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Basic Principles of Bibliometric Indicators  

A crucial parameter in the assessment of research performance is international scientific 
influence. International influence can be considered as an important, measurable aspect of 
scientific quality. Therefore, standardized, bibliometric procedures have been developed to 
assess research performance within the framework of international influence or impact. 
Undoubtedly, the bibliometric approach is not an ideal instrument, working perfectly in all 
fields under all circumstances. But the approach is adequate for the large majority of the 
natural, the medical, the applied sciences, and in several fields within the social and 
behavioural sciences.  

The application of citation-analysis to the work of a group as a whole over a longer 
period of time does yield in many situations a strong indicator of scientific performance, and 
in particular of scientific quality. An important and necessary condition is that the citation 
analysis is performed on the basis of an advanced bibliometric method.  

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

Fifteen research groups have been included in our analysis of Linné- and Berzelius-nominees 
from Chalmers Univ Technol. Thirteen of these have more than twenty articles in the database 
during the period 1998-2004. A bibliometric analysis of groups that have fewer than twenty 
papers is of doubtful relevance as they cannot be given a reliable bibliometric measurement. 
In the analysis it should be taken into consideration that the magnitude of seniority and group 
size differ a lot – from two up to ten persons can be involved in the proposed research teams.  

All names that are listed on the fifteen applications have been subject to bibliometric 
identification. Basically, the process is manual and uses the online version of Web of Science 
(WoS). Each name is searched on the WoS (articles, notes, letters and reviews) for the period 
1998-2004.1 In several cases, if last name and initial is commonly used in Sweden, we have 
performed a detailed analysis. Articles have been double-checked against the articles listed in 
the publication list delivered by each applicant.2

 

Bibliometrics with normalization between areas  

In order to find out whether a certain volume of citations, or a certain citation-per-publication 
value, is high or low, it is necessary to have an international reference value. To that end we 
are using a normalization method and have established a reliable measure of relative, 
internationally field-normalized impact. Citation rates are increasing. Therefore it is important 
to normalize the measured impact of a research group or institute (number of citations per 
publication, CPP) to international reference values.3 

To achieve this we calculate the average citation rate of all papers on a world level in 
the journals in which the research group has published. This indicator is called JCS or, to be 
correct, JCS(mean)4 and reveals the mean Journal Citation Score of the research group’s 
“journal set”. Thus, this indicator JCS defines a world-wide reference level for the citation 
rate of the group. It is calculated for all relevant publications in a set of journals.  

Type of article (article, letter note or review) is taken into account so that different 
values are calculated for each type. This is done for each year. With the help of the ratio 
CPP/JCS (6th indicator) we observe whether the measured impact is above or below 
international average.  

Comparison of the group’s citation rate (CPP) with the average citation rate of its 
journal set (JCS) introduces a specific problem related to journal status. For instance, if the 
group publishes in prestigious (high impact) journals, and another group in rather mediocre 
journals, the citation rate of articles published by both groups may be equal relative to the 

                                                
1 Some articles from 2004 are not included in the database as Thomson/ISI update quite early in the following 
year. In consequence there will be a number of articles from 2004 in the next update spring 2006. 
2  Only a small portion of papers listed in CVs were not found. It should be mentioned that the bibliometric 
identification process might consist of some mistakes, e. g. due to misspelling of names, due to different usage of 
acronyms over time, and lack of addresses in some journals. Although a journal is indexed a small number of 
journal issues occasionally might not have been registered by ISI. 
3 The methodology was originally developed by Braun & Glänzel, see T. Braun, W. Glänzel, A. Schubert, 
“Publication Productivity. From Frequency Distributions to Scientometric Indicators”. J. Inf. Sci., 16 (1990)  
37-44 and has been taken further by the Leiden group; e.g. van Raan, AFJ. (1996). “Advanced bibliometric 
methods as quantitative core of peer review based evaluation and foresight exercises”. Scientometrics, 
36(3):397–420. This report strictly follows the format for Leiden reports. 
4 For reasons of simplification we take this procedure of counting averages for granted in the following. 
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average citation rate of their respective journal sets. But the first group evidently performs 
better than the second.  

