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Abstract. Among the large number of applications of the self-organizing map
(SOM) algorithm, creating maps of document collections have become com-
monplace since the introduction of the WEBSOM system. This article presents
a novel development in WEBSOM research. The Interactive Two-Level WEB-
SOM, I2WEBSOM, includes two main components, a map of terms, and a dy-
namic map of documents. The map of terms is used to enable interactive feature
selection and weighting. The map of documents is calculated using terminology-
based feature vectors where their weights can be changed using the first-level
map. In the experimental part, we focus on the application of creating maps of
people based on their interest or competence profiles.

1 Introduction

We will describe in the following the classical WEBSOM method for information vi-
sualization, and how maps of people can be created using WEBSOM, for instance, to
facilitate competence management.

1.1 WEBSOM in Exploration of Text Collections

The WEBSOM method was developed to facilitate interactive visual exploration of large
document collections [1]. A central component of the WEBSOM is the self-organizing
map (SOM) [2] that has proven to be an efficient and reliable means for projecting high-
dimensional data into a low-dimensional space. The map consists of a number of model
vectors mi(t) that are organized typically into a regular two-dimensional grid. For input
data item x(t) updated value mi(t +1) is computed iteratively using the well known up-
date rule mi(t +1) = mi(t)+(t)hci(t)[x(t)mi(t)], where (t) is a scalar factor that defines
the size of the update, index i is the model vector under processing, c is the index of
the model that has the smallest distance from x(t), and the factor hci(t) is a smoothing
kernel, also called the neighborhood function [2]. It has been shown that the SOM is
a viable alternative to more recently developed methods that are based on information-
theoretical or probability-theory principles especially when the trustworthiness of the
visualization is used as the quality criterion [3].

The number of applications in analyzing and visualizing numerical data was already
substantial by the beginning of 1990s even though the popularity of the SOM has since
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then grown to cover most areas of science and technology. The second important en-
abling step that led into the development of the WEBSOM method was the advent of
the self-organizing semantic maps or, in other words, maps of words [4]. It was shown
that the SOM can be used to create meaningful analysis of individual words based on
the contextual statistics of each word. The relative syntactic or semantic similarity of
two words can be detected by comparing the patterns of sentential contexts in which the
words appear in text. The more similar the context patterns, the closer the relationship
between the words is. This basic idea has been known already for a long time [5] and
has been applied extensively during the recent years [6]. In the seminal work, artificially
generated sentences were used [4]. The first map of words in written texts was based on
analyzing the English translations of the fairy tales by Grimm brothers [7].

The idea of maps of documents had been brought up in early 1990s [8] and the first
published experiments were based on the titles of documents [9]. The development of
the WEBSOM method started in 1995 with the idea of creating “maps on informa-
tion highways”. The underlying motivation was based on the experiences in building
a natural language database interface using traditional natural language processing and
knowledge representation methods [10] and in applying developed modules in infor-
mation retrieval [11]. A straightforward approach for creating maps of documents is to
take the words appearing in the documents (or usually a subset of them) and to create a
vector space in which each word corresponds to a dimension.

The first WEBSOM architecture had two levels: map of words was used to model
similarities between words so that each word would not give rise to a single dimension
but semantically related words could be grouped together [1]. The same kind of mo-
tivation is widely used in information retrieval applications that apply latent semantic
analysis (LSA) [12].

In the two-level WEBSOM architecture, each document is encoded based on a map
of words. A histogram of of the words in the document on the map is formed, and the
histogram is normalized. This histogram resembles the vectors used in the vector space
model but in this case the components of the vectors correspond to groups of words
instead of single words [13].

In the later developments of the WEBSOM method, the two-level architecture was
abandoned partly due to computational complexity issues. With the simplified architec-
ture it was possible to create a map of millions of patents abstracts in which the number
of connections between input and output layers was in the order of 1010 [14]. Since
then, the WEBSOM concept has been applied in a large body of research (see, e.g.,
[15,16,17]).

1.2 Maps of People

One early application of the WEBSOM was creation of maps of people. In WSOM’97
conference, the participants were mapped based on the contents of their abstracts [18].
The idea has been extended in competence analysis [19] which is a central task in
the area of human resource management (HRM). In HRM, data mining methods are
becoming increasingly popular [20].

In the following, a novel development in WEBSOM research is described. The two-
level architecture is re-introduced but based on a different approach in which the map of
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words is used for feature selection and weighting. Moreover, the user interface is built
to visualize also the organization process, not only the end result. This visualization is
based on another two-level process in which the map units are adapted according to the
SOM learning rule and the dynamics is shown as a movement of the data points on the
map.

2 Interactive Two-Level WEBSOM

In the original WEBSOM two-level architecture, the map of words was used to find
synonyms and otherwise closely related words [1,13]. This procedure helps in lowering
the dimensionality of the input vector for the document map and in finding relation-
ships between semantically related documents even when different words are used to
describe the same thing. The random projection method also proved to be feasible in
dimensionality reduction [13].

Since the early developments, much more powerful computational resources and au-
tomatic term selection methods have become available. Moreover, there is an increasing
number of Semantic Web based and other terminological resources. Therefore, in the
Interactive Two-Level WEBSOM (I2WEBSOM), the terminology is extracted or de-
fined beforehand. The map of words becomes effectively a map of terms in which each
term is related to the domain(s) of the application at hand. The I2WEBSOM has a two-
level architecture:

• The map of terms is calculated to enable interactive feature selection and weighting.
• The map of documents is calculated using terminology-based feature vectors where

their weights can be changed using the first-level map. In this paper, we focus on
the application of creating maps of people.

