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Indicators in a research Institute ought to be readable at several decision levels, and 
particularly with different break-downs of the publication set chosen as reference. Citation 
transactions between journals have been widely used to structure scientific subfields in ISI 
databases. We tried a seed-free stmcturation of SCI/CMCI journals (a) to test convergence of 
pure citation-built specialties (roughly 150) on SCI/CMCI journals with existing classifications at 
the subfield level Co) to explore the interest and the limits of this approach for upper levels of 
aggregation (roughly 30 fields). A few limits ofjoumal-level classification are addressed. At the 
subfield level, the convergence is large with some discrepancies worth noticing. At the 
subdiscipline level, the method is not sufficient to achieve a satisfactory 30-level delineation, but 
gives a good basis for informed expert validation. 

Introduction 

T h e  p r e sen t  w o r k  has  b e e n  e l abora t ed  as a par t  o f  a j o i n t  I N R A / O S T  pro jec t  a i m i n g  

at the  d e s i g n  o f  sc ience  ou tpu t  ind ica tors  for  I N R A ,  the  F r e n c h  N a t i o n a l  Ins t i tu te  o f  

A g r o n o m i c  Resea rch ,  one  o f  the  w o r l d  la rges t  pub l i c  r e sea rch  o rgan i sa t i ons  in  the  

a g r o n o m i c  sector .  A c a d e m i c  o u t p u t  r ep resen t s  on ly  one  d i m e n s i o n  o f  its act ivi ty.  

H o w e v e r  it is an  i m p o r t a n t  one  and  I N R A  was  to b e  p o s i t i o n e d  in in t e rna t iona l  

sc ience .*  As  c i ta t ion  s tudies  w e r e  foreseen ,  w e  u sed  at first  ISI  sou rces  SCI and  C M C I  

(soc ia l  sc i ences  h a v e  b e e n  exc luded ,  b e c a u s e  o f  the  va r ious  s h o r t c o m i n g s  o f  SSCI) .  

*INRA missions include academic "finalised" research, decision support and expertise, innovation and 
technology transfer, diffusion of knowledge, scientific training etc. To prevent misuses of indicators in term 
of "productivity", one should not forget the variety of ouputs in an Applied Research Institute. Besides, the 
representativity of SCI/CMCI for INRA academic activity is another key point: an estimation of "what is 
left out" requires a combination of expert adviees and scientometric characterisations. 
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For comparisons in national or intemational perspectives we chose to use a 
"universal" grid, likely to add some information to "in-house" knowledge. The 
breakdown into broad academic disciplines (such as the 8-level pattern* used by OST 
for macro-indicators) is little controversial. In our case a more precise and operational 
view was looked for: methodology of  indicators had to be adapted to users at various 
decision levels. A classical granulometry, with ca. 150 subfields and a reaggregation 
into ca. 30 fields or "subdisciplines", seemed a reasonable target. A first attempt to 
aggregate existing ISI subject categories** was disappointing. To avoid black-box 
effects or biases induced by a-priori settings we tried a full "seed-free" reconstruction 
on the whole SCI-CMCI set, as INRA activities integrate many subfields. We started 
from the journal level and used inter-journal citation transactions, so that the 
aggregation process could be explicit and controlled. At the end of the process, the 

compatibility with ISI classification was addressed. 
In this paper, advantages and limits of  the protocol are discussed. Section I outlines 

the general context, section II describes the clustering method, section III shows 
examples of  results and discussion. Acronyms of institutions are detailed in an 

appendix. 

Context 

Science is often viewed as a self-organizing system submitted to various 
ilTeversibilities and chaotic changes. In practical contexts such as the building of 
indicators, classification of science is a recurrent question. 1 Broad academic disciplines 
are still a common grid suitable for macro-studies but at a high degree of  generality. At 
lower levels, no detailed science classification is commonly accepted. Academic 
research, governments, intemational institutions or private macro-indicator producers 
elaborate their own classifications. Disciplinary nomenclatures exist in specialised 
databases (Chemical Abstracts, Inspec, Compendex, etc.), usually at the document 

*Fundamental Biology, Medical Research, Applied Biology-Ecology, Chemistry, Physics, Earth and Space 
Sciences, Engineering, Mathematics; Multidisciplinary; the general pattern goes back to CHI research work 
for NSF with further adaptations. 24 The breakdown of SCI-CMCI into sub-areas, a seemingly purely 
technical issue, has obvious political implications in an evaluation or decision-support context : a high 
performance of  an actor on a field A can be completely obscured when aggregating A and another field B; 
more generally, different grid designs may depict an actor's activity as speoialised or diversified. In both 
examples, the image of  the actor may be deeply modified. 
**Bibliometric aggregation through inter-categories citations amplified some delineation problems observed 
at the subfield level: ISI classification uses ~ a combination of  journal-journal citation patterns, keyword 
analysis and user feedback )) (Katz 5 quoting Henri Small, ISI Philadelphia). 
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level. These databases are well known by individual researchers and allow further 
enriched treatments in specific fields. 2 But harmonisation problems are severe if the 
activity spectrum is broad (in the extreme whole science). Another option is to rely on 
informetric studies of  science networks in multidisciplinary databases such as ISI-SCI. 
The purpose of  informetricians, far from the positivist criteria ~ la Auguste Comte, is 
rather to obtain detailed and temporary frameworks, reflecting scientists' "collective" 
view of  science. Some trade-off between the minimal stability needed for longitudinal 
indicators and the proteiform and chaotic nature of scientific advances is unavoidable. 

