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Abstract

This dissertation investigates disyllabic compound words in Vietnamese, an isolating
tone language, using corpus linguistics and psycholinguistic experimental paradigms.
Chapter 2 reports the construction of two corpora and a database of wide range
of lexical variables. Chapter 3 discusses a visual lexical decision experiment with
Vietnamese speakers, and Chapter 4 details the results of a visual lexical naming
experiment, again with Vietnamese speakers. This dissertation supports the psycho-
logical status of the word as a single whole in non-decompositional model for reading
Vietnamese compounds. The dissertation also documents the advantages of working
with behavioral data from a single-subject with wide range of items. Finally, this
dissertation demonstrates the involvement of phonology in silent reading through

an analysis of the effects of lexical tone in the visual lexical decision task.
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CHAPTER 1

Introduction

Psycholinguistic research, including behavioral, neurophysiological, and computa-
tional paradigms, has found that models of sequential processing have considerable
explanatory power (see e.g., Frank et al., 2012, for a review). Further, there is ample
evidence indicating that language users are sensitive to the frequency of linguistic
units on many levels. For example, Hay et al. (2004) observed frequency effects in
the phonotactics of language use; while Fidelholz (1975) and Jurafsky et al. (2001)
documented effects of frequent one and two-word sequences. In recent studies on
multi-word phrases, phrase frequency (e.g., n-grams) is found to affect the way in
which language users interact with language (Arnon and Snider, 2010; Bannard and
Matthews, 2008; Conklin and Schmitt, 2007; Janssen and Barber, 2012; Siyanova-
Chanturia et al., 2011; Tremblay and Tucker, 2011). These effects of multi-word
phrases are also found beyond the bigram level in children’s language knowledge
(Bannard et al., 2009; Lieven et al., 2009). This behavioral data has been found to
be consistent with usage-based approaches of grammar (Bod, 1998; Bybee, 2006;
Goldberg, 2005), where sequences coexist with their parts and recognition is in-
fluenced by many linguistic factors, such as n-gram frequency, mutual information

between parts, and their constituents, etc.



Although many studies have been carried out, the structure of lexical representation
and the mechanism of lexical (de)composition remain controversial. The present
dissertation focusses on several general aspects of this research. First, what is the
psychological reality of morphological complexity in the representation of compound
words? Second, do models of lexical processing based largely on Indo-European
languages apply to other languages, such as isolating languages? To address these
general questions, research from a comparative psycholinguistic perspective needs

to be carried out.

This dissertation investigates the processing of compound words in Vietnamese, an
isolating tone language of the Mon-khmer language family, using corpus linguistic
and psycholinguistic paradigms. Vietnamese appears to be a good testbed for study-
ing compounds since this language is characterized by the use of a limited number
of syllables to construct compound words and phrases. Interestingly, there are no
word boundaries in the orthography of this language. The fundamental architecture
of the Vietnamese lexical system is the combination of morphemes, syllables, and
orthographic graphemes that are mapped to a single form. These characteristics can
be used to test models of language processing for compounds and word sequences
because of the strict way in which these forms are represented in the language.
In English, for instance, compounds can be written without a space between two
constituents such as bedroom, football, strawberry, moonshine; but can also be writ-
ten with a space such as foster father; or be written with a hyphen between two
constituents such as blue-green, people-carrier. In Vietnamese, every single syllable-
morpheme unit is written between two spaces without any extra formal marker
for word boundary. This could be viewed as an ideal test-bed for probing models
of storage versus computation (or nondecomposition versus decomposition) in the

processing of compounds and sequences of words.



The aim of this dissertation is to investigate the language-specific mental processes
and to understand the mechanisms involved in reading an alphabetic-isolating lan-
guage: Vietnamese. Specifically, I seek: 1) to investigate the advantages and dis-
advantages of single versus multiple-subject experiments; 2) to investigate the role
of morphological decomposition in reading and the role of phonology in accessing
meaning; 3) to examine the interactions of independent variables in reading and how
they influence lexical processing times; and 4) to investigate the interactivity be-
tween different types of lexical knowledge in visual word recognition and to identify

a set of factors that may be critical to the lexical processing.

In the remainder of this chapter I discuss in greater detail the main research ques-
tions addressed in this dissertation. This is followed by a brief description of each

chapter.

Key research questions

This work will provide insight into the processing of compound words during reading
and the role of compositional integration in reading of syllabemes in compounds.
Vietnamese offers an ideal language for investigating these questions because there
are no word boundaries to separate out words as larger units. I hope to shed further
light on the nature of conceptual combination in visual word recognition and word

sequence reading.

I also hope to contribute to several areas of morphological inquiry that are either
under-researched or controversial. I also hope to propose revisions to existing models
of compound processing. Specifically, I aim to address the following questions on the

role of morphology in lexical processing.



What is the role of morphological decomposition?

o s detection of the constituent syllabemes facilitating or inhibiting recognition of

compounds?

Psycholinguistic research has focused on the representation and processing of many
forms of morphologically complex words, such as derivational, inflectional, and com-
pound words. These types of morphology have been treated separately in the liter-
ature, perhaps due to the assumption that these morphological types are processed
differently. Indeed, these morphological types have different underlying character-
istics. Inflectional morphology does not result in a new lexical entity, while deriva-
tional and compound morphology do. Inflection, the morphological indication of
the grammatical subclass to which a word belongs (e.g., the -s in trees marks the
plural subclass), involves a consistent and predictable semantic change. Inflection
never results in a change of grammatical class, e.g., the -s in books marks the plural
subclass (see e.g., Baayen et al., 1997a, 2003; Bertram et al., 2000b, for the reg-
ular and irregular inflectional morphology). Derivational morphology is an affixal
process that forms a word with a meaning and/or category distinct from that of
its base, e.g., the suffix -er, which combines with a verb to form a noun with the
meaning ‘one who does X', e.g., writer, and reader. Recent studies have investigated
pseudo-derivational constructs using words such as derived-stems priming of opaque
morphological pairs (e.g., corn and corner), non-morphological form pairs (e.g., broth
and brother), and transparent morphological pairs (e.g., hunt and hunter) (see e.g.,
Feldman et al., 2009; Longtin et al., 2003; Longtin and Meunier, 2005; Rastle et al.,
2004; Rastle and Davis, 2008; Rueckl and Aicher, 2008, among others). Semanti-
cally, pseudo-derivational words are unrelated, whereas truly derivational words are

related, e.g., work — worker, garden — gardener. Compounding involves the com-



bination of two or more existent roots or words to form a larger word e.g., moon
walk, honeymoon, whereas inflection and derivation are both commonly marked by
affixation with one root. Considering morpho-orthographic segmentation, however,
significant similarities between morphological effects are observed between derived
and compound words. Fiorentino and Fund-Reznicek (2009) reported equivalent and
significant masked priming effects for both transparent (teacup-TEA) and opaque
compounds (carpet-CAR, honeymoon-HONEY) compared with orthographic, non-

morphological controls (penguin-PEN).

One of the fundamental questions of psycholinguistics is how people store words or
even word sequences, and how they retrieve those units when using language. This
question is even more challenging for morphologically complex words, e.g., teacup,
table cloth or moon-shine. How are these words represented and accessed in the
mind? The role of morphological complexity in the representation and processing
of compound words and inflectionally affixed words has been the topic of many
studies (e.g., Dominguez et al., 2000; Forster, 1989; McQueen and Cutler, 1998;
Seidenberg and Gonnerman, 2000; Taft, 1991). Over the last 40 years, the experi-
mental literature on processing of compound words has investigated many languages.
Structurally, these compound words are built from two stems in which the seman-
tic relation between two constituents of the whole word may be either transparent
(e.g., teatable), or opaque (e.g., moonshine) (Bauer, 1983; Downing, 1977; Levi, 1978;
Spencer, 1991). Research on morphological complexity in the psycholinguistic litera-

ture has supported both decompositional and non-decompositional types of models.

First, the obligatory decomposition model has been proposed, according to which
morphologically structured words are automatically and obligatorily decomposed

into their morphemic subunits, which then trigger the lexical representation of the

whole word (Taft, 1994, 2003). Within this model, prelexical processing is regarded



as semantically ‘blind’, i.e., the parsing process only relies on the orthographic fea-
tures of the morphemes and decomposes any letter string, i.e., farmer and also

COTTET.

The second model, a supralezical model of morphological decomposition, proposes
that the decomposition of a letter-string occurs only after the whole word has been
accessed in the lexicon (Giraudo and Grainger, 2001, 2003). After that, the mor-
phemic representations activate higher level semantic representations, which send
back activation to the corresponding form representations. This approach thus dif-
fers from the first approach in that morphological decomposition involves a seman-
tically based search for morphemes (morphosemantic decomposition), which is only
successful for true morphological structures, i.e., farmer is parsed into farm-er but

corner is not.

