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Abstract 

Co-word linkages among documents have been proposed as  a n  
alternative to  citations .(and co-citations) for  the  study of how 
documents a r e  related. In this study we examine co-word linkages 
among a s e t  of biochemistry documents which were subjected t o  a 
citation analysis in another context. The co-word s t ructure  in the  t i t les  
of this document s e t  is compared with t h a t  of the  t i t les  of the  
documents which cited a t  least one of these  documents, and with t h a t  
in a l l  other documents of the  Science Citation Index in t h e  same 
period. A similar analysis of the  words used in the  abstracts  of these 
documents has  been made, to  check whether one should s t a r t  t h e  
analysis from t i t les  or abstracts. 
The s t ructure  of cc-words in the  ti t les of the  citing documents 
significantly resembles t h a t  of t h e  co-word structure of t h e  cited 
documents. These co-word s t ructures  in t h e  f i rs t  place seem to ref lect  
the  internal s t ructure  of the  document se t  and the  related groups of 
authors, a s  can b e  validated against the  results of an independent 
document analysis. 
Since i t  is possible t o  search in t h e  SCI for  both title-words and 
index-words (cluster terms), a s  a side-effect of our research, we are  
able t o  draw systematic conclusions about the  so-called ' indexer e f fec t '  
in co-word analysis. 

I. INTRODUCTION 

Despite the  popularity of citations a s  a means of measuring performance in 
research, and t h e  continuous call  for  a theory of citation in the  li terature,  no 
theory of citation is yet  available ( [ I ] ,  see  also [2]). It has been suggested tha t  
citations ref lect  ' impact ' ,  'indebtedness', 'quality', or a t  least partially also 
institutional affiliation. The problem of what citations mean becomes even more 
urgent when we move to  the  study of aggregates of citations o r  specific (logical) 
combinations such a s  co-citations. In the  l a t t e r  case  i t  has been strongly argued 
tha t  co-citations ref lect  the  world of science a s  practicing scientists perceive i t  

The research reported here was executed within the  framework of a larger 
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Matthias fo r  developing t h e  necessary software. 
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[3]. In t h e  case of journal-journal citations we have argued elsewhere tha t  in a 
certain sense these aggregate numbers may provide us with a baseline against 
which t o  measure changes a t  other levels of aggregation [4]. 
Of course, t h e  attention t o  citations in science studies has been induced by t h e  
availability of t h e  Science Citation Index in machine readable form. However, this 
Index contains not only citations but also t i t les  and index words--the l a t t e r  based 
on cluster analysis of co-citations 131. Other important databases on various 
sciences provide abstracts  a s  well, and with t h e  new technologies full texts  a r e  
or  will soon be  available in machine readable form. (For a substantive argument 
against the use of words and their co-occurrences, and in favour of citations, see 
b1). 
In -a scientific t ex t  t h e  title, the  abstract,  t h e  addresses, and t h e  references a re  
all  indicators of t h e  t ex t  which should not be disconnected from each other, nor 
from the knowledge claims which a re  made in t h e  article. The problem of how 
t o  validate particular indicators, which now tends t o  be  t reated rather crudely by 
asking some important scientists whether computer-plots make sense t o  them (see 
[6] among others), can only be solved theoretically when we a re  able t o  
understand the functions of specific indicators with respect t o  the knowledge 
claim involved, and t o  the overall s t ructure  of t h e  argument. What does i t  mean 
in terms of t h e  linking elements tha t  one method leads t o  results different from 
another? And what does the appreciation of t h e  results of one type of analysis 
or another by practicing scientists tell  us about these elements considered 
important in various aspects of t h e  scientific enterprise? How do scientists link 
their own papers t o  other document sets,  and how do they and their colleagues 
perceive of this process? 
Cailon, Courtial, Turner 'and Rip [7] have argued that  the analysis of 
co-occurrences of words (co-words) may lead t o  a more cognitive indicator for 
' t h e  dynamics of science' than citation-analysis. Indeed, i t  is wellknown that  
practicing scientists a r e  very careful in choosing t h e  t i t les  of their articles, also 
with respect t o  the classification of their articles in abstracts  and indexing 
services under t h e  appropriate headings. Therefore, we decided to look more 
carefully a t  title-words and their co-occurrences. 

