PRIME-ENID Summer School on Science, Technology and Innovation Indicators, and
Knowledge Dynamics Visualization, September 1st - 4th, 2009, Amsterdam

Diagnosing Emerging Science: The Cases of the "New
Science of Networks' and Scientometrics

Haiko H. Lietz*

Institute for Research Information and Quality Assurance, Godesberger Allee 90, 53175 Bonn,
Germany
Competence Centre for Bibliometrics, Godesberger Allee 90, 53175 Bonn, Ger many
University of Duisburg-Essen, Faculty of Social Sciences, Institute of Sociology, Lotharstr. 65,
47057 Duisburg, Germany
Hochschule Mittweida University of Applied Scienc es, Faculty of Mathematics, Physics and
Computer Science, Technikumplatz 17, 09648 Mittweida, Germany

Abstract: How and why do some scientific fields thrive and establish themselves while others
do not? What is "emerging science"? Contributions to answers can be found in Solla Price who
studied growth dynamics of science, but also in Kuhn who described the style of practice of
normal science and occasional paradigm shifts where a new order emerges. Recently,
Bettencourt et al. have shown for various emerging fields that they can well be described by
logistic growth models and that they undergo a topological transition in their collaboration
structure on their way to maturity. This transition can be measured in terms of the densification
and the emergence of a giant component of afield s co-authorship network. According to their
theory, this transition in the social structure mirrors the establishment of shared concepts or
paradigms in the cultural structure of the field. The hypotheses are tested that the "New
Science of Networks' has undergone this topological transition while the Field of
Scientometrics has not. Scaling and giant component analysis in combination with network
visualization is employed. Different counting methods are substantiated theoretically and
checked for robustness. Neither hypothesis needs to be rejected.
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I ntroduction

How and why do some scientific fields thrive and establish themselves while others do not? What is
"emerging science"? Contributions to answers can be found in the classics, most visibly in Solla Price
(1963) who studied growth dynamics of science, but also in Kuhn (1962) who described the modus
operandi of normal science and occasional paradigm shifts where a new order emerges. Recently,
Bettencourt et al. have shown for various scientific fields that they can well be described by logistic
growth models (2008) and that they undergo atopological transition in their collaboration structure on
their way to maturity (2009). This transition can be measured in terms of the densification and the
emergence of a giant component of a field s co-authorship network. According to their theory, this
transition in the socia structure mirrors the establishment of shared concepts or paradigms in the
cultural structure of the field. Bettencourt et al. apply scaling analysis (2007) to measure network
densification and field productivity.
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Two hypotheses for two scientific fields will be tested. The end of the nineties brought breakthroughs
in the field that studies complex networks. Since much of the work deals with social networks, this
science entered the sociological canon to such an extend that it came to be labelled as the "invasion of
the physicists' (Bonacich 2004). H1: The "New Science of Networks' (NSoN) has undergone a
topologicd transition, mirroring the diffusion of shared scientific concepts.

On the other hand, Scientometrics, the field that studies science using bibliometric and
informetric data, has been criticized for a lack of standards (Larsen 2008). H2: The Field of
Scientometrics (FoS) has not undergone a topological transition, mirroring the lack of diffusion of
shared scientific concepts.

Conceptualization of Science

From a phenomenological perspective Solla Price s and Kuhn s accounts resemble similar dynamics,
abeit on different levels. Both are emergent phenomena in which, generally, a new quality comes into
existence by interaction of a system s components (Anderson 1972). In logistic growth, "invisible
colleges' emerge out of the interaction of scientists in a field. Kuhn s paradigms emerge out of the
convergence of competing interpretations to a new paradigm.

