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Hypothesis generation guided by co-word clustering
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Co-word analysis was applied to keywords assigned to MEDLINE documents contained in sets
of complementary but disjoint literatures. In strategical diagrams of disjoint literatures, based on
internal density and external centrality of keyword-containing clusters, intermediate terms (linking
the disjoint partners) were found in regions of below-median centrality and density. Terms
representing the disjoint literature themes were found in close vicinity in strategical diagrams of
intermediate literatures. Based on centrality-density ratios, characteristic values were found which
allow a rapid identification of clusters containing possible intermediate and disjoint partner terms.
Applied to the already investigated disjoint pairs Raynaud’s Disease — Fish Oil, Migraine —
Magnesium, the method readily detected known and unknown (but relevant) intermediate and
disjoint partner terms. Application of the method to the literature on Prions led to Manganese as
possible disjoint partner term. It is concluded that co-word clustering is a powerful method for
literature-based hypothesis generation and knowledge discovery.

Introduction

In a series of papers, Swanson has developed the concept of CBD (Complementary
But Disjoint) literatures (Swanson, 1986; 1988; 1989 a; 1989 b; 1990 a; 1990 b; 1991,
1993). A “source” literature dealing with a main concept may have partner (“target”)
literatures dealing with other main concepts not mentioned in the source literature (and
vice versa). The partners, however, may be brought together by identification of sense-
bearing “intermediate” terms mentioned by both, source and target literatures. In a
systematic description of this concept, Swanson and Smalheiser (1997) outlined two
procedures to identify possible literature partners: procedure I starts with a source
literature and tries to find possible target terms via intermediate literatures; procedure IT
starts with preselected source and target literatures and tries to find interesting relations
between them via detection of intermediate terms. Concept, term discovery process and
a supportive interactive software package (Arrowsmith) have also been presented to the
library community in a more recent review (Swanson and Smalheiser, 1999).
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Procedures 1 and II have been termed “open” and “closed” discovery processes,
respectively (Weeber et al., 2001), the former being well suited to generate hitherto
unnotified hypotheses for unsolved problems (e.g. cure or better treatment of a disease),
the latter offering a means to - perhaps - rapidly find support for a new idea or
hypothesis. We would like to propose the term Swanson Linking (SL) as a name for this
kind of literature-based discovery where SL may be defined as finding disjoint literature
partners by establishing meaningful links between them using information retrieval
from bibliographic databases.

The structured pathway from source to target described in procedure I (Swanson and
Smalheiser, 1997) involves screening (by humans) of possible intermediate terms
occuring in titles of source papers. To some extent, terms are statistically preselected:
only those terms are subjected to human inspection which occur with greater relative
frequency in source titles than in titles from the database MEDLINE as a whole. In a
second step, the literature corresponding to selected intermediate terms is retrieved and
restricted to papers dealing with a beforehand selected major theme, e.g. dietary factors.
The resulting literature set is screened and possible target terms are ranked according to
the number of their linkages to the intermediate literature (i.e., the higher the number of
intermediate literatures containing the target term in question the higher its rank). The
final list is then subjected to human inspection (Swanson and Smalheiser, 1997). By this
procedure it was possible to find connections between Raynaud’s Disease and Fish Oils
and its pharmacologically active constitutent Eicosapentaenoic Acid (Swanson, 1986),
between Migraine and Magnesium (Swanson, 1988), and between some other disjoint
literature pairs (Swanson, 1990b; Smalheiser and Swanson, 1996a; 1996b; 1998). Other
researchers applied statistical manipulations to all steps of the discovery process with
the hope to find candidate terms on top of ranking lists (Gordon and Lindsay, 1996;
Gordon and Dumais, 1997; Lindsay and Gordon, 1999). They easily identified high-
ranking intermediate terms of interest. e.g. Blood Viscosity in the Raynaud’s Disease
literature set (Gordon and Lindsay, 1996; Gordon and Dumais, 1997) and Epilepsy in
the Migraine literature set (Lindsay and Gordon, 1999). However, applying the same
statistics to the intermediate literatures, the already known (by Swanson’s work) target
terms Fish Oil, Eicosapentaenoic Acid, Magnesium could not be found directly in
higher ranks. Magnesium, for example, was found in a high rank only after combining
the terms derived from several intermediate literatures, a step which already had been
shown as crucial by Swanson (1988).

Recently, Weeber et al. (2000; 2001) applied concepts, derived from automatic
mapping of the text (titles, abstracts) of source literatures by means of the Unified
Metathesaurus Language (UMLS), to the SL-based discovery process. Selection of
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specific intermediate terms (from the source literature) and of specific target terms
(from intermediate literatures) were made after restriction to (intellectually) pre-selected
broad semantic concepts. The authors could establish the paths Raynaud's Disease —
Fish Oil and Migraine — Magnesium. This application of semantic filters led to some
clustering process especially of the intermediate terms. However, the already known
intermediate and target terms did not have high ranks based on occurrence frequencies,
and term lists had to be screened involving human expertise to select the relevant terms.
Again, Magnesium escaped direct detection from analysis of a single intermediate
literature and could only be found by combining the results of three different pathways
(Weeber et al., 2001), i.e., by taking into account the number of links between the target
(Magnesium) and the source (Migraine) (Swanson, 1988).

