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The purpose of this study was to propose a hierarchical, annual
research topic maps using Growing Hierarchical Self-Organizing Map
(GHSOM), an improved Self-Organizing Map (SOM) algorithm. Unlike
SOM, GHSOM can implement a dynamic architecture automatically
and represents the hierarchical relations of results. The topic map
illustrated the delicate intertwining of topics of annual research and
provided a more explicit illustration of the concepts within each subject
area. After taking up one example of altruism, this study suggests that
topic map may disclose some important annual research topics from a

whole bunch of data.
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|. Introduction

This study investigates the characteristics of articles relating to studies
of altruism, from 1990 to 2010, found in the Social Sciences Citation Index
(SSCI) database. Derek J. deSolla Price suggested the dynamic mapping of
science using the scientific methods of science in the mid 1960’s (Leydesdorft,
1987; Price, 1965). Since then, research in bibliometrics and scientometrics
has developed techniques to analyze publication data sets. It is quite desirable
and valuable to cluster the major topics of a large collection of documents
based on their content and to provide topic landscape of the field. Such studies
have applied bibliometric maps using the co-word analysis to visualize the
cognitive structure of scientific knowledge bases and their interrelations (Chau,
Huang, Qin, Zhou, & Chen, 2006; Ding, Chowdhury, & Foo, 2001; Grupp &
Schmoch, 1992; Hassan, 2003; Noyons, 2001; Noyons & van Raan, 1998).
Noyons and van Raan adopted the Self-Organizing Map (SOM; Kohonen,
1982; Kohonen, et al., 2000) technique to apply the co-word approach to the
science mapping -- that is, the organization of science. Some studies propose a
layered thematic knowledge-map wtih keyterms clustering by using Growing
Hierarchical Self-Organizing Map (GHSOM; Dittenbach, Rauber, & Merkl,
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2002; Rauber, Merkl, & Dittenbach, 2002) as an updated version of SOM
(L1 & Chang, 2009; Shih, Chang, & Chen, 2008). Thus, the hierarchies and
dynamic 2-dimention architecture of maps is one of its biggest improvements
of SOM in the utilization of the GHSOM. It enabled us to visualize the
hierarchical topic maps, so that it can be used as an concept-representation to
explore research topics in the literatures of altruism.

The objectives of this study were to reveal the major topics or conceptual
interrelations of literature related to altruism. To reveal the annual major
topics and conceptual interrelations of articles related to altruism, we adopted
GHSOM to cluster the conceptual topics into a hierarchical representation of
dynamic 2-dimentional interrelated structures within the data.

[l. Dataset and Method

The dataset used in this study was derived from the SCIE and SSCI
databases of the Web of Science, created by the Institute for Scientific
Information. It comprehensively indexes over 1,950 journals across 50 social
sciences disciplines. It also indexes individually selected, relevant items from
over 3,300 of the world’s leading scientific and technical journals (Web of
Science, 2009).

An empirical search command was used by “Topic = (‘altruism’) OR
Topic = (“altruistc behavio*’) OR Topic = (‘helping behavio*”) OR Topic =
(“prosocial behavio*’) refined by Document Type = (ARTICLE OR REVIEW)”
to retrieve data related to altruism. The documents specifically included articles
or reviews in the study. Book reviews, papers of proceeding, letters, notes,
meeting abstracts were not taken into consideration. A total of 5,215 papers
published between 1990 and 2010 were found.

The process of applying GHSOM to topic analysis is illustrated in Figure
1. The three phases are: the data preprocessing phase; the clustering phase; and
the interpreting phase.

In the data preprocessing phase, key-terms such as titles, keywords,
and subject categories are used to represent the contents of the documents.
However, we want to analyze the annual trend of altruism topic. Meaningful
key-terms describing the articles are extracted directly from the documents

without any manual intervention. We form the modified key-terms by using
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Data preprocessing:
Determine key-terms

v

Clustering:
Obtain an acceptable GHSOM result

v

Interpreting:
Identify the topic categories represented
in GHSOM

Figure 1. The Three Phases of the Topic Analysis Process

year plus key-terms. These key-terms are weighted according to a #f x idf the
state-of-the-art weighting scheme shown in Equation (1) (Rauber, et al., 2002;
Salton, 1989; Shih, et al., 2008; Wolfram, 2003).

w (d) = tf (d) x log(N / df) (1)

