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Forewords

The 23rd Conference on Computational Linguistics and Speech Processing (ROCLING 2011)
was held at the National Taipei University of Technology, on September 8-9, 2011.
ROCLING is the leading and most comprehensive conference on computational linguistics
and speech processing in Taiwan, bringing together researchers, scientists and industry
participants to present their work and discuss recent trends in the field. This special issue
presents extended and reviewed versions of four papers meticulously selected from ROCLING
2011.

The first paper “Transitivity of a Chinese Verb-Result Compound and Affected
Argument of the Result Verb” proposes a method for predicting the transitive property of
Chinese verb-result compounds, and identifying the predication potential between component
verbs and arguments. The second paper “Predicting the Semantic Orientation of Terms in
E-HowNet” uses a supervised learning method trained using many useful features extracted
from multiple sources to predict the semantic orientation of terms taken from E-HowNet. The
third paper “Frequency, Collocation, and Statistical Modeling of Lexical Items: A Case Study
of Temporal Expressions in Two Conversational Corpora” examines how different dimensions
of corpus frequency data may affect the outcome of the statistical modeling of lexical items.
Analysis is based on a corpus of elderly speakers, and the target words are temporal
expressions. The fourth paper “Using Kohonen Maps of Chinese Morphological Families to
Visualize the Interplay of Morphology and Semantics in Chinese” uses Kohonen Maps to
analyze and visualize the interplay of morphology and semantics in Chinese. The results could
be helpful to linguists in preparing adequate word lists for the behavioral study of Chinese
morphological families.

The Guest Editors of this special issue would like to thank all of the authors and
reviewers for their contributions. We would also like to thank all the researchers and
participants for sharing their knowledge and experience at the conference.

Liang-Chih Yu, and Wei-Ho Tsai
Guest Editors
IJCLCLP Special Issue on “Selected Papers from ROCLING XXIII”
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Transitivity of a Chinese Verb-Result Compound and
Affected Argument of the Result Verb

You-shan Chung* and Keh-Jiann Chen*

Abstract

The Chinese verb-result compound is productive, but its meaning and syntactic
behaviors have posed challenges to theoretical and automatic analyses.
Theory-wise, the current study proposes that VRs have inherent affecting direction,
which argument mapping principles and selectional restrictions, event structures, or
the kinds of semantic/pragmatic principles or real-world knowledge proposed by
previous researchers do not seem to account for. Application-wise, we predict the
VR’s transitivity and whether the result component is predicated of the logical
subject or the logical object, based on the transitivity of individual component
verbs and the selectional restrictions between component verbs and arguments.
Since the transitivity property and selectional restrictions of individual verbs can be
annotated in our lexicon, the rules should fare well in automatic processing.
Meanwhile, as the rules have been motivated by linguistic theories and have been
observed to make correct predictions in most cases, they are worthy of further
large-scale testing.

Keywords: Verb-result Compound, Transitivity, Lexical-semantics, Meaning
Prediction

1. Introduction

Verb-result compounds (VRY) are compounds that are comprised of an event (denoted by the
first verb, henceforth V1) and the result of the event (denoted by the second verb, henceforth
V2).2 For example, da-po f’ﬁé ‘broken from being hit,” chi-bao [zga ‘full from eating,’
and tu-hei ﬁ%l ‘paint something black’ are VVRs, where da 7 ‘hit,” chi [z ‘eat,” and tu

* CKIP, Institute of Information Science, Academia Sinica, Taipei, Taiwan
Tel: +886-2-27883799 ext.1502  Fax:+886-2-27881638
E-mail: {yschung; kchen}@iis.sinica.edu.tw

! For a complete list of the abbreviations used in this paper, please refer to Appendix I.

2 Despite slight variations in terminology, VRs roughly correspond to Smith’s (1994) resultative verb
compounds and Li and Thompson’s (1981) Result RVC.
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ﬁ? ‘paint’ lead to the results po fﬁz ‘broken,” bao #J ‘full,” and hei £ ‘black.” Due to
limited space, two variants of VRs, directional verb compounds and phase/completive
compounds (Smith, 1994), will not be discussed in this paper.

The high productivity of VRs in Chinese makes them a worthwhile topic of investigation
for NLP. Nevertheless, this verbal construction poses challenges to traditional linguistic
theories of the syntax-semantics interface aimed at mapping the meaning of verbal
constructions to their surface structure. This is because most generative frameworks hold that
mappings between event meaning representations and syntactic structure are governed by
constraints imposed by the verb (e.g. theta theory, cf. Crystal 1997 for its definition). These
constraints, however, do not always seem to be applicable to VRs. Since a VR contains two
verbs, it is often argued that one of them is to be identified as the “head,” which is supposedly
responsible for the mapping. Nevertheless, such an assumption encounters difficulties. For one
thing, the head is defined as the component that dominates the resulting meaning and syntactic
behaviors, but it is controversial which component it is (i.e. V1 or VV2) or even if such a
component exists at all in Chinese VRs (Huang, 1998; Li, 2009). Among researchers who do
not address head identification, some argue that mappings for VRs are not simply constrained
by the argument structures of the component verbs (Yin, 2011; Li, 2007; Huang, 2006).

Various explanations have been proposed to accommodate VRs in a larger framework of
syntax-semantics interface, including syntactic operations (Mulkeen, 2011; Shen & Lin, 2005),
lexical-semantic properties of the components (Yin, 2011; Li, 2007; Huang, 2006), or a split
approach to different VRs (Lin, 1998). Syntactic or lexical-semantic, these accounts all appeal
either to extensions of certain underlying syntactic operations, such as movement, or to
decisions on thematic role mapping. As far as automatic processing is concerned, the former
means adjustments to the general parsing rules and the latter requires the incorporation of
real-world knowledge.

In particular, not only do non-lexical accounts present technical challenges, but also a
growing consensus in linguistic studies is that the meaning and syntactic behaviors of larger
linguistic structures can be explained by the syntactic and semantic properties of the
composing words. Along this lexical approach, Levin (1993) presented a heavily-cited
framework to explain how the meaning and grammar that are encoded by verbs are mapped
onto the syntactic arguments. Therefore, we began the analysis of the VR compound, a kind of
verbal compound, with a lexical approach.

For the sake of accuracy and simplicity as a linguistic account and for ease of computer
processing, our treatment of VRs is lexically-based. Unlike some lexical accounts, however,
we avoid postulations of underlying representations. We address two basic syntactic and
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semantic distinctions of VRs by employing information of verbs’ transitivity® and selectional
restrictions encoded in our on-line lexicon. The research questions are how to predict the
transitivity of a VR and how to identify VV2’s affected argument (i.e., the argument predicated
by V2).

2. The Prediction of Transitivity and V2’s Affected Argument

Transitivity and selectional restrictions are two of the most basic syntactic and semantic
distinctions for verbs. A special characteristic of Chinese VRs is that V2’s affected argument
can either be the logical subject (i.e., subject-controlled, henceforth SC) or the logical object
(i.e., object-controlled, henceforth OC) of a VR. Such a contrast can be seen in the VRs da-po
f’fiﬁi ‘broken from hitting” and du-dong ?Ej'[g ‘read something and understand it,” which
belong to the OC and SC type, respectively. For example, in Zhangsan da-po-le boli 3== 7
’fiﬁé’i'?éé,ﬂ] ‘Zhangsan broke the glass,’ the affected argument of po ’ﬁﬁz ‘broken’ is boli %Fﬁ
‘glass,” V1’s object, whereas in Zhangsan du-dong-le naben shu == %Ifé; OHIA
‘Zhangsan (finally) understood the book,” it is V1’s subject, Zhangsan <=, that is being
predicated of by V2.

Below, we will briefly introduce how two lexical-semantic accounts (Li, 2007, Huang,
2006) and one lexical-syntactic account (Lin, 1998) address transitivity and V2’s affected
argument.

2.1 Review of Lexical-semantic and Lexical-syntactic Works on Chinese
VRs

Lexical-semantic accounts like Li (2007) and Huang (2006) argue that event structure (and
argument structure) can explain the meaning and syntactic behaviors of VRs through a set of
linking rules that map event participants of various thematic roles (e.g., agent, patient, causer,
causee) onto sentence positions (e.g., subject, object).

Li (1997)
Under Li’s framework, transitivity of a VR compound and V2’s affected argument fall out of
the options in expressing the causing factor and the affected entity, assigned the thematic roles

“causer” and “causee,” respectively; the causee amounts to V2’s affected argument in our
terms. The roles are assigned by the external and internal arguments of V1 and of V2 as well

3 A transitive verb is one that has a direct object, although the object does not have to be overt (i.e.,
occurring in the surface structure), whereas an intransitive verb does not allow a direct object at all
(overt or covert). For example, the transitive verb eat has a direct object, although both He ate a
sandwich and He ate are possible. In contrast, as an intransitive verb, go usually cannot have a direct
object. (cf. http://www.glottopedia.de/index.php/Transitive.)
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as by the event structure of the V1+V2 combination.

With the causer and causee, as well as their corresponding arguments (i.e.,
internal/external/neither), identified, a proposed set of linking rules determine the sentence
positions for the two thematic roles to be realized. Below is one of them (Li, 2007: 96).

(1) The causer argument is realized in subject position and the causee argument in object
position, when both arguments are overtly expressed by different linguistic expressions.

As can be seen, Li’s reference point is the causer and the causee. Nevertheless, as far as
automatic processing is concerned, the causer and causee have to be identified rather than
taken as given. So, Li’s rules are not readily applicable for a system that has no access to
knowledge of causer and causee.

Besides methodological issues, Li does not explain his criteria for distinguishing between
causer and causee, which his linking rules hinge on. As thematic roles, causer and causee
should be defined on semantic grounds rather than by sentence positions. Under his analysis,
na-bao yifu #[ty AR ‘the bundle of clothes’ in Na-bao yifu xi-lei-le Zhangsan #[} & Al
kd9=R= ‘(Zhangsan washed that bundle of clothes) and the clothes got Zhangsan tired” (Li,
2007: 119) and shu ?r; ‘book’ in Zhangsan kan-lei-le shu 3== {,Eﬁh?; ‘Zhangsan read a
book and as a result became tired” (Li, 2007: 115) differ in thematic roles. According to Li, in
the former sentence, the causer is na-bao yifu #[ & #'Jf; whereas in the latter, the causer is
Zhangsan == . In terms of meaning, however, it appears that, in both sentences, it is
Zhangsan 9=<= who is the agent engaging in the activities xi J& ‘wash’ and kan % ‘read,’
from which he becomes tired. So, it is not clear why the causer-causee mappings in these two
sentences are not the same.

Huang (2006)

There are two components in Huang’s framework: event frames and linking rules. The event
frames describe the obligatory and optional participants and predicates for transitive and
intransitive verbs. These event participants map to certain syntactic categories and sentence
positions by default. For example, the subject of a sentence is usually a noun phrase that
receives an agent role.

Although Huang’s account can explain mappings between thematic roles and sentence
positions, his model needs to identify the transitivity of a VR first in order to determine the
relevant event participants so as to discover the thematic roles of the subject and the object.
Nevertheless, he does not address how to determine the transitivity of a VR compound.

Meanwhile, the issue of the definitions of causer and causee arises again. In Baozhi
kan-hua-le ta de yian #y%%; [%+ [9pYfEL “The newspaper got his eyes blurred from reading
it” (Huang, 2006: 27), Huang regards baozhi #5% ‘newspaper,” instead of ta {4 ‘he,” who
engages in the action that leads to the result state, as the causer. It is not clear why baozhi #
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A% here, yifu 5 in Na-bao yifu xi-lei-le Zhangsan # & 1% k2 9== and shu ?} in
Zhangsan kan-lei-le shu 9== {,E,JJ?‘} from Li (2007) differ in thematic roles. These
examples suggest lack of a consistent way to identify causer and causee between researchers
and within individual researcher’s analyses while such criteria underpin their theories.

Lin (1998)
Lin (1998) predicts a VR’s transitivity and V2’s affected argument based on V1’s transitivity
and whether V2 is predicative of animate or inanimate entities. This approach seems

promising for automatic processing since transitivity properties and selectional restrictions can
be annotated.

Regarding transitivity, she argues that the transitivity value of a VR is the same as that of
V1. Her prediction of the affected argument, however, is nondeterministic, as exemplified in
her analysis of transitive V1s paired with intransitive V2s predicative of animated noun
phrases, e.g., zhui-lei iftEd ‘chase-tired’ and chi-bao Jzgm “full from eating.” She argues
that, in such cases, the V2 can be predicative of either the subject or the object, or both. For
example, she thinks that Zhangsan zhui-lei-le Lisi 3== 3fikd "% P4 allows three readings,
which are, with descending degrees of acceptability, ‘Zhangsan chased Lisi and Lisi became
tired,” ‘Zhangsan chased Lisi and Zhangsan became tired,” and “Lisi chased Zhangsan and Lisi
became tired.” In contrast, chi-bao [[Z§fZ can only have an SC reading. Nevertheless, she does
not explain the conditions for a reading to be available, or at least preferred.

In sum, regarding theoretical comprehensiveness, Li’s and Huang’s identification of
causer and causee seems arbitrary. In terms of automatic processing, their predictions depend
on already knowing what automatic processing needs to figure out, whereas Lin’s account
does not address disambiguation.

Despite these suggested theoretical and practical inadequacies, many such
lexical-semantic accounts have turned from relying solely on argument structure to what
argument structure and selectional restrictions (i.e., the semantic restrictions on what
arguments can be taken by a verb) cannot explain. Within the lexical tenets, the general
consensus is that, besides the argument structures of individual verbs, the VR construction has
its own event structure with thematic roles to assign. The roles from the two structures (i.e.,
argument structure and event structure) conflate to decide the resulting meaning and syntactic
behaviors of the VR. Also frequently considered is the variation in the kinds of composing
predicates that exist and whether they are optional/obligatory or general/specific in the event
structures of VRs* of different event types, consequently taking semantic and syntactic
variations between different verbs and within the same verb into account.

