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Figure 3. Term map of the full text of Van Eck (2011). Colors indicate clusters of related terms.

Figure 4. Term map of the Journal of the American Society for Information Science and Technology. The color of a term 
indicates the average citation impact of the publications in which the term occurs.
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The Apache OpenNLP toolkit (http://
incubator.apache.org/opennlp/) is used 
for this purpose. We then use a linguistic 
filter to identify noun phrases. Our filter 
selects all word sequences that consist ex-
clusively of nouns and adjectives and that 
end with a noun (e.g., paper, visualization, 
interesting result, and text mining, but not 
degrees of freedom and highly cited publi-
cation). Finally, we convert plural noun 
phrases into singular ones.

2.	 Selection of the most relevant noun phras-
es. The selected noun phrases are referred 
to as terms. We have developed a new 
technique for selecting the most relevant 
noun phrases. The essence of this tech-
nique is as follows. For each noun phrase, 
the distribution of (second-order) co-
occurrences over all noun phrases is de-
termined. This distribution is compared 
with the overall distribution of co-occur-
rences over noun phrases. The larger the 
difference between the two distributions 
(measured using the Kullback-Leibler dis-
tance), the higher the relevance of a noun 
phrase. Intuitively, the idea is that noun 
phrases with a low relevance (or noun 
phrases with a general meaning), such as 
paper, interesting result, and new method, 
have a more or less equal distribution of 
their (second-order) co-occurrences. On 
the other hand, noun phrases with a high 
relevance (or noun phrases with a specific 
meaning), such as visualization, text min-
ing, and natural language processing, have 
a distribution of their (second-order) co-
occurrences that is significantly biased to-
wards certain other noun phrases. Hence, 
it is assumed that in a co-occurrence net-
work noun phrases with a high relevance 
are grouped together into clusters. Each 
cluster may be seen as a topic.

3.	 Mapping and clustering of the terms. 
We use our unified framework for map-
ping and clustering in this step (Van Eck, 
Waltman, Dekker, & Van den Berg, 2010; 
Waltman, Van Eck, & Noyons, 2010).

4.	 Visualization of the mapping and cluster-
ing results. VOSviewer offers various types 
of visualizations. The program has zoom, 

scroll, and search functionality to support 
a detailed examination of a term map.

3. Applications

To illustrate the text mining functionality 
of VOSviewer, we present three examples 
of applications of this functionality. The 
term maps that we discuss can be explored 
in more detail online at www.vosviewer.
com/maps/term_maps/.

In the first example, a term map was cre-
ated based on a corpus of scientific publica-
tions in the field of library and information 
science (LIS). The corpus was extracted from 
the Web of Science database and consists of 
the titles and abstracts of about 10,000 pub-
lications that appeared in the period 1999–
2008 (for more details, see Waltman et al., 
2010). Out of the 2101 noun phrases that 
occur in at least 15 publications in the cor-
pus, the term map contains the 1000 noun 
phrases that are considered most relevant.

The term map is shown in Figure 1. Colors 
indicate the density of terms, ranging from 
blue (lowest density) to red (highest density). 
As can be seen in Figure 1, examples of promi-
nent terms in LIS research include journal, 
science, and citation, (upper left), librarian and 
student (lower left), and document, task, and 
query (middle right). These are all single-word 
terms. Among the slightly less prominent 
terms, we also observe various multi-word 
ones, such as impact factor (upper left), infor-
mation literacy (lower left), and search engine 
and test collection (middle right). The term 
map also reveals a clear structure of the field. 
There are three well-separated subfields, 
which may be referred to as bibliometrics/sci-
entometrics (upper left), library science (lower 
left), and information science/information re-
trieval (middle right). The subfields are rough-
ly of equal size. The connection between the 
bibliometrics subfield and the library science 
subfield appears to be slightly stronger than 
the connection of either of these subfields 
with the information science subfield.

The same term map is also shown in Fig-
ure 2. This time colors indicate the research 
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activities of Leiden University. Colors range 
from blue to red. A blue term is a term that 
occurs in no or almost no publications of 
Leiden University in the field of LIS. A red 
term is a term that occurs relatively fre-
quently in publications of Leiden Univer-
sity. As expected, the research activities of 
Leiden University turn out to be strongly 
focused on the bibliometrics subfield.