Database tomography (DT) is a content analysis tool which identifies literature
themes and their relationships in (full text) document sets by virtue of its built-in phrase
frequency and phrase proximity algorithms (Kostoff et al., 1998). Its usage for finding
CBD literatures was outlined by Kostoff (1999). The latter paper also contains a
synopsis and systematic description of different starting points and pathways to
literature-based discovery and innovation within the frame of the CBD concept (Kostoff,
1999). DT was reviewed by He (1999).

In our approach, we use the keywords (mainly the Medical Subject Headings,
MeSH) assigned to documents indexed in MEDLINE and try to map the literatures
analysed according to the co-occurrence strengths of the keywords. Co-word analysis
was developed for mapping the structure and dynamics of scientific and technological
knowledge domains (Callon et al., 1986), and may be a powerful tool for knowledge
discovery (He, 1999). Maps of co-word clusters can be generated which position the
clusters according to their internal (“density”’) and external (“‘centrality”) link strengths
(Callon et al., 1991). Our hypothesis is that at least some of the “interesting”
intermediate and target terms may be found at definite regions of the cluster maps
and/or exhibit some other common feature(s) which may be expressed in terms of
centrality and density. We test this hypothesis using the two CBD literature pairs
Raynaud’s Disease / Fish Oils and Migraine / Magnesium already described (Swanson,
1986; 1988). The results are then applied to the literature pair Prions / Manganese
which — as to our knowledge — has not yet been investigated by the SL method but was
recently visualised using co-citation techniques (Chen et al., 2001).
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Methods
Online retrieval

Online searches were performed in PubMed, the web version of MEDLINE, using
the US National Center for Biotechnology Information’s (NCBI) retrieval system
Entrez. Unless otherwise stated, title searches were performed. Retrieved document sets
were downloaded in MEDLINE formate (all fields) from PubMed using its SAVE
function.

Term extraction

The terms contained in the RN field (Enzyme Commission Numbers, Chemical
Abstracts Service Registry Numbers) and in the MH field (Medical Subject Headings,
MeSH) were extracted (without subheadings) from the documents contained in a set and
stored in a file. Each line in that file consisted of a unique term and the MEDLINE
identifier (field UI) of the document to which the term had been assigned. Terms
occuring only once (in one document only) were omitted from the subsequent analysis.

Co-word analysis

Co-word analysis were performed essentially as described (Callon et al. 1991;
Coulter et al., 1998) and comprised several steps. All possible term pairs of a document
set were identified and their co-occurrence strengths were determined by calculation of
the Equivalence Index (Eij, see below). Only term pairs with E;; > 0.050 (in some cases:
0.030) were used for subsequent clustering. All term pairs included were then sorted
according to decreasing Equivalence Indices. The clustering process started with the
term pair of the highest link strength. This pair was then deleted from the total list. In
the next step, all pairs containing one of the two terms already clustered were extracted
from the total list and sorted according to decreasing Equivalence Indices. Again, the
term pair with the highest Equivalence Index (consisting of one term already clustered
and one new term) was chosen, the new term was added to the cluster, and the pair was
deleted from the total list. These steps — extracting pairs containing one of the terms
already clustered, sorting them according to decreasing equivalence indices, choosing
the term pair of highest link strength and adding its new term to the cluster — were
repeated until the cluster was filled. Then, the next cluster was started by choosing the
term pair with the highest equivalence index from the remaining total list. An upper
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threshold of ten terms per cluster was set. When the links containing one of the terms
already clustered were exhausted prior to filling up the cluster, it contained less than ten
terms. Only clusters with three (in some cases: two) or more terms were included into
the subsequent analysis.

Measures and definitions

Source, Intermediate, Target literature and term(s). we follow the conventions of
Swanson (1997). Source literature means the literature set (retrieved by corresponding
source terms) dealing with “a question or problem area of scientific interest” (Swanson,
1997); here, we deal with literature on diseases as source literature. Target literature
means the literature set (retrieved by corresponding target terms) dealing with
previously unconsidered possible answers for the problems described in the source
literature. Intermediate literature means the literature set (retrieved by corresponding
intermediate terms) dealing with concepts present in both, source and target literatures.

Equivalence Index E;: calculated according to the formula

E; = (Cij)2 1(C;xC),

where C;; is the number of co-occurrences of terms i and j (i.e., the number of
documents in which terms i and j co-occur), and C; and Cj are the numbers of
occurrences of term i and term j, respectively (Callon et al., 1991). The coefficient E;; is
also called Strength, S (Coulter et al., 1998).