4 Examples of actual representations can be found in Li (2007: 95) and Huang (2006:21).
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When these interactions and variations allow ambiguities, it is suggested that semantic
and pragmatic, or real-world knowledge®, motivations screen or rank the remaining readings.
Some researchers, like Li (2009) and Huang (2002), only cite the role of real-world
knowledge in determining whether a VR is possible or not but leave the question of whether
an acceptable compound can occur in a sentence with certain noun phrases in a certain order
or not and, if it can, what the predication relation is to syntactic, semantic, or pragmatic
constraints. For example, Li proposes the Animate Subject as Agent or Experiencer Strategy
(ASAES) as well as the principle of prototypicality, both of which he considers pragmatic
principles. The content of the former has been made clear by its name; the latter states that the
entity that carries out the V1-denoted act is less likely to be the V2-affected entity. Both
principles are meant to rank the possibility of acceptable readings. Other researchers contend
that real-world knowledge remains an element in the reading(s) of a legal VR. Huang (2006)
incorporates the role of real-world knowledge in the event frame of VRs, which is the
interface where linking rules are applied to map semantic configurations to sentence positions.

The current study suggests an even more central role for real-world knowledge in the
interpretation of VRs. So far as we are aware, Huang’s (2006) constructional framework is
one of the few accounts that formally represents real-world knowledge, if not the only account.
Nevertheless, even he thinks that real-world knowledge is only an optional participant in the
event frame. In spite of this, we not only agree with Huang that real-world knowledge remains
at play in deciding the reading(s) of a legal VR, but we also have found real-world knowledge
to be central to the meaning and syntactic behaviors of VRs throughout its formation and
interpretation. We will support this position with examples in Section 3.

2.2 The Model of the Current Study

We first propose an affecting direction principle to model the transitivity and affected
argument of VR compounds. Then, we develop a set of heuristic rules to emulate the principle
using only the information of individual transitivity of V1 and V2 and the selectional
restrictions of V1 and V2 but not using real-world knowledge. Based on a lexical approach,
we encode the semantic and syntactic properties of each word in the lexicon. Transitivity is
one of the listed properties, and so are the selectional restrictions. We manually encode such
information based on observations of corpus data. For example, da § ‘hit’ requires an
animate agent and a physical theme. This is shown in (2):

% Some researchers use the terms “real-world knowledge” and “pragmatic constraints” interchangeably.
Li (2007), however, seems to distinguish between them.
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(2) Zhangsan da Lisi == 7% pu

Zhangsan hit Lisi

‘Zhangsan hit Lisi.”

In contrast, the verb po fﬁz ‘broken’ requires an inanimate theme (PERF=perfective

marker):
(3) Bolipole ﬂ%’ﬁﬁu

glass broken-PERF

“The glass is broken.’

Thus, the lexical entries of da #* ‘hit” and po ’gﬁl ‘broken’ would be partially
represented as (4) below (Vt=transitive verb; Vi=intransitive verb; [+ANI]=animate entity;
[+PHY]=physical entity; [-ANI]=inanimate entity):

(4) da 37 *hit’

Transitivity: Vt

Selectional restrictions: [+ANI] agent, [+PHY] theme

po ’g‘i ‘broken’
Transitivity: Vi
Selectional restrictions: [-ANI] theme

With the encoded information, when the computer encounters the compound da-po ffﬁi
‘broken from being hit,” the rules of our model can predict the VR’s transitivity and V2’s
affected argument. Nevertheless, such information cannot always predict the resulting
meaning and syntactic behaviors of VRs. We think this is because the fundamental factor that
decides a VR’s transitivity and V2’s affected argument is the affecting direction of the
compound.

By “affecting direction” we refer to native speakers’ knowledge of the range of entities
that can be affected by the state resulting from an action or another state and of whether the
VR can take an argument/arguments or other noun phrases or not. For instance, Mandarin
Chinese speakers know that the entity affected by of the state denoted by chi-bao pzga “full
from eating’ is an animate being that eats and that the VR cannot be followed by noun phrases
inside or outside of VV1’s argument structure. In formal terms, we say that chi-bao [[zg@ “full
from eating’ is intransitive and SC. Such knowledge is implicit, with linguistic and
non-linguistic motivations underlying it. We will discuss the motivations in more detail in
Section 3.
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The affecting direction principle:
Case 1: When V1 is Vit

Vt+R = VRt and SC; if the affecting direction of the VR is toward Vt’s subject, e.g.,
da-ying 47k “fight and win,” du-dong ?%’IE; ‘read something and understand it’
Vt+R - VRt and OC; if the affecting direction of the VR is not toward V1t’s subject, e.g.,

jiao-hui f’f%’j ‘teach someone and make him/her understand’

Case 2: When V1 is Vi
Vi + Rt 2 VRt and SC, e.g., pao-shu Efuﬁ ‘lose in running’
Vi + Ri & VRIi and SC; if the affecting direction of the VR is toward Vi’s subject, e.g.,
pao-lei "@gd ‘tired from running’
Vi + Ri > VRt and OC; if the affecting direction of the VR is toward Ri’s subject, e.g.,
pao-po "&i ‘broken from running’

Two points of clarification are in order here. First, there are some cases where the
affecting direction seems to allow both an SC and an OC reading. Two of the oft-cited cases
are gi-lei g4 ‘ride-tired” and zhui-lei 3f1Ed ‘chase-tired,” as in Zhangsan gi-lei le ma 3==
R B F and Zhangsan zhui-lei-le Lisi 3== 3fi kd + % 4, both allowing either the
“Zhangsan is tired” reading or the “horse/Lisi is tired” reading. Such VRs are believed to be
ambiguous in the sense that they seem to have two readings in the same sentence.
Nevertheless, we consider the two readings of these VRs as being separate lexical entries, i.e.,
polysemous. This is based on Huang et al.’s (2005) criterion for distinguishing different words
from different meanings of a word, which states that senses that cannot co-exist in the same
context have to be treated under different lexical entries. Accordingly, while gi-lei 7 k4 and
zhui-lei 3EiEd are possible with two readings in the above sentences, the ambiguity can be
resolved with a moderate number of contextual clues.

(5) Fkd 1
Zhangsan pa gi-lei-le ai-ma, jueding rang ta xiuxi == FIER R+ & F » HUEER I L

Zhangsan fear ride-tired-PERF beloved-horse, decide let it rest

‘Fearing that it might be exhausted from extended rides, Zhangsan decided to let his beloved
horse take a break.’

Frkd
Zhangsan gi-lei-le ma, juede haishi kai-che bijiao gingsong 9== EFEd + [ » T2 H ELRLRFH
Zhangsan ride-tired-PERF horse, feel nevertheless drive-car relatively relax

“Tired from horse-riding, Zhangsan found driving more relaxing.’
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A remaining question is how to decide which qgi-lei i §d or zhui-lei 3EiEd is relevant
when the computer encounters such VRs. Indeed, currently, we can only identify them as
transitive verbs that are polysemous between an SC and OC reading. Context is required to
decide the affected argument of V2.

Second, when the affecting direction of a VR is not toward the Vt’s subject, it is not
necessarily toward its object.

In a few cases, it is the adjunct of the Vt that is VV2’s affected object. For example, gie =™/
‘cut’ has an agent-denoting subject that is an animate being, e.g., Zhangsan 3== , a
patient-denoting object that is the physical object being cut, e.g., rou 2] ‘meat,” and an
instrument-denoting adjunct that is the tool for cutting, e.g., dao *’ ’knife.” For the VR
gie-dun “J&7 ‘blunt from cutting,” it is the instrument-denoting adjunct instead of the
patient-denoting object that is affected by dun £ ‘blunt.” Nevertheless, although the
instrument is not the object of the Vt, the prediction that the VR is OC is still borne out since
V2’s affected argument is indeed the object of the VR gie-dun =J& because dao ~/ is the
receiver of the action® described by the compound.

When V1 is Vi, again, the noun phrase that follows the VR is not necessarily V1’s object.
Actually, it does not even have to be any possible argument, adjunct, or complement in the
verb frame. To show this, we may have to first make clear what is meant by being SC and OC.
It may be suggested that the affecting direction of the VR pao-lei ®@Ed ‘tired from running’
is not fixed if sentence pairs like Zhangsan pao-lei-le F== ¥@f!™t" ‘Zhangsan ran and as a
result got tired’and Zhangsan pao-lei-le liang-tiao tui #== " g+ {55 ‘Zhangsan ran,
and as a result his legs got tired” are taken into account. In the former sentence, the affecting
direction should be toward Zhangsan 3<=, but, in the latter sentence, it seems to be either
toward Zhangsan 3== or liang-tiao tui {2 As a result, the latter sentence seems to

have both an SC and an OC reading.

Our view is that both readings belong to the SC type. First, we find liang-tiao tui %5
‘legs’ in the sentence to be more like a complement than an object of pao-lei "@kd ‘tired
from running.” The first reason is that, for a noun phrase to be allowed to follow the VR
pao-lei "@kd, it has to specify a body part of the subject, thus functions like a subject
complement, as defined in Crystal (1997). Second, it seems that “Zhangsan’s legs being tired”
entails “Zhangsan being tired.” To the extent that Zhangsan is also tired, the sentence can be
labeled as the SC type.

Sometimes, the NP in question is not V1’s argument but is still the VR’s object. For
example, VRs with intransitive V1s like bing-huang Vﬁﬁ; ‘sick-nervous’ and ji-bing LLJFFJ

® ¢f. Crystal 1997 for the definition of object as “the receiver of the action.”
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‘worry-sick’ can have OC readings, as in Zhangsan bing-huang-le Lisi == Vﬁ']ﬁ’l’?ﬂ“
‘Zhangsan’s illness made Lisi nervous,” Zhangsan ji- bing-le Lisi 9= = 0 " % P
*Zhangsan got Lisi so worried, who became sick as a result.” It is difficult to treat % P4 as a
participant in the verb frames of bing VTFJ ‘sick” and ji =1 ‘worried.” Another probably more
drastic example is ku-zou fif#- ‘to cause someone to leave by crying.” Although ku
cannot be subcategorized for objects, the VR obligatorily take objects and is possible with an
OC reading only, as in Zhangsan ku-zou-lie Lisi 3== B#-"% P4 ‘Zhangsan cried, making
Lisi leave.” Note in passing that, in Section 2, we argued for the treatment of the OC and SC
readings of gi-lei [#E4 and zhui-lei 3fi1Ed as belonging to different lexical entries. On this

account, bing-huang Jﬁ’[ﬁt and ji-bing —L,Liﬁ are also regarded as different VRs.

Since VRs cannot be exhaustively listed, the affecting direction also cannot be
exhaustively annotated. Thus, it has to be predicted, too. The affecting direction can generally
be predicted by the transitivity properties and selectional restrictions of the two component
verbs. Transitivity and selectional restrictions are as exemplified in (4) and are annotated in
the lexicon. Therefore, rules based on this information are workable. Where the affecting
direction cannot be predicted, however, the VR’s transitivity and V2’s affected argument
become unpredictable as a result. Nevertheless, the results have seemed to be as predicted
most of the time so far, suggesting that the affecting direction is usually predictable.

2.3 The Heuristics

With the possibility of unpredictability in mind, we are ready to look at the following
heuristics for the automatic prediction of transitivity and VV2’s affected argument.

Case 1: When V1 is Vt

(@ Vt+ Rt 2> VRt and SC, e.g., da-ying "k ‘fight and win,” du-dong %ﬁlﬁ ‘read
something and understand it’

(b) Vt+Ri—=> VRtand OC; if Vt’s object or adjunct satisfies the selectional restrictions of
Ri’s subject, e.g., da-po f’ﬁﬁé ‘broken from hitting,” gie-dun <J& ‘blunt from
cutting’

(c) Vt + Ri=> VRt and OC; if Vt’s subject and object both satisfy the selectional
restrictions of Ri’s subject, e.g., gi-leiy K ; “tired from being ridden,” zhui-lei; 3Et §d
1 ‘tired from being chased,” jiao-fan, F’f1 ; ‘vexed from being taught’

(d Vt+ Ri=> VRt and SC; if Vt’s subject satisfies the selectional restrictions of Ri’s
subject, e.g., gi-lei, E#Ed , “tired from engaging in the activity of riding,” zhui-lei, 3£ K
» ‘tired from engaging in the activity of chasing,’” jiao-fan, ¥’ , ‘vexed from

engaging in the activity of teaching’
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The following rules deal with VRs where V1 is an intransitive verb.
Case 2: When V1 is Vi
(e) Vi+Rt—-> VRtandSC,e.g., pao-shu E’Eﬁ ‘lose in running’
() Vi + Ri > VRI and SC; if Vi’s subject satisfies the selectional restrictions of Ri’s
subject, e.g., pao-lei *@gd “tired from running’
() Vi+ Ri > VRtand OC; if Vi’'s subject does not satisfy the selectional restrictions of
Ri’s subject, e.g., pao-po “@ik ‘broken from running’

Below, we show how the VR’s transitivity and V2’s affected argument might be
predicted by matching a component verb’s transitivity and selectional restrictions with the
other’s. Again, we already know the transitivity and selectional restrictions of the component
verbs before the computer encounters a context that contains a VR construction. This means
the judgment of the VR’s characteristics, except for the cases where both (c) and (d) apply,
generally does not depend on on-line context, but we will see exceptions in the following
sentences (6), (11), (12), and (15) and will address them in Section 3.

The following sentences from Li (2007) represent some of the most frequent VR patterns,
where the subjects and objects are default ones that meet the selectional restrictions of the
component verbs. In (6)-(12), V1 is a transitive verb. We will describe the transitivity
properties before describing the matching of the selectional restrictions. The relevant rule is
given at the end.

(6) Zhangsan zhui-lei le == sEIEd

Zhangsan chase-tired-PERF ‘Zhangsan chased (someone) and became tired.’

Prediction: zhui 3l is Vtand lei Ed is Ri. Since Zhangsan 3== can be the subject of lei

Ed, zhui-lei 3E1Ed is VRI and SC. (Affecting direction, as predicted by (c) and (d), is

ambiguous between VRt and OC and VRi and SC; it is disambiguated by the sentential

context’.)
(7) Zhangsan ca-liang le boli 9=~ fé?&»‘i’ﬁz%

Zhangsan wipe-shiny-PERF glass

‘Zhangsan wiped the glass shiny.’

