International Journal of Knowledge www.ijklp.org
and Language Processing KLP International ©2011 ISSN 2191-2734
Volume 2, Number 1, January 2011 pp. 19-39

Sentimental Direction Analysis: A Framework for
Chinese Sentiment Computation and Resource Construction

Bin Li*?, Jiajun Chen', Xiaohe Chen?, Xuri Tang? Weiguang Qu®
! Department of Computer Science and Technology
Nanjing University
Nanjing, Jiangsu, 210093, China
{ lib; chenjj }@nlp.nju.edu.cn

2 School of Chinese Language and Literature
Nanjing Normal University
Nanjing, Jiangsu, 210097, China
{ chenxiaohe5209; xrtang }@126.com

% School of Computer Science and Technology
Nanjing Normal University
Nanjing, Jiangsu, 210097, China
wgqu_nj@163.com

Received October 2010; revised January 2011

ABSTRACT. People always use sentimental statement to express their opinions and
attitudes. With the growing amount of opinion-rich resources such as online review sites
and blogs, there’s urgent need to extract the opinions of the mass for political and
economic purposes. However, the automatic extraction has met a bottleneck that there is
always more than one opinion/attitude in a text or in a sentence. Thus, the mainstream
research is restricted to “one-attitude per sentence/text classification” as positive,
negative, both or neutral, which causes many problems. Some researches try to figure out
the holder and the object of the attitude without giving explicit definition of sentiment.
This paper introduces a novel framework for multi-attitude sentiment computation by
using a trigram <holder, attitude, object> called ““Sentimental Direction” which is able
to describe the special distinction in Chinese sentiment words. In Chinese, some words
express the attitude of the “speaker” towards “agent/patient”, some express the attitude
of the “agent” to “patient”, and some express both the 2 kinds. The framework can be
applied for the detection of holders, objects and can deal with multi-attitude sentiments.
After manually analyzing a lexicon of over 900 Chinese words, this paper specifies the
sentimental direction’s relationship with valence and the polarity of a word, and then put
forward a bottom-up method for sentiment composition in sentences and documents.
Finally, a semi-automatic method for the construction of sentiment lexicon is designed
within the proposed framework.
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1. Introduction. One of the major functions of natural languages is to convey opinions and
attitudes. With the growing amount of opinion-rich resources such as online review sites
and blogs, the need to extract opinions of the mass is becoming rather urgent. For example,
to summarize comments on phones, movies, tax laws and events from the web is very
useful in recommendation and public opinion extraction systems. Accordingly, the late
1990s observed a sudden eruption of researches in the area of opinion mining and sentiment
analysis. Today, the area is still very heated, with more and more researches conducted on
the resources, models, algorithms and applications (see [1],[2]).

The aims of opinion mining and sentiment analysis are mainly about the automatic
extraction of people’s opinions/attitudes on an object in one document or opinion
distribution on the web. What makes it difficult is the complexity of people’s thoughts, as
people usually express their attitudes towards different objects or different parts, attributes
of the objects in a document. It becomes more difficult when people state or compare
others’ opinions in a document. Usually, the longer the document is, the more complex the
opinions are, and the harder it is to extract the complicated opinions. So, the majority of
researches, experiments and applications prefer the one-attitude one-object short documents
for classification (see [3],[4],[5].[6]). In brief, how to extract the multi-attitude multi-object
long documents has become the bottle neck of current research (see [7]).

To overcome the bottle neck, some basic resources like sentiment lexicons, tagged
sentiment corpus are needed. And before that, a better theory or description frame for
multi-attitude multi-object sentiment representation is needed so that the resources can be
built on a solid foundation.

An opinion/attitude is usually defined as a trigram like <holder, attitude, object>, which
describes a holder’s attitude towards a given object expressed by a sentence or document
(see [2]). For a sentence or document containing more than one attitude, we can have a list
of the trigrams. Thus it seems we have solved the big problem. However, if we tagged all
the trigrams in a sentiment corpus, it is still not clear which linguistic unit carries the
sentiment. In broad sense, the sentiment words (or called “polarity words”), as well as some
grammatical constructions, can encode the sentiments. However, sentiment lexicons having
been built carry only grammatical and polarity features for each word (see Table 5 in
section 7.2). The grammatical information is mainly the part-of-speech of the word. The
polarity is tagged as positive, negative and neutral, or valued from -1.0(extreme negative)
to 1.0(extreme positive). But they do not supply the critical information as to which is the
attitude holder and which is the object. So the features they describe need to be integrated
with the opinion trigrams. In some application systems like [8], the frame structure of the
word has been used to get the attitude holder according to Fillmore’s theory (see [9]). But
they still treat each word as “one-holder, one-attitude”, which are not adequate for every
sentiment word.

(la) se[ VR F4 WRE Brinsk =ik 4 A Mt

(1b) British writer wrote to slander Singapore’s Judiciary was sentenced jail.
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We try to use the trigram <holder, attitude, object> to analyze some Chinese sentiment
verbs in sentences. We call the trigrams “sentimental directions”, as the attitude always
belongs to a holder and points to an object. For the purpose of the integration of syntax and
polarity, we use the semantic roles “agent”, “patient” and “dative” to be the holder and
object. Compared to syntactic unit “subject”, “object”, semantic role can avoid the
subject-object transposition which often happens in Chinese. Take the verb “i# % (slander)”
as an example. Traditionally, it is regarded as a negative word, and it can fill the trigram as
<“British writer”, negative, “Singapore’s Judiciary”> in sentence (lab). Meanwhile, the
writer/speaker of the sentence takes the same position with the Singapore government
because he uses the verb “i# % to express his negative attitude towards the British writer.
In sentence (lab) there’re also trigrams in the form of <writer/speaker, negative, “British
writer”>, <writer/speaker, positive, “Singapore’s Judiciary”>. These are the attitudes
expressed in the sentence. Thus the verb “ ik~ may encode attitudes such as
<writer/speaker, negative, agent>, <writer/speaker, positive, patient > and <agent, negative,
patient>.

If we admit it is natural that the writer’s attitudes are the basic view of a sentence, then
the trigram <agent, negative, patient> does not simply carry the attitude from the agent, but
the thought of the writer that he/she believes the agent has the attitude towards the patient.
To make it clearer for analysis, we call the “speaker” as outer holder of the attitude, and
“agent” as inner holder.

