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Abstract. We use CiteSpace for visualizations of collaboratiorgitation, bibliographic coupling and mutual
citation relations. A method for showing bibliometriédations between universities (or countries) ireSjtace
is presented.

Introduction

Articles in the area of Dentistry, Oral Surgery & Made were downloaded from Internet Web of Science. We
used the software SANSCRIPT to establish standardibfidretric values such as citations per paper in
relation to journals (CPP/JCS) and to the entire fi€l@P/FCS). The software creates fractionalized sgbee
country as well as per university.

CiteSpace is an author-(journal or document) centered apipticand it lacks a function for grouping of authors
by their university or country (Chen 2003). In many casesiversity is a fairly good proxy for the research
environment, the department or the research groups ispécific field of research. Being able to perform an
analysis of institutions /university/ is thereforeimportant step.

In order to deal with this we have used the informatighénaddress field to connect articles to their resgecti
countries and institutions. The main institutionswarersities, research centers, university hospétats
companies. To do this we have used a script to make secdi@rsion. Then, we have manually checked data in
order to correct what the script could not pick up. By uléfae have connected university hospitals to the
corresponding university (e.g. Karolinska Hosp becomeslikaka Inst). By these actions even a volume of
nearly 40.000 articles is not too much of work, but, efree, it is impossible not missing some of the uniters
addresses that should be unified. Indeed, some of thesEngliversities have a high number of vastly different
names, and the French system is terribly hard to unddrdtmng Kong Univ has been assigned to Peoples
Republic of China during the whole period, and Malmé Wl covers the period even if the faculty was
transferred to Malmo from Lund only in 1999.

Since CiteSpace does not use the address field we leateca script that can use the unified addresses as node
information. This gives the possibility of visualizittge positions of countries and universities (institos) in

specific fields of science, in this case “Dentistry, GBatgery & Medicine”. Our script also makes it posstble
visualize new types of information in CiteSpace, sudhildgraphic coupling.

* Our procedure have changed the word order of maiversity names as we prefer the following forneétly and univ, e.g. Harvard Univ.



Method

Bibliometric method

We apply the bibliometric methods put forward by e.g.Liweven and Leiden groups (Schubert, Glanzel &
Braun 1987, Schubert & Braun 1996, van Raan 2004). The methatsrfoalization take all the relevant
information that follows with the bibliometrics datadreccount. Each journal in the Thomson/ISI database is
assigned to one or several subject codes (e.g. mitwgljdiochemistry & molecular biology etc.). Our
analysis focuses on Citations per Paper (CPP) in neladidournal Citation Score (JCS) and CPP in relation to
Field Citation Score (FCS). In both cases the meatiait score for the journal set is the point of refiee for

the calculations (van Raan 2004). Relating JCS to FCS givedlication of the quality of the journal set where
each institution is publishing. We report data both witth without self-citations. An open citation window is
applied giving articles from 1998 a full window until 2006 &odon. Nederhof & Visser (2005) show why an
open window is preferred to block indicators.

Journals are assigned to subject categories, e.g. Dgn@isal Surgery & Medicine, which is the main category
for these journals. In some cases journals are multraesdiso that other categories of research are added in
order to describe what is going on in each journal. Inah@ysis we have used journals assigned to “Dentistry,
Oral Surgery & Medicine®,

Table 1. Distribution over Subject Categories

SC #F
Dentistry, Oral Surgery & Medicine 29521
Dentistry, Oral Surgery & Medicine; Surgery 3175
Dentistry, Oral Surgery & Medicine; Pathology; Serg 2032
Dentistry, Oral Surgery & Medicine; Materials Saen Biomaterials 980
Dentistry, Oral Surgery & Medicine; Oncology 911
Dentistry, Oral Surgery & Medicine; Public, Enviroental & Occupational Health; Public, 886
Environmental & Occupational Health

Dentistry, Oral Surgery & Medicine; Pathology 755
Dentistry, Oral Surgery & Medicine; EngineeringpBiedical 638
Dentistry, Oral Surgery & Medicine; Radiology, Naat Medicine & Medical Imaging 554
Dentistry, Oral Surgery & Medicine; Immunology; Mabiology 516
Dentistry, Oral Surgery & Medicine; Public, Envimoental & Occupational Health 60

Note: based on 40 029 articles.




Proximity clustering method

The downloaded papers (full records with cited refs) avegased by our software. This gives us the possibility
to create citation links between the papers in thenmh#nd to visualize these links using CiteSpace. A script
processes every reference inside the material andhesaticem to the other papers using information on guthor
journal, volume and beginning page (AU, SO, VL and BP). TQ€iiSt has to be changed according to the
Thomson ISl list of journal abbreviations. Unfortuatie script will still fail to notice some of ttaitation

links due to errors in the citation references. Whagel@ntities, such as universities, are used this witlgiy
only have marginal effects. In this procedure we also Havgossibility to eliminate self-citations. If a pape
cites an article written by an author with an identicaheave simply choose not to link them.

If a match is found the authors, institutions and céeswf the cited paper are printed to three new fieldindJ
this updated information another script creates six oegtincluding the 100 largest (most articles) institigtio
The six matrices hold information about collaboradicrollaboration CPP/FCSm, collaboration keywords, co-
citations, bibliographic coupling and mutual citatioAl.matrix data is presented both in the form of co-
occurrence (e.g. number of collaborations) and indire ©f cosine correlations.

