and syntax) and two levels (collocation and sentence).

The first level only focuses on the collocation without considering its con-
nection to the context sentence, while the second level rather focuses on how
the collocation fits within the sentence. This distinction allows for the follow-
ing measurements of the collocation productions: if a collocation was correctly
copied from Natsume and if a collocation was also then correctly integrated into
the sentence.

The first viewpoint is that of register and captures how well the collocation fits
into the academic register. For register, this research project only considers the
appropriateness of the collocation and not the whole of the sentence. The second
is that of semantics and captures the appropriateness of the collocation with
respect to either the cohesive meaning of the two collocates or the meaning of the
sentence. Finally, the third is syntax and captures the syntactic appropriateness of
either the two collocates or the collocates as part of the larger syntactic structure
of the whole sentence.

Three Japanese language teachers with experience in writing technical papers
were asked to grade the collocations based on five criteria on a 5-point Likert
scale. The five criteria are shown below with examples of high and low evaluations
from the experiment:

1. Register: Is the collocation suitable for the academic register?

High evaluation: 8% 1T 5 /jikken o okonau/ “to conduct an experi-
ment”

Low evaluation: £58%Z 1> % /jikken o yaru/ “to do an experiment”

2. Collocation semantics (C-Semantics): Is the collocation semantically
correct?

High evaluation: % BXE /kusuri o nomu/ “drink medicine”

Low evaluation: % & % /kusuri o toru/ “take medicine”

3. Collocation syntax (C-Syntax): Is the collocation grammatically correct?
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Table 29: Inter-annotator agreement, mean, and SD values for the recoded 3-point scale
evaluations for each evaluation item.

78

Register S-Semantics C-Semantics S-Syntax

C-Syntax

Overall

34.2
0.38
0.79

29.5
0.27
0.84

56.8
0.66
0.67

34.9
0.36
0.83

Agreement (%)

I
SD

64.4
0.68
0.67

44.0
0.47
0.78

High evaluation: #8ZC % 5 /higai ni au/ “to meet with damage”

Low evaluation: #%5 % 3 > /higai o au/ “to meet damage”

Sentence semantics (S-Semantics): Is the usage of the collocation seman-
tically correct with respect to the whole meaning of the sentence?

High evaluation: B2 & HRERICARZ N T % /kagakusha ga jikken ni

inochi o kakeru/ “a scientist risks his life in an experiment”

Low evaluation: EI¥) DanE Hh 13 TERERZ I 2 DISEIC & > TEES
9 E % /dobutsu no inochi o kakete jikken o suru no wa débutsu ni totte
zankokusugiru/ “to risk an animal’s life for the sake of an experiment is
too cruel to the animal”

. Sentence syntax (S-Syntax): Is the usage of the collocation syntactically
correct with respect to the syntactic structure of the sentence?

High evaluation: X &% %55 TE U\ /bunshd o eigo de kaita/ “[subject]
wrote text in English”

Low evaluation: HFEEZ /0 & 55 DRIZFRITIE. % < DRI
FEETE\\/c /eigoken o chiishin to suru ima no kagakukai ni wa, 6ku
no bunken wa eigo de kaita/ “The English-centered nature of the present
scientific community is the reason that much writing is in English”

Analyses conducted on the 5-point Likert scale evaluations revealed a low level
of inter-annotator agreement of 20.3% across all collocations and evaluation
items. As actual differences in the magnitude of agreement or disagreement
within the evaluation was deemed less important than the general direction of
the evaluations, after recoding the scale to 3 points, the agreement level increased
to 44% (see Table 29). This recoding of the evaluation scale was done by replacing
evaluation scores of 4 and 5 with 1, 1 and 2 with -1, and 3 as 0. These recoded
scores correspond to “suitable usage” (1), “neutral” (0), and “inappropriate usage”
(-1).

The results show lower mean scores and agreement percentages for register
and sentence-level semantics and syntax. By using Natsume, one may expect
that clear semantic and syntactic violations would be limited by choosing from

Agreement percentages
computed using the
agree function in the
irr package for R
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Table 30: Pearson correlations between the responses (upper diagonal part contains cor-
relation coefficient estimates, lower diagonal part contains the corresponding
p-values).

Register S-Syntax C-Syntax S-Semantics C-Semantics

Register 0.29 0.32 0.34 0.39
S-Syntax <.001 0.64 0.57 0.45
C-Syntax <.001 <.001 0.47 0.67
S-Semantics <.001 <.001 <.001 0.63
C-Semantics <.001 <.001 <.001 <.001

the collocations provided, assuming that they are sufficiently frequent, which is
one possible reason for the higher mean at the collocation level compared to the
sentence level. Furthermore, evaluations at the collocation level are inherently
more limited than those at the sentence level, as there are fewer factors that
would impinge on judgment of appropriateness.

Pearson correlations between the evaluation items for all annotators revealed
strong correlations within the two levels (collocation and sentence). Register was
found to be the least correlated item, which suggests that it is more independent.
This is fairly reasonable, as the spoken collocation &% ¥ % /jikken o yaru/
“to do an experiment’, is both syntactically and semantically correct, but is not
appropriate for the academic register.

7.5.2.4 Report Writing Results

Looking at the mean scores of all evaluation items reveals higher scores in the
treatment condition. A Welch ¢-score test confirmed that the mean score for
the treatment was greater than that for the control condition (N (control) =
66, N(treatment) = 36, p < 0.05) with all evaluation items combined.
Individual items are presented in Figure 29.

Register evaluation scores were lower compared to semantics and syntax items
indicating the difficulties of using appropriate collocations for the academic
register, compared to the other items. Moreover, the fact that the inter-annotator
agreement for register items was low would seem to reflect the difficulties to
reliably annotating for this item.

The following three examples of collocation usage were given different evalua-
tion scores.

(4) Z7O—/N)UEDIEBICEATWBIRE. £ < OERTOEERNA
HmANERFEI NS,

/gurobaruka ga hijo ni susundeiru genzai, 6ku no ryoiki de no koku-
saiteki na kyoryoku ga kitaisareru./
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Welch two sample t-test: N(Control) = 66, N(Treatment) = 36
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Figure 29: Boxplots for the control and treatment scores for each evaluation item (. =
p<.l,x=p<.05,%x=p<.01).

“Presently, as globalization rapidly advances, international cooperation
may be expected in many areas”

Example (4) was assigned high evaluation marks from all the annotators and
is an example of correct usage in terms of all the evaluation items.

(5) NPETFEDSREREZEALLS, INSWVWFHSERERED
ZBESEEBLT. BRAAERDRERND A LTES,
/shogakuseé ichi-nensé kara égo jugyo o donyushitara, chisai ko kara égo
noryoku o yashinau koto o toshite, nihonjin zenmin no égo noryoku ga
kojodekiru./

“If English language classes are introduced from the first grade of elemen-
tary school, and as English proficiency is fostered from childhood, the
English proficiency of all Japanese people will increase”

In example, Example (5), the usage of the first collocation BE/1ZE S /noryoku
o yashinau/ “to foster proficiency” received high scores, while that of 82715
ETZE % /noryoku ga kojodekiru/ “proficiency can improve” was graded lower.