Prediction: ca #2* is Vtand liang i is Ri. Since Zhangsan 7<= cannot be the subject of

liang 7, and the object of ca % can be the subject of liang i, ca-liang ##jl: is VRt and

OC. (Rule (b))

" As mentioned in Section 2.2, the VR is polysemous between an OC reading (i.e. zhui-lei; ifi§d ;) and
an SC reading (i.e. zhui-lei, 3f1 Ed ;). Nevertheless, while the heuristics are not sufficient to decide the
relevant reading, the sentential context of (6) requires the SC reading. The case of (15) is similar to (6)
except that, in the former, the relevant rule (i.e. rule (f)) fails to recognize ambiguities.
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(8) Zhangsan gie-dun-le dao == &1 177
Zhangsan cut-blunt-PERF knife
‘Zhangsan cut (something) with the knife, and as a result the knife became blunt.’

Prediction: gie =7 is Vt and dun £ is Ri. Since Zhangsan 3<= cannot be the subject of
dun #, and the adjunct of gie =/ can be the subject of dun &7, gie-dun “J&i is VRt and
OC. (Rule (b))

(9) Zhangsan du-dong-le na-shou shi. == %‘lﬁ'ﬁﬁﬂﬁlﬁ
Zhangsan read-understand-PERF that-CL poem
‘Zhangsan read and understood that poem.’
Prediction: du 7 is Vtand dong ‘Ifél is Rt; du-dong %Pg; is VRt and SC. (Rule (a))
(10) Zhangsan jiao-fan-le Lisi 9== 35413 % 4
Zhangsan teach-vexed-PERF Lisi
‘Zhangsan taught Lisi and as a result Lisi felt vexed.” (71 ;, OC reading)
‘Zhangsan taught Lisi and as a result Zhangsan felt vexed.” (%f! ,, SC reading)
Prediction: jiao F*is Vt and “f1 fan is Ri. Since Zhangsan 9=~ and Lisi % [ do not
differ in the possibility of being the arguments of the two verbs, jiao-fan F%f1 is

predicted to be VRt and either OC (Rule (c)) or SC (Rule (d)). (Context beyond the
sentential level is needed for disambiguation.)

(11) Zhangsan jiao-hui-le Lisi 3=~ f“ﬁff REds

Zhangsan teach-know-PERF Lisi
‘Zhangsan taught Lisi (something), and as a result Lisi learned it.’
Prediction: jiao ¥ is Vt and hui 7 is Rt. Since Zhangsan 9<= and Lisi % 'Y do not
differ in the possibilities of being the arguments of the two verbs, jiao-hui ¢} is
predicted to be VRt and either OC (Rule (c)) or SC (Rule (d)). Nevertheless, as the
affecting direction of jiao-hui 3¢} is toward the object of V1, jiao-hui ﬂr‘ﬁr is VRt and
OC. (The affecting direction is not predicted by rules.)

(12) Zhangsan e-hing-le 3== @ﬂivﬁ’i'
Zhangsan hungry-sick-PERF
‘Zhangsan became sick as a result of being hungry.’
Prediction: e &f is Vt and bing JTFJ is Ri. Since Zhangsan 3<= can be the subject of
bing ﬂﬁj, e-bing éﬁﬂf‘rj is predicted to be VRi and SC. (The affecting direction, as

predicted by (c) and (d), is ambiguous between a VRt and SC and a VRt and OC reading;
it is disambiguated by the sentential context.)

8 We think that there are two polysemous e &f;. Besides the intransitive sense, sentences like Baba guyi
e xiaohai & éﬂﬁﬁnﬁﬁjﬂy} “The father deliberately made/makes his children starve’ suggests the
existence of a transitive e £f}.
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In sentences (13)-(15), V1 is an intransitive verb:
(13) Zhangsan zou-lei-le tui  F== H-fd R

Zhangsan walk-tired-PERF leg

‘Zhang walked until his legs got tired.’

Prediction: zou #- is Viand lei Ed is Ri. Since Zhangsan 3<= can be the subject of lei
1, zou-lei #-Kd is predicted to be VRi and SC (Rule (f)).

(14) Zhangsan ku-ya-le sangzi 9== Pff + e~
Zhangsan cry-hoarse-PERF throat
‘Zhangsan cried his throat hoarse.’

Prediction: ku P is Viand ya [l is Ri. Since Zhangsan 9=<= cannot be the subject of
ya [, ku-ya ffis is VRtand OC. (Rule (g))
(15) Zhangsan bing-huang-le Lisi == ﬂﬁ‘ﬁfﬁ? pH

Zhangsan sick-nervous-PERF Lisi
‘Zhangsan's being sick got Lisi nervous.’

Prediction: bing JFFJ is Vi and huang fi. is Ri. Since Zhangsan <= can be the subject
of both, bing-huang ‘Jﬁ’[ﬁt is predicted to be VRi and SC. Nevertheless, the affecting
direction of bing-huang vﬁﬁ;ﬁ can be either toward the subject or the object. Therefore,
bing-huang ‘Jﬁ’[ﬁt can be either VRi and SC or VRt and OC. (The affecting direction is
not predicted by rules; it is disambiguated by the sentential context.)

The predictions of rules (a)-(g) are borne out most of the time. Sometimes, though, these
heuristics cannot account for the affecting direction. We will discuss some such cases.

3. Discussion and the Applicability of the Rules

Although language processing can benefit from the heuristics, such rules sometimes fail
because they are based on lexical information, to which much of the real-world knowledge,
which plays an important role in deciding the affecting direction of VRs, is invisible. As
opposed to the views of Li (2007) and Huang (2002), we found real-world knowledge to be no
less important in the interpretation of a VR than in its possibility of existence because both a
VR’s occurrence and its interpretation presume a reasonable cause-effect relationship. Notably,
we suggest that the subjectivity involved in such decisions makes it only natural that definite
readings are sometimes non-existent. While believing that the affecting direction is largely
determined by world knowledge, we also noticed that syntactic constraints regulate how
real-world knowledge can be expressed.

Recall that jiao-hui f’f%“g ‘teach someone and make him/her understand’ in (11) is
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predicted by (c) and (d) to be either SC or OC, but turns out to be OC only because the
affecting direction of the VR is toward the object. It might be asked if one of the verbal
components has contributed to the affecting direction of the VR. As far as jiao-hui %"Wg is
concerned, the following sentences show that the affecting direction is a co-product of V1 and
V2.

(16) a. Zhangsan jiao-fan-le Lisi 9== F% 1+ 2% P
Zhangsan teach-vexed-PERF Lisi
‘Zhangsan taught Lisi and as a result Lisi felt vexed.” (71 1, OC reading)
‘Zhangsan taught Lisi and as a result Zhangsan felt vexed.” (7%f1 ,, SC reading)
b. Zhangsan jiao-fan-le ying-wen 3== F%%1 4§ ¥
Zhangsan teach-vexed-PERF English
‘Zhangsan taught English and as a result Zhangsan felt vexed.’
(17) Zhangsan xue-hui-le ganggin 3== ?ﬁ!%ﬁﬁ?
Zhangsan learn-know-PERF piano
‘Zhangsan learned to play the piano.’

That jiao-hui j“f%’j ‘teach someone and make him/her understand” and jiao-fan %1
‘teach and got (someone) vexed’ differ in the affected arguments indicates that the affecting
direction at least is not determined by V1 in all instances. Likewise, a comparison between
jiao-hui ¥¥1 and xue-hui 25¢7 ‘learned something’ shows that the affecting direction of
the VR in question is not determined by V2 alone, either. Rather, it appears that real-world
knowledge as a result of the composition of V1 and V2 deems it unlikely to teach oneself and
make oneself understand, hence the inherent OC typing of jiao-hui ¢7.

j

Li’s principle of prototypicality states that the one who acts usually is not the one that is
affected. While he calls it a “pragmatic principle,” we think it is still derived from experience
living in the world. To the extent that the principle of prototypicality is derived from
real-world knowledge is true, it is still an abstraction that competes with other kinds of
real-world knowledge. Consider the following four sentences where our heuristics make

nondeterministic (i.e., (18) and (20)) or wrong predictions (i.e., (19) and (21)).
(18) Zhangsan zhui-lei le 3== 3F1Ed o

Zhangsan chase-tired-PERF

‘Zhangsan chased (someone) and became tired.’

Prediction: zhui i is Vtand lei & is Ri. Since Zhangsan 9=<= can be the subject of lei
Ed, zhui-lei 3£1E4 is VRI and SC. (The affecting direction, as predicted by (c) and (d), is
ambiguous between VRt and OC and VRt and SC; it is disambiguated by the sentential
context.)
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(19) Zhangsan jiao-hui-le Lisi == ?’f@’i’?fﬂ“‘
Zhangsan teach-know-PERF Lisi
‘Zhangsan taught Lisi (something), and as a result Lisi learned it.’
Prediction: jiao ¥ is Vt and hui 7 is Rt. Since Zhangsan == and Lisi %[ do not
differ in the possibility of being the arguments of the two verbs, jiao-hui ?"Tff is predicted
to be VRt and either OC (Rule (c)) or SC (Rule (d)). Nevertheless, as the affecting
direction of jiao-hui i”?fg is toward the object of V1, jiao-hui ﬁ is VRt and OC. (The
affecting direction is not predicted by rules.)

(20) Zhangsan e-bing-le 3== ﬁ&ﬂﬁ’f

Zhangsan hungry-sick-PERF
‘Zhangsan became sick as a result of being hungry.’

Prediction: e #f is Vt and bing JFFJ is Ri. Since Zhangsan 9<= can be the subject of
bing Jﬁ, e-bing @ﬂivﬁ is predicted to be VRi and SC. (The affecting direction, as
predicted by (c) and (d), is ambiguous between a VRt and SC and a VRt and OC reading;
it is disambiguated by the sentential context.)

(21) zhangsan bing-huang-le Lisi 3== ‘Jﬁ‘ﬁfﬂ? pH

Zhangsan sick-nervous-PERF Lisi

‘Zhangsan's being sick got Lisi nervous.’

Prediction: bing Vﬁ is Vi and huang fj. is Ri. Since Zhangsan <= can be the subject
of both, bing-huang vﬁﬁ;ﬁ is predicted to be VRi and SC. Nevertheless, the affecting
direction of bing-huang ‘Jﬁ’[ﬁt can be either toward the subject or the object. Therefore,
bing-huang vﬁﬁ;ﬁ can be either VRi and SC or VRt and OC. (The affecting direction is
not-predicted by rules; it is disambiguated by the sentential context.)

As far as Li’s (2007) two principles for ranking possible readings are concerned, (19)-(22)
all satisfy ASAES (Animate Subject as Agent or Experiencer Strategy) because this paper
only deals with such VR patterns. The other principle, i.e., prototypicality, makes SC readings
less likely. Nevertheless, SC readings are not only preferred but are the only possibility in (19)
and (21). Therefore, the knowledge that “the one who acts is unlikely to be the one that is
affected” is not only insufficient to rank readings but actually allows impossible readings.
That (19) and (21) allow SC readings seems to come from real-world knowledge that verifies
the possibility for the one who acts (i.e., Zhangsan 3==) to be the affected one.

A comparison between (21) and (22) suggests that the ultimate difficulty in pinpointing
the most possible reading of a VR lies in the fluidity of real-world knowledge. Such fluidity
sometimes comes from subjectivity. Take the readings of e-bing ﬁﬂaﬂﬁj ‘hungry-sick’ and
bing-huang Jﬁ'[ﬁ ’sick-nervous’ for example. It seems that, for a VR composed of two Vis,
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like bing-huang ﬂﬁjﬁ_ﬁ, to have an OC reading, it must have a causative reading. As for the
Vt+Vi combination e-bing @ﬁvﬁ the OC reading would be ‘someone makes another person
starve so that this starving person becomes sick.” While both assuming a causative
interpretation under the OC readings, the two VRs contrast in two ways. First, in e-bing @ﬁziﬁ
both composing verbs take on causative readings, whereas in bing-huang Vﬁjﬁ_ﬁ, only huang
T has a causative reading. Second, in the absence of context, the SC reading seems more
natural than an OC reading for e-bing ﬁﬂaﬁ Nevertheless, if such a bias is present at all, it is
not as pronounced in bing-huang Jﬁ'[d[}t. This is unexpected in structural terms because, while
both VRs have V2s that are Vis, the V1 e &f in e-bing ﬁﬁvﬁ is a transitive verb, which
supposedly is more likely to affect an entity other than the one who acts (thus, have an OC
reading) than the intransitive V1 bing VFFJ in bing-huang ﬂﬁﬁ_ﬁt does. We are led to the
hypothesis that the contrasts could result from judgment of plausibility based on real-world
knowledge: E-bing ﬁﬁvﬁ is less natural with a causative reading because people generally do
not intentionally make others suffer; it is unusual to starve people. On the other hand, in the
case of bing-huang vﬁﬁ;, bing v[jrj is involuntary and cannot be put in intentional terms,
while it is human to find another person’s suffering disturbing.

As can be seen, the above judgment is a reflection of the perception of the world. Thus, it
is expected that the perceived probability of OC and SC readings will be as varied as people’s
perception of the world. A definite OC or SC judgment sometimes could be non-existent.

Finally, we will discuss two cases that seem to be consistent with real-world knowledge
but are either downright unacceptable or odd. Sentence (22) presents a reading that is a
possible real-world scenario but linguistically unacceptable:

(22) Zzhangsan zhui-lei-le Lisi 3== 3f1Ed 1 %
Zhangsan chase-tired-PERF Lisi
‘Zhangsan chased Lisi and as a result Zhangsan got tired.’

In terms of real-world knowledge, it is possible that Zhangsan chased Lisi and as a result
Zhangsan got tired, but such a reading is not as natural as one where Lisi is tired.

Another example is the intransitive-and-SC-only reading of chi-bao [z “full from
eating.” Consider the following sentence:

(23) ?Zhangsan chi-bao-le ji == [z 5
Zhangsan eat-full-PERF chicken
‘*Zhangsan ate (something) and the chicken became full.” (OC reading)
“?Zhangsan ate the chicken and became full.” (SC reading)

Since both chi pz ‘eat’ and bao &g ‘full (from eating)’ can take animate subjects, the
VR is predicted to be transitive and either SC or OC. Nevertheless, the impossibility of
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becoming full from someone else’s eating rules out the transitive-and-OC reading. As for why
the transitive-and-SC reading is also impossible, however, real-world knowledge does not
seem to be a factor, as there is nothing unusual about eating something and becoming full as a
result.

For now, we have not been able to explain the underlying motivations for every
(im)possible reading. Nevertheless, the proposed rules so far have made the correct prediction
most of the time in the VRs we encountered.

