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Abstract

This short paper represents an initial effort to connect the emergence theory literature with the
bibliometric, informetric, and scientometic literatures. It begins with a prominent definition of emergence,
and then connects each of the components of this definition with the relevant insights about the
development of new scientific and technical concepts or research specialties. Finally, it concludes with a
discussion of the relationship between these two distinct areas of scholarly inquiry and the need for
further exploration of this intersection.
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Introduction

Emergence refers to a situation in which a qualitatively novel entity, or an emergent, is generated
through the interactions of lower-level entities (Sawyer, 2005). Emergence theory thus seeks to describe
a wide range of physical, biological, and social phenomena. Since science can be viewed as a social
phenomenon (Fleck, 1979), the development of new scientific and technical concepts and research
specialties can be seen as a process of social emergence (e.g. Guo et al. 2011, Leitz 2009, Chen et al.
2009). As emergence theory has organized our thinking about the social lives of scientific specialties and
concepts, the literature these specialties and concepts left behind beckoned as a realm of data in which
to explore its workings. In this paper, we recount this interaction by mapping ideas from a prominent
definition of emergence (Goldstein 1999) to ideas in the bibliometric, informetric, and scientometric
spaces.

What Is an Emergent Phenomenon?

Goldstein’s (1999) work can be seen as part of the third wave of social systems theory, which
situates social emergence within a broader framework of interest in systems whose evolution is sensitive
to environmental conditions (Sawyer, 2005). Goldstein’s focus is on organizational
dynamics, and thus, his characterization of emergence is highly compatible with an exploration of science
as a social phenomenon. According to Goldstein’s definition, emergent phenomena are characterized by
five characteristics:
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* “Ostensive: Emergents are recognized by showing themselves, i.e., they are ostensively
recognized.” (p. 50)

*  “Global or macro level: The locus of emergent phenomena occurs at a global or macro level.
Observation of emergents is of their behavior on this macro level.” (p. 50)

* “Coherence or correlation: Emergents appear as integrated wholes that tend to maintain some
sense of identity over time.” (p. 50)

* “Dynamical: Emergent phenomena are not pre-given wholes but arise as a complex system
evolves over time.” (p. 50)

* “Radical novelty: Emergents have features that are not previously observed in the complex
system under observation” (p. 50)

Ostensive

Emergents are recognized when they show themselves, which raises the question of to whom
and under what conditions they become perceptible. This question is especially pressing for social
emergence, since the ontological status of collective entities in the social sciences is
controversial (Sawyer 2005). In the case of scientific concepts and specialties, how do we most
definitively figure out which ones exist, what their proper names are, and where they begin and end?
Arguably, scientific paradigms, fields, subfields, and specialties show themselves most nakedly to
scientists working in or near those specialties. Practicing scientists are intimately acquainted with the
details of professional scientific practice, and their professional practice depends on an ability to navigate
the structure of science. They navigate, however, with the aid of bibliographic tools. Since the advent of
citation databases (Garfield 1955), information professionals have augmented the perception of scientists
and others with maps of science built from the ground up (Garfield et al. 1964, ISI 1981, Borner et al.
2003). The aim is to allow emergent scientific structures to show themselves earlier, in more detalil, to
more people.

Global/Macro Level

The locus of emergent phenomena occurs at a global or macro level, even when objective
observation may be more easily achieved at a local or micro level. Scientific specialties and concepts
emerge from a mangle of journals, authors, papers, keywords, and citations, among other things outside
of bibliographic control (Pickering 1995). These basic units of bibliometric analysis are amenable to
guantification (Borgman and Furner 2002), which makes them an appealing starting point for generating
analysis of higher-level structures. Procedures for generating macro level structures from bibliometric
data can be found in review literatures on mapping scientific specialties (Morris and van der Veer Martens
2008) and visualizing knowledge domains (Borner et al. 2003). The boundaries of scientific specialties (as
constructed from bibliometric networks) remain open to interpretation, however. At present, information
specialists frequently turn to Subject Matter Specialists (SMES) to validate the results of mapping
procedures (Morris and van der Veer Martens 2008).

Coherence or Correlation

Emergents appear as integrated wholes that tend to maintain some sense of identity over time;
The entities involved in a research specialty tend to be more densely associated with each other than to
entities outside the specialty. This basic assumption informs most approaches to extrapolating research
specialties from bibliometric facts. For example, approaches based on co-citation analysis (Garfield 1979)
first calculate similarity of papers based on how frequently each pair of papers appears together in
reference lists, then cluster papers based on similarity. Approaches based on co-word analysis (Callon,
Law, and Rip 1986) calculate similarity of words based on how frequently two words appear together in
some part of a paper’s content or metadata, then cluster words based on similarity. Morris and van der
Veer Martens review a number of approaches for constructing maps based on how bibliomentric entities
cohere in the written record of science (2008).
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Dynamical

Emergent phenomena are not pre-given wholes but arise as a complex system evolves over time.
The density of associations between entities in an emerging specialty tends to increase over time
(Leskovec et al. 2005), and some authors have taken the emergence of a giant connected component in
the coauthorship network as a signature feature of emergence (Bettencourt et al. 2009, Lietz 2009). In
approaches to mapping scientific specialties based on clustering, a major challenge is tracking clusters
from one time period to another. Asur et al. (2007) and Spilopoulou et al. (2006) provide equations for
classifying changes in cluster structure over time that are agnostic with respect to clustering method.
Research in literature dynamics (Tabah 1999) attempts to describe the processes by which specialties
emerge using a variety of mathematical modeling techniques.

Radical Novelty

Emergents have features that are not previously observed in the complex system under
observation. It may not be immediately apparent that a new specialty has emerged, and it is challenging
to predict what the characteristics of a new specialty might be. Bibliometrics researchers have raised the
question of how early a new specialty can be detected (Meadows and O’Conner 1971, Small 2006).
Based on information foraging theory (Pirolli 2007), Chen et al. (2009) suggest that an emerging research
area might be signaled by citation bursts (Kleinberg 2002) to a paper that bridges existing areas of
knowledge (Burt 2004). Ohniwa et al. (2009) describe a method of identifying emerging topics based on
keyword increments from one time period to the next. Guo et al. (2011) incorporate word bursts, new
author counts, and interdisciplinarity of citations (Porter and Rafols 2009) into their model of emergence.

Connecting Emergence Theory and Scientometrics

As we have tried to illustrate, the development of a new scientific or technical concept or a new
research specialty as explored in the bibliometric, informetric, and scientometric research literatures can
be viewed as a compelling case study of emergence. In turn, emergence theory helps to put these
literatures into a broader context that potentially transcends science as an area of focus, by exploring the
connections between science and other human, biological, and natural domains. It will be useful to further
explore the connections between these two areas of research, in the interest of bridging this divide and
hopefully furthering the research programs of both of these areas.
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