Why can a word express so many different attitudes? Does every sentiment word act this
way? Will this kind of analysis be useful in application systems? To answer these questions,
we manually annotated over 900 Chinese sentiment words. And we found there is an
interesting distinction in Chinese sentiment words. Some words express the attitude of the
speaker towards agent/patient, some express the attitude of the agent to patient, and some
express both. The number of sentimental directions of a word is somewhat determined by
the number of its semantic roles in sentences.

The remainder of this article is organized as follows. Section 2 introduces an integrated
frame for multi-attitude sentiment representation. Section 3 gives a description of the
corpus annotation scheme and inter-annotator agreement study for sentimental direction
analysis. Section 4 shows the analysis of sentimental directions of verb, adjectives, adverbs,
and nouns. In section 5, the analysis results are discussed from linguistic and computational
perspectives. Section 6 gives the automatic construction of sentimental direction databases.
Section 7 discusses related works, and a brief conclusion is given in section 8.

2. Framework for Sentimental Direction Analysis. In this section, we define the terms
for analysis with some examples in sentences.

2.1. Sentimental Direction. Sentimental Direction (SD) is a trigram <holder, attitude,
object>, in which the three elements represent the holder’s positive or negative attitude
towards an object. The holder of the opinion or attitude is the writer/speaker of an
expression or the agent of a sentiment predicate. For the holder “writer/speaker”, we will
shorten it as “speaker” for the rest of this article. And the “speaker” is always a hidden
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sentiment role, unless the direct or indirect speech is used. The object of the opinion or
attitude is the agent, patient or dative. The three semantic roles used in the paper differ a
little from their normal linguistic use. The agent is typically the agentive role of a verb,
which is also used for the experiencer of an adjective. The dative is the direct object of a
bitransitive verb or the object of a proposition. The attitude from the holder to the object
has 2 kinds of attitudes, positive (POS) and negative(NEG). The outer holder “speaker”
carries the outer attitudes, while the inner holder “agent” carries the inner attitudes. Then
the 2 holders may composite kinds of sentimental directions in sentiment words and
phrases. Here, we define the terms as follows.

sentimental direction(trigram):=<holder, attitude, object>

holder:=outer holder | inner holder

holder:=speaker | agent

outer holder:=speaker

inner holder:=agent

object:=agent | patient | dative

attitude(polarity):=POS | NEG

word:{SD; | SD;:= <holder;, attitude;, object;>, i>=0} (A word may have a number of
sentimental directions)

phrase/sentence:{<WS(holder;), attitude;, WS(object;)>, i>=0} (For phrases and
sentences, whose attitude holders are words and phrases, need to map the semantic roles to
word string by the function WS(semantic role)).

valence: The number of core semantic roles or arguments of the sentiment predicates is
called “valence of the predicates”, and “val-17, “val-2”, “val-3” can represent the valence
number of intransitive verbs, transitive verbs and bitransitive verbs. The valence of the
sentiment words is very important and will be discussed later.
2.2. Examples of Sentimental Direction Analysis. As shown in (1a-b), the val-2 verb “i5
R (slander)” shows strong opinion of the speaker: <speaker, negative, agent>, <speaker,
positive, patient> and <agent, negative, patient>. It can be clearly described using the
sentimental direction framework as follows.

(1a’) Chinese:<speaker, NEG, “3J& [E{E 5>, <speaker, POS, “Fr i3 727>, <“g& [FH{E
K>, NEG, “Hr g w%>

(1b’) English:<speaker, NEG, “British writer”>, <speaker, POS, “Judiciary”>, <“British
writer”’, NEG, “Judiciary”>

There are 3 attitudes on 2 objects from 2 holders. It is obvious that the speaker does not
agree with the British writer. From the sentence, it can be seen that the sentiment predicate
verb “i5 i%(slander)” aggregates 3 attitudes in a short sentence. If we replace it with “JL ¥
(criticize)” as shown in (2ab), the sentiments would be decreased from 3 to 1.

(2a) sl PR F4 #PR Brinsk wik g A ML,

(2b) British writer wrote to criticize Singapore’s Judiciary was sentenced jail.
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(2a°) Chinese: <“H&[E{EZK”, NEG, “Hr N &) i%7>
(2b’) English: <“British writer”, NEG, “Judiciary”>

What makes the difference between the two verbs? Why “J5 & (slander)” is more
complex than “fiti¥(criticize)”? It can be easily seen that this is due to the different
sentiment meanings of different words, which will be discussed with in later sections. What
we want to emphasize at the moment is that the sentimental directions of words are
different, and the novel method of attitude analysis by sentimental direction trigrams does
possess some advantages in describing the differences. For the rest of the article, we will
only give the English word strings in sentiment trigrams in sentences as (1b”) and (2b”).

3. Annotation Methods. To make a relatively full overview of the sentimental directions of
Chinese polarity words, we choose the words for investigation form the Chinese-English
“Dictionary of Chinese Praise and Blame Words” (PBDict for short [10]) which is popular
and helpful for the foreign Chinese learners. Every word is annotated with its sentiment
trigrams by 3 Chinese postgraduates of linguistics. Linguistic principles are set to ensure
the quality of annotation so as to obtain a sentiment lexicon of high agreement.

3.1. Source Data. There are 1015 Chinese words in the PBDict, including verbs, nouns,
adjectives, adverbs, idioms and phrases. As shown in figure 1, it gives a word’s pinyin,
part-of-speech, sentiment type, meaning, emotion, collocations, sentences, and English
translation of the word, meaning, emotion, collocations and sentences. The sentiment types
are tagged as positive, negative, and polite expressions. After trimming the polite
expressions, there are 992 words left. For idioms and phrases, we manually tagged their
part of speech. The resulting data contains 333 verbs, 498 adjectives, 20 adverbs and 141
nouns.

W wulmied; smear, slander, vilify;

[BhiA]<Iz>7E i B G F sk . W H TR 5 BUB R SEmE T A &K r
TH R .

[Verb]<blame>Distort or fabricate facts. Commonly used to indicate using lies of
fabrications to harm people. Connotation of loathing.

