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 Introduction 

Classification of science into a disciplinary structure is at least as
old as science itself. Aer many centuries of constructive but yet
inconclusive search for a perfect classification scheme, the only
sensible approach to the question appears to be the pragmatic
one: what is the optimal scheme for a given practical purpose?

 N, Evaluative Scientometrics, 1976

Subject classification and subject delineation has two important
applications with different purposes

• Information services

• Research evaluation
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 Journal-based classification schemes 

Classification for standard applications

Classification systems have early been developed by the producer of the
Science Citation Index (ISI), by institutions working extensively with this
database and by the producers of other multidisciplinary journal
databases [ N, Evaluative Scientometrics, 1976].

Most are based on journal assignment, originally created for retrieval
purposes, and have shortcomings when used in the context of research
evaluation.

Within bibliometrics there are standard applications which require stable
hierarchically structured classification schemes. These are used as
general-purpose structures.
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Standard applications

Some examples
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ISI Classification schemes

Two subject classification systems were introduced by ISI/Thomson
Reuters.

1. ISI Subject Categories (part of the citation indexes and the JCR)
◦ Fine grained (ca. 250 categories)
◦ Forms a fuzzy system with multiple assignments

2. ESI Fields (part of the Essential Science Indicators)
◦ Coarse classification (22 fields)
◦ Forms a partition with unique assignment

☞ Elsevier’s Scopus Subject Areas and Subject Categories system is
based on journal classification with 4 areas, 27 major thematic
categories and 313 specific subject categories.
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Seting up of a new classification scheme

The ECCOM classification scheme

I) The “cognitive” approach (seing the categories):
An initial scheme was elaborated on the basis of both the experience of
bibliometricians and external experts.

II) The “pragmatic” approach (journal classification):
The journal set extracted from the WoS was classified into the preset
subfields. The scheme has been adjusted according to co-heading frequency
to keep multiple assignments within reasonable limits.

III) The “bibliometric” approach (article classification):
Articles published in core journals can be unambiguously classified into the
subfield of the given journals. Articles of ambiguously assignable journals
are classified individually using the analysis of references.
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The ECCOM classification scheme

The hierarchical structure of the ECCOM scheme

0. level: 3 main areas

1. level: 15 major fields

2. level: 65 sub-fields

3. level: > 200 subject categories
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An example of the sciences

Example of the sciences
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The ECCOM classification scheme

The subject categories aer step II
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The ECCOM classification scheme

Journal classification aer step III
[assignment of papers in ‘Angewandte Chemie – International Edition’ (1993)]
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 Subject delineation 

Subject delimitation has become a central issue in so-called “domain
studies” and the bibliometric studies of interdisciplinary research.

• Science policy addresses new emerging or complex interdisciplinary
topics the delineation of which is particularly difficult.

◦ The delineation of such domains is strongly related with information
retrieval (e.g., using core journals, keywords and phrases),

◦ but goals and methods of advanced subject delineation essentially
differ from those of traditional retrieval.

☞ Proper subject delineation is also necessary to find correct reference
standards for benchmarking the research performance of the actors
in the topic under study.
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Subject delineation

Why subject delineation?

Sufficiently fine-grained intellectual subject classification schemes can
help define a broader scope within the actual subject has to be
delineated.

However, using preset 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 very skewed (cf.
Bradford’s Law).
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Introduction

Main fields of applications:

• Interdisciplinary subjects
◦ Literature is spread over a plethora of specific, general and

multidisciplinary journals.

• New emerging topics
◦ Literature is spread over various journals since own specific

communication channels might oen not yet exist.

• Activity of institutes and research groups
◦ Institutes might have a special focus and subject delineation might

thus be influenced by the institutional profile.
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Why subject delineation?

Bradford’s Law

In 1934 S C. B published a study on the frequency
distribution of papers over journals. He found that

“If scientific journals are arranged in order of decreasing
productivity on a given subject, they may be divided into a nucleus
of journals more particularly devoted to the subject and several
groups or zones containing the same number of articles as the
nucleus when the numbers of periodicals in the nucleus and the
succeeding zones will be as 1 : b : b2 . . .”

 B, Engineering, 1934
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Why subject delineation?

