
Chinese Word Sense Distinction in the Lexical Markup 
Framework: A Study in Environmental Domain  

 
Yu-Ting Yu1, Lung-Hao Lee1, Shu-Kai Hsieh2, Chu-Ren Huang1,3 

1Institute of Linguistics, Academia Sinica 
2Department of English, National Taiwan Normal University 

3Department of Chinese and Bilingual Studies, The Hong Kong of Polytechnic University 
1128, Section 2, Academia Road, 115 Taipei, Taiwan 

2162, Section 1, He-ping East Road, 106 Taipei , Taiwan 
3Hung Hom, Kowloon, Hong Kong. 

{tina0822, lunghao}@gate.sinica.edu.tw, shukai@ntnu.edu.tw , ctcrh@polyu.edu.hk   

 

Abstract 
This study proposes an approach to extract domain-specific words, and to distinguish 
the word senses with the aim of extending current WordNet architecture for domain 
applications. The domain-specific lexicon is compiled with a Wordnet-LMF format in 
compliance with 180 1643 for the internationally collaborative KYOTO project. The 
findings and results provide a preliminary resource extension for cross-language 
domain knowledge exchange and show the benefits for domain-specific applications.  

1 Introduction 

WordNet1 is an English lexical database that groups nouns, verbs, adjectives and 
adverbs into sets of cognitive synonyms, which are named as synsets (Fellbaum, 1998; 
Miller, 1995).  The Global WordNet Association (GWA)2, building on the results of 
Princeton WordNet and Euro WordNet (Vossen, 2004), is a free and public association 
that provides a platform for sharing and connecting all languages in the world. For 
Mandarin Chinese in Taiwan, Huang et al. (2004) constructed the Academia Sinica 
Bilingual Ontological Wordnet (Sinica BOW) which integrates WordNet, 
English-Chinese Translation Equivalents Database (ECTED) and SUMO for 
cross-language linguistic studies. As a follow-up, Chinese WordNet (CWN) has been 
built as a robust lexical knowledge system which embodies a precise expression of 
sense and sense relations as well (Huang et al., 2008). In recent years, WordNet-like 
resources have become one of the most reliable and essential resource for linguistic 
studies for all languages. However, in Wordnet, words are analyzed from a general 
and semantic viewpoint, which neglects particular senses of a word used in certain 

                                                 
1  Available online at http://wordnetweb.princeton.edu/perl/webwn 
2  Global WordNet Association (GWA), available online at http://www.globalwordnet.org/ 
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professional fields. Moreover, there are very rare terminologies and domain-specific 
words in currently available WordNet database. 

Environmental related issues like global warning, climate change, and 
biodiversity has attracted more attention to the public these days. Vossen (2008) 
proposed the KYOTO architecture to construct a language-independent information 
system for a specific domain (environment/ecology) anchored in an ontology that is 
linked to Wordnets in several languages. The European Environment Information and 
Observation Network3 (EIONET) aims to provide timely and quality-assured data, 
information and expertise for assessing the state of the environment in European. 
Taiwan Environmental Information Center4 also collects and provides international 
and local environmental news to the public. 

In this study, we focus on exploring environmental terms to extend Chinese 
Wordnet for KYOTO project. Firstly, we extract environmental terms based on the 
category-guided search results. Secondly, the guidelines of Chinese word sense 
distinctions are applied to analyze meaning facets of words. In addition, we also 
assign an additional tag called 生 態 環 境  (ecology and environment) to 
domain-specific senses. Finally, we compile a XML format follows the Lexical 
Markup Framework (LMF) for cross-language information and knowledge exchange. 

The rest of this paper is organized as follows: Section 2 describes the details of 
environmental word extraction and its sense exploration in the Lexical Markup 
Framework. Section 3 presents experimental results and discusses the related issues. 
Finally, Section 4 concludes this study along with future research. 

2 Chinese Domain-Specific Word Sense Distinctions  

2.1 Domain-specific Word Extraction 

To add domain-specific words for Chinese WordNet extension, the first task is to 
extract and select domain words. Without professional knowledge of a certain domain, 
it is difficult to generate and decide a domain word list. In this study, we apply the 
web-as-corpus approach for domain-specific word extraction. We proposed an 
algorithm in our previous study. A brief description is presented as follows. 