6) FHOEZ B EIHSEEZLEDZNEVWDSE HEEERDTH S,

/kodomo no kangae wa doko kara ékyd o toru ka to iu to, nichijosékatsu
na no de aru./

“If anything, everyday life influences childrens’ thinking”
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Finally, Example (6) used the expression &8 % & % /ekyo o toru/ instead
of the correct 822 % 217 % /ekyo o ukeru/ “to be affected by ~”, leading to an
overall low score for all evaluation criteria.

Another possible way of assessing the effect of the treatment condition on
collocation productions is to look at the variety of verbs used for some common
nouns contained in both essay types. For instance, the variety of verbs used with
the noun E&R /jikken/ “experiment’, was greater in the treatment condition
(4 vs. 3). There was also a greater variety of nouns used with the verb ##A T
L% /susundeiru/ “keep going” in the treatment condition compared to the
control condition (3 vs. 1). While it is hard to draw definitive conclusions from
this small sample, given the flexible nature of searches within Natsume, where
users can search for any word, and sort based on importance, it is possible that
the users were able to utilize it to find a greater variety of expressions, perhaps
only because they would be simply exposed to more collocates than one would
encounter from using a dictionary lookup.

7.5.2.5 Survey Results

After the experiment, the participants were also asked to complete a ques-
tionnaire survey about their experiences of using Natsume that consisted of
ten 5-point items (“Strongly disagree”, “Disagree”, “Neither agree nor disagree”,
“Agree”, and “Strongly agree”). The survey results are shown in Figure 30. The
results of the post-experiment survey were in general fairly positive about the
usability of the interfaces and about the usefulness of the system for report writ-
ing, although attitudes were more pessimistic about using the system for class
preparation or e-mail writing. However, the lower evaluations of the system for
e-mail writing are also fairly reasonable given that Natsume does not contain an
e-mail corpus, although the lower evaluations about using the system for class
preparation would seem to warrant further investigation in the future. Finally,
responses to the “not tiring” item would seem to suggest that there are still some
aspects of the interfaces or the usage patterns that could be further improved to
make the experience of using the system even smoother.

While not attempting to systematically tackle all the issues that the less positive
comments to the “not tiring” item would seem to justify, this thesis has also
conducted a multiple linear regression analysis for the amounts of time that each
participant in the two experimental conditions spent to complete the reports.
While the regression analysis included participants’ L1, language proficiency
scores, and report length in characters as predictors, it did not consider the
possible interactions between the independent variables (condition, theme, and
group) as the experimental design was insufficient (cf. discussion in §7.5.1.3).

The results of the multiple regression analysis as shown in Table 32, only
revealed a significant effect of report theme on the time taken to complete the
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Table 31: Variety of collocations containing common nouns and verbs for both control

and treatment conditions.

Keyword

Collocates

Control

Treatment

EER /jikken/ ’experiment’

115

/o okonau/

’to perform’

= RIEY %

/o jisshisuru/
’to carry out’
=¥

/o yaru/

’to do’ (colloquial)
9%

/o suru/

’to do’ (neutral)
HY IHE

/ha hitsuyo/

’is necessary’

7

10

8

HEA TULS /susundeiru/ ’advancing’

BIZ2ZE A
/kagakukenkyu ga/
’scientific research’
RO

/hatten ga/
“growth’

7' A=/ b
/gurobaruka ga/
“globalization’
ZAn LAV
/gurdbaru ga/

"global’
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Likert 5-point scale
w

Easy to use -

Interesting -

Familiar

Visual ease-of-use -

Would use in future -

Not tiring -

Would use for class preparation -
Can search for words of interest -
Useful for writing email -

Useful for report writing -

Survey question

Figure 30: The results of the post-experiment survey (5-point Likert scales: 1 = “Strongly
disagree”, 2 = “Disagree’, 3 = “Neither agree nor disagree”, 4 = “Agree”, and 5
= “Strongly agree”; Cronbach’s alpha = 0.604).



7.5 NATSUME EVALUATION

Table 32: The results of the multiple linear regression on the time taken to write the

reports.

Coefficients Estimate Std. Error ¢ value Pr(>|t|)
(Intercept) 47.525 9.782 4.86 3e-05 **X
L1 (Korean) 6.653 3.978 1.67 .104

L1 (Other) -1.407 3.983 -0.35 726
Language proficiency score -0.306 0.240 -1.28 211
Characters 0.004 0.007 0.62 .539
Condition (treatment) 2.508 2.443 1.03 312
Theme (2) 5.769 2471 2.33 026 *
Group (B) 3.506 2.740 1.28 210

Residual standard error: 7.7 on 32 DF
Multiple R?: .303, Adjusted R?: .151
F-statistic: 1.99 on 7 and 32 DF, p-value: .0879

Significance codes: *** — 0.001, ** — 0.01, * — 0.05, . — 0.1

reports (t{ = 2.33,p = .026), with a multiple comparison test using Tukey
contrasts for the differences in mean times between report themes revealing an
estimated 5.77 minute difference where theme 2 was longer (¢ = 2.33, p = .026).
It should be mentioned that the overall fit of the model was low and that none of
the predictor variables adequately explained all of the variation in time observed
within the data. However, the different themes would naturally impose different
kinds of constraints on the word choices that the respective participants might
make, which highlights the need for careful control to match for theme within
similar studies in the future.

7.5.2.6  Discussion

While the evaluations indicated improvements for certain collocation usages in
terms of their appropriateness of register, syntax, and semantics, further exami-
nations of the usage logs for Natsume and of the participant essays revealed that
many of the collocations could have been more effectively rewritten or corrected
if the Natsume system had been used. However, given that the participants were
not aware that they were making a mistake, naturally, they did not attempt to
use Natsume in those cases.

Moreover, collocations that were not covered by Natsume’s Noun-Particle-
Verb and Noun-Particle-Adjective patterns were also found to be a common
source of errors. Obviously, it is important to try and expand the range of collo-
cation types covered by including other common types, such as those involving
adverbs.
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7.6 RELATED WORK

While predominantly researcher-focused, the ongoing work at NINJAL’s Center
for Corpus Development® has led to the development of two corpus search
systems for the BCCWJ. One is Shonagon®, which is a freely accessible corpus
search system that offers basic KWIC search features, while the other is Chu-
nagon’, which is a subscription-based system that allows for searching with
regular expressions over both short and long unit words.

Another system that shares Natsume’s focus on Japanese language education is
NINJAL-LWP?, a lexical profiler for a subset of the BCCWTJ (Pardeshi et al., 2012).
It contains features similar to Natsume, but differentiates itself by providing
many different kinds of collocations. Perhaps the most sophisticated collocation
query system, which has also been applied to Japanese, is the Sketch Engine (Kil-
garriff, Rychly, Smrz, & Tugwell, 2004; Srdanovi¢-Erjavec, Erjavec, & Kilgarrift,
2008). The Sketch Engine is described as a “Corpus Query System incorporating
word sketches, one-page, automatic, corpus-derived summary of a word’s gram-
matical and collocational behaviour” (“Sketch Engine: SketchEngine,” 2013).
It supports multiple languages, including Japanese. Two Japanese corpora are
available: a 400 million token web-based corpus (JpWaC) that was released in
2008 (Srdanovi¢-Erjavec et al., 2008), and a larger JpTenTen web corpus com-
prised of 8.43 billion tokens, released in 2013 (Srdanovi¢, Suchomel, Ogiso, &
Kilgarriff, 2013). More than 50 collocational and grammatical relations are used
for the word sketch grammar. The Sketch Engine also contains a unique word
comparison feature, called word sketch difference, which is effectively quite
similar to searching for several words at the same time using Natsume, though
it is also more sophisticated. An experimental version of JpWaC that includes
tagged modality is also available (Srdanovi¢, Hodosc¢ek, Bekes, & Nishina, 2009).