W LT N\ slander a good person; 2 F|ME suffer slander

FATE FH B = Sk 8 o A AT 1R A F 0. We shall use hard facts to expose their
slanderous content.

FIGURE 1. Information of “i#: 2% in PBDict.

In addition, we use the general dictionary “Modern Chinese Dictionary [11]” to validate
the meanings and usages of words. We also use the “Semantic Knowledge-base of
Contemporary Chinese (SKCC)”, which gives the valence (number of core semantic roles)
of words[12]. To get more example sentences for investigation, we use the search engine
Baidu and “Modern Chinese Balanced online Corpus” provided by Peking University.
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Annotation Resources:

Meanings of word: PBDict, Modern Chinese Dictionary

Valence of words: Semantic Knowledge-base of Contemporary Chinese

Example Retrieval: Baidu(www.baidu.com), Modern Chinese Balanced online Corpus
(http://ccl.pku.edu.cn:8080/ccl_corpus/index.jsp?dir=xiandai)

3.2. Annotation Principles. There are often some mistakes in the annotation process, due
to 3 factors: (1) typing errors, (2) tiredness, (3) obscure usage of word. The establishment
of some basic principles for annotation may help to reduce the number of errors. The
principles are given below.

(1) Consider only the sense with attitudes. If a word has more than 2 senses, we ignore
the senses without attitudes. This is not hard to carry out, for the PBDict only gives the
senses with attitudes. And there’re 55 words possessing 2 similar senses, which do not
differ in sentimental directions. Only 2 words have opposite polarities. They are “Hfrfk
(proud, adj.)” and “ZFAfk(beautify, vt.)”. Take “Jiffi(proud)” for instance, it is positive
when the agent is proud of his or other’s great achievement, and negative when the agent is
proud of trivial things. We take the 2 words as 4 items, and the total count of the lexicon
items come to 994.

For the words having senses with and without attitudes, it’s the task of word sense
disambiguation in contexts.

(2) Consider simple sentences of sentimental words. For examples from search engine
and corpus, we usually use the simple template “X verb Y”, like “X slander Y” and “X
criticize Y to determine the sentimental directions. It will highlight what we are concerned
about and make the annotation more effective.

(3) Do not use polarity words on agent(X) or patient(Y) in the sentence. For it will lead
to some errors. The phrase “i# & 4 A\ (slander a good person)” listed in PBDict is such an
example. Sometimes, the phrase “good person” may mislead to tagging errors. We’d better
eliminate “good”, and test the simple template “he slandered her” to see if the holder
praised “her”.

(4) Do not add extra meanings to the words. It will be confusing if we add some extra
meaning to agent, patient or dative. As in “fi#E i(he slandered her)”, we’d better not
suppose that “fiti(he)” refers to a good person or a bad person beforehand, but just check
what the sentiment is carried by the verb “i# & (slander)”.

(5) Do not take the meanings from the dictionary for granted. If there’s something wrong
with the explanation from the dictionaries, word usage check should be performed from the
online corpus and discussion with teammates should be needed.

(6) Use counter-attitude word to test the sentimental direction. When we write down the
3 elements in the trigram, we still need to test the element with counter-attitude word to see
if it will make anomalous sentence, irony or other rhetorical phenomenon. As we know,
one of the sentiments of “i# ¥ (slander)” is <speaker, NEG, agent>. When the sentence “%f
NV ih(a good man slanders her)” is put under test, it is found to be a strange sentence.
So the agent is indeed negated by the speaker.

The 3 postgraduates of linguistics annotated individually all the 992 words’ sentimental
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directions 3 times after 1-day training and discussion. In the first round of the annotation,
the Kappa value of the 3 annotation results is about 0.7. For every disagreed word, there is
a discussion on it to see what kind of factor has caused the disagreement. After 5 rounds,
the tagging results come to complete agreement. Most of the disagreements were caused by
factor (2) and (3). A few errors in the dictionaries are also corrected.

4. Sentimental Direction Analysis of Words from PBDict.

4.1. Verbs. For all the Chinese polarity words observed, we found the verbs are the most
interesting and most complicated.

4.1.1. Val-1 verbs. Intransitive verbs like “JLJiE(triumph)”, “f3i&(managed to reach an
evil goal with unscrupulous means)” have only one argument serving as agent subject in the
sentence. This linguistic feature makes the sentimental direction simple and unique. As
there is no other argument, the sentimental directions of these verbs, are the speaker’s
attitude to the agent, namely <speaker, attitude, agent>.

Yl e <speaker, POS, agent>

(3a) Ak LA FhE 1.

(3b) The soldiers triumphed.

(3a’) <speaker, POS, “the soldiers”>

1332 :<speaker, NEG, agent>

(4a) fih 838 7.

(4b) He prevailed (by unscrupulous means).
(4a’) <speaker, NEG, “he”>

In (3a), “the soldiers” is the agent of verb “FlJig(triumph)”, and then it is the object
praised by the speaker. In(4a), the verb “f3IZ(prevail)” has the agent of “he”. In other
words, the author expressed his own opinion/attitude towards the agent by choosing
different sentiment verbs. So the valence of verb relates to the type of sentimental direction,
as the speaker has no choice but to put his attitude in the only argument of the val-1 verb.
4.1.2. Val-2 Verbs. In section 4.1, the val-1 sentiment verbs express the speaker’s attitude
to the only argument, the agent. What are the attitudes expressed by words with more than
2 arguments? We have shown the sentimental directions of 2 val-2 words “i#: & (slander)”
and “#tiF(criticize)”. Theoretically, the sentimental directions of val-2 verbs should be of 3
types: “speaker to agent”, “speaker to patient” or “agent to patient”. Indeed, after manual
analysis of the verbs, the 3 types are found in the lexicon which are able to produce more
complex directions stated as follows.
4.1.2.1. Agent to Patient. “Agent criticize patient” is the basic understanding of sentiment
verb in traditional way, and there are 40 verbs which only have this kind of sentiment in the
PBDict. The verbs “%%(love)”and “Z ¥ (praise)’can be described as <agent, POS, patient>,

and the verbs “i+f JR (dislike)” and “{7 5 (hurt)” can be described as <agent, NEG, patient>.

