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Abstract. The increasing need for ontologies and the difficulties of manual 

construction give place to initiatives proposing methods for automatic and 

semi-automatic ontology learning.  In this work we present a semi-automatic 

method for domain ontologies extraction from Wikipedia's categories. In order 

to validate the method, we have conducted a case study in which we 

implemented a prototype generating a Tourism ontology. The results are 

evaluated against a manually built Golden Standard reporting 79.51% Precision 

and 91.95% Recall, comparable to those found in the literature for other 

languages.  
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1   Introduction 

According to Wikipedia’s project maintainer, Wikipedia is a free multilingual online 

encyclopedia, non-profit, collaborative, created on January 15, 2001. In April 2010, 

Wikipedia had more than 555,000 articles in Portuguese language and more than 

3,235,000 articles in English. 

Wikipedia's documents are organized in a hierarchy of categories that can be 

understood as a structure of terms, not strictly a tree structure, but a richer 

representation. This structure allows multiple simultaneous categorization of topics. 

Some categories may have more than one super-category [1], forming a graph that 

represents a conceptual network with unspecified semantic relations [2]. 

In Computer Science ontologies are understood as “an explicit specification of a 

conceptualization”[3]. There are even simpler definitions for ontologies, such as the 

W3C
1
 consortium featuring ontology as “the definition of terms used to describe and 

represent an area of knowledge”, as well as more complex definitions, such as 

proposed by Guarino [4] and Smith and Welty [5], who consider classes, properties, 

instances, axioms and logic to build ontological structures
2
. 

                                                           
1 http://www.w3.org/TR/2003/ WD-webont-req-20030203 

2 We will use the terms "ontology" and "ontological structure" interchangeably, and we will 

adopt, to ontology, an open approach. 



Krötzsch et al. [6] introduce the concept of class in ontologies with “Classes can be 

compared to Wikipedia’s categories: they describe collections of objects and can be 

organized in a hierarchy”. For instance, actor is a subclass of person. As in Wikipedia, 

the multiple inheritance and even cycles are allowed in the class hierarchy. 

Building ontologies is a costly, tedious and error-prone process [7], and the number 

of domain ontologies currently available remains extremely small [8], scenario that is 

even worse in Portuguese language [9].  One alternative option for ontologies 

extraction is to use Wikipedia as data source. 

In this context, we present a method for extracting domain ontologies in 

Portuguese language from Wikipedia's category structure. In order to validate this 

method we have developed a case study. We have built a prototype that extracts a 

Tourism ontology containing classes, instances and relations (is-a, located-in) from 

the Wikipedia database in Portuguese. The results were evaluated by comparing the 

obtained ontology with a Golden Standard manually built from Wikipedia's Tourism 

category. These results (79.51% Precision and 91.95% Recall) were promising, 

demonstrating the feasibility of the proposed method.  

The article is organized as follows: Section 2 reviews related work on ontology 

extraction from Wikipedia. In Section 3 we present our method for domain ontology 

extraction. The case study, its evaluation and results are presented in Section 4. We 

end the article with a brief conclusion. 

2   Related Work 

Several studies, as [1, 2, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19] support our research 

on ontologies extraction from Wikipedia, especially regarding the feasibility of this 

task. In this section, we present a brief review of those which provided relevant ideas 

for our method.  

YAGO: A Large Ontology from Wikipedia and WordNet [16] presents an 

ontology derived from Wikipedia and WordNet. The ontology is populated by facts 

derived from Wikipedia’s category system and infoboxes
3
, combined with taxonomic 

relationships from WordNet. This is made in two stages: first, different heuristics are 

applied to Wikipedia’s data in order to extract facts and candidate entities, and the 

connection between Wikipedia and WordNet is established. The second stage is the 

application of quality control techniques. The results were evaluated by human 

judges, who found that 74 heuristics had precision greater than 95%.  

Ponzetto and Strube, in [13], describe an experiment for automatic creation of a 

taxonomy from Wikipedia’s category system. Further articles by Ponzetto and Strube 

[15]; Zirn, Nastase and Strube [18]; and Nastase and Strube [19] describe methods to 

automatically distinguish between classes and instances from the taxonomy generated 

in [13]. 

Wikipedia’s category structure seems to be an excellent source of data for 

ontologies extraction, since it contains relationships between concepts. In the work of 

Strube and Ponzetto [12, 13] categories are used to describe concepts. [18, 19] report 

                                                           
3  Infobox is a Wikipedia standard model with basic information about the entity described in 

the article. 



more detailed analysis of category titles, describing the extraction of classes and 

instances. [13] describes very clearly the steps for identifying is-a and not-is-a 

relations in the category structure, however, it is not clear how the lexical-syntactic 

patterns were used. 