2. CO-WORDS 

In an extensive validation study based on interviews with practicing scientists, the  
conclusions proved t o  be more favorable t o  citation and co-citation analysis than 
t o  the results of co-word analysis with respect t o  t h e  question of how t o  'map' 
science [6]. Moreover, a t  the methodological level, t h e  serious problem of the 
so-called 'indexer effect '  (resulting from the f a c t  that  keywords a r e  selected by 
an indexer who is  not a practicing scientist) has yet t o  be  solved. More recently, 
Courtial claims t o  have been able t o  circumvent this problem technically ([XI). 
To prevent the 'indexer effect '  from occurring in this study, we will use the 
original t i t le  and abstract words of t h e  document s e t  instead of index words. We 
a re  interested here in the differences and similarities between the two ways by 
which scientific articles a r e  linked t o  the scientific literature: by sharing words 
in t i t les  (and abstracts), in contrast and as  an alternative t o  t h e  linking of 
documents by citations. 
Therefore, we should not select  title-words on a priori grounds, or subsume them 
under broader terms, but use all  the  t i t l e  words of t h e  documents involved as  
keywords. Because tit les may be selected with respect t o  an audience-- and 
hence, we might have an 'audience effect '  here-- we repeated the analysis using 
words occurring with a certain frequency in t h e  collection of t h e  abstracts  of 
these documents. 
However, since we will have t o  conclude from the l a t t e r  comparison-- between 
title-words and abstract-words-- tha t  there  a r e  certain advantages in using tit les 
instead of abstracts,  we will pursue the analysis with the title-words in t h e  citing 
documents, and in the whole Science Citation lndex database. 



Co-words and Citations Relotions 

3. METHODS 

3.1 Samples 

Citations from all t h e  documents of one research group a t  the  Biochemistry 
Laboratory of Amsterdam University durin the  period 1979-1982 were stored in a 
database for other research purposes (98. Of these  57 documents, which were 
cited 639 t imes bv December 31. 1985. onlv t h e  47 full-leneth articles were 
selected. This s e t  was divided in to ' two  equal ;arts (23c24) randomly, t o  keep t h e  
second half for la ter  validation if necessary. 
From the  se t  of 311 articles which cited these  original 23 ar t ic les  I21 - 
self-citations o r  'in-group' citations were removed. Hence, we have a document 
s e t  of 23 original cited documents and one of 190 external citing documents. 
In the  23 cited articles,  45 title-words occurred more than once and were not 
trivial. (A word which occurs only once cannot form a co-word linkage.) Abstracts 
of these documents were  downloaded from the  lndex Medicus as installed on 
DIALOG. and when we could not find them there. we checked the  orieinal 
document. In the  few cases with no abstracts,  we used t h e  abstract  a s  proGded 
by Chemical Abstracts. 
These abstracts  contained 825 diffeient words, of which only 57 occurred more 
than th ree  times and only 29 more than four times. We took the  cut-off a t  the  
l a t t e r  Level of 29 words because for  reasons of cost-effectiveness we had decided 
arbitrarily t o  keep the  possible combinations a s  close t o  LOO0 as  possible. (The 
tota l  number of combinations is  N*(N-1)/2.) 
The 190 citing documents contained 724 different words which showed the  same 
type of skewed distribution. 
The DIMDI-installation of the  Science Citation Index was used t o  compare the  
co-word s t ructure  of t h e  document se t s  with t h e  co-word s t ructure  in t i t les  and 
index terms in tha t  database. 

