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Abstract 
Based on a dataset on Astronomy & Astrophysics a hybrid cluster analysis has been conducted. Hybrid 
clustering was based on a combination of bibliographic coupling and textual similarities using Louvain method 
at two resolution levels. The procedure resulted in seven and thirteen clusters, respectively. The statistics reflect 
a high quality of classification. For labelling and interpreting clusters, core documents are used. The results of 
these two scenarios are presented, discussed and compared with each other. The two scenarios clearly result in 
hierarchical structures that are analysed with the help of a concordance table. Furthermore, the core documents 
help depict the internal structure of the complete network and the clusters. 
This work has been done as part of the international project ‘Measuring the Diversity of Research’ and in the 
framework a special workshop on the comparative analysis of algorithms for the identification of topics in 
science organised in Berlin in August 2014. 

Conference Topic 
Methods and techniques (special session on algorithms for topic detection) 

Introduction 
Within the framework of the event series on ‘Measuring the Diversity of Research’ a special 
workshop on the comparative analysis of algorithms for the identification of topics in science 
was organised in Berlin in August 2014. A dataset downloaded from Thomson Reuters Web 
of Science covering the annual volumes 2003–2010 was shared with all contributors in order 
to test the various algorithms and techniques and to compare the results of the different 
approaches. On the basis of the shared Astronomy & Astrophysics dataset the following 
analysis has been conducted at our institute. In particular, the topic structure of the subject 
defined by the set was analysed using two different but related techniques. A cluster analysis 
was based on bibliographic coupling and textual similarity. And core documents (Glänzel & 
Czerwon, 1996) defined on the same links were used to represent topics within the subject 
and to depict the internal structures of both subject and clusters (cf. Glänzel & Thijs, 2011). 
Main results are presented in the following, but changing parameters of the algorithm and of 
the combination of the components leads to further results.  
Currently a new and more robust method for the measurement of textual similarities and thus 
for the revision of the lexical component is in development. A comparison of the results of the 
present study with those of the new algorithm is part of the ongoing project and will be 
presented on a later occasion, when available. 

Methodological aspects 
The advantage of using hybrid lexical–citation based methods, notably of combinations of 
term-frequency and bibliographic coupling, has already been discussed in previous studies 
(e.g., Glenisson et al., 2005; Boyack & Klavans, 2010). However, at this level of aggregation 
(topics within the same field or discipline) we have encountered several specific problems 
that have already been reported in earlier studies in the context of the detection of emerging 
topics (e.g., Glänzel & Thijs, 2012). Terms and phrases might become less specific since they 
express common knowledge base and vocabulary while others might gain more ‘information 

1085



value’. The most important TF-IDF keywords and terms alone are often not specific enough 
for topic description and labelling. Thus a larger set of terms is needed to describe topics at 
this level. A possible solution has already be discussed already in earlier studies (e.g., Glänzel 
& This, 2011): On one hand, depending on the level of aggregation and the discipline under 
study, the weight of the two components can be adjusted and, on the other hand, instead of the 
best TF-IDF terms core documents can be used to describe and label clusters. In order to 
apply the hybrid clustering we have only vertices with positive degree (i.e., documents with at 
least one link) taken into account. Furthermore, we have removed all papers with publication 
years outside the period 2003–2010. Table 1 shows the description of the dataset. 

Table 1. The input dataset. 
[Data sourced from Thomson Reuters Web of Science Core Collection] 

 
 

We applied Louvain method (Blondel et al., 2008) using Pajek (Batagelj & Mrvar, 2003) to 
this dataset. The reason for this choice was that hierarchical clustering with Ward used in 
previous projects (e.g., Thijs et al., 2013) often results in a heterogeneous “hotchpotch” 
cluster of objects that can otherwise not be assigned. Therefore we decided to apply Louvain 
method. We conducted a hybrid clustering with two components: bibliographic coupling 
(BC) and textual similarity (TS), where we used a weight of 0.75 for BC and 0.25 for TS 
according to the algorithm described in Glänzel & Thijs (2011). In particular, the underlying 
similarity measure r is defined as the cosine of the linear combination of the underlying 
angles between the vectors representing the corresponding documents in the vector space 
model, i.e., 
  ( ) ,]1,0[,)(arccos)1()(arccoscos ∈⋅−+⋅= λξληλr  

where η is the similarity defined on bibliographic coupling and ξ the textual similarity. The λ 
parameter defines the convex combination, arccos(η) and arccos(ξ), respectively, denote the 
two underlying angles. Furthermore, we have conducted the clustering at two resolution 
levels, namely 0.7 and 1.4. The results of these two scenarios will be presented and briefly 
discussed in the following section. 

Results 
The results using both resolution levels are briefly summarised in Table 2. The number of 
documents, that could not been clustered, is marginal. The number of clusters has almost 
doubled (from 7 to 13) with growing resolution. The solutions for the two resolution levels 
are presented in Tables 3 and 4. Except for the tiny cluster (#13) on atmospheric turbulence in 
the second solution, all clusters are of reasonable size. This is expressed by the frequency, i.e., 
the number of documents per cluster (columns 2–4). The description of the clusters, shown in 
the last column of the tables, have been derived from the most important TF-IDF terms and 
the titles of the core documents, where the core documents have been determined according to 
see Glänzel (2012) on the basis of the degree h-index of the hybrid document network. In 
particular, core documents are represented by core nodes, which, in turn, are defined as nodes 
with at least h degrees each, where h is the h-index of the underlying graph. Or, to express 
this simpler, degrees of documents are ranked in descending order and the h-core is formed by 
the documents the degrees of which do not undercut their rank value. This method has proved 
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efficient in local clustering, that is, in clustering of fields or disciplines, where the network h-
core usually represents the order of magnitude of 1% of the total document set (see Glänzel, 
2012).  

