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Abstract

In Chinese, a verb followed by a noun can be analyzed as eithep a verb-object (VO)
construction or a verb-noun (VN) construction. In the latter, the verb acts as a modifier of
the noun. This paper describes how selection preferences can be used to determine whether
a Verb+Noun pair (V+N) is a VO-construction or a VN-construction. The approach also
takes syntactic factors into consideration. These factors are expresssed in terms of
likelihood measures of the tendency of verbs and nouns functioning as VN- and VO-
constructions. The preliminary result based on 17 bi-syllabic, transitive verbs with a total of

880 V+N pairs is 88.4%.
1 Introduction

In Chinese, a verb followed by a noun can be analyzed as either a VO-construction or a

VN-construction. For example, FII# A xundliand kou3cai2 ‘train oratorical skills’ is a

VO-construction, where 74" kou3cai2 ‘oratorical skills’ is the object of the verb FI##
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xun4liand ‘train’. However, FIl#R77¥k xundliand fanglfa3 ‘training methods’ is a
VN-construction, with the verb §lI#f xun4lian4 ‘training’ acting as the modifier of the

noun 5% fanglfa3 ‘methods’. There is no inflections in Chinese to distinguish between
these two usages of verbs. This ambiguity poses a problem for a Chinese parser. In this
paper, we describe an approach to automatically determine whether a V4N pair is a VO- or

VN-construction using selection preferences.

Selection preferences cast selection restrictions in probabilistic terms. Selection restrictions
of a predicate are specifications of the necessary and sufficient condition for a semantically
acceptable argument. Such conditions are represented as boolean functions of semantic
markers. Selection preferences, in contrast, represent such conditions as real-value
functions. Such conditions are usually derived from corpora. For example, semantically
acceptable arguments which can be the object of the predicate ¥z chil ‘eat’ tend to be
physical, animate, edible, and so forth. Measures of how likely the object of 1% chil ‘eat’
is physical, animate, etc., constitute the selection preferences of Iz, chil ‘eat’. In Section 2,
we describe an information-theoretic approach of determining the selection preferences of a
predicate [7]. We will explain how we make use of selection preferences to disambiguate
VN- and VO-constructions in Section 3. The experimental results will be reported in

Section 4. A comparison with related work will be covered in Section 5.
2 Determination of Selection Preferences

We define the selection preferences of a predicate over a taxonomy of 116 conceptual
classes [1]. The taxonomy is primarily organized into a hyponymy (IS-A) hierarchy as
shown in the appendix. Some of the conceptual classes, for example, edible, flowers,
fruits, holes, human, literature, and locative, are features that serve to link together

concepts which are otherwise not related in the hierarchy. These concepts are listed in the
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appendix with a plus operator in front.

The information-theoretic approach of determining selection preferences as proposed in [7]

is adopted and summarized as follows.

Let P be a random variable ranging over the set {pj, pa, ..., pm} of predicates. Let C be
another random variable ranging over the set { ¢, ¢, ..., cx} of conceptual classes in a
taxonbmy. C is related to P by a particular predicate-argument relationship, such as verb-
object, or adjective-noun. The preference of a particular predicate p; is defined as the effect
it has on the distribution of C. Let the distribution of C regardless of any particular
predicate be the prior distribution, p(c), and let the posterior distribution p(clp;) be the
distribution of C given the predicate p;. The change between the prior distribution p(c) and
the posterior distribution p(clp;) constitutes the selection preference strengﬂn of the predicate
Pi» which can be measured by relative entropy. In information theory, the relative entropy

of two probability distributions p and q is defined as:
4

' Diplig)= ¥ p(x)log 2X (1)

q(x)

Replacing p with p(clp;), q with p(c), the selection preference strength of the

predicate p; is:

p(clp;) @)
p(c)

D(p(clp)lip(c)) = ¥, p(clp;)log

L4

The selectional association of a predicate, A(p;, ¢;), for a particular argument class ¢; is

defined as:
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1 p(c,lp,) G
Alp,, cj) = Fi-p(cjlpi)l()g P(ch)

where 1); is the selection preference strength of the predicate p; as shown in equation (2).