The third approach, form-then-meaning mapping model, postulates that morpholog-
ical decomposition is initiated by a purely orthographic type of analysis and is then
followed by a decomposition mechanism relying on the syntactic properties of a word
(Crepaldi et al., 2010). Similar to the first model type, this type of model proposes
that morphologically complex words are always initially recognized on the basis of
semantically independent decomposition at prelexical stages in visual word recogni-
tion (Longtin and Meunier, 2005; McCormick et al., 2008, 2009; Rastle et al., 2004).
Nevertheless, it differs from the first model in that the initial morpho-orthographic
processing stage is followed by a lemma level at which inflected word forms (e.g.,
trees, told, etc.) are mapped onto their infinitives (e.g., tree, tell, etc.), which are

then mapped onto the semantic level.

Fourth, the parallel model (or hybrid model) proposes parallel mapping onto both
prelexical form representations and supralexical semantically dependent represen-

tations (Baayen et al., 1997a; Diependaele et al., 2009; Feldman et al., 2009). This



approach explicitly claims that morphologically complex words are listed in the lex-
icon, i.e., morphemes do not necessarily mediate access to the whole-word form.
Contrary to the form-then-meaning mapping model, in the parallel model, morpho-
orthographic and morpho-semantic decomposition can occur in parallel at early ini-
tial processing stages in visual word recognition. The form-then-meaning and parallel
models are both based on the assumption that morphological decomposition does

not exclusively rely on one single segmentation mechanism.

Of the models mentioned above, the two-staged process (an early blind morphemic
decomposition process preceding a late process of semantic recombination) has an
influential place in the current literature on morphological processing. The form-
then-meaning account argues that in reading, complex words undergo obligatory
and automatic decomposition into morphemes (Rastle and Davis, 2008; Rastle et al.,
2004; Taft, 2004; Taft and Ardasinski, 2006). This account is challenged, however, by
experimental evidence from current eye-tracking studies of Dutch, English, Finnish,
Italian, which reveal that lexical information associated with word semantics reliably
affect the earliest eye fixation on the word (Juhasz and Berkowitz, 2011; Kuperman
et al., 2008, 2009; Marelli and Luzzatti, 2012). Given the phonotactic restrictions
on syllabemes in Vietnamese, do syllabemes in compound reading show strong in-
hibitory effects, instead of the facilitatory effects usually observed for English and

related Indo-European languages?

e What is the relative importance of phrase frequency in reading Vietnamese?

Recent studies in psycholinguistics provide evidence for frequency effects for multi-
word sequences in both perception (Arnon and Snider, 2010; Bannard and Matthews,
2008; Siyanova-Chanturia et al., 2011; Tremblay and Baayen, 2010; Tremblay et al.,
2011) and production (Alario et al., 2002; Janssen and Barber, 2012; Tremblay and

Tucker, 2011) in English. Are phrase frequency effects involving compounds and



classifiers detectable in Vietnamese?

e What is the role of syllabic effects in visual word recognition?

The syllable has been proposed as a sublexical unit in visual word recognition (Al-
varez et al., 2004; Carreiras et al., 1993; Colé et al., 1999; Goslin et al., 2006; Perea
and Pollatsek, 1998; Taft and Forster, 1976). However, other studies argued that
there is no need to posit intermediate representations between orthogrpahic and lex-
ical units (see e.g., Seidenberg, 1987). Evidence to support the syllabic processing in
visual word recognition was obtained from languages with clear syllable boundaries
and shallow orthography. A number of experiments have observed that syllable fre-
quency predicts RTs for words in Spanish (Alvarez et al., 2001; Carreiras et al., 1993;
Perea and Pollatsek, 1998), French (Mathey and Zagar, 2002) and German (Conrad
and Jacobs, 2004; Conrad et al., 2006, 2007, 2008). With an inventory of syllabemes,
what type of syllabic effects will be found in Vietnamese? Are they inhibitory or

facilitatory?

Is dispersion a better measure than frequency?

In addition to frequency of occurence, contertual diversity (also known as dispersion
in corpus linguistics and statistics) can be considered an important variable in psy-
cholinguistics (Adelman et al., 2006). The dispersion measure gauges to what extent
words are used uniformly or non-uniformly across corpora. The dispersion statistic
was proposed over forty years ago by Juilland, one of the pioneers of corpus linguis-
tics (Juilland et al., 1970). This type of measure has been reviewed and extended in

more recent studies by Gries (2008, 2009).

From the psycholinguistic perspective, McDonald and Shillcock (2001) and Adelman

et al. (2006) have documented that the number of times a word occurs in a corpus is



less informative than the number of documents in which the word occurs. It has also
been confirmed by other studes (e.g., New et al., 2007; Brysbaert and New, 2009;
Keuleers et al., 2010) for subtitles in which dispersion measures accounted for 1% —
3% more of the variance in lexical decision performance than did word frequencies.
Baayen (2010, p. 456) finds that “most of the variance in lexical space is carried by a
principal component on which contextual measures (syntactic family size, syntactic
entropy, BNC dispersion, morphological family size, and adjectival relative entropy)
have the highest loadings. Frequency of occurrence, in the sense of pure repetition
frequency, explains only a modest proportion of lexical variability.” Our prediction
is that dispersion measures (introduced in Adelman et al., 2006) will better predict

responses in visual word recognition in Vietnamese.

Semantic interpretation of Vietnamese compounds

Where do the meanings of words exist? Are they in dictionaries? Are they in our
mind? These simple questions turn out to be very crucial. Landauer and Dumais
(1997) proposed to quantify word meaning by means of vector spaces with latent
semantic analysis (LSA). With this model, a word’s meaning is derived from its co-
occurences across different contexts/documents. The latent semantic vector spaces
have been used in several studies on morphological processing to characterize de-
grees of semantic transparency (e.g., Gagné and Spalding, 2009; Jones et al., 2006;
Moscoso del Prado Martin and Sahlgren, 2002; Moscoso del Prado Martin et al.,
2005; Pham and Baayen, 2013; Rastle et al., 2004). In this dissertation, I expect
that LSA and the related Hyper Analog to Language (HAL) (Burgess and Lund,
1997) measures for Head-Compound similarity will also help predict the semantic

interpretation of compounds.

Are more productive tones read faster?



Vietnamese is a tonal language with 6 tones that are obligatory components of
Vietnamese syllabemes. The distribution of tones across all the syllabemes indi-
cates that some tones are more productive than others: ngang mid level (1285),
huyén low falling (breathy) (1078), ngd mid rising, glottalized (468), héi mid falling(-
rising) (793), sdc mid rising, tense (1704), ngng mid falling, glottalized, short (1309).
Several questions arise from the fact that tones are marked orthographically: (1)
Are more productive tones recognized faster? (2) Are certain combinations of tones

easier to read than others? (3) Do the lexical tones affect morphological processing?

What are the effects of lexical connectivity in Vietnamese?

e Are words with large neighborhoods easier to read?

In visual word recognition, orthographic neighborhood refers to groups of words that
resembles one another, e.g., make, take, sake, cake, bake and lake are all neighbours
(Andrews, 1997; Coltheart et al., 1977; Glushko, 1979; Yarkoni et al., 2008). Ac-
cording to Coltheart’s neighborhood metric, a word’s neighborhood consists of all
the other words that differ by one letter compared with the original word, e.g., cord,
ford, work, ward, worm and woad are all orthographic neighbors of the word word.
In word reading and lexical decision tasks, words with many neighbors are easier to
respond to and to recognize (Andrews, 1989; Balota et al., 2004; Coltheart et al.,
1977; Grainger, 1990; Mulatti et al., 2006). Some researchers suggest that neighbor-
hood effects really reflect phonological similarity rather than orthographic similarity
(Mulatti et al., 2006; Yates et al., 2004), because when orthographic similarity is
controlled, phonological similarity still influences lexical decision times. Using only
about 6000 syllabemes to create thousands of compounds, with a number of very
productive syllabemes, Vietnamese might be one of the best testbeds for this phe-

nomena. Is word recognition in Vietnamese co-determined by similarity neighbor-
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hoods? If so, this would provide evidence that neighbors become co-activated and

slow comprehension.