7.7 CONCLUSION AND FUTURE WORK

Natsume was developed to assist a specific part of the writing process—finding
the right words in a particular writing context, which, for the purposes of evalu-
ation, was set to the scientific and technical Japanese register.

Two evaluation experiments were conducted to measure the effectiveness of
the Natsume system for both a rewriting task and a report writing task. The
first evaluation experiment was performed to assess the effectiveness of the
system in a sentence rewriting task. Overall, mean scores under the treatment

5 An overview of research activities is provided at http://www.ninjal.ac.jp/english/organization/
chart/06/.

6 Accessible from http://www.kotonoha.gr.jp/shonagon/.

7 Accessible from https://chunagon.ninjal.ac.jp/.

8 Accessible from http://nlb.ninjal.ac.jp/.
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condition were higher than under the control condition, suggesting that the genre
comparison interface provided by Natsume helped participants to select more
appropriate collocations for academic writing. However, further examination of
the rewrite strategies employed by five participants who scored higher under the
control condition also revealed the use of word classes, collocational patterns,
and expressions not searchable with Natsume. Expanding Natsume to encompass
these patterns should be the focus of future work on the system.

Regarding the usability of the system, the effect of using the system with
minimal training was not shown to be detrimental; as evidenced by the partic-
ipants’ ability under the treatment conditions, on average, to outperform on
the rewriting tasks in the first experiment or the writing tasks in the second
experiment. A detailed examination of the writing times required during the
second experiment also revealed an effect of the report theme on writing time.
Future evaluation experiments should take special steps to carefully control
for theme by pre-screening the participants in terms of the knowledge of the
candidate topics before they commence some writing task.

In addition to emphasizing the need for an expanded set of collocational
patterns and the careful selection of themes, participant feedback from the report
writing experiment was also helpful to identifying some necessary improvements
to the interface and system features:

+ One common source of confusion concerning the interface was the need
to select a specific collocational pattern (NPV or NPAdj) and the part of
the collocation that one searched from (noun, verb, or adjective) when
searching. Based on morphological analysis of the search input, an au-
tomatic inference mechanism could be devised that would make such
selections unnecessary.

« The addition of more grammatical relations to the search. Commonly re-
quested relations include relations with adverbs and sentence-final modal-
ity form, among others.

« Currently, the example sentences are displayed in random order. The
ability to show the sentences most appropriate to the learner’s level and
interests would be highly preferable. Tailoring the example sentence view
to display examples that are appropriate to the learner’s proficiency level
is an important future goal (Hodos$cek et al., 2012).

In order to reach the final goal of improving academic writing, it will be nec-
essary to develop some strategies for closing the gap between standard academic
report writing and scientific and technical Japanese writing. This would involve
detailed specifications of the scientific and technical Japanese register and its re-
lation to the standard academic register of essays and reports. Similarly, it would
also important to develop curricula that incorporate elements specifically de-
signed to enlighten learners about the register differences that exist for language.
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Finally, there is also a need for methods that can foster greater self-awareness
in learners regarding the mistakes that they commonly make while writing, in
order to effectively help them overcome these problems.



NUTMEG

Natsume, while useful for finding collocations, does not automatically detect and
correct the learner’s writing. As presented in the previous chapter, the on-going
evaluation of Natsume has identified a class of learner errors that are not being
covered by Natsume: namely, that the learners themselves are not aware that they
are making mistakes. In order to address this problem, a project was undertaken
to develop a system that can check learner writing and provides feedback on
any errors that it detects. The Nutmeg writing assistance system provides basic
feedback for learner writing using automatic error identification (Yagi et al.,
2012). The system realizes this correction using two sources: native and learner
corpora.

8.1 NUTMEG ERROR INTERFACE

The writing interface consists of a survey section for user information and a
writing section. When users fill in the requisite survey forms, which include
the user’s L1 and Japanese language proficiency level, they can proceed to write
or copy and paste some text into the text box. Clicking on the #xHIl /tensaku/
“correct” button will then underline possible errors and provide feedback on
mouse hover. The feedback consists of a short explanation of why the system
is indicating a candidate error, but does not provide the user with any solution
suggestions. It is, thus, more a form of indirect feedback, which prompts the
user to reflect further by applying their existing knowledge of language rules in
order to correct the error themselves (Godwin-Jones, 2008).
Currently, there are several different error types checked for, including:

« Stylistic inconsistency
This refers to the mixing of “dearu-cho” with “desu/masu-cho” in the same
text.

« Orthographic inconsistency

This refers to when a writer is using different orthographic variations for
the same word within the same text (7= D 8, Y D Fl, and H7=D £ X
for /atarimae/ “obvious, usual”).

« Register mismatch
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User Background Information Writing Correction
Input Area Text Area
AL
FYAY scows crmamza— S
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FROEE Bl fi—h
LR . 725: 38 48
b5 ) oLl

Figure 31: Input area for information about the user’s background and the interface for
writing text to be corrected within Nutmeg.
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Figure 32: The Nutmeg writing interface.
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8.2 REGISTER MISUSE CORRECTION METHOD

The next section focuses on the register correction feature that makes use of
the Natsume API. The other features are described in Yagi et al. (2012).

8.2 REGISTER MISUSE CORRECTION METHOD

A relatively obvious, but nonetheless, vital observation to make about register is
that L2 learners are typically exposed to far fewer L2 registers than the variety of
L1 registers they would have encountered. Moreover, it is a matter of debate as
to whether knowledge or familiarity with some L1 register can be transferred to
what could be assumed to be a comparative L2 register.

Despite these reservations, this thesis essentially adopts the assumption that
it is, at least, possible to foster substantial awareness concerning the differences
between certain L1 registers and their corresponding L2 registers. If a learner
is able to visualize the differences between related L1 and L2 registers, it could
open up a path that could allow the learner to assimilate appropriate knowledge
regarding the differences and, ultimately, achieve a kind of workable under-
standing that would be essential to writing in the relevant L2 register. Another
way of conceptualizing this awareness is as an expansion of the writer’s field
of experience that enables them to write texts that are appropriate to the target
L2 register. Drawing on an example of register contrasts noted in the previous
chapter (Figure 24), for instance, if an English native writer could consciously
perceive the register difference between “to do an experiment” and “to conduct
an experiment’, it could potentially help them in realizing that a parallel contrast
also exists between the spoken Japanese of £5&% ¥° % /jikken o yaru/ and the
equivalent written Japanese of £58%Z 1T > /jikken o okonau/.