4. Conclusion

In the current study, we explain how we predict a VR’s transitivity and identify the argument
predicated by the second verb. We propose a set of rules that are motivated by a
lexical-semantic analysis. Although these rules have not been tested against a corpus, they are
testable and are worth testing. This is because linguistic analyses suggest their theoretical
credibility and because these rules have a uniform formalism and are modular in the sense that
they use two kinds of formally-represented information, i.e., 1) the transitivity of V1 and V2
and 2) whether the arguments can be the subject and object of the two component verbs or not.
If these rules prove to achieve high prediction rates, they can be readily applied.
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Abbreviations
[+ANI]=animate entity
[-ANI]=inanimate entity
CL-=classifier

LOC=locative preposition
[+PHY]=physical entity
OC=object-controlled
PERF=perfective marker
R=result

Rt= transitive verb that denotes a result
SC=subject-controlled
Vi=intransitive verb

VRi= VR is an intransitive verb
VRt=VR is a transitive verb

Vt=transitive verb
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Abstract

The semantic orientation of terms is fundamental for sentiment analysis in sentence
and document levels. Although some Chinese sentiment dictionaries are available,
how to predict the orientation of terms automatically is still important. In this paper,
we predict the semantic orientation of terms of E-HowNet. We extract many useful
features from different sources to represent a Chinese term in E-HowNet, and use a
supervised machine learning algorithm to predict its orientation. Our experimental

results showed that the proposed approach can achieve 92.33% accuracy.
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2005) - iﬁﬁf’[ﬁi\ﬁ’%ﬁ[ EST [ (PR E T il AUE It Tg:t@mﬁ »J&j ﬁl[ @Fj?ﬂﬁlﬁ‘i
@ﬁ%ﬁ?%ﬁﬁﬁﬂwﬁﬁo
T@jﬁ'l?t A8 RCE T I R SR R LA P LR
ik NTUSD(Ku & Chen, 2007) E3ASECTHRE “J?J’ljlf“’?ﬁ*?*:%tr LE TR 7 F“%FI'F'”
o VERR 4{ g I]FF FEEHE > 1 SentiWordNet(Esuli & Sebastiani, 2006a) » {FIZflE £ el
gllﬁjﬁ'leU\ Ui WordNet 3.0 ﬁjtcu;fg 206,941 fi 7 [filfi 3 ¢ 435 word-sense pair )
) ﬂwk:%mﬁﬁvw¢«ﬁ o P S (AL DB A TR
S SR RS SRR REIRE R e O R (P
AR [ SRR R -

1Y FURGF SR 0 NTUSD L SRl fO R p LR A - Rl | LB f e
FIEFORFF e bl T B PRp T A AR AR A H(Z. Dong &
Dong, 2006; [fip f#, ¥, 49, & [t 2004) » RLEVRIPUR R « S50 5 A - HIH1F)
ISR+ S I TR0 - = O P15
SRR o Eh W ERIIORAE > kLA oL T -

ﬂ
=y

N

_Qt"'-l —rv—v
—r_n:: LH;—EU{ A
)*ﬂ"*" M

"

I

i
L

zthJIZI‘—j:EH £ %ﬂf{mﬁ:ﬂ g F]ﬁrsvﬁﬁr:tlpﬁﬂi F" AF|[H] NTUSD EfEL%?i‘-il';{ﬁE:ﬂﬂﬁi‘Eg
B R RO R R SR TR » LR PSR SRS A

i Eﬁﬁ”fi“ Eﬁ““%é'*?‘iﬁﬁﬁ PP DAV e | B R B L oI
o PP S P E ] AR 'Lm*,u:ﬁﬁ“wﬁ‘ﬁ'j [Fil i Rl ﬁm@rﬂﬁ T
=755 KR (binary cla551ﬁers) Bl JEI;I*NFE' 'L FIPIFF ﬁﬁjﬁ[
Sy AT A ?‘pﬂy;ﬂ iR R IR ﬁ[ﬁrﬁ”]ﬁ?%ﬂ”[i@ﬁ'md“ C By QT{?;JFJ]@
E-HowNet 7v Google Chinese Web 5-gram TEWV#? Bk > ST Iﬁf FEdr R
KT CIJ}‘F'[EALNTUSD b TE'F IEJPﬁ 5 i E':-Puﬂ’ EJ’?&;'%J

2. ﬁlﬁéj’,ﬂ%ﬁ

PP AT 1998 I AE SIS (HowNet) » 207 2003 & » U1 prd ey st il o)
S 2003 F o }{ij’HI’FJI{ﬁ?a'E:EJ?I |72 F 4l (CKIP Chinese Lexical Knowledge Base) [ %
E%i[lﬁﬁiﬁﬁ? » R~ iy, ﬁfézﬁé'?‘}’?‘, #4053 (Extended-HowNet, E-HowNet!) -
B SEE T e o F S LR mnﬂ%%’FLE g liﬂ%YVﬁE‘ ﬁffﬁ ’?’4?§ﬂlﬁfﬁi{'§3¢ﬁ%’

' http://ehownet.iis.sinica.edu.tw/
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( Extended-HowNet Ontology ) » & F| ﬂ*;é‘?-ﬁ J?ﬁ HAFLT) vgctﬁl“p‘ﬂi/:uj\L S
LA Y1 1
AR P Y I BRI < Y AR
Hatzivassiloglou & McKeown(1997) - 1997 = &% ”F" B¢ JTJIZ[“ > P PR [T
T YIE IR 657 {ld R EipiE 679 i P:}Tuif’ (BT IV E}%{ CHE “%a“é’??
flostefiest (Accuracy) |11 82% E| 90% o VA PPV > 970 D B4
gﬁ'??}'p JiFhEWit (Esuli & Sebastiani, 2006b; Kamps, Marx, Mokken & De Rijke, 2004;
Turney & Littman, 2003) » ¥} ﬁ SHE-6T%ZE| 88%7 =, |£[[4&|t'rlﬁﬂ*‘]§] R RR &
ﬁ'ﬁ B %b*]ﬁﬁ@{**"ij &= JE'J Accuracy ~ Precision ﬁ‘/ F-Measure )  fr
Fpgspeyet Eﬁi@[%ﬁ“ﬁ

<iord item = "M
<liordFreq15</mordfreq>
<ilordSense 1d="1">
<English>gasoline</English> <Phone>{ —" =3 '</Phone> <Pinvin>qid youd</pinvin>
<SyntacticFunction> <P0S>Naa</P0S> <Freqp15</Freg> </SyntacticFunction>
<ToplevelDefinition>(material |} atteibute=(Stateliquid | f&)  telic=(burn| B8} 1</ ToplevelDefinition>
<BottonlevelExpansion>{uaterial |} attribute=(Stateliquid| %) , telic=(burn| $§ 18} ) </Bottonlevel Expansion>
<[WordSensex</mord>

WL T R AR AR

Bl R R R RP 0 Yuen et al2004) 2004 i FJ ] Turney &
Littman(2003) [0 ol = B9 BRI BT 5 L15 604 (12 FIFIH 645 [RIsp &
W HE UE‘:FJ U’?f'?ﬁi_ 80.23 % ke FE“‘" K 85.03% U”[ﬂ'} o iR 2006 %[ 2010
= TR {ﬁJ]E'@E‘HSI;EL B AR ORS gﬂe BT e R (R (Han,
Mo, Zuo, & Duan, 2010; Li, Ma, & Guo, 2009; Lu, Song, Zhang, & Tsou, 2010; Yao, Wu, Liu,
& Zheng, 2006) > FriH E[J]EIU}"“?’F:T} T [ﬁ Elfi}"ﬁfﬁ (Accuracy ~ Precision ~ ﬁ‘/ F-Measure ) ™~ >
(f{; 89%Z[ 96% T+ PELELIET f' J ﬂ*ﬁ*ﬁ ﬁigﬁjﬁﬁiﬁlﬁf‘ﬁ o [EEEAT S

SRR

3.4 BV RS ET

R ZS ]’FEJ{E_"E'JEH’TE‘*WE&%%E'%E»?? ’ﬁ';‘ﬁiiﬁ”? ~ I (binary classifier) - & EIRIFY
Fﬁj@ﬂ&@ﬁﬁ?ﬁﬁv“&* Bl f#‘j o 1 i d/ (I 2555 HJ f$-E-HowNet » Google Chinese
Web 5-gram iF—f‘ o i YR IV R A S quﬁ Eak: %}{jlﬁrx’x dffd < YRIp J’ﬁ] s "I?';wn KN -
=t ‘BIFEJ“JFW AR A*“ f JEEF"‘“&“E‘E'??Z’@ET# (ensemble approaCh) FRE
- %F@TUEIF,J HUFSRE I}il&lﬁﬁjjj H”i}: EmTJﬁ
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5.1 LS ek B
(- E-HowNet Jf7V [ B478 1 £ FLROSRUR B> 9 IBRLEHS) ~ (W B-HowNet U5/ i> 7]
= B Vis (Wij) = (Wi, Wig, o, Win) Ao BT n B[ EIVAER o
[ = R - G (sense) ey~ [idfy EA - i 2 EAA I
HFCREFES > 2 (1) ER Vi lul*ﬁf%?ﬂi%g :
W :{1, PPN LA AL
h 0, TH’E&};VU

IR T 7 S e L] H USRS N 3R material » B YT W materia
MR RL 1> L PVNIEOREL - (R RL 0 PTG 2567 (W R HiAg B e

%ﬂﬂ1W*¢&Eﬁﬁ“ﬁ*ﬁﬁ,nﬁﬂiﬂﬁﬂrj%TaLmﬂﬁﬂwf lRiF
B L O R s U P D e W e E G E Ve B O R ]
B [UEFEpY- l[a‘ AV B ) if'ﬁﬁﬁfﬁ’ﬁﬁ”fjﬁwd & l*ixfﬁ"*ﬂi
flﬁT&M”f Fﬁﬁﬁ{ﬂﬁﬁﬁﬁqu%_uw gNTUﬁM@ﬁﬁhde;ﬁﬁﬂy%,
Bl | A 3k aﬁfnﬂ =0 [JF@«&;&Ij@[f&:F[]EH 13 l]‘E;,l £ nH:{L g;&ﬂ Jﬁl‘] [fb[@q;l » F Iﬁﬁlﬁﬁq@ﬁi F'
Euj—;r% EIJ o

(1

311 ﬁ@;"ﬁdﬁgﬁp@@
prr 22 (1) put gt o S FTETFPIR % E-HowNet E{"f#ﬁ'[\f& PV E) B RN o

= MR R R - SR IEE W  f  EO 2 ORI -
3ﬁﬁﬁk?%ﬁ“f‘ﬁf?éljﬁ@f;# (R PR PSS P B ERG % RE(V] & %,
2002)fy 2t ’}{_ﬂ @F”E*gﬂﬁ[l@@;[ﬂl‘ T (1) HE S (2)

Word(Depth 0) family happiness| & # = #
Depth 1 &XDEr'iejllce-si:?a
Depth 2 joyful | &4 | | ComeTogether | % %
Depth 3
Depth 4

2 TR, EES PR
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1 .
RSN I B
W =ql+axd; : SNl Sl

1]
0 , T A= N

SFQ) Y o kL RN O pRLFEE TR USRS gL § PO A

%ﬂg\ﬂ Q) flIfva ’EEEIMF%' NIArERE- = pEss ‘g‘f{ﬁ FIJ@;[ :

(Fl e ) a<0: JRE > o Fﬁ?}ﬁ« FUE [ 25YFH ’EWHHFU@E °

(B ) a>0: B & I?}%’FLE DR ’Ewﬂﬂ’b\?@g{ °
Fs a<0 Eiji W.JIII A T F’Il;@ RN {ﬁjﬂja?ﬁ —0.05 - HI% > F#[a 0 °5% (2)
SEEEEN O F”ﬂli&lFﬁrﬂéﬁ RIS PRI A (@) JIR

@

N gﬁ‘ﬂz’ﬁﬁﬂ“ﬂﬁﬁl?ﬁ

E RIS FASI T E BT 'JTJ I T - Fi ) RS E
r {not({succeed|59,/f})}J » ' I} 322 succeed ¥k not B {SAf o *E%‘j #.FL succeed [IUffEE
HIET s F‘Jﬁtﬁﬁiﬁl » PAIFES PO g 2 (3) g

Neg.j
—", U SE S TR I(
Wij=1l+axd K .