Table 2. Description of parameters and results. [Data sourced from Thomson Reuters Web of 
Science Core Collection]. 

 
 

Table 3. Scenario 1 (description of structures in the seven-cluster structure). [Data sourced from 
Thomson Reuters Web of Science Core Collection]. 

 
 

Table 4. Scenario 2 (description of structures in the 13-cluster structure). [Data sourced from 
Thomson Reuters Web of Science Core Collection]. 
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Table 5. Core-document representation of Cluster #5 based on h-core. [Data sourced from 
Thomson Reuters Web of Science Core Collection]. 

 
 

Table 5 lists the core documents of Cluster #5 of the first scenario with seven clusters as an 
example. The degrees given in the table also illustrates the role of core documents in the 
cluster: Core documents are by definition strongly interlinked with many other documents and 
therefore play a representative and central part in a network. And they are suited to depict the 
internal structure of the complete network, of a cluster or of parts of it. In this context Cluster 
#5 has not been chosen by chance. The core documents of this cluster form the centre of the 
structure. Links connecting core documents reveal the internal structure of both the field 
under study and the clusters as the links with other core documents of the same cluster as well 
as with those of other clusters are distinctly apparent. Beside this cluster, also cores 
documents of cluster 7 play a central part. This is shown in Figure 1. Core documents of 
cluster 5 are marked in pink, those of Cluster 7 in auburn. 
By contrast, Figure 2 presents the concordance between the two scenarios. Indeed the two 
resolutions results in a different number of clusters as already have been shown in Tables 3 
and 4. Now the question arises of whether the two approaches yield completely different 
structures or almost concordant hierarchic structures, where the choice of the resolution 
would go with merging and splitting clusters, respectively. The first case would, of course, be 
problematic and point to the possible inappropriateness of methodology, while latter case 
testifies consistency of the chosen method. Cluster concordance of the results of the two 
scenarios are visualised in Figure 2.  
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Figure 1. Structure of core documents in 7 clusters according to scenario 1 (Pajek with  
Fruchterman-Rheingold layout) [Data sourced from Thomson Reuters Web of Science Core 

Collection]. 

 

 
Figure 2. Cluster concordance: scenario 1 – scenario 2 (overlap in %). [Data sourced from 

Thomson Reuters Web of Science Core Collection] 

The document overlap in the corresponding clusters is expressed in per cents and, in order to 
facilitate interpretation, marked in different colours. Percentages sum up to 100% by rows. If 
one neglects the light-weight Cluster #13 in the second scenario, which actually represents 
just 0.4% of the total, one observes an almost perfect concordance of three clusters in 
scenarios 1 and 2 (#2 = #3, #3 = #4 and #7 = #12), one cluster splits up into two others 
(#4 = #5+#6) and finally two clusters split up into three clusters each, namely 
#5 = #7+#9+#10 and #6 = #8+#10+#11. Thus Cluster #10 in scenario 2 is the only one that 
breaches the strict hierarchy in the structures of the two scenarios. Its documents are almost 
equally distributed over Clusters #5 and #6 in scenario 1. The tiny one (#13) in the second 
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scenario can be considered a small sub-cluster of #2 in the first one, where it represents just 
slightly more than 2% of the documents of the total cluster. 

Conclusions 
Our main conclusions refer to two issues, firstly to the clustering results and secondly to the 
role of core documents. As to the clustering, both scenarios resulted in an almost perfect 
hierarchic structure. Cluster concordance and hierarchy was strong except for the cluster on 
‘Radio Pulsars’ in the 13-cluster solution. This cluster was almost evenly spread over the 
clusters on ‘Dark Energy’ and ‘Gamma Ray Burst’ in the seven-cluster solution. 
Nevertheless, hierarchical assignment of ‘Atmospheric Turbulence’ in scenario 2 was also 
somewhat “fuzzy”, but had a main concordance of more than 60% of documents with 
‘Coronal Loop’ in the first scenario. In all other cases concordances were around or even 
above 90% document overlap.   
The second group of remarkable observations refer to core documents. These documents 
represent the links across clusters as well as the internal topic structure of the clusters. In this 
context we have to repeat that core-document identification is in principle independent of 
clustering and thus does not require any cluster analysis or community detection, but it can be 
seamlessly integrated into clustering exercises, provided the same type of links, i.e., 
bibliographic coupling, co-citation, text similarity or hybrid, are used. Core documents 
reinforce the observation concerning centric results of the hybrid clustering. Core documents 
of the clusters on ‘Dark Energy’ and ‘Neutrino’ actually form the centre of the structure. The 
choice of the two resolution levels resulted in a hierarchic structure confirming the 
appropriateness of the applied method.  
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