This similarity of accounts on social and cultura levels as well as the sdf-similarity of the
sociocultural structure of the science system, described in extenso by Solla Price (1963: ch.2) and
briefly mentioned by Kuhn (1962: pp.7), places the problem discussed here at the heart of recent
advances in formulating a unified theory of sociocultural networks (White 2008). White s concept of
style is a modus operandi which steers processes in a self-organized way. A paradigm, in Kuhn's
words "community life" (1962: pp.94) and a "way of practicing” (pp.134) science, is an example for
style. Like an enacted paradigm, styles lead to scale-invariant system properties (White 2008: pp.149).
Since one way of enacting style is through persons it is reasonable to theorize that the diffusion of a
shared concept would show on the collaboration level.

Data and Methods

Data was extracted from the Web of Science” databases SCI-EXPANDED and SSCI in the timespan
1900-2008.? Author names were hand-cleaned. Only the following document types were selected:
Article, Bibliography, Discussion, Editorial Material, Letter, Meeting Abstract, Note, Proceedings
Paper, and Review. All selections made resulted in 6,321 publications for the NSoN, and 4,382
publications for the FoS.

Complete counting is used for authors, i.e. every author in a publication receives 1 score. Co-
authorship networks are produced by linking authors who have co-authored a publication. Because the
real collaboration structure is unknown, per publication al authors are commonly connected in a
complete graph (Newman 2001). In this case edges obviously cant represent communication loads
because then the load would be the same whether two scientists are the sole authors of a publication or
members of a 100-author-team. Such networks have been labelled catnets (category-networks)
because they imply a collaboration potential due to shared attributes (White 2008: pp.52) inthiscase
a co-authored publication. To study social networks that describe collaboration in a probabilistic sense
fractional counting (Gauffriau et al. 2007) is used. Here, per publication each co-authorship is given a
score of 1/(n-1), where n is the number of authors per publication, resulting in an edge sum of 1 per
author and publication.

2 The NSoN was defined using the search string Topi c=("smal | -wor| d network” OR "smal| world networ k"
OR "smal | -world networks" OR "small world networks" OR "scal e-free network" OR "scale free
network" OR "scal e-free networks" OR "scale free networks" OR "conpl ex network" OR "conpl ex

net wor ks") . This search produced 6346 publications. The FoS was defined using the search string

Topi c=(biblionetric* OR informetric* OR scientonetric* OR "citation anal ys*s" OR "cocitation
anal ys*s" OR "co-citation analys*s" OR "self citation" OR "self citations" OR self-citation OR
self-citations OR "citation map*" OR "citation visuali*" OR "collaboration network" OR

"col | aboration networks" OR "coauthorship network" OR "coauthorship networks" OR "co-

aut horshi p network" OR "co-authorship networks" OR "journal inpact factor" OR "journal inpact
factors" OR h-index OR "h index" OR "Hirsch index" OR "S&T indicator" OR "S&T indicators") OR
[ Topi c=(Lotka OR Zi pf OR Bradford) AND Subject Areas=(|NFORVATI ON SCl ENCE & LI BRARY SCI ENCE OR

COVPUTER SCl ENCE, | NFORMATI ON SYSTEMB) | . This search produced 4544 publications.
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Co-authorship networks are visualized using the CASOS Network Visualizer. The underlying
TouchGraph spring embedder causes connected nodes to attract each other, the more so the denser
clusters are. On the other hand, nodes generally repel each other, causing stringy networks to form
lines and unconnected components to separate. Large components have a large inertia, so they will
gather in the center of the network.

Co-authorship networks are tested for the hypothesized topological transition, measurable in
terms of network densification and the emergence of a giant component. Networks densify over time if
the exponent  of the scaling law

edges = A*(nodes) ,
where A is a congtant, is larger than 1. The size of the largest component is simply the number of
nodes in the largest network component. In addition, field productivity over time is measured. A field
is productive if the exponent  of the scaling law
publications=B*( authors) ,

where B isaconstant, islarger than 1. Exponents are estimated using least-squares fitting.

