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Abstract

In this study, we propose to use corpus-
driven linguistic approaches for a sense
prediction study. We will concentrate on
individual semantic features to predict the
senses of non-assigned words by using
corpora and tools, such as Chinese Gigaword
Corpus. In this study, we would like to
explore some related issues of the sense
prediction study by using the corpus-based
analysis and the experimental evaluation in
order to achieve automatic prediction in
machine programming. Using these corpora,
we will determine the collocation clusters of
our target word chil “eat” through semantic
features and concepts. This requirement will
demonstrate the visibility of the corpus-
based approaches.
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1 Introduction

In this study we run an undefined sense prediction
study to generate solutions for lexical ambiguity
resolution. In particular, we will be looking at
words without pre-assigned lexical meanings and
try to predict the range of senses a word form may
have. Sense predicting should be even more
challenging and shed more light on how human
process meaning. In this study, we would like to
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explore some related issues of the sense prediction
study by using the corpus-based analysis and the
experimental evaluation in order to achieve
automatic prediction in machine programming.

Although a suite of heuristical methods are
presented for word sense disambiguation of
Chinese Wordnet glosses, unfortunately we know
of several researchers who use only manual
analysis to find out the argumentative roles and
predict their semantic features to determine their
senses. Therefore, they can’t deal with more
quantities of lexically ambiguous words at the
same time. We consulted Fujii and Croft’s study
(1993) to collect relevant collocations to categorize
different clusters for achieving automatic sense
prediction.

In this study, we first review some related
previous studies of sense prediction and lexical
ambiguity resolution, especially in corpus and
computational and psycholinguistic perspectives.
Second, we point out lexical ambiguity
determination, hypotheses, research questions, and
the goal of this study. Further, data collection and
two main research methods, corpus-based analysis
and experimental evaluation, will be shown and
explained in the cause of analyzing them. Finally,
we will show some results of combining,
comparing, and discussing these two methods in
this study.

2 Previous studies

What is “lexical ambiguity”? Lexical ambiguity
indicates vague, unclear, and indefinite senses; that
is to say, lexically ambiguous words can refer to



more than two senses at the same time. Lexical
ambiguity is a linguistic term for a word’s capacity
to carry two or more distinct meanings, for
example, bank. In some modern linguistic and
literary theories, it is argued that all signs are
polysemous, and the term has been extended to
larger units, including entire literary works. In
WordNet, the definition of a lexically ambiguous
word is the ambiguity of an individual word or
phrase that can be used (in different contexts) to
express two or more different meanings. WordNet
researchers also regard polysemy and lexical
ambiguity as synonym.

In the case of the previously mentioned related
lexical ambiguity or polysemy studies, I categorize
them into three different sections. Several studies
may concentrate on corpus and computational
perspective (Ker and Chen, 2004; Moldovan and
Novischi, 2004; Xue et al., 2006, Peng et al., 2007),
some studies focus on psycholinguistic studies
(Ahrens, 1998, 2001, 2006; Lin and Ahrens, 2000),
while others emphasize neurolinguistic studies
(Mason and Just, 2007; Zempleni et al. 2007).

Overall, regarding these previous corpus and
computational studies, these scholars proposed
corpus-based, algorithm, automatic programming
system, and collocation approaches to analyze sense
prediction studies or WSD studies. Unfortunately,
they only employed one corpus in their study and got
less information of lexical ambiguity for their sense
prediction study; they also did not combine these
approaches. With regard to previous psycholinguistic
and neurolinguistic studies, there is no direct
influence or hint for our study; however, the
inspiration is that we can do experimental evaluation
to verify some results from corpus-based analyses
and demonstrate the visibility of the corpus-based
approaches.

3 Research Question

The focus of this study aims to look for a unified
analysis of lexical ambiguity, as the problem of
lexical ambiguity often poses theoretical and
computational problems in lexical semantic studies
(cf. Ravin and Leacock, 2000). When we seek to
define lexically ambiguous senses, we need to
notice that (1) senses are represented as sets of
necessary and sufficient conditions that fully
capture the conceptual content conveyed by words;
(2) there are as many particular senses for a word
as there are differences in these conditions; and (3)
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senses can be represented independently of the
context in which they occur.