25



4.1.2.2. Speaker to Agent. Some verbs only have the “speaker to agent” attitude. For
example, “H#E3 (advance)” and “f£F(monopolize)” express the speaker’s positive and
negative attitude towards the agent respectively.

4.1.2.3. Speaker to Patient. There’s no verb with only the “speaker to patient” attitude.
Attitude of this type always co-occurs with other attitudes, especially with “speaker to
agent”. As a result, a verb carries more than one attitude. Sometimes, the 2 attitudes are of
the same polarity, such as “4f§4%> and “B{(ffi>, while sometimes not, like the verb “J5 f&”
discussed in section 2.2.

4% (sacrifice):<speaker, POS, agent>, <speaker, POS, patient>
(5a) ft 4G4 B 1 Mk BIE INPE.

(5b) He sacrificed his spare time to work.

(5a’) <speaker, POS, “he”>, <speaker, POS, “his spare time”>

B AT (Spreading some information with malicious intent):<Speaker, NEG, agent>,
<speaker, NEG, patient>

(6a) fih BAE WHE-

(6b) He spread information (with malicious intent).

(6a’) <speaker, NEG, “he’”>, <speaker, NEG, “information”>

4.1.2.4. Attitude Combination. The three sentimental directions introduced above have 2
kinds of attitude holders, the speaker and the agent. The two holders coexist in many
Chinese verbs as “i#: 3 (slander)” discussed in section 2.2. The outer holder “speaker” and
inner holder “agent” may composite kinds of sentimental directions shown as follows.

& & (throw oneself into a great enterprise)

Outer: <speaker, POS, agent>, <speaker, POS, patient>

Inner: <agent, POS, patient>

(7a) fi #&& #HF Fl.

(7b) He devoted himself to the cause of education.

(7a’) Outer: <speaker, POS, he>, <speaker, POS, cause of education>
Inner: <“he”, POS, “cause of education’>

Fr#% (Flaunt something bad with good names)

Outer: <speaker, NEG, agent>, <speaker, NEG, patient>

Inner: <agent, POS, patient>

(8a) fil A L

(8b) He flaunts pragmatism.

(8a’)Outer: <speaker, NEG, he>, <speaker, NEG, pragmatism>
Inner: <*he”, POS, “pragmatism™>
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4.1.2.5. Container Verbs. In the PBDict, there are 3 val-2 verbs which do not have agent
or patient. Their semantic roles are “container” and “content”. Both of the roles can serve
as the subject of the verb. The lack of the inner attitude holder “agent” makes a unique
sentimental direction “speaker to content”. The 3 verbs are “7¢ J%(full of bad things)”, “V:
v (full of good things)”, “JH i (good things come forth)”. Take “7% & for instance, its
content “ffz £7(fakes)” is the subject and object in sentence(9a) and (10a). No matter what

syntax role it takes, it is the one that the speaker negates.

7¢ J% (full of bad things): <speaker, NEG, content>
(9a) iy FRF A BRI

(9b) The markets are flooded with fakes.

(92’) <speaker, NEG, “the fakes”>

(10a) e FfF #H .

(10b) The fakes are filling the markets.

(10a’) <speaker, NEG, “the fakes™>

4.1.2.6. Semi-Val-2 Verbs. Many intransitive verbs have one more semantic role other
than agent. The role generally appears after a preposition and expresses the attitude of a
holder. We name these verbs “semi-val-2 verbs”, and call the preposition guided role as
“dative”. Thus, the inner holder “agent” may have its attitude towards the “dative”. So
these intransitive verbs may have the combined attitudes from the speaker and the agent.
Take the verb “#% A4 [ (speak highly)” as example, it carries the agent’s positive attitude
towards the dative in (11ab). As shown in (12ab), the verb “H{ I Ai{E" carries 3 attitudes.
It is like the standard val-2 verbs.

e A4 171 (speak highly):<agent, POS, dative>

(11a) fil xb 5k S64 BALD.

(11b) He of Mr. Zhang speaks highly.

(11a’) <*he”, POS, “Mr. Zhang”>

R0 4# (sing merits and praise virtues —flatter):<speaker, NEG, agent>, <speaker,
NEG, dative>, <agent, POS, dative>

(12a) —2& A N fih BRTHERAE.

(12b) Some people for him sing merits and praise virtues.

(12a’) <speaker, NEG, “some people”>, <speaker, NEG, “him”>, <*some people”, POS,
“him”>

4.1.3. Val-3 Verbs.

4.1.3.1. Bitransitive Verbs. The bitransitive verbs have three semantic roles, “agent”,
“dative” and “patient”. Thus, the inner attitude maybe various, like “agent to patient”,
“agent to dative”, “dative to patient”. Theoretically, there could be more attitudes like

9% <¢

“speaker to agent”, “speaker to dative” and “speaker to patient” associated with the outer
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holder “speaker”. However, the natural language sometimes makes things easier and purer.
All the sentimental bitransitive verbs in the PBDict, as well as other verbs we can think of,
only have one kind of sentimental direction “speaker to agent”. (13ab) shows the attitude
carried by word “fi VE(extort)”.

i VE (extort):<speaker, NEG, agent>

(13a) 4] ®eiE 1 7 50075,

(13b) They extorted (from) the company ¥ 5Million.
(13a’) <speaker, NEG, “they”>

4.1.3.2. Semi-Val-3 Verbs. Quite similar to the semi-val-2 verbs in section 4.1.2.6, some
val-1 and val-2 verbs have more semantic roles marked by propositions. These roles are
highlighted by the propositions, and sometimes make the sentimental directions complex.
Take the verb “5EJ[” for instance. It’s a val-2 verb which could have the “dative” guided
by “44/ T (t0)".

s BN (impose by force):<speaker, NEG, agent>, <speaker, POS, dative>, <dative, NEG,
patient>

(14a) 20E L] A VEEAUR, BN BOE 4 HAl B

(14b) The G20 has no legitimacy to impose policies on other countries.

