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Abstract

In this position paper, we discuss some problems related to those semantic web methodologies that are
straightforwardly based on predicate logic and related formalisms. We also discuss complementary
and alternative approaches and provide some examples of such.

1 Introduction

It is clear that the use of standardized formats within
computer science is beneficial. For instance, the
widespread use of the World Wide Web would not
have been possible without the adoption of HTML.
Similarly, there are serious attempts to create stan-
dards for metadata, data about data, so that a piece of
art stored in electronic form would include informa-
tion about, e.g., its creator, source, identification and
possible access restrictions. Moreover, metadata usu-
ally includes also a textual summary of the contents, a
content description that provides information for the
organization and search of the data.

1.1 Subjective and complex paths from
data to metadata

Especially if pictorial or sound data is considered,
an associated description, metadata, is useful. The
description may be based on a pre-defined classifi-
cation or framework, for instance, like an ontology
within the current semantic web technologies. How-
ever, even if something like the identity of the author
or the place of publishing can rather easily be deter-
mined unambiguously, the same is not true for the
description of the contents. In the domain of informa-
tion retrieval and databases of text documents, Furnas
et al. (1987) already found that in spontaneous word
choice for objects in five domains, two people favored
the same term with less than 20% probability. Bates
(1986) has shown that different indexers, well trained
in an indexing scheme, might assign index terms for
a given document differently. It has also been ob-
served that an indexer might use different terms for

the same document at different times. The meaning
of an expression (queries, descriptions) in any do-
main is graded and changing, biased by the partic-
ular context. Fig. 1 aims to illustrate the challenging
aspects of the overall situation. Human beings per-
ceive, act and interact within complex environments.
It has occasionally been assumed that much of the
underlying conceptual structure within human mind
is readily given by some way, even already when we
are born. There is a vast body of literature related
to this question which we do not touch upon here.
It suffices to note that the discussion in this paper is
based on the assumption that the conceptual systems
are mainly emergent: they are created, molded and
shared by individuals in interaction with each other
and the rest of the accessible part of the world.

Figure 1: An illustration of the basic problem of sym-
bol grounding: what is the process that is
capable of generating ontological structures
based on complex raw perceptions and ac-
tivities.

Vygotsky (1986, originally published in 1934) has
stated that “... the world of experience must be greatly
simplified and generalized before it can be translated
into symbols. Only in this way does communication
become possible, for the individual’s experience re-
sides only in his own consciousness and is, strictly



speaking, not communicable.” Later, he continues:
“The relation of thought to word is not a thing but a
process, a continual movement back and forth from
thought to word and from word to thought. In that
process the relation of thought to word undergoes
changes which themselves may be regarded as devel-
opment in the functional sense.” This means in prac-
tice that conceptualization is a complex process that
takes place in a socio-cultural context, i.e., within a
community of interacting individuals whose activities
result into various kinds of cultural artifacts such as
written texts.

Figure 2: An illustration of two conflicting concep-
tual systems on the surface level. These
systems prioritize the distinctive features
differently.

It is a very basic problem in knowledge man-
agement that different words and phrases are used
for expressing similar objects of interest. Natural
languages are used for the communication between
human beings, i.e., individuals with varying back-
ground, knowledge, and ways to express themselves.
When rich contents are considered this phenomenon
should be more than evident. Therefore, if the content
description is based on a formalized and rigid frame-
work of a classification system, problems are likely
to arise. Fig. 2 shows a simple example of two con-

flicting formalizations.
Natural languages have evolved to have a certain

degree of compositionality to deal with such situa-
tions. Vogt (2006) has developed a simulation model
that considers the transition of holistic languages ver-
sus compositional languages. Holistic languages are
languages in which parts of expressions have no func-
tional relation to any parts of their meanings. It is
to be noted, though, that the compositionality is a
matter of degree in natural languages. One cannot
assume that, for instance, each noun would refer to
one concept and the conceptual structures would fol-
low isomorphically the composition of the syntactical
structures. For instance, the existence of collocations
complicates the situation.

1.2 From two-valued logic to adaptive
continuous-valued models

In addition to the different ways of creating concep-
tual hierarchies discussed above, the inherent contin-
uous nature of many phenomena makes it impossi-
ble to determine exactly, in a shared manner the bor-
derlines between some concepts or how some words
are used. Actually, we prefer to consider concepts as
areas in high-dimensional continuous spaces as sug-
gested by Gärdenfors (2000). Fig. 3 illustrated the
basic problem of dividing continuous spaces into dis-
crete representations. Various approaches have been
developed to deal with this phenomenon, fuzzy set
theory as a primary example Zadeh (1965).

Figure 3: The obvious difference between continuous
and discrete. The continuous can be dis-
cretized but there is a certain cost associ-
ated. The cost relates to the need to learn
and deal with an increasing number of ex-
plicit symbols.

