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The aggregated journal-journal citation matrix—based on
the Journal Citation Reports (JCR) of the Science Citation
Index—can be decomposed by indexers or algorithmi-
cally. In this study,we test the results of two recently avail-
able algorithms for the decomposition of large matrices
against two content-based classifications of journals: the
ISI Subject Categories and the field/subfield classifica-
tion of Glänzel and Schubert (2003). The content-based
schemes allow for the attribution of more than a single
category to a journal, whereas the algorithms maxi-
mize the ratio of within-category citations over between-
category citations in the aggregated category-category
citation matrix. By adding categories, indexers gener-
ate between-category citations, which may enrich the
database, for example, in the case of inter-disciplinary
developments. Algorithmic decompositions, on the other
hand, are more heavily skewed towards a relatively small
number of categories, while this is deliberately counter-
acted upon in the case of content-based classifications.
Because of the indexer effects, science policy studies
and the sociology of science should be careful when
using content-based classifications, which are made for
bibliographic disclosure, and not for the purpose of ana-
lyzing latent structures in scientific communications.
Despite the large differences among them, the four clas-
sification schemes enable us to generate surprisingly
similar maps of science at the global level. Erroneous
classifications are cancelled as noise at the aggregate
level, but may disturb the evaluation locally.

Introduction

The algorithmic decomposition of matrices of the size of
the aggregated citation matrix among journals contained in
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the J ournal C itation R eports (J C R ; 7,611 journals in 20 0 6)
had hitherto remained a prob lem b ecause of computational
limitations, for example, in S P S S (L ey desdorff, 20 0 6). In
the summer of 20 0 8, how ev er, V incent B londel and his col-
leagues pub lished a new algorithm for the decomposition of
large netw ork s at arXiv (B londel, G uillaume, L amb iotte, &
L efeb v re, 20 0 8). This algorithm w as q uick ly adopted in a
follow -up study b y W allace, G ingras, and D uhon (20 0 8) for
the study of research communities in terms of citation net-
w ork s. O thers follow ed, as the algorithm w as made pub licly
av ailab le at http://fi ndcommunities.googlepages.com (e.g.,
L amb iotte & P anzarasa, in press). A nother algorithm for the
same purpose w as recently made av ailab le b y M artin R osv all
at http://w w w .tp.umu.se/∼rosv all/code.html. R osv all dev el-
oped this program in the framew ork of a study (w ith C arol
B ergstrom) of the aggregated journal-journal citation matrix
using 6,128 journals included in the J C R of 20 0 4 (R osv all &
B ergstrom, 20 0 8).
A t that time, w e (L ey desdorff & R afols, 20 0 9) w ere deeply

inv olv ed in testing the IS I S ub ject C ategories of these same
journals in terms of their disciplinary organization. U sing the
J C R of the S cience C itation Index (S C I ) , w e found 14 major
components using 172 sub ject categories, and 6,164 journals
in 20 0 6. G iv en our analy tical ob jectiv es and the w ell- k now n
differences in citation b ehav iour w ithin the social sciences
(B ensman, 20 0 8), w e decided to set aside the study of the
(220 − 175= ) 45 sub ject categories in the social sciences
for a future study .1 O ur fi ndings using the S C I indicated that
the IS I S ub ject C ategories can b e used for statistical mapping
purposes at the glob al lev el despite b eing imprecise in terms
of the detailed attrib ution of journals to the categories.

1Three (of the 175) sub ject categories in the S C I are no longer activ ely
used for the indexing.
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M ight it b e that the tw o new ly av ailab le algorithms w ould
prov ide us w ith a more reliab le classifi cation of the journals?
R osv all and B ergstrom (20 0 8), for example, claimed to fi nd
88 components using the same data for 20 0 4. W hat effect
w ould B londel et al.’s (20 0 8) new unfolding algorithm hav e
on the J C R data? In this study , w e compare the results of
these tw o algorithms w ith the full set of 220 S ub ject C ate-
gories of the IS I . In addition to these three decompositions,
a fourth classifi cation sy stem of journals w as proposed b y
G lä nzel and S chub ert (20 0 3) and increasingly used for ev al-
uation purposes b y the S teungroep O nderw ijs and O nderzoek
Indicatoren (S O O I ) in L euv en, B elgium. These authors orig-
inally proposed 12 fi elds and 60 sub fi elds for the S C I , and
three fi elds and sev en sub fi elds for the S ocial S cience C ita-
tion Index and the A rts and H umanities C itation Index. L ater,
one more sub fi eld entitled “ multidisciplinary sciences” w as
added.
W olfgang G lä nzel v ery k indly prov ided us w ith a copy of

this classifi cation of journals for the purpose of this research
(G lä nzel, personal communication, O ctob er 11, 20 0 8). B ased
on our replication of R osv all and B ergstrom’s analy sis using
20 0 6 data and on our collab oration w ith R enaud L amb iotte—
one of the authors of B londel et al. (20 0 8)— , w e are ab le to
compare b elow the four classifi cation schemes using the same
dataset of the comb ined J C R s for the S ocial S cience C itation
Index and the S C I 20 0 6.