3.2 Statistics 

Co-word analysis generates a symmetrical matrix with an empty diagona,  i.e., A 
AND B happens as  many times as  B AND A. The matrices were  factor-analyzed 
using both orthogonal and oblique rotations (to check for inter-factorial relations). 
For graphic representation cluster analysis was pursued using Ward's mode of 
analysis. Elsewhere, we have argued tha t  Wards' mode of analysis is  bet ter  suited 
for matrices like these  than single Linkage clustering because of the  large number 
of z e r o  hits which may lead t o  'chaining' in the  f i rs t  cluster and 'isolates' 
([QI). 
In this case, we have the  additional problem of the  choice of a similarity 
c w f f i c i e n t  from which t o  cluster. For reasons of comparison with the  factor  
analysis, t h e  choice of the  Pearson correlation seems straightforward. Others, 
however, have argued for the  use of the  Jaccard coefficient with co-word 
anal sis ((101, see  also [ I l l  ). In his study of Computer Science Literature Salton 
LIZ{ has proposed using the  so-called cosine formula because i t  deals with links 
between high and low cited papers more effectively than the  Jaccard Index. This 
argument has been taken over by Small and Sweeney [13], and may be a valid 
argument in our case, too. 
However, in practice the  choice of coefficient does not make much difference; 
t h e  solutions from a Pearson correlation matrix and from a similarity matrix 
based on t h e  cosine formula a r e  almost identical. In the  first  case, we will give 
the  dendrogram which results f rom clustering with all four coefficients discussed. 
In l a t t e r  cases, we will comply t o  the  use of the  cosine formula. 
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Table 1: 45 t i t le  words from 23 biochemistry documents 

Acid 

cyclic- 
Cytoplasmic 
Deaminase 
Dependent 
Dictyostelium 
Discoideum 
Enzyme 
Equilibrium 
Extraceliular 

Folate 
Force 
Glucose 
IlIGLC 
Intensity 
Light 
Liposomes 
Liver 
Membrane 
Metabolism 
Mosaic 
Oxidative 
Ph 
Phosphoenolpyruvate 
Phosphorylation 

Phosphotransferase 
Plasma 
Protein 
Proton 
R a t  
R a t e  
Regulation 
Salmonella 
Sodium 
Sugar 
System 
Thermodynamics 
Transport 
Typhimurium 
Vesicles 

4. RESULTS 

4.1 Titles of t h e  original ar t ic les  (N=23) 

As noted above, the  document s e t  of original biochemistry documents contained 
45 title-words occurring in at least  two documents. All 23 documents a r e  linked 
by a t  leas t  one of these  'words, which occur in the  s e t  a to ta l  of 122 times 
(i.e., 5.4 per document). The 45 t i t le  words a r e  Listed in Table I. 
These 45 words form 333 co-words which indicates the  internal coherence of t h e  
s e t  (which, of course, was generated f rom one research group). Analysis of this 
matrix leads t o  a clear division into four  major clusters. In general, this results 
is insensitive t o  the  choise of similarity coefficient. Figures 1-4 give the  
dendrograms for  various coefficients a s  announced in section 3; note t h e  striking 
similarity of figure 2 (Pearson) and figure 4 (cosine). 
The four clusters a r e  immediately recognizable by researchers a s  belonging t o  the  
four research lines pursued in t h e  research programme of t h e  laboratory group 
under study. As we knew from document analysis and interviewing, t h e  group as  
a whole works on energy-dependent transport systems in biological membranes; but 
four specific lines of research can be distinguished, among others in terms of the  
differences in their research objects, namely: 

I. The regulation of binding in membranes of Dictyostelium Discoideum; 
2. The thermodynamic study of oxidative phosphorylation ( e . ~  in Bacteriorhodopson): . 
3. Membrane transport in r a t  liver cells and vesicles; 
4. Sugar transports in Salmonella Thyphimurium (phospho-transferase). 

