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Abstract This paper attempts to sketch the interrelation between information retrieval
and scientometrics pointing at possible synergy effects provided by some recently devel-
oped bibliometric methods in the context of subject delineation and clustering. Examples
of specific search strategies based on both traditional retrieval techniques and bibliometric
methods are used to illustrate this approach. Special attention is paid to hybrid techniques
and the use of ‘core documents’. The latter ones are defined merely on the basis of
bibliometric similarities, but have by definition properties that make ‘core documents’ also
interesting and attractive for information retrieval.
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Introduction

At first sight, Information Retrieval (IR) and scientometrics seem, despite their common
roots, to follow different paths in their evolution as sub-disciplines of information science.
This might be considered a certain divergence in terms of both methodology and goals; this
divergence is governed by the prevailing objectives bibliometrics has taken in the previous
decades in favour of various services for science policy and research management in the
context of the evaluation of research performance. This departure from the traditional goals
of information science, described as “perspective shift” (e.g., Glidnzel 2006), entailed an
own, specific orientation in its methodology as well. The main focus was now laid on the
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development of indicators for evaluative purpose, and principles of data collection that are
determined by the respective needs and standards of the evaluative context and bench-
marking. As a consequence of this perspective shift, new fields of applications and chal-
lenges opened to scientometrics; but many tools were still designed for use in scientific
information, in particular, in information retrieval and library science and services and
became later used in a context for which these were not designed. The journal Impact
Factor, originally designed as a measure for comparing journals independently of size and
to help select journals for the Science Citation Index (Garfield and Sher 1963), might serve
as the perhaps most popular example of this change. This might just illustrate such kind of
“divergence” in the basic orientation of sub-disciplines of information science. Never-
theless the question arises of whether there is still some common platform with method-
ological components that could cross-pollinate each other and provide essential synergetic
effects for the two sub-disciplines. In the following, this will be sought for using the
example of bibliometrics-aided retrieval.

Information retrieval for bibliometrics?

Due to the dynamics in evaluative scientometrics, the focus has also shifted away from the
formerly popular macro level towards meso and micro studies of both actors and topics.
One consequence of this dynamics is the necessity of proper subject delineation that has,
among others, become a central issue in so-called “domain studies”, bibliometric studies
of interdisciplinary research and the identification and analysis of emerging topics. In
particular, science policy has addressed new emerging and complex interdisciplinary topics
the delineation of which has proved particularly difficult. Appropriate subject delineation is
also necessary to find correct reference standards for benchmarking the research perfor-
mance of the actors in the topic under study.

Sufficiently fine-grained subject-classification schemes can help define a broader scope
within which the actual subject can be delineated. However, using pre-set disciplines or
topics usually results in noise that is too large for obtaining acceptable coverage with both
high precision and recall. Even scientific journals are too coarse for subject delineation
since the distribution of relevant documents over journals is usually very skewed (Bradford
1934).

Subject delineation, on the one hand, strongly relies on Information Retrieval methods
through complex search strategies that are often composed of core journals and lexical
terms such as keywords and phrases, but, as a consequence of the specific tasks in research
assessment, goals and methods of advanced subject delineation essentially differ from
those of traditional retrieval.

Bibliometrics for information retrieval?

Bibliometrics, in turn, provides important techniques to improve the power of Information
Retrieval by incorporating bibliometric components. Similarity or distance measures
defined on direct citations, bibliographic coupling, lexical relationship and ‘core docu-
ments’ (in the sense of the definition by Gldnzel and Czerwon 1996) can facilitate and
improve the retrieval of scientific information. Both Bibliometrics and Information
Retrieval may thus serve as mutual input and can be combined in an iterative way. This
combination will be discussed in the following.
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Bibliometrics-aided retrieval
The initial situation

Bibliometrics, in general, requires specific retrieval. The borderline between relevant and
not relevant documents is fuzzy and often determined by users or actors in the domain in
question. Sometimes this borderline has to be adjusted according to the actual tasks.
Figure 1 visualises this situation. The red circle stands for the truly relevant documents, the
blue area marks not relevant documents and the purple zone represents that part of liter-
ature, which might be included in the bibliometric study depending on the actual needs.
The scope of the study or report in question then decides whether documents in the red
circle or which part of the purple area are to be used for the bibliometric analysis.