The Importance of Journal Classifications

G arfi eld’s (1971) “ law of concentration” can b e consid-
ered as a corollary of B radford’s (1934) “ law of scattering.”
W hereas B radford’s law formulated that “ articles of inter-
est to a specialist must occur not only in the periodicals
specialising in his sub ject” (cited in G arfi eld, 1971, p. 1),
G arfi eld stated that the tails of journals’ citation distrib u-
tions can b e expected to encompass the cores of other sets
(G arfi eld, 1972). Thus, b ecause research topics are, on the
one hand, thinly spread outside the core group and, on the
other hand, the core groups are interw ov en, one cannot
expect that the aggregated journal-journal citation matrix
matches one-to-one w ith sub stantiv e defi nitions of categories
or that it can b e decomposed in a single and uniq ue w ay in
relation to scientifi c specialties. The choice of an appropriate
journal set can b e considered as a local optimization prob lem
(L ey desdorff, 20 0 6).
C itation relations among journals are dense in discipline-

specifi c clusters and are otherw ise v ery sparse, to the extent of
b eing v irtually non-existent (L ey desdorff & C ozzens, 20 0 3).2

A lthough not completely decomposab le, the matrix can b e
considered as heav ily structured and nearly decomposab le.
The grandmatrix of aggregated journal-journal citations is so
heav ily structured that the mappings and analy ses in terms of

2In 20 0 6, the datab ase contained only 1,315,143 of the 57,927,321
(= 76112) possib le relations b etw een tw o journals, or in other w ords a
density of 2.27% .

citation distrib utions hav e b een amazingly rob ust despite dif-
ferences inmethodologies (e.g., L ey desdorff, 1987 and 20 0 7;
Tijssen, de L eeuw , & v an R aan, 1987; B oy ack , K lav ans, &
B ö rner, 20 0 5; M oy a-A negó n et al., 20 0 7; K lav ans & B oy ack ,
20 0 9).
A decomposab le matrix is a sq uare matrix such that a

rearrangement of row s and columns leav es a set of sq uare
sub -matrices on the principal diagonal and zeros ev ery w here
else. In the case of a nearly decomposab le matrix, some zeros
are replaced b y relativ ely small nonzero numb ers (S imon &
A ndo, 1961; A ndo & F isher, 1963). N ear-decomposab ility is
a general property of complex and ev olv ing sy stems (S imon,
1973 and 20 0 2). The next-order units represented b y the
sq uare sub -matrices— and representing in this case disci-
plines or specialties— are reproduced in relativ ely stab le
sets (of journals) that may change ov er time. The sets of
journals are functional sub sy stems that show a high den-
sity in terms of relations w ithin the center (that is, core
journals), b ut are more open to change in relations at the
margins. The organization among the sub sy stems can also
change.
The decomposition into nearly decomposab le matrices

has no analy tical solution. H ow ev er, algorithms can prov ide
heuristic decompositions w hen there is no single uniq ue cor-
rect answ er. N ew man (20 0 6a, 20 0 6b ) proposed using m o d u -
larity for the decomposition of nearly decomposab lematrices
since modularity can b e maximized as an ob jectiv e func-
tion. B londel et al. (20 0 8) used this function for relocating
units iterativ ely in neighb ouring clusters. E ach decomposi-
tion can then b e considered in terms of w hether it increases
the modularity . A nalogously , R osv all, and B ergstrom (20 0 8)
maximized the prob ab ilistic entropy b etw een clusters b y
estimating the fraction of time during w hich ev ery node
is v isited in a random w alk (cf. Theil, 1972; L ey desdorff,
1991).

M ethods and Data

The data w ere harv ested from the C D - R om v ersion of
the J C R of the S C I and S ocial S cience C itation Index 20 0 6,
and then comb ined. In 20 0 6, the J C R for the S C I contained
6,164 journals, and the S ocial S cience C itation Index 1,768
journals. W e corrected for the ov erlap of 321 journals that
are contained in b oth datab ases. The resulting set of 7,611
journals and their citation relations otherw ise precisely cor-
responds to the online v ersion of the J C R s. This large data
matrix of 7,611 times 7,611 citing and cited journals w as
stored conv eniently as a P ajek (.net) fi le and used for further
processing.
The 7,611 journals are attrib uted b y the IS I w ith 11,856

sub ject classifi ers. This is 1.56 (±0 .76) classifi ers per jour-
nal. The IS I staff assign the 220 IS I S ub ject C ategories on
the b asis of a numb er of criteria including the journal’s
title and its citation patterns (M cV eigh, personal commu-
nication, M arch 9, 20 0 6; B ensman & L ey desdorff, 20 0 9).
P udov k in and G arfi eld (20 0 2) state that the IS I assigns
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journals to categories b y “ sub jectiv e, heuristic methods”
(p. 1113):

. . .This method is “ heuristic” in that the categories hav e b een
dev eloped b y manual methods started ov er 40 y ears ago.
O nce the categories w ere estab lished, new journals w ere
assigned one at a time. E ach decision w as b ased upon a
v isual examination of all relev ant citation data. A s categories
grew , sub div isions w ere estab lished. A mong other tools used
to mak e indiv idual journal assignments, the H ay ne-C oulson
algorithm is used. The algorithm has nev er b een pub lished. It
treats any designated group of journals as one macrojournal
and produces a comb ined printout of cited and citing journal
data. (P udov k in and G arfi eld, 20 0 2, at p. 1113n.)3

A ccording to the ev aluation of P udov k in and G arfi eld
(20 0 2), in many fi elds these categories are suffi cient, b ut the
authors added that “ in many areas of research these ‘classi-
fi cations’ are crude and do not permit the user to q uick ly
learn w hich journals are most closely related” (p. 1113).
B oy ack et al. (20 0 5) estimated that the attrib ution is correct
in approximately 50 % of cases across the fi le (B oy ack , per-
sonal communication, S eptemb er 14, 20 0 8). L ey desdorff and
R afols (20 0 9) found that the IS I S ub ject C ategories can b e
used for statistical purposes— the factor analy sis for example
can remov e the noise— b ut not for the detailed ev aluation. In
the case of interdisciplinary fi elds, prob lems of imprecise or
potentially erroneous classifi cations can b e expected.
F or the purpose of dev eloping a new classifi cation scheme

of scientifi c journals contained in the S C Is, G lä nzel and
S chub ert (20 0 3) used three successiv e steps for their attri-
b ution. The authors iterativ ely distinguished sets c o g n itive ly
on the b asis of expert judgements, p rag m atic ally to retain
multiple assignments w ithin reasonab le limits, and s c ie n to -