Table 2 presents the  fac to r  analytic solution in four dimensions-- four factors  
account for 65.6% of t h e  common variance. (The orthogonal solution is given 
since in t h e  oblique solution no substantial factor  relations were found.) When 
more factors  a r e  allowed (7 fac to r s  have an eigenvalue > I )  internal 
differentiations of t h e  research lines a r e  also revealed at lower levels, a s  is also 
visible in the  dendrogram. As can be expected from the  substance of t h e  field, 
words Like 'regulation' have some factor ia l  complexity. 

4.2 Abstracts of t h e  original ar t ic les  (N=23) 

The abstracts  of t h e  23 documents contain 29 words which occur more than four 
times, and 170 times in tota l  (7.4 per abstract). In the  23 documents these 29 
words generate  800 co-word links (as against 333 co-word links by 45 words in 
the  former  case!). 
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Table 2 : Varimax Rotated Factor  Matrix of Co-Word Occurrences of 45 Title 
Words in 23 Biochemistry Documents 

FACTOR 1 

ACID .ZOO58 * 
ALANINE -.02181 
AMP .28720 * 
BACTERIA -.09004 
BACTERIO -.03018 
BINDING .20323 
CYCLIC .28720 * 
CYTOPLAS 1 .21754 
DEAMINAS .27179 * 
DEPENDEN -.01657 
DICTYOST .25336 

FORCE -.23864 
GLUCOSE -.01185 
IIIGLC .01603 
INTENSIT -.02916 
LIGHT -.02916 

MOSAIC 1 -.I2432 

PHOSPHOT 1 -.03998 

RATE 1 -.06669 

TRANSPOR -.0541 1 
TYPHIMUR -.01076 
VESICLES I .01626 

FACTOR 2 
(Postma) 

FACTOR 3 FACTOR 4 
(Sips) I (Van Dam) 

Means : factor  loading 
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Table 3 : Varimax Rotated Fac to r  Matrix of Co-Word Occurrences of 45 Tit le  
Words in 190 Citing Documents 

ACID 
ALANINE 
AMP 
BACTERIA 
BACTERIO 
BINDING 
CYCLIC 
DEPENDEN 
DICTYOST 
DISCOIDE 
ENZYME 
EQUILIBR 
EXTRACEL 
FOLATE 
FORCE 
GLUCOSE 
lllGLC 
LIGHT 
LIPOSOME 
LIVER 
MEMBRANE 
METABOLI 

PHOSPHOE 
PHOSPHOR 
PHOSPHOT 
PLASMA 
PROTEIN 
PROTON 
RAT 
RATE 
REGULATI 
SALMONEL 
SODIUM 
SUGAR 
SYSTEM 
I'HERMODY 
rRANSPOR 
I'YPHIMUR 
VESICLES 

FACTOR 3 
Sips) 

FACTOR 4 
:Van Driel) 

Means : f ac to r  loading 
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However, t h e  dendrogram (Fig. 5) reveals two main clusters corresponding t o  the 
two main senior researchers in the group. The smaller clusters disappear in this 
analysis. The probable reason for this is tha t  the specific words in the few 
articles of these smaller 'research lines' drop out  a t  a word-frequency level of 
four times per word; these smaller research lines a re  then only connected through 
t h e  words they share with t h e  other members of t h e  group t o  t h e  main lines. 
Moreover, i t  is clear from inspection of the words tha t  these terms a re  less 
specific than t h e  t i t le  words. Hence, we pursued analysis further using t i t le  
words. 