Figure 1 shows the flowchart of our proposed method. Our word extraction study 
presents a category-guided search results based Chinese domain-specific word 
extraction method. The N-gram model (Manning and Schutze, 1999) is applied to 
generate any possible words. Given a categorized text, N-gram model is applied to 

                                                 
3  EIONET, available online at http://www.eionet.europa.eu/ 
4  Taiwan Environmental Information Center, available online at http://e-info.org.tw/ 
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split the text into several n-grams. An n-gram and a given category label form a query 
pair for submitting to a referred search engine to consult the number of indexed web 
pages that query pairs exactly matched. The search engine returns the number of 
indexed web pages that individual query pairs exactly matched respectively for 
significance computation of candidate words. 

 

Categorized text

Generate N-grams

Extracted Words
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Consult CSR of Query Pairs

Internet

Search
Engines

 
Figure 1: The flowchart of domain-specific word extraction method 

The result number of matched web pages is called the Category-guided Search 
Results (CSR). Figure 2 shows that a bi-gram word, 全球暖化 (global warming) and 
a given category label, 環境 (environment) form as a query pair to consult Google 
search engine and the CSR was 308,000. 

 

Figure 2: Example of a Query Pair to Consult Google Search Engine 
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Then the difference of CSR (DCSR) of the n-grams is calculated for scoring 
significance. In order to score the n-grams using the Web as live corpus, the 
significance of the ith n-gram is calculated by the following equation 1. 
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Finally, the word selection mechanism is based on significance of words for 
further thresholding to identify extracted words.  

Our experimental results indicated that our proposed method can identify 
extracted words at a superior average F-measure of 79.97% and outperform than that 
achieved by ECScanner described in related work. In addition, this method has shown 
to be effective extracting Named Entities, with an F-measure of 72.43%. 

2.2 Chinese Word Sense Distinctions 

Once environmental words are determined by our proposed method, each word is 
analyzed according to the guidelines of Chinese word sense distinctions (CKIP, 2003; 
Huang et al., 2003) for Chinese WordNet Extension. In accordance with the rules and 
principles, a word (lemma) with one of the senses enters together as an entry into the 
database. Each lexical entry contains information including part of speech, sense 
relation, sense definition, synset (sense key of correspondent translation from 
Wordnet), example sentences and domain label.  

Huang et al. (2004) proposed Domain Lexico-Taxonomy (DLT) as a domain 
taxonomy populated with lexical entries. By using DLT with Chinese WordNet and 
Domain Taxonomy, there were 15160 Chinese lemmas that linked and distributed in 
463 domain nodes. Huang et al. (2005) further applied DLT approach to a Chinese 
thesaurus called as CiLin and showed with evaluation that DLT approach is robust 
since the size and number of domain lexica increased effectively. Entries concerning 
the knowledge of environmental domain in this study would also be labeled with a 
domain tag, 生態環境 (ecology & environment). This domain tag helps distinguish a 
domain-specific sense from other general ones and provides more precise information 
about domain knowledge. Huang et al. (2005) designed and implemented the Sinica 
Sense Management System (SSMS) to store and manage word sense data generated in 
the analysis stage. SSMS is meaning-driven. Each sense of a lemma is identified 
specifically and given a separate entry. In a domain specific entry, a domain tag is 
labeled in order to distinguish from other general sense. An example of entries of 足
跡 (footprint) in SSMS is presented in Figure 3. 
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Figure 3: Example of 足跡 (footprint) with domain label in SSMS 

2.3 Compliance with the Lexical Markup Framework 

Lexical Markup Framework (LMF, 2008) is the ISO standard for natural language 
processing lexicons and machine readable dictionaries (15024631). Francopoulo et al. 
(2009) offered a snapshot of how LMF for representing multilingual lexicons. The 
application of WordNet -LMF facilitates data exchange among computational 
linguistic resources and also promises a convenient uniformity for a broadened range 
of future use. Soria et al. (2009) proposed a WordNet -LMF which was developed in 
the architecture of the KYOTO project as standardized interoperability format for the 
interchange of lexico-semantic information. WordNet -LMF is used to compile 
Chinese WordNet along with our environmental word extensions. A brief description 
is presented as follows.  

The structure of WordNet -LMF contains mainly two sections: Lexicon, which is 
the core part, and Sense Axis, an extension section providing extra information. 
Lexical information is mainly placed in Lexicon, which is further divided into two 
parts: one includes lexical sense, lexical form, part of speech and lexical sense key, 
and the other part, designed for understanding of an entry, contains definition and 
synset relation. Sense Axis Relation is an extension that links to additional classes for 
external lexical resource such as NLP morphology or multilingual notations.  