(14a’) <speaker, NEG, The G20>, <speaker, POS, other countries>, <other countries,
NEG, policies>
4.1.4. Statistical Results. Table 1 shows the sentimental directions of verbs. Nearly all
types of verbs have more than one kind of attitude rooted in the meaning of verbs, with 3

exceptions, val-1 verbs, container verbs and val-3 verbs.
TABLE 1. Sentimental directions of verbs

Verb Type Basic Syntax Order Holder Object POS/NEG | # of POS/NEG
Val-1 agent+v speaker agent Pl /1FiE 45/80
speaker agent et e H 5/66
val-2 _ single speaker agent+patient | 4m4%/# A 1/10
agent+v+patient agent patient ERIGE 37/3
puter speaker agentlpatlent e 5/44
inner agent patient
Container Verb container+v+content speaker content FRIZF 2/1
speaker agent SN S 4/12
single speaker agent+patient | */J& AN H 4F 0/1
Semi-Val-2 agent+p-+dative+v+patient agent patient/dative | #FR4 o /* 2/0
F)uter speaker aggnt/datlye /5 e /5
inner agent patient/dative
Val-3 agent+v+dative+patient speaker agent >3k 0/6
. speaker agent * R 5 0/1
single - ey 0
Semi-Val-3 agent+p+dative+v+patient speaker datlve_ il
outer speaker agent/dative S35 o o
inner | agent/dative | dative/patient i

* means the words are not found in PBDict
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4.2. Adjectives. In Chinese, the adjectives can act as modifiers, predicates, adverbial
modifiers and complements.

4.2.1. Modifier. When used as modifiers, an adjective expresses the speaker’s attitude to
the nouns it modifies. Take the word “f#{ & (arrogant)” for instance, it carries the negative
attitude of the speaker to the head of a “adj+[J+noun” phrase as shown in (15ab).

{51 (arrogant):<speaker, NEG, head_noun>
(15a) /i 2 —A B8 W 2+
(15b) Xiaogiang is an arrogant boy.

(152’) <speaker, NEG, “boy”>

4.2.2. Adverbial Modifier. When used as adverbial modifiers, an adjective expresses the
speaker’s attitude to the agent of the verb it modifies. In (16ab), when used as an adverbial
modifier, “f{18> means the speaker negates the agent “Xiaogiang”.

fH 12 (arrogant):<speaker, NEG, agent_of verb>
(16a) /i B8 Hh HLIE A

(16b) Xiaogiang arrogantly criticizes others.
(16a’) <speaker, NEG, “Xiaoqiang™>

4.2.3. Complement. When used as complement, an adjective expresses the speaker’s
attitude to the agent of the verb it completes, acting the same as being an adverbial
modifier.

{§12 (arrogant):<speaker, NEG, agent_of verb>
(17a) /hom Uiih 1R 8.

(17b) Xiaogiang speaks quite arrogant.

(17a”) <speaker, NEG, “/]Ng#>

4.2.4. Predicate. In Chinese, an adjective can act as a predicate without any copula. Like
the intransitive verbs, it also expresses the speaker’s attitude to the agent, see (18ab). Most
adjectives are val-1 predicate. They have only one argument “agent”.

It 75 (excellent):<speaker, POS, agent>
(18a) /hiE 1R LT

(18b) Xiaogiang (is) very excellent.
(18a’) <speaker, POS, “Xiaoqiang™>

4.2.5. Semi-Val-2 Adjectives. Like the semi-val-2 verbs, some adjectives are semi-val-2
predicates. They have another semantic role guided by a proposition like “Xf(to)”. This will
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result in an inner attitude “agent to dative”. These words also have the same sentimental
directions of val-1 adjectives when used in the same manner.

(19a) /hs& X BN 1R Hig.
(19b) Xiaogiang to others (is) very arrogant.
(19a”) <speaker, NEG, Xiaoqiang>, <Xiaoqiang, NEG, others>

Table 2 gives the sentimental directions of adjectives. It shows that the val-1 adjectives
have just 1 attitude in typical syntactic positions, while the semi-val-2 adjectives have

more.
TABLE 2. Sentimental directions of adjectives and adverbs

Type Basic Syntax Order Holder | Object POS/NEG Pog /(l)\]lcEG
adj(+49)+NP speaker | NP Kk [ B
Val-1 agent+adj speaker | agent LR 274/186
Adj agent+adj+VP e
agent+\VP-+adj speaker | agent RANE
single agent | dative | 32 &/Askik 1/2
i-Val- % B S5k
Semi \_@I 2 agent+pdative+AP speaker | agent | &k B/ & A% 15/9
Adj outer | speaker | agent Bk 7 4/8
inner | agent | dative =
Adv agent+adv+VP speaker | agent g T/ R 8/12

* The semi-val-2 adj also have the sentimental direction of val-1 adjectives.

4.3. Adverbs. The sentiment adverbs express the speaker’s attitude towards the agent of the
verb modified by the adverb. It’s like the sentimental directions of adjectives shown in
section 4.2.2..

K5 (vigorously):<speaker, NEG, agent>

(20a) BRoi/k K& 557 b M F ER B9 AR .

(20b) Merkel vigorously criticized human rights issues in countries such as China and
Russia.

(20a’) <speaker, NEG, “Merkel”>

4.4. Nouns. Nouns can be the subject and object of a verb. And the nouns can have more
than 1 semantic role (see [13]), which result in a complex sentimental directions.

4.4.1. Reference of the Noun. Sentimental noun shows the speaker’s attitude towards the
reference of the noun. For example, the noun “%7 1 (gangster)” refers to those who commit
crime or evil things. This kind of noun is called “val-0" noun, because it has no argument at
all.

(21a) ZHE BTN
(21b) The gangsters burst through the door.
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(21a’) <speaker, NEG, “the men burst through the door”>

4.4.2. Assertions. Sentiment nouns are often used as the predicative in assertions. It uses
the subject as its argument. Thus, the reference of the subject noun is regarded as the object
noun. And the noun carries the speaker’s attitude towards the agent. We can see in (22ab),
“% it (gangster)” refers to the subject “fiif/](they)”.

% 1t (gangster):<speaker, NEG, subject>
(22a) fibAlT = —HF FLE.

