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Basic Principles of Bibliometric Indicators

A crucial parameter in the assessment of researcbrperhce isnternational scientific
influence International influence can be considered as an irapmneasurable aspect of
scientific quality. Therefore, standardized, biblionemiocedures have been developed to
assess research performance within the frameworkerhational influence or impact.
Undoubtedly, the bibliometric approach is not an ideafumsént, working perfectly in all
fields under all circumstances. But the approach is adeduathe large majority of the
natural, the medical, the applied sciences, and in@kfeds within the social and
behavioural sciences.

The application of citation-analysis to the workaojroup as a whole over a longer
period of timedoes yield in many situations a strong indicator ofrg¢die performance, and
in particular of scientific quality. An important andaessary condition is that the citation
analysis is performed on the basis of an advanceahibtric method.

Research output is defined as the number of articldar as covered by the Science
Citation Index (SCI), the Social Science Citatioddr (SSCI), or the Arts & Humanities
Citation Index (AHCI).



Methodology

Fifteen research groups have been included in our asalf/kinné- and Berzelius-nominees
from Chalmers Univ Technol. Thirteen of these haveeniban twenty articles in the database
during the period 1998-2004. A bibliometric analysis of groups tnat Fewer than twenty
papers is of doubtful relevance as they cannot be givelrmlle bibliometric measurement.

In the analysis it should be taken into consideratiahttie magnitude of seniority and group
size differ a lot — from two up to ten persons can belwaebin the proposed research teams.

All nameghat are listed on the fifteen applications have Isegaject to bibliometric
identification. Basically, the process is manual asés the online version of Web of Science
(WoS). Each name is searched on the WoS (artiotéss nletters and reviews) for the period
1998-2004-In several cases, if last name and initial is commasid in Sweden, we have
performed a detailed analysis. Articles have been dailtdeked against the articles listed in
the publication list delivered by each applicant.

Bibliometrics with normalization between areas

In order to find out whether a certain volume oftwtas, or a certain citation-per-publication
value, is high or low, it is necessary to have aerimdtional reference value. To that end we
are using a normalization method and have establishdidlaleeneasure aklative,
internationally field-normalized impacCitation rates are increasing. Therefore it is irtguar
to normalize the measured impact of a research grougstitute (number of citations per
publication,CPP) to international reference valugs.

To achieve this we calculate the average citation feaé papers on a world level in
the journals in which the research group has published. fidicator is calledCSor, to be
correct, JC8neanfand reveals the mean Journal Citation Score of 8&areh group’s
“ljournal set”. Thus, this indicatalfCSdefines a world-wide reference level for the citation
rate of the group. It is calculated for all relevanblmations in a set of journals.

Type of article (article, letter note or review) ikea into account so that different
values are calculated for each type. This is done fdr g@ar. With the help of the ratio
CPP/JCY6th indicator) we observe whether the measured impabttoveor below
international average.

Comparison of the group’s citation rgt@PP)with the average citation rate of its
journal set JC9§ introduces a specific problem related to journal statmsiristance, if the
group publishes in prestigious (high impact) journals, and engtioup in rather mediocre
journals, the citation rate of articles published by botlugsanay be equatlative tothe

! Some articles from 2004 are not included in the dataam$Bomson/ISI update quite early in the following
year. In consequence there will be a number of agtiftbm 2004 in the next update spring 2006.

2 Only a small portion of papers listed in CVs were not ébunshould be mentioned that the bibliometric
identification process might consist of some mistakeg, due to misspelling of names, due to different usége
acronyms over time, and lack of addresses in some jsuidthough a journal is indexed a small number of
journal issues occasionally might not have been registay ISI.

® The methodology was originally developed by Braun & Glarses T. Braun, W. Glanzel, A. Schubert,
“Publication Productivity. From Frequency DistributionsScientometric IndicatorsJ. Inf. Sci, 16 (1990)
37-44 and has been taken further by the Leiden group; @.dRaan, AFJ. (1996). “Advanced bibliometric
methods as quantitative core of peer review based evaluaid foresight exercisesScientometrics
36(3):397-420This report strictly follows the format for Leiden re ports.

* For reasons of simplification we take this procedureoahting averages for granted in the following.



average citation rate of their respective journal &sthe first group evidently performs
better than the second.