A third script takes the data from the matrices aedtess a text file in a field tagged format (for use in
CiteSpace). Instead of putting the authors in the atitldr(AU) it uses the institutions or countries wenwto
visualize connections between. The thresholds (iderttidake thresholds in CiteSpace) are set in the script
generating a file that creates the correct node aizégonnections when used in CiteSpace with all thresholds
set to one (1). This creates the possibility of usiregctirauthor analysis function (COA) in CiteSpace tavsho
the strength of and connection between the institutorteuntries regardless of what sort of connectiord.us
Even though the COA-function is used this is, of coursthe case of the co-citation, bibliographic coupling
and mutual citation analysis — not a collaboration arglys

Apart from being able to use institutions and countrighe analysis — which is not otherwise possible in
CiteSpace — this serves several other purposes. Rgdgdt that you can visualize any sort of connections
CiteSpace is a great possibility. It is also posdiblese data from other matrix producing software (e.g.
Leydesdorffs BibCoupl.EXE). Second, the standard anadysiged authors in CiteSpace uses the author name
from the reference and therefore only gives credhéditst author of the cited document. Our script putthal
authors’ institutions or authors’ countries from theditiocument in the AU-field. Hence it acknowledges all
authors of the cited papers which have to be considerzdnase representative procedure. Third, this gives us
the possibility of using non related node sizes and caionsc The connections in the bibliographic coupling
analysis are for example related to the number of auggaiferences the two institutions have. Insteachoiny
the node sizes depend on this information our scriptisarinformation from two different matrices, taking
connection information from one and node size informaftiom the other. In the case of bibliographic coupling
we have used CPP/FCSm to set the size of the nodes.

In a couple of our visualizations we use keyword matrix olat@mbination with proximity data. This enables
us to use the keyword function in CiteSpace. It should texlrthat we can use any sort of information in this
type of analysis. In this specific case, we have sefbledsing the most frequent descriptors (DE) for eadh®f
proximity relations.



Results

Journal and field normalized scores

Countries

Papers with an American address accounts for 25 percetitpaipers in dentistry. The five largest producers
(addresses) appear on 50 per cent of the 40 000 papers (>3808 lpaks information in the address field).
Note that we can give statistics for number of addressesiot for number of authors, as there is no inftiona
in the database on relations between author namesdainesses.

Table 2. Country performance in Dentistry, Oral Surgery & Mie@id 998-2005. The 25 most productive
countries ordered according to their field-normalized citation (@BP/FCSm). FC is the number of
publications and, FRAC the fractionalized number of publicationsn&kesix columns gives the journal and
field normalized values with (w) and without (wo) self citatidr® last column represents the percentage of
self citations.

0 n O O I $ .
> o 2 |Ss|S8<| e | Ee | ke |Ls |
< IS (g3 |ad| g3 | as| 2|22
(@) (@) — —
1 | SWITZERLAND 767 556.5 1.27 1.27 1.22 1.22 1.59 1.57 16
2 | BELGIUM 447 355 1.15 1.17 1.15 1.16 1.35 1.38 19
3 | SWEDEN 1710 1406.8 1.22 1.22 1.05 1.07 1.30 1.29 17
4 | SPAIN 562 4711 0.96 0.89 1.12 1.11 1.24 1.14 10
5 | GERMANY 2249 1920 1.15 1.16 1.08 1.08 1.20 1.20 17
6 | DENMARK 584 435.8 1.19 1.21 1.04 1.07 1.17 1.23 2
7 | NETHERLANDS 1188 979 1.03 1.07 1.2 1.22 1.16 1.22 21
8 | ITALY 1249 1025.7 0.96 0.98 1.19 1.18 1.14 1.15 8
9 | CANADA 989 753.7 1.09 1.08 1.05 1.06 1.12 1.11 16
10 | FRANCE 543 4515 0.96 0.92 1.11 1.11 1.12 1.07 14
11 | USA 11104 | 9694.6 1.08 1.06 1.01 1.01 1.10 1.07 16
12 | FINLAND 693 565.6 1.07 1.16 1.01 1.04 1.05 1.18 26
13 | AUSTRIA 372 341.1 1.00 1.05 1.0 0.99 1.04 1.04 17
14 | PEOPLESR 825 615.5 1.06 1.14 0.98 0.99 1.02 1.11 5
15 | AUSTRALIA 947 806 1.04 1.1 0.86 0.88 0.97 1.01 20
16 | ENGLAND 4075 34239 1.05 1.02 0.92 0.92 0.96 0.93 17
17 | NORWAY 586 435.9 0.98 1.02 1.03 1.05 0.96 1.01 20
18 | SOUTH KOREA 518 413.9 1.01 1.01 0.98 0.97 0.96 0.96 18
19 | JAPAN 4720 42449 0.87 0.89 1.04 1.07 0.92 0.97 22
20 | BRAZIL 1727 1510 0.87 0.94 1.03 1.02 0.91 0.98 25
21 | TAIWAN 514 4713 0.90 1.0 1.03 1.03 0.91 1.04 28
22 | SCOTLAND 616 4775 1.07 1.03 0.84 0.83 0.89 0.84 15
23 | ISRAEL 734 652.6 0.83 0.82 0.99 0.98 0.81 0.79 17
24 | GREECE 439 363.9 0.75 0.75 1.0 0.98 0.7§ 0.75 13
25 | TURKEY 1312 1221.2 0.90 0.85 0.88 0.87 0.77 0.73 16
Institutions

There are approximately 600 institutions with more tharfratctionalized articles. Displayed in table 3 are th
100 largest producers of papers in Dentistry, Oral Surgery eaidM@dicine. Notable is that Sweden have three
universities among the top 20 performers (rank 5, 11, and 19).