Data extraction from infoboxes and WordNet seems to be promising in English 

language. However, currently, this feature does not appear to be useful in Portuguese 

for two reasons: infoboxes are little used in Wikipedia’s Portuguese version and the 

available versions of WordNet in Portuguese language does not have a significant 

amount of content. 

The reviewed papers reported experiments based on the full content of the 

encyclopedia and not on a specific category. Furthermore, the reviewed studies 

performed the extraction of content in English only. The performance of a work that 

extracts an ontology from the Portuguese version of Wikipedia should take in 

consideration the characteristics of this release, such as size, less use of models and 

the different spellings of the same term, given the inherent differences between 

Brazilian, African, Asian and European Portuguese. 

3   Extraction Method 

This section presents our semi-automatic method for extracting domain ontologies 

from Portuguese Wikipedia’s category system. 

The input to the extraction is Wikipedia's database, particularly the tables with 

information about categories. After applying the method, we obtain a domain 

ontology described in OWL, containing classes, instances and relations. In the 

following subsections we describe the stages of the semi-automatic extraction method 

illustrated in Figure 1. 

 

 
Fig. 1. The method input is Wikipedia’s database. It generates a domain ontology 

containing classes, instances and relations. 



3.1   Stage 1 - Taxonomy Extraction 

The goal is to obtain a taxonomy where concepts are category titles and the 

hierarchical relation between concepts is established by the category structure 

organization in the database. The input here is Wikipedia's database (particularly the 

tables containing data related to the category structure), the category used as source 

for extraction and the depth of the query. The output is a taxonomy with the category 

structure. 

 

 
Fig. 2. First Stage (S1) generates a taxonomy where the hierarchical relation is 

established by the category structure in Wikipedia. 

 

Wikipedia covers different domains of knowledge and the organization of its 

categories enables the connection of concepts that belong to more than one domain. 

Since our goal is to obtain a domain ontology, we must limit the selection of 

subcategories to a limited depth, in order to obtain the largest number of concepts but 

also ensuring that the selected categories belong to the original domain. 

The result is the selection of the subcategories of the chosen category. We 

emphasize that the number of levels to be searched in the category tree depends on the 

characteristics of the category to be used as the basis for extraction. Therefore, this 

number must be previously defined by the ontology engineer.  

3.2   Stage 2  - Relations, Classes and Instances Identification 

This stage (S2) performs the extraction of relations, new classes and instances, 

through the analysis of the concepts in the taxonomy generated in the previous step 

(see Figure 3).  

An ontology composed by classes, instances and relations results from this stage. 

To reach this structure it is necessary previously: to define the relations to be 

extracted; to define the heuristics to be used to extract relations and to distinguish 

between classes and instances. 

In this stage, each concept is analyzed, checking if there is, embedded in it, a 

semantic relation other than hyponymy. In this case, the is-a relation is replaced with 

a new one; and we check if the class name remains the same, or if it should be 

replaced by a new class and instance. 



 
Fig. 3. Second Stage (S2) extracts relations, new classes and instances from the 

taxonomy generated in S1. 

 

The activities in this stage were based on the Category Heuristics reported in [16] 

and on methods described in [15, 18, 19] to automatically distinguish between classes 

and instances in a taxonomy. 

 

3.2.1. Relations Extraction 

According to Gruber [20], relations are a set of tuples that represent a relationship 

between objects in a universe of discourse. 

Strube and Ponzetto claim that Wikipedia's category structure does not constitute a 

taxonomy with a well-formed subsumption hierarchy, but a thematically organized 

thesaurus [13]. The exclusive use of hyponymy relations (is-a) does not reflect the 

semantic relationship between concepts in the categories taxonomy extracted from 

Wikipedia. The use of other relations in conjunction with is-a is essential to 

accurately describe the semantic connections between concepts. For example, the 

category of “Capital in Asia” is registered under Capital (is-a), but the category 

Philosophy is under the category “Abstraction and Belief” (deals-with) and also under 

“Humanities” (is-a) [13]. 

The choice for which relations should be extracted is directly related to the domain 

represented in the ontology. It is first necessary to examine the taxonomy obtained in 

the previous step to then define, from its concepts, which relations represent the 

semantic relationships between classes. For example, in the Tourism taxonomy, some 

categories have location relations embedded in their title, such as "Zoos in Germany", 

which can be represented by the relationship "Zoos located-in Germany". 

 

3.2.2. Distinction between classes and instances 

Instances represent the objects of the domain on which is our interest, while classes 

are interpreted as sets of instances [21]. To characterize an instance, we suggest the 

use of these characteristics [22]: instances are proper nouns, which means that they 

should be capitalized and instances are unique, which implies that they should not 

have hyponyms; it is meaningless to have an instance of an instance. 