Therefore, a second international reference levietieduced, dield-based average
calledFCS® This indicator is based on the citation ratalbpapers published ill journals
of the field(s) in which the group is active, and not anlyhe journals in which the group’s
researchers publish their papers. For a publication issgplestigious journal one may have a
(relatively) highCPP/JCSbut a lowerCPP/FCS and for a publication in a more prestigious
journal one may expect a highePP/FCS as publications in a prestigious journal will
generally have an impact above the field-specific average

Same procedure as the one we applied in the calculdttidSis used folFCS Often a
research group is active in more than one field. Iih sases we calculate a weighted average
value, the weights being determined by the total numberperpgublished by the group in
each field. For instance, if the group publishes in jouroailsnging to genetics and heredity,
as well as to cell biology, then tR€S(meanpf this group will be based on both field
averagtgs. Thus, indicatBCSrepresents aorld averagdn a specific (combination of)
field(s).

As in the case a€PP/JCS if the ratioCPP/FCS(8th indicator) is above 1.0, the impact
of the groups papers exceeds the field-baseddilgournals in the field) world average. The
ratio JCS/FCY7th indicator) is also an interesting indicatoiit is above 1.0, the mean
citation score of the group’s journal set exceeds t@mcitation score of all papers
published in the field(s) to which the journals belonghdf humbers are fairly above 1 it
means that the group normally publishes in journals weherally, a high impact.

For an analysis of groups in social sciences a five-giegtion window is preferred. As
journals normally have fewer articles per number anefassues per year in the social
sciences the peak for citations comes later thareisclences. Data for 5-year citations
(CPP/FC9) is displayed in table 1 (below). Although there isghlgorrelation between
CPP/FC$% and CPP/FCsYigures are corrected for the high variations thagroticcur with a
shorterYCitation window in areas of science charasgérby a low production of journal
articles:

Theinternationally standardized impact indicator CPP/FEsh be regarded as the
“crown” indicator. With this indicator you can immediately obgewhether the performance
of a research group or institute or country is signifilyaiatr below (indicator value < 0.5),
below (indicator value 0.5-0.8), around (0.8-1.2), above (B2-ar far above (> 1.5) the
international impact standard of the field.

In this specific analysis of rather small researaugs it should be underlined that in
the measurement of scientific impact one has to takearcount th@ggregation level of the
entityunder study. The higher the aggregation level, the largerdlume in publications and
the more difficult it is to have an impact significlgrabove the international level. Based on
international experiences, the following is a rulehefmb:

® To be precise we should talk about FCS (mean) foraime seasons as indicated above.

® To achieve a high precision the methodology accountsiti-assignation of subject categories. An article in
a journal with three subject categories receives oné tiiFCS-values from each category.

" See D. Aksnes dissertati@itations and their use as indicators in science polidyiversity of Twente,

(March 2005), c.f. D. Aksnes, “A macro study of self-ctatj Scientometricsol 56, no. (2003) 235-246.



At the research group levelGPP/FCSvalue above 2.0 indicates a very strong group,
and values close to or above 3.0 the groups can be, dgnevakidered as excellent and
comparable to top-groups at the best European universities.

Bibliometric Results

Table 1, below, show our main result: publication datdifteen research groups. The first
column contains the number of papers published, P. The msmbarticles are in some cases
low. Again, it should be mentioned that the methodology used here relevant only for
cases with at least 20 articles from a research group over a jp@t of seven yearsin the
second column we find the average number of citations pper g&PP), using a two-year
citation window. The third column uses a five-yeartotass window. We have not been able
to correct for self-citations. In the fourth column gl®w figures for mean number of authors
per paperAUm). Average number of international collaboratiolms ¢oll) is displayed in
column 5 (operationalized as number of countries pelettic

The core analytic scheme is as follows. For papersghdaiin 1998, citations are
counted during the period 1998-2000, for 1999 papers citations in 1999-a20049 on, i.e.
we use a two-three year window for citations (timeytardepends on date for publication
during the year for publication). From experience we krimat in the natural and life
sciences — basic as well as applied — the average “pe#h@ number of citations is in the
third year after publication and a large part of the ataticomes during the first two years.
The correlation between 2-year window and 5-year winisodv91(Pearsom?) in this
particular materiaf.

Column 6-8 of table 1 presents the core results of thisiigation. The first of these,
column 6, gives the journal-specific quality index (CEF). Column 7 report the quota
between the journals where a group is publishing and tlikvie@lies for these journals. This
can be called the difficulty quota for the group. The lagb columns (column 8 and column
9) in table 1 show the “crown indicator” with two diféat citation windows (CPP/FG&nd
CPP/FC9). For groups in social sciences and humanities we pteddast indicator. But, the
effect is marginal, although the Tillman group receivesagkedly better evaluation with
FCS.