The selection preference of a predicate p; is a vector of selectional associations between
pi and a list of conceptual classes in a taxonomy. The statistical technique of maximum

likelihood estimation (MLE) is used in deriving the prior distribution p(c) and the postenor

dlsmbuuon p(clp; ). For a particular conceptual class c;, p(c;) is derived by:

freq(c;)
Brusc) = @
where
116
N= Z freq(c;) )

]_

and freq(c;) is the frequency of the conceptual class cj, which is defined as

freq(w) (6)

freq(c)= X Iclasses(w)l

w ewords(c:’)

words(c;) is the set of words that belong to the conceptual class c;, Iclasses(w)l is the

number of conceptual classes of a word w, and freq(w) is the frequency of w.

The conditional probability of a particular conceptual class c; given a predicate p; is

estimated from:
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freq(c;.p;) | (7

f’Muz(CjLDi): N
where
116
(8)
N=1} freq(c;,p;)
j=1
and
freq(w,p;) ©

fl‘eq(cj ’pi) - w ew§ds(0) m

words(c;) is the set of words that belong to the conceptual class c;, freq(w, p;) is the co-
occurrence frequency of the word w and the predicate p;,! and Iclasses(w)l is the number of

conceptual classes of w.
3 Disambiguation of VO- and VN-constructions

According to [2], ambiguities in V+N pairs are most difficult in transitive verbs. We

therefore focus on disambiguating Vu-ansitive'i;‘N pairs; in particular, we focus on bi-syllabic
transitive verbs. We extracted a total of 880 Viapsitive+IN pairs from the Sinica corpus
Version 1.0 [4]. 708 word pairs were used for training while the remaining 172 pairs were
used for testing. The list of verbs covered are: FII#R . xun3liand ‘train’, B¥E biao2yan3
‘perform’, V59 zhidliao2 ‘cure’, FTiE biao3da2 ‘express’, £33 xue2xi2 ‘learn’, 3

2 xuan3ze2 ‘choose’, 4iFE shenglcan3 ‘produce’, R jie3jue2 ‘solve’, HE

1In our experiment, the window size is set to 5. That is, a word w is regarded as co-occurring with a
predicate p; if it is not more than 5 words away from the predicate.
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jiao4yud ‘educate’, B¢fE falzhan3 ‘develop’, BE¥E chu2li3 ‘handle’, 20 canljial
‘participate’, & FHE guan2li3 ‘manage’, ¥EE% jiandshe4 ‘build’, #E{T jindxing2 ‘go on’,
58 shi3yong4 ‘utilize’, and F22E ying2xiang3 ‘influence’. We manually separated the
training set into VO-pairs and VN-pairs, from which we derived the selection preferences
of each verb in a VO-relation and a VN-relation. The formulae used in the derivation have

been covered in Section 2. These vectors of selection preferences (Prefyo and Prefyy,) are

later used to determine whether a V+N pair is a VO-construction or a VN-construction. We

will illustrate this step with an example.

Figure 2 and 3 show the selection profiles of the verb 248 ying2xiang3 “influence’ in a

VO- and VN-relations respectively.
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Figure 2. Selection profile of $2%¢ ying2xiang3 ‘influence’ in a VOQO-relation
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Selectional Association
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Figure 3. Selection profile of B2%8 ying2xiang3 ‘influence’ in a VN-relation

The selection profile of the verb 22 ying2xiang3 ‘influence’ in Figure 2 indicates that
arguments of a wide range of conceptual classes could be the object of F22E ying2xiang3
‘influence’. On the other hand, the verb 228 ying2xiang3 ‘inﬂueﬁce’ is modifiers of
nouns of a much restricted set of conceptual classes (see Figure 3). During testing, say
when 22+ R4 is presented, we first derive a binary vector Q that represents the
conceptual classes of FX#& cheng2jil ‘results’. The vector is defined over the entire set of
conceptual classes in a taxonomy (a total of 116 classes in our case). All conceptual classes
that f%4& cheng2jil ‘results’ belongs to will be assigned the value 1, with all the others 0.

A similarity measure between Q and a preference vector Prefis defined as follows.

|Prefl

L Pref-Q + Ty Ty, (10)

S =

where | Prefl is the total number of conceptual classes in Pref that have non-zero selectional

association, and M is the total number of conceptual classes in a taxonomy. For the
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similarity measure of a verb V in a VO-construction (Syp), Tv is a probabilistic measure of
the tendency that the verb appears in VO-construction, and Ty is a probabilistic measure of
the tendency that a noun appears in VO-construction. The former is called the VO-

tendency of a verb (T“;O) while the latter is called the VO-tendency of a noun (T,‘GO).