Density: cluster density was measured by calculating the mean of its internal
Equivalence Indices (strenghts of the internal links, i.e., links between cluster members)
(Turner et al., 1988; Coulter et al., 1998).

Centrality: cluster centrality was measured by calculating the mean of its external
Equivalence Indices (strenghts of the external links, i.e., links from cluster members to
terms contained in other clusters) (Cambrosio et al., 1993).

Centrality-Density Ratio (CDR): quotient of cluster centrality and density (Courtial et al.,
1993).

Source-Intermediate Ratio (SIR): ratio of CDR ... and CDRg oo .o, where
CDRce denotes the CDR value of the source cluster (containing the main source
term) and CDRg oo denotes the CDR value of an intermediate cluster
(containing an intermediate term) derived from the source literature set. The higher
CDR value was divided by the lower one, i.e., if CDR .. > CDR . ircdiae then
SIR = CDR,;1.o/CDR g iermediates  ©therwise SIR = CDR This

sintermediate/ CDR
resulted in SIR values equal to or above 1.

source®
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Target-Intermediate Ratio (TIR) : ratio of CDR where
CDR ¢ denotes the CDR value of the target cluster (containing the main target term),
and CDR; iermediate denotes the CDR value of an intermediate cluster (containing an
intermediate term) derived from the target literature set. As for SIR, the higher CDR
value was divided by the lower one.

Source-Target Ratio (STR) : ratio of CDRy ... and CDRitarget, where CDR;¢rce
denotes the CDR value of the source cluster (containing the main source term), and
CDR;jyrg¢¢ denotes the CDR value of the target cluster (containing the main target term),
both derived from the same intermediate literature set. Again, the higher CDR value

was divided by the lower one.

target and CDRtintermediate’

Graphical display

Cluster sets are graphically displayed using standard software in so-called strategical
diagrams (Callon et al., 1991) according to their cluster centrality (abscissa) and density
(ordinate). The axes’ origin is determined by the medians of centrality and density.

Programming

Self-made Perl (version 5.004) scripts were used for term extraction, calculation of
equivalence indices, clustering process and calculation of density and centrality values.
Scripts were run — by remote connection — on a Unix machine with IRIX (version
6.5.12f), supplied by the computer center of the Free University Berlin.

Results

From the source literature on Raynaud’s Disease to the target terms Eicosapentaenoic
Acid, Arginine, and Nitric Oxide

Figure 1 shows the distribution of clusters derived from the Raynaud’s Disease
literature set which consists of 801 documents (publication years 1966 to 1985) all
carrying the term Raynaud in the title and comprises 464 unique MeSH or RN terms
(search profiles, number of extracted terms and other details of cluster analyses are
given in the Appendix). Clusters containing potential intermediate terms (Blood
Viscosity, Platelet Aggregation, Blood Platelets etc.) which already have been shown to
lead from the source (Raynaud’s Disease) to the target (Fish Oil) literature (Swanson,
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1986) seem to be concentrated in the lower left quadrant of the diagram (i.e., exhibit
below-median centrality and density values). A similiar distribution is exhibited in a
centrality-density diagram of clusters derived from the Fish Oil literature set (Figure 2).
However, possibly interesting intermediate terms are found in other parts of the
diagrams, too, and not each cluster in the lower left quadrant contains an interesting
intermediate term. Nevertheless, from Figures 1 and 2 one may draw the conclusion that
it makes sense to start cluster checking for possible interesting intermediate terms in the
lower left quadrant of a strategical diagram of source or target literatures.

To find out if there is a more direct path leading to interesting intermediate term we
tried to numerically relate the source cluster (cluster containing the main source term
Raynaud’s Disease) as well as the target cluster (cluster containing the main target term
Eicosapentaenoic Acid, the active compound of Fish Oil) to intermediate clusters of
their literature sets by calculating Source-Intermediate Ratios (SIR) and Target-
Intermediate Ratios (TIR) (see Methods). Table 1 lists some of these SIR and TIR
values. It is certainly difficult to say that there is a “preferred number”’; however, in an
open discovery process (Weeber et al., 2001) it might make sense to start cluster
checking with a SIR value around 2 (analyzing the source literature) or a TIR value
around 1.5 (analyzing the target literature). In addition, the special kind of the clustering
process (see Methods) tends to accumulate intermediate terms of possible interest, e.g.
cluster 15 of the Raynaud’s Disease literature set holds four relevant terms, and cluster
23 of the Fish Oil literature set holds three relevant terms (see Table 1).