Table 3. Bibliometric indicators per institution 1998-2005 Dentistitye 100 most productive institutions

ordered according to their field-normalized citation rate (CIP®5m). FC is the number of publications and,
FRAC the fractionalized number of publications. The next six e wives the journal and field normalized
values with (w) and without (wo) self citations. The last coluspresents the percentage of self citations.

a g ¢ |8 18 18 |.
= ol 2| 83| 8<| £35| §5|ls|Lg|?
< Il elazs|as| §2| §2|lzs|22]|Q
o’ L a = o O ~ O ~ |l a=|a )

) O ) ) O O
1 FORSYTH INST 181 | 99.6 1.8 1.77 1.37 1.41 2.61 2.64 18
2 BERN UNIV 285 | 182.5 1.26 1.25 1.33 1.31 1.7 178 6 1
3 OREGON HLTH SCI UNIV 151 | 99.3 1.49 1.39 1.2 1.18 1.79 1.65 11
4 CATHOLIQUE LOUVAIN UNIV 257 | 188.1 1.35 1.36 1.24 25 1.66 1.69 19
5 GOTHENBURG UNIV 614 | 378.5 1.34 1.33 1.2 1.21 1.61 1.59 16
6 ZURICH UNIV 205 | 143.7 1.33 1.31 1.2 1.22 1.55 1.56 17
7 SUNY BUFFALO 182 | 116.5 1.24 1.12 1.11 1.11 1.54 1.38 9
8 UNIV CALIF SAN FRANCISCO 298| 189.5 1.39 1.29 1.09 .08 1.51 1.39 12
9 GENEVA UNIV 165 | 98.9 1.27 1.22 1.22 1.23 1.49 1.42 15
10 MED COLL GEORGIA 371| 228.9 1.23 1.3 1.12 1.12 1.46 1.56 21
11 | UMEA UNIV 239 | 147.7 1.44 1.49 1.04 1.08 1.46 1.51 20
12 N CAROLINA UNIV 562 | 368.7 1.54 1.54 0.95 0.96 1.45 1.44 17
13 | MILAN UNIV 154 | 109.9 1.27 1.33 1.13 1.11 1.45 1.4 20
14 MICHIGAN UNIV 459 309 1.43 1.41 1.02 1.03 1.38 1.39 18
15 | LOMA LINDA UNIV 171 | 119.4 1.25 1.26 1.15 1.1 1.37 1.31 16
16 HARVARD UNIV 339 | 189.1 1.33 1.36 1.04 1.03 1.36 a.3| 18
17 | COPENHAGEN UNIV 294 | 188.3 1.41 1.38 1.02 1.05 1.36 1.34 17
18 | TORONTO UNIV 357 | 240.4 1.25 1.21 1.05 1.06 1.32 91.2| 15
19 | KAROLINSKA INST 389 | 265.4 1.19 1.21 1.09 1.09 1.3 1.3 17
20 IOWA UNIV 393 | 286.7 1.45 1.39 0.93 0.93 1.28 1.2 6
21 | BOSTON UNIV 229 | 129.5 1.17 1.15 1.13 1.16 1.28 1.29 16
22 | AMSTERDAM UNIV 556 | 395.2 1.06 1.1 1.3 1.34 1.26 a.3| 22
23 | MINNESOTA UNIV 262 | 166 1.22 1.14 1.05 1.05 1.26 1.17 12
24 | UNIV SO CALIF 251 | 155.8 1.16 1.21 1.09 1.11 1.25 36L. 24
25 | FREIBURG UNIV 192 | 116.7 1.24 1.29 1.01 1.01 1.18 1.24 20
26 KINGS COLL UNIV 686 | 478.3 1.3 1.28 0.94 0.95 1.16 13 16
27 | BRITISH COLUMBIA UNIV 160 | 89.8 1.22 1.24 1.02 1.04 1.16 1.18 20
28 HOKKAIDO UNIV 276 | 202.1 0.97 0.99 1.06 1.09 1.15 24. 23
29 | VIENNA UNIV 196 | 162.6 1.03 1.11 1.08 1.06 1.15 1.17 18
30 | WASHINGTON UNIV 506 | 331.5 1.07 1.07 1.09 1.09 114 1.14 17
31 | MELBOURNE UNIV 248 | 195.3 1.08 1.13 0.98 0.97 1.12 1.15 20
32 | TURKU UNIV 243 157 1.18 1.3 1.03 1.07 1.12 1.28§ 49
33 | TEXAS UNIV 888 | 559.8 1.02 0.98 1.01 1.0 1.11 1.07 14
34 HONG KONG UNIV 514 | 343.3 1.14 1.31 0.98 0.99 1.11 31 29
35 | CONNECTICUT UNIV 233 | 165.8 1.13 1.1 0.99 0.97 1.11 1.06 12
36 HELSINKI UNIV 301 | 178.1 1.09 1.17 1.0 1.03 1.1 1.23 24
37 | HEIDELBERG UNIV 149 | 98.7 1.08 1.09 1.1 1.11 1.09 1.13 23
38 | AARHUS UNIV 251 | 1715 1.06 1.1 1.1 1.12 1.08 1.1 6 2
39 | ALABAMA UNIV 239 | 165.3 1.04 0.99 1.08 1.08 1.08 1.03 15
40 NIJMEGEN UNIV 236 | 165.7 1.06 1.17 1.1 1.12 1.08 11.2| 24
41 | BRISTOL UNIV 170 | 100.3 1.17 1.08 0.98 0.99 1.08 1.03 14
42 | UNIV CALIF LOS ANGELES 313 | 180.6 1.09 1.1 0.97 0.98| 1.07 1.08 18
43 | TOKYO UNIV 591 | 428.9 0.95 0.99 1.06 1.08 1.06 1.13 22
44 NIIGATA UNIV 237 | 180.4 0.93 0.95 1.05 1.07 1.06 80| 25
45 | EASTMAN DENT INST 789 | 495.6 1.06 1.02 0.98 0.99 1.05 1.01 16
46 BAYLOR UNIV 187 | 116.9 1.1 1.09 1.02 1 1.04 1.02 16
47 | NIHON UNIV 255 | 195.1 1.0 1.02 1.11 1.13 1.02 1.06 20
48 NATL UNIV SINGAPORE 177 | 144.9 1.04 1.02 1.06 1.06 .02 1.03 22
49 | GLASGOW UNIV 314 | 212.7 1.18 1.12 0.86 0.86 1.01 0.95 15