8 Here we use a two-three year citation window whileL#siden group normally uses a window with de-
escalation, i.e. the window contain of articles witheduy 3-year, 2-year and 1-year windows simultaneously.
N.B! There is autocorrelation between 2- and 5-yé&ation windows.



Table 1Bibliometric Indicators per group. Column 8 is the “crown indicat’.

1 2 3 4 S 6 7 8 9
GROUPnNan P CPP. CPP! AUn IntCol CPP/JCS JCS/FCS CPP/FCS CPP/FCS
Johanssc 167 3,8¢ 6,20 3,90 1,3¢ 1,1¢ 1,2 1,5 1,4
Hyldgaa 14¢ 4,2¢ 7,06 3,90 1.4 1,0: 1,5t¢ 1,5t¢ 1,5¢
Olsso 35( 3,3¢ 5,70 4,68 1,6 1,0: 1,1 1,1¢ 1,1
Borjessc 367 4,77 8,5t 3,9¢ 1,7 1,3: 1,2¢ 1,5 1,5¢
Runessc 8t 1,67 3,4 3,06 1,3¢ 1,2¢ 1,2 1,4 1.4
Almstel 8C 2,7C 5,9t 3,4 1,1 1,1t 1,4¢ 1,8t 1,8t
Svenssc 17¢ 2,4¢ 428 4,10 1,4¢ 1,1 1,3¢ 1,5¢ 1,5
Stak 27¢ 24: 3,66 51. 1,5 0,9¢ 1,2 1,2¢ 1,1¢
Kasem 43t 447 7,90 43¢ 1,7 1,2 1,3 1,5( 1,5
Tillma g 1,7¢ 3,00 260 1,2 3,8( 0,5¢ 1,1 1,3
McKelve 18 1,80 3,30 2,30 1,5 1,8t 0,9¢ 1,7: 1,7¢
Delsin 190 43¢ 6,90 4,6¢ 1,7( 1,3( 1,2 1,6( 1,4¢
Smitl 6 0,5¢ 1,3. 24¢ 1,4 0,8 0,8¢ 0,9: 0,9:
Haggstro 106 1,4¢ 2,7¢ 2,1« 1,7¢ 1,1 1,2° 1,3( 1,1¢
Hermanss: 147 2,6¢ 4,5 3,9¢ 1,3 0,9: 1,1¢ 1,0( 1,0(

Fractional counts of publications and citations

In most fields of research scientific work is don@icollaborative mode. Collaborations
make it necessary to differentiate between whole camddractional counts of papers and
citations? Fractional counts give us a figure of weight for thetdbution of the group to the
guantitative indicators of all their papers. By dividthg number of authors from the group
with the number of all authors on a paper we havecéidreal counting procedure. In order to
indicate the use of this procedure we use the acronym ABABese figures in the

following, see table 2. Column 10 gives the fractiondlisember of papers and column 11
the percentage of own contributions from the group (oald0 divided by column 1).

From FRAC-figures we can see to what extent the grecgives many citations on
collaborative papers only, or if all papers from the grargcited in the same manner. In
short, when column 15 (below) figures are lower thaorool 8 (above) it follows that the
group normally receive fewer citations on their own psplean in collaborative papers, and
vice versa. Groups with better FRAC-figures than fullmddigures are indicated (colour) in
table 2. How to look at international or nationalaqmeration in science is, of course, an open
guestion and our intention is definitely not to undervahl&aborations. They are important
and have to be assessed from a broad perspective abnligfdabour in science.

®“When whole counts are used, the data should be read asrtber of papers in which a particular unit
occurs. This procedure leads to double counting. We can éedbtible counting by dividing the number of
papers into fractions according to the number of unitshtisee produced them, that is, by usiragtional
counts.The sum of all fractions will be equal to the actuahbar of papers in the data set. This allows us to
measure the percentage of all papers that has been praguegrarticular unit. If a paper is co-produced by two
or more units from different countries and has beexddily ten other articles, each of the two units willrget

a article and five citations. The difference betwasrole and fractional counts for a given unit is a meastir

the degree of collaboration. For example, if the wizolent gives an institution 100 papers and the fractional
count 50 papers, we can say that the difference isftbet of collaboration.from Persson et & bibliometric
study of Finnish sciendg2000), VTT working papers. (www.vtt.fi/ttr/pdf/wp48.pdf).