At this point, the concepts selected in the previous stage, as having a different 

relationship than hyponymy, are analyzed in order to check if it is necessary to create 

new classes and instances. For example, we have identified in th category “Zoos in 



Germany” the relationship “Zoos located-in Germany”. From this point, we 

characterize “Zoos” as a new class and “Germany” as an instance. 

The heuristics used to analyze the category title should be manually defined in 

advance, because they depend on: domain, relations to be extracted and the category 

structure used as source. 

3.3   Stage 3 - Formatting and Linguistic Unification 

In this stage (S3) the ontology names are standardized. As a first task we format 

titles, so they can be represented in OWL. This task is performed in three steps: 

1. Remove special characters; 

2. Replace spaces with underscore; 

3. Convert all characters to lowercase. 

The second task unifies different spellings, considering that Wikipedia's 

Portuguese version, according to its manual of style
4
, does not use a specific version 

of the common language, regardless their country of origin. Thus, the same term may 

be registered more than once with different spellings, with the differences inherent to 

all variants of Portuguese. 

3.4   Stage 4 – OWL Generation 

The last stage (S4) generates the OWL description of the ontology obtained in 

previous stages. The OWL description allows the visualization and refinement of the 

extracted ontology in ontology editors such as Protégé
5
, as well as easy access by 

other applications.   

4   Case Study 

In this section we describe a case study developed to validate the method presented in 

the previous section. We have conducted an experiment extracting a Tourism 

ontology containing classes, instances and relations (is-a, located-in) from Portuguese 

Wikipedia's Tourism category
6
. The generated ontology was confronted against a 

Golden Standard and the metrics Precision and Recall were calculated. 

4.1   Prototype 

The prototype developed to conduct the case study was implemented in PHP, 

                                                           
4  http://pt.wikipedia.org/wiki/Wikipedia:Livro_de_estilo 

5  http://protege.stanford.edu/ 

6 http://pt.wikipedia.org/wiki/Categoria:Turismo 



accessing Portuguese Wikipedia's database in Mysql
7
 and generating an OWL file. 

The prototype was designed in four steps, according to the method being validated. 

Next we describe the prototype steps. 

 

Step 1 – Categories Selection. In order to select the depth of the Tourism category 

query, we have manually performed an analysis of its subcategories graph and from 

this observation, we decided to set the search in three levels of subcategories, trying 

to get as many concepts as possible without exceeding the Tourism domain. 

Upon completion of this step, we get a taxonomy where the concepts are the 

categories titles and the hierarchical relationship is established by how the category 

structure was organized in Wikipedia’s database. 

 

Step 2 – Relations, Classes and Instances Identification. To accomplish this task 

we have previously defined the relations and instances to be extracted and the 

heuristics to be used. We have noticed that many of these semantic relations would be 

better represented by the located-in relation. For example, the two categories with the 

largest number of subcategories are "Transportation by country"
8 

and "Tourism by 

country"
9
, which are categories whose semantic content is related to location. In 

addition, some categories present located-in relationship embedded in their title, for 

example, “Spas in Brazil”
10

 which in our view includes the relationship "Spa" 

located-in "Brazil". 

From this definition, we found that located-in relations did not occur only among 

classes, but between class and instance of a place. In the relation “Spa located-in 

Brazil”, we classify “Spa” as class and “Brazil” as instance. To accomplish the task of 

identifying location relationships and to make the distinction between classes and 

instances we have proposed four heuristics: 

Heuristic 1: infers the existence of located-in relationships in the subcategories of 

categories whose title contains the words “country”, “city”, “province” or “state”. For 

example, “Touristic attractions in Curitiba”
11

 is subclass of “Tourist attractions by 

city”
12

. The application of the rule generates the instance “Curitiba” and the relation 

“Touristic attractions by city” located-in “Curitiba” and, also erases the class 

“Touristic attractions in Curitiba”. 

Heuristic 2: infers located-in relationships in categories containing certain 

prepositions
13

 in its title. For example, from “Airports in Argentina”
14

 the application 

of this rule generates the class “Airports”, the instance “Argentina”, the relation 

“Airports” located-in “Argentina” and erases the class “Airports in Argentina”. 

Heuristic 3: for classes containing only one lexical item in their title, search in 

Wikipedia’s database for connections between the correspondent category and other 

                                                           
7 Database dump obtained in http://download.wikimedia.org/backup-index.html from 

Wikipedia's Portuguese version of January 05, 2009. 

8 “Transporte por País” in Portuguese. 

9 “Turismo por País” in Portuguese. 

10 “Termas do Brasil” in Portuguese. 
11 “Atrações turísticas de Curitiba” in Portuguese. 
12 “Atrações turísticas por cidade” in Portuguese. 