4.3 Title words of citing articles (N.190) 

Of t h e  190 citing articles (after substracting 121 'in-group' and self-citations), 
168 or  88% use a t  least one of the 45 title-words of t h e  original document s e t  
in their title. Actually, they use only 41 title-words, since four of t h e  words on 
t h e  original List (' cytoplasmic', ' deaminase' , ' intensity', and ' mosaic' ) are  not 
used in t h e  t i t les  of t h e  citing documents a t  all. 
The distribution of t h e  total  of 556 uses of these words is rather different  from 
tha t  of t h e  122 times these words qccurred in t h e  cited sample: t h e  distributions 
correlate at 0.40 (p<.01). However, t h e  distribution of the 971 co-words among 
the citing documents correlates much higher with tha t  of t h e  333 co-words in t h e  
cited documents (0.56). This suggests a specificity for co-words over single 
word-occurences when comparing these two sets  of documents. 
The cluster analysis of t h e  resulting co-word matrix in this case a ain shows a 
four-cluster structure, although some words have changed positions kg. 6). The 
first  division in t h e  two main groups of words now corresponds t o  t h e  distinction 
between studies a t  t h e  molecular level and studies a t  the cellular level. As can 
be expected, since some citations a r e  shared among documents, factor  analysis of 
t h e  citing documents (Table 3) reveals more factorial complexity, i.e., more 
variables (words) a r e  relevant to more clusters of words than in t h e  case of the 
original documents. The striking point is  tha t  again four factors emerge as 
independent--oblique rotation gives factor  pattern correlations below 0.07-- and 
tha t  these factors  correspond significantly t o  those in t h e  originally c i ted set. 
(When t h e  two factor  matrices a r e  compared a s  presented in Tables 2 and 3, 
they relate  (not significantly) negatively (-.la) t o  each other. However, when t h e  
factors  a r e  ordered according t o  our designation of four research lines, this 
relation is  raised t o  .75 (p-0.001). This relation is stronger than tha t  between the 
co-word distributions L63; see  also Table 5.)) Only some words which a re  typically 
a t  t h e  object level-- such a s  Salmonella Typhimurium or  Bacteriorhodopsin-- now 
show none or  only small factor  loadings. In t h e  case of 'Salmonella Typhimurium', 
for example, t h e  work on t h e  relevant enzyme system is  being done by other 
researchers usings other micro-organisms, uncluding E. Coli. 
We may now conclude that  in t h e  co-word structure of their titles, t h e  citing 
documents a r e  t o  a considerable extent  congruent with the originally cited 
documents. 

4.4 Title words in the Science Citation lndex 

Is this co-word s t ructure  a particular feature  of this citing document set ,  or is i t  
more generally t h e  case that, for example, "sugar" and "enzyme" form a 
co-word? To answer this question we have run t h e  45 words and their 990 
possible combinations through t h e  t i t les  in t h e  Science Citation lndex for the 
same period (1979-1982). In these four years t h e  SCI contained about 2.4 million 
titles, of which 337,234 (appr. 14.2%) contained one of the 45 t i t l e  words used in 
our analyses. In these documents these 45 words occurred 4LO,I44 times (1.2 per 
document), and formed 92,342 co-word linkages among them. Hence, we find 
considerably fewer co-word occurences than word-occurences, and thus one could 
argue that  t h e  use of co-words indicates a certain specificity. However, one 
should keep in mind tha t  there  a r e  about 105 documents linked t o  the original 
s e t  through co-words, against 190 through citations. Hence, there  is  a difference 
of more than two orders of magnitude in specificity between these two types of 
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Table 4 : Pearson correlation coefficients among word frequency distributions of 
45 title words in : - 23 biochemistry articles (T123) 
- 190 citing articles (T1190) 
- the Science Citation Index title words 1979-1982 (SCI) 
- the Science Citation lndex cluster terms 1979-1982 (SCI) 

TI23 TI190 SCI CT 

SCI 

Table 5 : Pearson correlation coefficients among co-word distribution of 45 title 
words in : - 23 biochemistrv articles (T123) ~. - 190 citing artkles (T1190) - the Science Citation lndex title word 1979-1982 (SCI) - the Science Citation lndex cluster terms 1979-1982 (SCI) 