0 , —'] L[[Iﬁu}&* FLJ

> Neg; ; 2 &Fj R RS Laafs.ﬁlrﬁ%if”ﬂ"ﬁfﬁ I Neg, ;5% — 1>
Tl Neg, B 1 p39F > f/[l%ﬁ}hﬂﬁ‘ TR ﬂls‘yEJ,j;J]rFG‘I S E M
S{Lﬂ“%& lﬁ‘{ ’J’ﬁrfﬂ"‘\ [If ”ﬂurﬁl o

3

1=

_-Ell[l

3.2 ?ﬁ%ﬁ (context) ’1—*3 &
%%ﬁﬁgggjfg;ﬂfﬂWJ G > [LRLE DR S OB RO
rpE

5T~ (HRIRLARAT TRAOR R D PERRRACRLY] 7 R IR
BT« SR R PO L i TR S T (O

AR GO SRR RIS 8RR B
FTH=p s B "L EEyE ) fEREIHIRL T{sly| 24}, o (] rf’f/}Z’]’/ﬁk’ /28 Uiatlh: (S AN
RS IHLFFIEL - 57 AR S ﬂﬁ#wﬁ@’ﬂw’¢4mﬂ¢%
A THBORTR EA - D R AT RO o
R LB IR REFRGL) S B A
TR YD RIRLIE A ) S R RS BT AT
[iﬁg,ﬂipq[ﬁb NTUSD f l[ﬁw [ |E$,§;.;p1ﬁf, N2 e FEART -

PR (13| RO b - T 7 B 3 i
1%[@‘[7\?5@@’![‘ Z$ M7 Liu et al. (F. Liu, Yang, & Lin, 2010) g ™ iy Google Web
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5-gram Version 1 » FHIFVE %,kﬁﬂjf%r Google Web 5-gram fL Google (AR [l 1> A&l
G TIRE (R ;fﬁ%@m@ﬂ O (4 P 5 882,996,532,572 [ f token)
H 102,048,435,515 {f HJQ' » R ET 7Y n-gram © n-gram Y n g 1 E] S0 3 E R

lﬁ\'?}f%ﬁ}f*ﬁ? 40 iV n-gram = Google Web S-gram [V 1= Il 3 . -

BT 2 =2 #h A </s> 796466
ZE 2 BEE fitA AE 173
HOR 2 1 FE T = 251
BT =k FEE IEFL B0 574
HUT 2k FEE EFE J 200
B B 3EAE ZEFE 89 4463
HUT = IEE ERE = 705
=

LR EEE 298 f A 95
ﬁ/ 3. Google Web 5-gram &r{E[E3)7]

F—q&‘;ﬂ fl1o e T ayr ﬁp ZEE BETE Y iF;f S-gram H 1757 4463 75 o '@;@IH,fy
=7 €1 %] » Google Web 5- gramf\_r?ﬂ?ﬁ i (1 S5 R B iy > Al IS PR
FAGHH | Microsoft Word #/E ELTHI[1Y > 1 57} fjli ] Google Web 5- -gram 3 B DF,H’TE-:[ o
.:F]?H?fi PR > FU] 5-gram IJSF?[yj‘]\;E[qvﬁfﬁ-

3.2.1 Google Web 5—granﬁ$j v

=5 i ™ R B A IRl (co-occurrence ) W BYRELE) S o I 3 L l’/D%’ %1
G N AT N = E',Fﬁf%mil > Il h%ﬁ}iﬁ”"’ﬂ iy ”Ffi
LIRS S-gram SR EA e T BREpagp o T 7“/77 R TR R *%Ft
574+200+4463 + 705=5942 7% o

P39t [ AL Google Web S-gram IV BRI ™ T~ 5 BT1 | T LI 41
Google Web 5-gram [I9% [ 14 [ 45614 T 74r , PLT 7727 lﬁ[n f\_* IR
TR VR Jﬁﬁiﬁ‘ TR s - B % RVl - B0 0~ g | xi Google Web
S-gram [| 1B 4 TR pURH ’}.{ij”ﬂr’fli I A S 2

PR P RRLST R B RO 7S T R L o éu;fgﬂri
ES5 o R A aaji FIYFIED Vi= (€)= (€t Cisenos Cim) © LT m RLF) HER 5
ey BL T A B A SRR IR S PR Fu[u,
AR IRIFOR R 0 o BITRLE AR B P AR R AT
%;ip%{ﬁﬁ@%%’%] . ’?’]ﬂiﬂq[ﬁ”ﬁ Fi1Ar ~ Google Web 5- gram iﬁﬂ 1R 5000 f] Google
Web 5-gram ﬁﬁ NP 5000 F ((ERAr = DEF2) ~ Google Web 5-gram ﬁﬁfj’tiﬂfﬁ
[ 10000 7 ~ Google Web 5-gram ﬁﬂJL ZHpY 10000 ﬁ (A=A EPE2) ~ IR
NTUSD # &5 -
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3.2.2 Google Web 5-gramf[$]‘ ErflisE

Vi = (@i, e Cim) O T U RL 3 IR (OB A 2 1] D
40> iﬁ*f*ﬂ FIFJ zﬁfj&ﬁ&‘é‘ﬁgeﬁ fli ’ﬂﬁjﬁ%ﬂlﬁﬁé* ﬁﬁfj%@'?ﬁ?jf&ﬁﬁlﬁgﬁﬁi °
5k T T Y Y ?i?*ﬁi?.%'iﬁ“ (RIRE = 23— 78 RL - Ay Gk 5% AR 5
( cosine- normahzatlon) }{ﬂj”_ﬁLiprlJm PV R (4) s2El s 37 7 784D Esuli & Sebastiani
(2005) FrfdpugRshAgYE (> TFIDF  ( cosine-normalized TF-IDF) > ("] I?Y“U e
WordNet H[ﬁ@g%jﬁ»ﬁ@@ﬁi ) i/[ 120 (5) FRyt o

m “)
CosNorm(V,) = eR
" ch k
1<k<m
: 5
CosNorm(TFIDF,) = _TFIDF, e R" ©)

[S thidf 2
1<k<m '

TFIDF, = (tfidf, , tfidf, ,....,tfidf, )
thidf, , = tf, , *idf,

Cij Gy

B TR e
keD

D]

: -1
af = log(df,) _1°g|{i ¢, >0,%i<DJ
2FC (S D R g FA‘ Hﬁ;&l%@@igm&}wl’i fajtr%rj FJIH% term ©
ST (4) POARREE [T RRITE AL Y RS SRR [ O 2 (5)
Flfjﬁlii '[I?Jtr'ﬁjfifj FUtEE ’Eﬁﬁim’éﬂfm FARYE (™ (normalization) > FRT] tfi; F"f
IR & PRl e pIIE R RO B § puReE R BT - idf o e iR R
IR OEIETR - S5 T PR PR T R R SO e -

3.3 —T\ Wﬁ Bpust F"l

E A (I %lmﬁ?y Flﬁ B (Wi t, Wig,..., Win) = (Wij) > buf[;ﬁ% B (Cit, Cizseens Cim) = (Cij)

G e YRR AR Eﬂj@“ fx‘xﬁqﬂj Byt > — AR f:_}f—j nﬁqﬂjf‘éﬁi

ALFEE VS Wiy Wiz, WinCits Cigsens Cim) F 3 = [TRFLRERBUR B G

ﬁr’%r}’ﬁ j‘fﬁ [FIpoAe?) > =5 I'FEJ?!#* - ?’éﬁf’?ﬂfﬁ“ﬁ?%’”f F’?I‘Jrﬁ'ﬁl ST HIR RS

L[‘ﬁt&ﬁjﬁlﬁi&%& FLF‘]‘f‘%T (wij) *& [Eﬁ%@ (Cij) f‘ #'“ﬁmﬁj éﬁﬁi |—{‘1 TR o TH R
FIERL A RO RO UL B 1 1 nem e -

a’z”F",“EJELTf “%Eﬁ*?’ﬁ?ﬁ FN# (ensemble approach)
Ellﬁ”?lfss-i['“l'ﬁﬂi pUE— ([ (sense) ?M@ a2 ISR L T IR R
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) ERA ‘&]F'EJ%M (L[S T < DV (A T (TS e 53 K B
[ EIRF ISR o G DT A PSRBT RLIR Y o (N B R s
SR 4 A LS O R (M - IFW'?¢§>¢['“T§ O -
SR F ~ B prIFd - 7 Fl\]ﬁbﬂ PrH =8 S ET :ﬁ%lﬂﬂ R 19 5 KT 5
35” lFHE#i_“ ﬁ'ﬁ E'F'Lﬁ” F\[T Ifil >3 TS H ”H (ensemble approach ) - ‘“&|F‘jﬂj%"rﬁk‘ﬂ
T —Fgﬁﬁ}"ﬁ”

4. HEEEIMT

4.1 BER E‘ﬁ%&[&?fﬁ‘lﬁ%‘a‘;

AP B { S FASLRF A A A (NTUSD) =8 SR e & o (=4

BuRer{i] [E'?Hvi S AURAEIR 1o PR & E-HowNetINTUSD ff [=5ns g & ()

WO PIPELFEE W A A I IR 1 gl RS e

P35 = e I = | F‘Jﬁ&f;;t EIFS 80% ELF TR & 0 AR 20% RSk

FI& > & R R R I 53 g Ibu-‘ﬂﬁ@ﬂ]litn 7073 e (stratified sampling )
#1. BAH5Y - NTUSD ~ 1) X & poerF/ 3y

_”>
—E

o

e

&

/—

TRR| & T FI Fra
E-HowNet N/A N/A 88,127
NTUSD 21,056 22,750 43,806
E-HowNetN\NTUSD 5,346 6,256 11,602

53 PHIRRFEAR IO (OIS ¢ SRR (R R W PR T S &
FJ%ﬁJIW ;LF“JVJH H180% (=2 ekl bI9E 20% (BRIl eSS Fpoeyk]
El% % T ﬁlﬂnﬁi “ﬁlﬂnif;i ]’E’;lIJ;[;rtfi;yquE[FLHtﬂEu SR
RI2fusifr > 25 e00 Fs‘ifﬁlmmﬁmu#% 2

A2, TR 2R [

e = HrR & el 1l 7R & FIFEE YR &
TR opE | PO o EIE | EIT
il | 2,040 | 931 1,109 | 45.64% 745 887 186 222
Hier| 9,056 | 4,134 4922 | 45.65% | 3,307 3,938 827 984
i 383 206 177 53.79% 165 142 41 35
A 74 45 29 60.81% 36 23 9 6
AN 49 30 19 61.22% 24 15 6 4
T | 11,602 | 5346 6,256 | 46.08% | 4277 5,005 | 1,069 1251
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(D" Chang & Lin(2001) 573 fjjfi LIBSVM 3 #2 (RIS - I B 1
E TR ii ’ IEI ™| radial basis function (RBF) kernel function - RBF [V flal= 75§ cost ¢
=2 gamma g | ﬁﬁ‘fﬁm (Grid Search ) fiv =V 55 & ff =280l (c, g) » =R ¢ € {275,
23,21, 215}« g€{2'15, 213,211 23} » JH 110 5988 T il < FRas ( 5-fold cross
validation ) f[i= i“d‘?ﬁ:&’]jfg’i—k;{ﬁﬁl ]U‘if%r
Eaa (il ??ﬁﬂﬁﬂfﬁfﬁ“ (accuracy ) ¢ Pl 55 IR IO - "F‘ FLE R AR 5T BT
&‘EU VPR R RS o )53 F?TYEU:} CPR[ & FIPVARE | ﬂifﬁbl*ﬁ][iﬁ”jﬁ M- bl
» ffi "] McNemar 7[)@‘%71‘—;(Dietterich, 1998) s JH[IFE T KIS T Uﬁ‘ ';'Ef\__l\ EVEER o Bl
{&I:%';‘—Lt 5 0.95 °
MeNermar i LSS Y53 TR | 01553 B8 A5 R B ORAE
7JE‘7[L'”H S8y o EFNEIEESA BEANEL ™ F1ongy s ngy sy noo[ 'lﬁ%\ij [LJ?F’F\ T
]@% (null hypothesis ) [[1 > [yflil 7] HHY S 7 AELp Jﬁﬁﬁ} s HfiERL ng =n; 0 °

np - 7 Z:F[F =55 JELE B’F’TLWJ‘?%}:I ng; - 7Jz§'ﬁ”§ Aﬁ% gﬁu{’ IENZ:FIF

\

Ny ’Fﬁ o A B
Nt AR BARRISHED O A | noo :’?i‘%%é' AR B F RS
A J%;f%r kA B Py

McNemar A5 % y_i?f‘ff rj:{“‘;wﬁf[ gt (%2 test goodness of fit) - » %Z%I | POt
(Mo, =N =D, P ffi 7 ngtn %«Emﬁﬁp%g@ﬁﬁ?glp[@%T"g 1 o S5

Ny, + nl,o

i

T

PRI B 1 (significant level) £ 0.95 [ » P, A y 7 o = 3.8415 » JIHFRE
o T ] (McNemar A Eadifl, p-value) 8= 25 {fpofm Ladif ﬁw["lﬁ{%’%%\' (1.50,
0.22) %7 » McNemar i a0 L 1.50 < 3.84 » Al 1< EJ;EJIH McNemar f&7E » p-value £}
022 -

4.2 BRSBTS
ﬁ%l 4 SEBERFUE T T [r[ o gg*[ﬂ’rr{:ﬁuﬁﬁmﬁu#?ﬁz} » E Y (2) pUsER AL PBF
(Prime-Based Feature) #[{Efr56L - & {F EJ o [l —0.02 » FE} £ 89.4397% - ’5[ PBF
flla=0" Fgffiﬁiﬁf%\'flﬂf AF (1) PR e 1Y (3) fUsH N LL PBEN ( Prime-Based Feature
with Negation ) [Pl &Y a |;Ej E" -0.02 ¥ —0.03 » 1‘51115} £ 89.6121% -

-
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90.0%
4 PBF

89.8% =@=PBFN|[—
$89.6% -
g
S89.4% - A

. _/—0’

89.0% T T T T T T T T T T 1

-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
Alpha

e AR i PR
3—_9 I'Fnj @%[ 4 FIJ [ = }‘F"JIITE PBFN ]élfjﬁ,%ﬁét EF?J Flfj a ],@—k

EfC' 1 E}'F’];I jj/\ PBF >
ELRLPY T 1 = —0.02 2 B 0.1724% 155 S B » i

AN (1. 50 0.22) -

I o < O FPREERE » AT I AT IRET » AR R B LR

HESH-

3 FRTH Ao
ﬁﬁéﬁ’ﬁﬁ G B

FURL All f Iﬁfﬁf‘%ré ' F) 86,712 {5 -

o I k’/q?]f%\'vg!’ré', s Ypike 3 FRA
B s I—hisj/f,ﬁ]fggﬁ 93 mqﬂjr%rg [l $&PRuRL Adj prﬁ]‘r‘éré

3. mﬁ‘ﬁ#%@‘/ﬂf#% EH T B

CESE it Noun 46,807
GRS Verb 37,109
%a«»ﬁﬂmﬁ pHA] Adv. 2,364
% A FL & Adj. 948
T E AT | All 86,712
ﬁﬁf}[ 131 5000 5 F5000-1 5,000
ﬁﬁ i 5000 F (=% =2) F5000-2 5,000
ﬁﬁj 1 10000 7 F10000-1 10,000
ﬁﬁji 7H 10000 7 (=% =2) F10000-2 10,000
NTUSD (‘£ ##5) NTUSD 42,614

A TSR
PUE] 948 T & %
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55 RS TN 31

ST fopAge = ?UE{U?@EULQK‘@Q’«{/D@I 5 ﬁg,\l“[fy [’F'ﬂ%#lﬁfﬁ - Elfﬁffj

ECAEE E” TEAEH

(ﬁ,f_{ﬁl

PRI Y A (O R O 2 10 59.70% » PR R 13

AT ?,au oo HUESRERE e T BN o BRoRARYE [ TFIDF [V3spo@B (] - B &

Y ) 83.41% » [ IR B T TR LR 10000 5 5 o [RESER SR A (R
IV ) B0 2 = » B i £ 88.23% » PR (7 [Ty S 5 T R AR
PSS PRy B LR, AR (4.61,0.03) ¢

== Original Frequency

100.0%

== Cos-Normalized Frequency
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Abstract

This study examines how different dimensions of corpus frequency data may affect
the outcome of statistical modeling of lexical items. Our analysis mainly focuses on
a recently constructed elderly speaker corpus that is used to reveal patterns of aging
people’s language use. A conversational corpus contributed by speakers in their
20s serves as complementary material. The target words examined are temporal
expressions, which might reveal how the speech produced by the elderly is
organized. We conduct divisive hierarchical clustering analyses based on two
different dimensions of corporal data, namely raw frequency distribution and
collocation-based vectors. When different dimensions of data were used as the
input, results showed that the target terms were clustered in different ways.
Analyses based on frequency distributions and collocational patterns are distinct
from each other. Specifically, statistically-based collocational analysis generally
produces more distinct clustering results that differentiate temporal terms more
delicately than do the ones based on raw frequency.
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1. Introduction

The study of gerontology is gaining wide attention, as the aging population is becoming a
major issue in society. Research has noted that aging causes not only physiological changes
for elderly people, but also affects their language production (Burk & Shafto, 2004), cognitive
load (Wilson, 2008), context processing speed (Rush, Barch, & Braver 2006), language
performance patterns compared to younger individuals (Veliz, Riffo, & Arancibia, 2010), etc.
To study gerontology from a linguistic point of view, Green (1993) proposed that the
phenomenon of gerontology could be studied through discourse analysis. Therefore, we use
conversations the elderly and from younger speakers as our speech corpora and take these
corpora as an input to exemplify the procedures and usage of lexical modeling.

