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Abstract—The use of folksonomies involves several problems
due to its lack of semantics associated with them. The nature
of these structures makes difficult the process to enrich them
semantically by the association of meaningful terms of the
Semantic Web. This task implies a phase of disambiguation and
another of expansion of the initial tagset, returning an increased
contextualised set where synonyms, hyperonyms, gloss terms,
etc. are part of it. In this novel proposal a technique based
on confidence and similarity degrees is applied to weight this
extended tagset in order to allow the user to obtain a customised
resulting tagset. Moreover a comparision between the two main
thesaurus, WordNet and Wikipedia, are presented due to their
great influence in the disambiguation and expansion process.

I. INTRODUCTION

The Web 2.0 is full of structures called folksonomies
which play an important role in the process of describing
resources. In contrast to the Ontologies and Semantic Web,
folksonomies[1] are tag sets specified by users that can de-
scribe any resource found in the Internet like photos, URLs,
news, etc. However, these tag sets are not supervised by any
expert, and there are no conventions about the syntax or vo-
cabulary that people can use for defining terms. Consequently,
these sets are imprecise, contain lexical mistakes and lack
semantics. These characteristics make it difficult to use in
machine readable processes and also, the establishment of
relations with semantic structures, like Ontologies[2], [3].

However, a folksonomy can contain terms that are not
interrelated, e.g. a picture maybe described with the terms Hay,
balls, copse, trees, UK. As a result, there are challenges in
determining the real sense of each tag, so choosing a concrete
tag sense in a disambiguation process could lead to errors.
Repositories like Wordnet and Wikipedia, play a crucial role
in this disambiguation process because they define a large
number of senses but unfortunately some of the concepts
are very similar and this makes the selection process very
complex.

Furthermore, different people can use different words to
describe the same resource. Thus, the folksonomy expansion
process helps to identify a sense and contextualize the tag.
However, this process can lead to errors as well because the
relationship between the initial tags and the expanded tags
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set can have slight differences in meaning like a hypernym
relation.

In this paper, a fuzzy logic based approach is presented
to address this problem. On one hand, the different senses
of a tag are not discarded entirely, the system assigns them
a confidence degree depending on their similarity with the
rest of the tagset and then a selection process is performed.
Our approach assigns a confidence degree to the different
senses of a tag depending on their similarity with the rest of
the tagset and performs a selection process. Afterwards, the
tagset expansion process is performed. A similarity degree is
assigned to each added term weighting of its relation with the
initial tag, e.g. synonyms, hypernyms, meronyms, parts of the
gloss, etc. Consequently, the initial tagset can be expanded
using linguistic labels to adjust the number of tags to the user
necessities. But, the source of information (thesaurus) used for
developing this goal is critical in this process, so a comparison
between the two main sources of information, WordNet and
Wikipedia, is also analysed.

A description of the folksonomy enrichment process and the
most common thesauri are in section II. Later, the definition
of the proposal, and an example and analysis of the results are
presented in sections III and IV respectively. Linguistic label
approach is presented in section V and conclusions in section
VI.

II. BACKGROUND

A. Enrichment Tags Processing

The process of Folksonomy Enrichment is a recent trend
in the Semantic Web area due to the proliferation of these
kind of description mechanisms in the Collaborative Web. This
process connects the Web 2.0 with the Semantic Web, giving
some semantic meaning to the tags that make up a folksonomy,
which lacks it. There are several proposals in the current
literature which develop this Semantic Discovery Process in
folksonomies, like Specia et al.’s work [3] which obtains
groups of highly related tags to map them with information
available in ontologies or Angelou et al.’s [2] which enrich
a previously cleaned and expanded folksonomy and search
mappings among the resulting tagset and the resources of
several ontologies.

The methodology for discovering semantics in a Folkson-
omy followed in this paper can be summarised in three main
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Fig. 1. Enrichment Folksonomies Process Sequence of the Flor Project [2]

phases, as Angelotou et al. [2] identify in their proposal and
in figure 1. Specifically this paper is focused in the semantic
expansion phase, once the tags have been filtered and cleaned.