e Strongly connected component® effects: In an exploratory study on lexical connec-
tivity, Baayen (2010) observed that the distant lexical neighbors (second family size)
have an inhibitory effect in visual lexical decision and word naming. An inhibitory
effect was also recorded from the shortest path from head to modifier. With these
findings, the study “provides a partial solution” to the issue of how individual words
are indentified in a massive spreading of activation in the lexical network raised by
Balota and Lorch (1986). However, as noted by Baayen (2010, p. 400-401) “replica-
tion studies for larger data sets, and different languages, will be required before the
present results can be established as more than a promising window on the pros and
cons of morphological connectivity in the mental lexicon”. Since Vietnamese syllabe-
mes are very productive the connections are very dense. I predict that Vietnamese
compounds which are part of the strongly connected component of the compound

graph will be responded to more quickly in visual lexical decision.

e Primary and secondary family size effects: Among the morphological relation-
ships between words in the lexicon, the morphological family size, the number of
morphologically related complex words in which a given word occurs as a con-
stituent, has been shown to be predictive of responses (Schreuder and Baayen,
1997). For example, landfall and landless are family members of the word land.
Schreuder and Baayen (1997) observed that Dutch words with larger morphologi-
cal families were processed faster and more accurately than the ones with smaller
families in a Dutch visual lexical decision task. The facilitatory effects of family size

have been replicated for Dutch (Bertram et al., 2000a; De Jong, 2002; De Jong et al.,

In a directed graph, a strongly connected component is a maximal subset of vertices in which
there is a directed path from any vertex to any other.
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2000; Kuperman et al., 2009), English (Baayen et al., 1997b; De Jong et al., 2002;
Juhasz and Berkowitz, 2011), Chinese (Feldman and Siok, 1997), Finnish (Kuper-
man et al., 2008; Moscoso del Prado Martin et al., 2004) and Hebrew (Moscoso del
Prado Martin et al., 2005). Interestingly, the family size effect is found to be more
predictive than other lexical predictors such as word frequency, word length, mor-
pheme frequency, bigram frequency, and orthographic neighborhood size (De Jong

et al., 2000; Schreuder and Baayen, 1997), and age of acquisition (De Jong, 2002).

Morphological connectivity is observed to go beyond the primary morphological
family in compound processing (Baayen, 2010). Specifically, a question arises as to
whether family members of the activated primary morphological family of the target
(known as secondary family size) influence target word processing. This measure is
obtained by summing the positional family sizes of their family members over both
constituents of a compound. Baayen (2010) found that the secondary family size of
compounds had an inhibitory effect on response latencies in visual lexical decision
and word naming data acquired from the English Lexicon Project (Balota et al.,
2007); see also Mulder et al. (2014). In other words, the activation of the secondary
family size in the mental lexicon does not facilitate the processing of the target word,
but rather inhibits it. Baayen observes that a lexical decision apparently involves
discrimination of semantically relevant and semantically irrelevant lexical activation.
This thesis also investigates whether secondary family size effects are also observed

for Vietnamese.

Are there polysyllabic words in Vietnamese?

Traditionally, Vietnamese philology did not have notion comparable to the “word”.

Vietnamese philology distinguishes between the orthographic form of the syllabeme
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refered to as ‘chit’ and its pronunciation refered to as ‘tiéng’. Tiéng, ‘the sound of
a syllable’, is the only unit of speech, and chi is the written symbol for a tiéng.
A similar distinction can also be found in Chinese philology (see Chao, 1946, for
brief discussion). Thus in Vietnamese (and in Chinese also) the syllable is gener-
ally regarded as the fundamental psychological unit of speech (see e.g., Ngo, 1984;
Hoosain, 1992).

The notion of ‘word’ is much less important in traditional Vietnamese grammar.
In languages with alphabetic scripts, a word can be generally defined as a string
of letters bounded by spaces. In Vietnamese, however, there are spaces between
syllabemes, but there are no boundary markers for words. The question of what
constitutes a word was widely debated in the 1980s (see e.g., Cao, 1985; Nguyén,
1984; Phan, 1984).

In fact, the ‘word’ is a notion that is not without its problems in general linguistics.
The word is conventionally defined as “the minimum free form” (Bloomfield, 1933).
It is also described as having some sort of structural stability, which is required to
pass the traditional insertion and affixation tests, and as being an onomasiological
unit. Although this conventional approach to the ‘word’ fits well with Vietnamese,
the understanding of the concept word in Vietnamese linguistics is diverse. To date,
there are at least four main theories explaining the nature of the Vietnamese word,
along with the extraordinary claim of Hockett (1944, p. 255) that “there are no
words in Chinese” (and Vietnamese). These approaches can be grouped into two

main camps, the monosyllabic view and the polysyllabic view.

The monosyllabic view

e The traditional monosyllabic view holds that the syllable is the minimum free
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form and that there is no word in the Vietnamese language. This position has
been defended by Chao (1946) and Truong (1970), who contend that all words
in Vietnamese are monosyllabic, without exception. In this tradition, Nguyén
(1996) claims that Vietnamese has a second higher order onomasiological unit,
namely, the ‘phrase’ (ng@). Nguyén (1985) uses the concept of ng# to range

over compounds, duplicatives, identification phrases, and idioms.

e The neo-monosyllabic view of Tran (1968), Emeneau (1951), and Nguyén
(1976a) holds that all words in Vietnamese are “one syllable long”, except
in cases of reduplication, and cases of compounding, where the word is poly-

syllabic.

e The syllabeme view of Stankevich and Nguyen (1976) and Nguyén (1981) ar-
gues that the syllabeme is the basic unit and that only borrowings can be

polysyllabic.

Polysyllabic view

e The polysyllabic view of Thompson (1963, 1965); Nguyén (1963); Ho (1976);
Nguyén (1976b); Dai (1978); Mai et al. (1997) among others, holds that there
are morphemes that are not necessarily monosyllabic, and that there are words
which are not necessarily monomorphemic. In this tradition, the ‘word’ is
defined as the smallest meaning unit, having a stable phonetic form, serving
a naming function, that can be used independently, and that recurs freely in
speech to form sentences, e.g., nha ‘house’, ngudi ‘person’, néu ‘if’, thi ‘then’,
sdn bay ‘airport’, den si ‘very black’, etc. The unit for creating words is the

tiéng (syllable).
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The pollysyllabic view of the word in Vietnamese is currently more popular. All of
the positions discussed above simply agree with the position of Lyons (1968, p. 187—
188), which states that “all words [in Chinese and Vietnamese| are invariable”, in the
sense that they are never inflected. This dissertation seeks to investigate the psycho-
logical status of words in Vietnamese using disyllabic compound words. Specifically,
are Vietnamese compounds processed as wholes or are Vietnamese words made up

of individual syllables?

Structure of the dissertation

In the sections described above, I described the main research questions related
to the processing of Vietnamese compound words, including discussion of robust
predictors such as frequency, dispersion, family size, and secondary family size. 1
also briefly presented the major characteristics of Vietnamese which are relevant to
word processing. I also reviewed models of morphological processing. In the following

sections, I present a brief summary for each chapter of the dissertation.

Chapter 2.

There are clear practical and theoretical motivations for constructing a Vietnamese
lexical database. To begin with, there is as yet no such database for the language.
Chapter 2 in this dissertation reports the construction of two Vietnamese corpora:
a general corpus (including recent online newspaper articles and short stories) and
a movie subtitle corpus (including recent movie subtitle translations). From these
corpora I extracted a wide range of lexical variables relevant to psycholinguistic and
corpus analysis. Specifically, I calculated word frequency, syllable frequency, the cor-

responding dispersions for words and syllables, and Inverse Document Frequency.
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Furthermore, mutual information between syllables of disyllabic compounds, Hyper
Analog to Language - HAL (Burgess and Lund, 1997), and Latent Semantic Analy-
sis - LSA (Landauer and Dumais, 1997) statistics were also computed. In addition,
various dispersion measures and Gries’s Deviation of Proportion (Gries, 2009) were
also obtained. These measures themselves and comparisons of the different predic-
tors serve as the results of this study, further they serve as the predictors for the
following studies where some of these measures are used to fit lexical processing
models. With a comprehensive data set like this, we will be able to investigate
the interactions between predictors for language comprehension and production, to

gauge the complex dynamic system that is language.

Chapter 3.