m e tric ally using unamb iguous core journals for the classi-
fi cation. The scheme of 15 fi elds and 68 sub fi elds is used
extensiv ely for research ev aluations b y the S teunpunt O nder-
w ijs and O nderzoek Indicatoren (S O O I ) , a research unit at the
C atholic U niv ersity in L euv en, B elgium, headed b y G lä nzel.
The S O O I categories cov er 8,985 journals. U sing the full

titles of the journals, 7,485 could b e matched w ith the 7,611
journals under study in the J C R data for 20 0 6 (w hich is
98.3% ) . These journals are attrib uted 10 ,840 classifi ers at
the sub fi eld lev el. This is 1.45 (±0 .66) categories per jour-
nal. O ne category (“ P hilosophy and R eligion” ) is missing
b ecause the A rts & H umanities C itation Index is not included
in our data. Thus, w e pursued the analy sis w ith the 67 S O O I
categories.
L ik e the IS I S ub ject C ategories, the S O O I categories are

k ept the same ov er time to mak e longitudinal comparisons
possib le. In other w ords, one can also consider the classifi ca-
tion b y G lä nzel and S chub ert (20 0 3) as an update of the old
(1974) IS I classifi cation. N either classifi cation, how ev er, can
b e reproduced b y an outsider. F urthermore, they are not b ased

3P udov k in and F useler (1995, p. 228) further specifi ed the H ay ne-
C oulson algorithmas follow s: “ The numb er of citations each journal receiv es
from different specialty core journals is ob tained annually b y a computer
routine (H ay ne-C oulson) that is used to create the J C R datab ase.”

on “ literary w arrant” lik e the classifi cation of the L ib rary of
C ongress (C han, 1999). The L C has a policy of continuous
rev ision to tak e current literary w arrant into account, so that
new areas are dev eloped and ob solete elements are remov ed
or rev ised (L ey desdorff & B ensman, 20 0 6, p. 1473). The
IS I or S O O I categories, how ev er, are changed in terms of
respectiv e cov erage b ut cannot themselv es b e rev ised from
the perspectiv e of hindsight (L ey desdorff, 20 0 2).
U nlik e the content-b ased classifi cations, the tw o algo-

rithms under study prov ide uniq ue assignments of journals
to groups. U sing R osv all and B ergstrom’s (20 0 8) algorithm
w ith 20 0 6 data, w e ob tained fi ndings similar to those of these
authors on A ugust 11, 20 0 8. L ik e the original authors using
6,128 journals in 20 0 4, w e found 88 clusters using 7,611
journals in 20 0 6. W e used this attrib ution for the purposes of
further analy sis.4 L amb iotte, one of the coauthors of B londel
et al. (20 0 8), w as so k ind as to input the data into the unfolding
algorithm and found the follow ing results: 114 communities
w ith amodularity v alue of 0 .52770 8 and14 communities w ith
a modularity v alue of 0 .60 345. W e use the 114 communities
for the purposes of this comparison. These categories refer
to 7,60 7 (= 7611− 4) journals b ecause four of the journals
in the fi le w ere isolates.5

Results

To understand the differences and similarities among the
four classifi cations inv estigated, w e proceed w ith the fol-
low ing analy ses. F irst, the statistical properties of each of
the decompositions are inv estigated. S econd, w e look at the
degree of agreement b etw een the decompositions. Third,
the v isual maps of science ob tained using the div erse clas-
sifi cations are compared. In the conclusions and discussion
sections, w e discuss the main differences b etw een the four
classifi cation schemes and the implications for information
retriev al and the sociology of science.

S tatis tic al P ro p e rtie s o f th e D e c o m p o s itio n s

L et us b egin b y prov iding the descriptiv e statistics of
the different classifi cations used in this study . The num-
b er of categories in each decomposition is of the same order
of magnitude of hundred— w ith a range from 67 (S O O I ) to
220 (I S I ) as the extremes— and, therefore, one can expect
that the results w ill b e roughly comparab le. The numb er of
journals per category is log-normally distrib uted in each of
the four classifi cations. In other w ords, they all hav e a rel-
ativ ely small numb er of categories w ith a large numb er of
journals and many categories w ith only a few journals. H ow -
ev er, as show n in F igure 1, the classifi cations b ased on the
random w alk and unfolding algorithms aremore sk ew ed than
the content-b ased classifi cations.

4In response to our exchange, R osv all uploaded an improv ed algorithm
on A ugust 13, 20 0 8, w hich prov ides different numb ers of clusters depend-
ing on a random seed numb er. This algorithm is no longer deterministic.

5These four journals are M e r- M arin e E n g in e e rs R e vie w , M an in I n d ia,
N u rs in g H is to ry R e vie w , and R u s s ian P o litic s an d L aw .
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F I G . 1. N umb er of journals in each category rank ed according to size. The horizontal axis is normalized so that the category w ith the highest numb er of
journals appears in 0 and the one w ith the low est v alue in 1.

TA B L E 1. S tatistical properties of the numb er of journals per category and the w ithin/b etw een category citations for each decomposition.

7,611 journals IS I S O O I R andom w alk U nfolding

N umb er of categories 220 67 88 114
J ournals/categories
M ean 53 161 86 66
M edian 42 141 28 26
S tandard dev iation 43 113 151 118

C itations w ithin/b etw een categories
W ithin category citations 13,286,544 14,194,0 33 15,458,430 13,630 ,264
B etw een category citations 41,163,842 33,0 13,188 7,412,325 9,240 ,491
G rand-sum of citation matrix 54,450 ,386 47,20 7,221 22,870 ,755 22,870 ,755
W ithin/b etw een categories ratio 3.10 2.33 0 .48 0 .68