Therefore, a second international reference level is introduced, a field-based average 
called FCS.5 This indicator is based on the citation rate of all papers published in all journals 
of the field(s) in which the group is active, and not only in the journals in which the group’s 
researchers publish their papers. For a publication in a less prestigious journal one may have a 
(relatively) high CPP/JCS but a lower CPP/FCS, and for a publication in a more prestigious 
journal one may expect a higher CPP/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 calculation of JCS is used for FCS. Often a 
research group is active in more than one field. In such cases we calculate a weighted average 
value, the weights being determined by the total number of papers published by the group in 
each field. For instance, if the group publishes in journals belonging to genetics and heredity, 
as well as to cell biology, then the FCS(mean) of this group will be based on both field 
averages. Thus, indicator FCS represents a world average in a specific (combination of) 
field(s).6  

As in the case of CPP/JCS, if the ratio CPP/FCS (8th indicator) is above 1.0, the impact 
of the groups papers exceeds the field-based (i.e., all journals in the field) world average. The 
ratio JCS/FCS (7th indicator) is also an interesting indicator. If it is above 1.0, the mean 
citation score of the group’s journal set exceeds the mean citation score of all papers 
published in the field(s) to which the journals belong. If the numbers are fairly above 1 it 
means that the group normally publishes in journals with, generally, a high impact.  

For an analysis of groups in social sciences a five-year citation window is preferred. As 
journals normally have fewer articles per number and fewer issues per year in the social 
sciences the peak for citations comes later than in the sciences. Data for 5-year citations 
(CPP/FCS5) is displayed in table 1 (below). Although there is a high correlation between 
CPP/FCS2 and CPP/FCS5 figures are corrected for the high variations that often occur with a 
shorter citation window in areas of science characterized by a low production of journal 
articles.7 

The internationally standardized impact indicator CPP/FCS can be regarded as the 
“crown” indicator. With this indicator you can immediately observe whether the performance 
of a research group or institute or country is significantly far below (indicator value < 0.5), 
below (indicator value 0.5-0.8), around (0.8-1.2), above (1.2-1.5), or far above (> 1.5) the 
international impact standard of the field.  

In this specific analysis of rather small research groups it should be underlined that in 
the measurement of scientific impact one has to take into account the aggregation level of the 
entity under study. The higher the aggregation level, the larger the volume in publications and 
the more difficult it is to have an impact significantly above the international level. Based on 
international experiences, the following is a rule of thumb:  

                                                
5 To be precise we should talk about FCS (mean) for the same reasons as indicated above. 
6 To achieve a high precision the methodology accounts for multi-assignation of subject categories. An article in 
a journal with three subject categories receives one third of FCS-values from each category. 
7 See D. Aksnes dissertation Citations and their use as indicators in science policy. University of Twente, 
(March 2005), c.f. D. Aksnes, “A macro study of self-citation”, Scientometrics vol 56, no. (2003) 235-246. 
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At the research group level a CPP/FCS value above 2.0 indicates a very strong group, 
and values close to or above 3.0 the groups can be, generally, considered as excellent and 
comparable to top-groups at the best European universities.  

Bibliometric Results  

Table 1, below, show our main result: publication data for fifteen research groups. The first 
column contains the number of papers published, P. The numbers of articles are in some cases 
low. Again, it should be mentioned that the methodology used here is relevant only for 
cases with at least 20 articles from a research group over a period of seven years. In the 
second column we find the average number of citations per paper (CPP), using a two-year 
citation window. The third column uses a five-year citations window. We have not been able 
to correct for self-citations. In the fourth column we show figures for mean number of authors 
per paper (AUm). Average number of international collaborations (Int coll ) is displayed in 
column 5 (operationalized as number of countries per article).  

The core analytic scheme is as follows. For papers published in 1998, citations are 
counted during the period 1998-2000, for 1999 papers citations in 1999- 2001, and so on, i.e. 
we use a two-three year window for citations (time length depends on date for publication 
during the year for publication). From experience we know that in the natural and life 
sciences – basic as well as applied – the average “peak” in the number of citations is in the 
third year after publication and a large part of the citations comes during the first two years. 
The correlation between 2-year window and 5-year window is 0.91 (Pearson r2) in this 
particular material.8 

Column 6-8 of table 1 presents the core results of this investigation. The first of these, 
column 6, gives the journal-specific quality index (CPP/JCS2). Column 7 report the quota 
between the journals where a group is publishing and the field-values for these journals. This 
can be called the difficulty quota for the group. The two last columns (column 8 and column 
9) in table 1 show the “crown indicator” with two different citation windows (CPP/FCS2 and 
CPP/FCS5). For groups in social sciences and humanities we prefer the last indicator. But, the 
effect is marginal, although the Tillman group receives a markedly better evaluation with 
FCS5. 

                                                
8 Here we use a two-three year citation window while the Leiden group normally uses a window with de-
escalation, i.e. the window contain of articles with 4-year, 3-year, 2-year and 1-year windows simultaneously. 
N.B! There is autocorrelation between 2- and 5-year citation windows. 
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Table 1Bibliometric Indicators per group. Column 8 is the “crown indicator”.  