Though the language contained in the BCCW] and STJC should, in principle,
be considered correct, this does not preclude the use of native corpora as instru-
ments in identifying learner errors. One example is making use of the various
genres available in Natsume, through which it is possible to correct collocation
usage from the genre perspective. For example, using data from Natsume it is
possible to automate the process of checking if a collocation is appropriate for an
academic report as shown in Figure 24. If a learner uses the collocation /jikken o
yaru/ in an academic report, the system will be able to identify the inappropriate
usage and offer the replacement collocation /jikken o okonau/ as a correction.
This is possible because of the existence of relatively incompatible genres, such as
those that lean towards a formal writing style (STJC and White papers) and those
that lean towards an informal or spoken writing style (Yahoo! Blogs, Yahoo!
Q&A, and Diet minutes) (Hodo$c¢ek & Nishina, 2011b). The corpora in Natsume
can thus be divided into so-called positive and negative genres and the relative
frequencies of collocations in those genre sets can be tested using the x? test. In
fact, this is exactly how the genre comparison interface in Natsume is used.
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Following the example from Figure 24, when an expression like /jikken wo
yaru/ is used it is possible to determine that it is incorrect because its frequency
in the negative genres is significantly high, while its frequency in positive genres
is significantly low. A replacement collocation could be found by searching
through similar collocations and testing them in the same manner or by using
thesaura such as WordNet to expand the available search space (Bond et al,,
2009; Isahara et al., 2012).

8.2.1 Register Identification Method

As a formalization of the manual comparison process outlined in Figure 24, the
following method was proposed that can classify a collocation as either right or
wrong (Hodo$¢ek & Nishina, 2011b):

1. Perform y? tests for variance on the relative frequency f of a word or a
collocation for all corpora C,, C}, -+, Cy, with the average frequency
across all corpora denoted by f

F(k) = fr, if(f“”fj > 2(df= N — ;0 = .05)
K

Af(k) = ke, N

0, otherwise

(2)

2. Assign the selected corpora to either the positive (C., ) or negative (C_)
corpus groups, compare their sums, and compute the score s for each
chosen word

1, if(ZjeC,+ Af(7) =0)A <ZjeC, Af(j) < 0) — correct usage
=1L (S AFG) < O)A(S

0,  if neither is statistically significant — no result

icc. Af(j) > 0) — incorrect usage

(3)

Finally, given that the distributions for most collocations tend to be sparse,
even with the amount of data currently available within Natsume, it is most
crucial, for all but the most common words, to avoid classifying a collocation as
an error solely on the fact that the collocation in question does not appear in
any of the system corpora. Thus for collocations or words not included within
Natsume’s database, a score of -2 is returned in the API provided to Nutmeg.
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8.2.2  Word Register Identification

In order to evaluate the effectiveness of the method, learner errors and correc-
tions that are closely related to register misuses were extracted from Natane
annotations (Hodos¢ek & Nishina, 2011b). From the total of 416 initially ex-
tracted annotations, some were excluded, such as simple stylistic corrections
like correcting T M5 /desu kara/ “because” for 7ZH'5 /da kara/ “because”,
which resulted in a set of 195! annotations, which were then broken down by
word class. The most frequent error annotation was for conjunctive particles (94),
followed by adverbs (65). In the next step, uncorrected and corrected words were
separated from the annotation, and the register identification method outlined
in the previous section was applied?.

For positive corpora (C', ), the STJC and White papers media were selected,
while for negative corpora (C_), Yahoo! Q&A, Yahoo! Blogs, and the Minutes of
the Diet media were selected.? For the uncorrected words, counts were made for
how many instances were correctly identified as being incorrect (hits: s = —1)
and how many instances were misidentified as being correct (misses: s = 0/1).
Similarly, for the corrected words, counts were taken of how many instances
were correctly identified as correct (hits: s = 1) and how many instances were
misidentified as being correct (misses: s = —1/0).

Summarizing the results of Table 33, while it was possible to detect probable
mistakes (79%), the corrections made by the annotators were harder to detect
as correct (only 15% were identified as such). For example, in one annotation,
correcting for use of the adverb 23 /tabun/ “probably” changing to the adverb
5 < /osoraku/ “probably”, /tabun/, was correctly identified as an error, but
the method failed at correctly identify /osoraku/ as being a correct answer. This
is because neither adverbs appear in the positive corpus set, because they express
uncertainty, which tends to be avoided within scientific and technical writing. As
the Natane corpus mainly contains essays, which were gather together under less
stringent criteria, such expressions were generally not regarded as critical by the
annotators, and rather than deleting them, the annotators proposed rewrites that
involved more formal expressions. Another example of an unidentified error and
the unidentified correction set is the sentence final modality form ~m% L1
72 \\ /kamoshirenai/ “may be ~”. While the use of expressions with this sentence
final modality is conceivable in essays where learners are required to state their
opinion on topics, the use of such modal expressions is rarely observed within

Duplicate words were removed.

As this experiment evaluates words and expressions not available in Natsume at the time of the
experiment, all frequencies were extracted using regular expressions with the Sphinx full-text
search engine (http://sphinxsearch.com/).

The choice of positive and negative corpora was made based on previous experience with the cor-
pora and because the selected corpora roughly correspond to opposite ends of the formal-informal
and written-spoken language scales.
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Table 33: The results for register-related classifications based on word-level evaluations
of annotations within Natane.

Uncorrected Corrected
Identified 44 (79%) 10 (15%)
Unidentified 12 (21%) 57 (85%)
TOTAL 56  (100%) 67 (100%)

Table 34: The results of identification performance for the NPV, NPAdj, and AdjN col-
locational patterns extracted and expanded from Natane error annotations
(Reproduced from Yagi et al., 2012).

NPV NPAdj AdjN
Not found 598 (%54) 16 (%43) 11 (%20)
Failure 41  (%4) 6 (%l16) 17 (%30)
Not enough data 468 (%43) 14 (%38) 26 (%46)
Success 3 (%0) 1 (%3) 2 (%4)
TOTAL 1,110 (100%) 37  (100%) 56 (100%)

scientific and technical Japanese papers. Thus, this aspect of the Natane data,
which includes more “colloquial” essays and reports, is undoubtedly one factor
that contributed to the lower detection scores.

8.2.3 Collocation Register Identification
A similar experiment conducted on collocations is described in (Yagi et al., 2012).
In that experiment, three types of collocations, available within Natsume, were
first extracted from the Natane corpus and matched to the annotations: Noun-
Particle-Verb, Noun-Particle- Adjective, and Adjective-Noun. The extracted 117
collocations were then expanded with data from Natsume’s database and Word-
Net (Bond et al., 2009; Isahara et al., 2012). The expanded set of collocations
(1,203 sets) was then evaluated using the register identification method described
in §8.2.1.

The following are some examples of collocations that the method was able to
correctly identify as errors:

o T EDH D /koto gaaru/ “there is ~”

o BN E % /mondai ga okiru/ “a problem will occur”
o f&am2 19 /ketsuron o dasu/ “to conclude”

« —#&IC9 B /issho ni suru/ “to put together”
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o LVUVEER /1 kéken/ “good experience”

While all of these expressions represent correct Japanese usages in less formal
registers, they stand out as inappropriate for the scientific and technical Japanese
register. On the other hand, the following are some examples of collocations that
were incorrectly identified as being incorrect:

o FHHUNB /kodomo ga iru/ “there are children”
« f£% 9 % /shigoto o suru/ “to do work”
o KZ(C17< /daigaku ni iku/ “go to university”

These collocations were incorrectly classified for the same reason noted in the
precious section: the Natane corpus is biased towards more opinion-eliciting
essay writing and towards topics not commonly found within the STJC.