Research on compound word processing and the role of compound constituents has
long utilized the lexical decision and lexical naming tasks. The lexical decision task
has recently also been used successfully in mass experiments on large numbers of
items and subjects (see e.g., Keuleers et al., 2013). Chapter 3 investigates the pro-
cessing of compound words using the visual lexical decision task. I predict that I
will find that more frequent words are recognized faster than less frequent words as
has been shown in many experiments. This frequency effect is regarded as one of the
more robust effects in the literature on word recognition. If we strictly distinguish
three types of morphologically complex words as mentioned above, then by examin-
ing the processing of compound words with the specific attention for the predictivity
of constituents’ frequencies and whole-word frequency, we can address the question
of decompositional versus full form processing. Investigating the representation and
processing of compound words can play an important role in the study of language

mechanism: for instance, the way the mental-computational processes serve active
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language comprehension and production; the interplay between storage and com-
putation; the manner in which morphological and semantic factors impact on the
nature of storage. Libben (2006, p. 3) points out that “when we study compounds,
we examine the fundamental characteristics of morphology in language and the
fundamentals of the human creative capacity for morphological processing and rep-
resentation.” Vietnamese compounding is highly productive in forming new words.
The unusual writing system, in which each syllable coincides with a morpheme and
is written between two spaces in a Roman writing system, places Vietnamese in a
unique position in the cross-linguistic panorama of compound processing. In this
language, the syllable boundary is alway clear while the word boundary has to be
infered. This characteristic is not only of interest to psycholinguistics, but also to

computational linguistics and natural language processing.

Two rival families of theories introduced earlier, the second model, the prelezical
theories, also taken as models for decompositional theories (Taft and Forster, 1976),
and the theories of lexical processing, will be tested against Vietnamese compound
data. The parallel dual route model of Baayen et al. (1997a) will also be consid-
ered. Although these theories have different predictions, they have in common an
assumption that a frequency effect observed in an experiment for head, modifier,
or whole compound indicates the activation of a lexical representation for that lex-
ical unit. The disagreement between these theories lies with the temporal order in
which these representations are activated. According to the prelezical theories, the
compound representation is activated only after its constituents have been accessed.
In supralezical theories (e.g., Giraudo and Grainger, 2001), the constituents are
accessed after the whole word is activated. On the other hand, the fourth model,
parallel dual route model, considers the representation for compound, head and mod-

ifier are accessed in parallel, and the winning route depends on the distributional
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properties of all three forms, including their frequencies.

Chapter 4.

In chapter 4, I make use of a lexical naming experiment to investigate how we
proceed from visual processing to speech production. In this type of experiment, a
participants was presented with printed words on a computer screen and asked to
pronounce these words as quickly and accurately as possible. In this process, it is
expected that orthographic and phonological representations play a prominent role.
The role of semantics in lexical naming, however, has been at the center of an ongo-
ing debate?. In this study, I carried out a mega-study of word naming latency and
production duration in Vietnamese, again using a single-subject experimental design
(see Chapter 3) with responses to 13,999 disyllabic compound words. Using lexical
measures derived from two Vietnamese corpora, as reported in chapter 2, the ef-
fects of predictors such as constituent frequency, compound frequency, family
size, neighborhood density, secondary family size, orthographic complexity,

word length, and connectivity in the compound graph are investigated.

Chapter 5.

In chapter 5, I summarize the findings presented in Chapters 2 through 4. This
chapter discusses how these findings come together and provide a clearer picture on
the processing of Vietnamese compounds. I then discuss some of the challenges and
limitations of the current work. This discussion is then followed by a description of

proposed topics for further research.

2In single-route models of reading mapped orthography directly onto phonology; in recent mod-
els, Harm and Seidenberg (2004) introduced that the orthography-to-phonology mapping is medi-
ated by semantic representations some of the time. Dual-route models of reading, on the other hand,
have proposed that while reading real words requires lexico-semantic representations, non-words are
processed through a direct orthography-to-phonology mapping.
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CHAPTER 2

Constructing two Vietnamese corpora

and building a lexical database

This chapter is a manuscript for publication as Hien Pham, Benjamin Tucker, and
Harald Baayen. (2014) “Constructing two Vietnamese corpora and building a lexical

database.” Manuscript.

Abstract

The present paper reports the creation of two corpora of contemporary Vietnamese.
This paper describes the construction of two equally sized Vietnamese corpora (a
corpus from Vietnamese film subtitles, SUBTLEX-VIET, and a general corpus of va-
rieties of online newspapers and stories, GENLEX-VIET). The corpora are open to
further extension: more material can be added as the opportunity arises. We have
attempted to document every step of the construction and extraction of linguistic

information from the language corpora to provide a potential road map for others
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who would like to create similar corpora. The resultant corpora are available in three
versions: plain text, tokenized, and POS tagged. In the second half of the paper,
the construction of a lexical database derived from the corpora is described. The
database includes measures such as frequency of occurrence, dispersion, Mutual In-
formation, Inverse Document Frequency , as well as vector space measures based on
Latent Semantic Analysis and Hyperspace Analogue to Language. We conclude with
reporting a check of the corpora and the lexical predictors, including a comparison
of the predictors and a validation using psycholinguistic data from visual lexical

decision experiments.

Keywords: written corpus, film subtitle corpus, frequency, dispersion, LSA, HAL,

Vietnamese, validation
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Introduction

Vietnamese is an understudied language and to the best of our knowledge, there
are only a few small scale Vietnamese corpora such as the Corpora of Vietnamese
Texts (Pham et al., 2008) with approximate 1 million words (precisely this is sylla-
ble counts), the Vietnamese Corpus (Trung tam tir dién hoc, 1998) with about 80
million syllables, the Vietnamese Text Corpus (Southeast Asian Languages Library,
2009) with about 50 million syllables. These corpora, however, are only available to
the public for searching words in a concordance view. Importantly, it is not possible
with these corpora to calculate frequency and dispersion measures, nor is it possible
to estimate semantic similarity of words using word co-occurrence across documents
(LSA) or within text windows (HAL). This renders these corpora insufficient for
most types of linguistic research. Corpora and corpus-derived lexical resources that
are fully accessible and manipulable is not only useful for investigations of the lex-
icon but also for studying syntax and discourse on word sequences. The current
study addresses this gap by creating two corpora of Vietnamese, calculating lexical

statistical predictors, and validating the corpora with psycholinguistic data.

To date, there are several works on Vietnamese word frequency. However, they are
either out-of-date or are based strictly on monomorphemic/monosyllabic frequen-
cies, disregarding compound frequencies. The first Vietnamese frequency dictionary
(not available in electronic version) is based on a collection of texts with 524,500
words by Nguyén and Lé (1980). It consists of newspaper articles, poetry, theatri-
cal works, children’s literature, and H6 Chi Minh’s writings from 1956 to 1972.
This dictionary lists separate lexical frequencies under such categories as nouns,
verbs, adjectives, numbers, connecting words, proper nouns, and so on. Pham et al.

(2008) constructed an electronic corpus of 1,063,912 words, drawn from newspapers
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and children’s literature (newspaper articles from 2006 and children’s picture books
from 1976 to 2006). Although this corpus contains double the number of words in
the Nguyén and Lé (1980) corpus, the ‘words’ are again syllables and do not take
into account that often syllables combine into multi-syllabic compound words. This
characterization of words in Vietnamese leads to a confound of syllable frequency
and word frequency. The present paper reports on the construction of two new cor-
pora of Vietnamese: a corpus of newspaper articles, novels and short stories, and a

corpus of film subtitles.

The present paper also describes the calculation of a wide range of lexical statistical
predictors. Lexical statistical predictors such as frequency and dispersion measures
are validated with lexical decision response times as suggested by Keuleers et al.

(2010), using the lexical decision data reported in Pham and Baayen (2014).

This paper is organized as follows: (1) brief background, (2) construction of the cor-
pora, (3) calculation of lexical statistical predictors, (4) psycholinguistic validation
of the corpora, and (5) discussion of the findings. In what follows, we briefly describe
some background information on the characteristics of Vietnamese, Subtitle corpora

and the Lexical predictors that will be considered in the current study.

Vietnamese. Vietnamese (tiéng Viét), the official language of Vietnam, is a tone
language spoken by approximately 90 million people in Vietnam (based on figures
in 2013 of the General Statistics Office of Vietnam) and about 4 million speakers
living abroad (in places like the U.S.A., France, Australia, Canada, Germany, the
Netherlands). It belongs to the Viét-Muong sub-branch of the Vietic branch of the
Mon-Khmer family, which is itself a part of the Austro-Asiatic family. In this iso-
lating language, the syllabeme is a bi-functional unit which is a contiguous string of

letters that forms a syllable or morpheme in Vietnamese (all syllables are monomor-
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phemic and all morphemes are monosyllabic). In written Vietnamese, syllabemes are
separated by spaces. Thus, Vietnamese words may consist of one syllabeme (e.g.,
cdy ‘tree’, com ‘rice’, mdt ‘eye’) or multiple syllabemes (e.g., com den ‘opium’, tu

tudng ‘ideology’).