Bradford plot for Tetrachloro-dibenzo-dioxin literature in PubMed between 1976
and 2005 according to Peña-Rey et al. (2006)

Figure redrawn from PR  ., Scientometrics, 2006
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Why subject delineation?

Bradford data on TCDD literature in the period 1976-2005

Zone Journals Articles b

[nucleus] 1 404 —
Z1 2 450 2.0
Z2 5 463 2.5
Z3 7 432 1.4
Z4 12 393 1.7
Z5 31 433 2.6
Z6 57 412 1.8
Z7 321 497 5.6

Source: PR  ., Scientometrics, 2006
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Information Retrieval vs. Bibliometrics?

Information Retrieval for Bibliometrics?

Application of bibliometrics has increasingly shied towards meso and
micro studies in the sense of both actors and topic analysis.
One consequence is the necessity of proper subject delineation (domain
studies, interdisciplinary research, emerging topics).
Subject delineation strongly relies on IR methods through complex search
strategies.

G, Subject delineation, Yerevan 2014 18/43



Information Retrieval vs. Bibliometrics?

Bibliometrics for Information Retrieval?

Bibliometrics, in turn, provides important techniques to improve the
efficiency of IR. Similarity/distance measures defined on direct citations,
bibliographic coupling, lexical relationship and or even “core documents”
can facilitate and improve the retrieval of scientific information.

Both Bibliometrics and Information Retrieval may serve as mutual input
and can be combined in an iterative way. This combination will be shown
in the second part of the presentation.

☞ The first part of the lecture, however, will focus on traditional
techniques that can easily be developed for and used in the online
versions of bibliographic databases.
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 Traditional delineation 

Traditional retrieval is usually a combination of core journals and
keywords, phrases and terms. In addition corporate addresses and
author names can be used.

Advantages:

• This type is user-friendly: Search strategies can readily be built and
applied.

• Modifications for following the evolution of the subject in study are
possible and relatively easy.
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Traditional delineation

Disadvantages:

• This type tends to produce “wild shoots”. The strategy might
mushroom and grow very complex and too specific.

• The effect of adding/removing terms/phrases might be beyond
control.

• Terms might turn redundant. Adding new terms does not essentially
increase the number of hits.

• The effect of logically combining terms is no longer transparent.

• The evolution of the subject cannot longer be captured by moderate
modifications of the strategy.

☛ Avoid too complex strategies that produce unpredictable results and
are not flexible enough for dynamic analysis.
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Traditional delineation

The delineation of the research field “wine research” based on traditional
retrieval (G  V, 2006)

The search strategy combined three components:

(1) Keywords, title and abstract:
GRAPEVIN* OR WINES OR WINE GRAP* OR WINE PRO* OR RED WINE* OR
WHITE WINE* OR WINEMAKING OR ENOLOG* OR VITICULT* OR OENOLOG* OR
WINE CELL* OR WINE YEAST* OR WINERY OR WINERIES

(2) Corporate address:
VITICULT* OR [O]ENOL*

(3) Cores journals:
AMERICAN JOURNAL OF ENOLOGY AND VITICULTURE
AUSTRALIAN JOURNAL OF GRAPE AND WINE RESEARCH
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Traditional delineation

Example of a complex strategy
Nanotechnology 
Search terms: 