The VO-tendency of a verb V is estimated from the percentage of V+N; pairs in a corpus
that are VO-construction. The VO-tendency of a noun N is estimated from the percentage of

V;+N pairs where N is the object of V;. The VN-tendency of a verb (TZN) and the

VN-tendency of a noun (T,‘;N) in determining the similarity measure of a verb in a VN-

construction (Syy ) can be derived from the following equations.

TW=1-T) (11)

TV =1- Ty (12)

Our experimental data of the similarity scores of BX4& cheng2jil ‘results’ with respect to
the verb 248 ying2xiang3 ‘influence’ under VO-construction (Syp) and VN-construction
(Svn) are 0.32 and 0.063 respectively. Since Syp is greater than Syy, we conclude that

21 B 4H is a VO-construction.

The ratio [Prefl/M in equation (10) is a weight used to implement the preference for a
construction which has a selection profile that covers a wide range of conceptual classes. In
the example of the verb J22E ying2xiang3 ‘influence’, the selection profile of the VO-
construction is more spread out than that of the VN-construction. When a new pair of %

-+ N is encountered, assigning it as a VO-construction would have a higher chance of
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being correct. This heuristics is incorporated into the ratio. The additive term T, - T

incorporates the heuristics as observed by [2]: (i) When both the verb and noun in a V+N
pair have a high VO-tendency, it is more likely that this is a VO-construction. Conversely,
when both the verb and noun have a high VN-tendency, they are more likely to form a VN-
construction. When the tendency of the noun and verb contradict each other, as well as
when neither the noun nor the verb has a clear VN- or VO-tendency, selection preferences

play a decisive role.
4 Experiméntal Results and Discussion
The experimental procedure is summarized as follows:

. extract from the Sinica corpus all sentences? which contain one of the 17 bi-

syllabic, transitive verbs;

. extract semi-automatically all V+N pairs from the sentences found in step 1;

. manually split the V+N pairs into two groups: VO-pairs and VN-pairs;

: derive T, Ty, Ty and T in the manner as described in Section 3;

. use 80% of the VO-pairs and VN-pairs as training data to derive the selection

preferences of each verb (see Section 2);

. use the remainding 20% to evaluate the performance of the proposed approach. -

The similarity measure in equation10) is used to determine whether a given V+N pair is a

VO- or VN-construction. The decision is as follows:

2 A sentence is defined as a sequence of characters delimited by punctuation marks.
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if Svo >= Svn
then V+Nis a VO-construction

elses  V+Nis a VN-construction

An average recognition rate of 88.4% is obtained in our experiment. A detailed break down
is shown in Table 1.

Table 1. Recognition Rate of Each Verb

Verbs Recognition
, Rate(%)
Bk xun3lian4 ‘train’ 72.7
$%¥H biao2yan3 ‘perform’ 100
BE zhidliao2 ‘cure’ 100
¥ biao3da2 ‘express’ 80
BE xue2xi2 ‘learn’ 71.4
EIE xuan3ze2 ‘choose’ 100
4B shenglcan3 ‘produce’ 66.7
il jie3jue2 ‘solve’ 66.7
#E jiaodyud ‘educate’ 85.7
B¢’ falzhan3 ‘develop’ 91.7
BEHE chu2li3 ‘handle’ 100
2N canljial ‘participate’ 94.1
&3 guan2li3 ‘manage’ 100
%k jiandshed ‘build’ 90
LT jindxing2 ‘go on’ 90
{EF shi3yong4 ‘utilize’, 82.4
B& ying2xiang3 ‘influence’ 95.5
Average 88.4
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The VN-tendency of the 17 verbs are shown in increasing order in Table 2. The same table

can also be interpreted as displaying the VO-tendency of these verbs in decreasing order.