Next, we analysed three intermediate literatures. Figures 3 a, 4, and 5 show the
distribution of the clusters derived from the literature (title searches) of Blood
Viscosity, Platelet Aggregation and Thrombosis, respectively. In these examples we
find the clusters containing the source term Raynaud’s Disease and the target term
Eicosapentaenoic Acid in (more or less) close neighbourhood. We also determined
Source-Target Ratios (STR) (see Methods) in the intermediate literature sets, the target
being the cluster containing the term Eicosapentaenoic Acid. The STR values are
roughly equal having values slightly above 1 (Table 2), i.e., the source and the target
cluster within an intermediate literature set show roughly the same centrality-density
ratio (CDR). Analyzing the clusters resulting from a search for the MeSH term BLOOD
VISCOSITY, we find the clusters containing the source and the target term in close
neighbourhood (Figure 3 b), too, their STR value being almost identical to its
counterpart derived from the title search (Table 2).
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Table 1. Source-Intermediate Ratios (SIR) of the Raynaud’s Disease
literature set and Target-Intermediate Ratios (TIR) of the Fish Oil literature set

Intermediate term SIR TIR
Blood Viscosity 2.03 (15) 1.50 (25)
Platelet Aggregation 2.03 (15) 1.52 (23)
Blood Platelets 2.03 (15) 1.52 (23)
Platelet Function Tests 2.03 (15) 1.45 (20)
Muscle, Smooth, Vascular 2.67 (34) 1.52 (23)
Erythrocytes 1.81 (32) 1.50 (25)
Endothelium 2.67 (34) 1.12 (15)
Prostaglandins 1.46 (19) 1.72 (29)
Blood Pressure 2.27 (39) 1.30 (9)
Autoimmune Diseases 1.90 (31) 1.12 (1)
Necrosis 3.62 (47) 1.40 (10)
Thrombosis 3.10 (41) nd. (31)

Determination of SIR and TIR: see Methods.
Numbers in parentheses: number of cluster containing the intermediate term.
n.d.: not determined (only two terms in cluster 31)

Table 2. Centrality-Density Ratios (CDR) of source and target clusters and Source-Target Ratios (STR)
in literature sets being intermediates between the source literature Raynaud’s Disease and the potential target
terms Eicosapentaenoic Acid, Arginine and Nitric Oxide

Intermediate literature CDR e CDRtarget STR

RD EPA ARG NO EPA ARG NO
Blood Viscosity 0.44 (3) 043 (12) - - 1.02 - -
Blood Viscosity (MH) 0.42 (159) 0.45(19) - - 1.07 - -
Platelet Aggregation 0.74 (90) 0.62 (103) 0.86(122) 0.55(63) 1.19 1.16  1.35
Thrombosis 0.50 (16) 0.43 (35) 0.40 (56) - 1.16 1.25 -

Determination of CDR and STR : see Methods.

Numbers in parentheses: number of cluster containing the source term or one of the target terms.
MH: Medical Subject Heading

RD: Raynaud’s Disease; EPA: Eicosapentaenoic Acid; ARG: Arginine; NO: Nitric Oxide

In the diagram of the intermediate literature on Platelet Aggregation the positions of
cluster 63 (containing the possible target term Nitric Oxide) and of cluster 122
(containing the possible target term Arginine) are labeled, too, both being in the vicinity
of the source cluster (see Figure 4). In the Thrombosis intermediate literature, Arginine
is also a member of a cluster being not far away from the source cluster (see Figure 5).
The STR values of Arginine and Nitric Oxide are in some cases higher than the STR
value of Ficosapentaenoic Acid but still well below 1.40. Both terms, Arginine and
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Nitric Oxide, have not been mentioned in the SL literature published so far on the
Raynaud’s Disease / Fish Oil literature pair (Swanson, 1986; Gordon and Lindsay,
1996; Gordon and Dumais, 1997; Weeber et al. 2000, 2001) although they are potent
target terms. L-Arginine is the endothelial substrate for Nitric Oxide formation
(Moncada et al., 1989), and elevation of Nitric Oxide concentration as therapeutic
option for patients with Raynaud’s phenomen and scleroderma was only recently
suggested (Freedman et al., 1999). However, according to our knowledge, the first
paper mentioning both, Arginine and Raynaud’s Disease, appeared only in 1988
(Kahan, 1988), and the first paper mentioning Nitric Oxide together with Raynaud’s
Disease was published only in 1991 (Agostini et al., 1991). The possible beneficial
effect of Fish Oil or its compound Eicosapentaenoic Acid to Raynaud’s Disease is to
activate the enzyme nitric-oxide synthase (Omura et al., 2001).

From the results described above, one may draw the conclusion that in an open
discovery process — having found (by whichever method) relevant intermediate terms —
it is a promising path (i) to draw centrality-density diagrams of the term clusters,
identify the source term clusters and look primarily in their close neighbourhood for
possibly relevant target terms, and/or (ii) to determine the centrality-density ratios of the
term clusters, identify the source term clusters and screen carefully especially those
clusters having CDR values similiar to the source term clusters (i.e. STR values of
around 1).