Historically, Vietnamese has made use of four different writing systems: Khoa dau
van were the first symbols to be used to represent Vietnamese that existed thousands
of years ago during the Hong Bang (Hung Vuwong) dynasty (D&, 2012). They can
be found on the Déng Son Bronze Drums and in inscriptions. According to Chinese
history, during the Yao dynasty of China, a Vietnamese King’s envoy offered a
sacred turtle (Than Kim Quy) on which there were some inscriptions using the
Khoa dau script, describing the creation of Earth and Heaven. Chit Nho was the
second script, which used Chinese written symbols. It served as the medium of
education and official communication before A.D. 939. Chit Ném is the third script.
It is largely based on the Chinese characters used by Buddhist monks and Confucian
scholars from the 11th century to record eight-line stanzas or long narratives in
native verse. Ném writings prospered under the Tran dynasty (1225-1400). Chit Quéc
ngit is the currently used script. It is based on Roman letters introduced by Catholic
missionaries from Portugal, France, Spain and Italy since the 16 century. This
script enables Vietnamese speakers to learn how to read and write within a few

months and currently serves as the official orthography nation-wide (Nguyén, 1997).

Subtitle corpora. Most written corpora from Vietnamese, and most other lan-
guages, come from newspaper texts and other types of literature. Recently, a number
of corpora have been built based on film and television subtitles. One of the first
corpora using subtitles (New et al., 2007) was created using 9,500 film and television

subtitle documents which generated a corpus of approximately 50 million words. The
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authors validated the subtitle frequencies by comparing them to those of a French
written corpus - Lezique 2 (New et al., 2004) and to those of a spoken language
corpus, Corpus de Référence du Francais Parlé (Delic, 2004). A striking finding re-
ported by New et al. (2007) is that word frequencies from the subtitle corpus were as
good as those from the written language corpus and better than the frequency from
the Corpus de Référence du Francais Parlé corpus in predicting reading behaviour.
These results have encouraged other researchers to build similar subtitle corpora in
different languages: American-English with 51 million words (Brysbaert and New,
2009), Chinese with 33.5 million words (Cai and Brysbaert, 2010), Dutch with 43.7
million words (Keuleers et al., 2010), Greek with 27.7 million words (Dimitropoulou

et al., 2010), and Spanish with 41 million words (Cuetos et al., 2011).

Lexical predictors. In language comprehension and processing, words are key
building blocks in computational modeling (McClelland and Rumelhart, 1981; Baayen
et al., 2011), cognitive neuroscience (e.g., Petersen et al., 1988, 1989), and psycholin-
guistics (e.g., Pinker, 1999). Due to the fundamental status of words, it is widely rec-
ognized that researchers need to collect an enormous wealth of information about in-
dividual lexical items to investigate their complexity and interaction. Many variables
have been identified that are important such as: word frequency, dispersion, HAL,
LSA, letter length, phoneme length, syllable length, number of morphemes, syntactic
class, orthographic neighborhood, orthographic complezity, phonological neighborhood,
frequency of orthographic, phonological neighborhoods, spelling-to-sound consistency,
number of meanings, familiarity, and age of acquisition, among many others. The
present paper computes these corpus-based lexical predictors including collocation
measures (e.g., mutual information - MI, MI3, zscore, and log-likelihood). We de-

scribe how each of these predictors was calculated in the section on lexical predictors
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below.

Corpus Construction

The GENLEX-VIET

The first corpus is a general corpus of Vietnamese which we will call the GENLEX-

VIET corpus.

Materials. Data in the GENLEX-VIET corpus comprise news texts, e.g., news-
paper articles and short stories, published from 2006 to 2010. These texts were
extracted from top ranked online newspapers, such as www.vietnamnet.vn, www.
vnexpress.net, www.nhandan. com.vn, WwW.suutap.com, evan.com.vn, dactrung.
net, vnthuquan.net. Between December 10 — 24, 2010, the data was collected using
the web crawling HTTrack tool. The program processed 82,263,474 words coming

from 164,526 HTML files.

Processing. When each HTML file was encountered, the actual text and accom-
panying illustrations were extracted by removing navigation panels, banners, footers,
tables of links, etc. The resulting document is then stored as a plain text file. All
the resulting text files are then used as the input of the further processing phases

(see the “All processing” section below), word segmentation and annotation.

The SUBTLEX-VIET

The second corpus, which is made up of film and TV subtitles has been dubbed the

SUBTLEX-VIET corpus.
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Materials. Many subtitles are freely available on the Internet. They are basi-
cally text files with time stamps and occasional metadata about the translators.
The translation is usually produced and double checked by highly proficient vol-
unteers working as members of a volunteer group for subtitle websites. We ob-
tained permission to download all the Vietnamese subtitle files from one of the
largest websites in Vietnam and two other large websites providing subtitles in
many languages. Between December 10-24, 2010, software written specifically to
download and process these files (Subscene Downloader and Wget) were utilized
to process subtitles from the following internet sites: http://subscene. com, www.
phudetiengviet.com, www.opensubtitles.org. Disregarding duplicates, the pro-
gram processed 79,757,504 words coming from 13,349 subtitle documents, of which
the majority (12,668) were translated subtitles of English films and television series
(we used the Internet Movie Database <www.imdb.com> to determine the countries

of origin)?.

Processing. In what follows, we sketch the main steps in the editing phase. First,
all the zip files were extracted into the original format. Second, all the files were
converted into TXT files. Third, all the time-frame markers and the names of the
translator, proofreader, director, actors, email addresses, extra information such as
advertisements, etc. that were not part of the film contents were removed. Finally,
to avoid the repetition of subtitle files of the same film and to check files for content
and technical errors (e.g., bad translation or wrong codepage), all file names were

checked both automatically and manually by the first author.

The number of words in this corpus (roughly 80 million) on which these word fre-

quencies were based is slightly larger than what has been previously gathered (New

1We will return to the possible disadvantages of using translated subtitles below
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et al., 2007; Brysbaert and New, 2009; Keuleers et al., 2010; Cai and Brysbaert,
2010; Dimitropoulou et al., 2010). According to Brysbaert & New’s calculation, it
is well above the required 16 million words, the size that is sufficient for validating
with psycholinguistic response latency data (Brysbaert and New, 2009) and is large

enough to allow estimates per million with 1-digit precision.

All processing

The files were first standardized so that they had the same coding and form. Since
Vietnamese texts can be encoded in many different encoding types, such as VINI-
Times, VnTimes, UTF-16LE, UTF-8, etc., all the text files were converted into
UTF-8 encoding so that they would work well with corpus processing programs,
e.g., tokenizer and tagger programs. Standardization was applied for some typos
and misspellings as well as incorrectly placed tones, e.g., héa, loe, and tdy changed
to hod, loé, and tuy respectively. Regular expressions were used to find and correct

these types of errors.

As noted above, Vietnamese is a typical isolating language and as a result there are
many compound words. We used the vnTokenizer program (Lé et al., 2008) to seg-
ment words in the corpus. We also used the vnTagger program (L& et al., 2010) to tag
the corpus for part of speech. Since these compounds almost always contain words
themselves (like the English compound “shower curtain”), all the multi-syllabeme
words were connected by underscore (_) marks. The results of these two processes
were stored separately resulting in three versions of the corpus, the plain untok-
enized version, the tokenized version, and the syntactic tagged version. Following
other corpora, including CELEX (Baayen et al., 1995), the French subtitle corpus

and the Dutch subtitle corpus, we wanted to provide information about the various
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grammatical functions of words in addition to the frequencies of the word forms

themselves.

The resulting corpora offer a wealth of potential data for analysis by corpus linguists.
However, quantitative studies require more information from the corpora than just
concordancing lines in KWIC - Key Word In Context - format provided by most cur-
rent corpus tools. In what follows, we present the construction of a lexical database

reporting a large number of lexical predictors that we calculated from the corpora.

Lexical Predictors

Materials

We extracted frequency measures from the untokenized-version of the corpora and
from the tokenized-version. The untokenized corpora are used for calculating syllable
frequencies; the tokenized-version corpus for calculating word and phrase frequen-
cies. In the variable calculation section, I present the formulae for calculating the
relevant measures, such as all kinds of collocation measures. The raw corpora were
processed with corpus tools and merged into sections of the database and stored
in R (R Core Team, 2013) dataframe format. This format is preferable for further
data manipulation and data analysis. All calculations were performed for both the
GENLEX-VIET and SUBTLEX-VIET corpora, examples in the description of predictor

calculation are given using the SUBTLEX-VIET corpus.
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Variable calculation

Frequency extraction

Frequency. Word frequency is one of the most well-studied corpus variables. It is
predictive for many aspect of human behavior in language processing (Hasher and
Zacks, 1984). Word frequency is a simple count of the number of instances of a word
in a corpus, i.e., in frequency of occurrence within that corpus. Let N denote the
sample size in word tokens (the number of individual words in the corpus) and let
i denote the i-th unit (w;) in a list of word types (the number of types in a word
frequency list is the number of unique word forms, rather than the total number of
tokens in the corpus). We specify word frequency as f(z, N), i.e., frequency of w; in a
sample of N tokens (see e.g., Baayen, 2001, for further discussion). One of the most
frequently-used statistics in corpus linguistics is the frequency list of occurrence of
linguistic items, such as syllables, words, or n-grams. A frequency list is a sorted list
of words with the total number of occurrences of a repeating unit in the corpus (see

e.g., Baayen, 2001, for further discussion).