Table 2. VN-tendency (in %) of the 17 Verbs

e 8
iz 18
pe 28
&1 29
s 31
= 31
FE 32
4 35
B 41
& 43
211 44
i 46
ety 67
3l 68
BE 68
FRIE 79
HE 84

Three factors that have impacts on the derivation of selection preferences are:

rd

. Word Boundary Accuracy The accuracy of word boundaries in the
Sinica corpus will directly influence the derivation of selection preferences. First, a

sentence that contains a predicate p; will be missed if the predicate is incorrectly

segmented. Second, any error in the word boundaries of words that co-occur with
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the predicate will affect the estimate Pamis(¢;P;) in equation (7). The Sinica corpus

uses human labor to post-edit on the output of an automatic parts-of-speech tagger
[6]. The post-editing work includes correcting errors in word boundaries and parts-
of-speech [5]. In terms of word boundary accuracy, it is one of the best resources

available currently.

V+N Pairs Extraction Statistical techniques in general face the problem of
insufficient data. Hence,the larger a test set is, the better are the statistical estimates.
In this work, we used a semi-automatic approach to extract V+N pairs from the
Sinica corpus. From all sentences that contain a particular verb, say 52

ying2xiang3 ‘influence’, we extract only those V+N pairs that are of these two
patterns: V N+ and V N+ ] N+.3 In sentences (1) to (3), the followings: B2 ££-+ 5]
A, BEAHR, and FE+HEX were extracted. We then manually went |
through all the extracted pairs to remove the erroneous ones and to decide whether

they are VN- or VO-constructions.

(I B FEE 2 N ¢
Ji4 ka3nai4jil de nai4  ben3 ru2he2
thatis Carnegie DE4 that CL5 how
% BN ) e

ying2xiang3 bie2ren2
influence others

That is, the book “How to influence others” written by Carnegie.

3N+ refers to one or more nouns.

4DE refers to the structure word [ de.

sCL stands for a classifier.
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T~ RBU TR

bud  zu2yi3 goudcheng?2
not  sufficient constitute
-7 = R
ying2xiang3 quan2 shidjie4
influence whole world

These are not sufficient to measure a person who has influenced the whole

2 B R
zheidxiel doul
these all
e — fi
heng2liang4  yil weid
measure one CL
world.

3 HH 1
muddi4 zai4
goal at
ey 2
ru2he2 ying2xiang3
how influence

TIE
liao2jie3

understand

B
o

yu3yan2

language

Zang: 4 ESES
she4hui4 yinglshud
society factor

O 72

de xing2shi4

DE form

The goal is to understand how social factors influence language form.

Our simplistic approach inevitably leaves out many V+N pairs. Sentences (4) to (6)

are some examples where this has happened. The object of 22¢ ying2xiang3

‘influence’ in (4) is HA& ri¢ben3 ‘Japan’, which appears in a passive sentence

structure. Our approach missed this. In (5), the object has been wrongly identified

as #3843 budfend ‘part’ instead of 78 JJ zhanglli4 ‘tension‘. In (6), Th'E pin3zhid

‘quality‘ instead of 4¥E shenglhuo2 ‘living’ should be the object of FZ£E

yving2xiang3 ‘influence’.
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4 BX % HBH BE -
ri4ben3 shoud ru2jial ying2xiang3
Japan receive confucius influence

Japan is influenced by confucius thinking.

5y WL A ‘ -2 Gy i)
ian3shao3  bud ying2xiang3 zhanglli4  de
reduce not influence tension DE
&3 o
budfend
part

To reduce those parts which do not influence tension.

© HE 2 2 3 ®oOIfE
shen3zhi4 ying2xiang3 shenglhuo2 yu3  gonglmuo4 de
even influence life and  work DE
mE o
pin3zhi4
quality

even influences the quality of life and work

Polysemy Issue The Sinica corpus is not sense-disambiguated. Therefore, the
selectional behavior of multiple senses of a verb 1s conflated. This is not necessarily
a problem, as the resulting selection profile of the verb has distinct groupings. In
determining the similarity measure using equation (10), only groupings that match

the conceptual classes of a noun are considered.
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The issue of polysemy also occurs in nouns. Our conceptual classes of nouns were
based on the CKIP dictionary [3]. This dictionary has altogether 78,410 lexical
entries, out of which 34,984 are nouns. The average number of senses per noun is