Results
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Figure 1. Tempora evolution of scientific fields. (a) "New Science of Networks' (NSoN) and Field of
Scientometrics (FoS) in comparison, measuring annual numbers of publications on a logarithmic scale. Number
of authors newly entering the field (blue) and non-cumulative size of largest component in co-authorship
network (red) for the NSoN (b) and the FoS (c).

The first publication for the NSoN was recorded in 1965, for the FoS in 1948. Counting publications,
fig. 1a shows that the NSoN started to grow later and grew faster than the FoS. Both fields still grow
exponentially with no overall tendency to saturate. The NSoN seems to show two marked growth
periods which slowed down towards their end. The first started around 1990, when 47 new articles
were published, and lasted ten years. The second started around 2000, when 131 articles were
published, and seems to be coming to an end around 2008. Similarly, the FOS seems to show a first
growth period starting around 1975, when 24 articles were published, and lasting about 15 years. The
second started around 1991, when 86 articles were published, and aso seems to have lasted about 15
years. A third growth burst may be occurring right now.

Counting authors, 1991 was the first year that the NSoN counted 100 active authors. The FoS
had passed this line already in 1990. By 2003, the NSoN had permanently passed the 1000 author line.
The FoS counted that many authors once in 2007 but fell back to below 1000 the next year.

Looking at productivity, both fields at first glance are not productive, with 0.9. The FoS
even seems to be a little more productive. However, looking only at the years 1990-2008, when both
fields counted more than approximately 100 active authors each year, trends reverse:  nson 1990-2008 =
1.21 and FoS 1990-2008 — 0.82 (f|gS 4aand 5&)

Eye inspection of the evolution of co-authorship networks reveals that in the NSoN (fig. 2) a
giant component started to emerge in 2006 which held 21% of all 2892 authors active in 2008. The
FoS (fig. 3) has not yet grown a giant component, of 996 active authors in 2008 only 23 formed the
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largest component. This result is confirmed by figvhich clearly shows the sudden increase of the
size of the largest component for the NSoN (fig. it not for the FoS (fig. 1c).
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Figure 2: Temporal evolution of co-authorship networksha NSoN. A giant component has emerged by 2008.
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Figure 3: Temporal evolution of co-authorship networkstaf £0S. No giant component emerges.

Using whole counting and looking at all years, bfigdds seem to densify, with 1.1. Looking
again at the years 1990-2008, it turns out thaftife densified quite heavily in that timeds 1990-2008
= 1.42), whereas the NSoN seems to have densifiestantly over its whole lifetime (son 1990-2008

nsoN 19652008 1.1). HOwever, results are not robust when fraeticounting is used. Both fields dip
below 1 when all years are studied, but for thes@890-2008 densification of the NSoN rises to its
maximum ( nsoN 1990-2008 norm= 1-19) While the FoS hardly makes it above 1s(fgp and 5b).

Discussion and Conclusions

Neither hypothesis needs to be rejected. The N3afkd to emerge in the early nineties and growth
accelerated following the publication of two keyppes at the end of the century. During these growth
periods the field was quite productive, it densifeccording to both counting methods, and a giant
component emerged in 2006. The FoS showed eadies of sustainable growth which go back to the
middle of the seventies. As in the NSoN growth &reg¢ed in the 90s which is probably related to the
increasing availability of data and computing powéegt the field was never productive according to
the indicator used. The field seems to densifyeadt starting in the nineties, even though whald a
fractional counting differ much more than for th&®N. Most importantly, no giant component has
emerged until 2008.

The scaling indicators, in combination with gianbnmponent analysis and network
visualization, are powerful tools to diagnose ernmgrgcience. Cautiousness in interpreting resalts i
required because the densification measure isaimtst when different counting methods are used,
confirming earlier results (Gauffriau & Larsen 2008lore data for different fields is desirable w@irg
insights into how the indicator behaves under ntimaon. In general, scale-independent indicators
are the indicators of choice because they doretgit to describe scale-invariant systems by linear
means (Katz 1999).