W hereas the top-10 categories on the b asis of a random
w alk comprise 57% of the journals (50 % for unfolding), they
cov er only 15% in the IS I decomposition and 31% for the
S O O I classifi cation. In the case of sk ew ed distrib utions,
the characteristic numb er of journals per category can b est
b e expressed b y the median: the median is b elow 30 in the
random w alk or unfolding classifi cations, compared w ith
42 journals for the IS I classifi cation and 141 for the S O O I
classifi cation (Tab le 1).
A nother w ay to analy ze the ov erlaps among categories for

a giv en decomposition is to compare the numb er of aggre-
gated citations b etw een categories (off-diagonal) w ith the
citations w ithin categories (on the diagonal). A s presented in
the last row s of Tab le 1, the total numb ers of citations in the
aggregated matrices b ased on the IS I or S O O I classifi cations
are much higher b ecause the same citation can b e attrib uted
to tw o or three categories. Thus, w hereas random w alk and

unfolding lead to matrices w ith most citations w ithin cate-
gories (on the diagonal), matrices b ased on IS I and S O O I
classifi cations lead to matrices w ith most citations b etw een
categories (off-diagonal).
F inally , to measure how similar the categories in the four

decompositions are to each other, w e computed the cosine
similarities in the citation patterns b etw een each pair of citing
categories in the four aggregated category -category matrices
(S alton & M cG ill, 1983; A hlgren, J arnev ing, & R ousseau,
20 0 3). These cosine similarities prov ide an indicator b etw een
zero and one of the degree to w hich tw o categories in a
decomposition cov er the same set of journals. F or example, in
the IS I decomposition, the new N anoscience and N anotech-
nology categories hav e a similarity of cosine= 0 .0 0 3 w ith
W omen’s S tudies (hence, they are completely distinct) , b ut
a cosine= 0 .50 similarity w ith E lectrochemistry (suggest-
ing important ov erlap), and a cosine= 0 .96 w ith M aterials
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F I G . 2. D istrib ution density of cosine similarities b etw een categories. I S I and S O O I ’s similarity v alues are much higher than those of a random w alk or the
unfolding algorithm.

TA B L E 2. S tatistical properties of the cosine similarities b etw een categories and the w ithin/b etw een category citations for each decomposition.

C osine similarity b etw een categories IS I S O O I R andom w alk U nfolding

N umb er of categories 220 67 88 114
M ean 0 .0 76 0 .136 0 .0 44 0 .0 33
M edian 0 .0 20 0 .0 66 0 .0 0 9 0 .0 0 7
S tandard dev iation 0 .129 0 .165 0 .0 77 0 .0 65

S cience, Interdisciplinary . This high v alue raises the q ues-
tion of w hether these tw o categories, as defi ned b y the IS I ,
should b e distinguished from each other.
The statistical analy ses of the cosine similarities are pre-

sented in Tab le 2. F igure 2 show s the density distrib ution
of the similarities b etw een categories, i.e., the proportion of
similarities that fall w ithin a certain v alue b in (e.g., in the
case of unfolding, the proportion of similarities b etw een 0 .3
and 0 .4 is 0 .0 1, or 1% of the similarities). W e fi nd again that
all the distrib utions are highly sk ew ed and that the random
w alk and unfolding algorithms exhib it a much low er median
similarity v alue among categories. The low er medians indi-
cate that the algorithmic decompositions produce a much
“ cleaner” cut b etw een categories than the content-b ased clas-
sifi cations. A s show n in F igure 2, the proportion of similarity
v alues ab ov e 0 .5 is b elow 0 .0 1 (or 1% ) in the algorithmic
decompositions (0 .6% in random w alk and 0 .4% in unfold-
ing), w hereas it is 10 times higher using the content-b ased
classifi cations (3.9% for IS I and 9.3% in S O O I ) .
In conclusion, the analy sis of the statistical properties of

the different classifi cations teaches us that the random w alk
and the unfolding algorithms produce much more sk ew ed
distrib utions in terms of the numb er of journals per category ,
b ut these constructs are more specifi c than the content-b ased

classifi cation of the IS I and S O O I . The content-b ased sets are
less div ided b ecause the b oundaries among them are b lurred
b y the multiple assignments.

D e g re e o f A g re e m e n t B e tw e e n D iffe re n t D e c o m p o s itio n s

L et us now turn to the relations among the four decom-
positions. F irst, w e tested w hether the distrib utions are
independent. To this end, the four classifi cations w ere cross-
tab led, and the cross-tab les tested for the zero-hy pothesis
of mutual independence b y using chi-sq uare (w ith Y ule-
correction b ecause of the low expected v alues in many cells) .
This zero-hy pothesis w as rejected in all comparisons at the
lev el of p < 0 .0 0 1. W e w ere not surprised that the four
classifi cation schemes are correlated.
S econd, w e focused on the diagonal v alues in the cross-

tab les. The A ppendix prov ides an example of how the
cross-tab les are analy zed. If tw o classifi cation schemes hav e
a perfect match b etw een them— w hich cannot b e expected
b ecause of the different numb ers of categories— , then the
results of cross-tab ling w ould y ield a matrix w ith v alues that
can b e sorted on the main diagonal; all off-diagonal v alues
w ould then b e zero. Therefore, the proportion of journals on
the diagonal of the cross-tab les prov ides us w ith a measure
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TA B L E 3. P ercentage of journals in one decomposition b elonging to the matching category in another decomposition.

. . . in top matching category of this decomposition

% journals giv en this decomposition. . . I S I S O O I R andom w alk U nfolding

IS I – 98.2 66.2 60 .1
S O O I 58.4 – 51.5 47.0
R andom w alk 43.7 56.0 – 71.3

U nfolding 48.4 59.3 85.7 –

of the accuracy of the fi t b etw een matching categories from
different decompositions.
Tab le 3 show s the lev el of matching. F or example, giv en

the categorization b y the random w alk algorithm (third row ) ,
only 43.7% of the journals are located in the main match-
ing category of the IS I classifi cation (fi rst column). B ecause
journals in the classifi cation schemes of the IS I and S O O I are
assigned to more than a single category , these percentages
prov ide an ov er-estimation of the agreement b ecause a larger
chance of a match is generated b y the multiple assignments.
F urthermore, one can expect the agreement to b e higher w hen
categories from a fi ner decomposition are used as a predictor
for a coarser one.
F or example, w hen the 220 IS I S ub ject C ategories are