Regarding lexical ambiguity, there are three
hypotheses in this study. First, lexical ambiguity is
the property of some words to have multiple
meanings or senses (Moldovan and Novischi,
2004). We can use the senses of the words to
determine their semantic relations in Chinese
Wordnet (Huang et al., 2003). Second, collocation
is a combination of words that has a certain
tendency to be used together, and it is used widely
to deal with the WSD task. We take a collocation-
based approach (Peng et al., 2007) Therefore,
using the argument role, labeling information can
help us to extract some types of semantic features.
Third, if we regard different word senses as
occurring in different domains, in an experimental
task, we hypothesize that these different word
senses are presented with different expressions or
effects. We may also obtain some useful evidence
in psycholinguistic experimental studies. For this
reason, there are three research questions in this
study: (1) How do we predict the word senses of a
lexically ambiguous word to present different
interpretations in different contexts or domains? (2)
How do we use a corpus as the database to support
a word sense prediction study? And (3) Can we use
other approaches to certify the analysis of the
written corpus approach for the word sense
prediction study?

4 Methodology

In order to collect large data to explore our sense
prediction study, we focus on Taiwan’s Central
News Agency Gigaword Corpus (Traditional
Gigaword Corpus). The Chinese Gigaword Corpus
contains about 1.4 billion Chinese characters,
including about 800 million characters from
Taiwan’s Central News Agency (from 1991 to
2004), nearly 500 million characters from China’s
Xinhua News Agency, and approximately 30
million characters from Singapore Zaobao. In this
study, we use the corpus-based analysis and the
experimental evaluation to deal with the sense
prediction and determine which target word (chil
“eat”) in the different sentences belong to the same
sense. We use the corpus-based analysis and the
experimental evaluation to deal with the sense
prediction and determine which target word (chil
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“eat”) in the different sentences belong to the same
sense.

In order to gain these relative collocations, from
Taiwan’s Central News Agency Gigaword Corpus,
we use three different ways to collect them: (1) the
noun after the target verb; (2) the head noun of the
first noun phrase after the target verb; and (3) the
head noun after the first punctuation mark of the
target verb. They are shown following, in Table 1
through Table 3.

Table 1: The noun after the target verb

Connected Sentence Relative
Collocation
RABRTZEMAGERX, £4 | A{Na}
{VCHa (Na} i s iR .

Table 2: The head noun of the first noun phrase
after the target verb

Connected Sentence Relative
Collocation
BRENEWRFEAN, B | FE{Na}
;R EVC kR E {(Na} F 3%
{Na} K K EEH.

Table 3: The head noun after the first punctuation
mark of the target verb

the multiple-choice task and obtain some
experimental data from the related collocations for
chil “eat” of the corpus-based analysis.

In this multiple-choice task, we will let my
participants choose one word/one item that is
different from three other words/items. This
multiple-choice task is a test without context. In
other words, in this multiple-choice task, whether
some conceptual words belong to the same sense
cluster helps me prepare some materials in my
sense prediction study.

5
5.1

Analysis

Corpus-based analysis

There are two important steps for the sense
prediction experiment in this study: (1) collect
appropriate collocations and rank them by their
frequencies; and (2) group some similar collections
into the same cluster. Among these 22,906
sentences, we collected their appropriate
collocations and ranked them by their frequencies.
It’s very important that we obtain 4032 types from
these 22,906 sentences. These partial collocation
words of higher frequency of these sentences are
shown following, in Table 4.

Table 4: Partial collocation words by ranking their

Connected Sentence Relative frequencies
Collocation
FERLEE ﬂé‘{VC}XTH@ = =R (Na) Feature Frequency
AT R {Na}. - =% 720
% 683
Among all large databases of Taiwan’s Central
News Agency, we collected 22,906 sentences for R4 525
our target verb chil “eat” and examined these ® 411
collocations. It’s very important that we obtain
4032 types from these 22,906 sentences. A 360
For experimental evaluation, different
collocations will affect the interpretations of the x 243
target verb, such as chil “eat”. If we can B 238
demonstrate that there are several clusters of the
related collocations for chil “eat” by the B35 228
experimental evaluation, we can certainly predict KE 297
several different senses for the target verb.
In order to test the related collocations for the KERE 226
target word of lexical ambiguity or polysemy, we
will run a multiple-choice task experiment to .
Similar features are often synonymous

demonstrate which target word (chil “eat”) in the
different sentences belongs to the same sense
cluster 1n this study. For that reason, we will utilize
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compounds that share a common morpheme. For
instance, [IR (fan4 “rice™), KR (mi3 fand “rice”)]
and [E (an4 “case”), B (an4 jian4 “case™)],



respectively, share a common morpheme [1R (fan4
“rice”)] and [ (an4 “case™)]. Fujii and Croft
(1993) also pointed out a similar thesaurus effect
of Chinese characters in Japanese Information
Retrieval. In the cluster step, there are two sub-
steps here: (1) character similarity comparison
between words; and (2) group similarity
comparison between words. Two formulas for
these sub-steps are presented as the following:
Formula 1: Character similarity comparison
between words
2|xny|
|x[+]yl