nano* NOT (nanomet* OR nano2 OR nano3 OR nano4 OR nano5 OR nanosecon* OR nano secon*) 
OR 
nanomet* scale* OR nanometerscale* OR nanometer length OR nano meter length 
nanoa* OR nanob* OR nanoc* OR nanod* OR nanoe* OR nanof* OR nanog* OR nanoh* OR nanoi 
OR nanoj* OR nanok* OR nanol* OR nanon* OR nanoo* OR nanop* OR nanoq* OR nanor* OR 
nanot* OR nanou* OR nanov* OR nanow* OR nanox* OR nanoy* OR nano z* OR nano 
atom* force microscop* 
tunnel* microscop* 
scanning probe microscop* 
scanning force microscop* 
semiconductor quantum dot 
silicon quantum dot 
quantum dot array 
coulomb blockade 
self-organized growth 
Drug carriers 
positional assembly 
modified virus 
molecular templates 
supramolecular chemistry 
(drug delivery OR drug targeting OR gene therapy OR gene delivery) AND (polymer OR particles OR 
encapsulation OR conjugate) 
Immobilized AND (DNA OR template OR primer OR oligonucleotide OR polynucleotide) 
Polymer AND (protein OR antibody OR enzyme OR DNA OR RNA OR polynucleotide OR virus) 
Surface modification AND (self assembling OR molecular layers OR multilayer OR layer-by-layer) 
Self assembling AND (biocompatibility OR bloodcompatibility OR blood compatibility OR cellseeding 
OR cell seeding OR cell therapy OR tissue repair OR extracellular matrix OR tissue engineering OR 
biosensors OR immunosensor OR biochip OR nano-particles OR cell adhesion) 
Site-specific AND (gene therapy OR drug delivery OR gene delivery) 
Encapsulation AND virus 
(Patterns OR patterning) AND (organized assemblies OR biocompatibility OR bloodcompatibility OR 
blood compatibility OR cellseeding OR cell seeding OR cell therapy OR tissue repair OR extracellular 
matrix OR tissue engineering OR biosensors OR immunosensor OR biochip OR cell adhesion) 
Single molecule 
molecular motor 
molecular beacon 
biosensor 

 N  ., Mapping Excellence in Science and Technology across Europe, 2003
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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 oen
determined by users or the actors in the domain in question.
Sometimes it has to be adjusted according to the actual needs.

The scope of the study decides
whether documents in the red or
the purple circle are used for the
bibliometric analysis.
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Bibliometrics-aided retrieval

The background
• The objectives of subject delineation in the framework of domain

studies essentially differ from the goals of traditional information
retrieval.

• In addition, bibliometrics allows including also ‘metric’ components
in the search strategy.

• Thresholds of the strength of citation, bibliographic-coupling or
textual links can be used to fine-tune the metric component.

Bibliometrics-aided retrieval is a combination of traditional search
strategies with advanced bibliometrics methods.
 Z  B, IPM, 2006
 G  ., STI Conference, 2006
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Bibliometrics-aided retrieval

Precision and Recall

Two measures are defined to estimate the performance of a retrieval
algorithm.

• Precision refers to the fraction of relevant documents in the
retrieved set. It reflects the absence of type I errors (false positives).
The precision can readily be calculated.

• Recall refers to the fraction of retrieved relevant documents in
respect to the total number of relevant documents in the database.
It reflects the absences of type II errors ( false negatives). It is rather
difficult to estimate the recall as the total number of relevant
documents is usually unknown.
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Bibliometrics-aided retrieval

Bibliometrics-aided retrieval

The aim of applying bibliometric techniques to IR is to develop retrieval
strategies with high scores on both precision and recall, since otherwise
increasing precision oen results in a lower recall.

☞ Depending on the goal of the retrieval exercise, the importance can
be shied between these measures.
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Bibliometrics-aided retrieval

How to combine Information Retrieval and bibliometrics?

data source 

bibliometrics 

information retrieval 

high precision/low recall seed 
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Bibliometrics-aided retrieval
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Bibliometrics-aided retrieval

When Bibliometrics meets Information Retrieval …

A method of enhancing subject delineation without inflating lexical
queries by defining huge sequences of logical term/phrase combinations
was proposed almost simultaneously by Z and B (2006)
and G  . (2004, 2006).

The method “combines a high-precision and low-recall seed, obtained by
journal and lexical queries, and a citation-based extension enhancing the
recall”.
 L  ., Scientometrics, 2010

G  . called the seed core set.
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Bibliometrics-aided retrieval

When Bibliometrics meets Information Retrieval …

The first step comprises so-called unconditional criteria: (UC1, . . . ,UCk)
with k ≥ 0.
The resulting core set contains the seed documents.

In a second step this set is extended by potentially relevant documents.
This includes so-called conditional criteria {CC1, . . . ,CCm, . . . ,CCm+n}
with m, n > 0 or m = n = 0. Assume that we have at least one
conditional criterion and another conditional or unconditional criterion.