(22b) They are a group of gangsters.
(22a’) <speaker, NEG, “they”>

4.4.3. Possessives. Many nouns are used as possessives in sentences. In Chinese, the
linguistic marks of possessive are “ (have)” and “ffJ(of)”. (23ab), (24ab) demonstrate the
attitudes from the speaker to possessive. Here, the agent of the verb “f (have)” can also be
seen as possessive.

S i (great spirit, grandeur):<speaker, POS, possessive>
(233) fih 1R H KB

(23b) He has great spirits.

(23a’) <speaker, POS, “he”>

< (great spirit, grandeur):<speaker, POS, possessive>
(242) FAT R Al 1) SER.

(24b) We admire his great spirits.

(242’): <speaker, POS, “he”>

4.4.4. Semi-Val-2 Nouns. Some nouns have dative guided by proposition like “X¥ (to,
towards)”. This will make combined attitudes. The noun “#{ ;& (hostility)” means
somebody bears a hostile attitude against others, and the speaker negates this hostility. So
the inner attitude can be described as <agent, dative>, and outer attitude as <speaker, NEG,
agent>. Then it has 2 intentional arguments, but it could not act as a verb controlling its
subject and object. In (25ab), by being the object of the verb ““f (have)”, it realize its inner
holder as the agent of “f5, and by proposition phrase “X (towards)+4ti(her)”, it has the
inner attitude object “Uffi(her)”.

= (hostility):<speaker, NEG, agent>, <agent, dative>

(25a) fil X M H WE.
(25b) He towards her has hostility.
(25a’) <speaker, NEG, “he”>, <“he”, NEG, “she”>
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TABLE 3. Sentimental directions of nouns

Type Basic Syntax Order Holder Object POS/NEG | # of POS/NEG
N+VP "

Val-0 VP+N speaker | reference of N | $L3a/% /& 34/33
Val-1 possessive + 4 /89+N | speaker | possessive | K E/EF S 23/20

possessive+&J+N speaker |  possessive FiE/T % 10/16
Semi . agent dative MAFI* 2/0

.

Val-2 agent-+p+dative+ A /41+N speaker agent *[iT 4% 0/2

* means the words are not found in PBDict

Table 3 listed the sentimental directions of nouns. They almost have a static attitude in a
syntax structure.

5. Discussions from Linguistic and Computational Perspectives. In section 4, we
described the sentimental directions of words of 4 kinds: verbs, adjectives, adverbs and
nouns. The directions are of varied types, which are interesting and require further
linguistic theory to support our findings. In addition, how to apply the sentimental
directions of words into real applications must be considered.

5.1. The Valence Determines the Types of Sentimental Directions. If a word’s valence is
1, there’s only one attitude “speaker to agent”. If the valences are over 2, the attitudes vary
from 1 to 4 in different words. The multi-attitudes expressed by a sentiment word are
somewhat a challenge to the traditional linguistic theories.

5.2. Speaker versus Agent. The outer holder “speaker” and the inner holder “agent” are
the basic attitude holders in our framework for word sentiment description. There are two
questions often put forward by researchers in and out of our team. The first one is “why
speaker can play an important role?” The answer is of 2 aspects. First of all, when we want
to find out the holder of the attitude in a phrase or sentence, we will see the hidden
“speaker/writer”. And according to some linguists’ works, such as [14] and [15], the
languages are not objective but subjective. However, if languages are subjective, we may
wonder why the inner holder “agent” can have an attitude. The language we use is to
express our thoughts and feelings. All the expressed content is the idea of speaker/writer.
At the same time, we’ve already analyzed attitudes from the agent. The answer to this
confusing problem could be like this: The agent’s attitude is what the speaker thinks the
agent should have. In brief, all the attitudes belong to the speaker. The difference is, the
speaker doesn’t judge the patient or dative directly, but the speaker believe the agent have
an attitude towards the patient or dative. It is similar to the attitude corpus annotation
schema introduced in [16].

The traditional terms like “good/bad word” or “praise/blame word” or “polarity word” or
the sentiment orientation of a word have to be revised, because many sentiment words have
2 kinds of attitudes like “#5#%(flaunt)”. We noticed that it is a “bad” word defined in the
PBDict which can be found in the outer attitude trigrams <speaker, NEG, agent> and
<speaker NEG, patient>, but it has a positive attitude from the agent to patient which is the
inner attitude. So, the good/bad words are defined according to their outer attitude if a word
has multiple attitudes in traditional dictionary. And if the speaker’s attitudes are different to
the agent and patient like “i#: & (slander)”, whose sentimental directions are <speaker, NEG,
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agent> and <speaker, POS, patient>, it is the speaker’s attitude towards the agent which
determines the “traditional polarity” of the word. For the words only with the attitude
from the agent to patient, like “ZF#%(praise)” and “Ht1¥(criticize)”, their “traditional
polarity” is determined by the agent’s attitude.

Thus it can be summed that the sentiment structure of a word can be well described by
the sentimental direction analysis, in which the speaker plays a dominating role for
multi-attitude words.

5.3. Mono-syllable Word. The sentiment words included in the PBDict are multi-syllable
Chinese words. And there are still lots of mono-syllable sentiment words like “%Z(love)”
and “Bi(cheat)”. These words can also be described using sentiment trigrams.

In ancient Chinese most words are mono-syllables, among them are some sentiment

words, such as the famous three verbs “7%”, “#\” and “i£”. The three verbs are of the same

basic meaning “%(kill)”. But “#” means to kill one’s king, father, elder brother etc.,
which is forbidden by ethic and law, while “i4” means to kill somebody by law. Thus, the

attitudes expressed by “7%” is none, “#{” is <speaker, NEG, agent>, and “i%” are <speaker,

POS, agent>, <speaker, NEG, patient>.

5.4. Is Sentimental Direction Universal? We’ve shown that sentiment words in modern
and ancient Chinese express different attitudes. But can this approach be applied to other
languages like English or Japanese? The sentiment meanings expressed by words are
culture-dependent. They rely on the ethical system of judging to tell which is correct and
which is wrong. If the system has more influence on language, it will form more sentiment
words, and the sentimental directions will be stronger, especially the combinative attitudes
of outer and inner holders. Thus the answer is straight forward now. No matter what
language we are handling, it is necessary to use the sentiment trigram <holder, attitude,
object> as a basic metric. And we’ve shown some English words like “praise”, “arrogant”
and “gangster” which can be analyzed this way.