Classification of  SCI for indicators 

The most usual current classifications applied to SCI are based on journals lists 
aggregates, using some mix of informetric analysis (citation between journals) and 
other approaches, with expert validation. The best known basic systems are Subject 
Category Classes defined by ISI (currently 170-level), and CHI-NSF pattern (roughly 
120-level). Some of the CHI subfields and ISI subject categories are close to each other 
and often bear the same name. However the way these classifications keep pace with 
the changing structure of science strongly differs. CHI works on a constant journal set: 
short-term comparativity is favoured for science indicators, the drift over years being 
managed by deep long-interval updates (the last one being on 1993 data). ISI manages 
an annual turn-over, with poor short-term comparativity for derived indicators but 
natural adaptation in the long run. The way the two systems take care of  large-spectrum 
journals also differs: both patterns include a multidisciplinary subfield, and lower level 
disciplinary classes (general biology, etc.); but in addition subject category classes 
allow overlaps, while new CHI classification does not (ISI also developed other 
classifications, such as Current Contents non-overlapping classes). 

Either patterns (ISI/CHI) have been used as starting points by indicators producers 
or S&T observatories in various countries, sometimes with particular aggregations at 
the discipline level: for example FHG-ISI, that proposed an intermediary 27-level 3 
inspired from ISSRU works after CHI/NSF classification. Another disciplinary setting, 
based on subject category classes, has been proposed by SRI. 4 The SPRU team, starting 
from a discussion of the Australian Standard Research Classification (ASRC), 
reaggregated ISI subject categories into a hierarchical system taking ISI 
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multiassignments of  journals into account, with 3 superdisciplines* - natural sciences, 
life sciences, applied sciences - and their overlaps, inter-field and multi-disciplinary. 5 
In the Australian Research Evaluation and Policy Project, Bourke and Butler 6 combined 
this pattern with the basic structure o f  the ASRC. Lately ISSRU 7 proposed an 
improvement  of  ISI's classification with an assigment o f  individual documents in 
multidisciplinary and general journals.** 

Many methods have been used by informetricians to structure scientific activity. 
They differ in several respects (a) basic data (document, journal) (b) starting point: 
databases classification and co-classification, co-activity of  institutions, citation 
transactions... (c) statistical methods used to reveal the underlying structures. 

Citation based methods 

Journals remain the main substrate for macro-level classifications. Moreover  such 
nomenclatures are easy to use in practical contexts. Citation-based structuration 
methods root in the skew distribution of  citations patterns and the sparsity o f  citation 
matrices. As for documents, citation exchanges between journals are likely to reflect 
hierarchies, levels o f  application, thematic proximities. Since the pioneering work of  
CHI Research on journal-to-journal links 8 and clustering, 9 citation transactions have 

been widely used to position journals in journal networks 1~ or group them by a variety 
of  methods (for a review see Ref. 11), f rom "quasi-correspondence" analysis12 to graph 
approach for small sets like the clique detection by Burton. 13 Leydersdorf f  and 
Cozzens 14 particularly investigated continuous methods, based on iterative factor 
analysis for uncovering latent structures and the dynamics of  the system, for example 
through the resistance o f  new journals to previous classification patterns. 

However  the strong power of  inter-journal citations is not without limits. First, 
though the aggregation at the journal level has a smoothing effect, usual warnings about 
citation uses apply by and large to inter-journal transactions. The cognitive and 
sociological nature of  citation networks (for recent surveys see Luukkonen 15 and the 

topical issue of  Scientometrics, September 1998) must be taken into account. In 
practice, the multicriteria synthesis offered by citation linkages is often disconcerting 
for users (researchers, policy makers etc.), who are unfamiliar with scientometrics and 

*A former SPRU work 25 proposed a research classification in 7 disciplines for exact sciences (including 
multidisciplinary and psychology) and 3 for social sciences and humanities. The 7 exact sciences were 
splitted into about 35 titles and more than 250 illustrative specialties. At high level, all physical sciences 
were grouped, geosciences were part of environmental sciences and all life sciences were together. 
**ISI regularly realises a similar process, but limited to Nature, Science, PNAS, and with Current Contents 
classification codes. 
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accustomed to one-dimension typologies (for instance, when one defines a medical 
specialty after the biological system, or the pathology, or the method). 

Then, classification and scale problems are closely related. Several authors have 
stressed scale-invariance phenomena in science networks, attributing it to self- 
organization mechanisms. The scale-invariance problems in science mapping are 
intricate because statistical metric options are largely arbitrary. Van R a a n  16 stressed, in 
its study of "fractal dimension" of ISI co-citation fronts, that it may be difficult to 
disentangle artefacts and results, when a classification algorithm is involved. 