From the source literature on Migraine to the target terms Magnesium (deficiency)
and Valproic Acid

Next, we analysed the Migraine literature which has been shown to be
complementary but unconnected to Magnesium (Swanson, 1988) and asked whether the
co-word clustering method is able to bring Migraine and Magnesium in close
connection and to reveal paths between Migraine and Magnesium and possible other
target terms. We conducted a PubMed title search for the word Migraine (restricted to
publication years 1966 to 1987, see Appendix) and subjected the 2581 documents
retrieved to the clustering process described in Methods. Figure 6 shows the centrality-
density diagram of this Migraine literature set. The clusters containing possible
intermediate terms already mentioned by Swanson (1988) — Spreading (Cortical)
Depression, Epilepsy, Platelet Aggregation — are concentrated in the lower left quadrant
of the diagram (Figure 6), thus confirming the results obtained from the cluster analysis
of the Raynaud’s Disease literature (see Figure 1). It is interesting that these three terms
have similiar source-intermediate ratios (SIR, see Methods) of 3.10 to 3.39 (Table 3).
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Table 3. Source-Intermediate Ratios (SIR) of the Migraine literature set

Intermediate term SIR
Spreading Cortical Depression 3.10 (147)
Epilepsy 3.39 (132)
Platelet Aggregation 3.30(114)
Hypoxia, Brain 3.10 (147)
Anorexia Nervosa 2.20 (99)
Schizophrenia 2.20(99)

Determination of SIR: see Methods.
Numbers in parentheses: number of cluster containing the intermediate term.

For detection of possible target terms we analysed the literature of the intermediate
terms just mentioned and included further terms: Hypoxia, Brain (member of the same
cluster as Spreading Cortical Depression), Anorexia Nervosa, and Schizophrenia (see
Figure 6 and Table 3). The two latter MeSH terms were selected due to their SIR values
of around 2, and thus could be well used as guides to target terms provided the
conclusion drawn from the analysis of the Raynaud’s Disease literature (see above and
Table 1) can be applied to the Migraine — Magnesium path. The results are shown in
Figures 7 to 12 and Table 4. The Migraine source term clusters and the Magnesium
target clusters are — with the exception of the Schizophrenia diagram (Figure 12) — in
close vicinity (Figures 7 to 11). The corresponding STR values are between 1.01 and
1.42 (again with the exception of the Schizophrenia set) (Table 4) and thus mostly in the
range of the STR values of the intermediate literatures connecting Raynaud’s Disease
with Eicosapentaenoic Acid, Arginine and Nitric Oxide (see Table 2). The only
intermediate literature which guides directly to Magnesium Deficiency as a
hypothesized causal factor of migraine (Swanson, 1988) is Epilepsy, where the MeSH
terms Magnesium and Magnesium Deficiency are harbored by the same cluster
(Figure 8). Note also that — whereas the intermediate concept Spreading Cortical
Depression did not lead to Magnesium using the method described by Weeber et al.
(2001) — we find Magnesium in very close vicinity to Migraine in the Spreading
Cortical Depression diagram (Figure 7). In the Hypoxia diagram (Figure 10) we
detected a cluster very close to the source Migraine cluster containing the possible
target term Valproic Acid with a STR value of 1.09 (Table 4). We found this term also
in the Epilepsy and Schizophrenia diagrams (Figures 8, 12), in the former being as close
to Migraine as Magnesium (Figure 8) with a somewhat higher STR value (Table 4), and
in the latter as far away from Migraine as Magnesium (Figure 12) with a STR value of
2.03 which is almost identical to the STR value of the Magnesium cluster in the
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Schizophrenia set (Table 4). Valproic Acid, not mentioned in the SL literature
(Swanson, 1988; Lindsay and Gordon, 1999; Weeber et al., 2001), was first discussed in
1988 as “a new drug in migraine prophylaxis” (Sgrensen, 1988) (starting in 1991, this
paper was cited 70 times until 2002 — data not shown) . The prophylactic effect was
only recently confirmed (Kinze et al., 2001), and Valproic Acid is amongst the drugs
recommended by the German Migraine and Headache Society for migraine prophylaxis
in childhood (Evers et al., 2002).

Table 4. Centrality-Density Ratios (CDR) of source and target clusters and Source-Target Ratios (STR) in
seven literature sets being intermediates between the source literature Migraine and the potential target terms
Magnesium and Valproic Acid

Intermediate Literature CDR_ . CDRtarget STR
MIGR Mg VA Mg VA
Spreading Cortical Depression 0.49 (10) 0.44 (9) - 1.11 -
Epilepsy 0.49 (133) 0.42 (126) 0.64 (95) 1.17 1.31
Platelet Aggregation 0.76 (182) 0.75 (176) - 1.01 -
Hypoxia, Brain 0.77 (108) 0.99 (95) 0.71 (141) 1.29 1.09
Anorexia Nervosa 0.60 (72) 0.85 (122) - 1.42 -
Schizophrenia 0.81 (41) 0.41 (89) 0.40 (38) 1.98 2.03