B. Information Sources

1) WordNet:
Wordnet is an on-line dictionary that models the lexical

knowledge of a native English speaker. The main characteris-
tics of this system are[4]:

1) Defines each sense of a word, this is a synset.
2) Each synset has associated a list of synonyms.
3) Each synset has an associated gloss.
4) Hypernymy is represented for each synset using a tree

structure.
5) Defines relations of holonym (member of ) and

meronyms (has member).
The success of WordNet is due to its highly structured data

representation but this system also presents some disadvan-
tages [5]:

1) Lack of connections between nouns and verbs, and
topically related words.

2) Lack of morphological relations.
3) Absence of some senses and relations and thematic

relations.
4) Non-uniform Gloss definition.
5) First sense are not the most intuitive, e.g. tiger.
6) Low coverage, specially with proper names [6]
7) High sense proliferation. The senses have such fine

granularity that even human annotaters struggle to dif-
ferentiate them [6].

2) Wikipedia: Wikipedia is an on-line encyclopedia devel-
oped by a collaborative community. The main characteristics
of Wikipedia are [6]:

1) The articles are the basic unit of information,the senses,
2) Anchors provide a source of synonyms and other varia-

tions in surface form.
3) Redirects corresponds to synonyms and other variations

in surface form
4) Categories represents the hierarchy of concepts of

Wikipedia as a network.
5) Disambiguation pages corresponds with the different

senses of a word.
6) Gloss are provided in the first sentence of an article.
7) Provides a large repository of named entities and spe-

cialised concepts [7].
8) Provides a large repository of abbreviations and

acronyms.
However Wikipedia presents disadvantages as well:
1) Disambiguation pages are difficult to process automati-

cally [6], [8], and there are too many senses for a term.

2) Page titles often include additional scope information.
3) Anchors encode polysemy.
4) Categories do not often represent only IS-A relationships

[7].
5) The articles lack formal expert review procedures.

C. Fuzzy Techniques

Fuzzy Logic is a form of multi-valued logic derived from
fuzzy set theory introduced by Zadeh [9] to deal with reason-
ing that is approximate rather than precise. Variables in fuzzy
set theory may have a membership value which can range
(inclusively) between 0 and 1. Usually fuzzy variables are de-
scribed using a membership function [10]. Linguistic Labels,
are non-numeric variables, used to facilitate the expression
of rules and facts in natural language. A linguistic variable
such as young, old, hot, etc identify a fuzzy set in a concrete
context. For example, the attribute tall can be described with
the fuzzy set: F = 0.9/John, 0.5/Rose, 0.6/Michael, where 0.9
is the membership degree of John of the possibility distribution
of the concept Tall. A compilation of the most relevant studies
about fuzzy logic, definition, operations, applications, etc. can
be found in [10].

III. TAG EXPANSION PROCESS

A. Description of the process

The Semantic Expansion Phase consists of expanding the
tagset with other tags which have a similar meaning. A
thesaurus (Wordnet, Wikipedia, Wikitionary, WikiDB) is needed
to get all the related tags. The process consist of the following
sub-phases: i) Sense Definition, disambiguation of each tag
is attempted using a similarity function which compare each
pair of tags, ii) Semantic Expansion, in this phase the tagset is
increased with some hypernyms and synonyms. A thesaurus is
used for obtaing all the tag relations. We can see an example
in figure 2.

Fig. 2. Example of a Tag Expansion Process [2]

The proposal described in this paper tries to improve this
tag expansion process by the definition of a disambiguation
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procedure able to choose the correct number of senses of
a tagset and a subsequent expansion process that includes a
calculation of the similarity degrees of each new tag added.

Furthermore, the thesaurus chosen for developing these
processes determine the resulting tag set because of the dif-
ferences between their data structure, the senses and relations
represented, etc. In this paper, the behaviour of the two main
thesaurus described in section II are analysed.

1) Phase 1. Disambiguation process: The set of senses
more related with the folksonomy is tried to be obtained in
this phase. However, this task presents some problems: i)Each
term has several senses and this number used to be large (see
an example in table III), ii) Folksonomys are composed by
terms that cannot be related by nature. Consequently, it is a
very difficult task to keep only one sense of a word. A data
structure (shown in figure 3) that allows to manage all the
senses of a tagset has been defined:

Fig. 3. Structure for extending a Folksonomy using Fuzzy Degrees

1) A Confidence Degree which represents how much a
tag is similar with the rest of the tags, is defined as
a fuzzy set, e.g. Star in the folksonomy Star, Sun, Blue,
Planet has associated the fuzzy set [0.9,0.3,0.8] where
0.9 represents the relation Star-Sun.