8.3 RELATED WORK

Compared to other existing systems of automatic composition correction for
the Japanese language, Nutmeg strives to incorporate both native and learner
corpora within its correction model. An example of a similar, but narrower,
application system is Chantokun?, developed at the Nara Advanced Institute
of Science and Technology (NAIST). More specifically, Chantokun is a system
that seeks to detect and correct for misuses of case particles based on corrected
Japanese language sentences from the Lang-8 website®, a language-exchange
social networking website, where users with different first languages correct each
other’s writing (Mizumoto & Komachi, 2012).

In contrast, as an example of a system that emphasizes the employment of
a native corpus for automatic error correction there is also the Japanese proof-
reading system Tomarigi® (Oono & Inazumi, 2011), while yet another example
is the jcorrect tool, which uses the dependency structure of a sentence to revise
complex sentences into ones that should be easier to understand (Oosaki, 2006).

8.4 CONCLUSION AND FUTURE WORK

The ultimate aim for the Nutmeg system is to develop a compositional tool that
is capable of automatically warning learners of potential writing mistakes as they
are making them. The two types of data that power Nutmeg’s error correction
facilities are native and learner corpora that correspond to the data provided by
Natsume and Natane, respectively.

Accessible from http://cl.naist.jp/chantokun/.

Accessible from https://lang-8.com/.

More information and download links available at http://www.pawel.jp/outline_of_tools/
tomarigi/.
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Chantokun can revise Japanese sentences statistically with large scale corpora.
A whole new experience for Japanese learners.
-> Interactive edit mode

EREICEREZY -

ERECERE PO L
T %

Figure 33: The correction interface of the Chantokun system.

Although the size of the available native corpora is much greater than that of
learner corpora, the learner corpora provides unique information concerning
the common errors made by different groups of learners. For example, future
work could also utilize information specific to Chinese speakers and provide
detection features that are tailored for the errors that are common made by this
learner subgroup.

One avenue that could potentially greatly enhance the correction of colloca-
tion errors is to provide candidate replacement expressions for the learner errors,
perhaps by using WordNet. Within the present system, feedback on the possible
errors is indirect in nature and does not explicitly assist the user find a suitable
correction. The potential benefits of incorporating more direct feedback mech-
anisms, perhaps in the form of providing candidate replacement expressions,
should also be considered in the future.

It is also clear that it would be most advantageous to greatly expand the scale
of Natane, in order to realize more comprehensive evaluations. Specifically, the
corpus should be expanded to contain more advanced forms of writing produced
by L2 learners, such as drafts of research papers sent for publication.

Naturally, one must exercise some caution over how systems of automatic error
correction are actually implemented, because the performance of the system
will be highly dependent on the objectivity of the annotations employed within
the system. It is, for instance, particularly difficult to maintain appropriate levels
of objectivity when annotators are seeking to correct for learner errors at the
semantic and discourse levels, where some degree of subjectivity may seep

95



84 CONCLUSION AND FUTURE WORK

in. Accordingly, a more effective first step would seem to focus on relatively
straightforward kinds of errors, such as orthographic errors (Yagi et al., 2012).

Finally, greater effort could beneficially be directed towards obtaining or
constructing specific-purpose corpora, so that the system can also cover a wider
range of writing genres, such as business or e-mail writing.
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CONCLUSION

Part I of this thesis provided some of the background knowledge necessary
for understanding the attempts undertaken within the thesis to implementing
various writing assistance systems for L2 Japanese writers. More specifically, Part
I provided background on the following: (1) the four scripts of the Japanese
writing system were introduced, with explanations about how they are commonly
used together in representing Modern Japanese in writing, (2) the current state
of computer-aided writing assistance with a focus on Japanese writing, (3) the
current situation of L2 Japanese learners both within Japan and abroad, and (4)
the importance of collocations for L2 learning. Part I also framed the two research
questions that shaped and informed the various research projects conducted for
this thesis.

Part IT of the thesis turned to introduce the key concept of writing context and,
by taking inspiration from Schramm’s model of communication, to trace out
how the linguistic concepts of register, topic, and readability interact together in
forming the writing context. The primary objective for Part II was to demon-
strate the feasibility of utilizing quantitative methods for drawing on corpora
to realize systems of writing assistance. In that connection, three distinct, but
highly integrated models of register, topic, and readability were proposed and
individually evaluated in terms of their respective potential contributions to the
overall performance of systems of writing assistance.

As attractive solutions to some of the problems outlined in Part I, Part III
of the thesis examined in detail the construction, evaluation, and evolution of
the two writing assistance systems, Natsume and Nutmeg. Part III also sought
to demonstrate the potential performance improvements that can be realized
through the incorporation of the various models developed in Part II.

Finally, Part IV of the thesis provides a summary of the various research
contributions proposed throughout the thesis and reflects on some interesting
suggestions for future research.

9.1 SUMMARY OF CONTRIBUTIONS
This thesis proposed a novel approach for applying writing context to the devel-

opment of systems of writing assistance for L2 Japanese learners when writing
reports and papers.
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1. Modeled the writing context on the language variation inherent in cor-
pora.

The contextual model comprises of three distinct models relating to differ-
ent aspects of context: register, topic, and readability. The topic and reg-
ister models were able to successfully discriminate between differences
within corpora relating to both register and topic. The readability model,
while not totally successful at predicting readability at the level of the sen-
tence, should be capable of assessing the feasibility of several predictors of
readability in future studies, including those corresponding to syntactic
complexity and vocabulary that were proposed within this thesis.

2. Applied the concept of register to two writing assistance systems, based on
a framework that emphasizes how users themselves can learn to discover
differences in collocation usages across registers, with a special focus on
academic writing.

The framework seeks to reduce the need for L2 users to rely on intuitions
concerning L1 language variations, which L2 learners are less likely to pos-
sess, at least in the earlier stages of their L2 acquisition. Within Natsume,
the user can discover such differences by themselves, by searching for
and comparing candidate collocations, and by observing their frequency
variations within different corpora, as well as by consulting with further
example sentences, as necessary. The results of evaluation experiments of
Natsume point to some potentially interesting ways of improving collo-
cation usages. Within Nutmeg, the user relies on the system to identify
inappropriate uses of register, which the user may not be aware of. The
register identification method underlying the Nutmeg system, that uti-
lizes collocation data from Natsume, showed some promise in terms of
identifying probable inappropriate uses of words and collocations within
L2 academic writing.

Taken together, the contributions obtained through this research provide
some interesting answers for the two research questions posed in Part I of this
thesis.

9.2 RESEARCH QUESTIONS REVISITED

This section summarizes these answers to the research questions posed in §1.6.

o Research Question 1

Is it possible to utilize linguistic resources, such as corpora, to
realize more effective systems for computer-assisted writing?
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Given that the process of L2 writing typically entails the user making use
of various dictionaries and other forms of references, one may ask whether
it is possible to utilize corpora to go beyond the inherent limitations as-
sociated with these time-tested tools. The type of corpus-driven writing
assistance systems proposed in this thesis focus on helping L2 learners
of Japanese find collocations suitable to their writing purposes. Formed
from commonly cooccurring words, the number of possible collocations
is far greater than the number of words themselves, and, thus, requires
a different approach for the effective presentation of such quantities of
information. The interfaces for Natsume provide user-friendly ways of
visualizing the information content relating to collocations, by taking
advantage of knowledge about the kinds of writing contexts that colloca-
tions commonly occur in. As a consequence, Natsume is able to provide a
form of surrogate knowledge about register differences within Japanese
for the L2 users. In this way, the system is effectively able to not only
sidestep the problems that L2 learners face due to a lack of appropriate
intuitions about register differences, but it also effectively offers richer
learning opportunities for the users to make discoveries about collocations
by themselves.