Determination of CDR and STR: see Methods.
Numbers in parentheses: number of cluster containing the source term Migraine or one of the target terms.
MIGR: Migraine; Mg: Magnesium; VA: Valproic Acid

Definition of rules

The results obtained from the analysis of the Migraine source and intermediate
literatures confirm the observations made by analysing the Raynaud’s Disease literature
sets. Interesting intermediate terms can be found in a region of low centrality and low
density of a strategical diagram of the clusters derived from the source literature. Some
of the clusters with possible intermediate terms seem to show a characteristic Source
Intermediate Ratio (SIR, see Methods) which is around 2 in the case of the Raynaud’s
Disease set (see Table 1) and around 3 for the Migraine set (see Table 3). In the latter,
however, we also find promising intermediate terms in clusters whith an SIR of about 2.
Starting the analysis with a (known) target literature set (as the Fish Oil set being target
literature for Raynaud’s Disease, see above) leads also to clusters with a characteristic
Target Intermediate Ratio (here around 1.5, see Table 1) containing the same interesting
intermediate terms (we have not yet performed a similiar analysis of the Magnesium
target literature).
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Figure 1. Strategical diagram of the Raynaud’s Disease literature set (title search, 1966-1985).
Numbered clusters contain the intermediate terms listed in Table 1.
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.087; median density = 0.182
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Figure 2. Strategical diagram of the Fish Oil literature set (title search, 1966-1985).
Numbered clusters contain the intermediate terms listed in Table 1.
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.096; median density = 0.208

The cluster analysis of the intermediate literatures has revealed that “unconnected”
literature partners can be visualized as “close neighbours” (Figures 3 — 5,7 — 11).
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Figure 3a. Strategical diagram of the Blood Viscosity literature set (title search, 1966-1985).
3 RD: cluster 3 containing the source term Raynaud's Disease;
12 EPA: cluster 12 containing the target term Eicosapentaenoic Acid (see also Table 2).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.083; median density = 0.172
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Figure 3b. Strategical diagram of the Blood Viscosity literature set (MeSH search, 1966-1985).
159 RD: cluster 159 containing the source term Raynaud's Disease;
19 FO, EPA: cluster 19 containing the target terms Fish Oils and Eicosapentaenoic Acid (see also Table 2).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.078; median density = 0.123

Scientometrics 56 (2003) 123



J. STEGMANN, G. GROHMANN: Hypothesis generation guided by co-word clustering

045 -

4 Platelet Aggregation

A
e (8 ®aa s
PR O . ab
A
Ao ez\‘% f s A
b = B e g e . i
o 4 A?“Oﬁ?}\& A%‘Eﬂ_“”fpﬂ 015 020
gy & & A

&
0 Rl! § X 22 Ar
L g

=3

Figure 4. Strategical diagram of the Platelet Aggregation literature set (title search, 1966-1985).
90 RD: cluster 90 containing the source term Raynaud's Disease;
103 EPA: cluster 103 containing the target term Eicosapentaenoic Acid;
63 NO: cluster 63 containing the target term Nitric Oxide;
122 Arg: cluster 122 containing the target term Arginine (see also Table 2).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.085; median density = 0.160
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Figure 5. Strategical diagram of the Thrombosis literature set (title search, 1966-1985).
16 RD: cluster 16 containing the source term Raynaud's Disease;
35 EPA: cluster 35 containing the target term Eicosapentaenoic Acid;
56 Arg: cluster 56 containing the target term Arginine (see also Table 2).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.078; median density = 0.125
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Figure 6. Strategical diagram of the Migraine literature set (title search, 1966-1987).
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Numbered clusters contain the intermediate terms listed in Table 3.
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.079; median density = 0.144
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Figure 7. Strategical diagram of the Spreading Depression literature set (title search, 1966-1987).
10 Mi: cluster 10 containing the source term Migraine;
9 Mg: cluster 9 containing the target term Magnesium (see also Table 4).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.091; median density = 0.180
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Figure 8. Strategical diagram of the Epilepsy literature set (title search, 1966-1987).
133 Mi: cluster 133 containing the source term Migraine;
126 Mg, MgD: cluster 126 containing the target terms Magnesium and Magnesium Deficiency;
95 VA: cluster 95 containing the target term Valproic Acid (see also Table 4).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.056; median density = 0.114
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Figure 9. Strategical diagram of the Platelet Aggregation literature set (title search, 1966-1987).
182 Mi: cluster 182 containing the source term Migraine;
76 Mg: cluster 176 containing the target term Magnesium (see also Table 4).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.062; median density = 0.137