Last but not least, possible artefacts have to be dealt with: 
- g e n e r a l  j o u r n a l s :  exceptions can be found but a majority of journals exhibits a 

very skewed and consistant topic distribution and easily respond to small-grain 
classification. General journals should be excluded from the core of the 
classification process for two related reasons: they create massive spurious 
linkages jeopardizing fine-grain classes, and they somewhat artificially favour 
high-level disciplinary groupings. But, with the exception of well-known 
"multidisciplinary journals", it may not be easy to determine which journal 
should be considered as "general" at its disciplinary level. A kindred problem 
sometimes appears with journals dealing with pervasive techniques (in genetics 
or biotechnology for instance), linked to many applications. We chose to discard 
general journals in biology and medicine mainly after their qualification in ISI 
classification; a similar treatment could not be operated for physical science, with 
some consequences on the results (see below). The discriminating power of 
citation linkages obviously depends on the field, according to the importance and 
treatment of general journals. 

- c lass i f i ca t ion  ar te facts:  the outcomes of classifications are highly dependent on 
the initial metric first, then on the aggregation method (partition(. hierarchical, 
hierarchical descending/ ascending, static/ dynamic algorithms etc.). A huge 
literature is devoted to classification in statistical sources 17 and many 
applications are reported in scientometrics and information retrieval. Some 
methods are biased towards particu.lar cluster characteristics (equal size or 
variance), others have adverse effects (chaining, excessive sensitivity, etc). In 
addition statistical significance of partitions is a controversial subject. 
Divergences between methods can be severe, and robustness is to be favoured. 
Interpretation must take technical choices into account (for instance, in average 
linkage, a close contact between specialties through a few journals is not enough 
to make those specialties close to each other). Some specific effects of ascending 
algorithms are particularly visible when approaching the root of the tree: the 
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concentration of  items in the major cluster(s) for uncorrected single linkage is a 
well-known example. The fluctuations of weak citation linkages, that may 
determine some unstable high-level arrangements, remain another source of  
concern at large scale. 

In spite of the drawbacks of  discontinuous methods stressed by Leydesdorffl 8 - 
some of  them can be coped with - hierarchical approaches remain appropriate on 
theoretical grounds (the embedded nature of science networks) and on practical ones (a 
multi-level framework for various levels of  decision). 

Clustering methodology 

Sources and protocol 

For this first study, the source of data for transactions is the Journal Citation Report 
(JCR) 1993. The classification process was carried out independently of previous 
nomenclatures, except for prior eliminations of  multidisciplinary journals (see below). 
We used the average of annual citations in the window 1990-93. This range is an 
acceptable trade-off for an all science approach, with a mix of short and medium term 
citation behavior. Impact figures used for preselection of journals are taken from OST 
on primary ISI sources (Integrated Citation File extract, ICF). For a journal, impact is 
calculated here on the most citable types of documents (articles, notes, reviews, letters) 
in the citation window. Taking into account the constraints of JCR of  longitudinal 
management of  journals, unification of journal names between JCR and ICF was 
necessary in many cases. 

The protocol comprises 3 steps (1) the selection of a highly-cited subset of  SCI- 
CMCI journals (2) the building of an appropriate similarity matrix of  these "core" 
journals and its hierarchical clustering into roughly 150 specialties (3) the re- 
assignment of all joumals to these categories. Technicalities of stages 2 and 3 resemble 
much those developed for document-cocitation by Zitt and Bassecoulard. 19 

1)Preselection of  core cited journals. 'a "seed-free" process, based on locally 
normalized impact. We started from the citation matrix of the Journal Citation Report 
1993. It is useful to classify only higher impact journals to lower the noise level. 
However, as the citation behaviour varies among fields, 2~ a direct selection on absolute 
impacts would lead to a distortion in favour of highly cited fields. On the other hand 
using a preexisting classification (e.g. ISI subject categories) to normalize impacts 
would bias final classes towards this pattern. Fortunately JCR data provide internal 
means of  normalisation: a journal impact can be normalised "locally", i.e., after the 
average impact of its neighbours. Neighbours have been detected by a similarity index 
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(see below) and up to 30 neighbours have been used for normalisation. Roughly 2,000 
journals with higher locally normalised impacts have been selected. They capture a 
very large part of all citation transactions. The above process provides a seed-free 
selection for the clustering. The only exception is the compulsory elimination of 
multidisciplinary and general journals from the first stage of  classification. We used 
existing lists of multidisciplinary journals (mainly ISI) and created three 
multidisciplinary blocks: general, general biology, general medicine. General journals 
may be reassigned in a second stage, using their preferential linkages. 

2) Similarity matrix andfirst classification of the core. Various approaches may be 
defined to explore the intellectual framework revealed by the citation linkages. For 
instance, the distance (or dissimilarity) between journals may be assessed according to 
their direct transactions. Such simple direct measures have been used for example by 
Pudovkin 21 on aquatic biology journals. An altemative to direct transaction analysis 
would be to work one step further, on citation patterns of  A and B (cited and/or citing) 
to assess their proximity. The rationale is somewhat kindred either to co-citation or 
bibliographic coupling, with journal as macro-documents. This approach is powerful 
and may be used as a natural starting point for factoral analyses, with some difficulties 
for the treatment of joumal self-citations appearing on the diagonal.* However, the 
distinct advantage of  giving high similarity to items that do not communicate directly 
but are equivalent in the network, is less decisive when a classification follows up: in 
most cases these "quasi-synonyms" will be clustered together, without adding a risk of 
spurious synonymies and uneasy interpretations. For this reason only direct transactions 
have been used in this experiment. 