A second example of an application of the 
text mining functionality of VOSviewer is 
shown in Figure 3. The term map shown in 
this figure was created based on the full text 
of a PhD thesis on bibliometric mapping of 
science (Van Eck, 2011). Each paragraph of 
the full text was treated as a separate docu-
ment. The 218 most relevant noun phrases 
were included in the term map. The colors 
of the 218 terms indicate clusters of related 
terms identified by VOSviewer. The clus-
ters turn out to correspond reasonably well 
with the different chapters of the thesis. For 
instance, the blue cluster (upper left) repre-
sents a chapter on automatic term identifi-
cation and the orange cluster (middle right) 
represents a chapter on VOSviewer.

Finally, we consider an application in which 
the text mining functionality of VOSviewer 
is used to get some insight into the citation 
impact of the different topics covered by a 
journal. The journal that we consider is the 
Journal of the American Society for Information 
Science and Technology (JASIST). The analysis 
uses data from the Scopus database. Using 
the text mining functionality of VOSviewer, a 
term map was created based on the titles and 
abstracts of all publications that appeared in 
JASIST in the period 2005–2009. The term 
map contains 468 terms and is shown in Fig-
ure 4. The color of a term indicates the av-
erage citation impact of the publications in 
which the term occurs. Colors range from 
blue (lowest citation impact) to red (high-
est citation impact). Interestingly, there turn 
out to be large differences in citation impact 
among the various topics covered by JASIST. 
The term map indicates a strong separation 
between bibliometric/scientometric topics 
on the one hand and information science/in-
formation retrieval topics on the other hand. 

On average, publications on bibliometric/sci-
entometric topics turn out to receive many 
more citations than publications on informa-
tion science/information retrieval topics.

4. Conclusion

In this report, the new text mining func-
tionality of VOSviewer has been presented. 
A number of examples have been given of 
applications in which VOSviewer is used for 
analyzing large amounts of text data. The ex-
amples have focused on scientific texts, but 
of course the text mining functionality of 
VOSviewer can also be applied to all kinds of 
non-scientific texts (e.g., newspaper articles).

We hope that the text mining function-
ality of VOSviewer will be useful to the bib-
liometric and scientometric community. 
We very much welcome feedback from us-
ers of our software.
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Benford (1938) rediscovered an earlier find-
ing of Newcomb (1881). Since then it is 
called Benford’s law. This law states that 
the distribution of the numbers 1,2,...,9 as 
first digits of data in decimal form is as in 
(1): the probability to have d  = 1,2,...,9 as 
first digit is

It is easily seen that P is indeed a distribution:

So the digits 1,2,...,9 are not uniformly dis-
tributed as first digits of data in decimal 

form: (1) shows that smaller digits are fa-
vored since (1) is a decreasing function of d.

There are only a few references in the 
scientometric-informetric literature that 
mention Benford’s law: Brookes and Grif-
fiths (1978) and Brookes (1984) use the 
name “anomalous law of numbers” and 
the recent paper Campanario and Coslado 
(2011). A formal link with existing infor-
metric laws (Lotka, Zipf, ...) has not been 
given so far. This will be done here. So far, 
explanations of Benford’s law are mathe-
matical - probabilistic - combinatorial and 
hence occur in the mathematics field - see 
Cohen (1976), Hill (1995) and Gauvrit and 
Delahaye (2008) and references therein.

( ) 10
1log 1P d
d

 = + 
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P d
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Abstract: We show that Benford’s law (describing the logarithmic distribution of the numbers 1,2,...,9 as first digits of data in 
decimal form) can be deduced from the classical law of Zipf. This explains Bensford’s law as a scientometric or informetric law.
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We will derive Benford’s law from the sim-
ple law of Zipf

where g(r) is the number of item densities in 
the source on rank density r ∈ [1, T] (T = to-
tal number of sources). Here we will inter-
pret the interval r ∈ [d, d + 1[ for d = 1,2,...,9 
in (3) as the range where the digit d occurs. 
Hence T = 10 here. We first normalise (3) so 
that it becomes a distribution:

hence

and so (3) reads

Then the probability for the digit d to occur 
(d = 1,2,...,9 ) – hence Benford’s law – is given by

hence

or

or exactly Benford’s law.
A generalization of Benford’s law is ob-

tained by replacing (3) by the more general 
law of Zipf:

This generalization (and its practical use) 
will be studied in a forthcoming paper: 
Egghe and Guns (2011).