In Equation (1), w(d) represents the weight of the ith term in document
(d), tf(d) represents the number of times the ith term appears in document
(d), N represents the total number of documents, and df, represents how many
documents contain the ith term. The weighted value for a term will always
be greater than or equal to zero. This weighting scheme assigns high values
to terms considered important for describing the contents of a document and
discriminating between various documents. A high weight is earned by frequent
appearances of a term in a given document, with infrequent appearance of terms
within the entire collection of documents. In this manner, weight assignment
tends to filter out common terms. Based upon weighting values, we selected the
top order distinct key-terms for document representation (Salton, 1989; Wolfram,
2003). The resulting key-term vectors were used for GHSOM training.

In the clustering phase, the GHSOM experiment was conducted through
the trial and error method, using various values for breadth and depth and
different normalizations to gain an acceptable GHSOM model for the analysis.

In the interpreting phase, each node of GHSOM of the first-layer and
some nodes of the second- or third- layer which will be re-grouped into the

27



Journal of Library and Information Science Research 6:2 (June 2012)

layer 3 or 4. The utmost five important key-terms would be automatically
assigned by the GHSOM using the #f % idf weighting scheme.

[1l. Results

Through the process of applying GHSOM to topic analysis as showed
in Figure 1, we obtained the result as showed in Figure 2 in the clustering
phase. The model comprised four layers and 56 nodes. All 5,215 articles were
clustered into a SOM of 2 X 4 nodes in layer 1, where all articles that had been
clustered into the eight nodes were further re-grouped into a SOM of 2 x 2 (i.e.
node 1,2, 3,4,5, 6 and 8) or 2 x 3 (i.e., node 7) nodes in layer 2, respectively.
The articles clustered into nodes 1.3, 2.4, 6.1, 6.2, 7.1, 7.4, 7.6, 8.1, 8.2, and
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Figure 2. The GHSOM Result
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8.4 were further re-grouped into a SOM of 2 x 2 nodes in layer 3. The articles
clustered into node 7.1.1, 7.1.4, 7.4.3, and 7.4.4 were further re-grouped into a
SOM of 2 x 2 nodes, and node 7.1.2 into a SOM of 2 x 3 nodes in layer 4.

In the interpreting phase, for each node of GHSOM, The results are
presented in Figures 3, 4, and 5, in which the number in the parenthesis refers
to the number of clustered articles. For instance, articles containing concepts

99 ¢ 29 ¢

such as “selection,” “cooperation,” “evolution” and “competition” belonged to
ecology in year 2010 in node 1.1; the sub-category topics including “evolution,”
“cooperation” and “exchange” belonged to ecology and zoology in year 2010

EEINT3

in node 1.2; the sub-category topics including “cooperation,” “reciprocity,”
“preferences,” and “competition” belonged to economics in year 2010 in node
1.4. Thus, we could conclude the node 1 belong to year 2010.

The results of the GHSOM complied with the different year in the first
layer, and provided more explicit topics implying the interrelationship of the
different subject areas in the second, third, or fourth layers. For example, the
zoology in Figure 3 is in the node 1.2 of Figure 3, indicating that research

regarding altruism related to zoology was relevant to ecology. The first-layer
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Figure 3. The First and Second Layer Interpretation Results
of GHSOM

Note. PSY is the abbreviation for psychology; MDP is multidisciplinary; DEV is developmental.
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Figure 4. The Third-Layer Interpretation Result of GHSOM
Note. PSY is the abbreviation for psychology; MDP is multidisciplinary; DEV is developmental.
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Figure 5. The Fourth-Layer Interpretation Result of GHSOM

interpretation results give the annual results while the second-, third- and
fourth layer interpretation results present topic maps indicating the relationship

among different disciplines.

V. Conclusions

The study shows that research trend appeared to be scattered across
a wide range of subject areas, and that the three main subject areas were
primarily within the fields of biology, economics, and psychology. However,
the GHSOM tool had all of the benefit of SOM, in providing a map from a
higher dimensional input space to a lower dimensional map space, as well as
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providing a global orientation of independently growing maps in the individual
layers of the hierarchy, which facilitated navigation across branches. The topic
map using GHSOM in co-word analysis illustrated the delicate intertwining of
subject areas and provided a more explicit illustration of the concepts within
each subject area. The result of the topic map may show that the research trend
within the research related to altruism.
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