Our work may be the answer to the question put forward by [17], “why words of

different semantic orientation can make collocations in large corpus?” Traditionally, it is
thought that positive words should co-occur with positive words, and negative words with
negative words. Now, we know it is not necessarily the case. “i# % (slander)” is a negative
verb, but the agent or patient of it do not need to be a negative noun. What is negated by the
speaker is the agent. No matter what kind of word the agent is, it will be negated by the
speaker.
5.5. Bottom-up Composition of Sentiments for Sentence and Document. The aim of this
article is to give a bottom-up composition of attitudes in sentences and documents. The
sentiment words have been annotated with sentiment trigrams, matched on the results of
semantic role labeling. We test sentence(20a) on the output of HIT dependency parser and
semantic role tagger(http://ir.hit.edu.cn/demo/Itp/#). In their system, the agent is tagged as
A0, and patient tagged as Al.

(20a) BRoi/R KER 577 & Ex B AR [HE.

(20b) Merkel vigorously criticized countries such as China and Russia (for) human
rights issues.

33


http://ir.hit.edu.cn/demo/ltp/

T AT

Root syl 4 =] il 1]
nh d v j j u n u n n
Al ALY fE; Al

FIGURE 2. Output of HIT dependency parser.

So we can get the sentence’s main semantic roles shown in (20cd). Having matched the
sentimental directions of verb “#5 77”(20e) and the adverb “ K& (20f), we got the attitudes
of sentence shown in (20c’).

(20c) [BR 50 /K lagent [ K& Laov [T TT]y [F HR 55 EZR #0 ABL B ] patient-

(20d) [Merkel]agent [Vigorouslylaay [criticized], [human rights issues in countries such as
China and Russia]patient.

(20e) K& (vigorously):<speaker, NEG, agent>

(20f) F&5i(criticize):<speaker, NEG, agent>, <speaker, POS, patient>, <agent, POS,
patient>

(20c’) <speaker, NEG, “Merkel”>, <speaker, POS, ‘“human...Russia™>, <*“Merkel”,
NEG, “human...Russia”>

On the basis of sentiment trigrams of sentences, we can use a bottom-up schema and

composite the sentimental directions for the whole document. There could be hundreds of
trigrams in a document, which are very informative for opinion extraction. We can easily
get the frequency of the trigrams in one or more documents, then it will be clear what the
main opinions of the speaker/writer, the people, and the organizer are in the data.
Nevertheless, perfect results still call for the advances in semantic parser, anaphora
resolution, etc. What can be done now is to apply our approach on parsed sentences to
create a sentiment corpus for investigation and computation.
5.6. Is Trigram Enough? The trigram we used for sentimental direction is <holder,
attitude, object>. Are the 3 elements enough for more detailed analysis and applications? It
is definitely not. We can add more elements or factors to the trigram, like subpart or feature
of object, time of the attitude, location distribution of the holders, estate of the holders, as
introduced by [2],[21]. Then we may compare people’s attitudes on the same object in
different parts of the world. The trigram is the basic frame for analysis. It has potentials to
be extended to more complex multi-grams in applications.

6. Automatic Construction of Sentiment Lexicon. We’ve shown the method to describe
sentimental directions on 992 words. It requires heavy human labor and is very
time-consuming. There’re more sentiment words in Chinese and other languages. Can we
find an algorithm to get these sentimental directions automatically? The answer is nearly
yes, as we’ve found a semi-auto way. To get the sentiment trigrams, we need to know 3
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elements, the holder, attitude and object. The whole procedure can be separated into 2
steps.
6.1. Polarity Acquisition. The polarity (positive/negative) is not hard to get. [18] used
constraints on the co-occurrence in conjunctions of words with similar or opposite polarity
to predict the prior polarity of adjectives. On a corpus of 21 million words, 1336 adjectives
are processed and the accuracy is about 78%. [19] introduced a method using “pointwise
mutual information(PMI)” to get the semantic orientation(SO) of words, which employs
co-occurrence of the word with positive and negative words to calculate the mutual
information. If the word prefers to co-occur with positive words(in Table 4), its PMI value
will be high, and vice versa. He tested the idea by querying the search engine
AltaVista(www.altavista.com) to get the words’ semantic orientations. On a lexicon of
about 3600 English sentiment words, the accuracy is about 80%.

hits(word AND pword)- [ Jhits(nword)

SO PMI(word) = lo pwordePwords nwordeNwords (_’]_)
—PMlword) =log, [ Thits(pword)-  Thits(word AND nword)
pwordePwords nwordeNwords

[20] tested Turney’s SO PMI method on Chinese words. They selected 20 polarity
words as seeds in Table 4, and used the SO_PMI formula to test a lexicon of 249 words on
a corpus of 34M words. The precision and recall rate were 79.96% and 45.56%. When
using 20 polarity morphemes in Table 4, the precision and recall rate increased to 80.23%
and 85.03%.

TABLE 4. Polarity words used by Turney(2002) and Yuen(2004)

Language | Polarity Morphemes and Words
English POS good, nice, excellent, positive, fortunate, correct, superior
(words) NEG | bad, nasty, poor, negative, unfortunate, wrong, inferior
POS 7% % (honest), 5% 9 (clever), Z. 2 (sufficient), % iz (lucky), iE # (correct),
Chinese .7 (excellent),>% 2 (prosperous), & R (kind), 3 % (brave),%& & (humble)
(words) NEG J& th (hypocritical), 2. £ (foolish), 42 % (deficient), /< % (unlucky), %% % (wrong),

% 4 (adverse), 5% % (unsuccessful), 7% % (violent), 1% 55 (cowardly), # 1% (arrogant)

% (gift), M (win), £ (good), ¥ (secure), & (rich),

Chinese POS 4 (health), 3 (happy), % (honor), % (hardworking),)ifl (smooth)

(morphe-

mes) NEG 4 (hurt), & (greedy), £ (doubt), & (difficult),.2:(rush),

% (rash), % (explode), % (ban), 2] (collapse), 4E (reject)

[21] tested Turney’s SO PMI method on the polarity words from PBDict. Using the 20
seed words from Yuen(2004) and Baidu(www.baidu.com) as the search engine, the
accuracy is about 81%.