used as predictors for the 67 S O O I sub fi elds, the IS I - to-
S O O I matching is 98.2% , w hereas the S O O I - to-I S I matching
is only 58.0 % despite the fav orab le effect ofmultiple assigna-
tions in b oth schemes. W e w ere not surprised that the agree-
ment among diagonal elements is highest (71.3% and 85.7% ;
b old-faced in Tab le 3) w hen comparing the results of the
random w alk and the unfolding algorithm b ecause b oth of
these are b ased on the maximization of an ob jectiv e function.
Tab le 3 indicates that the concordance b etw een the dif-

ferent classifi cations is modest: In general, in the 40 % –60 %
range, w hich is in agreement w ith B oy ack ’s estimation of
50 % correct classifi cations for the IS I categories (B oy ack ,
personal communication, S eptemb er 14, 20 0 8). H ow ev er,
w hen w e expand the diagonal from the single most match-
ing category to the top-three matching categories, w e ob tain
agreements in the order of 70 % –85% , that is, a 15% –25%
increase in comparison to the fi gures in Tab le 3. F or exam-
ple, the IS I - to-random w alk agreement is, in this case, 80 .5% ,
I S I - to-unfolding is 84.3% , S O O I - to-random w alk is 78.4% ,
and S O O I - to-unfolding is 74.0 % .
In summary , although the correspondences among the

main categories are sometimes as low as 50 % of the journals,
most of themismatched journals appear to fall in areas w ithin
the close v icinity of the main categories. In other w ords, it
seems that the v arious decompositions are roughly consis-
tent b ut imprecise. W e b eliev e that this b road-range agree-
ment, in spite of local inaccuracies, explains the unexpected
similarities among the science maps that w e present b elow .

C o m p aris o n B e tw e e n S c ie n c e M ap s

M aps of science for each decomposition w ere gener-
ated from the aggregated category -category citation matrices

using the cosine as similarity measure. The similarity matri-
ces w ere v isualized w ith P ajek (B atagelj & M rv ar, 1998)
using K amada and K aw ai’s (1989) algorithm. The method is
k ept similar to that used in L ey desdorff and R afols (20 0 9).
The threshold v alue of similarity for edge v isualization is
pragmatically set at cosine> 0 .0 1 for the algorithmic decom-
positions and cosine> 0 .2 for the content-b ased decomposi-
tions to enhance the readab ility of the maps w ithout affecting
the representation of the structures in the data.
B ecause maps w ith many lab els are diffi cult to read,

the follow ing simplifi ed representations w ere prepared.
F or the IS I decomposition, the 220 categories (F igure 3) w ere
clustered into 18 macro-categories (F igure 4) ob tained from
the factor analy sis (cf. L ey desdorff and R afols, 20 0 9). The
map of the S O O I classifi cation w as constructed w ith all is 67
sub fi elds (F igure 5). Tak ing adv antage of the concentration
of journals in a few categories, in the case of random w alk
and unfolding only the top 30 and 35 categories w ere used,
respectiv ely . These top-segments comprise 85.9% and 81.4%
of all journals, respectiv ely .6 The lab els for the random w alk
and unfolding classifi cations w ere assigned on the b asis of
on an inspection of the journal titles in the category b ut as far
as possib le in accordance w ith the lab els of the IS I S ub ject
C ategories.7 B ecause b oth maps are extremely similar, only
the unfolding is show n (F igure 6).
E ach map show s the categories of each decomposition,

their relativ e position according to their main inter-relations,
and the size of each category (the area of a node/discipline
is proportional to its numb er of outb ound citations, that is,
“ total citing” ) . The ov erall structure of science ob tained is
astonishingly rob ust, giv en the major differences among the
four decompositions show n in Tab le 3. These results do not
solv e the prob lems of decomposition, b ut they support the
ob serv ation that 50 % correspondence in the classifi cation is
enough for ob taining similar maps (L ey desdorff and R afols,
20 0 9).
B ecause the similarities used to mak e these maps depend

on cross-category citations, a structural agreement in the

6The choice of 30 and 35 categories is arb itrary . B y using this segment,
w e capture most of the journals (>80 % ) , and y et the results remain readab le.

7In ab out 10 % of the cases, the IS I attrib utions suggested minor cor-
rections to the lab els. F or example, w e originally categorized the fi eld of
“ clinical neurology ” in the random w alk classifi cation as “ neurosciences”
after inspection of the titles of the journals inv olv ed, b ut then w e relab elled
it w ith the IS I S ub ject C ategory “ clinical N eurology ” after fi nding a 59%
correspondence.
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F I G . 3. S imilarity map among the 220 sub ject categories of the IS I ; cosine> 0 .2.

map w ould indicate concordance in the underly ing relations
among categories. In other w ords, the resemb lance among
these maps prov ides us w ith an assessment of the agreement
in the off-diagonal elements in the aggregated citation matri-
ces among categories. Indeed, the four maps correspond in
display ing tw omain poles: a v ery large pole in the b iomedical
sciences and a second pole in the phy sical sciences and engi-
neering. These tw o poles are connected v ia three b ridging
areas: chemistry , a geosciences-env ironment-ecology group,
and the computer sciences. The social sciences are somew hat
detached, link ed v ia the b ehav ioral sciences/neuroscience
to the b iomedical pole, and v ia the computer sciences and
mathematics to the phy sics/engineering pole.8 A lthough the
ob jectiv e of this study w as to inv estigate the differences
among decomposition, our fi ndings indicate an unexpected
rob ustness and conv ergence (“ consensus” ) among the result-
ing maps (M oy a-A negó n et al., 20 0 7; K lav ans & B oy ack ,
20 0 9).
A nother w ay to look at these maps is to use a circular

ordering of disciplines as a fi rst approximation. This per-
spectiv e w as recently proposed as ov erarching b y K lav ans
and B oy ack (20 0 9). The circle of disciplines ob tained in all