Bibliometrics also allows adding ‘metric’ components to the search strategy. In par-
ticular, thresholds of the strength of (co-)citation, bibliographic coupling or textual links
can be used to fine-tune the metric component. And this can be done even during the
retrieval process, quasi as “bibliometric feedback” on the results of the retrieval. This is
visualised in Fig. 2. This combination of traditional search strategies with advanced bib-
liometric methods is called bibliometrics-aided retrieval (Glanzel et al. 2006).

When bibliometrics meets information retrieval ...

Methodology of bibliometrics-aided retrieval is based on specific “search strategies” that
have been developed and applied to domain studies, for instance, by Glinzel et al. (2004),
Gléinzel and Veugelers (2006) as well as by recent papers in bibliometrics (e.g., Noyons
et al. 2003) and information science (e.g., Zitt and Bassecoulard 2006). Here we summarise
and outline the general model combining components from lexical and bibliometric
components (see Glinzel et al. 2006; Glanzel and Thijs 2012a).

The methods introduced in the above-mentioned studies are quite general. They have in
common that the strategy for retrieval or subject delineation proceeds from an initial
document set called ‘seed’ of literature (Zitt and Bassecoulard 2006) or ‘core’ (Glanzel
et al. 2006) that covers at least a certain part of the subject in question well and truly. Thus
the basic idea of the strategy is the use of two parts, the first of which is assumed to result
in an incomplete but truly relevant set of documents. This first part is mostly based on
traditional retrieval or delineation, for instance, based on core journals (such as JASIST for
information science, or Scientometrics for bibliometrics) and/or lexical queries. The sec-
ond part then aims at extending this set by potentially relevant documents on the basis of
so-called conditional criteria, for instance, papers published in related fields or in non-core
journals. In order to define a valid strategy and to increase the probability of the relevance
of the additionally retrieved documents, further conditions defined on bibliometric prop-
erties must be met, that is, only that part of the second group will be included that has in the
context of the respective bibliometric study close relations with the initial set. Thus the
procedure proceeds from high-precision but low-recall set and supplements it by adding
“purified” items from a low-precision and high-recall sets. The result is a considerable
increase of both precision and recall. In verbal terms, the final document set is built around
a truly relevant seed by adding further documents on the basis of thematic similarity.

The basic methodological idea of the search strategy is the use of two parts, which, in
turn, include further components. The first part of the retrieval strategy, which is assumed
to result in an incomplete set of relevant documents, comprises unconditional criteria (UC,
... UCy) with k > 0. ‘Unconditional’ here means in a rather formal way that no further
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Fig. 1 Visualisation of the
initial situation of “bibliometric”
retrieval

not relevant relevant

Fig. 2 Visualisation of the
interrelation between IR and
bibliometrics in bibliometrics-
aided retrieval

data source

information retrieval

high precision/low recall seed increasing recall

bibliometrics

conditions need to be attached to these criteria to obtain relevant hits. In particular, that
means that (nearly) all results retrieved on the basis of these criteria are expected to be
relevant. The precision of this strategy is therefore expected to be high while the recall is—
because of the strict criteria—rather low.

The second part aims at extending this set by potentially relevant documents and
includes so-called conditional criteria (CC, ... CC,, ... CC,4,) with m, n >0, or
m = n = 0, respectively, in the trivial case that no conditional criteria are required. The
term ‘conditional’ points to the fact that the application of these criteria results in high
recall but low precision and further conditions are needed to obtain acceptable and useful
results.
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In order to define a valid strategy, the condition k + m > 0 must be met, that is, we
have at least one unconditional criterion or two conditional criteria, if k = 0. Restrictions
for the latter group obtained by logical combination among these criteria are to increase the
probability of the relevance of the retrieved documents. The bibliometric retrieval (BR)
can then be defined as the following logical combination

BR = (UC; V... VUC) V ((CCy V...V CCp) A (CCpi1 V...V CCriin))-

Both the unconditional and the conditional part of the BR can include different
components such as lexical terms and citation-based criteria. Note that each UC or CC
itself can be defined as a logical combination of specific criteria, for instance,
UC; = C;~(C, V C3) with Cy, ..., C3 being some criteria, where the negation is used
to exclude noise.