13  In Portuguese: “de/do/da” and “em/no/na”. 
14 “Aeroportos da Argentina” in Portuguese. 



categories related with locations. If the connection is found, the class is transformed 

in instance and a located-in relation is established with its super class. I.e, “Krakow”
15

 

is subclass of “UNESCO World Heritage”
16

 and "Cities of Poland"
17

: this creates the 

relation “UNESCO World Heritage” located-in “Krakow”. 

Heuristic 4: performs a quality control by excluding wrong mappings. If an 

instance was also mapped as a class, the mapping as instance is eliminated. 

 

Step 3 – Spelling Unification. At this stage, we standardize classes and instances 

names, allowing the OWL creation in the next step.  

To do so, we perform a function that replaces string "cç" (Portugal’s Portuguese) 

spelling for "ç"; we remove words accents, ie. replacing "ã" with "a"; we convert 

uppercase to lowercase; we replace blanks by underscore. 

 

Step 4 – OWL Generation. Finally, the last stage generates an OWL file 

containing the extracted ontology description.  

 

The ontology created with the prototype execution consists of 165 classes and 156 

instances. 

4.2   Evaluation 

In order to evaluate the results obtained with the case study reported in the 

previous session, we compute Precision and Recall. From these, we investigate some 

of the causes of successes and mistakes of the prototype, examining the similarities 

and differences between the Golden Standard and the ontology being evaluated.  

The Golden Standard used to calculate the metrics was manually constructed from 

the Tourism Category Network, revised and refined by a linguist. The Golden 

Standard was developed following three steps: 

1. Tourism Category Structure export in three levels into a taxonomy in OWL. 

2. Manual construction of the ontology, from the taxonomy generated in the 

previous step.  

3. Review and refinement of the ontology by a linguist. 

Confronting both ontologies as a whole, we have obtained 79.51% Precision and 

91.95% Recall. These results are satisfactory and comparable to those found in the 

literature for other languages.  

 The main differences between the ontology generated by the prototype and the 

Golden Standard are in the is-a relation mapping. We have achieved for this analysis 

73.03% Precision and 91.98% Recall. The main cause of differences was produced by 

the Heuristic 2.  

For example, in the Golden Standard the class “hotels”
18

 is a subclass of 

“lodging_facilities”
19

, while in the extracted ontology the class “hotels” is also a 

                                                           
15 “Cracóvia” in Portuguese. 

16 “Patrimônio Mundial da UNESCO” in Portuguese. 

17 “Cidades da Polônia” in Portuguese. 

18  “hotéis” in Portuguese. 

19  “meios_de_hospedagem” in Portuguese. 



subclass of “tourism_in_south_america”
20

. This happened because applying the 

Heuristic 2 in the class “hotels_from_brazil”
21

: generates the class "hotels"; generates 

the instance "Brazil"; generates the relation “hotels” located-in “Brazil”; places the 

class “hotels” as subclass of “tourism_in_south_america” (original position of the 

class “hotels_from_brazil”). 

The best results were achieved by the instance mapping, obtaining 99.35% 

Precision and 94.44% Recall. Only one instance was wrongly mapped by prototype: 

“superhighway”
22

. Heuristic 3 caused this failure, since “superhighway” contains only 

one word in its title and is connected to the “Rio de Janeiro City Transports”
23

. 

5   Conclusion 

We have presented a method for semi-automatic extraction of domain ontologies from 

Portuguese Wikipedia. Toward this end we exploited Wikipedia’s category structure 

and the categories names as source for ontology components extraction. The method 

input is Wikipedia’s database, particularly the tables containing information about 

categories. After applying its four stages, it generates a domain ontology described in 

OWL. 

The method was validated through a case study that produced a Tourism ontology. 

In order to evaluate this ontology, a Golden Standard was manually constructed from 

the Tourism Category structure, revised and refined by a linguist. The results were 

satisfactory: 79.51% Precision and 91.95% Recall.  

This evaluation showed that the main differences between the ontology generated 

by the prototype and the reference ontology are in the mapping of is-a relations. One 

of the reasons that led to this inequality was the exclusion of repeated classes in the 

Golden Standard by the human revisor. The prototype had its best performance in the 

instance mapping.  

From this experience, we point that the appropriate definition of heuristics is the 

key point for implementing the method successfully. 

We believe that the use of a Golden Standard is suitable and widely used in this 

type of problem. However, we are working to find other alternatives for evaluation. 

For example, it would be interesting to perform extrinsic evaluation using information 

retrieval systems.  

Future work includes the method improvement, seeking its automation. To 

accomplish this, we point to the automation of the search depth obtention in the 

method first stage and the use of other components of the encyclopedia as text and 

links between articles as data source.  

                                                           
20  “turismo_na_america_do_sul” in Portuguese. 

21  “hoteis_do_brasil” in Portuguese. 

22  “supervia” in Portuguese. 

23  “Transportes da cidade do Rio de Janeiro” in Portuguese. 
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