1 2 3 4 5 6 7 8 9

GROUPname P CPP2 CPP5 AUm IntColl CPP/JCS2 JCS/FCS2 CPP/FCS2 CPP/FCS5

Johansson 167 3,83 6,21 3,92 1,38 1,16 1,24 1,53 1,43

Hyldgaard 146 4,26 7,09 3,90 1,47 1,04 1,56 1,56 1,54

Olsson 350 3,38 5,73 4,65 1,63 1,01 1,12 1,16 1,11

Börjesson 367 4,77 8,58 3,98 1,72 1,31 1,29 1,53 1,59

Runesson 85 1,67 3,47 3,06 1,38 1,29 1,24 1,43 1,47

Almstedt 80 2,70 5,96 3,44 1,13 1,15 1,46 1,85 1,83

Svensson 174 2,49 4,28 4,13 1,48 1,12 1,39 1,55 1,51

Stake 276 2,42 3,68 5,11 1,51 0,96 1,24 1,28 1,18

Kasemo 435 4,41 7,93 4,35 1,71 1,24 1,32 1,50 1,52

Tillman 9 1,78 3,00 2,67 1,22 3,80 0,58 1,13 1,32

McKelvey 15 1,80 3,33 2,33 1,53 1,86 0,98 1,72 1,75

Delsing 193 4,34 6,97 4,69 1,70 1,30 1,22 1,60 1,49

Smith 65 0,55 1,32 2,48 1,43 0,87 0,89 0,91 0,91

Häggström 108 1,46 2,76 2,14 1,78 1,12 1,27 1,30 1,16

Hermansson 147 2,65 4,57 3,99 1,31 0,92 1,19 1,00 1,00

 

 

Fractional counts of publications and citations 

In most fields of research scientific work is done in a collaborative mode. Collaborations 
make it necessary to differentiate between whole counts and fractional counts of papers and 
citations.9 Fractional counts give us a figure of weight for the contribution of the group to the 
quantitative indicators of all their papers. By dividing the number of authors from the group 
with the number of all authors on a paper we have a fractional counting procedure. In order to 
indicate the use of this procedure we use the acronym FRAC for these figures in the 
following, see table 2. Column 10 gives the fractionalised number of papers and column 11 
the percentage of own contributions from the group (column 10 divided by column 1). 

From FRAC-figures we can see to what extent the group receives many citations on 
collaborative papers only, or if all papers from the group are cited in the same manner. In 
short, when column 15 (below) figures are lower than column 8 (above) it follows that the 
group normally receive fewer citations on their own papers than in collaborative papers, and 
vice versa. Groups with better FRAC-figures than full count figures are indicated (colour) in 
table 2. How to look at international or national co-operation in science is, of course, an open 
question and our intention is definitely not to undervalue collaborations. They are important 
and have to be assessed from a broad perspective of division of labour in science. 

                                                
9
 “When whole counts are used, the data should be read as the number of papers in which a particular unit 

occurs. This procedure leads to double counting. We can avoid the double counting by dividing the number of 
papers into fractions according to the number of units that have produced them, that is, by using fractional 
counts. The sum of all fractions will be equal to the actual number of papers in the data set. This allows us to 
measure the percentage of all papers that has been produced by a particular unit. If a paper is co-produced by two 
or more units from different countries and has been cited by ten other articles, each of the two units will get half 
a article and five citations. The difference between whole and fractional counts for a given unit is a measure of 
the degree of collaboration. For example, if the whole count gives an institution 100 papers and the fractional 
count 50 papers, we can say that the difference is the effect of collaboration.” from Persson et al A bibliometric 
study of Finnish science (2000), VTT working papers. (www.vtt.fi/ttr/pdf/wp48.pdf). 
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Table 2. Fractional counts of papers and citation impact. Column 15 is the “crown 
indicator” with fractional counts 

1 10 11 12 13 14 15

GROUPname P FRAC_P Percent FRAC_CPP2 FRAC_CPP/JCS2 FRAC_JCS/FCS2 FRAC_CPP/FCS2

Johansson 167 51,88 0,31 3,66 1,28 1,44 1,62

Hyldgaard 146 50,34 0,34 4,21 1,04 1,69 1,52

Olsson 350 93,88 0,27 3,13 1,01 1,13 1,11

Börjesson 367 115,91 0,32 5,27 1,53 1,45 1,66

Runesson 85 31,93 0,38 1,55 1,17 1,24 1,28

Almstedt 80 26,80 0,34 2,31 1,01 1,49 1,68

Svensson 174 57,94 0,33 3,11 1,40 1,58 1,89

Stake 276 66,81 0,24 2,65 1,05 1,30 1,38

Kasemo 435 128,82 0,30 4,53 1,30 1,29 1,45

Tillman 9 3,58 0,40 1,42 2,85 0,55 0,88

McKelvey 15 8,71 0,58 1,46 1,74 0,85 1,44

Delsing 193 52,43 0,27 5,12 1,38 1,33 1,66

Smith 65 33,09 0,51 0,71 1,09 0,95 1,27

Häggström 108 60,53 0,56 1,27 0,99 1,31 1,14

Hermansson 147 44,72 0,30 2,70 0,96 1,22 1,01

 