2) Also, each sense has associated a Confidence Degree,
which establishes how much this sense is related with
the tagset. A tag has associated several senses.

The tag Confidence Degree calculation process consist of
applying a disambiguation process to select the most adequate
senses of this tag. The system will keep the maximum value
obtained for each sense. The distance of two terms, used to dis-
ambiguate, is calculated dividing the short path (hypernyms)
and the maximum distance 1 between these two terms. Finally,
the Confidence Degree of a tag is calculated using the fuzzy
sets of the senses that describe it. A s-norm operation (Dubois

1The maximum distance depends of the repository, in WordNet is based on
the category three. In Wikipedia is established in 10.

and Prade [11]) is applied to obtain the fuzzy set related with
this tag. Only the senses whose Confidence Degree is higher
than 0.1 are kept. An expample of this process is shown in
the following section.

2) Phase 2: Expansion Process: The tag expansion phase
increases the resulting tag set with other related terms. A
Similarity degree that describes how much this new terms are
similar to the initial tag, is assigned to all the added terms, as
shown in 3. The expansion process consist of:

1) Synonyms are added directly to the tagset. Wikipedia
uses redirections and anchors to define them. Wordnet
provides an associated list of them.

2) Hypernyms present two problems: i)the number can be
very large, ii)the meaning can be very generic. In this
proposal, the hypernyms obtained are weighted and the
higher scored are kept. THe weight depends of the
distance of the hypernym with the initial tag in the
category tree.

3) Gloss terms help to contextualise a word, and specially
in folksonomies. Only the gloss nouns which a mini-
mum relation with the original sense are included. This
measure is calculated using Wu and Palmer Distance
[12] in WordNet. This minimum relation is a threshold
defined bky a linguistic label.

4) Others terms as meronomyms and homonyms are in-
cluded. In this category, Wikipedia includes the links to
other pages, however, only those with a high number of
references are added to the tagset. WordNet provides a
list of them.

The Similarity degree is the product of the initial sense
Confidence Degree and the correspondent Adjustment Factor,
shown in figure 3. An Adjustment Factor has been assigned
to each structure defined in the system according with their
meaning with the initial sense.

IV. APPLYING THE PROPOSAL. AN EXAMPLE

A. Disambiguation

1) Example. Set of Senses and Confidence Degrees: A
example of a folksonomy is used for describing how this
proposal works. The input to the system, shown in table I,
is the resulting tagset obtained after a filtering process. Then,
the system obtains the senses of each tag using a particular
thesaurus to calculate their similarity degrees. The criterions to
get the list of senses are described following and the resulting
values obtained using WordNet and Wikipedia are shown in
tables II and III:

Tag WordNet Wikipedia
Car 5 48

Auto 1 7
Compact 3 14

Environment 2 15
TABLE I

NUMBER OF SENSE OF EACH TAG OF THE FOLKSONOMY

1) A Sense is compared with all the others in the folkson-
omy. This sense would be kept if its similarity degree
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is higher than a threshold value of 0.5 2 and if it has
a relationship with one of the tags of the tagset higher
than 0.7 3.

2) The fuzzy set of the tag is obtained applying the Dubois
and Prade s-norm with a factor of 0.2. This factor allows
to qualify the maximun value slightly with the sum of
all the measures.

3) The final Confidence Degree values are the average of
the fuzzy sets respective. A normalisation process is
performed once calculated all the values.

CAR
sense Auto Compact Environment Conf. Deg.

1:RoadCar 0.6 0.6 0 0.4/0.8
Snorm 0.6 0.91 0 0.506/1

AUTO
sense Car Compact Environment Conf. Deg.

1:Car, Automobile 0.6 0.9 0 0.5 /0.98
Snorm 0.6 0.9 0 0.5/0.98

COMPACT
sense Car Auto Environment Conf. Deg.

1:Economical car 0.5 0.9 0 0.46/0.92
Snorm 0.6 0.9 0 0.5/0.98

ENVIRONMENT
sense Car Auto Compact Conf. Deg.