Calculation of frequency. Due to the isolating character of Vietnamese, we cal-
culated three measures of frequency. The first one presents the frequency of syllabe-
mes. The second frequency measure counts lexicographical word frequencies (both
monosyllabic and multisyllabic words). The third measure reports the frequencies
of words together with their part of speech in the sentences in which they appeared.
The resultant three files were saved in convenient formats, e.g., ¢SV and RDA, for
both text editor programs and statistical programs. For the purposes of our own
analyses, all the files were stored in RDA format encoded in UTF-8 for manipulation

and analysis in the R (R Core Team, 2013) statistical programming language.
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The first file (SUBTLEX-VIET-SYLL.rda) includes the syllabemes and their corre-

sponding frequencies. There were 6176 different syllabemes in the corpus. We cal-

culated the frequencies of each syllabeme based on the total count (SyllFreq) and

the total number of subtitles in which a syllabeme appeared (SyllDisp).

Table 2.1: Layout of the SUBTLEX-VIET-SYLL file.

Syllabeme HPCo SyllFreq SyllDisp SyllDisp% SyllPerMil Logl0SyllFreq LoglOSyllDisp
thuy 78 13177 4001 20.91 166.80 4.12 3.60
thuy 2 1100 618 4.62 13.92 3.04 2.79
thuyén 3 676 433 3.24 8.56 2.83 2.64
thuyén 28 17282 3492 26.10 218.76 4.24 3.54
thuyét 59 12346 5699 42.60 156.28 4.09 3.76
ti 27 1629 1056 7.89 20.62 3.21 3.02

Table 2.1 illustrates the information available for a sample of six syllabemes. The

order of the items in the file was based on the frequency of the syllabemes from high

frequency to low frequency.

Table 2.2: Layout of the SUBTLEX-VIET-WF file.

‘Word WordFreq WordDisp WordDisp%  Logl0SubtFreq LoglOSubtDisp WFPerMillion
aa 87 82 0.61 1.94 1.92 1.10
gian ac 46 38 0.28 1.67 1.59 0.58
toi ac 2422 1568 11.57 3.38 3.20 30.66
hiém ac 64 61 0.45 1.81 1.79 0.81
bac ac 2 2 0.01 0.48 0.48 0.03
quai ac 40 40 0.30 1.61 1.61 0.51

The column names of Table 2.1 and Table 2.2 can be interpreted as follows:

e Syllabeme: the syllabeme itself, e.g., hoa, tan, tuyén, thi, cong, etc..

e Word: the word forms, e.g., 4 a, gian dc, quan tid, etc..
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e HPCo: the total number of times the syllabeme is a headword or part of a

headword in the Vietnamese dictionary (Hoang, 2000).
e SyllFreq: is the total number of times the syllabeme occurred in the corpus
e WordFreq: is the total number of times the word occurred in the corpus
e SyllPerMil: the syllabeme frequency per million with 4-digit precision.

e Logl0SyllFreq: the value based on logio(SyllFreq+1) with 4-digit precision.
Calculating the log frequency based on the raw frequencies is straightforward.
Following Keuleers et al., we give words that are not in the corpus a value of

0 (see Keuleers et al., 2010, for further discussion).
e Logl0SubtFreq: the value based on log;o(WordFreq+1) with 4-digit precision.
e Syl1lDisp: the number of films/documents in which the syllabeme occurred

e Syl1Disp%: the percentage of films/documents in which the syllabeme oc-

curred
e Logl10SyllDisp: the value of log;o(LetDisp+1) with 4 digit precision.
e Logl10SubtDisp: the value of logio(WordDisp+1) with 4 digit precision.
e WFPerMillion: the frequency per million with 4 digit precision.
Similarly, the second file for word frequencies (SUBTLEX-VIET-WF.rda) contains the
word form frequencies and dispersion information. In total, our corpus included

244,648 distinct word types. Table 2.2 shows the layout of the information, which is

essentially the same as that for the syllabeme frequencies.
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Plot rank vs. frequency. Eighty years ago, Zipf (1935) observed the distribution
of English word frequencies and found that given some corpus of natural language
utterances, the frequency of any word is inversely proportional to its rank in the fre-
quency table. Zipf’s findings can be expressed in Formula 2.1 where C' is a constant:

C
frequency = " (2.1)

Zipf’s Law states that the most frequent word will occur approximately twice as
often as the second most frequent word, which occurs two times as often as the
fourth most frequent word, and so forth. Another way to state Zipf’s Law is that
the product of mutiplying the frequency of each word with its rank is a value that
is more or less constant throughout the whole corpus, as illustrated in Formula 2.2
below.

constant ~ frequency x rank (2.2)

Another way to look at the data is through plotting the rank versus frequency on
a graph sorted by rank, with the most frequently appearing word first as shown
in Figure 2.1. The Zipf curves are plotted on linear scales and a logarithm-to-the-
base-2 diagrams with a slope of -1. Zipf’s Law characterizes the use of words in
natural language, such as Vietnamese, so a language typically has a few words (e.g.,
c6 ‘have’, ciia ‘belong, of’, ché ‘dog’, mit ‘eye’, etc) that are used very often, and
a lot of words (e.g., zodi ‘(bird) stretch’, quéo ‘bachang mango’, etc.) that are very
rarely used. As can be seen from Figure 2.1, the shape of the Zipf curve plotted on
linear scales tends to hug the axes (the left panel). Whereas the shape of the Zipf
curve plotted on log scales appears as a straight line with a slope of -1 (the right

panel).
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Figure 2.1: Frequency versus rank graphs of the SUBTLEX-VIET corpus. The left
panel plots the data ordered by rank on linear scales. The right panel plots the data
ordered by rank on logarithmic scales.

Dispersion measures. Albeit introduced into psycholinguistics more recently,
dispersion has been documented as an important predictor (see e.g., Adelman et al.,
2006, for more details). The dispersion measure gauges to what extent words are
used across corpora. In other words, dispersion (also known as contextual diversity
(see e.g., Adelman et al., 2006)) is the number of texts in a corpus in which a
word occurs. This measure was also confirmed by Brysbaert and New (2009) for
subtitles in which dispersion accounted for 1% — 3% more of the variance in lexical
decision performance than did word frequencies. McDonald and Shillcock (2001) and
Adelman et al. (2006) have documented that the number of times a word occurs in a
corpus is less informative than the number of documents in which the word occurs.
The idea of a dispersion statistic was proposed over forty years ago by Juilland, one
of the pioneers of corpus linguistics (Juilland et al., 1970). This measure has been
reviewed and extended in more recent studies by Gries (2008, 2009) working in the

corpus linguistic paradigm. Gries (2008, 2009) reviewed many dispersion measures
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and adjusted frequency measures and proposed an alternative measure, Deviation
of Proportion. This study emulated the mentioned methods and made use of the
relevant open source tools offered by Gries (2008)? to compute frequency, types of

dispersions, as well as the Deviation of Proportion.

Collocation extraction

Besides the calculation of frequency and dispersion from corpora, the frequency of
co-occurrence of two or more linguistic variables, such as words can also be cal-
culated. The concept of collocation indicates that words frequently co-occur with
other words and the combination constitutes larger constituents within a context,
e.g., an utterance or a sentence (Cantos Gémez, 2013, 196). Assuming a random dis-
tribution of forms, collocation is regarded as a probabilistic phenomenon comprising
statistically significant collocations of actual pattern of occurrences. In collocation
analysis, a statistically significant difference can be taken as having evidence that
the presence of a word in a context affects the occurrence of another word in some
manner. The following subsections describe the calculation of different collocational

predictors.

Mutual information (MI). One of the core statistical measures in co-occurrence
statistics in corpus linguistics is mutual information (MI), which is well established
in information theory as expressed in Formula 2.3 (see Cantos Gémez, 2013; Church

and Hanks, 1990; Oakes, 1998; Ooi, 1998, for detailed discussion).

p(wl 1 w?)