Table 2. Fractional counts of papers and citation impact. Column 15 is thedwn
indicator” with fractional counts

1 1C 11 1z 1 14 1t
GROUPnan P FRAC_ Percen FRAC_CPI FRAC_CPP/JC FRAC_JCS/FC FRAC_CPP/FC
Johanssc 167 51,8¢ 0,3: 3,6¢ 1,2¢ 1,4¢ 1,6:
Hyldgaa 14¢ 50,3« 0,3¢ 4,2: 1,0¢ 1,6¢ 1,5
Olsso 35( 93,80 0,2 3,1 1,0: 1,10 1,1
Borjessc 367 115,9 0,3: 5,2 1,5¢ 1,4¢ 1,6¢
Runessc 8¢ 31,90 0,3¢ 1,5¢ 1,1 1,2¢ 1,2¢
Almstel 8( 26,80  0,3¢ 2,3: 1,0: 1,4¢ 1,6¢
Svenssc 17¢ 57,9 0,3 3,1 1,4( 1,5¢ 1,8¢
Stak 27¢ 66,8. 0,2« 2,6¢ 1,0¢ 1,3( 1,3¢
Kasem 43t 128,8 0,3( 45! 1,3( 1,2¢ 1,4¢
Tillma 9 3,5¢ 0,4( 1,4: 2,8t 0,5¢ 0,8¢
McKelve 1t 8,7 0,5¢ 1,4¢ 1,7¢ 0,8t 1,4¢
Delsin 19¢ 52,4 0,20 5,1: 1,3¢ 1,3t 1,6¢
Smitl 65 33,00 0,5 0,7: 1,0¢ 0,9¢ 1,27
Haggstro 10¢ 60,5.  0,5¢ 1,27 0,9¢ 1,3: 1,1
Hermanss: 147 44,7.  0,3( 2,7( 0,9¢ 1,2: 1,0:

Note: Pearsorf=0.89 between fracCPP/FCS2 and fracCPP/FCS5 (fracCBB/Rot displayed here).

Time trends

Up until now we have given one average figures per grougndoiull 7-year period (1998-
2004) Also, it is interesting to look into the developmenitrduthe actual period for the
different groups. Figures 1-13 below display two aspectsrédnmeance: firstly, the number
articles per year (bar), secondly, the CPP/H@ year (line). Agaimemember that data for
CPP/FC% for year 2004 are not reliable.

In all figures bar scale is heterogeneous between g variation in productivity
in number of papers per year is substantial. This i®pidyfnormal as publication strategies
differ among scientific fields. The quality variable, thie other hand, is kept homogenous
between all figures.

Basically, this analysis should be focused on the tr&gdin, notice that this analysis is
not applicable for groups with a low number of articlezgpiced during the period.
Therefore, groups with less than 20 articles are natdecl in the analysis.
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Figure 1-6. Number of articles (bars) and “crown indicatofline) per year and group.
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Figure 7-13. Number of articles (bars) and “crown indicataitine) per year and group.



Visualization of Networks

Research environments might be visualized by publicatidrcaation data. We focus on
mapping of author collaboration networks and co-citatidwokks. For each of the groups
we have made two maps: firstly a map on co-authorshiggsesondly a document co-citation
analysis.

An important task in mapping co-citation networks is tonidg clusters of articles in
correspondence to the underlying thematic groupings as perdsisientists themselves.
Co-citation links represent how often two articles r@ferenced together by a subsequent
article. The strength of a co-citation link provides anrinfative measure of the association
between two articles.

For the purpose of visualizing the research networks wéhessoftware CiteSpace
developed at Drexel University. CiteSpace is developedifallyaing and visualizing co-
citation networks.

CiteSpace uses Pathfinder which offers a better alteenttitraditional layout and link-
reduction methods such as multidimensional scaling (Ma»8)minimum spanning trees
(MSTs). MDS provides no explicit representations of linkaking it difficult to interpret the
nature of each dimension in an MDS solution. Pathfiedpticitly represents the strongest
links, and the interpretation relies on linkage instea@lative positions along each
dimension. A very useful feature of Pathfinder netwaskfat the most significant and
relevant work tends to be located in the center ofetaork representation, whereas other
relevant but less predominant work appears at the out$kuich networks.

The merged network can be visualiz&chumber of colour encoding schemes are used
to convey a variety of information. Co-citation linstween articles are coloured by the time
when the first instance of the co-citation was mawtaes with high centrality are marked
with an extra purple ring.

In our analysis thresholds (lowest frequency of refafi@re set at a constant level for
groups with a production of 25-100 papers. Groups with les2H&@0 papers during the
period cannot be analysed with this specific application.

