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A remarkable advance has been made in the development of bibliometric approaches for the
identification and delineation of research topics, see for example Shibata, N., Kajikawa, Y., Takeda, Y.
and Matsushima, K. (2009), Boyack, K. & Klavans, R. (2010), Glanzel, W. (2012). In recent years
traditional bibliometric concepts like co-citation analysis, bibliographic coupling (Price, D.D., (1965),
Persson, 0., (1994), Kessler, M.M. (1963)), have been enriched with text and semantic similarities,
topic modelling (Yau, C,K., Porter, A., Newman, N., Suominen, A. (2014) ) as well as hybrid methods,
(Janssens, F., Glanzel, W., & Moor, B. (2008)). Additionally visualization tools for networks and the
representation of agglomerations of similar documents in a two dimensional space (Van Eck, N.J. and
Waltman, L. (2010), Chen, C (2006), Kopcsa, A. & Schiebel, E. (1998)), dendrograms of hierarchies but
also word clouds are helpful instruments that have been applied or developed. Well known
algorithms are cluster analysis, multidimensional scaling with spring models. Recently latent Dirichlet
allocation for topic modeling has been added.

However the identification of thematic issues or fields from thousands of publications is still a
challenge. A reason is that some issues and after all emerging research topics very often do not have
sharp borders to others. The reason is that publications that are thought to build delineated
communities in a network of similar documents tend to be more or less strong connected to other
communities that are located nearby. For example, in the case of bibliographic coupling often cited
pioneering, influential and fundamental publications are responsible for cross linkages.

In this contribution a semi-automated graphically assisted procedure for the delineation of subfields
is suggested. It is an attempt to combine several bibliometric approaches. The idea is to work with a

reduced number of publications that are core documents having been selected by a minimum of the
sum of the similarity to all other objects (Glanzel, W., & Thijs, B. (2011))., to map these documents in
a two dimensional space with a spring model (Kopcsa, A., Schiebel, E., (1998)), to select documents with



a high centrality in a hot zone of an agglomeration of similar documents and to enlarge this core set
with documents that have a minimum similarity to each element of the core. That way, documents
have been agglomerated to a hot zone by the so called second order similarity but the selection of
subsets is done with the help individual similarities (Colliander & Ahlgreen, 2012; Thijs, B., Schiebel,
E. & Glanzel, W., 2013). In a next step the coupling elements of a these selected subsets (cited
references) are visualized on the map and demonstrate the spreading of the underlying knowledge
base of a selected and delineated research front (Schiebel, E. (2015)).

The names of the research fronts are inspired by the most relevant keywords, the content of the
cited documents and the content of the documents of the research front.

The resulting research fronts are compared with the results of a cluster analysis in a concordance
matrix. The comparison of the clusters with the research fronts gives an additionally view on the
subfields to be delineated. Subsets of documents that form a strong and delineated community can
be identified identically as a research front from the map but also as a well separated cluster. Other
research fronts can be subdivided in compact sub fields.

The following procedure is proposed and presented for discussion in the workshop:

e Collection of a set of publications of research on multiscale simulation and modeling (MSSM)
downloaded from Web of Science.

e Calculation of sum similarities (Jaccard index) of bibliographically coupled publications

e Selection of a subset of publications with a threshold of the sum similarity

e Calculation and visualization of a two dimensional map of the subset of bibliographically
coupled publications with a spring model.

e Filter and visualize the local density of the number of publications weighted with the
similarity to draw agglomerations of publications with a heat map.

e Graphically assisted selection of documents in the center of a red heat zone

e Selection of additional elements of the community by thresholds of similarity (Jaccard index,
number of common references)

e Visualization of the coupling elements (cited references) to examine the compactness of the
selected community

e Providing lists of TFIDF ranked keywords, authors, organizations, cited references and
abstracts of the publications of the community to name the research fronts

e Calculation of a cluster analysis (Pearson, Ward or other similarities and linkage methods) of
the subset of bibliographically coupled publications. Visualization with a circular dendrogram.

e Visualization of selected clusters in the heat map

e Comparison of the identified communities of both approaches (Concordance matrix)

e Conclusions (exclusion of cited reviews, highly cited fundamental publications, preprocessing
of the set of publications by excluding publications with weak second order sum similarities,
workload,...)



Exemplary results:

M- Vi rort i - - SHCHNb

File Iteration Graph Labels Edge Term Mode Theme Cluster Query Tools Help

s&a&%’s\,@,@,@,@ﬁn RSB O-aa s X

1 < < @ > M > [Selected Terms [ 0/0 || Active Term [W0s:000227719100004 || Pinned Terms | 0

onmterup:hef,n ;l
Add New I Remove Current
[~ Themes
Show Themes: |All -

Select lunde«l Select Terms llhsdectfemsl
96

39

11

230

84

152

38

44

23

71

86

40
9

14

16Con! 64

86

18GeckoEffect 17

43

20GranularMaterials 53
21ChemicalMechanicalPolishing 41
22BalisticImpact 18
23Earthquakes 3
24CardiacElectromechanics 7
25FluidDynamicsBlood 29
26MultiscaleModelingBiology 23
27MultiscaleSignalAnalysis 9
28LargeEddySimulation 18
29MultiPhaseFlowEMMS 24

| 30HighMachFlowShcramjet 20
| |31HighSpeedMachining 3
33MeteorologyCloudResolvedClimate 37
34MeteorologyMaddenJulianOscillation 75
tochasticSimulation 16

Figure 1: Heat map of the agglomeration of bibliographically coupled MSSM publications (bubbles), spring model,
colored red heat zones (local density of documents weighted by sum similarity), reduced number of publications (2325
out of 8145, threshold for the sum of Jaccardindices for each node: 1.9), publications of a research fronts are marked
with the color of the research front, data retrieved October 20, 2014

Figure 2: Cluster tree of bibliographically coupled publications: Pearson Correlation of second order Jaccard similarity,
Ward Linkage
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Figure 3: Cut circular cluster tree of research fronts with 5 equidistant clusters levels with 5/19/36/50 clusters
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Figure 4: Visualization of the Cluster structure in the heat map of Figure 1, black lines are edges of the similarities and
green lines indicate the cluster category
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Figure 5: Cluster structure in the heat map of Figure 1 for the research front 07Rheology MacroMolecules



Table 1: Concordance of research fronts from the heat map and clusters at level 5, value: number of documents, clusters
named by the document with the highest number of references — in most cases a review, marked values indicate

corresponding agglomerations
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