MI =logg——— =~
92 p(wy) x p(ws)

(2.3)

Zhttp://wuw.linguistics.ucsb.edu/faculty/stgries/research/dispersion/
_dispersionl.r
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Specifically, MI compares the probability of observing the words w; and ws jointly,
p(w1, ws), with the probabilities of observing w; and wy indenpendently (by chance),
p(w;y) X p(ws). If there is legitimate association between w; and ws, then the joint
probability p(wi,ws) will be much larger than chance p(wi;) x p(ws2), consequently
the MI score will be greater than 0. If there is no relationship between w; and ws,
then p(w;,ws) and p(w) x p(wy) will be equal, and then MI will be approxiate to 0.

If wy and ws are in complimentary distribution, then the MI score will be negative.

MI3. Cantos Gémez (2013, 207) observed that “the more a word co-occurs with a
node word, the smaller its MI score is.” To give more weight to frequent events, the
power of three has been applied to the numerator of the MI equation, as shown in
Formula 2.4. This has been reported as “the most effective coefficient” for extracting

collocation (Oakes, 1998; Cantos Gémez, 2013).

(P(‘wl » ‘w2)}3

MI3 =loggy———F—F——
Oggp(wl) x p(ws)

(2.4)

z-score. The zscore was introduced by Berry-Rogghe (1973) to compare the ob-
served frequency between a lexical node and its collocate to the expected frequency
and to calculate the difference between these values. Given that we have the total
number of words of the whole corpus (T,); the total occurences of the specific col-
location within the whole text or corpus (F.); the total occurrences of the certain
collocation within the specific context span (O); the total number of words of the

specific context span (Ts), the zscore can be calculated using the Formula 2.5.

~ (0-E)
z= 7}3(1 = (2.5)
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in which p is the probability of a given word obtained within the whole corpus with

p= % and F is the expected frequency of a given word obtained by E = p x T'.

Log-likelihood. The Log-likelihood (LL), or G2, also known as LL test, proposed
by Read and Cressie (1988) and Dunning (1993), is an alternative to the chi-square
test. To calculate the Log-likelihood, we need to build a contingency table as in
Table 2.3, where a denotes the observed occurrence of word w in corpus 1; b denotes
the observed occurrence of word w in the reference corpus 2; ¢ denotes the number

of words in corpus 1; and d denotes the number of words in the reference corpus 2.

Table 2.3: Contingency table

Corpus 1 Corpus 2 Total

Frequency of word a b a+b
Frequency of other words c-a d-b c+d-a-b
Total c d c+d

The value of ‘c’ corresponds to the number of words in corpus 1, and ‘d’ corre-
sponds to the number of words in corpus 2 (N values). Values ‘a’ and ‘b’ are called

the observed values O, whereas the expected values E need to be calculated with

Formula 2.6:
N;Y O
i Ni
Table 2.4: Example in contingency table
Corpus 1 Corpus 2 Total

Frequency of word 3 6 3+6
Frequency of other words 100-3 100-6 100+100-3-6
Total 100 100 1004100
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In the example showns in Table 2.3, N1 = ¢, and N2 = d. Consequently, F1 = C}(é:z)b)

and E2 = d?c(f:})b). In other words, in order to calculate E1 (the expected values)
for corpus 1 we first need to multiply the total number of words (c) by the sum of
observed values in corpus 1 (a) and corpus 2 (b) then divide by the sum of the total
number of words in corpus 1 (¢) and corpus 2 (d). Similarly, to calculate E2 (the
expected values) for corpus 2 we first need to multiply the total number of words
in corpus 2 (d) with the sum of the observations from both corpora (a+b) then
divide by the sum of total number of words of corpus 1 (c¢) and corpus 2 (d). Using
the hypothetical data in Table 2.4 we find: E1 = 4.5 and E2 = 4.5. The size of the
two corpora are considered in the calculation for the expected values, so we do not

need normalize the figures before applying the formula. We then use the calculated

expected value to calculate the Log-likelihood value with Formula 2.7:

LL = 22; O;ln (%) (2.7)

Specifically, the Log-likelihood equals 2 times the summation of O; times the natural
logarithm of O; over E;. This equates to calculating the Log-likelihood of the above
hypothetical data in Table 2.4 as follows: 2*((a*In(a/E1))+(b*In(b/E2))). Resulting
in LL=2*((3*In(3/4.5)) + (6*In(6/4.5))) = 1.02.

The Log-likelihood (LL), or G2, can also be used to indicate the collocational strength
between two words. This measure calculates whether word wy is a collocation of
word wy by estimating the ratio between how often it occurs in a text (or a corpus)
compared to how often it would be expected to occur based on random chance.
In order to calculate LL we need to construct a contingency table as shown in
Table 2.5, where a denotes the frequency of the co-occurrence; b denotes the number

of instances where the unit does not co-occur with the collocate; ¢ denotes the
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number of instances where the collocate does not co-occur with the unit; and d
denotes the number of words in the corpus minus the number of occurrences of the
unit and the collocate. The motivation for us to calculate LL lies in the needs of
investigating the orthographic and semantic relationships between constituents of
compound words such as the semantic transparency (see e.g., Libben et al., 2003)

and the semantic relations (Gagné and Shoben, 1997; Pham and Baayen, 2013).

Table 2.5: Contingency table for LL calculation

Ws  Not-Wy Total
Wi a b a+b
Not-W; ¢ d c+d
Total a+c b+d a+b+c+d

The Log-likelihood then can be calculated with Formula 2.8, which is adapted from

the one used by Cantos Gémez (2013).

LL =2 x (a x log(a) + b x log(b) + ¢ x log(c) + d x log(d) — (a + b) x log(a + b)
—(a+c¢) xlogla+c)— (b+d) xlog(b+d) — (c+d) x log(c+ d)
+a+b+c+d) xlogla+b+c+d))
(2.8)
The higher the G? value, the more significant is the difference between two frequency
scores. A G%-value of 3.8 or higher is significant at the level of p < 0.05 and a G*
value of 6.6 or higher is significant at p < 0.01. The G? value itself is always a positive
number. However, we can compares relative frequencies between the two corpora in
order to specify positive keyness (an indicator for '+’ overuse) and negative keyness
(an indicator for - underuse) of corpus 1 relative to corpus 2. Positive keyness
indicates a specific keyword occurs more often in the compared corpus than would

be expected by chance in comparison with the reference corpus. On the contrary,
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negative keyness means that a specific keyword occurs less often in the compared

corpus than would be expected by chance in comparison with the reference corpus.

Table 2.6: Sample of the database with different measures extracted from the
GENLEX-VIET corpus.

Word Wordl  Freql Word2  Freq2 Texts Gap Joint MI Z MI3 LogLik
bach yén  bach 7495 yén 716 9 1 12 785 1590 -14.28 106.44
ba co ba 110126 6 140005 1184 2 1817 3.60 8.24 745  5684.84
ba con ba 110126 con 272411 4387 1 7475 4.68 8456 13.57 33451.41
ba gac ba 66504 gac 4971 158 1 268 6.38 41.63 -0.83  1826.95
ba gia ba 110126 gia 23077 1225 1 1977 6.32 110.10 7.81 13228.83
bai dudng bai 796 duong 134375 8 1 11 341 0.19 -14.65 31.85
bai kién bai 796 kién 108051 17 1 21 4.65 438 -11.86 94.57
bai phuec  bai 796 phuc 59531 58 1 70 7.25 30,50 -6.65 558.36
bai tap bai 42675 tap 92863 1148 1 1695 5.46 66.82 7.15  9422.98
bai tiét bai 42675  tiét 38378 450 1 588 5.21  34.02 2.57  3084.76
bai toan  bai 42675 toan 24627 816 1 1054 6.69 94.24 509 7618.58
bai tri bai 42675  tri 50857 237 1 257 3.61 319 -1.02 811.00
bai xich bai 42675 xich 3604 29 1 33 447 4.67  -9.90 140.98
ba la ba 66504 la 28255 159 1 204 3.48 1.59 -2.02 611.51
ba méa ba 66504 ma 14527 449 1 1114 6.89 105.32 533 8332.80
bam sinh  bam 10476 sinh 138692 1097 1 1609 6.83 123.68 6.92 11799.71
ban buén  ban 90580 budn 13282 480 1 627 5.75  47.19 2.84 3730.83
ban chic  ban 90580 chac 484 39 2 41 6.59 1780 -8.96 290.02
ban chan  ban 82868 chan 59642 1420 1 2570 5.74 9540 8.95 15230.08

Table 2.6 shows one collocation set in the database, which has been computed with

the untokenized corpora (no word boundary). Word1 is the constituent to the left,

followed by Freql (the first constituent’s frequency in the whole index); Word?2 is

the constituent to the right, followed by Freq2 (the second constituent’s frequency

in the whole index); Texts is the number of texts this pair was found in; Gap is the

most common distance between Wordl and Word2; Joint is their joint frequency;

MI, zscore, MI3, and Log-likelihood are the collocational measures between two

constituents as presented above. Based on the MI scores of any pairs of syllabemes,

we can find out compound words and random syllabeme pairs. The syllabeme pairs

with high MI score are almost likely compound words, while the one with low MI
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score might be random pairs.

