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Some Questions ...

If we study a research field we may be interested in ...

! What are the relevant topics and subtopics?

! How did they develop?

! Who and where are the relevant keyplayers?

!institutions

!authors
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Where do We Find the Answers? 

or we go for wide-spread published literature such as

! scientific journals

! research project descriptions

! patents

We might find experts with their specific points of view

We took documents related to mobility and transport...
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Source DB for scientific publications 
(# of documents)

! INSPEC (563) physics, electronic & computer engineering
! NTIS (404) technology
! Compendex (348) engineering
! TRIS (1910) transport and traffic
! Enviroline (78) environment(al technologies)
! Env.Bib. (29) environment(al technologies)
! CORDIS (977) project descriptions of 4th Frameworkprogr. of EC

TOTAL (4309)
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How can We Find the Answers? 

! We look for the types of objects 

offered in the documents

! We calculate relations between theese objects

! We visualise these relations and evaluate them
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Original document (example)
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We Reduce Contents of Documents to Keywords 

! Given descriptors

! Automatic indexing of 
titles and abstracts
! remove stopwords
! stemming
! phrase recognition
! manual standardisation

Extracted keywords of 
example document:
application
behaviour
data processing
driver information
drivers
environmental aspects
european transport
ice
intelligent transport systems
maintenance
safety
telecommunication
traffic flow
weather
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What are the Document Objects We Use?

! keywords (and clusters of keywords (see later))

! publication year

! institutions (plus respective country and region)

! authors
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Relations: some Concepts of Co-occurrencies

! Which institutions publish on same topics?
co-occurrence of institutions in documents of similar content

" co-institution analysis

! Which keywords are related to each other?
co-occurrence of keywords in documents

" co-word analysis

! Which authors publish together?
co-occurrence of authors in common documents

" co-author analysis
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Co-occurrency of keywords in documents
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application 453 8 19 48 19 78 37 16 42 19 42 20
drivers 8 116 5 16 4 18 12 5 12 11 32 12
highway traffic control 19 5 112 12 3 16 27 5 11 13 7 8
intelligent transport systems 48 16 12 292 6 40 26 12 9 13 30 20
line 19 4 3 6 140 38 12 11 15 2 23 5
maintenance 78 18 16 40 38 916 54 38 28 22 84 20
management 37 12 27 26 12 54 269 21 18 8 24 12
monitoring 16 5 5 12 11 38 21 153 11 7 13 6
network 42 12 11 9 15 28 18 11 185 12 10 15
real time systems 19 11 13 13 2 22 8 7 12 115 3 12
safety 42 32 7 30 23 84 24 13 10 3 351 12
traffic flow 20 12 8 20 5 20 12 6 15 12 12 168
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In how many documents a pair of keywords is used?
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Cluster analysis of keywords

! Each keyword can be described as a vector, 
indicating the relation to all the other keywords in 
terms of the Jaccardindex

! This vector is just the respective column of the 
Jaccardmatrix

! If keywords can be described as vectors, 
a cluster analysis can be performed
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Elements of two Clusters:
Fuels                 Traffic Management and Control

fuels freq. TMC freq.
costs 325 traffic control 733
production 248 traffic management 323
benefits 221 intelligent transport systems 292
fuel 108 traffic 280
transport sector 100 control 263
energy 99 road 229
exploitation 97 road traffic 217
technical aspects 91 traffic engineering computing 183
flexible 86 traffic signals 178
prediction 82 traffic flow 168
alternative fuels 81 standards 155
electric vehicles 72 traffic control systems 153
expected achievements 59 location 148
cost benefit analysis 56 response 143
diesel 54 control systems 141
fuel cells 48 advanced traffic management systems 130
methanol 43 traffic congestion 121
electricity 40 travel 118
durability 36 highway traffic control 112
natural gas 36 speed 110
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How can we Visualize Matrix and Clusters?
! Mapping based on co-occurency of keywords

in documents and a mechanical spring model
! objects with high relation in terms of 

Jaccardindex are positioned closely together
on the map.

! Objects of one cluster have
same colour in the map

! Tool applied : BibTechMonTM
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Network of 
keywords

Clusters
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Fuels cluster - two subclusters
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Fuel cell subcluster
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Alternative fuel subcluster
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What did we find?

Clusters seem to have a substructure.
If we want to know the reason for that we might ask: 
! Is there a different development of these 

subclusters?
! Are different keyplayers responsible for these 

subclusters? 
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Development of alternative fuels and fuel cells
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Who are the keyplayers behind these topics?
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High Ranking Keyplayers
(# of keywords of respective subcluster used by them)

alternative fuels:
192 USA department of energy, washington, dc.
82 USA iowa state university, ames, midwest transportation center
44 USA california state dept. of transportation, sacramento.
36 USA booz-allen and hamilton, inc., usa
36 USA federal transit administration, washington, dc.
14 USA transportation research board, nw , washington, dc, usa
14 EU swedish transport and communications research board, stockholm (sweden)

fuel cells:
15 USA department of energy, washington, dc.
11 EU dept. of chem. & process eng., newcastle upon tyne univ., uk

6 USA los alamos nat. lab., nm, usa
6 USA arthur d. little inc., cambridge, ma, usa
5 Asia hong kong univ of science & technology
5 EU forschungszentrum julich gmbh, germany
5 USA iowa state university, ames, midwest transportation center
4 EU kommunikationsforskningsberedningen, stockholm, sweden

Which regions are responsible for that?
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No. of Keywords of Subclusters
used by Institutions of Regions

! USA clearly dominates alternative fuel topic
! EU comes along in fuel cells

alternative fuels fuel cells

EU 114 45

USA 470 61

Where are the keyplayers located on a Knowledge Map?
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Network of Institutions

Fuel Cells

both

Alternative Fuels

Can we find more
actors relevant for
fuel cells?
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Fuel Cells Actors

Indeed Ford and Argonne use words like:
„fuel cells“ or „electric vehicles“
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Network of Authors

Isolated
authors

Teams

Link
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Conclusions

! For a comprehensive analysis of a research topic
different aspects of documents should be considered:
What, When, Who and Where

! Relations between respective objects can be calculated
by co-occurrence analysis

! Easy interpretation even of huge respective matrices
can be supported by visualisation in knowledge maps