For the purpose of interpretation of the co-authoryamlt can be said that a group
with many nodes at a large distance from each othé&aptp lack an intensive collaboration
during the period. Consequently, connected nodes and nodhesaeritre indicate strong
collaborative relations.

The other picture, so called document co-citations, revdads can be called “the
intellectual space” for the group. To what extent aregtbeps members active in the same
areas and to what extent are they citing the samegts®hVhen interpreting network
pictures it should be considered that collaborationalays becomes manifest in co-
authorshipg?

The colours of the linkages are important. If ther@oisiinance for cold colours (blue
and green) then the network has been going on from thertseg of the time-period. When
warmer colours dominate then it follows that the nekvmrthe co-citations have been
established in later years during the period (approx. after 2001)

109 See e.g. the excellent paper by Katz JS, Martin BR, t\igh@search collaboration?” RESEARCH POLICY
26 (1): 1-18 MARCH 1997.



10

* Snis A  Acke F
(.33}

" Johnson JRT

T " Lindstrom R

[T

ansson LG

et

"
Valkeapaa M

" Berasteguip

“wmmso PaNas |
“Svensson JE 2 i

" Benin s ,
Frdess Grophuck H

““Asteman H * Segerdanl K
(,33)

ABOVE: Co-author analysis BELOW: Document co-citationralysis

" WANG A 1086, ..., : SSON LG. 1994, ...
CHEN HQ, 1999,
; AR -

LB

‘ JOHNSON JRT, 2000, ...
* JOHNSOBREERWQGD NN, 1997, ...

o5
PERDEW JP, 1996, .., bfm?ﬁ!ﬁsﬁﬂbnsm FRISCHMJ, 1935, ...
(.3 (49)
MONKHORST HJ; 1976, ... N
(25

or‘rI%ECKE AD, 1993, ..

. VOSKO SH, 1980, ...
" rumer, 196, | ASTEMAN H, 1999, ..

(.28)
. ASTEMAN H, 2000, ...

| JOHNSON JRT, 194GHNSON JRT, 1999, | ¢ PANAS |, 1997, ...

* TEDMON G, 1966, ..

¢
& STREKALOV PV, 1993, ..
KOFSTAD P, 1986, ... 4
) L KOHN W, 1965, ...
GRAEDEL TE, 1989, ...

" @RAHAM HC, 1971, ..

B » " pan 5, .. :

L] L ]

JIANIAN §, 1997, .. ASTEMAN H, 1899, ..

5 "
RAHMEL A, 195, ..

JOHANSSON



Bergeid " owas

13
Kasemo B "'Chakarov D
; ‘Chakarov DV 2
—

ABOVE: Co-author analysis

" RYDEERG H, 2000, ..

| SMITH RS. 1996, ...

' HENDERSON MA, 2002, ..

", craxarov by, ask |
“.CHAKAROV DV, 1985, ..

‘SCHRODER E, 2000, ...

" HELLSING B, 1997, ...

HYLDGAARD

": ORI, ...
A Y

Eﬁ_w%ﬂsﬂz,

:1 A
L e L

it

/'y
¥ i
f

11

Sehrodack " Jacobson N

" Langreth DG
Vachl, Razaznejad 8

‘Lundqvist BI

RydbergH

" Qal_;lyldgmrd P

4 " Ruberto ¢
s [—

Einitain TL

BELOW: Document co-citationraalysis

 EINSTEIN TL, 1996, ..

=
| AR 100,

* comamiong 1l STROUE, 155,



12

ABOVE: Co-author analysis BELOW: Document co-citationralysis

METROPOLIS N, 1953, ...

OLSSON



13

ABOVE: Co-author analysis BELOW: Document co-citationralysis

BORJESSON



14

ABOVE: Co-author analysis BELOW: Document co-citationralysis

RUNESSON



15

ABOVE: Co-author analysis BELOW: Document co-citationralysis

ALMSTEDT



16

ABOVE: Co-author analysis BELOW: Document co-citationralysis

SVENSSON



17

ABOVE: Co-author analysis BELOW: Document co-citationralysis

STAKE



18

ABOVE: Co-author analysis BELOW: Document co-citationralysis

KASEMO



19

ABOVE: Co-author analysis BELOW: Document co-citationralysis

DELSING



20

ABOVE: Co-author analysis BELOW: Document co-citationralysis

SMITH



ABOVE: Co-author analysis

HAGGSTROM

21

BELOW: Document co-citationralysis



22

ABOVE: Co-author analysis BELOW: Document co-citationralysis

HERMANSSON