Since we are looking for field identification rather than impact/influence 
stratification, a symmetrical view is adopted, taking into account both flows A->B 
(noted AB) and B->A (noted BA) for the proximity of journals A and B. Citations and 
references are restricted to classified journals: A e represent the total of references of A 
to joumals within the core, A r the total of  citations received by A from the core. It is 
pretty natural in this context to use similarities index. Since a two-way relationship is 
involved, symmetrical indexes are used with a normalisation by the total inter-journal 
transactions of both A and B (self-citations excluded). Symmetrical indexes take their 
maximum value in case of  exclusive linkage of  A and B for their extemal citations. 

Ochiai form: OCH(AB) = AB / sqrt(AE*BR) 
Symmetrical index: SYMOCH(AB) = sqrt(OCH(AB) * OCH(BA) ) 

Jaccard form: JAC(AB)= AB / (A E + B R -  AB) 
Symmetrical index: SYMJAC(AB) = (1/2)*(JAC(AB) + JAC(BA) ) 

*Several options have been proposed, for instance by Price 26, Noma 27 or Tijssen 12. 
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An ascending hierarchical classification was carried out on the symmetrical Ochiai 
index. The hierarchical process provides a consistant representation in a wide range of 
scale, even though partition at particular cutting levels may not be optimum. For 
clustering, we chose group average algorithm rather than extreme algorithms of single or 
complete linkage. Average linkage is generally considered as a low-risk method,* but 
it is slightly biased towards spherical equal-variance clusters. An example of comparison 
between average proximities and more local measures is given in Section III. 

To delineate specialties, the hierarchical tree was cut off  at a local optimum of  
stability, with a modal setting allowing peripherical items to join their next cluster. 
Central/peripherical position of  each journal in its cluster is characterised using the tree 
structure, so that items can be ranked after their relevancy within a cluster. 

3) Final multi-assignment of citing journals. The rationale of  this second stage is 
twofold. It allows: 

- the assignment of journals outside the core (i.e., the low impact journals) not 
classified in the first round, which are assigned to the cluster(s) with which they 
exchange most. 

- the multi-assignment for all journals (core and not-core) as the mono-assignment 
carried out by most hierarchical algorithms** may appear as impoverishing. 

Technically, symmetrical Ochiai and Jaccard indexes were used for this second 
stage. Jaccard index does not penalise unidirectional flows; it is useful to retrieve 
peripherical or recent journals that give many references to the core but do not receive 
much citations from it. Up to 3 assignments were allowed at the 150 subfields level. 

The process minimizes some of the shortcomings of  discontinuous approaches 
(classification): chain effects, non-overlapping assignment, sensitivity to thresholds, 
multidisciplinary problem. The two first ones are addressed by appropriate protocols. 
Threshold problems are of a very different nature: cut-off thresholds in the 
classification tree may be modulated to be robust and optimised. A perhaps more 
decisive option concerns the selection of core versus complementary items (journals), 
but it is not typical of discontinuous approaches. The treatment of multidisciplinary 
journals, the convergence between methods, are more fundamental ones - a n d  it is 
dubious that any journal-based approach can be fully satisfactory from this point of  
view. 

*See Zitt and Bassecoulard 19 in a bibliometric co-citationist context. Both single linkage and maximum 
linkage have shortcomings: chain effects in the first case, zero-transaction management in the second. A 
good alternative could be density clustering. 
**With exceptions of"pyramidal" classifications. Several non-hierarchical algorithms allow overlaps. 

330  Scientometrics 44 (1999) 



E. BASSECOULARD, M. ZITT: MULTI-LEVEL CLASSIFICATION OF JOURNALS 

Cluster documentation 

An important additional problem that occurs when trying to make a constructive 
discussion with scientists-experts is the wording of these specialties. Cluster titles were 
automatically built after journal titles and submitted to experts. In some cases their 
terminology slightly differed from the automatic one and titles have been modified (e.g. 
biotechnology replaced by bioprocesses). 

Table 1 gives an extract of cluster information in our classification. Core journals 
assigned to the cluster in the first stage are ranked after their position in the hierarchical 
tree, taking into account the level of aggregation and the subcluster size (Journal rank); 
the first two journals in the list are linked at the lowest level of the aggregation process 
for the cluster. In this type of  ranking, the order relation between core-items is 
preserved throughout the aggregation process. 

For each journal three other characteristic are recorded: 
- possible multi-assignments (Cluster Rank); for instance 1.3 means that the 

journal is assigned in three specialties, and the present is the most relevant. 
- contribution to the core (Primary Core); equals 1 for core journals clustered in 

the first stage and assigned first to the cluster, -1 for core journals assigned first 
to another specialty, 0 for non-core journals. 

- sub-structures (Sub-Cluster); subclasses inside the cluster are numbered 1, 2, 3, 
etc. according to their size (number of  journals). This shows what happens at a 
lower cut off level (roughly 300-level), and hence gives an idea of the 
homogeneity of cluster. 