Note that the above formula goes far beyond a simple logical combination of queries
as it combines complex structures instead of individual search terms. Practically all
types of search fields, including keywords, terms, subject headings, journal titles,
citations and references, even corporate addresses and author names/identifiers can be
incorporated into the retrieval strategy. This allows the inclusion of advanced biblio-
metric methods, such as direct citations, bibliographic coupling, co-citations, textual
similarity, and their various combinations to form complex strategies. The strategy
might even extend to the combination of different databases as will be shown in the
second example below.

Bibliometric retrieval can then be fine-tuned by extending or reducing the sets of
unconditional and conditional criteria and by adjusting the thresholds for the bibliometric
components of the criteria such as number or share of references, coupling units, etc. The
strategy can thus aim at defining subjects in a narrower or broader sense by including or
excluding related research topics as sketched in Fig. 1.

In the following we give two examples to illustrate this logical combination and the
option of fine-tuning. The first example refers to the topic stem-cell research (see Glidnzel
et al. 2004), the second one to bioinformatics (e.g., Glinzel et al. 2009).

1. Example: Stem cells (Glidnzel et al. 2004)

UCl1 Journal in WoS = STEM CELLS

uc2 Address word = STEM CELL*

ucCs3 Keywords = (STEM CELL* OR STEM (ES) CELL* OR PROGENITOR*
CELL* OR HEMATOPOI* CELL¥*)

CCl Journal = JOURNAL OF HEMATOTHERAPY & STEM CELL RESEARCH

cC2 Keywords = (BONE-MARROW OR UMBILICAL-CORD-BLOOD OR UCB
OR HUCB OR CYTOPOI* OR MEGAKARYOPOI* OR ERYTHROPOI* OR
MYELOPOI* OR THROMBOPOI* OR STROMAL CELL* OR PRECURSOR
CELL¥)

CC3 Cited source documents = UC1 OR UC2 OR UC3

Options  Papers citing 3-5 other papers classified as unconditionally relevant making up
at least 40 % of all SCIE references, or 6-10 UC papers making up at least
30 % of all SCIE references, or citing more than 10 UC papers

The search strategy resulting from the above conditions can be formulated as

BR := (UC1 vV UC2 v UC3) v ((CC1 V CC2) A CC3)

2. Example: Bioinformatics (Glinzel et al. 2009)
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UCl1 Journal in WoS = BIOINFORMATICS (formerly COMPUTER
APPLICATIONS IN THE BIOSCIENCES), JOURNAL OF
COMPUTATIONAL BIOLOGY, BRIEFINGS IN BIOINFORMATICS, BMC
BIOINFORMATICS

uc2 Journal in Medline = IN SILICO BIOLOGY, PSB ON-LINE PROCEEDINGS,
APPLIED BIOINFORMATICS, PLOS COMPUTATIONAL BIOLOGY

CCl1 Keywords in title = BIOINFORMATICS, COMPUTATIONAL BIOLOG¥*,
SYSTEMS BIOLOGY

cC2 Related records of UC1

CC3 Cited or citing source of UC1

Options  Different rules for citations—both directions—can be defined

The search strategy resulting from the above conditions can be formulated as

BR := (UCI v UC2) V (CCI A (CC2 v CC3))

In conclusion, it should be stressed that the objective of bibliometric retrieval is not to
provide complex bibliometric solutions but an appropriate groundwork for further analysis
by retrieving a tailor-made dataset according to the needs of the corresponding bibliometric
study.