Remark

Benford’s law was recently in the economic 
“news” in Rauch, Göttsche, Brähler and En-
gel (2011) were they suggest that (especially) 
Greece might have tried to make their eco-

nomic situation seem better. These authors 
base their finding on statistical deviations 
of Benford’s law. This result was communi-
cated to me by Ronald Rousseau to whom 
my sincerest thanks.
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Abstract: This poster indicates a way in which citation information can be used to address questions of interest to research 
policy. Over the last two decades funders and universities have tended to favor research by larger groups of authors. This 
emphasis has been supported by: (a) the intuitive impression that larger groups are more suited to knowledge- exchange 
and (b) quantitative evidence that research by larger groups is, on average, more highly cited than research by smaller 
groups. But a higher average citation does not imply that larger groups are more productive; for example, if larger research 
groups published a higher proportion of more highly-cited articles, their average citation would be higher irrespective of 
whether smaller groups published more articles of high citation than did larger research groups. The key finding of this pilot 
investigation is that for all levels of citation smaller research groups were more productive than larger research groups.
Keywords: information use, co-authorship, citation, research policy

Introduction and Related 
Research

In these current financially stringent times, 
it is not only important, but also timely, to 
obtain value for money. This study examines 
whether it is better value for money to fund 
research by larger groups of authors than to 
fund research by small groups of authors.

A recent major goal of research policy is 
to encourage collaboration. One reason for 
encouraging collaboration is that the find-
ings of numerous citation studies show 

that collaborative research tends to be more 
highly cited than non-collaborative research 
(e.g., Vogel, 1997; Glänzel, 2000; Glänzel and 
Schubert, 2001; Leta and Chaimovich, 2002; 
Goldfinch, Dale, and DeRouen, 2003; Freder-
iksen, 2004; Uthman, 2008; Levitt and Thel-
wall, 2009). These studies did not normalize 
for the number of authors; irrespective of the 
number of authors, every author of an article 
was given citation credit for the article.

However, Levitt, Thelwall and Levitt 
(2011) found that when citations are normal-
ized for the number of authors, the quantity 
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of articles and citations is inversely related to 
the level of authorship, in that the number 
of articles and citations decreases with in-
creased level of authorship (findings sum-
marized in Table 5, the Appendix).

A possible explanation for these con-
trasting findings is that, although the per-
centage of less highly-cited articles de-
creases with increased level of authorship, 
the number of citations per author also de-
creases with increased level of authorship. 
If this is the case, then the implication is 
that, for UK physics, more highly collabora-
tive researchers are less productive, if pro-
ductivity is measured by their total citation 
of the articles published in a year.

This current research further investigates 
the data used by Levitt, Thelwall and Lev-
itt (2011) to compare the citation profiles 
of diverse levels of authorship. Specifically, 
it evaluates for each authorship-level the 
number of articles in six strata of percentiles 
of citation that may be expected from 1,000 
‘average researchers’ in the authorship-level. 
The rationale for this study is that it provides 
a way of comparing the anticipated research 
yield from funding researchers of diverse ci-
tation levels. Any indication that the yield is 

not substantially higher for research by larg-
er groups of authors would be of particular 
interest, as it would raise doubts on the justi-
fication for the current emphasis of research 
funders to encourage collaborative research.