Let us give a few examples. Food Science is a small specialty of  50 journals, 33 
exclusively belonging to it. The cluster clearly has 3 sub-classes: (1) General Food 
science, (2) Cereal and Carbohydrates and (3) Milk and Dairy. 4 of  the first 25 core 
journals (assigned to Food Science in the first clustering stage) received a second 
assignment in the second stage: Meat Science was assigned to Animal Science, the 
Glycoconjugate Journal and the International Journal of Biological Macromolecules to 
Biochemistry/Molecular Biology, the Journal of Carbohydrate Chemistry to Chemistry. 
Conversely other core journals have been assigned first to other specialties, for instance 
Animal Science for the Journal of Dairy Science, Lipids for the Journal of The 
American Oil Chemists Society. Non-core journals are characterised in the same way. 
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Table 1 
Extracts of clustering results for the specialty food science 

Journal Journal title Cluster Primary Sub 
Rank Rank Core Cluster 

1 Journal of  Food Science 
2 Meat Science 
3 Food Technology 
4 Journal o f  the Science of  Food and Agriculture 
5 Food Chemistry 
6 Journal of  Agricultural and Food Chemistry 
7 Zeitschriftfuer Lebensmittel-Untersuchung und -Forschung 
8 Critical Reviews in Food Science and Nutrition 
9 Cereal Chemistry 

10 Journal of  Cereal Science 
1 ~ Starch-Staerke 
12 Milchwissenschaft-Milk Science International 
13 Journal of  Dairy Research 
14 International Journal o f  Food Science and Technology 
15 Lait 
16 Carbohydrate Polymers 
17 Food Hydrocolloids 
18 Carbohydrate Research 
19 Journal o f  Carbohydrate Chemistry 
20 International Journal o f  Biological Macromolecules 
21 Netherlands Milk and Dairy Journal 
22 Glycoconjugate Journal 
23 Journal of  Texture Studies 
24 Food Structure 
25 American Journal o f  Enology and Viticulture 
26 Journal o f  Dairy Science 
27 Cereal Foods World 
28 Journal o f  Food Engineering 
29 Journal of  the American Oil Chemists Society 
30 Food Science and Technology-Lebensmittel-Wissenscha~ 

und Technologie 
31 Australian Journal o f  Dairy Technology 
32 Nahrung-Food 
33 Journal o f  the Institute of  Brewing 
34 Trends In Food Science and Technology 
35 Food Research International 
36 Journal of  Food Biochemistry 
37 Food Reviews International 
38 Deutsche Lebensmittel-Rundschau 
39 Journal of  the Society o f  Dairy Technology 
40 Journal of  Aoac International 
41 Acs Symposium Series 
42 Bioscience Biotechnology and Biochemistry 
43 Archiv fuer Lebensmittel Hygiene 
44 Bioorganicheskaya Khimiya 
45 Agricultural and Biological Chemistry 
46 Ecology o f  Food and Nutrition 
47 Swedish Journal o f  Agricultural Research 
48 Agribiological Research-Zeitschrift fuer Agrarbiologie 

Agrikulturchemie Oekologie 

1.1 1 1 
1.2 1 1 
1.1 1 1 
1.1 1 1 
1.1 1 1 
1.1 1 1 
1.1 1 1 
1.1 1 1 
1.1 1 2 
1.I 1 2 
1.1 1 2 
1.1 1 3 
1.I 1 3 
1.1 1 I 
1.1 1 3 
1.1 1 2 
1.1 1 2 
1.1 1 2 
1.2 1 2 
1.2 1 2 
1.1 1 3 
1.2 1 2 
1.1 1 3 
1.1 1 3 
1.1 1 1 
2.2 -1 3 
1.1 0 2 
1.1 0 1 
2.2 -1 1 

1.1 0 1 
1.1 0 3 
1.1 0 1 
1.1 0 2 
1.1 0 1 
1.1 0 1 
1.1 0 1 
1.1 0 1 
1.1 0 1 
1.1 0 3 
2.2 0 1 
2.3 0 1 
1.3 0 1 
2.3 0 1 
3.3 -1 2 
2.3 0 1 
3.3 0 1 
2.3 0 1 

3.3 0 1 
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Journals at the end of the list are generally more peripherical: the specialty Food 
Science appears as the second or third assignment for most of them. The last two 
journals have been discarded because of  their very poor citation transactions. 

Results and discussion 

In this section, we will discuss the outcomes of the classification at two levels: 141 
specialties, with 17 very small residual clusters, and 32 subdisciplines, shown on the 
general map of  Fig. 1. A convergence analysis with two other classifications, ISI 
subject categories and CHI subfields, is sketched. 

Specialty level 

Comparison with existing patterns is based on our "raw" original classification 
(IBIS), without any expert reclassification. As the problem is not to discuss the overall 
coverage but the classification patterns of the bases, we only consider the journal set 
common to the 3 bases and specialties with more than 6 journals in each classification. 
For each IBIS specialty, a "corresponding" specialty is looked for in CHI and ISI 
subfields, i.e., the one with the maximum number of common journals. Mutual 
inclusion index (Ochiai) and best unilateral inclusion with ISI, respectively CHI, and 
corresponding IBIS specialties are computed. Table 2 shows examples of the 
convergence analysis of the three classifications (CHI/ISI/IBIS) on 1993 data. 