Table 2.7: Correlations between Frequency, Texts, Gap, Joint, MI, z-score, MI3,
and Log-likelihood. The upper diagonal part of the table contains the estimates of
the correlation coefficients, and the lower diagonal part contains the corresponding
p-values. The figures in bold are the ones that are not significant.

GenCorFreq  Texts Gap Joint MI  z-score MI3 LogLik
GenCorFreq oA 0.895 -0.049 0.939 0.057 0.496 0.542 0.934
Texts <0.001  FFEx - _0.021 0.968 0.014 0.485 0.638 0.919
Gap 0.007 0.461  ***** _0.026 -0.146 -0.081 -0.003 -0.039
Joint <0.001 <0.001 0.376  FFFF 0,027 0.495 0.601 0.962
MI 0.001 0.695 <0.001 0.376  F¥¥*** 0.607  -0.057 0.116
Z-score <0.001 <0.001 <0.001 <0.001 <0.001 @ AH#Hx 0.426 0.618
MI3 <0.001 <0.001 0.854 <0.001 0.001 <0.001  *¥*** 0.561
LogLik <0.001 <0.001 0.053 <0.001 <0.001 <0.001 <0.001 @ H#HH*

Table 2.7 shows the results of a Spearman correlation analysis on the “naive” collo-
cation ranks of two constituents of compounds based on the collocational strength
obtained from the corpus by the various measures. The collocation ranks of the z-
score significantly correlate with all the other measures. The MI, M13, and LogLik
values all correlate significantly with one another. The rank correlation between MI

and MI3 is not particularly high.

Semantic space models

Besides frequencies of occurrences and dispersion, psycholinguists have also consid-
ered quantifying semantic and associative relations between words. Some mathemat-
ical models of semantic memory put the emphasis on pure association and propose
that co-occurrence in utterances is the basis upon which word meanings are built
(Lund and Burgess, 1996; Burgess and Lund, 1998; Landauer and Dumais, 1997;
Landauer et al., 1998). Among many other attempts, two prominent models of this

type have been developed over the decades, Burgess and Lund’s Hyperspace Analogue
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to Language (HAL) and Landauer and Dumais’ Latent Semantic Analysis (LSA).
According to these two models, a word’s meaning is determined by the words that
it appears with3. If two words appear together more than they appear with other
words, we expect that the meaning of those two words to be highly related. To de-
tect whether two words are related, HAL and LSA both make use of corpora, which
reflect authentic, random and representative samples of the utterances that appear

in the language.

Latent Semantic Analysis (LSA). The underlying philosophy of LSA (Lan-
dauer and Dumais, 1997; Landauer et al., 1998) is that the total information about
all the contexts of terms in which a given term occurs or does not occur provides
a set of mutual constraints that largely establishes the meaning similarity of a set
of words. LSA begins with a term-document matrix that count how often a word a
word occurs in a number of contexts or documents. In LSA, a Term by Document
matrix is built from a corpus of text where Term is the number of terms in the
corpus and Document is the number of documents (LSA considers a document as
a ‘context’ and words, or word phrases, are considered as terms). Each element in

the matrix is transformed based on Formula 2.9:

;L In(1 + M, q)
td = ; ;
— Y2 P(ilt) In P(ilt)

(2.9)

in which P(i|t) is the probability that context i is active, given that item ¢ has
occurred (i.e. it is the result of dividing the raw frequency, M; 4, by the total of the

item vector, Ziﬂ My ;), which is the entropy of the item over all contexts.

The matrix D is subjected to a singular value decomposition, resulting in a new

3This idea is not new in linguistics. Firth (1957, 11) referred to this as “You shall know a word
by the company it keeps.”
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4, similar to principal components

matrix in a reduced space of 300 latent dimensions
analysis. The meaning of a word is represented in LSA as a vector in this 300-
dimensional space. In a relative way, LSA approximates aspects of human language
learning and comprehension. The semantic similarity between two items is evaluated
through the cosine of the angle between their LSA vectors. This study made use of
the LSA package (Wild, 2011) in R (R Core Team, 2013) to produce the LSA scores

based on the two corpora. The processes, using the LSA package, comprise the

following steps:

1. A textmatrix is constructed with the textmatrix() function from the input

corpus.

2. The singular-value decomposition is then executed over this textmatrix and the

resulting partial matrices are truncated and returned by the 1sa() function.

3. The number of dimensions to keep can be set using various dimensionality

calculation routines (e.g., dimcalc_kaiser()).

4. The resulting latent semantic space can be converted back to textmatrix for-

mat using the as.textmatrix() function.

Hyperspace Analogue to Language (HAL). The HAL model (see Lund et al.,
1995; Lund and Burgess, 1996; Burgess and Livesay, 1998) of lexical semantics uses
global word co-occurrence from a large corpus of text to calculate the distance
between words in co-occurrence space. Burgess and colleagues collected raw text
materials from online USENET groups with more than 130 million words and built a

word frequency database. The HAL model defines context simply as the words that

4The original LSA divided its corpus into 30,000 episodes, and assessed the number of times
each one of words appeared in each episodes. Instead of assigning 30,000 individual values to each
word, factor analysis reduces the number of values to about 300.
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immediately surround a given word. HAL computes an N x N matrix, where N is
the number of words in its lexicon, using a 10-word reading frame that moves incre-
mentally through a corpus of text. In HAL, anytime two words are simultaneously
in the frame, the association between them is increased; that is, the corresponding
cell in the N x N matrix is incremented. The amount by which the association is
incremented varies inversely with the distance between the two words in the win-
dow, specificallyy, A = 11 — d, where d is the distance between the two words in
the window. For each word pair in the corpus, HAL assigns a co-occurrence value
based on how close the two words are within the frame window of 10 words. In that
window, words that appear adjacent to one another get a score of 10; words that
are separated by one word get a score of 9; and so on. Each cell of the matrix rep-
resents the summed co-occurrence counts for a single word pair, which is direction
sensitive. The similarity measurements is then applied to word vectors. This yields
a measure of semantic similarity between any desired pair of words. Finally, HAL
gives a word by word matrix (for instance, the original English HAL is a 70,000
x 70,000 matrix) that reflects word to word co-occurrence. The word’s meaning is
defined by the pattern of values, the vector, in each of the cells in the matrix for
each word, i.e., each word has 140,000 numbers assigned to it. The distance metrics
come from the Minkowski family of distance metrics, which, as stated by Lund and
Burgess (1996, p. 204), involve the familiar Euclidean (as » = 2) and city-block (as

r = 1) metrics as presented in Formula 2.10:

distance = {, 2:(|:1t31 —yil)r (2.10)

The HAL model is used for estimating the representation of linguistic units (e.g.,

words) as a function of the contexts in which linguistic units occur. The present study
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made use of the tool provided by Shaoul and Westbury (2006) to compute the HAL
scores for the relevant linguistic units. Shaoul and Westbury (2006) implemented
HiDEz (High Dimensional Explorer) that extends HAL in two ways: It removes the
unwanted influence of orthographic frequency from the measures of distance, and it
finds the number of words within a certain distance of the word of interest (NCount,
the number of neighbors). HiDEx allows users to build and analyze many variations
of the HAL model. It has some features that make it very useful for measuring the

similarity of words in terms of their contexts.

The results of the semantic space models in this study are two large matrices stored
as two big RDA dataframes in the R statistical computing software (R Core Team,
2013) which are ready for calculating the measures of distance between words. The
associative semantic relations between word pairs, or constituents of compound, can

be fitted in to extract the desired resutls.

Corpus Comparison Results

Comparing the subtlex-viet corpus to the GENLEX-VIET corpus

We compared the word length distribution of the SUBTLEX-VIET corpus (78,817,521
words) with that of the GENLEX-VIET corpus (82,263,474 words). This comparison
aimed to identify potential differences between the two databases resulting from the
raw materials of the two corpora, and to test whether the SUBTLEX-VIET corpus
is representative of contemporary Vietnamese. As we previously mentioned, lots of
film subtitles were translated from English films. The current section tests the pros
and cons of the GENLEX-VIET and SUBTLEX-VIET corpora. To test the normality of

word length in character, we first plot the distribution of summed token frequency
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of word length for monosyllabic and polysyllabic words of two corpora combined,
see Figure 2.2. Interestingly, the distribution indicates that short words are more
representative of oral language since the token frequencies of one two-letter words in
the SUBTLEX-VIET corpus are 26% higher than those of the GENLEX-VIET corpus and
the GENLEX-VIET corpus has a hig