1:Surrounding Cond. 0 0 0 0/0
Snorm 0 0 0 0/0

TABLE II
RELATIONSHIPS AMONG THE RESULTING SENSES OF ALL THE TERMS OF

THE FOLKSONOMY USING WordNet.

CAR
sense Auto Compact Environment Conf. Deg.

1:Automobile 0.7 0.7 0.39 0.59/0.8
2:Car and CDR 0.7 0.3 0.7 0.56/0.76

3:CCR and CAR 0.3 0.8 0.6 0.56/0.76
4:Central Apparatus R. 0.39 0.6 0.7 0.56/0.76

Snorm 0.7 0.8 0.7 0.73/1
AUTO

sense Car Compact Environment Conf. Deg.
1:Auto Riskshaw 0.7 0.5 0.39 0.53/0.72

2:Automatic Variable 0.7 0.39 0.8 0.63/0.86
Snorm 0.7 0.7 0.8 0.73/1

COMPACT
sense Car Auto Environment Conf. Deg.

1:Measure 0.8 0.3 0.39 0.5/0.68
Snorm 0.8 0.5 0.5 0.59/0.80

ENVIRONMENT
sense Car Auto Compact Conf. Deg.

1:Environm. Variable 0.7 0.8 0.3 0.59/0.8
Snorm 0.88 0.8 0.39 0.63/0.86

TABLE III
RELATIONSHIPS AMONG THE RESULTING SENSES OF ALL THE TERMS OF

THE FOLKSONOMY USING Wikipedia.

2) Results: The disambiguation process developed using
different thesaurus returns the following results:

1) WordNet identifies the domain Automobiles and de-
tects that Environment has not relation with the tagset.
However, Wikipedia identifies the computer variables
domain. Consequently, more senses are kept and higher

2This threshold is defined according to a predefined linguistic labels
explained in section V.

3This threshold is considered as the minimum value to consider a term as
valid

measures obtained because Wikipedia defines a numer-
ous related categories for each sense.

Both repositories develop a correct identification of the
domain Automobile but WordNet has excluded environment
which currently is related with environmental cars subject.
However, Wikipedia has identified another extra, but logic
domain.

Summarising, WordNet category hierarchy is more spe-
cialised and the relationships defined among the terms are
more distant. Also, in this repository, the number of definitions
of each term are lower and consequently the results more
precise. Opposite, Wikipedia defines a large number of senses
and that, makes easier to find relations among pairs of words
of the tagset. Moreover, each sense is defined by numerous
categories which make that Confidence Degrees have higher
values.

Concerning with efficiency, the task of getting the degrees
of each sense of the tagset is very expensive in terms of time
and scalability in general.

B. Expansion Phase

1) Example. Set of Resulting Tags and Similarity Degrees:
Once the tags and their senses have been evaluated, the tagset
is prepared to be extended and weighted. According with the
previous example, the resulting expanded tagset using WordNet
and Wikipedia are shown in tables IV and V respectively.
Similarity degrees are calculated for synonyms, gloss terms,
meronyms and holonyms as described in the following exam-
ple: Motorcar degree = Sense confidence degree * Synonym
factor = 0.98 * 0.9 = 0.88. However, hypernyms have a
calculation process slightly diferent: Motor vehicle degree =
Sense confidence degree * Hypernym Degree * Hypernym
Factor = 0.98 * 0.93 * 0.7 = 0.63

2) Results:
1) Wikipedia returns more data than WordNet. Moreover,

this repository does no define relations among words, so,
links to/from Wikipedia senses have not a clear meaning
in the whole expanded set.

2) Synonyms in the Wikipedia are so numerous because
of it includes different ways of writting the same sense,
e.g. plurals, acronyms, abbreviations, etc.

3) Hypernyms in Wikipedia are more specific than in
WordNet due to Wikipedia defines a large amount of
categories. Consequently, a ”generic” category of a term
requires to get a large number of hypernyms.

4) The number and degrees of Hypernyms in Wikipedia is
finite and established a priori.

5) Filtering gloss terms using the categories relations do
not return good results because of the gloss terms have
not hypernymy relation with the original sense.

6) Wikipedia defines more categories for each sense and all
of them are more specific than WordNet categories.