The bibliometric retrieval (BR) strategy can then be defined as the
following logical combination

BR = (UC1 ∨ . . . ∨ UCk) ∨ ((CC1 ∨ . . . ∨ CCm) ∧ (CCm+1 ∨ . . . ∨ CCm+n)).
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Bibliometrics-aided retrieval

Example: Stem cells (e.g., G  ., 2004)

UC1: Journal in WoS = STEM CELLS

UC2: Address word = STEM CELL*

UC3: Keywords = (STEM CELL* OR STEM (ES) CELL* OR PROGENITOR* CELL* OR
HEMATOPOI* CELL*)

CC1: 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 source1 = UC1 OR UC2 OR UC3

The search strategy: BR := (UC1 ∨ UC2 ∨ UC3) ∨ ((CC1 ∨ CC2) ∧ CC3)

1 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.

G, Subject delineation, Yerevan 2014 31/43



Bibliometrics-aided retrieval

Example: Bioinformatics (e.g., G  ., 2006, 2009)

UC1: 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

CC1: Keywords in title = BIOINFORMATICS, COMPUTATIONAL BIOLOG*, SYSTEMS
BIOLOGY

CC2: Related records of UC1

CC3: Cited or citing source1 of UC1

The search strategy: BR := (UC1 ∨ UC2) ∨ (CC1 ∧ (CC2 ∨ CC3))

1 Different rules for citations (both directions) can be defined.
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Bibliometrics-aided retrieval

The core set (UC1 – le) and of all retrieved Bioinformatics papers (BR – right)
with Kamada-Kawai layout (G  ., 2006)

Data source: Thomson Reuters Web of Knowledge
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Bibliographic coupling

Bibliographic coupling as a measure of relatedness

• Instead of direct citations (one or both directions) bibliographic
coupling can be used in bibliometrics-aided retrieval.

• This option is provided in the online versions of Thomson Reuters’
Web of Science and Elsevier’s Scopus database.

• Proper thresholds are needed to fine-tune the “distance” of
potentially relevant documents from the “seed” (“core set”).
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Bibliographic coupling

Bibliographic coupling as a measure of relatedness

• The notion of bibliographic coupling has been introduced by F
(1956) and K (1963).

• According to this notion, documents are related if they share a
considerable part of their reference lists.

• Salton’s (cosine) measure as an indicator of the strength of
relatedness:

rij =
pij√pi ·pj

,

where pij is the number of joint references and pi(pj) the number of
all references of the two documents i and j, respectively.

☞ The set-based Jaccard Index Jij =
pij

pi+pj−pij
can be used as an

alternative measure.
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Bibliometrics-aided retrieval

Related records in the Web of Science database

Source: Thomson Reuters Web of Knowledge
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Bibliometrics-aided retrieval

Related records in the Web of Science database

Source: Thomson Reuters Web of Knowledge
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New research lines

In order to facilitate the retrieval, especially within rather small areas, BR
can be extended by using hybrid similarities where bibliographic
coupling is combined with lexical similarity.

Instead of the combination of citation links or “related records” (based on
bibliographic coupling), similarities based on hybrid textual-citation
methods can be applied to some of the conditional criteria. This might
help avoid too many steps in the logical BR algorithm.

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

G, Subject delineation, Yerevan 2014 38/43



Core documents in bibliometrics-aided retrieval

Core documents for topic representation and retrieval

The notion of a “core” of literature goes back to co-citation analysis.
 S, JASIS, 1973.

Definition:
Core documents are defined as papers, which have at least n links of at
least a given strength r according to a given similarity measure.

 G  C, Scientometrics, 1996
 G  T, Scientometrics, 2012

Core documents can directly be used for document retrieval, namely to
identify further relevant documents by following their strong and
medium-strong links.
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Cluster representation for dynamic analysis

Visualisation of the link environment of a ‘core document’
(according to G  T, 2012)

Data source: Thomson Reuters Web of Knowledge
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 Conclusions 

The fields of applications of the described methods are manifold.
Below we give some examples.

• Bibliometrics-aided retrieval is a powerful tool to develop and adjust search
strategy at any level of aggregation. It improves even the delineation of
complex and interdisciplinary fields and topics.

• Metrics can be used for fine-tuning search strategies and to stop retrieval at
any level.

• Bibliometrics-aided retrieval can thus be applied in dynamic analysis and if
the scope of the subject is changed.

• Core documents represent the most interlinked papers in a set. Following
their strong and weaker links might help retrieve relevant information
without formulating search queries.

• Adjustable hybrid (text/citation-based) techniques allow bibliometrics-aided
retrieval even in fields where citations do not play an important role.
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