8B ecause w e use the J R C data, our data do not contain journals from the
A rts and H umanities C itation Index.

four representations is consistent w ith their circular C onsen-
sus M ap. M ov ing in the clock w ise direction in F igures 3
to 8, one can identify the follow ing categories: b iomed-
ical sciences, b iology and env ironment, geosciences and
chemistry , phy sics and engineering, mathematics and com-
puter sciences, social sciences, psy chology , neurosciences
and health serv ices, medical specialties and infectious dis-
eases, to b iomedical sciences again. N ote that the use of the
w ord “ and” ab ov e does not designate a joint category b ut
tw o distinct categories that occupy parallel positions in the
clock w ise reading of the maps.
W hy is the ov erall structure of these sciencemaps so rob ust

despite the large differences in the decompositions? A s noted
ab ov e, although categories of different decompositions do not
alw ay s match w ith one another, most “ misplaced” journals
are assigned into closely neighb ouring categories. Therefore,
the error in terms of categories is not large and is also unsy s-
tematic. The noise-to-signal ratio b ecomes much smaller
w hen aggregated ov er the relations among categories. In
summary , our results suggest that the rob ustness of the maps
is due to a “ pixelling effect” : O ne can decompose a pic-
ture into different rather coarse sub sets and y et k eep an
understanding of the original image if it is w atched (i.e., “ inte-
grated” ) at a distance. The ov erall q uality of a map at a high
lev el of aggregation does not inform us ab out the q uality of
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F I G . 4. S imilarity map among the 18 macro-categories on the b asis of factor analy sis of the 220 IS I sub ject categories; cosine> 0 .1.

the underly ing micro-relations other than statistically . The
“ consensus” among these maps can thus b e considered as an
effect of the aggregation.
A s a second important ob serv ation that can b e made on the

b asis of these maps, w e w ish to point to the differences in cat-
egory density b etw een the content-b ased and the algorithm-
b ased maps. In the case of the IS I and S O O I classifi cations
(F igures 3 and 5, respectiv ely ) , the three areas around
b iomedical sciences, chemistry , and phy sics/materials sci-
ences contain a v ery high density of categories. The cosine
similarity coeffi cients among these categories explain w hy :
In the b iomedical-science areas, the journals classifi ed b y
the IS I as b iochemistry and molecular b iology hav e v ery
high-similarity v alues w ith those in the b iophy sics (0 .97), cell
b iology (0 .95), and genetics and heredity (0 .81) categories.
In the S O O I classifi cation, the b iochemistry - b iophy sics-
molecular b iology category has a cosine of 0 .93 w ith cell
b iology and 0 .74 w ith genetics and dev elopmental b iology .
H ow ev er, in the random w alk and unfolding classifi cations,
all these categories are b rought together under a single large
b iomedical sciences category . The highest cosine similarity
v alues w ithin these tw o decompositions are only 0 .67 and
0 .58, respectiv ely .

This similarity among content-b ased categories is partic-
ularly relev ant for the assessment of “ interdisciplinarity ” or
more generally “ div ersity ” (M orillo, B ordons, & G ó mez,
20 0 3; S tirling, 20 0 7; P orter, C ohen, R oessner, & P erreault,
20 0 7; R afols & M ey er, 20 0 9). U sing the IS I or S O O I classi-
fi cations, a collection of papers pub lished in the b iosciences
could b e counted as interdisciplinary b ecause the set is
retriev ab le under a numb er of categories in the b iomedical
sciences (e.g., cell b iology , b iophy sics, and dev elopmen-
tal b iology ) .9 H ow ev er, if one tak es into account that these
categories hav e large ov erlaps among them, one reaches a
different conclusion: This same document set can rather b e
considered as monodisciplinary w ithin a single large disci-
plinary category as ob tained b y using classifi cations b ased
on a random w alk or the unfolding algorithm.
The example discussed ab ov e suggests that, to mitigate

the b iases introduced b y classifi cations on analy sis, classi-
fi cations should b e interpreted together w ith their similarity

9M ost common measures of interdisciplinarity are b ased on numb ers or
the b alancing of categories (e.g., V an R aan & V an L eew en, 20 0 2) or indica-
tors that sub sume b oth numb er and b alance (such as the S hannon entropy ,
e.g., G rupp, 1990 ; R afols & M ey er, 20 0 9).
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F I G . 5. S imilarity map among the 67 categories of the S O O I ; cosine> 0 .2.

F I G . 6. S imilarity map among the fi rst 35 categories of the decomposition b ased on the unfolding algorithm; cosine> 0 .0 2.
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matrix and size distrib ution (as discussed in Tab les 1 and 2).
A lthough classifi cations can differ sub stantially , the similar-
ity matrix and size distrib ution allow the user to contextualize
the extent to w hich categories hav e ov erlaps, fuzzy areas
or are v ery distinct. F or example, this information can then
b e used to assess interdisciplinarity tak ing into account the
degree of ov erlap b etw een categories (P orter et al., 20 0 7;
R afols & M ey er, 20 0 9).
In summary , w e w ere surprised to fi nd that the different

science maps are similar except that they differ in the density
of categories w ithin groups. The content-b ased classifi ca-
tions achiev e a more b alanced cov erage of the disciplines at
the expense of distinguishing categories that may b e highly
similar in terms of journals. These categories could hav e
b een collapsed w ithout losing analy tical q uality . W e appre-
ciate that the IS I S ub ject C ategories w ere primarily designed
for information retriev al and not for scientometric purposes.
H ow ev er, the S O O I categories, w hich w ere dev eloped for the
purpose of scientometric ev aluations, are ev en more densely
pack ed than the IS I S ub ject C ategories.