By using this formula, we will obtain some
collocations and regard 7§ (yao4 “medicine”), #
AEZ5 (jian3 fei2 yao4 “reducing weight medicine”),
and H 2§ (zhongl yao4 “traditional Chinese
medicine”) as the same cluster.
Formula 2: Group similarity comparison between

d .
W(_)r S Zyey dice(x, y)
sim(x,Y) = 7

In Formula 2, we take one undefined word (x) to
compare with each word (y) of one certain cluster
(Y), calculate their average similarities, gain the
maximum, and then this undefined word (x) will
belong to this certain cluster (Y). After comparing
some cluster similarities’ comparisons between
them, we can put M 5i (bai4 jil “defeat”) and WA
(bai4 zhang4 “defeat”) in the same cluster.

From these two different experimental steps, we
reduce 4032 types from these 22,906 sentences to
348 clusters. Among 348 clusters, we further
categorize the results into two sub-groups, the
physical sense group and the metaphorical sense
group, such as shown in both Table 5 and Table 6.
Table 5: Physical senses clusters

dice(x,y) =

[ Yao4 Wud | E.g.l: —Z L FoigiBans s
“medicine” | A

[ Fan4 Eg.l: #§+Tt&, RILARMA
“boiled AR, B AR
rice” |

[ Canl Egl: ZETHE, BREN5Z
“meal” ] Ui [ 5 FIFE Rz LR

[ Roud E.gl: dtEERA TIEMW, 12
et BH. BEE, AT

BEERT

Table 6: Metaphorical sense clusters

[And jiand | Egl. BHEE—RRARAK
“case” | va¥R .
[ Baid E.g.l: PRk, EHEEMN
thangd —J‘Lh—ﬁé‘ti&%ﬁ%‘ﬁi
“defeat” | FIZMLLIK, XRE
KEIEF BT .
[Bid men2 | E.gl: ZHELFANPANRFTE
gengl “to THIFFIEHERX
slam the REMEARAZAIS, b
door in one’s WEEBREBEARMEXAR
face”] (IFRAES

From Table 5 and Table 6, I confidently assert
that we can predict some sense clusters for
physical senses and metaphorical senses before
doing sense division work.

Regarding the accuracy of these clusters by
automatic programming selection, we randomly
selected four clusters—the yao4 “medicine” cluster,
the fan4 “rice” cluster, the canl “meal” cluster,
and the rou4 “meat” cluster and the accuracy is
shown as:

Table 7: The accuracy for four clusters

Cluster Right | Wrong | Total | Remark
yaod 66 22 88 The
“medicine” | (75%) | (25%) accuracy:
fand “rice” | 59 12 71 All are

(83.1%) | (16.9%) over
canl 50 8 58 75%.
“meal” (86.2%) | (13.8%)
roud 93 10 103
“meat” (90.3%) | (9.7%)
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Therefore, it is assured that we can obtain high
accuracy by automatic programming selection for
this sense prediction study.

5.2 Experimental evaluation

If we focus only on the morpheme, perhaps many
non-related collocations will be assigned to the
same cluster, or perhaps many related collocations
will be assigned to different clusters. For example,
shanl yao4 “Chinese yam” and yao4 “medicine”
are in the same cluster. Han4 bao3 rou4
“hamburger meat” is categorized into han4 bao3
“hamburger” rather than rou4 “meat”.

Discussing all materials from the related
collocations for chil “eat” of the corpus-based
analysis, we will attempt to focus on four different
sense clusters: Z§ (yao4 “medicine™), ¥ (fand




“rice”), & (canl “meal”), and A (roud “meat”).
There are sixty totally different collocation items
for chil “eat” of the corpus-based analysis in
Mandarin Chinese, such as F#5 (zhongl yao4
“traditional Chinese medicine”), K%R (mi3 fand
“rice”), 24 (zao3 canl “breakfast”), A (yu2
roud “fish”)... and so on.