1.0115. Thus, most of the nouns in the CKIP dictionary have only one sense.
5 Comparison With Related Work

The approach described in [2] uses the following algorithm to decide whether a V+N pair is

a VN- or VO-construction.

if V is intransitive/pseudotransitive
then V+Nisa VN-construction
else if V can be nominalized
then if V has a strong VN-tendency
then if Nis notan individuated noun6
then V+Nisa VN-construction
else V+Nis a VO-construction
else  V+Nis a VO-construction

else V4N is a VO-construction

Our work replaced the following steps of the algorithm by an information-theoretic

approach as described in Sections 2 and 3.

o«

6The followings are considered as individuated nouns: proper nouns, count nouns, location nouns, and
pronouns.
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if V has a strong VN-tendency

then if N is not an individuated noun
then V+Nisa VN-construction
else V+Nis a VO-construction

else  V+Nis a VO-construction

It is not clear in [2] what threshold is used to decide whether a verb has a strong VN-
tendency. The paper also did not explicitly state the performance of the algorithm. Thus, a
quantitative comparisoa is not possible. Qualitatively, the approach in [2] uses the part-of-
speech of nouns (i.e., whether a noun is an individuated noun) to decide whether a V+N
pair is a VN- or VO-construction. Selection preferences in our approach in equation (10) is
essentially a measure of the semantic compatibility between a verb and a noun. Our
approach, in addition, has also incorparated syntactic factors. In [2], it is observed that
individuated nouns usually have a strong VO-tendency while non-individuated nouns are
- more likely to have a strong VN-tendency. This insight on the syntactic behavior of nouns

in V+N pairs is implicitly incorporated in the term Ty in equation (10). Individuated nouns

will have a high VO-tendency value (T,‘;O) while non-individuated nouns will have a high
VN-tendency value (T,‘;N ). An advantage of our approach in comparison with the hard-and-

fast rules in [2] is that exceptions to the rules can be handled better. For example, 228+
BE%  will be identified as a VO-construction in [2] since the verb $2££ ying2xiang3
‘influence’ has an extremely weak VN-tendency (0.08 as shown in Table 2). The correct
relation in this example should be a VN-construction, which is correctly identified in our
approach because we consider not only the tendency of the verb, but also the tendency of

the noun involved, as well as the selection preferences of the verb.
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6 Conclusions

We have described in this paper a new approach to disambiguate VN- and VO-
constructions using selection preferences. In addition to this semantic factor, our approach
has also incorporated likelihood measures of the tendency of verbs and nouns functioning
in VN- and VO-constructions. These measures are implicit syntactic factors. Our
preliminary results based on 17 bi-syllabic, transitive verbs with a total of 880 V+N pairs is

88.4%. Our next goal is to evaluate this approach with a larger set of data.
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Appendix: A Taxonomy of Concept-

entity

physical
—animate

an

— pl

imals

[—— mammals

[ mankind
——nonhuman
birds

marine
worms&insects
reptiles
amphibians

animate
art

-
=

=
=
BEkaiinl

woody
herbaceous

— microbes

ifacts
| transportation
[—aircraft
:ships
vehicles
___ apparatus
[—equipments
——machines

| personal_belongings

[clothing
—accessories
food

spices
'meals
—drinks
creation
fine_arts
words

books
documents
articles

drugs

money

furniture& fittings
daily_cleansers
materials

L buildings

—

places

celestial_bodies
terrains

regions

matter
|— gas

solid

nonphysical

liquid

wastes
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nonphysical (continue...)

(¢}

=

w

characteristics
mental
— affections
emotion
empathy
[ morality
religion
[— beliefs
—__supernature
other_affections
— faculties
abilities
senses
[~ opinions
— behavior
[~ bearing
utterances
appearances
quality

[— spatial_properties
[~ physical_properties
[ colors

— sounds

[~ odor

— flavor

[~ evaluation

— other_quality

nlightenment

culture

knowledge

jnformation

i languages
sciences

[ signals

inciples

laws
systems
methods

ocial_activities
games

assemblies
industry&work

corporation

countries

districts
organizations
other_corporation

———

nomenclature
situations
social_relation
monetary_relation
authority
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entity (see previous two pages)

nonphysical (continue...)
| illness
temporal_relation
| events

+edible

+flowers

+fruits

+holes

+human

+literature

L +locative
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