Summary of F indings

In this article, w e hav e analy zed the results of four differ-
ent decompositions of the aggregated journal-journal citation
matrix. The fi rst fi nding is that the algorithmic decomposi-
tions hav e v ery sk ew ed and clean-cut distrib utions, w ith large
clusters in a few scientifi c areas, w hereas indexers maintain
more ev en and ov erlapping distrib utions in the content-b ased
classifi cations. S econd, the different classifi cations show a
limited degree of agreement in terms of matching cate-
gories.10 In spite of this lack of agreement, how ev er, the
science maps ob tained are surprisingly similar; this rob ust-
ness is due to the fact that although categories do not match
precisely , their relativ e positions in the netw ork among the
other categories is b ased on distrib utions that match suf-
fi ciently to produce corresponding maps at the aggregated
lev el.
R egarding the fi rst fi nding, w e suggest that b ecause of the

specifi c shape of the citation distrib utions among journals—
w ith dense citation traffi c w ithin clusters and w eak citation
traffi c among them— the algorithmic decompositions can b e
highly successful in decomposing the IS I journal set using
maximization of an ob jectiv e function. O ne w ould expect
the results of the tw o algorithmic decompositions to b e v ery
similar b ecause of the common ideas b ehind them (N ew -
man, 20 0 6a and b ). B ecause of the log-normal shape of the
resulting distrib ution, the numb er of clusters distinguished
b y each algorithm can b e expected to determine the sk ew -
ness (F igure 1). In other w ords, the results can b e compared
w ith hierarchical clustering w hen one changes the cut-off
lev el: the low er the lev el, the more groups are distinguished,
and larger groups can b e expected to split up fi rst w hen
low ering the threshold lev el.

10 These results are in accordance w ith prev ious fi ndings comparing other
classifi cations, as illustrated in F igure 12 in L ey desdorff (20 0 6, p. 612).

O n the other hand, w e found that the differences b etw een
the tw o content-b ased classifi cations w ere marginal in statis-
tical terms.The largest categories in the IS I classifi cation sub -
sume 20 0 + journals, w hile the largest categories in the S O O I
classifi cation sub sume 40 0 + journals. These differences are
again an effect of the granularity of the classifi cation: the IS I
distinguishes 220 categories and the S O O I 67 sub fi elds.

Discussion

Tw o strategies are av ailab le to the content-b ased indexer
that cannot so easily b e left to the machine algorithm. F irst,
the indexer can b e expected to b e aw are that categories should
not b e unb alanced in terms of size. Thus, there w ill b e a ten-
dency to split up large categories if possib le, and to merge
extremely small ones.This human interv ention can b e consid-
ered as a legitimate indexer effect. A fter all, indexing aims
at facilitating the user to retriev e relev ant information, and
neither extremely large nor extremely small categories are
functional to this end.
S econd, the indexer can add cross-connections b etw een

categories, w hich cannot b e legitimated in terms of the nearly
decomposab le citation matrix. B oth the IS I and the S O O I
classifi cations mak e use of this option and, thus, gener-
ate off-diagonal elements. O ne should b e aw are that these
off-diagonal elements cannot b e legitimated b y the citation
patterns generated b y the scientists themselv es b ut are added
b y indexers.
O f course, indexers may consult indiv idual experts—

G lä nzel and S chub ert (20 0 3) iterativ ely inv olv e experts
in each round of generating the classifi cations— , b ut the
communities of experts themselv es neither produce nor
reproduce these externally identifi ed cross-connections. The
cross-connections may prov ide a help function to the user
of the datab ase b y assuming an external user’s perspectiv e
to the underly ing structures. B ecause these content-b ased
classifi cations are generated b y indexers, they no longer pro-
v ide a sy stematic representation of the dy namics of scientifi c
communication itself.
F or the purposes of more fi ner-grained ev aluations, the

indexer effects can b e expected to disturb maps at low er
lev els of aggregation and lead to deceptiv e interpretations,
for example, of interdisciplinarity . A t the aggregated lev el,
how ev er, the content-b ased categorizations can b e used for
the mapping b ecause these maps use information regard-
ing the relativ e proximity of categories. This suggests that
the prov iders of these categorizations could add informa-
tion regarding the size distrib ution of the categories and the
similarities among them (underly ing the mapping) to control
for the indexer effects (P orter et al., 20 0 7; R afols & M ey er,
20 0 9).
In our opinion, the sociology of science— and along w ith

it the policy analy sis of science— should remain as close as
possib le to the representations of science that are reproduced
in terms of aggregated citations b y the scientists themselv es,
rather than those that are b ased on a refl exiv e representation
of these data b y indexers (or b ib liometricians), w ho operate
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from different premises. H ow ev er puzzling the results of
the algorithmically generated classifi cations may b e, these
structures prov ide us w ith the e x p lan an d u m of a theory of
citations or a sociology of science. The reduction of uncer-
tainty in hierarchical classifi cations b y indexers cannot b e
tak en for granted b y the emerging “ science of science pol-
icy ” (M arb urger, 20 0 5; N ational S cience and Technology
C ouncil / O ffi ce of S cience and Technology P olicy , 20 0 8). In
other w ords, w e do not w ish to deny the pragmatic usefulness
of the content-b ased categories, b ut their v alidity .
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Appendix

E x am p le o f th e C ro s s - T ab le s B e tw e e n C las s ifi c atio n s

F or the purpose of illustrating the process of matching cat-
egories, Tab le A 1 show s the cross-tab le b etw een the sev en
largest categories in a random w alk v ersus the IS I S ub ject
C ategories. This tab le can b e used to identify those categories
that do not match b etw een classifi cations and that, therefore,
may b e of policy interest. The mismatches may b e indexer
effects or refl ect an interdisciplinary process. B y analy zing
the off-diagonal elements of the matrices, one can learn to
w hat extent the delineations are fuzzy and w hich categories
can b e considered as complementary disciplinary sources for
the fuzzy sets.

Theil, H . (1972). S tatistical decomposition analy sis. A msterdam/ L ondon:
N orth-H olland.