In order to test the related collocations for the
target word of lexical ambiguity, we will run a
multiple-choice task experiment to demonstrate
which target word (chil “eat”) in the different
sentences belongs to the same sense cluster in this
study. We wuse this task and obtain some
experimental data from the related collocations for
chil “eat” of the corpus-based analysis. In our
question, for example, the candidates are & J]
(canl daol “knife”), W AE & (jian3 fei2 canl
“reducing weight meal”), B & (za03 canl
“breakfast”), and F & (wu3 canl “lunch”).
Obviously, 28 J] (canl daol “knife”) is a different
conceptual word. We will let our participants
choose one word/one item that is different from
three other words/items. In other words, the
concept of this selected word/item is obviously
different from the concept of the other three
words/items. This multiple-choice task is a test
without context.

Twenty undergraduate students from National
Taiwan University participated in this production
test (mean age = 20.9 years; SD = 1.2 years; range
= 19 to 23 years). There were ten males and ten
females, all native Mandarin Chinese speakers and
all right-handed, with no linguistic background
knowledge.

All of our participants are asked to choose the most
appropriate answer for each question, such as the
following instruction 1 and Table 8:

Instruction 1: Instruction in the multiple-choice

task

/& —3H 60 &, BmART XA
T. BEREN, REHEARE, KETE
AATHRANANEAANRE . FREFDA
Az /5, REFRESR RESEENHRS
58czE, B—ITHRSERE=Z/HSA
[, REEEFEE. FHR—EEEXNA
HZ BEE—MIEBREINER. 546
LU
LIER TR — RS 5HE=1THSAH?

a) R b)
c) d)
2 T — M S EHE

a) VERiAE s b)

c) Ve ; d)

Table 8: Multiple-choice task for sense prediction
study

D) FEATFHIB—MESESEE =& AE?
a) BHR; b) FIR; o) FER; d) IR
(2) FE TR — MRS EE =1 SRR 2
a) (E; HIEE; o FBH; d HBE
3) ER FFIH—MEE SHEE=ABMEARE?
a) W b)MHW; c) FMaW; d) AR
4) EE T IH— MRS EHE=EAR?

a)Zifh: b RY; o) 5%, d) ILFEH

Following this multiple-choice task, which

includes sixty questions for our sense prediction
study, we distinguished these sixty questions of the
questionnaire into a YES group and a NO group
for each participant. Regarding all candidates in
the YES group, we selected them from the yao4
“medicine” cluster, the fan4 “boiled rice” cluster,
the canl “meal” cluster, and the rou4 “meat”
cluster; all candidates had the same morpheme in
each cluster, for example, anlmi2 yao4 “sleeping
pill”, xie4 yao4 “laxative”, and cheng? yaod
“patent medicine”. Regarding all candidates in the
NO group, we chose for them to have the same
morpheme in each cluster based on the new
dictionary of Ministry of Education, R.O.C; for
example, ye2 roud ‘“coconut (meat)” in the roud
“meat” cluster.
While we distinguished and analyzed the YES
group and the NO group by each participant, this
multiple-choice task also demonstrated other
related analysis by each item. They are shown in
Table 9 and Table 10:

Table 9: Multiple-choice task by subject for
sense prediction study

YES NO
Average | 15.03 (75.17%) 4.97 (24.83%)
T-test P =4.52119E-20 (P < 0.05), Significant
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We used a T-test to compare the YES group
with the NO group by subject in this multiple-
choice task. We found that the p value is
4.52119E-20 (p <0.05), and it is significant, which




means we controlled all situations for the YES
group and the No group.
* Table 10: Multiple-choice task by item for sense
prediction study
YES NO
Average | 45.10 (75.17% 14.9 (24.83%)
T-test P = 2.84874E-16 (P < 0.05), Significant

With the item test, we also used a T-test to
compare the YES group with the NO group. We
obtained a p value of 2.84874E-16 (p <0.05), and 1t
is also significant. The result shows that we
controlled all situations for the YES group and the
No group.

It is interesting to note that in corpus-based
analysis, the accuracy rates are over 75%. While in
experimental evaluation, the accuracy is 75.17%.
The automatic prediction method is very successful
in approaching the same level of accuracy as
human in this difficult task.

6 Conclusion

The aim of this sense prediction study is to explore
all possible senses of lexical ambiguity in
Mandarin Chinese by automatic prediction in
machine programming. We wuse corpus-based
analysis and experimental evaluation to examine
and determine the collocation clusters of our target
word chil “eat”. Based on corpus-driven linguistic
approaches, we find the precision is over 75%
through the corpus-based analysis and the
experimental evaluation. These results demonstrate
the visibility of the corpus-based approaches.
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