In Table 2, the code "+++" indicates excellent ratios >85%, "++" good >75%, "+" 
fairly good >65%. > and < signs show the direction of inclusion. For example CHI and 
ISI "Astronomy-Astrophysics" are included in the corresponding IBIS specialty, which 
is only sligthly larger. Blank indicates lower ratios, with different choices of 
delineation, e.g. for IBIS and ISI "Microbiology". A strong "best inclusion" whith a 
low "mutual inclusion", indicates different choices in cutting level: for instance IBIS 
"Parasitology & Tropical Medicine" aggregates the two separate corresponding 
CHI/ISI subfields. Conversely, IBIS "Soil Science & Agronomy" is only a part of CHI 
large "Agriculture & Food Science" category. Generally, CHI specialties tend to be 
smaller despite their lower number, because of the unique assignment of journals. 
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At the specialty level, in many cases the process naturally retrieves groupings of 
journals kindred to ISI or CHI ones: it seems natural since they both involve some kind 
of journal citation analysis. A striking result is that by and large, the three patterns 
agree. Roughly one hundred IBIS specialties out of  the 124 specialties of  reasonable 
size have at least a fairly good overlap with ISI or CHI subfields. A very high level of 
convergence was expected and obtained in dense and strongly identified subfields such 
as "Astronomy-Astrophysics", "Statistics-Probability", many medical specialties 
(especially "Gerontology", "Ophtalmology", "Rheumatology", "Odontology"), 
" V e t e r i n a r y  m e d i c i n e  , " " . . . .  P o l y m e r  etc. Many other subfieds show a good convergence. 

T a b l e  2 

Examples  o f  convergence  analysis  with ISI and CHI nomenclatures  at the subfield level  

Specia l t ies  wi th  a h igh  I N R A  act iv i ty  

I B I S  

'<' i f  CHI<IBIS 

C H I 1 9 9 3  I S I 1 9 9 3  

mutual best '<' i f ISI<IBIS mutual best 

Analytical chemistry 

Animal Science/Dairy 

Bioprocesses 

Food science 
Microbiology 

Nutrition & Dietetics 
Parasitology/Trop Medicin 

Parasitology/Trop Medicin 

Soil science/Agronomy 

Plant physiology 

Animal Path/Vet. Medicine 
Virology 

O t h e r  specialt ies  

I B I S  

Analytical chemistry< 

Microbiology< 

Nutrition & Dietetics < 

Parasitology < 

Tropical Medicine < 

Agric & Food Science > 

Botany> 

Veterinary Medicine < 
Virology < 

C H I  1993 

'<' i f  CHI<IBIS 

+ +++ 

+ 
++ 

++ 

+++ 

++ 

+++ 

++ 

+ 

+++ +++ 

+ +++ 

Chemistry, analytical ++ 

Agriculture, dairy&animal < + + 

Biotech/Applied microbio < + -H-+ 

Food science&technology < ++ ++ 

Microbiology> 

Nutrition & Dietetics < + + 

Parasitology < +++ 

Tropical Medicine < +++ 

Agriculture < +++ 

Botany < + 

Horticulture +++ 

Veterinary Medicine > ++ +++ 

Virology < ++ +++ 

IS I  1993 

mutual best '<' i f  ISI<IBIS mutual best 

Astronomy-Astrophysics 

Gerontology 

Hematology 

Polymer Rheology 

Stats/Proba/Biometries 

Astronomy-Astrophysics < +++  +++ 

Geriatrics< +++ +++ 

Hematology < ++ +++ 

Polymers< ++ +++ 

Probabilities & Statistics < ++ +++ 

Astronomy-Astrophysics < +++ +++ 

Geriatrics & Gerontology +++ +++ 

Hematology < ++ +++ 

Polymer Science < + +++ 

Statistics & Probability +++ +++ 

A few of our citation-built specialties do not retrieve conventional groupings. In some 
cases, the delineations do not follow the traditional borders. For instance, "Pharmacology" is 
clearly distinct f/om "Pharmacy" and attracted by neurosciences. The way citation analysis 
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operates clearly appears in limit cases: the specialty "Russian physics" is an artefacts from the 
thematic point of view,* but stresses the low internationalization of russian journals 
dominating these clusters. The social dimension of citations also separates "Apidology" from 
'Entomology, as the institutional and historical networks are not identical. In the 

subdiscipline "Food Science and Nutrition" (ALNU, see below), lipidists are set apart from 
other food scientists because they are more concerned by nutrition and metabolism and seem 
to build a different scientific community. Another striking point is that citation analysis, even 
built on symmetrical indexes, sometimes reconstructs vertical channels, such as for the block 
optics/photonics/signal which aggregated applied physics journals and engineering journals. 

But the main problem is the unability to split a few large sets even with an 
algorithm that does not favour exceedingly skew cluster size distribution. Citations 
between journals - at least with our methodology - cannot split a few big specialties: 

- the dense core of  chemistry (except analytical chemistry and materials). 
- two major subfields emerge in physics, each one hardly splittable; moreover they 

share generalist journals. 
- the same is true for pure biology with two major subfields "Biochemistry & 

Molecular Biology", "Cellular Biology-Molecular Genetics". 
The classification tree shows a very high stability for all these big sets: trying to cut 

at a smaller scale would ripe off  small satellites out of  the core ("artichoke" model), 
instead of  breaking it down into balanced subsets. This may be interpreted in two ways: 
either these subfields are very dense and hardly decomposable, either the limits of  a 
method based on journal transactions are reached, probably because of the weight of  
generalist journals in these areas. 