As for the examination of temporal terms, we postulated that people’s social roles,
especially the elderly’s, might be embedded in conversations where speakers share personal
experiences or judgment of the past (Kuo, 2008) and the present. Thus, we presume that
temporal expressions might serve as the anchoring points in a conversation-based corpus and
might reveal a certain aspect of the speech behavior patterns of the elderly.

Statistical modeling can serve to describe a given set of data, be it diachronic subsets,
register, or lexical units. Statistical models often take the so-called “bottom-up” approach that
suits most corpus linguists’ empirical state of mind. Moreover, nice and neat visualization is
often a feat in such modeling techniques, to an extent that some of the models are called
“graph models” (Widdows & Dorow, 2002). When the proper behavior of lexical units and the
structure of the lexicon are applied, statistical modeling may help us develop NLP-oriented
lexicographic modules in the form of dictionaries, thesauri, and ontologies (Mitrofanova,
Mukhin, Panicheva, & Savitsky, 2007).

A glimpse at relevant studies would reveal that the most prominent kind of data input is
related to the distributional patterns of the lexical items in corpora. The distributional data
could be in the form of word frequencies and variability of frequencies (Gries & Hilpert, to
appear) or the distribution of n-grams as a whole (Gries, Newman, & Shaoul, 2011). The
distributional pattern or dependency with syntactic patterns is also a prominent source of data
input (Cimiano, Hotho, & Staab, 2004a, 2004b; Lin, 1998; Pereira & Tishby 1992). Target
lexical items’ dependency and co-occurrence with particular word types also has been taken as
the basis of lexical modeling in some studies (Redington, Chater, & Finch, 1993). Moreover,
statistically-based collocational patterns are used for modeling similarities among lexical units
of interest (Chen, 2009; Gries & Stefanowitsch, to appear).
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The above-mentioned different methods, or rather, different data inputs, are considered
to fall somewhere between raw distributional data and relational data, or between lexical items
and syntactic patterns. In our study, we aim to compare the two endpoints of this
methodological continuum, namely the “frequency distributional data” input and “collocation
data,” in order to see how these different types of inputs may result in different data in lexical
modeling. The former is the analysis based on the raw distributional data of lexical items, and
the latter is based on more fine-grained examination of the relationship between lexical items,
such as a particular item’s collocational pattern with other lexical units in a corpus. By
comparing the two kinds of analyses, we hope to reveal the extent to which these two methods
demonstrate different patterns, thereby making contributions to the evaluation and selection of
research methods in modeling lexical items.

This paper is organized as follows: Section 2 introduces the corpora used in this study,
including data collection, guidelines for transcription, and annotation standards. Section 3
reports basic corporal information and preliminary analysis of six selected temporal
expressions from the corpus. Section 4 demonstrates the methods and results of statistical
modeling of temporal expressions, as well as a meta-analysis on different models. Section 5
and Section 6 summarize our findings and suggestions for further research respectively.

2. Corpora

2.1 The Elderly Speaker Corpus

Speech data were collected from four pairs of elderly people. Each pair consisted of one male
and one female speaker. All subjects are native speakers of Mandarin and Taiwanese Southern
Min. One pair is from Changhua while the others are from Taipei. The mean age of the
subjects is 65.75 years old (SD = 6.16). Each pair of speakers was asked to do a face-to-face
conversation in Mandarin for 30 to 40 minutes. The designated conversational topic was the
speakers’ life experience in the past and the present. During the recording, other participants,
such as the subject’s relatives or the observer, might also be involved in the talk. All files were
recorded by a digital recorder in the WAV format. The total length of the speech samples is
145 minutes.

Speech samples collected from the elderly people’s conversations were then transcribed
into Chinese characters, following Du Bois et al.’s transcription standards for discourse
analysis (Du Bois, Schuetze-Coburn, Cumming, & Paolino, 1993). Prosodic features and vocal
qualities of the intonation units (1Us) were excluded from the transcription since they are not
the main interest in this study. A short guideline of transcription standards is provided below.

Conversation samples were manually processed into several 1Us. Each 1U was labeled
with a number on the left, as shown in Example (1).
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@
34 SM: a BoF g W T fy
P. you see this CL. dowork DE
35 (13) O F -
that CL. have
36 ?Jfrﬁi El

have.enough heavy

Speech overlap occurring during the conversation was indicated by square brackets, as
shown in Example (2). To indicate overlap, brackets were vertically aligned where the
overlaps began. Double square brackets were used for numerous overlaps occurring within a
short stretch of speech, with their left brackets displaying temporal alignment.

)
70 SF: ﬁﬁ 2 %]

all give others

71 SM: = %] =& lE]
give others toraise P.
72 SF: [E=¢=3]
to raise

Sometimes, the subjects switched between Mandarin and other languages when speaking.
Such cases of code-switching were enclosed in square brackets and labeled with L2 as well as
the code for that non-Mandarin language. Example (3) demonstrates a case where a speaker
switched between Mandarin and Taiwanese Southern Min (TSM). It should be noted that,
since this study targeted elderly people’s Mandarin speech performance, code-switching to
languages other than Mandarin was excluded from our analysis.

®)
268 SF:  [L2 TSM ?ﬂ}%ﬁﬁl TSM L2]
single wheeler

Laughter was also identified in the transcription. Each syllable of laughter was labeled
with one token of the symbol @ (see Example 4a). Longer laughter was indicated by a single
symbol @ with the duration in the parentheses (see Example 4b). Two @ symbols were placed
at each end of an U to show that the subject spoke while laughing (see Example 4c).

(4)
a. 163 Fl. Q@@Q@@
b. 200 SM: @(3.3)
c. 828 O: @% ﬂB’EE %ﬁ;’l la@
not that serious P.
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The occurrence and duration of a pause in discourse were transcribed. Pauses were
represented by dots: two dots for short pauses of less than 0.3 seconds, three dots for medium
pauses between 0.3 and 0.6 seconds, and three dots with the duration specified in parentheses
for pauses longer than 0.7 seconds. Example (5) below is the instance for pauses.

(®)
40 SF: LTI 0.kk--
before P. is
41 SF: e fl L.V 2. (0.9)f X
P. all isparents do X

Particles were transcribed in phonetic transcription to avoid disagreement on the
employment of homophonic Mandarin characters, as Example (6) shows. Phonetic
transcriptions for the particles included la, hoNh, a, o, le, haNh, hioh, and ma.

(6)
26 SM: hoNh.a {1 =+ % 5 AT
P. P. we twenty more age get.married

The recorded utterances were not always audible or clear enough for the transcribers to
identify what was being said. Each syllable of uncertain hearing was labeled with a capital X,
as shown in Example (5) above. Last but not least, truncated words or 1Us were represented by
double hyphens --, as shown in Examples (1) and (5).

The transcription was automatically segmented and POS (part of speech) tagged through
the CKIP Chinese Word Segmentation System provided by the Chinese Knowledge
Information Processing (CKIP) group at Academia Sinica (2004). The segmentation and POS
standards were based on the Sinica Corpus guidelines (1998). The annotated language samples
then were checked manually. The procedure is described below.

First, every segmentation result derived from CKIP was examined and corrected if wrong,
as in the following examples. Example (7a) is the original U before segmentation and tagging.
Through CKIP, we attain the result in Example (7b), which is falsely processed. Example (7¢)
shows the proper segmentation after manual correction.

)
a. T & &RLMIESISHYE B
“My father is his mother’s brother.”
b, ** && HL M SN BE
| father is he.mom mom.DE brother
c. I && LKL @EE Y OBE
I father is he mom DE brother
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Second, POS tags were viewed as correct if the main word classes were correct, while the
details of their sub-classes were not of primary concern. For instance, in Example (8), the
main word class of each POS tag (in this case, N, DE, V, or D) was examined, but not the
sub-class tagging, as we give less consideration for the subcategories they belong to.

(8)
f9(Nh) [~(DE) Jig5(Na) pi(VAC) H(DE) [4i(Dfa) TR(VH)
he DE brains act DE more fast

“He gets new ideas faster.”

Third, particles’ tags were manually corrected to | for IU-initial particles?, and T for
IU-final particles. If an 1U contained nothing but particles, then the particles were tagged as I.

Finally, POS tags were removed for truncations (e.g. lF;F) uncertain hearing (i.e. X),
and code-switching. Given that truncations are not generally viewed as lexical items, they
were not suitable for analysis at the lexical level.

2.2 The NTU Conversational Corpus

This corpus contains speech data collected by Master’s students of the Graduate Institute of
Linguistics at the National Taiwan University. The transcription follows Du Bois et al.’s
standards for discourse analysis (1993). The data was collected by graduate students in their
early 20s, and most of the recruited speakers were similar in age to the data collectors. In other
words, this corpus contains mostly “youth speech,” which is suitable as a complementary
corpus to the elderly speakers’ corpus for our analysis.

Although constant effort has been made in data collection of the NTU conversational
corpus for more than ten years, little effort has been devoted to data organization and
preprocessing. For this study, we selected a subset of face-to-face conversations between
speakers (mostly students) less than 30 years old. The topics of these conversations were
mostly everyday life experiences. The chosen subset, containing around 66,000 words, was
tokenized and annotated the same way as the elderly speakers’ corpus for further analysis.

3. Corpus Information & Preliminary Analysis

The elderly speaker corpus contains 4,982 1Us of Mandarin utterances and 22,090 word tokens
produced by all speakers. Elderly people’s production in Mandarin contains 3,739 IUs, and
there are 18,076 word tokens in total. The subset of the NTU conversational corpus used in
this study contains 15,863 IUs and 65,742 word tokens.

2 According to the standards provided by Sinica Corpus, | represents “interjections” which usually occur
in the IU-initial position.
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The corpus processing tool used here is R (R. D. C. Team, 2010), which allows us to
perform tasks, including preprocessing, word frequency, KWIC (KeyWord In Context)
extraction, and statistical modeling.

We assume that time-related words may provide some vital clues to the elderly’s and the
youth’s speech patterns, so the following analyses will focus on the subjects’ use of temporal
expressions. We are interested in how elderly people use 7 (now) and I'[fji (before), as
well as other temporal expressions (tagged as Nd), to frame the present- and the past-related
concepts, and how their use differs from the younger generations’ employment of temporal
expressions. Thus, the six most frequent temporal expressions from each corpus were selected
for the analysis. Table 1 lists the frequency of the six target temporal expressions. As shown in
the rankings, “now” is the most frequent temporal expression in both corpora.

Table 1. The frequency of the most frequent temporal expressions in the two corpora.

Elderly Speaker Corpus NTU (Youth) Corpus

Rank. Term Freq. | Rank.  Term Freq.
1 F 7 (now) 169 1 F 7 (now) 137
2 I (before) 169 2 % (later) 76
3 g E\ﬂj f5(in one’s childhood) 12 3 % = (today) 52
4 SE(R.O.C. year) 11 4 I} (before) 52
5 g i ¥(back then) 9 5 FE= (yesterday) 34
6 37 (recently) 6 6 £ 1F (this year) 31

4. Statistical Modeling of Temporal Expressions

In this section, we will present quantitative analyses with the help of hierarchical clustering, a
data-driven approach, to see how the temporal terms of interest are grouped together with the
frequency data extracted from our corpus.

The clustering method employed here is divisive hierarchical clustering. This differs
from agglomerative hierarchical clustering in that a group of entities is first divided into large
groups before smaller groups are classified. Such a method is useful for finding a few clusters
that are large in size (Rush, Barch, & Braver, 2006). We would like to find out whether the
terms for “the present” and “the past” can really be grouped into clusters that are different in
temporality. Thus, divisive hierarchical clustering serves our need. In our current study, the
clustering was conducted with the help of the dist() function in R (2010), which takes a table
of correlations between the vectors containing different temporal expressions’ frequency data
or collocational data in the corpus and transforms it into a “table of distances” based on the
square distance between these vectors.
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4.1 Modeling Results from the Elderly Speaker Corpus

We executed a series of hierarchical clustering with different data input. The first analysis was
run with the frequencies of the temporal terms across different files/texts in our corpus. Such
an input was expected to capture the co-occurrence pattern of these temporal terms affected by
individual speaker’s style or idiolect, as well as by differences in the topic of conversation.
The output is presented in Figure 1, where Zl7 (now) is separate from I'J i (before) under
a major cluster on the left. Also, 3T (recently) stands independently from the other
expressions, suggesting that temporal terms within a particular time domain are more likely to

occur in the same text, which is really a conversational event in our corpora.