The I2WEBSOM prototype has been fully implemented in Javascript with a json
interface to the person database (people.aalto.fi). The profiles of the people in the sys-
tem consist currently of a subset of the staff in the six schools of Aalto University.
The descriptive documents are a concatenation of each person’s description, associated
terms, and titles of their publications. The I2WEBSOM architecture and a snapshot of
the functional system is shown in Fig. 1.

2.1 Maps of Words as a Feature Selection Tool

The WEBSOM method has also been used to support qualitative research [21]. It was
concluded that the utility of the SOM in improving inference quality follows from the
fact that the method can easily be used to generate multiple well-grounded perspec-
tives on the data. These perspectives are not a collection of random views but form
an organized whole [21]. In a map of documents, different points of view can be ob-
tained through different weightings of the terms. A seemingly neutral starting point is to
weight all features equally or to use a weighting scheme that is based only on statistical
criteria such as different variants of tf-idf.

The user often has preferences which makes some conceptual domains covered by
the text collection more relevant than the others. As one of the strengths of the maps of
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Fig. 1. An Interactive WEBSOM interface with three main elements: (1) A term map for choosing
term weightings, (2) A dynamic people map, the order of which depends on the chosen term
weights, and (3) Person information that can be viewed by clicking a person on the people map

documents is the possibility to obtain an overall view, this question of relevance is not
related to individual queries but to the overall mapping function. Moreover, when the
number of terms is in hundreds or thousands, one may wish to change the weights of
groups of terms at once. A map of terms (Fig. 2) can be used to accomplish such task.
Contextual information gives rise to a map in which related terms are close to other and
groups of them form conceptual clusters. In an interactive interface, one can choose an
area on the map and apply a weight changing operation on the selected terms. For in-
stance, in relation to a map of university staff, one may choose to give increased weight
to terms, e.g., related to business and software engineering. The effect of the change is
such that the areas that contain persons working in these areas will be magnified.

2.2 Visualizing Map Organization

The vast majority of SOM-based data analysis and visualization tools are based on
the idea that only the end result, an organized map is given to the user. The dynamic
process of self-organization is typically shown only when the algorithm is demonstrated
in educational settings. In I2WEBSOM, the organization and re-organization of the
document map is shown to the user. The main motivation is to help the user in detecting
the effects of the weight changes and to provide an understanding of the nature of
dimensionality reduction.

The dynamic visualization of the organization process takes place by showing the
position of each input vector x j. The positions are changed based on the iterative updates
of the model vectors mi(t). If the change of the best-matching units would be visualized
straightforwardly, it would be impossible in practice to follow the process in sufficient
detail. Therefore, the changes in the locations of the data points, loci, are updated based
on the update rule loci(t + 1) = loci(t)+ β[BMUi(t)loci(t)]. For the parameter β, the
step size used in the visualization, the value 0.1 has been found to be appropriate. Due
to the limitations of a printed document, the organization process is not shown here but
examples can be found at htt p : //research.ics.aalto. f i/cog/websom/.
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Fig. 2. An example of a map of terms where a part of the map is shown. Each term is associated
with a slide bar that can be used to change the weight of the term. Also a group of terms can be
manipulated simultaneously. On the left hand side, a neutral weighting is in use, and on the right
hand side, the weights of a selected set of terms have been increased.
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Fig. 3. Two versions of a zoomed map of people. The coloring of each node indicates the school
of the person. On the left hand side, the map has been created with a neutral weighting in which
each term has a similar weight. On the right hand side, the map has become restructured based on
reweighting of the terms. One notable effect is that those people whose interests are defined by
terms with a low weight are grouped tightly together. This helps in exploring the relevant parts of
the map.

The end result of the organization process is in this case a map of people where two
persons are close to each other if they have relatively similar interests or competences.
Fig. 3 shows two examples of an area of a map of people.
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3 Conclusions and Discussion

In this article, a novel development related to using the self-organizing map in the vi-
sualization of document collections has been presented. Different points of view into
a document collection can be formed by the I2WEBSOM method. An interactive term
map can be used in changing the weights of terms and terms groups.

The usefulness of the SOM in data visualization has been shown in practice through
numerous applications as well as quantitatively [3]. There is also a large number of
applications of the WEBSOM and closely related methods, and their usefulness has
been shown in relation to information retrieval tasks [16]. The I2WEBSOM method
increases the users’ control over the organization of the document map and helps in
creating transparency between data and the end result.

A quantitative evaluation of the I2WEBSOM method in a traditional manner would
be extremely difficult as the motivation is to enable different points of view into the
same data, based on interactions with the user. Moreover, the method has not been
developed in one particular information retrieval task in mind but it can serve several
purposes simultaneously. One may wish to obtain an overall view on the people in an or-
ganization or look for people with a particular interest or competence profile. Therefore,
it remains a future task to determine what kind of user studies are needed to evaluate
in a detailed manner the method presented in this paper. These are naturally beyond
the scope of this paper. Instead, with this method we hope to indicate novel kinds of
future application possibilities for unsupervised neural network and machine learning
techniques.
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