Higher levels o f  aggregation: subdisciplines 

Now let us have a look at the relationship between specialties. The threshold maps 
of  Fig. 2 give a landscape of the areas of  science where INRA is the most active. Both 
maps start from the same specialties built as mentioned by average linkage algorithm. 
Map 2A displays the original inter-specialty similarities after symmetrical Ochiai 
indexes. These indexes are multiplicative: if  say "Food Science" refers to "Analytical 
Chemistry" literature but "Analytical Chemistry" journals never refer to "Food 
Science", the link between both specialaties is zero. To draw attention on some connec- 
tions between classification method and interpretation, a variant is shown on Map 2B. 

*Leydesdorffand Cozzens 14 mentioned a similar phenomenon p. 152. 
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The basic design of specialties is unchanged but we show a semi-local inter-specialty 
linkage, calculated after the average distance between the mutual 10 closest neighbour 
journals for each couple of  specialties. Thresholds have been set to obtain the same 
number of  links for the whole SCI/CMCI as on Map 2A. On both maps, for legibility, 
weak linkages are represented only within subdisciplines borders (subdisciplines 
defined in the final stage, see below). Other linkages are represented in all cases, except 
those to subdisciplines not shown on the map. 

Both views implicitly carry interpretation of what mapping should reflect. The first 
one 2A, built on pure average linkage, masks local linkages, especially for big 
specialties. The second map 2B probably seems more realistic, because local 
connections appear: big specialties gain some links (e.g. the major subfields in 
molecular biology, biochemistry, genetics) whereas small specialties are more isolated 
(e.g. lipids). However, Map 2B implicitly suggests that sharing a common issue is 
sufficient to get close, which is not necessarily a good argument to build subdisciplines, 
especially for tranversal subfields like "Microbiology", locally linked to many different 
specialties. 

Let us go back to the global landscape of  Fig. 1. Strong linkages and networks are 
consistent with traditional groupings, for instance: 

- neurosciences (NEUR): neurosciences/neuropathology as a global set is 
retrieved; it appears as a constellation of specialties with fairly strong linkages. 
Trying to split it e.g. between a more fundamental subfield (centered on 
neurosciences) and an applied subfield (centered on psychiatry/behavior) is a 
difficult task if using citation criterion only. 

- applied biology. Four large sets emerge: environment/ecology (ECOL), plant 
science (PSCI), animal science (ASCI) and food science & nutrition (ALNU); 
experts advice is necessary to precise boundaries/overlaps, especially for the first 
two. 

- other dense expected groups include the couple biochemistry/molecular biology 
and cellular biology (BIOG), the microbiology network (MIIN), the 
neurosciences network (NEUR) and the geosciences network (GEOS); less 
specific of INRA activity: mathematics, statistics-econometrics (MATH), 
information/computer sciences (INFO), toxicology and public health (HEAL). 

More generally, from the three "new disciplines" often evoked (neurosciences, 
ecology/environment, material sciences), the last one does not really emerge as a dense 
area, at least for 1993 JCR. This frontier area between physics, chemistry and 
engineering sciences still appears splitted between somewhat disconnected sets 
(materials/ceramics, polymers, composites). 
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Some subfields are fairly isolated from the citational point of  view, especially 
medical specialties; any grouping of  these is more or less arbitrary. But some different 
situations appear. As mentioned above, citations often stress basic-applied 
relationships, e.g. immunology and rheumatology; or the relation between an organic 
system and its dominant pathology, e.g. oncology attracting urology (rather than 
conventional intra-system association urology/nephrology) and, at a lesser degree, 
hematology; shared issues also link well-identified specialties (say osteoporose for 
osteology and endocrinology or histocompatibility for nephronology and immunology). 
Such bridges should not be considered as constraints to build subdisciplines: it is up to 
the experts/users to consider whether partaking in a common problem is sufficient to 
aggregate specialties. 

To conclude this point: 
- in most cases citation linkages are efficient to build consistent specialties, but, as 

far as our protocol is concerned, they fail to split (or split in a questionable way) 
the hard cores in chemistry, physics, and pure biology. While many other fields 
would easily be broken down, these large scale-resistant specialties determine the 
skewness in field size distribution, and this in a wide range of  cutting levels 
corresponding to "specialties" or "sub-specialties" design. 

- citation linkages are very helpful but not sufficient to delineate subdisciplines. In 
many cases they show specialties groupings which are good candidates, but other 
criteria, possibly conveyed by experts, should be mobilised as well as 
classifications based on factor analysis. 22 

F i n a l  structure 

We have carried out the study starting from citation linkages and expert-advice. The 
final list of subdisciplines is given in Table 3. 