126 Scientometrics 56 (2003)



J. STEGMANN, G. GROHMANN: Hypothesis generation guided by co-word clustering

&
Hypoxia, Brain
0.35 4 &
&
&
&
025 4 A a A A i
4 4 A A
A a b a 4
& A & A
& . fy Ny b a
&
& L & &
& A Y &,
P 215 5 4 . a4
& 2 &
0.05 A 007 149 VA 24 & 09, , & o 013
4 MY SV & &
M & N 4 4 & &
A Ap 108 Mi P & I
& & &
a Ay 4 & an 5%PATesMg 4

005

Figure 10. Strategical diagram of the Hypoxia, Brain literature set (MeSH search, 1966-1987).
108 Mi: cluster 108 containing the source term Migraine;
95 Mg: cluster 95 containing the target term Magnesium;
141 VA: cluster 141 containing the target term Valproic Acid (see also Table 4).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.088; median density = 0.145
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Figure 11. Strategical diagram of the Anorexia Nervosa literature set (MeSH search, 1966-1987).
72 Mi: cluster 72 containing the source term Migraine;
122 Mg: cluster 122 containing the target term Magnesium (see also Table 4).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.066; median density = 0.117
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Figure 12. Strategical diagram of the Schizophrenia literature set (title search, 1966-1987).
41 Mi: cluster 41 containing the source term Migraine;
89 Mg: cluster 89 containing the target term Magnesium;
38 VA: cluster 38 containing the target term Valproic Acid (see also Table 4).
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.076; median density = 0.131
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Figure 13. Strategical diagram of the Chimeric Proteins literature set (all fields search, 1966-1995).
18 Pr: cluster 18 containing the source term Prions;
96 Mn: cluster 96 containing the target term Manganese.
Centrality-Density Ratios (CDR) and Source-Target Ratio (STR) are also indicated.
Details of online retrieval and clustering process: see Methods and Appendix.
Median centrality = 0.086; median density = 0.178
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Moreover, in several cases Source-Target Ratios (STR, see Methods) show a
characteristic value of about 1 (Tables 2, 4). Thus, we may formulate two rules for
detecting paths from source to target literatures:

Rule 1: Perform co-word cluster analysis of the keywords (MeSH-, RN terms)
assigned to the documents retrieved from a PubMed search. Identify those
clusters having below-median centrality and density values. In addition, look
for clusters having a source-intermediate ratio (SIR) of about 2 (or 3). Screen
these clusters for interesting intermediate terms.

Rule 2: Retrieve the intermediate literature conducting a PubMed title or MeSH
search and subject them also to co-word cluster analysis. Identify the clusters
containing the main source term and screen the clusters surrounding the
source cluster for possible target terms. In addition, screen those clusters
having a source-target ratio (STR) of about 1.

We applied these rules to the literature on Prions and, as will be shown in the next
paragraph, were able to find a path to the possible target term Manganese.

From the source literature on Prions to the target term Manganese

In a very recent paper, Chen et al. (2001) showed that four low cited papers
published by Purdey (1994; 1996 a; 1996 b; 1998), dealing with organophosphate
pesticides being possibly involved in the induction of Bovine Spongiform
Encephalopathy (BSE), can be visualised by appropriate expansion of a mainstream-
knowledge citation network to “latent” domain knowledge (Chen et al., 2001). The four
Purdey papers mentioned above are the basis for the later explicitly formulated
hypothesis that the transformation of the normal cellular prion protein prp, to its
abnormal isoform prp is related to manganese concentration (Purdey, 2000; 2001). In
a thorough literature search for papers dealing with both, Manganese and Prions or
Prion Diseases, we retrieved only two papers published prior to 1996; one of them dealt
with the cation requirements of RNA viruses (Scolnick et al., 1970), the other presented
a hypothesis that related multiple sclerosis with geochemical conditions (Layton and
Sutherland, 1975). No direct connections between Manganese and Prions or Prion
Diseases (at that time classified as “slow viruses” and ‘“slow virus diseases”) were
made; however, the idea that heavy metal concentrations are possibly critical for
occurrence of this type of mental disorder was already expressed (in the latter article).

Therefore, the Prions/Manganese pair seems to be a good candidate for SL analysis,
and we tried to find a direct path from Prions to Managanese using the co-word
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clustering method described above. We searched for prions and prion diseases (PubMed
title search, restricted to publication years 1966 to 1995, see Appendix), downloaded
the 2848 documents retrieved and subjected them to co-word cluster analysis as
described in Methods.

From a cluster with a SIR value of 2.03 — located in the below-median centrality and
density region of the cluster diagram — we selected the term Chimeric Proteins as
intermediate term, conducted a PubMed search (see Appendix) and downloaded the
retrieved 2611 documents. In the strategical diagram of this intermediate literature we
find the cluster containing the target term Manganese in the wider neigbourhood of the
cluster containing the source term Prions. The corresponding STR value is 1.12
(Figure 13), thus confirming the results of the preceding analyses (see Table 2 and 4).