The basic semantic web formalisms are based on
predicate logic and other symbolic representations
and are subject to most of those problems that earlier
AI formalisms have. In order to alleviate the prob-
lems related to the traditional approach, there are al-
ready examples of research projects in which some
soft computing approaches, including fuzzy logic,
probabilistic modeling and statistical machine learn-



ing, are applied. Even a collection named “Soft Com-
puting in Ontologies and Semantic Web” has recently
been published Ma (2006). In the collection, a related
topic to the discussion above is presented by Holi
and Hyvönen (2006). They consider modeling un-
certainty in semantic web taxonomies in particular in
the domain of geographical information. Nikravesh
(2006) presents an approach which is based on the
use of, e.g., fuzzy logic, evolutionary computation
and the self-organizing map.

In this position paper, we outline some comple-
mentary and sometimes even alternative approaches
to the core methodologies currently applied within
the semantic web research and development.

2 Alternatives to highly formal-
ized metadata

It may be useful not to define any artificial limitations
for the descriptions. For instance, when the domain
develops into directions which did not exist when the
classification system was developed, problems arise.

Moreover, if the content it described using large
enough body of text the for better recall, i.e., higher
likelihood for finding the information is greater.
However, tools for ensuring precision are needed.
Precision refers to the number of relevant retrieved
documents over the total number of retrieved docu-
ments.

If a word or an expression is seen without the con-
text there are more possibilities for misunderstanding.
Thus, for human reader the contextual information is
often very beneficial. The same need for disambigua-
tion can also be relevant within information systems.
As the development of ontologies and other similar
formalizations are, in practice, grounded in the indi-
vidual understanding and experience of the develop-
ers and their socio-cultural context, the status of in-
dividual items in a symbolic description may be un-
clear. Fig. 4 illustrates the influence of varying socio-
cultural contexts. Namely, if one considers the prag-
matic meaning (if not semantic meaning) of “sum-
mer’s day” in a Shakespeare sonnet, it is obvious that
there is a great difference between the contexts that
are being referred to, for example, in Scandinavia and
in Sahara.

Similarly, the methods that are used to manage data
should be able to deal with contextual information,
or even in some cases provide context. The Self-
Organizing Map by Kohonen (2001) can be consid-
ered as an example of such a method. Often it is
even possible to find relevant features from the data

Figure 4: Different contexts potentially related to the
expression given.

itself Kohonen et al. (1997). However, a comput-
erized method – using a some kind of autonomous
agent – does not provide an “objective” classification
of the data while any process of feature extraction,
human or artificial, is based on some selections for
which there most often are some well-grounded al-
ternatives.

Below, we describe some examples in which the
ideas and principles outlined above have been ap-
plied.

3 Case studies

We consider three cases which exemplify comple-
mentary and alternative approaches to the use of (first
order) logic-based formalisms in knowledge repre-
sentation.

3.1 Color labeling

The concept of color cannot be adequately studied
only by considering the logico-semantic structure of
color words. One has to take into account the color as
a physical phenomenon. Color naming also requires
consideration of the qualities of the human color per-
ception system. A thorough study of color naming,
thus, would require consideration of at least linguis-
tic, cognitive, biological, physical and philosophical
aspects Hardin (1988).

Subjective naming of color shades has been stud-
ied in a demonstrative web site where users can pick
color shades and give name labels (or ’tags’) to the
colors. In this case color shades are represented as a
RGB tuple indicating the intensities of red, green and
blue color.

As the database of tagged color shades grows, in-
teresting properties can be found by looking at the
distributions of individual tags. For example, the tag
’red’ would result in a reasonably narrow distribution
centered around the point (1.0; 0.0; 0.0) in the RGB
space. Other tags, however, can have much more vari-
ation in the way people place them in the color space.



For example, the tag ’skin’ or ’hair’ is an example of
a highly subjective name for a color shade due to var-
ious skin and hair color conceptions. A related theme
is the fact that the domain for which a color name
is an attribute has a clear influence on which part of
the RGB space the color name refers to. Gärdenfors
(2000) lists as an example the differences between the
quality of redness of skin, book, hair, wine or soil.
Fig. 5 below gives an example how the color space
can be divided in a substantially different manner in
two languages.

Wavelength
[nm]

500 600 700400

’red’

’ao’

500 600 700400 Wavelength
[nm]

Figure 5: Illustration of fuzzy color definitions. The
word ’red’ is usually referred to light wave-
lengths close to 700 nm while the Japanese
term ’ao’ is associated with a wider scale
of wavelengths. In English the term ’ao’
would cover both ’blue’ and ’green’.