Note: Pearson r2 =0.89 between fracCPP/FCS2 and fracCPP/FCS5 (fracCPP/FCS5 not displayed here). 

Time trends 

Up until now we have given one average figures per group for the full 7-year period (1998- 
2004) Also, it is interesting to look into the development during the actual period for the 
different groups. Figures 1-13 below display two aspects of performance: firstly, the number 
articles per year (bar), secondly, the CPP/FCS2 per year (line). Again, remember that data for 
CPP/FCS2 for year 2004 are not reliable.  

In all figures bar scale is heterogeneous between groups as the variation in productivity 
in number of papers per year is substantial. This is perfectly normal as publication strategies 
differ among scientific fields. The quality variable, on the other hand, is kept homogenous 
between all figures.  

Basically, this analysis should be focused on the trend. Again, notice that this analysis is 
not applicable for groups with a low number of articles produced during the period. 
Therefore, groups with less than 20 articles are not included in the analysis. 
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Figure 1-6. Number of articles (bars) and “crown indicator2” (line) per year and group.  
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Figure 7-13. Number of articles (bars) and “crown indicator2” (line) per year and group. 
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Visualization of Networks  
Research environments might be visualized by publication and citation data. We focus on 
mapping of author collaboration networks and co-citation networks. For each of the groups 
we have made two maps: firstly a map on co-authorships and secondly a document co-citation 
analysis. 

An important task in mapping co-citation networks is to identify clusters of articles in 
correspondence to the underlying thematic groupings as perceived by scientists themselves. 
Co-citation links represent how often two articles are referenced together by a subsequent 
article. The strength of a co-citation link provides an informative measure of the association 
between two articles.  

For the purpose of visualizing the research networks we use the software CiteSpace 
developed at Drexel University. CiteSpace is developed for analyzing and visualizing co-
citation networks. 

CiteSpace uses Pathfinder which offers a better alternative to traditional layout and link-
reduction methods such as multidimensional scaling (MDS) and minimum spanning trees 
(MSTs). MDS provides no explicit representations of links, making it difficult to interpret the 
nature of each dimension in an MDS solution. Pathfinder explicitly represents the strongest 
links, and the interpretation relies on linkage instead of relative positions along each 
dimension. A very useful feature of Pathfinder networks is that the most significant and 
relevant work tends to be located in the center of its network representation, whereas other 
relevant but less predominant work appears at the outskirt of such networks.  

The merged network can be visualized. A number of colour encoding schemes are used 
to convey a variety of information. Co-citation links between articles are coloured by the time 
when the first instance of the co-citation was made. Nodes with high centrality are marked 
with an extra purple ring. 

In our analysis thresholds (lowest frequency of relations) are set at a constant level for 
groups with a production of 25-100 papers. Groups with less than 25-30 papers during the 
period cannot be analysed with this specific application. 

For the purpose of interpretation of the co-author analysis it can be said that a group 
with many nodes at a large distance from each other probably lack an intensive collaboration 
during the period. Consequently, connected nodes and nodes in the centre indicate strong 
collaborative relations.  

The other picture, so called document co-citations, reveals what can be called “the 
intellectual space” for the group. To what extent are the groups members active in the same 
areas and to what extent are they citing the same journals? When interpreting network 
pictures it should be considered that collaborations not always becomes manifest in co-
authorships.10

  

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

                                                
10 See e.g. the excellent paper by Katz JS, Martin BR, ”What is research collaboration?” RESEARCH POLICY 
26 (1): 1-18 MARCH 1997. 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 
JOHANSSON 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

HYLDGAARD 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

OLSSON 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

BÖRJESSON 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 
 

 
 
 
RUNESSON  
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

ALMSTEDT 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 
 

 
SVENSSON 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 
 

 
 

STAKE 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

KASEMO 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

 

DELSING 
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

SMITH 
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ABOVE: Co-author analysis__________BELOW: Document co-citation analysis 

 

HÄGGSTRÖM
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ABOVE: Co-author analysis___________BELOW: Document co-citation analysis 

 

HERMANSSON 