Taking this concept even further, the Nutmeg system can detect register
misuses relating to collocations within the user’s writings. This approach
allows the system to not only detect grammaticality issues, but also paves
the way towards realizing a correction system for academic writing style.

Research Question 2

Is it possible to provide writing style guidance based on cor-
pora alone?

Evaluations of Natsume revealed that when users have been explicitly
instructed to prefer collocations that have higher frequencies within the
STJC corpus, they are generally able to produce more appropriate col-
locations within their report writing and sentence rewriting. However,
the gathered evaluations did not examine the possibilities of using the
system to deepen learner understanding of L2 registers, so that remains
an open question to be taken up in future studies. On the other hand,
evaluations concerning the detection of register misuses relating to words
and collocations within the Nutmeg system highlighted some interesting
possibilities of providing writers with feedback about possible errors. Cur-
rently, the Nutmeg system provides indirect feedback about such possible
learner errors, which can be beneficial in prompting the writer to reflect
further on their writing. There are, however, still a number of unanswered
questions that could be addressed. For instance, it would be interesting to
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investigate and compare which feedback strategies could be more effective,
such as specific scaffolding strategies designed to guide users to appro-
priate decisions but to later gradually fade back as the learner gains deep
insights into the mechanisms for their own mistakes.

9.3 FUTURE WORK

Having briefly summarized the main contributions of the thesis and revisited
its motivating research questions, this section offers some structured guidelines
concerning possible directions for future research, which are informed by both
some still unresolved and some newly-uncovered issues that have been touched
upon in previous sections. While these directions are tentatively organized
around some relevant research issues, they also seek to emphasize the potential
synergies wherever they exist.

9.3.1 Incorporation of Models of Context into Writing Assistance Systems

As the three proposed models, when taken together, provide even more accurate
approximations of the writing context, it should become increasingly possible to
handle even more nuanced types of corrections. With the enhanced integration
of such systems, it will be possible to provide two levels of assistance for each
component of the writing context:

1. Word and collocation level

« Register: identify register misuses for words and collocations.

This feature is already a part of Nutmeg.

o Topic: identify words and collocations with similar topics.
This feature would provide similar capabilities to the getassoc
word similarity feature currently available within Natsume. The
benefit of the topic model perspective could, however, be further
extended to offer suggestions not only for words but also for related
topics, offering the writer even more flexibility in their word choices.

« Readability: identify word level.
The ability to identify rare words is useful for writers that are con-
cerned with the level of language proficiency among their target
readers, such as L2 educators. Such a feature, based on JLPT word
scores, as available within Kawamura, Kitamura, and Hobara (2013),
could be provided.

2. Text level
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« Register: identify closest register(s) to the input text.

This would allow the writer to see, at a glance, the perceived register
of the text. Furthermore, the writer could request sample documents
from the system that closely match to his target resister.

« Topic: identify topics similar to the input text.
This feature would allow the writer to browse documents related to
the input text and is a typical application of topic models.

+ Readability: identify sentences with low readability, and provide a
readability report for the whole text.
This would allow for similar uses to the word and collocation level
case, but as it relates to the text as a whole, would be a form of
indirect feedback, which the writer can use to reflect on. Additionally,
this feature could allow more targeted feedback at the sentence or
paragraph levels.

Another use for readability assessment in writing assistance systems
is that the writer could request documents or sentences at the writer’s
preferred readability level.

In other words, all aspects of the system would employ knowledge about the
writer’s proficiency level, chosen writing topic, and target audience. In a very
real sense, the system would effectively know part of the field of experience
possessed by the writer, and given the system’s knowledge of the target audience,
could also include some knowledge that reflects the field of experience possessed
by the target audience. And, in the case of academic writing, such knowledge
can be modeled in terms of differences between the STJC corpus and other
corpora. Thus, having information about both parties to the communication,
the system could guide the writer in narrowing the gaps between their own fields
of experience and that to the audience’s fields of experience.

One possible improvement to the method described in §8.2.1, that could effec-
tively utilize the contextual model, could relate to the selection and classification
of positive and negative corpora, which has traditionally been rather “ad-hoc” in
nature, typically based on a researcher’s perceptions about differences between
corpora. The contextual model could represent a more principled approach to-
wards the assessment of distances between candidate corpora and the weighting
for occurrence of some word or collocation depending on the actual writing
context.

9.3.2  Evaluation of Models and Correction Methods with Learner Corpora

More extensive evaluations of the register, topic, and readability models could
be performed using the Natane Japanese learner corpus introduced in §3.4.
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The Natane data on learner errors relating to register misuse have already been
successfully used in the development and evaluation of methods for identifying
register misuse. The application of topic models would, rather, allow gaining
greater insight into the effect of writing topic to possible errors. A secondary,
but possibly more salient benefit, would be the ability to measure the topic of
learner essays and control for the report theme imbalance present in Natane.
Finally, the readability of essays in Natane could also be used to uncover ways in
which feedback about the readability of the learners writing might potentially
lead to compositional improvements.

9.3.3 Strategies for Improving Writing

Most of the writing assistance features introduced into the Natsume and the
Nutmeg systems focus on sentence-level assistance. However, given that these
features are operating more at the micro-level, these are less relevant to the
provision of more effective ways for users to structure their writings or improving
the cohesion of their writing styles at more macro-levels of linguistic analysis.
Accordingly, future work could potentially benefit greatly from paying more
attention to the integration of writing assistance features at higher macro-levels,
such as offering the writer of a report or academic paper a template or structural
queues that can assist them.
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10.1 READABILITY MODEL
10.1.1  Tuning Parameters

« Radial SVM

- sigma
- C:.25,.5,1,2,4,8, 16, 32, 64, 128, 256, 512, 1020, 2050, 4100

The final values used for the model were

- Sources: C = 4096 and sigma = 0.127. Tuning parameter sigrma was
held constant at a value of 0.1274519.

- Paragraphs: C = 4 and sigma = 0.1. Tuning parameter sigma was
held constant at a value of 0.1058.

- Sentences: C = 1 and sigma = 0.1. Tuning parameter sigma was held
constant at a value of 0.1058.

« C5.0

- model: rules/tree
- trials: 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100
- winnow: TRUE/FALSE

The final values used for the model were

- Sources: model = tree, trials = 30, and winnow = FALSE.
- Paragraphs: model = rules, trials = 100 and winnow = FALSE.