10

S 16 |8 |8 |g |8 |.
X O O ~| O L | L= X
Z | | 22| RE| ES| E8|acs|cZ|0

L= a2 S| aAaS|aT| o
ad LL o o O O O O

(@) O [ )
50 | PITTSBURGH UNIV 177| 120.8 1.12 1.16 0.91 0.91 1.01 1.01 18
51 | OSLO UNIV 325 | 2195| 1.03 1.02 1.03 1.05 1.0 1.01 18
52 | OHIO STATE UNIV 273 | 194.4 0.89 0.88 1.11 1.08 1.0, 9™ 18
53 | MARYLAND UNIV 248 | 169 1.02 0.99 0.97 0.94 1.0 0.96 15
54 | GRONINGEN UNIV 179| 131.7 0.94 0.95 1.1 1.1 1.0 1.02 24
55 | LOUISIANA STATE UNIV 212 | 160.8| 0.98 1.02 1.0 1.0 0.99 1.01 18
56 | BARTS & LONDON 164 | 109.9 1.09 1.05 0.92 0.94 099 90 | 16
57 | BIRMINGHAM UNIV 290 | 188.8| 1.13 1.15 0.93 0.94 0.98 1.04 24
58 | LIVERPOOL UNIV 206 | 135 1.19 1.26 0.91 0.92 0.98 1.0 21
59 | YONSEI UNIV 160 | 110.6 | 0.99 0.98 1.07 1.05 0.98 0.97 21
60 | SELCUK UNIV 149 | 116.2 1.16 1.17 0.88 0.85 0.96 0.98 22
61 | OKAYAMA UNIV 328 | 2429| 0.91 0.93 1.04 1.07 0.97 1.03 22
62 | QUEENSLAND UNIV 188 | 146.8 1.08 1.13 0.93 0.98 0.97 1.05 23
63 | OSAKA UNIV 451 | 334 0.85 0.85 1.13 1.16 0.96 1.0 21
64 | FLORIDA UNIV 320 | 2155 1.0 1.02 1.01 1.01 0.96 0.98 20
65 | STATE UNIV CAMPINAS 237 | 159.3| 0.88 1.05 1.1 1.11 0.96 1.18 34
66 | SEOUL NATL UNIV 179 | 128.1 0.96 1.02 0.95 0.96 09§ 1.01 19
67 | COLUMBIA UNIV 170 | 121.4| 0.87 0.84 0.93 0.91 0.93 0.88 13
68 | SHOWA UNIV 156 | 122.6 0.93 0.97 1.05 1.08 0.93 0.97 22
69 | OULU UNIV 178 | 116.3| 0.91 1.01 1.02 1.05 0.92 1.06 30
70 | NEW YORK UNIV 256 | 156.3 1.55 1.48 0.87 0.86 0.91 83. 9
71 | PENN UNIV 199 | 124.3| 0.91 0.85 0.98 0.98 0.91 0.85 12
72 | INDIANA UNIV 240 | 153.3 0.96 0.92 0.99 1.0 0.89 0.86 15
73 | CAMPINAS UNIV 160 | 1045| 0.86 0.91 1.04 1.06 0.89 0.98 27
74 | WALES UNIV 241 | 154.3 0.95 0.98 0.91 0.91 0.88 0.89 17
75 | MALMO UNIV COLL 338 | 1949| 0.92 0.92 0.9 0.92 0.87 0.86 16
76 | CHIETI UNIV 174 | 89.9 0.88 0.88 1.15 1.13 0.87 09 8
77 | DUNDEE UNIV 170 | 102.9| 1.12 1.06 0.84 0.84 0.87 0.86 14
78 | SAO PAULO UNIV 786 | 556 0.82 0.87 1.0 1.0 0.86 091 22
79 | KYUSHU UNIV 391 | 295.7| 0.82 0.9 0.98 1.01 0.86 0.96 27
80 | HIROSHIMA UNIV 273 | 200.6 0.85 0.88 0.99 1.02 0.86 .99 24
81 | LEEDS UNIV 202 | 1286 0.88 0.87 0.9 0.91 0.86 0.86 15
82 | ILLINOIS UNIV 201 | 137 0.96 0.98 0.96 0.99 0.86 0.9| 15
83 | TEMPLE UNIV 175 | 100.4 0.7 0.79 1.16 1.12 0.86 0.97 27
84 | NEWCASTLE UNIV 330 | 226.7 0.98 0.96 0.93 0.93 0.8 .80 15
85 | MANCHESTER UNIV 501 | 316.6| 0.97 0.95 0.89 0.88 0.84 0.8 16
86 | ARISTOTLE UNIV 154 | 118.8 0.79 0.76 1.02 0.99 0.83 0.75
87 | EGE UNIV 160 | 131 0.82 0.84 1.0 0.97 0.82 0.83 19
88 | TEL AVIV UNIV 371 | 266.3 0.82 0.84 1.01 1.0 0.8 0.81 20
89 | TOHOKU UNIV 229 | 191.9| 0.81 0.91 1.02 1.07 0.8 0.95 33
90 | ADELAIDE UNIV 204 | 158.9 0.84 0.97 0.75 0.78 0.79 8D. 23
91 | TEXAS A&M UNIV 154 | 105.8| 0.88 0.88 0.95 0.94 0.78 0.77 14
92 | HEBREW UNIV JERUSALEM 285| 207.5 0.81 0.82 0.95 0.95 0.77 0.76 18
93 | MED & DENT NEW JERSEY 158 | 111.5| 0.72 0.74 0.97 0.94 0.76 0.73 17
94 | ANKARA UNIV 152 | 107.5 0.96 0.89 0.79 0.78 0.76 0.68 12
95 | NAGASAKI UNIV 249 | 1856 0.85 0.96 0.95 0.98 0.75 0.86 27
96 | BERGEN UNIV 190 | 140.9 0.75 0.84 1.0 1.03 0.74 0.84 25
97 | HACETTEPE UNIV 264 | 2269| 0.89 0.83 0.9 0.88 0.73 0.71 16
98 | ATHENS UNIV 206 | 141.1 0.7 0.74 0.94 0.93 0.71 0.71 15
99 | ROCHESTER UNIV 149 | 114.2 0.8 0.85 0.9 0.92 0.69 0.76 24
100 | QUEENS UNIV BELFAST 157| 104.9 0.75 0.73 0.9 0.91 640. 0.65 18