Next, four clustering analyses were made based on the frequency data across subsets of
different sizes. The sizes chosen for producing subsets were 10, 50, 200, and 500 words.
Smaller subsets may reflect linguistic patterns in a few clauses, and larger subsets may reflect
patterns in a larger unit, such as major or minor topics in the flow of conversation. As we can
see in Figure 2, Fl7 (now) and I'|fji| (before) are classified in the same small cluster.

with frequencies in texts
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Figure 1. Clustering based on frequencies in texts in the elderly speaker corpus.
“Height™ in the y-axis represents the furthest distance between the
entities under a particular node in terms of the distance, based on the
correlation of data vectors of these expressions. Thus, it is sensitive to
how far apart the entities in question are.
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Figure 2. Clustering based on frequencies across subsets in the elderly speaker
corpus. Upper left, with subsets of a size of 10 words. Upper right, of
50 words. Lower left, of 200 words. Lower right, of 500 words.

We can also conduct clustering analysis according to how these terms collocate with
other words in the corpus, on the premise that collocational patterns should reveal some
characteristics of lexical items. Thus, two more analyses based on this assumption were given.
The first analysis was done using each word type’s collocational pattern (span = 3) with the
six temporal terms as input. The second analysis was achieved through the dependency
patterns of sentential particles (i.e. lah, hoNh, ah, oh, le, haNh, hioh, mah, as described by Li,
1999), taking the temporal terms as input. There are two reasons for the inclusion of particle
collocation. First, with regard to methodology, running more than one collocational test allows
one to see whether collocational analyses with different approaches generate similar results.
Second, sentential particles’ dependency patterns might help us understand how the “referent”
of each temporal expression is conceived and presented in discourse. The outcome is
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illustrated in Figure 3. Again, 7 (now) and I'Jfj] (before) are clustered closely, showing
that their collocational patterns might be similar.

There is a potential problem in using raw frequencies in studying collocates. Collocates
with high frequencies might simply be high frequency words, rather than being “exclusively
close” to the terms of interest. Thus, we bring forth collexeme analysis (Gries, Hampe, &
Schonefeld, 2005; Gries, 2007), a statistical method developed for finding “true collocates,”
that is, collocates with strong collocational strength (coll.strength hereafter). The coll.strength
of each word type and particle was calculated and used as input for clustering analysis. The
output is shown in Figure 4.
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Figure 3. Clustering based on association/collocation frequencies. Left, with all word
types in the elderly speaker corpus. Right, with particles.
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Figure 4. Clustering based on coll.strength patterns. Left, with all word types in the
elderly speaker corpus. Right, with particles.
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To sum up, 7 (now) and I'Jfjj (before) seem to intertwine, concerning their
occurrences in different subsets of the corpus. This may suggest that, when elderly speakers
talk about the past, the present follows as a contrast in time regarding the same subject matter,
and vice versa. Only the by-text analysis shows a difference between the terms for the present
and those for the past, suggesting that there are some conversations featuring more present
than the past, and vice versa. Collocational strength analysis is another approach revealing a
difference between Zi7: (now) and I'Jfj] (before), showing that, although the two terms
usually are used closely, they still attract different words with different strengths. It should be
noted that association patterns with particles do not distinguish between the present and the
past. A possible explanation for this is that such a difference in pragmatic and discourse
meaning is too fine-grained to be shown with information based on quantitative data. In other
words, it shows that a quantitative method with corpus data has its limitation, especially when
the annotation only functions at the basic POS level. Such findings of the temporal terms may
in turn suggest that modeling lexical items is not a simple matter of looking for any types of
analyzable data input. In addition to surface frequencies, taking collocational patterns into
account, especially those based on statistical analyses, seems to be a requirement to capture
the nuances among lexical items.

4.2 Modeling Results from the NTU (Youth) Conversational Corpus

We performed similar analyses for the selected portion of the NTU conversational corpus,
with a few modifications. First, the analysis based on the frequencies of temporal expressions
in corpus subsets was only conducted with subset sizes of 10, 50, and 200 words, since the
individual texts (conversations) in the NTU corpus are mostly not as long as those in our
elderly speakers’ corpus. For certain conversations, a 500-word window can cover almost all
of the words in the text, making the analysis too similar to the by-text analysis we conducted.
Second, the analyses of temporal expressions’ raw collocation and collocational strength with
particles were not conducted for the NTU corpus because the manual annotation on
collocation between particles and temporal terms has not yet been completed.

Figure 5 shows the results of clustering analysis based on raw frequencies of the
temporal expressions in the NTU conversational corpus. Temporal scope seems to be the
factor determining the clustering patterns. Expressions that have a less definite time frame,
such as & (later) and J‘Jﬁfj (before), are grouped together, whereas expressions denoting
a specific temporal scope, such as % = (today) and == (yesterday), are grouped under the
same node.
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Figure 5. Clustering based on frequencies in texts in the
NTU conversational corpus.
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Figure 6. Clustering based on frequencies across subsets in the NTU
conversational corpus. Left, with subsets of 10 words. Middle,
of 50 words. Right, of 200 words.



Frequency, Collocation, and Statistical Modeling of Lexical Items: 49

A Case Study of Temporal Expressions in Two Conversational Corpora

Figure 6 shows clustering results based on the target expressions’ frequencies in the
subsets of the data. The results are not clear-cut, lacking a consistent pattern across the outputs
from different inputs. One of the more consistent patterns may be that Z 7 (now) and &
(later) are clustered together in two of the graphs above and are rather closely clustered in one
of the two. This might imply that, within a context with a size smaller than the whole text,
these two temporal expressions are commonly used together to form conversations.

As for the result of the target temporal expressions’ collocates in raw frequencies,
clustering patterns differentiate expressions for the past, the present, and those with different
time scopes. In Figure 7, the expression £ & (this year), which denotes the present within a
bigger scope, is clustered away from other expressions. The expressions F 7t (now) and %
= (today), both denoting the present within a smaller scope, are clustered together. Two
expressions for the past, I'Jf| (before) and ['==. (yesterday), are grouped under the same
node. Finally, &< (later), an expression for denoting time sequences, is clustered alone.
This indicates that different types of temporal expressions collocate with other words in the
corpus in different manners.
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Figure 7. Left, clustering based on collocational frequencies with all the word
types in the NTU conversational corpus. Right, clustering based on
collocational strength patterns.

Yet, when the input data are collocational strength patterns, which should reveal these
expressions’ true collocates, the results of the clustering change. F 7 (now) and & =
(today), two expressions about the present, stand out in two distinct clusters, while &
(later) also stands out to a certain extent. This reveals that expressions about the present are
strongly and uniquely collocated with a certain group of words in the youth corpus, compared
to other temporal terms. Such a result of modeling may imply that the youth use some
particular patterns in structuring events or topics about the present.
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4.3 Evaluation on Modeling Results

How do we evaluate all of these different results? The answer may not be surprising: We can
do it with clustering analysis. The “clustering” package for R offers a function “cutree” for a
simple quantification of different clustering, where each “tree” is quantified in terms of which
cluster an item is clustered to. We collect the data for all of the trees shown above and execute
clustering as meta-analysis. The outcome for the elderly speaker corpus is shown in Figure 8,
and the one for the NTU conversational corpus is shown in Figure 9.
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Figure 8. Clustering of various results from the elderly speaker corpus.

An interesting pattern shows up in Figure 8. There are two major clusters. The left one is
based on frequency patterns of temporal terms, and the right one basically contains analyses of
how these terms collocate or associate with other words or particles. Despite the curious
occurrence of the “by-500-words” analysis in the right major cluster, the result of this
meta-analysis seems to be able to characterize the major differences in terms of data input.
More specifically, in the left major cluster, the “by-text” analysis is the first one singled out.
This conforms to our impression that temporal terms are clustered differently, with 37
(now) and =37 (recently) placed relatively far away from other past-related expressions.
Moreover, in the right major cluster, the analyses with coll.strength are the first ones
differentiated from the others. Again, this reflects that statistically-based analyses produce
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different patterns from the ones based on simple frequency values. What can be inferred from
the patterns in Figure 8 is that different types of data input certainly influence the outcome of
clustering analysis.
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Figure 9. Clustering of various results from the NTU conversational corpus.

The evaluation of the clustering results of the NTU conversational corpus, shown in
Figure 9, clearly is different from the one of the elderly speakers’ corpus. The only similar
pattern is that the by-text analysis still stands out as a particular kind of clustering. Other
clustering analyses are lumped together with no clearly emerging pattern. There are several
possible reasons for such a result. First, one may argue that the relationship between clustering
methods and their results does not hold a consistent pattern. On the other hand, it could mean
that there are some differences in the use of the temporal items between these two corpora,
hence, between speakers different in age. At this stage, the two corpora are not equal in size,
so any claims about how elderly speakers’ linguistic patterns actually differ from those of
younger speakers’ would appear to be unsound. To sum up, the evaluation method we propose
here is a technique that can possibly reveal differences among methods of modeling or even
differences between various corpora, as shown in our preliminary research results. For further
development, similar investigations on better-controlled and comparable corpora must be
conducted.
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5. Conclusion

Statistical modeling based on different types of data input displays different patterns, with
modeling derived from frequencies and collocational patterns forming two major clusters (as
revealed in the meta-analysis, which visualizes the difference between models based on
quantitative data). In the “frequency” cluster, analysis based on distributional patterns is
differentiated from the ones based on arbitrarily divided subsets. In the “collocation” cluster,
statistically-oriented (i.e. collocational strength) analyses are distinguished from those based
on surface collocational frequencies. For our present study, these findings are not
overwhelmingly surprising because it is not hard to imagine the impact of the difference in
texts and subsets on research, as well as the impact of surface frequencies and
statistically-calculated relational patterns. Yet, when it comes to evaluating more types of
modeling methods or inputs, meta-analysis of this kind provides a valuable means of choosing
adequate methods. For instance, when researchers try to model different aspects of the lexical
structure, the hierarchical modeling proposed here may help avoiding utilizing methods that
are in fact very similar.

According to our analysis on temporal terms, the core expressions of the present and the
past have very similar distributional patterns, showing that elderly speakers in the corpus tend
to compare the present with the past in the same textual domains. The difference between
these terms is disclosed only in models based on by-text frequency and statistical collocational
analysis. The former shows that different speakers or conversation events may have their own
preferred usage of temporal expressions. The latter indicates that these terms are still different
in terms of their collocations, yet the difference can only be revealed through statistical tests
on “true collocates” proposed by Gries (2007). These findings can be seen as a pilot result of
the linguistic patterns of aging people and young people in comparison.

6. Future work

The primary purpose of this study was to attempt to highlight certain methodologies
applicable to an elderly speaker corpus through several statistical approaches, rather than
recklessly leaping to a conclusion that some universal elderly speech patterns are found in our
corpus. The inclusion of the analysis on a younger speaker corpus helps us become more
cautious with the claims we can make about our statistical approaches. Yet, to further explore
the issue and confirm the validity of potential general linguistic patterns discovered in the
current research, we must carefully conduct qualitative analyses of each temporal expression
and interpret the results with the evidence from the quantitative methods we adopted
previously. For example, the expansion of the size of the elderly speaker corpus does may
alter the outcome of our statistical modeling.
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Also, the inequality in terms of the size of our two corpora and the different ways of data
collection make the direct comparison between the elderly speaker corpus and the NTU (youth)
conversational corpus difficult. In the future, it might be advisable to collect speech materials
from a small number of younger speakers by asking them to narrate personal experiences and
stories just like what we asked the elderly speakers to do. By doing so, we can directly
compare this small corpus contributed by younger speakers with our elderly corpus, to see
whether we can prompt even similar high-frequency temporal expressions for comparing two
corpora of two generations of speakers.
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Abstract

A morphological family in Chinese is the set of compound words embedding a
common morpheme, and Self-organizing maps (SOM) of these Chinese
morphological families can be built. Computation of the unified-distance matrices
for the SOMs allows us to perform semantic clustering of the members of the
morphological families. Such semantic clustering sheds light on the interplay
between morphology and semantics in Chinese. We studied how the word lists
used in a lexical decision task (LDT) (Chen, Galmar, & Su, 2009) are mapped onto
the clusters of the SOMs. We showed that this mapping is helpful to predict
whether repetitive processing of members of a morphological family would elicit a
satiation in an LDT - habituation - of both morphological and semantic units of the
shared morpheme. In their LDT experiment, Chen, Galmar, and Su (2009) found
evidence for morphological satiation but not for semantic satiation. Conclusions
drawn from our computational experiments and calculations are in accordance with
the behavioral experimental results in Chen et al. (2009). Finally, we showed that
our work could be helpful to linguists in preparing adequate word lists for
behavioral study of Chinese morphological families.

Keywords: Self-Organizing Maps, Computational Morphology and Semantics.

1. Introduction

In this paper, we call a morphological family the set of compound words embedding a
common morpheme. Hence, the compound words in Table 1, which all contain the morpheme
‘FH” (ming) as a first character, belong to the morphological family of ‘f¥|’.
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Table 1.Some examples of the#/ morphological family (Chen, Galmar, & Su, 2009).

il | FEIE e | PR | PR
Ming Dynasty | tomorrow | to understand / clear explicit star bright

In Chinese, the meaning of a morpheme can be either transparent or opaque to the meaning of
the compound word embedding it. For example, the common morpheme in Table 1 “f¥” can
mean (clear) or (bright) and is transparent to the meaning of “PFf|E!” (star) but rather opaque
to the meaning of “f=." (tomorrow). If some members of a morphological family are
semantically similar, one could advance as a reason for such a similarity that these members
are transparent to the same meaning of the shared morpheme. Most Chinese morphemes are
polysemous (Chen & Chen, 2000). Hence, in theory, transparent members of a morphological
family could belong to different semantic clusters whose centers would be the different
meanings of the shared polysemous morpheme.

This paper is aimed primarily at using computational linguistics methods to perform
semantic clustering of the members of the morphological families. Such a clustering is used to
predict the results of a behavioral Lexical Decision Task! (LDT) designed by Chen, Galmar,
& Su (2009) to study the phenomenon of morphological satiation in Chinese.

In visual word recognition, morphological satiation is an impairment of morphological
processing induced by repetitive exposure to the same morpheme embedded in different
Chinese compound words (Chen et al., 2009; Cheng & Lan, 2009). Chen, Galmar, and Su
(2009) posited that morphological satiation is due to habituation of the morphological unit of
the repeated morpheme. This is represented in Figure 1 by Diagram (a).