V. LINGUISTIC LABELS

A correct threshold which provides the adequate number of
labels in the resulting expanded tagset with their correspondent
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Sen. Synonyms Hypernyms Gloss Others
CAR

1 [railcar, railway car,
railroad car]/0.72

wheeled vehicle/0.50, vehicle/0.44, con-
veyance/0.39, transport/0.33, instrumentality/0.28]

[wheel]-
/0.4

[suspension, suspension system]/0.4 ,[train,
railroad train]/0.4

AUTO
1 [car, automobile,

machine,
motorcar]/0.88

motor vehicle/0.63, automotive vehicle/0.6, self-
propelled vehicle/0.55, wheeled vehicle/0.40, vehi-
cle/0.35, conveyance/0.30, transport/0.25, instrumen-
tality/0.20

[wheel,
engine]-
/0.49

[accelerator, accelerator pedal, gas pedal, gas, throt-
tle, gun, air bag, auto accessory, automobile engine,
automobile horn, car horn, motor horn, horn, hooter,
buffer, fender, bumper, etc.]/0.49

COMPACT
1 compact car/0.82 car/0.61, auto/0.57, automobile/0.59, machine/0.56,

motorcar/0.54, motor vehicle/0.51, automo-
tive vehicle/0.49, self-propelled vehicle/0.46,
wheeled vehicle/0.44, vehicle/0.41

[small,
economi-
cal,car]-
/0,46

-

ENVIRONMENT
1 situation/0 condition-

/0
TABLE IV

AN EXAMPLE OF A SEMANTIC EXPANDED FOLKSONOMY AND THE TAGS SIMILARITY DEGREES USING WORDNET

similarity degrees is difficult to establish. Consequently, a def-
inition of linguistic labels that helps the user to get an intuitive
result has been done: i) Low Expanded represents tags whose
similarity degree are higher than 0.7, ii) Normal Expanded are
tags with degrees higher than 0.5, iii) Very Expanded contains
tags higher than 0.3. An example of applying the linguistic
label Low Expanded is shown in table VI. The resulting tags
are those which degree is higher than the linguistic label
threshold. Another distribution function or values can also
define these linguistic labels but it is unnecessary to make
complex this process.

VI. CONCLUSIONS

The main objective of this work has been to improve the
semantic identification process. A novel approach is presented
that uses an increased tag set with similarity degrees in the
enrichment phase. This provides the ability to select those
semantic relations whose degrees satisfy the user necessities.
This work does not exclude any of the significant senses of a
tagset (which sometimes are very similar) due to the nature of
the folksonomies. These senses can help to identify structures
in ontologies in subsequent phases.

Fuzzy Logic has provided the tools for representing and
weighting the information related with a certain tagset. More-
over, fuzzy logic operations like snorms allow manipulation of
the fuzzy sets that describe each tag. Those fuzzy sets provide
an adjusted degree for evaluating the membership of this tag
in the tagset.

WordNet provides an effective representation of information:
it returns the typology of the words, relations among them,
a finite and defined hierarchy of categories, etc. But, this
catalogue hierarchical structure does not work well enough
for use in semantic relateness search in folksonomies, due to
this the structures frequently have unrelated terms. As a result,
the folksonomies comprising terms of varying contexts return
very low similarity degrees.

The Wikipedia catalogue structure allows more relations
among terms to be found, and consequently better similarity

degrees. The consequence is opposite to that of WordNet.
Wikipedia allows the system to find many contexts where a
set of tags can be adjusted in a certain way, and consequently,
the confidence degrees obtained are very high. However,
this is disadvantageous because the large number of senses
than Wikipedia presents, including proper nouns, makes the
disambiguation process very difficult.

To summarise, the disambiguation process obtained using
only the hypernyms in the categorisation structure does not
work well enough for a folksonomy due to its nature. A
mechanism that takes into account other related terms like syn-
onyms, anchors or gloss terms could improve the identification
of the context, and reduce the number of senses returned.

For the expanded tagset, the resulting set with associated
weights allows the system to choose the amount of tags
adjusted to the requirements. This measure can be also used
in subsequent phases where the similarity degrees are used for
finding semantic enriched terms.

Finally, linguistic labels make the process of choosing the
size of the final tagset easier, due to them representing natural
language expressions. Moreover this representation allows to
adjust the resulting tagset acording to the characteristics of the
repository used.