Proximity matrices

Collaboration

The number of collaborations in dentistry is fairlgthi 40 % of the

publications that could be connected to Z\n instit%tiorcaﬂaborations #INST | #P | % ) CPP/FCSM
between multiple institutions. Table 4 gives informatabout the 0 3770 [ 9 0.68
number of institutional collaborations, grouped by theber of 1 21767 54 0.96
institutions. Large collaborations, more than 4 addsedseve the 2 9671 | 24 1.11
highest impact. 3 3433 | 9 117
Table 5 (next page) presents the number of collabosakietween the 4 929 | 2 132
ten largest institutions. As seen by the percentage (@éxt tinstitution >4 459 | 1 1.56
name) the big institutions collaborate on approxinyedél % of the

articles. The percentage numbers in table 4 are prolmatered by Table 4. Number of institution
marginal producers. Counting publications by universities welyvould collaborations. Self-citations
probably have even higher numbers. excluded.

Table 6 (next page) gives the CPP/FCSm scores foottabdarations. All of the represented institutioxsept
one, perform better when collaborating with other ingtihs. This corresponds with the values in table 4,
showing that collaboration publications has higher qualbte that these values do not include self-citations.
The higher values for collaboration publications aerafore not a result of higher self-citation.

Table 5. Collaboration (COA) matrix 1 1998-2005 Dentistry. The nusribehe top table represent number of
articles, number of collaborations and collaboration percentage. Théarsin the bottom table represents
normalized co-occurrence and number of collaborations.

1 2 3 4 5
TEXAS UNIV EASTMAN DENT INST SAO PAULO UNIV KINGS COLL UNIV GOTHENBURG UNIV
(888) (591) (67 %) (789) (499) (63 %) (786) (418) (53 %) (686) (359) (52 %) (614) (408) (66 %)
6 7 8 9 10
TOKYO UNIV N CAROLINA UNIV AMSTERDAM UNIV HONG KONG UNIV WASHINGTON UNIV
(591) (285) (48 %) (562) (338) (60 %) (556) (271) (49 %) (514) (288) (56 %) (506) (308) (61 %)
1 2 3 4 5 6 7 8 9 10
1 ) 0.0018 | 0.0101 | 0.0022 0.002 0.0073 | 0.0224 0.005 0.0024 | 0.0211
1) (5) 1) (1) (3) (10) (2 (1) 9)
5 0.0018 ] 0.0088 | 0.1654 | 0.0089 0 0 0.0054 | 0.0475 0
(1) (4) (70) (4) (0) (0) (2) (18) (0)
3 0.0101 | 0.0088 ] 0.0026 | 0.0048 | 0.0087 | 0.0239 0 0.0692 | 0.0028
(5) (4) (1) (2 (3) 9) (0) (24) (1)
4 0.0022 | 0.1654 | 0.0026 ] 0.0052 | 0.0438 | 0.0057 0 0.0311 0.003
(1) (70) (1) (2) (14) (2) (0) (10) (1)
5 0.002 0.0089 | 0.0048 | 0.0052 ] 0.0029 | 0.0027 0.009 0 0.0056
1) (4) (2 (2 (1) (1) (3) (0) (2
5 0.0073 0 0.0087 | 0.0438 | 0.0029 ] 0.0451 0 0.014 0
3) ©) 3) (14) () (14) ©) ) ©)
; 0.0224 0 0.0239 | 0.0057 | 0.0027 | 0.0451 ] 0.0066 0 0.0186
(10) (0) 9) (2 1) (14) (2 (0) (6)
8 0.005 0.0054 0 0 0.009 0 0.0066 ] 0.0036 | 0.0138
(2) (2) (0) (0) (3) (0) (2) (1) (4)
0 0.0024 | 0.0475 | 0.0692 | 0.0311 0 0.014 0 0.0036 ] 0.0201
(2) (18) (24) (20) (0) (4) (0) (1) (6)
10 | 00211 0 0.0028 0.003 0.0056 0 0.0186 | 0.0138 | 0.0201 ]
9) (0) (1) (1) (2 (0) (6) 4) (6)




Table 6. Collaboration (COA) matrix 2 1998-2005 Dentistry. The nusribehe top table represent number of
articles, CPP/FCSm and collaboration CPP/FCSm. The numbers bottem table represents collaboration
CPP/FCSm and number of collaborations.