- Sentences: model = tree, trials = 40 and winnow = FALSE.
« Random forest
- miry: 1-15
The final value used for the model was

- Sources: mtry = 11.
- Paragraphs: mtry = 7.
- Sentences: mtry = 3.

o Neural net
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10.1 READABILITY MODEL
- size: 1-10
- decay: 0,.1,1,2
The final values used for the model were

- Sources: size = 7 and decay = 0.1.
- Paragraphs: size = 9 and decay = 0.1.
- Sentences: size = 10 and decay = 0.1.

o glmnet

- alpha: 0-1 in .1 increments
- lambda: 40 segments between .01-.2

The final values used for the model were

- Sources: alpha = 0.9 and lambda = 0.0197.
- Paragraphs: alpha = 0.1 and lambda = 0.01.
- Sentences: alpha = 0.2 and lambda = 0.01.

10.1.2 Model Differences

aaaaaaaaaa

Figure 34: Pairwise comparisons between resampled models in terms of accuracy and
associated kappa values for the sources level. Results indicate no significant
differences between models.
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Table 35: Model diagnostic statistic by E, M, and H class on the sources, paragraphs, and sentences held-out test sets.

Source

E M H
SVM C50 RF NNet glmnet | SVM C50 RF NNet glmnet | SVM C5.0 RF NNet glmnet
Sensitivity 957 957 957 957 957 .688 563 .688 438 375 919 968  .968 919 984
Specificity 962 949 962 936 962 | 953 988 .988 965 1.000 | .897 .872 .897 821 .769
Pos Pred Value 880 .846 .880 815 880 | 733 900 917 .700 1.000 | 934 923 .938 891 871
Neg Pred Value 987 987 987 986 987 942 923 944 901 .895 875 944 946 .865 968
Prevalence 228 228 228 228 228 158 158 158 .158 .158 .614 614 .0l14 .614 .614
Detection Rate 218 218 218 218 218 109 .089 109 .069 .059 564 594 594 .564 .604
Detection Prevalence | .248 .257 .248 267 248 | 149 .099 119 .099 .059 | 604 .644 .634 .634 .693

Paragraph

E M H
SVM C50 RF NNet glmnet | SVM C50 RF NNet glmnet | SVM C50 RF NNet glmnet
Sensitivity 722 738 .695 716 715 320 304 364 268 .169 910 .888 .900 874 921
Specificity 925 902  .924 907 913 | 935 932 920 915 965 | 649 668 .675 .641 551
Pos Pred Value 727 676 715 .680 692 | 589 564 .570 .480 587 | 766 772 778 .755 722
Neg Pred Value 924 926 917 921 921 825 821 .832 811 799 | 851 826 .843 .801 .846
Prevalence 216 216 216 216 216 226 226 226 226 226 .558  .558 .558 .558 .558
Detection Rate 156 159 150 155 154 072 .069 .082 .061 .038 508 496 503 488 514
Detection Prevalence | .215 .236 .210 227 223 | 123 122 144 126 065 | .663 .643 .646 .646 712

Sentence

E M H
SVM C50 RF NNet glmnet | SVM C50 RF NNet glmnet | SVM C50 RF NNet glmnet
Sensitivity 477 521 526 .533 432 .063 170 .170 .049 .000 944 902 916 919 945
Specificity 937 921 930 .908 926 | 985 948 959 981 999 | 329 450 432 378 .268
Pos Pred Value .615 581 .614 551 551 524 462 520 .399 .000 | .693 725 721 .703 .674
Neg Pred Value 894 901 .903 902 885 | 799 812 814 .796 791 786 741 762 .745 751
Prevalence 175 175 175 175 175 209 209 209 209 209 .616 .616 .6l6 .616 .616
Detection Rate .083 .091 .092 .093 .076 013 .036 .036 .010 .000 582 555  .564 .566 .582
Detection Prevalence 136 157 150 .169 137 .025  .077 .068 .026 .000 839 767 782 .805 .863
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10.1 READABILITY MODEL
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Figure 35: Pairwise comparisons between resampled models in terms of accuracy and as-
sociated kappa values for the paragraphs level. Results indicate no significant
differences between models.
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Figure 36: Pairwise comparisons between resampled models in terms of accuracy and as-
sociated kappa values for the sentences level. Results indicate significant differ-
ences between most models, excluding kappa estimate for the C5.0-svmRadial
pair.
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10.2 NATSUME EXPERIMENT 1

102 NATSUME EXPERIMENT 1
10.2.1 Test Content

The instruction given to both groups in the control and treatment cases was:

o Treatment case:

ROMWBEX 1—15 DX = HRIhwmXE L TEL2Ebcavye
1—9ED D) ZRIEBNSEZTBRZI TIEEI W, & BEF.
glfE, B REZEZTEESUCTEELSICERELTLEE L,

o Control case:

ROMBEX 1—15 DX = HIRThHmXE UL TEL DD TEE#
(M) ZTLIEESW, &5, BE. 8lF. RBLREZEEZSESL
KTBESIGEELTLEET W,

10.2.1.1  Test A

5|28 & R

COAXNTDLBMEEEZRE ($-F) 92HiclE, TVIVD
BENELBVWEWVWSEENVWWERSATT, ~ZDARNTDLBM
REREITZHICE, TVIVOBENBLBVWEWSEHENBET
H %o

. ZITRIWTWBALBICERZEWTT—Y2EH 5 X VWFE
HEZHUEDT, ZOFULWEZZHBRIAICE DS,

2. BVWNEICKREVWKEZHITEIARDERIIKYTH S,
3.7 27T 2O DREEBIENTZ Y > Thrlce (BREHT analysis)

4, KEOELE 100 A& ZFOMRETRICKEBRICOVWTHEEEZY >
e, ZZHAICKEVEWLNH D Z ED b > T,

5. AfflE. WWREDREMZT > TEZLDANS ETHH W%
EBDT\I\%O

6. KZUBLICK > T HHITEATVWDALICKERFEENKTWLS,

7. RREFHBEMO MU TRIE (£58) LEDERLEDTS
o icfEbn 3,

8. BAREBICOWTEBRBERANSEZI T, EDES5ZDFEEZP
$HBT I T,
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10.2 NATSUME EXPERIMENT 1

9. ROETZIDHBEDORBEZEL,

10. REDHDNZREN KON >TH, MIcER>REVEEZDHSD
BWTUL &S, (NFEKE miniplanet)

1. 2OTF—9h 5 _EROBRRINELSR> TITofcZ bbb %,

12. FRIERZRET D ESICE. RODURAMCHBESTDHBERS
ns,

13. EFTZICOWTHEFLWT EZHD WA, FAEICEFR
DHZDAESHBITEIENTE S,

4. OOV S L%xE>ofccET, BRENS XL Wo e Z EDREE
T%TCO

15 T7 AV ERABEEMADIB LS EZ/mALDDZEIET,

HEADZWTWOEMNEE, LTiWwaEE, LTIRWIRWZ &ED
XA DIFSNET, BiTEEBENICEOIENSHBEXEN VDD
EWSEZRSTb, HBIITEEFA, HfiELSIF. R THERL
T. SHIKIFEWRHDHEEZZ T T, BIENTHSSHICAST, £
UHICEBWVWTWVWET, Z5VWSAELHISZZE, BULEET. WEDK
WHZNTEBHDTY,

EiTEDMEBOMRICIE. AFZMRI 2 ERFHzEESIED L
WSZONBhEdT, —EEELES. ZORMAELMBLALTHW
WTY, BIfMBIEORBE LTI, TNREFTIFRESULTHEESZEWLSD
DHOHDET, TABRTFARNEZE>TEW S, ZENNEBEDFTT
ICR<E-> T, MEZBDICTRIEET, AERDIIFEEICHEL
EEMNENS ZENPND I ETT,

ARDMEEZT D EZICIE. ERERIIBVWKSICTEZEBELHD
9, CAREBEREERBICORIFTEZDE. BEICODLWTDEX
NELDNBESICBDTLED, (®E moral A% public)

<FX5UWXEZTIREWTTEIW>

10.2.1.2 TestB

5 %8 & R
COAXDNTRLBNZEEZRE (E-F) 95HICFE TVIVD
BEAELAVWEWSEZENVNVVWEBSATYT, >ZDARITDRERD
REREITZHICE, TVIVOBENBLBRVWEWSEHENDLET
H3o
< FEER®% >
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10.