Discussion

Our results verify the hypothesis (see Introduction) that co-word analysis applied to
keywords according to Callon et al. (1991)) reveals paths between CBD literatures and
thus may contribute to discovery of implicit knowledge and serve as an important tool
in SL experiments. In strategical diagrams of source or target literatures, clusters
containing intermediate terms are found in regions of low density and low centrality
(see Figures 1, 2, 6) and show characteristic SIR (Tables 1, 3) or TIR values (Table 1).
In strategical diagrams of intermediate literatures, clusters containing source and target
terms are found in close vicinity (Figures 3—5, 7-11, 13) and exhibit characteristic STR
values (Tables 2, 4). The paths opened by this form of cluster analysis are not exclusive:
other diagram regions may also contain interesting terms (see, e.g., Figure 2), and STR
values may differ considerably from the “main” value of around 1 (see, e.g., Table 4).
However, our results point to a “first choice” of finding intermediate and target (or
source) terms when co-word clustering is applicated and analysis of diagrams and
clusters is needed. Moreover, we were not only able to achieve the results reported by
Swanson (1986, 1988), but also found for both source literatures, Raynaud’s Disease
and Migraine, additional target terms (see Table 2, 4), not mentioned earlier, which
were proved to be of therapeutical significance (see Results).

Using co-word clustering within the frame of the SL method we also found evidence
of a link between Manganese and Prions (see Results), an almost “classical” CBD
literature pair in so far as (i) no direct link between the two partner exists within the
publication period analysed, (ii) the “knowledge” of a possible direct connection
between the two partners is “implicit”, i.e., can be easily derived from the published
literature reading the right paper (Layton and Sutherland, 1975) with a ready mind, and
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(iii) later, a well-grounded theory involving the two partners on the basis of field
observations has been formulated (Purdey, 2000).

Intermediate literature may connect more than one pair of CBD literature partners.
For instance, Platelet Aggregation connects Raynaud’s Disease with Fish Oil (Figure 4,
Table 2) and Migraine with Magnesium (Figure 9, Table 4). Although the two Platelet
Aggregation literature sets are not identical (due to different publication windows, see
Appendix), we find also in the earlier (1966-1985) Platelet Aggregation literature a
cluster containing the source term Migraine and another cluster containing the target
term Magnesium, both clusters having similiar CDR values (data not shown). Thus, it
could be worthwile to retrieve conjectured intermediate literature without prior selection
of source or target terms, subject its keywords to cluster analysis, group the clusters
according to their CDR values and inspect clusters with similiar CDR values for
possibly complementary source and target terms. Doing so, the preselected intermediate
term would be treated as a independent variable (Kostoff, 1999).

Of course, human expertise is then necessary for cluster inspection and classification
of the contained terms (Kostoff, 1999).

Our results show that the “classical” form of co-word analysis employed by us
seems to be a powerful method for detection of CBD literature partners and their linking
literatures, and major parts of the processes of preselection of intermediate and target
terms may be performed automatically. Human intervention is, of course, needed for
final selection of appropriate terms, but a priori restriction to broad concepts for
selection of intermediates (Weeber et al., 2001) or targets (Swanson and Smalheiser,
1997) is not necessary. In addition, screening of clusters of limited size, containing
linked terms (see Methods), seems to be easier than reading of (long) lists of
alphabetically sorted or ranked (according to whichever statistics) terms. One major
drawback of co-word analysis performed on keywords is its thesaurus dependence, i.e.,
only documents indexed by virtue of a controlled vocabulary can be analysed. With
respect to the examples presented in this communication, the use of MeSH and RN
terms (see Methods) is obviously sufficient to achieve correct and encouraging results.
However, full text (titles, abstracts) analysis is certainly needed in cases of missing
keywords, whether the documents do not yet contain assigned keywords (as in the pre-
Medline subset of PubMed), or the whole database does not use a thoroughly controlled
vocabulary (e.g. SCISEARCH), or documents retrieved from different databases (with
different vocabularies) are analysed together. Here, mapping of texts to concepts — as
described by Weeber et al. (2000; 2001) — and analysis of phrase frequencies and
proximities (Kostoff et al., 1998; Kostoff, 1999), combined with human expertise are the
methods of choice.
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Self-made Perl scripts are our present tools for data processing (see Methods). They
do their job right, but are far from being perfect. We are currently working on a more
“professional” system on the basis of Java and SQL running on a normal PC and
controllable within a web browser. However, especially to people with no background
in informatics (e.g. librarians), but keen on doing own research, we recommend to
acquire some basic Perl programming skills (see also Katz and Hicks, 1997) and to use,
at least initially, their own scripts for text analyses in the context of own research
projects on “knowledge discovery”. Thus, the challenge brought to the library
community by Swanson’s work (commented already by Davies, 1989) can and should
now be accepted by librarians.

Conclusion

We have successfully adopted the known method of co-word analysis as a tool for
SL-based hypothesis generation and are now ready to perform further experiments with
respect to the structure of CBD literatures as well as the investigation of other literature
candidates being possibly CBD partners.
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