1 2 3 4 5
TEXAS UNIV EASTMAN DENT INST SAO PAULO UNIV KINGS COLL UNIV GOTHENBURG UNIV
(888) (1.11) (1.29) (789) (1.05) (1.07) (786) (0.86) (1.04) (686) (1.16) (1.12) (614) (1.61) (1.63)
6 7 8 9 10
TOKYO UNIV N CAROLINA UNIV AMSTERDAM UNIV HONG KONG UNIV WASHINGTON UNIV
(591) (1.06) (1.17) (562) (1.45) (1.57) (556) (1.26) (1.31) (514) (1.11) (1.74) (506) (1.14) (1.26)
1 2 3 4 5 6 7 8 9 10
1 117(1) | 024() | 3.06@1) | 35() 03(3) | 1.96(10) | 1.24(2) 0(1) 1(9)
2 | 117 - 0.48(4) | 0.86(70 2(4) 0(0) 0 (0) ©5 | 1.39 (18) 0(0)
3 | 024(5) | 0484 = 099(1) | 1.77() | 1.39@3) | 1.39(10) | 0(0) 3.06 (24) | 1.09 (3)
4 | 306@) | 086(70)| 0.99 (1) - 0.76 (2 1.09 (14) 36.(2) 0 (0) 0.89 (10)] 2.12(1)
5 | 35(Q1) 2 (4) 1.77(2) | 0.76(2) = 1.85(1) | 437@) | 137(3) 0 (0) 1.86 (2)
6 | 03(@3) 0(0) 1.393) | 1.09 (14 1.85 (1 - 1.8ax1| 0(0) 0.32 (4) 0(0)
7 | 196@0)| 0() 1.39(10) | 1.36(2) | 4.37(@) | 1.89 (14) - 0.89 (2) 0 (0) 2.05 (6)
8 | 1242 | 15 0(0) 0(0) 1.37 (3) 0(0) 0.89 (2 - 0(1) 1.11 (4)
9 0(1) | 1.39(18) | 3.06(24) | 0.89(20) | 0(0) 0.32 (4) 0 (0) 0(1) = 1.8 (6)
0 | 109 0(0) 1.093) | 212(@1)| 1.86(2 0(0) 2.65 (| 1.11(4) 1.8 (6)

Bibliographic coupling

Bibliographic coupling gives another proximity value, indegmmt of collaborations. Two publications are
bibliographically coupled if they share the same refees (Kessler 1963, Jarneving 2005). It shows the extent
to which two institutions share the same knowledge bbdigh values on this parameter implicates that they are
active in the same sub-field of research and reféreésame references. In order to be able to comipare t
values of the bibliographic coupling with the collabaratvalues we have chosen not to count common
references depending on collaborations (two institstmbviously share all the references of their cotiatibee
articles).

The correlation between bibliographic coupling and taltation were relatively small (Pearson correlation
between the normalized values for collaboration ahlibigraphic coupling of the 100 largest institutions gave
r=0.39). In table 7 we see that Texas Univ and GothenburgHawe a high bibliographic coupling. Compare
this with table 5 which showed that they had only onkabotation during the period. We will come back to this
later.



Table 7. Bibliographic coupling matrix. The numbers in the top tageesent number of articles and number of
references. The numbers in the bottom table represents nomhatizeccurrence and number of references in
common (excluding common references due to collaboration).

1 2 3 4 5
TEXAS UNIV EASTMAN DENT INST SAO PAULO UNIV KINGS COLL UNIV GOTHENBURG UNIV
(888) (22084) (789) (21039) (786) (16949) (686) (15001) (614) (14260)

6 7 8 9 10
TOKYO UNIV N CAROLINA UNIV AMSTERDAM UNIV HONG KONG UNIV WASHINGTON UNIV
(591) (12132) (562) (12942) (556) (11922) (514) (12450) (506) (14092)
1 2 3 4 5 6 7 8 9 10

1 ] 0.0932 | 01173 | 0.0787 | 0.1212 0.0987 | 0.1147 | 0.0998 0.0873 | 0.1053

(2008) | (2270) (1433) (2150) (1615) (1939) (1619) (1447) (1857)

5 0.0932 ] 0.0805 | 0.1211 | 0.0873 0.0558 | 0.0775 | 0.0789 0.074 0.0769

(2008) (1520) (2152) (1512) (892) (1279) (1249) (1197) (1324)
3 0.1173 | 0.0805 ] 0.0831 | 0.0946 0.1054 | 0.1124 0.097 0.1132 | 0.0725
(2270) | (1520) (1325) (1471) (1511) (1664) (1379) (1645) (1121)
4 0.0787 | 0.1211 | 0.0831 ] 0.0794 | 0.0686 0.09 0.0865 0.0954 | 0.0694
(1433) | (2152) | (1325) (1161) (925) (1254) (1157) (1304) (1009)
s 0.1212 | 0.0873 | 0.0946 | 0.0794 ] 0.0767 | 0.1022 | 0.1239 0.086 0.1075
(2150) | (1512) | (1471) (1161) (1009) (1389) (1615) (1146) (1524)
5 0.0987 | 0.0558 | 0.1054 | 0.0686 | 0.0767 ] 0.0901 | 0.0866 0.0953 | 0.0675
(1615) (892) (1511) (925) (1009) (1129) (1042) (1171) (883)
. 0.1147 | 0.0775 | 0.1124 0.09 0.1022 0.0901 ] 0.0947 0.0975 | 0.0934
(1939) | (1279) | (1664) (1254) (1389) (1129) (1176) (1237) (1262)
8 0.0998 | 0.0789 0.097 0.0865 | 0.1239 0.0866 | 0.0947 ] 0.0988 0.089
(1619) | (1249) | (1379) (1157) (1615) (1042) (1176) (1204) (1154)
9 0.0873 0.074 0.1132 | 0.0954 0.086 0.0953 | 0.0975 | 0.0988 ) 0.0679
(1447) | (1197) | (1645) (1304) (1146) (1171) (1237) (1204) (900)
10 | 01053 | 00769 | 0.0725 | 0.0694 | 0.1075 0.0675 | 0.0934 0.089 0.0679 ]
(1857) | (1324) | (1121) (1009) (1524) (883) (1262) (1154) (900)
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Co-citation

Table 8. Co-citation matrix 1998-2005 Dentistry. The numbers irofhtable represent number of articles and
times cited. The numbers in the bottom table represents noechalizoccurrence and number of articles co-
citing the two institutions.