3.2 WEBSOM and PicSOM

The WEBSOM method was developed to facilitate an
automatic organization of text collections into visual
and browsable document maps (Honkela et al., 1997;
Lagus et al., 2004). Based on the Self-Organizing
Map (SOM) algorithm (Kohonen, 2001), the system
organizes documents into a two-dimensional plane in
which two documents tend to be close to each other
if their contents are similar. The similarity assess-
ment is based on the full-text contents of the docu-
ments. In the original WEBSOM method (Honkela
et al., 1996) the similarity assessment consisted of
two phases. In the first phase, a word-category map
(Ritter and Kohonen, 1989; Honkela et al., 1995) was
formed to detect similarities of words based on the
contexts in which they are used. The Latent Seman-

tic Indexing (LSI) method (Deerwester et al., 1990) is
nowadays often used for similar purpose. In the sec-
ond phase, the document contents were mapped on
the word-category map (WCM). The distribution of
the words in a document over the WCM was used as
the feature vector used as an input for the document
SOM. Later, the WEBSOM method was streamlined
to facilitate processing of very large document collec-
tions (Kohonen et al., 1999) and the use of the WCM
as a preprocessing step was abandoned.

The PicSOM method (Laaksonen et al., 1999,
2002; Koskela et al., 2005) was developed for sim-
ilar purposes than the WEBSOM method for content-
based image retrieval, rather than for text retrieval.
Also the PicSOM method is based on the Self-
Organizing Map (SOM) algorithm (Kohonen, 2001).
The SOM is used to organize images into map units
in a two-dimensional grid so that similar images
are located near each other. The PicSOM method
brings three advanced features in comparison with the
WEBSOM method. First, the PicSOM uses a tree-
structured version of the SOM algorithm (Tree Struc-
tured Self-Organizing Map, TS-SOM) (Koikkalainen
and Oja, 1990) to create a hierarchical representation
of the image database. Second, the PicSOM system
uses a combination of several types of statistical fea-
tures. For the image contents, separate feature vec-
tors have been formed for describing colors, textures,
and shapes found in the images. A distinct TS-SOM
is constructed for each feature vector set and these
maps are used in parallel to select the returned im-
ages. Third, the retrieval process with the PicSOM
system is an iterative process utilizing relevance feed-
back from the user. A retrieval session begins with
an initial set of different images uniformly selected
from the database. On subsequent rounds, the query
focuses more accurately on the user’s needs based on
their selections. This is achieved as the system learns
the user’s preferences from the selections made on
previous rounds.

WEBSOM and PicSOM methods are a means for
content-driven emergence of conceptual structures.
Fig. 6 illustrates how the clustering structure discern-
able on a self-organizing map can correspond to a hi-
erarchical structure. This basic principle can be ap-
plied in multiple ways to provide a bridge between
the raw data directly linked with some phenomenon
and the linguistic and symbolic description of its con-
ceptual structure. Fig. 6 also shows why the SOM is
gaining popularity as a user interface element replac-
ing, e.g., traditional menus. With suitable labeling of
the map, the user can easily browse the map zooming
into details when necessary. The structure of the map



Figure 6: The emergent structure of an organized
self-organizing map reflects the structure of
the underlying data. The clustering that is
visible on the left can be interpreted as the
tree diagram on the right.

depends on the data and its preprocessing. The pre-
processing can be used to bring up relevant structures.
For instance, it may be useful to increase or decrease
the weight of some variables. If we consider a map
of an e-mail collection, one can decrease the weight
of those variables that are commonly related to un-
solicited e-mail messages. This leads into the situa-
tion in which the SOM can allocate more resources
on modeling useful e-mail. The same idea applies to
many application areas in which a particular point of
view is more relevant than some other.

3.3 Quality assessment of medical web
sites

The web has become an increasingly important
source of medical information replacing much of
the area of medical self-help literature. The conse-
quences of relying on medical information found on
web sites can be crucial in terms of making decisions
about treatment. Hence there is need for assessing the
quality of these web sites to help the layman decide
which information he/she should rely on.

Currently, quality labeling of medical web sites is
done by various organizations of medical profession-
als. The assessment process is usually done com-
pletely by hand requiring a large amount of manual
work by trained physicians in searching web sites for
the required elements (including, for example, proper
contact information). The EU funded project Me-
dIEQ1 aims to develop tools to facilitate the process
of web site quality labeling.

The MedIEQ project applies mostly the current se-
mantic web technologies to describe the web site con-
tents. However, already in the early stages of the
project, it has become apparent that some kinds of
contents are difficult to analyze using the structured

1http://www.medieq.org/

approach. For instance, the target audience of a med-
ical web site is a property by which the site is being
labeled in the assessment process. As it turns out, it
is less than trivial to automatically detect whether a
site is intended to be read by laymen or medical pro-
fessionals. Further, the division of the target audience
types into crisp categories is often subjective by na-
ture.

4 Conclusions

We have presented some motivation why the core
technologies in Semantic Web should not solely rely
on predicate logic and related formalisms. We have
argumented for a certain data-driven approach in
which the original data is analyzed automatically
rather than relying on hand-crafted ontologies and
their use as a basis for choosing descriptors in the
metadata. We have given examples of such an ap-
proach mainly using the Self-Organizing Map as the
core method.
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