As a morpheme is thought to be a meaningful unit, it is logical to consider whether a
semantic satiation (Kounios, Kotz, & Holcomb, 2000; Smith & Klein, 1990; Tian & Huber,
2010), an impairment of semantic processing causing a temporary loss of the meaning of the
common morpheme, would occur concomitantly with morphological satiation.? In other
words, the satiation observed by Chen et al. (2009) could have two loci: a morphological locus
and a semantic locus, as represented in Figure 1 by Diagram (d).

A morphological satiation could also have its loci of satiation on the links between the
morphological, lexical, and semantic units, as represented in Figure 1 by Diagrams (b) and (c).
We quickly can rule out the possibility of a locus on the link between morphological and

! An LDT is a behavioral task for which subjects have to identify whether presented visual stimuli are
words or non-words.

2 If most of the members of a morphological family used in an experimental task are transparent to the
same meaning of the shared morpheme, the same semantic units of the shared morpheme are
repeatedly accessed and finally habituate - satiation diagram (d) -. Therefore, there could be a
semantic satiation in addition to morphological satiation.
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lexical units, as represented by Diagram (b). The reason is that, in a LDT, this link is changing
at each presentation of a new two-character word. The morphological unit of the repeated
morpheme constitutes one fixed endpoint of the morphological/lexical link but the over
endpoint is always changing.

The present work of semantic clustering focuses on clarifying by computational means
whether morphological satiation would probably have a sole morphological locus (Diagram
(a)) or whether it would have both a morphological and semantic locus (Diagram (d)). The

behavioral LDT experiment results in Chen et al. (2009) point to the existence of a sole
morphological locus.

|:] Semantic level 2
O Lexical level :

it (e R e
O Morphological level H ALAN =
No satiation
S atiation
; 2LEE
Information flow E‘]'-;T-\‘
impairment

" Experimental
i paradigm

Current
Stimulus

Multiple presentation
of two-character words
with &} as afirst constituent :

Figure 1. Different possible loci of satiation for morphological satiation.
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2. Rationale of our Approach

As human subject agreement for semantic clustering tasks is low (Jorgensen, 1990),
computational corpus-based semantic clustering was thought to be a valuable and
complementary experimental approach compared to a behavioral one with human subjects.

A corpus of written texts is a human artifact, its content is relevant to the human reader
and, from a cognitive psychology standpoint, a corpus does embed a subset of organized
human semantic knowledge and is worthy to be studied in computer simulations as a pure
abstract semantic memory stripped out of sensory and motor representations.

In natural language processing, proponents of the “bag of words” approach simplify each
document internal structure to a set of words and use a whole corpus to build a matrix of
co-occurrence of the words corpus (Landauer & Dumais, 1997). Computational methods, such
as Latent Semantic Analysis (LSA), take as input such a high dimensional matrix and reduce
its dimensionality to form a vector space of the documents and words (Landauer, McNamara,
Dennis, & Kintsch, 2007). This space embeds only an associative kind of semantic
information®: words that co-occur in the same documents or that have common co-occurrents
are close associates.

For a news corpus, the association can often be of the situational type. For example,
“Father Christmas” will be a close associate of “department store,” as there are many news
reports around Christmas about the bustling agitation in department stores full of “Father
Christmas”.* In cognitive science and Al, it is said that the two terms “Father Christmas” and
“department store” belong to a common memory frame, a frame being defined by Minsky as
“a data-structure for representing a stereotyped situation” (Minsky, 1974).

In the present work, we follow a “bag of words” approach by first building a term
document matrix (TDM). Then, Self-Organizing Maps (SOMs) and associated
unified-distanced matrices (called U-matrix thereafter) are built from the TDM. The SOMs
and U-matrices serve to visualize semantic clusters in a morphological family on a 2D
hexagonal grid of bins (Kohonen, 2001).

On the SOMs, a semantic cluster is made of members of a morphological family that
have been fitted into the same bin of the grid and into contiguous bins which are close
neighbors - according to the U-matrix information - in the original high dimensional space.
SOMs have been used successfully to capture associative semantic relationships between
words in corpora. Closer to the present approach, SOMs have been used to study the
developmental aspect of vocabulary acquisition in Chinese (Li, 2001, 2009; Li, Farkas, &

% Semantic information also can be, for example, of the categorical or featural types.
* This example is borrowed from Galmar & Chen (2010b).



Using Kohonen Maps of Chinese Morphological Families to 59

Visualize the Interplay of Morphology and Semantics in Chinese

MacWhinney, 2004; Zhao & Li, 2008). Zhao, Li, and Kohonen (2010) studied the clustering
of subsets of the most common Chinese words along both linguistic and semantic dimensions.
Kohonen and Xing (2011) computed the SOMs of different linguistic classes for Chinese and
studied how word frequency modulates the clusters on the SOMs. Our study is the first one to
use SOMs to study the interplay between morphology and semantics in Chinese compounds
words sharing a common morpheme, i.e. to study the semantics of morphological families.
Previous studies on the semantics of morphological families (Galmar & Chen, 2010a; Galmar
& Chen, 2010b) followed a supervised approach that relied upon etymological knowledge of
Chinese morphemes to identify the meaning of a morpheme in a given compound word. The
present work followed an unsupervised approach, and the goal is meaning discrimination
through clustering rather than meaning identification. We chose the SOM algorithm to ensure
that our work can be replicated thanks to the widespread availability of SOM packages and
toolboxes and because it has not yet been applied to our specific research topic.

3. The Corpus and the Term Document Matrix (TDM)

3.1 The Academia Sinica Balanced Corpus
We used the Academia Sinica Balanced Corpus (ASBC), a five million word annotated corpus
based on Chinese materials from Taiwan, mostly newspapers articles. The corpus is made of
roughly 10000 documents of unequal length.

We removed the foreign alphabet words and most of the Chinese functional words from
the corpus. We kept POS tag information to allow differentiation between different
grammatical instances of the same word® (Galmar & Chen, 2010).

3.2 The Term Document Matrix (TDM)
The TDM was built using the TermDocumentMatrix function of the R package tm (Feinerer,
2008) with a self-customized Chinese tokenizer. The TDM is a 136570 terms * 9179
documents matrix.

The TDM was weighted:

1. Using the classical term frequency-inverse document frequency (Tfldf) weighting
scheme for both local and global weighting of the terms in the TDM (Landauer &
Dumais, 1997). We used the function weightTfldf of the package tm (Feinerer, 2008).

2. Using a weighting scheme at the document level to reduce the effect of the size
difference between documents:

® Some of the Chinese words can have up to 5 different POS tags [10].
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Max i
|092 Document _.s,lze 1 (1)
Document _ size

Each document of the TDM is a genuine article of the ASBC corpus and is
considered as a semantic unit. More weight is given to small documents of the
ASBC corpus. A complete justification for such a decision is given in Galmar &
Chen (2010). Briefly, one can say that the gist of a news article is easier to extract
from a very short article than from a very long one for a human reader due to
attention capacity limitations.

4. The Self-Organizing Maps

For a given morphological family, the rows corresponding to the members of the family in the
TDM were extracted. The extracted rows constitute a submatrix of the TDM. From this
submatrix, an SOM is built using the Batch map algorithm (Kohonen, 2001). The U-matrix
(Ultsch & Siemon, 1990) is computed to assess how close members fitted to contiguous bins
(bins are hereafter called units) on the SOM are in the original high-dimensional space
(hereafter called input data space).

4.1 The batch version of the SOM algorithm

As all of the data - the TDM - can be presented to the SOM algorithm from the beginning of
learning, the batch version of the SOM algorithm (called "Batch Map") is used instead of the
incremental learning SOM algorithm. The batch SOM is very similar to the k-means
(Linde-Buzo-Gray) algorithm (Kohonen, 2001).

Our SOM defines a mapping from the input data space R" of observation samples onto a
hexagonal two-dimensional grid of N, units. Every unit i is associated with a reference vector
m; ¢ R". The set of units located inside a given radius from unit i is termed neighborhood set
N;.

The Batch Map algorithm can be described as follows (Kohonen, 2001, p. 139-140;
Kohonen, Oja, Visa, & Kangas, 2002, p. 1360).

1. Initialize the N, reference vectors by taking the first N, observation samples.

2. For each unit i, collect a list L; of copies of all those observation samples whose
nearest reference vector belongs to N;.

3. Update the value of each reference vector m; with the mean over L.
4.  Repeat from Step 2 a few times.

The Batch Map presents a main advantage over the incremental learning version of the
SOM algorithm (Kohonen, 2001; Fort, Letremy, & Cottrell, 2002) in that no learning rate
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parameter has to be specified. To double-check the computed batch SOM’s representativeness
of the input data space, we followed the recommendation of both Fort, Letremy, and Cottrell
(2002) and Kohonen (2001) to compare organization in the Batch Map and in the incremental
learning SOM.

We used the code in the R package class (Venables & Ripley, 2002) for the batch SOM
to build the SOMs. For the morphological family Zf (ji), used as an illustrative example in
Section 5, we built the SOMs on a 7*8 hexagonal grid of 56 bins. The size of the SOM was
determined by experimental testing while ensuring a lower quantization error (Kohonen,
2001).

4.2 The Unified-Distance Matrix

We reused and modified the code in the R package kohonen (Wehrens & Buydens, 2007) to
build the U-matrix for the Batch Map and to plot a grey-level map superimposed on the SOM
map. The U-matrix is the distance matrix between the reference vectors of contiguous units.
On the grayscale SOMs, contiguous units in a light shade on the SOM are representative of
existing clusters in the input data space. Contiguous units in a dark shade draw boundaries
between existing clusters in the input data space (Ultsch & Siemon, 1990).

5. Results

We present the results for the study of the Z} (ji) morphological family.® This Chinese
morpheme has two main meanings: (1) to count, to calculate or (2) to plan, to scheme. The
study was limited to the members in the ASBC corpus embedding Zf as a first character. The
SOM map of these members is noted SOMg; and is shown in Figure 2.

At the first level, the map is divided in two zones: a dark shaded one — the upper part of
the map - and a light shaded one. Most of the words belong to the light shaded zone. Among
the diverse existing clusters, we note that:

° Cluster C; mainly gathers word sharing and other words related to the first meaning
of .
° Cluster C, gathers three words related to the frame taxi in the same unit.

° Cluster C; includes many words belonging to two contiguous units in a light shade.
We decided to recompute a Batch Map SOM for the members in these two units to
zoom in and have a clearer map of these members. The map is shown in Figure 3.

& Others examples are also given in the script file — available upon request - to create and plot the SOMs
presented in the present paper.
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Nelghbour distance plot
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Figure 2. SOMg; of the ZF (ji) morphological family.
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Neighbour distance plot
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Figure 3. SOM for Cluster C3 in Figure 2.

Figure 4 shows only the 13 words used by Chen et al. (2009) in one block of their LDT
experiment.” Some of the words have two POS tags, so the total number of data points
represented in Figure 4 is 17.

" One word of the original experiment not existing in the ASBC corpus is missing here.
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Figure 4. SOM of the members of the 7 morphological family
used in Chen et al. (2009).

Clustering is observed easily with such a few words. Three contiguous units in a light
shade form the unique big cluster with a total of six different words. In the latest experimental
research on semantic satiation, Tian and Huber (2010) found that after five or seven
repetitions of a given word, the word's meaning starts to be satiated. From two to five
repetitions, there is semantic priming - behavioral enhancement in semantic tasks - and more
repetitions are the realm of semantic satiation.
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If, in Chen et al. (2009)’s lexical decision task (LDT), these six® words occur
successively, there should be semantic satiation. In Chen et al.’s LDT, the 13 words in Figure
3 were randomly mixed with 13 non-words. Non-words, being meaningless, should not
contribute significantly to satiate the semantic units of the different meanings of the shared
morpheme. Therefore, from the analysis of our SOM, we predict that there could be a
preliminary sign of semantic satiation only in the case where the 6 members of the big cluster
occur successively in the 26-word list - we call this the best case.

To compute the probability of this best case, we need to calculate two numbers:

1. N, the number of distinguishable arrangements of n=26 words of which 6 -
belonging to our big cluster - constitute a first set S1 and the 20 remaining ones
constitute another set S2. The order of occurrence of the 6 words of S1 does not
matter; therefore, the words of S1 are considered to be of a same type T1. For the
same reason, words of S2 are of a same type T2, different from type T1.

]
Ny =220 _ 230230 @)
6120!

2. The number of distinguishable arrangements of 6 successive occurrences of S1
words® in a 26-word list: 21.

The probability p of the best case is given by dividing the number of distinguishable
arrangements of 6 successive occurrences of S1 words by the number of distinguishable
arrangements of n=26 words made of the two types T1 and T2.
21 05

~0*

T 230230

p 3)

This best case has a very low probability, so subjects in Chen et al. would almost always
be given a 26-word list that do not warrant - according to our analysis - elicitation of semantic
satiation.

Hence, we agree with Chen et al. that there was no semantic locus of satiation in their
experiment. On the other hand, we refine Chen et al.’s conclusions by advancing that one
could prepare specific experimental word lists that would maximize the probability of
observing semantic satiation.

6. General Conclusion

By visualizing the SOMs augmented with neighboring distance information from the U-matrix,
one can observe whether semantic clusters exist in a morphological family and how the

8 Tian and Huber (2010) found satiation effects after six repetitive accesses to a word's meaning.
® Order of occurrence of the S1 words does not matter.
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experimental data in Chen et al. (2009) is mapped to these clusters.

Conclusions drawn from our computational experimental results are in accordance with
Chen et al.’s behavioral experimental results revealing the absence of a semantic satiation
while morphological satiation occurs. Nevertheless, we propose that semantic satiation
theoretically could be elicited with specifically arranged word lists for Chen et al.’s
experiment. Such lists have a very low probability of occurrence when a random assignment
of words is used to prepare experimental word lists. Therefore, the present work shows the
necessity of preparing adequate experimental word lists based on computational semantic
clustering - as shown here - or human norms of semantic similarity if available.

7. Future Directions

Alternatives to SOMs, such as GTM (Bishop, Svensen, & Williams, 1998), exist and could be
used for comparison purposes with the present results.

8. Code to generate the SOMs from the ASBC corpus

The source code and R command lines are available upon request in a script file. In order to
run the whole script file from the very beginning, one needs the Academia Sinica Balanced
Corpus (ASBC). The ASBC has to be purchased.*
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