As a whole, the automatic acquisition of polarity words is effective both on English and
Chinese.

6.2. Tagging Holders and Objects. We know that val-1 words have only one kind of
sentimental direction “speaker to agent”. If we can extract one word’s valence, it will make
things easier. There are at least 2 ways to get the valence. First, a great many dictionaries
give the information about the type of the verbs: transitive, intransitive and bitransitive.
This information is very helpful for specifying the valences of verbs. And there are
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dictionaries like “Semantic Knowledge-base of Contemporary Chinese” which give the
word’s valence. Second, we can extract the subcategories of English verbs automatically
from large scale corpus as in [22]. [23] applied the method to extract the subcategories of
Chinese verbs. Though the F-measure is not good(about 60%-70%), it is a complementarity
to the dictionaries.

When the words’ valence is over 2, we have to judge them by hand using principles
given in section 3.2. As a whole, more than half of all works can be done automatically.

7. Related Work. There have been some researches on sentiment lexicon constructions,
but few noticed the multi-attitudes carried by sentimental words. On the other hand, some
researches on building the sentiment corpus have made similar scheme for tagging
sentences.

7.1. Sentimental Directions. There’re some researches on extracting opinion holders and
analyzing opinions at the phrase level. [9] select the verbs correlated highly with opinion
sentences, like “accuse”, “doubt” and “think”. They use the semantic roles given in
FrameNet and PropBank to get the opinion holder and the opinion proposition. They find
that some holders of the attitudes are the speakers, some are agents and some are hidden in
the sentence, but they did not model the multi-attitudes of a word. And most of the verbs
they use are speech verbs like “think™ and “say”, but not sentiment words.

As introduced in [16], the annotation scheme for MPQA(Multi-Perspective Question
Answering) corpus are similar to ours. They annotated sentiment words or expressions as
“text anchor”, holder of the opinion as ‘“source”, object as “target”, and the polarity of
attitude as “intensity”. The major difference between their approaches and ours is that they
annotate these sentiment elements in corpus, but has not compiled a lexicon with semantic
roles. It is possible to parse the sentences in MPQA corpus and extract a lexicon with
sentimental directions. But according to Zipf’s law, many sentiment words will not appear
in a corpus. So it is necessary to build a sentiment lexicon. And, they do not point out the
relationship between the traditional polarity and the multiple attitudes of a sentiment word.

We know that the sentiments of verbs differ a lot from each other, so if the supervised
learning algorithm meets a new sentiment verb in test data, it is very likely to fail. [24]
applies the joint recognition of holders and objects from the MPQA corpus. [25] also use
the FrameNet semantic role labeling as well as manual mappings from semantic to opinion
roles to get the holder and object of the opinion. However, the results of their experiments
are not very good. Thus, in [26] the founder of the MPQA argue that the recognition of
holders and objects can hardly go beyond the capabilities of automatic semantic role
labeling, and it is desirable to capture the nesting of the holders and to have generally
available mappings between semantic roles and opinion roles for a large number of
predicates. This is what we want to achieve for the construction of Chinese sentimental
direction lexicon in this article.

In China, [27] use sentiment templates for Chinese speaking and judging verbs. Speaker,
agent and patient are the basic elements in the templates. And a verb could have multiple
templates which is similar to our approach. However, they do not give an explicit
explanation or linguistic background of their method, and the sentiment words form only a
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small part in their lexicon. [28] introduce their construction of Chinese emotional corpus.
For the attitudes, they tag the holder, attitude, key sentiment word/phrase and object in the
sentences. But the sentences with attitudes again cover a small part of the corpus.

7.2. Sentiment Lexicons. Table 5 shows some famous sentiment lexicons on the web,
which have been widely used in sentiment computation. Usually, these words are given
their part-of-speech and polarity. Compared with these lexicons, our lexicon size is smaller,
but with semantic roles filled in their sentimental trigrams, and we intend to extend the
lexicon with a semi-automatic approach in the future.

TABLE 5. Sentiment lexicons

Items
Lexicons Language POS/NEG Download Page
G I Inqui
enera . nquirer English 1915/2291 http://www.wjh.harvard.edu/~inquirer/
Lexicon
OpinionFinder’s . .
L . English 2721/4913 http:// .cs.pitt.edu/mpaga/
Subjectivity Lexicon gis PLTWWW.C5.PI wmpg
Turney’s Lexicon English 2293/1914 | http://mww.webuse.umd.edu:9090/dictKS/
SentiWordNet English 28431 http://sentiwordnet.isti.cnr.it/
Traditional/
NTUSD Simplified 2812/8276 | http://nlgl8.csie.ntu.edu.tw:8080/opinion/
Chinese
Polarit ds f Simplified
oIty words from ImPI © 3013/3288 http://www.keenage.com/
HowNet Chinese

8. Conclusion and Future Work. In this article we propose a novel framework for
sentiment word description. Using a trigram of <holder, attitude, object>, we distinguish 2
basic attitudes on 2 levels, the outer attitude from “speaker” towards the
“agent/patient/dative”, and the inner attitude from “agent” to “patient/dative”. After manual
annotation of 992 words, we found that the valence of a word determines by large the types
of sentimental directions it carries. The words with only 1 semantic role have just the outer
attitude<agent, attitude, object>, and the words with over 2 semantic roles may have
attitudes on 2 levels. The 2 level-attitudes of words can be applied in getting the attitudes of
phrase, sentence and discourse. Of course, the sentimental lexicon we built still need word
sense disambiguation in real texts.

Our methodology looks like a rule-based one. And indeed it is, we want to give an
explicit definition as the basis for resource construction and natural language modeling. As
linguistic rules are hard and expensive to compile manually, we also design some automatic
approaches for lexicon resources construction. We believe that the methodology used in the
paper can be extended to the analysis of other emotions in languages.

In the future, we will analyze more sentiment words in Chinese and English. The two
languages may differ in the sentimental directions for bilingual word-pairs, which would be
useful in machine translation and second language teaching. We also plan to construct a
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sentiment corpus using the lexicon in order to model the sentiment computation more
efficiently.
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