TI23 TI190 SCI CT 

TI23 

TI190 

SCI 

CT 
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linkages, and i t  is a fair guess t o  s t a t e  tha t  t h e  citing documents a re  more or  
less a subset of t h e  co-word linked docuements. Thus, there  is  no "either ... or" 
between citation a s  a linkage and co-word linkage; citation is  rather a further 
restriction t o  the s e t  of documents which share occurrences of words and 
co-words. 
The specific position of the citing documents can be  further illustrated by the 
distributions of word- and cc-word occurrences over resp. t h e  original documents 
(N = 23), t h e  citing documents (N = 190), and the SCI documents (N = 337,234). 
The correlations between these distributions a r e  given in tables 4 and 5. (1 will 
come back t o  the additional "CT" column in these tables in a moment.) In t h e  
first  place, one notices the higher correlations among co-word distributions than 
among word-distributions between ci ted and citing document sets,  indicating t h e  
specificity of co-word linkages. Secondly, t h e  word distribution of t h e  t i t les  of 
the cited document s e t  is not or  is  negatively (not significantly!) related t o  t h e  
overall document s e t  of t h e  SCI, while t h e  citing documents have an intermediate 
position between t h e  original s e t  and t h e  overall database. However, the co-word 
s t ructure  a s  found in t h e  cited and citing sets cannot be  retrieved in the 
database. 
In summary, t h e  conclusions a r e  that  title-words seem t o  offer a means of 
making visible t h e  specific internal cognitive s t ructure  in a research group : in 
science, co-words a re  specific t o  t h e  research lines which a particular research 

may share with other research groups which c i t e  their articles (see also f?fi. Hence, they seem t o  allow us t o  partition research activities along 
intellectual lines. The external co-word linkages t o  the overall database, 
however, seem t o  be  much less specific than citation linkages. We found in this 
case a difference of more ' t h a n  two orders of magnitude. Since we do not yet 
know what either of t h e  operations precisely means, it may be more effective t o  
stick t o  citation as  a means of linking the original document s e t  t o  the overall 
universe of scientific documents. 

4.5 The indexer e f fec t  

Because the SCI is indexed with so-called control rerms based on rather 
sophisticated clustering techniques t31, we saw an opportunity t o  do an 
experiment about what has been called "the indexer effect", t o  examine how 
much t h e  influence of an external indexer intervens in t h e  cc-word structure 
when one uses index words instead of original words from titles. The results of 
the comparison a r e  presented in the fourth column of tables 4 and 5 above. 
In t h e  SCI the use of index words seems t o  lead t o  about t h e  same results as  
t i t le  words. The major difference is t h e  quantitative amount of total  co-words 
involved. Although about a s  many documents a r e  involved (386,228 in this case 
as  against 337,234 in the former) and proportionally about t h e  same amount of 
word- occurrences (520,444 vs. 410,l44), t h e  total  number of co-words generated 
among these documents with our 45 words is  more than twice a s  large (202,781 
vs. 92,342). 
In an a t t empt  t o  be  more specific about the differences between t h e  use of 
title- words and index-words, we checked the differences for three specific 
co-words, namely those composed of (i) "bacteriorhodopsin", (ii) "cyclic", and (iii) 
"thermc- dynamics. 
In t h e  subject field of t h e  original document s e t  the combination of "bacterior- 
hodopsin" and "thermodynamics" is meaningful and does occur once in t h e  original 
document s e t  (N =23). There is  one more occurrence of this combination in the 
title-wdrds of t h e  whole SCI for this period. This occurrence happens t o  be an 
article from t h e  other half of our original sample of 47 documents. This 
specific combination of title-words does not exist outside our group, and therefore 
not among the citing documents. However, when using index-words 7 other 
occurences can be  found, of which two more belong t o  our original document set. 
The other documents a re  also closely related, but deal for  example with 
"mitochondria" instead of "bacteriorhodopsin", thus illustrating t h e  loss of 
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specificity when using index words. 
The combination "bacteriorhodopsin" and "cyclic", which is  conceptually impossible 
in our original document set,  does not lead t o  any co-word linkages a t  the level 
of the ISI-database if one restricts t h e  analysis t o  title-words. However, using 
control terms I 5  hits a r e  generated, of which most re la te  t o  completely different 
photochemical problems. In t h e  case of the combination of "cyclic" and "thermo- 
dynamics",also highly unlikely in the field of our original documents, both control 
terms and t i t l e  words give 7 hits - in this case the same - which al l  re la te  t o  
the thermodynamic properties of "cyclic" compounds other than t h e  "cyclic AMP" 
which is  relevant for our group. 
In our opinion, the main indexer e f fec t  is  not tha t  t h e  indexing words would be 
inadequate or obsolete, but the quantitative e f fec t  produced by the f a c t  that  
indexing essentially reduces the number of words involved by subsuming them 
under more general categories, so tha t  the indexer increases t h e  number of 
CO-word linkages substantially because the smaller s e t  is more strongly tied 
together than t h e  larger. In addition t o  this, new and artifactual co-word 
linkages a re  generated. 
Whether one considers this quantitative e f fec t  of the use of indexes as  an 
advantaee or  a disadvantaee of course dewnds  on what one is after.  From a - - 
scientometric point of view, however, 'we think tha t  the introduction of 
bibliographic ar t i facts  can hardly be  justified. Given the lack of specificity of 
co-word linkages a s  compared t o  citations a s  noted in the former section, in 
most cases a further expansion of t h e  universe of linked documents will be 
undesirable, and hence one should preferably stick t o  t i t l e  words instead of 
key-words for co-word analysis. 