1 2 3 4 5
TEXAS UNIV EASTMAN DENT INST SAO PAULO UNIV KINGS COLL UNIV GOTHENBURG UNIV
(888) (5025) (789) (3706) (786) (2468) (686) (3281) (614) (3874)
6 7 8 9 10
TOKYO UNIV N CAROLINA UNIV AMSTERDAM UNIV HONG KONG UNIV WASHINGTON UNIV
(591) (2769) (562) (3425) (556) (2759) (514) (2098) (506) (2813)
1 2 3 4 5 6 7 8 9 10
1 ) 0.1228 | 0.1164 | 0.083 0.1915 0.1174 | 0.1507 0.1311 0.0939 0.1231
(530) (410) (337) (845) (438) (625) (488) (305) (463)
5 0.1228 ] 0.0823 | 0.1222 0.1293 0.0652 0.0996 0.0954 0.0753 0.0976
(530) (249) (426) (490) (209) (355) (305) (210) (315)
3 0.1164 | 0.0823 ] 0.0952 0.1015 0.1553 0.1372 0.1207 0.1538 0.0649
(410) (249) (271) (314) (406) (399) (315) (350) (171)
4 0.083 0.1222 | 0.0952 ] 0.097 00634 | 0.0972 | (1) (359)[ 0.1033 0.0823
(337) (426) (271) (346) (191) (326) : (271) (250)
s 0.1915 | 0.1293 | 0.1015 | 0.097 ] 0.0922 0.1439 0.1618 0.0842 0.1466
(845) (490) (314) (346) (302) (524) (529) (240) (484)
5 0.1174 | 0.0652 | 0.1553 | 0.0634 0.0922 ] 0.125 0.1125 0.1606 0.057
(438) (209) (406) (191) (302) (385) (311) (387) (159)
. 0.1507 | 0.0996 | 0.1372 | 0.0972 0.1439 0.125 ] 0.1457 0.141 0.1202
(625) (355) (399) (326) (524) (385) (448) (378) (373)
8 01311 | 00954 [ 01207 [ ) 5q,| 01618 0.1125 0.1457 ] 0.1143 0.108
(488) (305) (315) : (529) (311) (448) (275) (301)
9 0.0939 | 00753 | 0.1538 | 0.1033 0.0842 0.1606 0.141 0.1143 ) 0.0593
(305) (210) (350) (271) (240) (387) (378) (275) (144)
10 | 01231 | 00976 | 0.0649 | 0.0823 0.1466 0.057 0.1202 0.108 0.0593 ]
(463) (315) (171) (250) (484) (159) (373) (301) (144)
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Mutual citations

Table 9. Co-citation matrix 1998-2005 Dentistry. The numbers irofh&able represent number of articles and
times cited from articles within the field of research. Thalmers in the bottom table represents total number of
mutual citations, number of citations from the institution to thedetbe institution on the top and number of
citations from the institution on the top to the institution #fe |

1 2 3 4 5
TEXAS UNIV EASTMAN DENT INST SAO PAULO UNIV KINGS COLL UNIV GOTHENBURG UNIV
(888) (2645) (789) (1814) (786) (1301) (686) (1686) (614) (2365)
6 7 8 9 10
TOKYO UNIV N CAROLINA UNIV AMSTERDAM UNIV HONG KONG UNIV WASHINGTON UNIV
(591) (1455) 562) (2047) (556) (1655) (514) (1165) (506) (1407)
1 2 3 4 5 6 7 8 9 10
1 91 86 a4 97 57 76 46 61 63
(44) (47) | @9)67) | @7) @7 | @2)(s5) | @7)@0) | (37) (41) | (26)(20) | (13) (48) | (23) (40)
5 o1 ] 54 90 73 22 61 52 62 45
(44) (47) (14) (40) | (42) @9) | (44)(29) | @12)(10) | (39)(22) | (19)(33) | (18) (45) | (27) (18)
3 86 54 ) 49 49 100 87 61 69 23
(19) (67) | (14) (40) (39)(10) | (41)(®) | (75)(25) | (71)(16) | (48)(13) | (44)(25) | (11)(12)
4 44 90 49 ] 59 32 59 46 63 30
(27) (17) | (42) 49) | (39) (10) (23) (36) | (14)(18) | (33)(26) | (24)(22) | (21)(42) | (16) (14)
s 97 73 49 59 ] 29 68 93 47 74
(42) (55) | (44)(29) | (41)(8) | (23)(36) (13) (16) | (31)(37) | (40)(53) | (12)(35) | (46) (28)
5 57 22 100 32 29 ] 53 47 97 25
(17) (40) | (12) (10) | (75)(25) | (14)(18) [ (13)(16) (25) (28) | (22)(25) | (28)(69) | (16)(9)
. 76 61 87 59 68 53 ] 58 83 65
(37) (41) | (39) (22) | (71) (16) | (33)(26) | (31)(37) | (25)(28) (31) (27) | (19) (64) | (34) (31)
8 46 52 61 46 93 47 58 ] 66 53
(26) (20) | (19)(33) | (48) (13) | (24) (22) | (40) (53) | (22) (25) | (31)(27) (13) (53) | (29) (25)
9 61 62 69 63 47 97 83 66 ] 30
(13) (48) | (18) (45) | (44) (25) | (21)(42) | (12)(35) | (28)(69) | (19)(64) | (13)(53) (18) (12)
10 63 45 23 30 74 25 65 53 30
(23) (40) | (27)(18) | (11)(12) | (16)(14) | (46)(28) | (16)(9) | (34 (31) | (29)(25) | (18)(12)
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Visualization of proximity

Collaboration

Our method for moving harmonized data from the addielssdan in a first round of analysis be used for co-
authorship analysis (CAO) on the country and institutiteeel. Figure 1 show the structure of collaborations
between countries in the material. The largest coundrie pivotal nodes except for Sweden. Many countrées ar
dependent on USA, England or Germany for their colkthmrs.