A combination of both repositories, for improving the re-
sulting sense set, will be in follow up research. Also, different
measures to calculate word similarity distance is going to be
added to the fuzzy sets defined in this novel proposal to get
better distance values and consequently, sense disambiguation
results.
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Sen. Synonyms Hypernyms Gloss Others
CAR

1 [Cars, Motorcar, Automobiles,
Motor Car, Ottomobile, Motor-
ization, Motorisation, Cardoor,
Autos, etc.]/ 0.72

Industries/0.18, Travel/0.18, etc. [wheel, motor, vehicle,
engine, motor, trans-
port, goods, university,
press, vehicle]/0.4

[wheeled motor vehicle,
transporting passengers, engine,
transport, vehicle, Russia,
Interal combustion,etc.]/0.4

2 [Car (function), Car and cdr] /
0.68

Programming language families/0.17, Lisp pro-
gramming language family/0.35, Lisp program-
ming language/0.53, Computing/0.17, etc.

- [Lisp, Programming,
Language]/0.38

3 [CCR algebra, CAR algebra,
Canonical anticommutation re-
lation, CCR/CAR algebra]/0.68

Mathematics/0.17, Mathematical analysis/0.35,
Functions and mappings/0.35, etc.

- -

4 [Central Machine Room, Cen-
tral machine room, Central ap-
paratus Room, Machine Room,
Central Apparatus Room]/ 0.68

Electronics/0.17, Communication/0.17,
Networks/0.17, Electronic engineering/0.17,
Technology by type/0.17, Telecommunica-
tions/0.35, Mass media/0.17, Categories by
type/0.17, Media formats/0.17, etc.

[apparatus, or, machine,
room, or, facility, gear,
house, router, server,
multiplexer, apparatus,
etc.]/0.38

[broadcast,television, audio,
video routers, etc.]/0.38

AUTO
1 [Auto Rickshaw, Tuk-Tuk, Mo-

totaxi, Auto-wallah, Auto Rick-
shaws in India, Auto Rickshaws
in Pakistan, etc.]/0.64

[South Asian countries, Transport in India,
Transport in Pakistan, Transport in Bangkok,
Capitals in Asia, automotive vehicle]/0.5 -Only
one level included-

[vehicle, hire, chief,
transport, south, asia,
east, asia, motorize,
traditional, rickshaw,
etc.]/0.36

[South East Asia, Riskshaw,
Bangladesh, motor vehicle, traf-
fic congestion, etc.]/0.36

2 [Automatic memory
allocation]/0.77

Computer programming/0.2, Programming lan-
guage design/0.2, Programming constructs/0.4,
Algebra/0.2, Variables/0.4, Variable (computer
programming)/0.6

- lexally scope, stack grame, pro-
cessor, registers, Java, C, C++,
Perl/0.43

COMPACT
1 [Mathematics/0.15, Mathematical analysis/0.31,

Functions and mappings/0.31, Functional anal-
ysis/0.6]

[volume area, shape, circle]

ENVIRONMENT
1 [SystemRoot, SystemDrive,

Environment variables, LC
ALL, Environment (computer
science), Environment
(computing), etc.]/0.72

[Computing/0.18, System software/0.18, Com-
puter Science /0.18, Operating systems/0.36,
Operating system technology/0.56, Computer
programming/0.18, Programming language de-
sign/0.18, etc.

- [vales processes, Unix, Dos,
Mircrosoft Windows, file
system, user, command line,
bash, computer terminal,
terminal emulator, etc.]/0.4

TABLE V
AN EXAMPLE OF A SEMANTIC EXPANDED FOLKSONOMY AND THE TAGS SIMILARITY DEGREES USING WIKIPEDIA

Thesaurus Low Expanded Tags
WordNet Car/1, [railcar, railway car, railroad car]/0.72, Auto/1, [car, automobile, machine, motorcar]/0.88,automotive vehicle/0.6, compact/1,

compact car/0.82, environment/1
Wikipedia Car/1, [Cars, Motor car, Motorcar, Automobiles, Motor Car, Ottomobile, Automobles, Motorization, Motorisation, Cardoor, Autos,

Automobil, Passenger vehicle, A car, Passenger Cars, Car Automobile, Automobilism, Passenger vehicles, Motor-car]/ 0.72, etc.

TABLE VI
EXAMPLE OF A Low Expanded TAG SET
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