Conclusions 

I. Since co-occurrences of words seem t o  be highly specific for  research Lines, 
co-word linkages seem a good indicator of t h e  internal s t ructure  of already 
coherent, i.e. selected, document sets. 

2. However, a s  an instrument for bibliographic search, i.e. a search for the 
external links of a document or a document set, we found co-words t o  be 
more than 100 t imes less specific than citations. Particularly when 
index-words a re  used, one can expect a lot  of noise in t h e  results. 

3. Indexing packs the word sets,  so tha t  more co-word linkages a r e  found. Hence, 
searching with index words generates even more noise than searching with t i t l e  
words. 

4. On t h e  other hand, t h e  citing document s e t  has t h e  same co-word s t ructure  a s  
t h e  ci ted document set.  I t  can therefore grosso mod0 be  regarded a s  a 
specific selection of the co-word linked document set. 

5. Abstract-words have been found t o  be less specific than title-words, and hence 
less suited t o  t h e  purpose of dividing t h e  document s e t  into i t s  intellectual 
constituencies, or  of linking t h e  document s e t  t o  t h e  wider environment. 

The use of co-word linkages among scientific documents seems particularly fruitful 
when one wants t o  distinguish among the intellectual specificities in a cognitively 
related document set. The s t ructure  which we found is  probably maintained since 
authors a r e  very much aware of the significance of picking the right words in 
their t i t les  in order for their articles t o  be  noticed by t h e  intended audiences. 
From a scientometric point of view, indexes c rea te  bibliographic ar t i facts  in this 
Structure. 
In terms of scientometrics, t h e  structure discussed here  is  important since i t  
allows us t o  describe - probably also dynamically - t h e  s t ructure  of science a t  
lower levels of aggregation than t h e  structures of journal-journal citations, which 
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we have discussed extensively elsewhere ( t 4 1 ,  also [15]). However, when t h e  
main use of this indicator is indeed t o  partition document sets  which belong t o  
specific groups of documents, and not t o  search fo r  external linkages, there  is  no 
reason t o  stick t o  co-words and t o  neglect lower- and higher-order 
correspondences; in such, cases the analysis of word occurrences in documents 
seems more straightforward ( [  161 ). 
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