*PEOPLES R CHINA

@ENGLAND
QITALY

LANGPRTHIRELAND
SWITZERLAND

TURKEY IR

KHNLAND ®SCOTLAND

" GREECE ;e gium, *

. NORWAY ETH.ERI@%

ENMA * FRANCE | - JAPAN

@AUSTRALIA
* THAILAND

Figure 1. Co-author analysis at country level 1998-2005 Dentistry. Nizderepresents number of publications.

Next, we perform the same COA on the institutionatldor universities, research centers, companies and
institutes. Figure 2 shows the pattern of collaboratietween authors from different institutions. Thezers to
be several relatively distinct clusters of collabanasi within this set of data. To the left there is &idr cluster.
On the top we find a cluster of USA universities and enrtiiddle a group of Scandinavian universities
(Gothenburg, Malmo, Umea, Copenhagen and Karolinsl&dvBthere is a small cluster of top level
institutions: Harvard Univ, Boston Univ and Forsitistitute. We can see that the clusters often are
geographically explained. This can be one explanation totheorrelation between collaboration and
bibliographic coupling.

In this analysis we have chosen to use CPP/FCSm tdedine node size. We have also added the descriptors of
the collaborations to be able to see what diffeaeaas of research the clusters are active in.
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Figure 2. Co-authorship analysis 1998-2005 Dentistry. Node size mpge€PP/FCSm.
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Figure 3. Bibliographic coupling analysis 1998-2005 Dentistry. Nodersjgesents CPP/FCSm.
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Figure 3 is our most pertinent contribution. Here wansthat CiteSpace can be used for visualization of
bibliographic coupling. While there is a clustering efiadhe COA-figure, this is not the case when we do a
bibliographic coupling. Universities are much more relébeeach other and the field cannot be represented by a
number of specialties.

In the figure we have included keywords from Descrip{bis). Aarhus Univ, and universities connected to
Aarhus, to a larger extent use the keyword “tissue reg@neras keyword for their articles. The most central
universities with the highest CPP/FCSm are activeweral areas and there are no single keywords attéched
them.

Co-citation

Figure 4. University Co-citations. Nodes depend on numberatfaris (from all sources).

Co-citation analysis is a way of mapping the structurgci@ntific research based on the citations given by
authors in their publications. As such, it is consideodoktan important alternative to existing classificatioh
scientific research in fields. The clustering is basedacitation relations: the appearance of a paiitefic
publications (each cited more than a specified numbémeg} in the same reference lists (Jarneving 2005).

Remember that we, in this paper, first and foremospremgosing a method for citation analysis using
institutional addresses and comparing their proximity fdiiferent angels. Instead of using the normal function
for document co-citation in CiteSpace we put the referdatewith the AU tag and therefore can perform an
analysis using country or university.

Figure 4 show institutional co-citations, mainly univées. We find is that there is a Scandinavian/Swisgelus
of universities (to the left) that relate to each otheough co-citations. They are co-cited with Forsyttl some
other American universities. Most of the Americaniversities are related to each other in the clustéreasight
in the figure 4. University of North Carolina is tbentral node in that cluster, but there are also uniiessit
from Belgium, Brazil and other countries. Our intenti®mot to further interpret our findings as this is a
methodological paper.
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Comparing figures 2 and 4 we find some similarity betwileermaps. The Swiss/Swedish cluster is in the
middle and below and they seem to be related to eaeh oth

Mutual citations
Next and final figure is the mutual citations in figéreThis figure confirms the pattern showing a
Swiss/Swedish cluster on the one hand and an Anglo/Ametligsier on the other.

Figure 5. Mutual citations. Nodes depend on number of citationswitiim Dentistry.

Conclusion

CiteSpace is a powerful network data visualization techmitpiely designed to detect emerging trends and
transient patterns in scientific literature. CiteSpadeased is based on concepts "research fronts", defiresd a
emergent grouping of concepts & underlying research issuiedellectual base”, the network of citations and
co-citations of a research front in scientific literrat In this paper we show that the capabilities included
CiteSpace can be used to visualize any type of proxirattyden different units.

References

Chen, C. (2003Mapping scientific frontiers: the quest for knowledge visualizationdon: Springer.

Kessler, M. M. (1963) “Bibliographic coupling between sdf@papers”.American Documentatiori4: 10-25.

Jarneving, B. (2005) “A comparison of two bibliometmethods for mapping the research front”.
Scientometrics 65:245-263.

Nederhof A.J. and M.S. Visser (2004) "Quantitative deconstruof citation impact indicators”. Journal of
Documentation 60:658-672.

van Raan, A.F.J. (2004) "Measuring science”. In (Eds.¢d&lanzel & Schmochjandbook of Quantitative
Science and Technology Resea@brdrecht: Kluwer Acad Publ. pp. 19-50.

Schubert, A., W. Glénzel and T. Braun (1987) “Subjectl fadlaracteristic citation scores and scales for
assessing research performan&seientometric4d2:267-292.

Schubert A. and T. Braun (1996) “Cross-field normalizatibacientometric indicatorsScientometrics
36:311-324.