New research lines: hybrid methods and ‘core documents’ in bibliometrics-aided
retrieval

The method described above can readily be applied on the large scale, i.e., for the retrieval
in a complete database and preferably for large topics. In order to facilitate the retrieval,
especially within rather small subject areas, bibliometrics-aided retrieval can be extended
by using hybrid similarities, that is, the direct combination of text- and citation-based
methods for building document similarities. This means, instead of the combination of
lexical search terms with citation links or with “related records” based on bibliographic
coupling (e.g., Glidnzel et al. 2009; Laurens et al. 2010), similarities, that are directly based
on so-called hybrid textual-citation methods, can be applied to some of the conditional
criteria. This might help increase the efficiency and avoid too many steps in the logical BR
algorithm as well as too complex textual search constructs. The bibliometric retrieval (BR)
can then be re-defined as follows.

A document is considered relevant if it meets some conditional criterion (CC;), and is
strongly linked based on a hybrid similarity measure to at least a certain number of
documents meeting an unconditional criterion (UC;).

This definition immediately leads us to the notion of core documents. The term ‘core
documents’, originally proposed by Small (1973) in the context of co-citation analysis, was
re-introduced by Glédnzel and Czerwon (1996) on the basis of bibliographic coupling to
identify those papers which form important nodes in the network of scholarly communi-
cation. In fact, their definition can readily be extended to hybrid techniques as well [cf.,
Glinzel and Thijs (2012a)]:

‘Core documents’ are documents that have at least n > 0 links of at least a given
strength r according to the predefined similarity measure.

The determination of the two parameters n and r is practically based on experience.
Both parameters should be chosen so that ‘core documents’ represent the order of mag-
nitude of 1 % of the total.
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Fig. 3 Visualisation of the link
environment of a ‘core
document’ (according to Glinzel
and Thijs 2012b)

‘Core documents’ do not only play an important role in structural bibliometrics for
detecting and describing emerging topics and for network representation; they are useful
instruments for the retrieval of documents, namely to identify further relevant documents
by following their strong and medium-strong links. The link environment of a typical core
document is shown in Fig. 3. Following the links outgoing from the core document, i.e.,
from the large circle in the centre of the picture, lead to related documents, which, in turn,
are connected with further relevant documents. In this manner, one or several related ‘core
documents’ stand for a particular research theme and the link structure of ‘core documents’
can be used to represent the network structure of important topics within the subject under
study (Glénzel and Thijs 2011). Thus ‘core documents’ can also be considered an efficient
tool for reduction of dimensionality.

Concluding discussion

Bibliometrics-aided retrieval (BR) in the context of subject delineation for evaluative
purposes essentially differs from traditional information retrieval. The fact that biblio-
metric domain studies are mostly focused on complex interdisciplinary fields is one of the
most important reasons. The second reason is that in bibliometric retrieval there is no end-
user that could remove possible noise from the large sets of retrieved documents. The aim
of bibliometrics-aided retrieval is thus a representative and adjustable coverage of the field
under study. Metrics can be used for fine-tuning search strategies and to stop retrieval at
any level.

The underlying document set will, of course, never be exhaustive nor will it be com-
pletely free of noise, but fine-tuning the retrieval through adjusting the search criteria and
setting thresholds for the metric components can help meet both purists’ and generalists’
needs. BR is a powerful tool to develop and adjust search strategy at any level of
aggregation.
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It facilitates the delineation of very complex and interdisciplinary research fields and
topics. Adjustable hybrid (i.e., text/citation-based) techniques allow bibliometrics-aided
retrieval even in fields where citations do not play an important role, for instance, in the
applied sciences, in most fields of the social sciences and in the humanities (cf., Glénzel
and Thijs 2011).

‘Core documents’ represent the most interlinked papers in a set. Following their strong
and weaker links might help retrieve relevant information without formulating further
search queries. This feature provides a strong added value that might make ‘core docu-
ments’ interesting and attractive for information retrieval too.
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