11.

12.

13.

14.

15.

10.2 NATSUME EXPERIMENT 1

CHUWEROAEREZEZEZHULEDT, TNZHmIXDFATES DD

NTI,

FUSDICERBERODMZL > THS, Tz d &Ik
U7z ({RER hypothesis)

BRICAZET BICIE. RADKTFEEPLPHELITTIFERL T, W<
DOMRFESTEEBEEELEES L SICLARTNIERD A,

TODYV AT LADEERZEENRTHD E, RDLSE VDS
%o (KETLEK design specification)

FORHEEIB/BXEEWNWT, ETHITEFSLWLWEZLDANSHW
MHEHSL., S —ANILEEDES ST,

BICTTAFVIRBREDTHMNETOENT, BIEDEYICKE
BEENETVWET,

FHERTHEZES EWVWS ZERFERUMDERETH S,

L EBSETIDZEICHITZEBEESVWELLA, IHLVHERE

TY,

IELZEDATE LSICB>THE. ZORKRFIRKEVWTEZ
H5WEH U,

CDTZT7RBIVIDKDREDED>fcl EZ2RLTVWET,
IN—=hF A LHBEICOBESATDEXDMNMERS NS,

FOVIEFEST, R—AR—ITESNZHAD WS &%
%Ld&h% VAT LB B,

BEFIZORRDIHICRERI EDNBLEVNTHZ2EAZSRT
5 ENTE S,

CDIVRATOANARYITERICIIDEWS Z EERKRITT S8, bh
bniERDO LS| ﬂ«to

ENEERHEY AT LR, ERETEAZEDTHIB S ZHX
b DTHB, (FEM  fingerprint IEA crime)

PREFEUVCET, FZHATHOARZES S ENEEKTT, —

73T,

FRTHZASNIEZEDNERICL-oMD A>T, EEROMT

ETRICIEET, ESPo>THBUCL>NDANDH, WBNBHEP
DABBBIETTT, KIFERBEOHETIE. 65> MBEAZ &L
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10.3 NATSUME EXPERIMENT 2

STHEAENEVWEBA, TH. BABZARZEZFTHMUARLS B2 WS
Xt Ao
FPEERIEFAEZFE- T, ARICEKRHBICH > BN SHEBICHERNH S
BEEZEDHLU TWBEZME U 9, FELSEHE Fa<IcHh > T,
[T> Z5SEAWVDDREEFZEHICEDEZDHVWWYRICARD £T,
RETIIAZZEICHITERIENTESZDTLLOD, —FEBHIC, &
EPTETNTE—DOEFERNIEIELWVWEWS ZENHDFT, ZFBHIC
&, ZEUET, TEDSHZITHES el e/ —hDEIHICE
WTHDZEEBLWELT. BULEESZTFAMNDH B ENKETT,
TH, Fr VI RADFICH/BEBERKEICESEZANGWE, ZELBICE
& DBEBICDOVWTHZIDDIEENS LUWTT I, (@l ethics)
GHEX 5 LWXE)

10.3 NATSUME EXPERIMENT 2

10.3.1  Topic Introduction Text

o FERE 1 THRIEYERZ 2BEICINU,

EZDES, EHERPEORREBRE S LI XN CEYERE

RIEBIBEVWEDEEZSNTE T, BYERIFINFETIT, &KL

TR EREAE (infectious disease) [CX 9 2TV F VHFEDRIWER DB E
e HBAIWHEHERORAFEREICFHAINTWS,

—A T, ZOHMEBLOBEFOKREZEINS, HD2WIHIEEDIL
EHSRKTIFELUWENGEHZRITTWS, HDALRIE. B
MEEZ SEICLEDZINEEWNS, BEATIRZD LS HERR
il | = AN A

ZOMADIIFZICDONWTERZIBRNZ I,

o B2 "HRIFHEEZFE _NRAZEICINL,

HEODFE _NAELEE. REEXHADE_ L AEEITIEED
CETH Do

EEEESEE U T EEL TWBEER NFHE & 952 & T,
FDEE - FBEEREL. HAADRENR L OIEHAZEEE &
DIAZ 27—V aVEIDOELZBNET %, INFK 1 FEED
SEEXWMERIBE T DENZHH D,

—ATE. BRMBEDEER - EWBREENKDND I EAND
BERIEL>TEAZRNIZ2EROH S, REFEZEAT B LI
Lo TEHBHBDERD (B2EM) ICBBEVNSALEWS,

COMADIIZBICDOVWTERREZIRNRET W,
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104 STATISTICAL MEASURES OF COLLOCATION

Table 36: Contingency table for 2-gram collocations.

a —a *
b fii Joi e
—b fio foo f:co
* fzw fo:n fa::):

10.4 STATISTICAL MEASURES OF COLLOCATION

Collocations are commonly defined as words that cooccurr in close proximity
more than would be expected by chance. Statistical measures of collocations will
use the following naming conventions for 2-gram (a, b) collocations:

a A unit.

—a Any unit not including a.

b Another unit.

—b Any unit not including b.

* Any (all) units.

fii Frequency of a cooccurring with b.

foi Frequency of —a cooccurring with b.
f.: Frequency of all cooccurrences with b.
fio Frequency of a cooccurring with —b.
foo Frequency of —a cooccurring with —b.
fzo Frequency of all cooccurrences with —b.
fi» Frequency of all cooccurrences with a.
for Frequency of all cooccurrences with —a.
f+» Total number of units.

The relation between the provided terms can be seen in the contingency table
presented in Table 36. Collocational measures are introduced following the
classification of Evert (2004).

10.4.1 Asymptotic Hypothesis Tests

o t-test
t="—tzz (4)
Vi
2
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X2: fa:a:(fiifoo_fiofoi)2
(fiis + fio)(fii + foi) (fio + foo) (foi + foo)

(5)

+ Log-likelihood ratio (Dunning, 1993)

LLR =
2(zlz(fy;) + @la(fip — fi) +2la(fo — fis)
+2lz(frp) + 2l2(fop + fis — fiw — fi)
—wla(fiz) — la(fps) — 2la(foe — fi)
—xlz(for — f2i)), (6)
where zlz(f) is fiIn(f)

10.4.2 Point Estimates of Association Strength

o Mutual Information (MI) score

M1 = log (7)
2 fw: f:m
o Dice coefficient
2f,:
Dice = —"— (8)
Jiw t foi
e Jaccard coefficient
Jaccard = i (9)

Jii + Joi + fio
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