3 Experimental Results and Discussions 

3.1 Results of Environmental Word Extraction 

There are three documents used as environmental word extraction sources. Two 
documents are commonly-used term lists in ecological and environmental domain. 
One is from Chinese version of GEneral Multilingual Environmental Thesaurus 
(GEMET 5 ) and the other from Environmental Protection Administration (EPA), 
Taiwan. The third list includes terms culled from The Living Planet Report 2006 by 
World Wide Fund (WWF), provided by Kyoto Project. Each n-gram extracted from 

                                                 
5  GEMET Thesaurus, available online at http://www.eionet.europa.eu/gemet 
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There is a major benefit in extracting a domain-specific words by our proposed 
approach mentioned： This approach helps in segmenting terms from phrases or 
sentences. Without professional domain knowledge, it is difficult to distinguish what 
is a domain word and what is not. Take the phrase, 水資源壓力 (water stress), for 
example. Segmentation ambiguity occurs by both manual and computational analysis. 
The term 水資源壓力 could be segmented into three different kinds of combination: 
1) 水 (water) and 資源 (resource) and 壓力 (burden), 2) 水資源 (water resource) 
and 壓力 (burden) and 3) 水 (water) and 資源壓力 (resource burden). However, 
as in our proposed method, 水資源 (water resource) has the highest significance 
along with the category label, 環境 (environment). For this reason, 水資源 (water 
resource) is regarded as an environmental word is in this phrase.  

3.2 Word Sense Distinctions in Chinese WordNet 

Up to date, there are 736 terms of all extracted words analyzed according to the 
guidelines of Chinese word sense distinctions. Among the analysis list, some terms 
stand for only one or more domain senses: senses which are specifically used in the 
domain topic and are labeled with a domain tag. For instance, as shown in Figure 4, 
the term 全球暖化 (global warming) has two ecological-environmental domain 
senses, the first sense stands for the process of global warming and the second sense 
refers to the event of global warming. Both senses have relation with the environment 
domain concept.  

There are also terms that are in other domain use, such as 苔原 (tundra) in 
geology and 脊椎動物 (vertebrate) in zoology. Other terms have both general senses 
and domain senses. Take 負債 (overload), shown in Figure 5, for example. 負債 has 
six senses (some of them are abridged in the figure), four of them being general 
senses, one being labeled with financial tag, and one with 生態環境 (ecology and 
environment) tag. Its definition of first sense denotes the state of owning others 
something and the definition of the second sense is the thing owed to someone. The 
sixth sense of 負債 is domain specific, which suggests the act of over using global 
resource, leading the Earth in lack of nature resources. 
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Figure 4: Example of 全球暖化 (global warming) with only domain senses 

 

Figure 5: Example of 負載 (overload) with both general and domain senses 

Still others are terms the do not contain certain domain senses but only general 
senses. For example, 石化燃料  (fossil fuel), shown in Figure 6, and 棲息地 
(habitat) are grouped under this category. 
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Figure 6: Example of 石化燃料 (fossil fuel) with only a general sense 

3.3 An example in the Lexical Markup Framework 

In this step, results of environmental word sense distinctions are compiled with 
Wordnet-LMF format. Take 自然 (natural phenomenon) as an example (in Figure 7). 
自然 has six senses (some of them are abridged in the figure). Id attribute of the first 
senses is 自然_1 and its synset called as “zho-16-03059301-n”. This unique identifier 
of synset stands for 自然_1 with the unique ID 03059301 in Chinese WordNet version 
1.6 and its part-of-speech is noun. Moreover, in SynsetRelations, one can also learn 
that 自然_1 has a synonym, 大自然_1 (zho-16-06653601-n). Meanwhile, this sense 
is corresponded to IEEE SUMO. Finally, this compiled LMF version is pointed to 
Princeton WordNet 3.0 for the KYOTO project. 

 

Figure 7: Example of 自然 (natural phenomenon) with Wordnet-LMF format 
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The advantages of WordNet-LMF format is that if lexicon can be represented as 
an independent XML file and pointed to consistent target, lexical information and 
knowledge can be conveniently transferred. The application of LMF facilitates data 
exchange among computational linguistic resources and also promises a convenient 
uniformity for a broadened range of future use. 

4 Conclusion 

This study proposed an approach to determine domain-specific words and its word 
sense distinctions to extend current WordNet architecture for domain applications. We 
also compiled our analysis with a Wordnet-LMF format for the KYOTO project. The 
findings and results provide a preliminary resource extension for cross-language 
domain knowledge exchange and is a benefit for domain-specific applications.  

Up to now, some extracted words have not been analyzed yet. We will keep up 
this direction to finish the domain-specific lexical resource construction. 
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