For the sake of  longitudinal studies, we have assigned in a second stage ISI 
subfields to subdisciplines they were closer to. Journals of both IBIS and ISI categories 
build the final subdiscipline. An example of assignment is given in Table 4 for some 
subdisciplines. In the first three cases, Science & Nutrition (ALNU), Animal Science & 
Pathology (ASCI)and Chemical Engineering, Polymers & Colloids (GCPO), IBIS 
classification is more detailed than ISI nomenclature. The opposite is true for some 
other subdisciplines such as Optics, Signal & Electronics (OPEL), an example of high 
aggregation in IBIS classification and of  course for Physics and Chemistry. 
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Table 3 
List of  subdisciplines 

Subdisciplines with significant INRA activity 

Short Content 
name 

Short 
name 

Other subdisciplines 

Content 

ALNU Food Science & Nutrition ASTR 
ASCI Animal Science/Animal Pathology BING 
BIOG Biochemistry/M01ecular&Cellular Biology&Genetics CANC 
CHAN Analytical Chemistry CHME 
CHIM Chemistry GCPO 
ECOL Ecology/Ecosystems/Ecotoxicology/Environment GMED 
ENDO Endocrinology/Reproduction GMFE 
GBIO General Biology HEAL 
GENO Genetics/Evolution 1NFO 
GEOS Earth&Atmosphere MATH 
IMMU Immunology MATL 
INTE Gastroenterolo gy/Cardiology/Pneumolngy/Surgery MSPE 
MIIN Microbiology/Virology/Infections/Bioprocesses OPEL 
MULT Multidisciplinary PHCH 
NEUR Neurosciences/Neuropathology PHY1 
PSCI Plant Physiology/Plant Protection/Agronomy PHY2 

Astronomy-Astrophysics 
Biomedical Engineering 
Ontology 
Medical Chemistry/Pharmacy 
Chemical Engineering/Polymers/Colloids 
General Medicine 
Mechanical Engineering/Fluids/Energy 
Public Health/Epidemiology/Life cycle/Toxicology 
Computer & Information 
Mathematics/Statistics 
Materials/Metals/Cristallography 
Medical Specialties, Miscellaneous 
Optics/Photon/Signal/Electronics 
Physicochemistry/Spectroscopy/Spectrography 
General, Mathematical, Nuclear Physics 
Applied Physics/Solid State/Cristallography 

Table 4 
Examples of  final subdisciplines 

Subdiscipline IBIS specialties ISl subfields 

ALNU Food Science Food Science & Technology 
Lipids Nutrition & Dietetics 
Nutrition 

ASCI 

GCPO 

Animal Pathology/Veterinary Medicine 
Animal Science 
Fish Pathology/Protozoology 
Poultry Science 
Laboratory Animals 

Chemical Engineering 
Colloids 
Polymers/Rheology 
Textiles 
Wood/Paper 

Agriculture, Dairy & Animal Science 
Veterinary Medicine 

Engineering, chemical 
Materials Science, Paper & Wood 
Materials Science, Textiles 
Polymer Science 

3 4 2  Scientometrics 44 (1999) 



E. BASSECOULARD, M. ZITT: MULTI-LEVEL CLASSIFICATION OF JOURNALS 

Conclusion 

To position a research institute in ISI databases, we tried a seed-free hierarchical 
structuration of SCI/CMCI journals based on direct journal citation-transaction. At the 
subfield level, results show a large convergence with classifications based partly or 
solely on citations. In some cases the seed-free construction gives more accurate 
pictures than usual nomenclatures. The problem of generalist journals remains the 
principal limitation of the process, especially in disciplines where they create non- 
splittable aggregates. The alternative are the document-level process mentioned below, 
or the extra treatment of"problematic journals". 7 For subdiscipline delineations, journal 
transactions are helpful but, in this range of  weaker linkages, the citation links cannot 
be compelling for subdiscipline delineation. Let us notice that citationnist logics, even 
moderated by symmetrical indexes, tend to emphasize vertical cormexions between 
background and applications in some cases. Expert advices are required. Another limit 
of  the process is the changing structure of  science networks: some temporal adaptations 
are possible, but the classification process should be repeated on recent data. 

However, this classification on SCI/CMCI journals proved to be operational for our 
preoccupations. It is not a mere catalogue: the underlying structure is easily 
understandable and zooms are possible. Borders and close or large neighbourhoods can 
be visualised and studied. Besides, it provides an external but appropriable view of 
science fields, particularly useful when investigating new developments. 

Of  course, classification at the journal level cannot be more than a surrogate of  
direct document assignment. 6 Whether the quality of this surrogate may decline over 
time depends on the proportion of mutlidisciplinarity in journals among other factors. 
On the other hand, document-level classification at very large scale is possible, either 
through federation of  nomenclatures or bibliometric classifications. More powerful 
computers promise that sophisticated means, very efficient for small-size studies, may 
be generalised for new-generation classification based on co-words, or improved co- 
citation analyses. 19,23 An alternate way is to exploit complementarities between 
databases, often used in monitoring science studies after a proper unification. 2 High- 
quality assignments of  some specialised databases at the document level, may be 
combined to achieve a fine-grain classification. Such processes, far more ambitious but 
costly, are explored by indicators producers. But journal classification remains a handy 
and efficient solution in many applications at macro or meso level. 
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Appendix 

CHI 
FHG-ISI 
INRA 
ISI 
ISSRU 
NSF 
OST 
SPRU 
SRI 

Acronyms of institutions 

CHI Research Inc, USA 
Fraunhofer Gesellschaft-ISI, Germany 
Institut National de la Recherche Agronomique, France 
Institute for Scientific Information, USA 
Information Science & Scientometrics Research Unit, Hungary 
National Science Foundation, USA 
Observatoire des Sciences et des Techniques, France 
Science Policy Research Unit, Great Britain 
Formerly Stanford Research Institute, USA 
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