Tijssen, R ., de L eeuw , J ., & v an R aan, A .F .J . (1987). Q uasi-correspondence
analy sis on sq uare scientometric transaction matrices. S cientometrics 11,
347–361.

v an R aan, A .F .J ., & v an L eeuw en, T.N . (20 0 2). A ssessment of the scientifi c
b asis of interdisciplinary , applied research. A pplication of b ib liometric
methods in N utrition and F ood R esearch. R esearch P olicy 31, 611–632.

W allace, M .L ., G ingras, Y ., & D uhon, R . (20 0 8). A new approach for
detecting scientifi c specialties from raw cocitation netw ork s. R etriev ed
D ecemb er 17, 20 0 8, from http://arxiv .org/ftp/arxiv /papers/0 80 7/0 80 7.
490 3.pdf

F or example, 199 journals are sub sumed under the IS I sub -
ject category of P h arm ac o lo g y an d P h arm ac y of w hich only
89 are in the b iomedical sciences according to the random
w alk , w hile 12 are organized in the b ehav ioural sciences,
and 40 in clinical medicine. A t the other extreme, w e fi nd
10 0 % agreement b etw een the IS I S ub ject C ategories and the
random w alk in the case of 36 P ale n te o lo g y journals. This
suggests that this is a v ery clearly defi ned research fi eld. A s
noted, the ov erlap in the case of the b iomedical sciences may
b e a spurious effect from the ov erlap among the IS I S ub ject
C ategories.
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TA B L E A 1. N umb er of shared journals b etw een categories of the random w alk decomposition (columns) and the IS I S ub ject C ategories (row s).

R ow s→ random w alk category B iomed. B ehav . C linical B iology & P hy s. & E con. & Total
← C olumns IS I sub ject categories sci. sci. med. ecology materials G eosci. geogr. journals % in top categ.

B iochem. mol. b iol. 20 6 1 5 8 0 0 0 262 79%
C ell b iology 140 0 1 1 0 0 0 156 90 %
N eurosciences 115 38 0 1 0 0 0 199 58%
G enetics & heredity 97 4 3 13 0 0 0 131 74%
P harmacol. & pharm. 89 12 40 0 0 0 0 199 45%
B iotech. & microb iology 86 0 4 5 0 0 0 140 61%
Immunology 83 0 0 0 0 0 0 117 71%
M icrob iology 54 1 0 4 0 0 0 88 61%
P hy siology 50 3 2 6 0 1 0 79 63%
M ed., res. & exp. 49 0 17 0 0 0 0 76 64%
E ndocrin. & metab olism 46 1 21 0 0 0 0 93 49%
B iophy sics 46 1 0 0 0 1 0 66 70 %
O ncology 44 0 1 0 0 0 0 127 57%
Toxicology 43 0 5 0 0 0 0 76 57%
B iochem. res. methods 35 0 0 0 1 0 0 56 63%
B iology 29 0 0 16 0 2 0 64 45%
H ematology 25 0 16 0 0 0 0 61 41%
D ev elopmental b iology 25 0 0 0 0 0 0 34 74%
P sy chiatry 3 118 0 0 0 0 0 133 89%
P sy ch., multidisciplinary 0 80 0 0 0 0 1 84 95%
E ducation 0 74 0 0 0 0 3 93 80 %
P sy chology , clinical 0 68 0 0 0 0 0 70 97%
P sy chology , dev elopmental 0 47 0 0 0 0 0 47 10 0 %
P sy chology 2 46 0 0 0 0 0 61 75%
R ehab ilitation 0 45 1 0 0 0 0 72 63%
P sy chology , social 0 42 0 0 0 0 0 46 91%
P sy chology , experimental 0 42 0 0 0 0 0 44 95%
P sy chology , educational 0 38 0 0 0 0 0 38 10 0 %
M edicine, general & internal 6 2 86 0 0 0 0 10 3 83%
C ardiov ascular sy stems 5 0 65 0 0 0 0 74 88%
P ub lic, env .& occ. health 3 32 52 0 0 0 0 141 37%
H ealth care sci. 0 2 46 0 0 0 0 56 82%
P eriph. v ascular disease 9 0 39 0 0 0 0 52 75%
P ediatrics 2 5 32 0 0 0 0 74 43%
N utrition & dietetics 8 1 30 0 0 0 1 55 55%
S urgery 2 0 12 0 0 0 0 138 28%
M ed. lab . technology 7 0 11 0 0 0 0 25 44%
G eriatrics & gerontology 8 6 10 0 0 0 0 30 33%
M edical informatics 1 0 10 0 0 0 0 20 50 %
E cology 0 0 0 10 4 0 2 1 114 91%
Z oology 9 0 0 85 0 0 0 114 75%
M arine b iology 1 0 1 73 0 0 0 79 92%
E ntomology 5 0 0 58 0 0 0 69 84%
M at. sci., multidiscipl. 0 0 0 0 94 1 0 175 54%
P hy sics, applied 0 0 0 0 69 1 0 84 82%
M etal. & metal. eng. 0 0 0 0 51 0 0 65 78%
G eosciences, multidiscipl. 1 0 0 4 0 10 1 0 131 77%
G eochem. & geophy sics 0 0 0 0 0 58 0 59 98%
M eteorology 0 0 0 0 0 46 0 48 96%
P aleontology 0 0 0 0 0 36 0 36 10 0 %
G eology 0 0 0 0 0 35 0 36 97%
O ceanography 0 0 0 18 0 24 0 48 50 %
M ineralogy 0 0 0 0 1 23 0 26 88%
G eography , phy sical 0 0 0 7 0 22 0 30 73%
E conomics 0 0 0 0 0 0 145 154 94%
B usiness, fi nance 0 0 0 0 0 0 37 39 95%
G eography 0 0 0 0 0 0 36 36 10 0 %
E nv ironmental studies 0 4 0 0 0 0 35 45 78%
P lanning & dev elopment 0 1 0 0 0 0 29 37 78%
U rb an studies 0 2 0 0 0 0 23 27 85%

Total # of journals in category 942 722 456 437 375 30 1 30 1
% in top category 22% 16% 19% 24% 25% 34% 48%
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