Data and methods 

This research investigates the 3,266 articles 
published in 2004 in the Science Citation 
Index (SCI), with at least one author with 
a UK address, in one or more of the fol-
lowing SCI subject categories: Astronomy 
& Astrophysics; Physics, Multidisciplinary; 
Physics, Particles & Fields. The categories 
were chosen, as they contain more than 
480 articles published in 2004 and con-
tain a particularly large number of articles 
that are each by more than 100 researchers.  
The minimum size of 480 was set a 480t, in 
order to ensure an average of at least 6 arti-
cles for each of the 80 pairs of author-level 
and citation strata; Physics, Nuclear was 
excluded as only 216 articles published in 
2004 are in that category.  The number of 
articles published in 2004 in the other sub-
ject is presented in Table 5, the Appendix.

Average level 
of authorship

Less than 
60%

Top 40 to 
60%

Top 20 to 
40%

Top 10 to 
20% Top 10% All

1 ≤ and < 2 946.4 171.0 125.4 45.6 34.2 1322.7

2 ≤ and < 3 363.7 155.9 154.4 56.3 49.1 779.3

3 ≤ and < 4 219.7 119.5 123.6 73.2 51.0 587.0

4 ≤ and < 5 161.1 93.0 105.0 34.7 39.4 433.3

5 ≤ and < 6 137.0 86.0 76.5 35.4 27.9 362.8

6 ≤ and < 7 122.7 53.7 73.3 26.1 29.4 305.2

7 ≤ and < 8 102.0 63.0 45.6 25.7 18.7 255.1

8 ≤ and < 9 85.3 39.6 48.5 26.2 22.3 221.9

9 ≤ and < 10 75.6 38.8 42.3 19.2 21.2 197.1

10 ≤ and < 11 55.9 45.6 47.4 27.4 20.7 197.0

11 ≤ and < 16 34.1 32.6 37.2 18.7 29.7 152.3

16 ≤ and < 26 18.3 21.4 22.1 17.0 27.1 105.9

26 ≤ and < 51 7.6 17.7 18.2 12.0 19.0 74.5

51 ≤ and < 101 0.2 3.3 4.5 2.8 12.2 23.1

≥ 751 0 0 1.1 0 0 1.1

101 ≤ and < 751 5.0 3.1 4.1 2.6 2.1 16.9

All 2334.7 944.2 929.2 423.0 403.9 5034.9

Table 1: Article output in diverse citation strata from a hypothetical 1000 ‘average researchers’ for ‘Astrono-
my & Astrophysics’.
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It first calculates, for diverse levels of au-
thorship, the number of articles published 
in six citation strata. It then uses the 
number of articles in each citation stratum 
that may be expected from 1,000 ‘average 
researchers’ in that level. The strata were 

chosen in such as a way as to provide fine-
grained results that were not rendered un-
reliable because of small sample sizes.

The findings are likely to be skewed to-
wards higher levels of authorship. Firstly, it 
would be impractical to exclude self-citation 

Average level 
of authorship

Less than 
60%

Top 40 to 
60%

Top 20 to 
40%

Top 10 to 
20% Top 10% All

1 ≤ and < 2 838.9 232.0 160.6 53.5 35.7 1320.8

2 ≤ and < 3 302.0 120.1 157.0 46.4 30.9 656.4

3 ≤ and < 4 185.1 82.9 86.3 37.3 32.5 424.1

4 ≤ and < 5 81.0 65.1 78.1 48.4 36.9 309.5

5 ≤ and < 6 58.7 49.2 45.2 21.4 52.4 227.0

8 ≤ and < 9 32.6 25.0 38.4 14.4 24.0 134.4

6 ≤ and < 7 30.0 40.9 57.6 22.5 40.9 191.9

7 ≤ and < 8 28.1 30.5 53.9 28.9 24.1 165.6

10 ≤ and < 11 25.6 11.5 33.3 6.4 30.7 107.6

9 ≤ and < 10 21.0 45.8 7.6 15.3 47.7 137.5

11 ≤ and < 16 14.1 25.8 19.8 33.2 10.6 103.6

16 ≤ and < 26 5.2 19.2 29.9 6.4 3.0 63.7

26 ≤ and < 51 4.8 2.6 18.9 9.7 3.5 39.5

101 ≤ and < 751 4.6 4.8 3.9 2.1 4.1 19.6

51 ≤ and < 101 .3 .1 8.3 5.1 .4 14.3

≥ 751 0 0 0 0 0 0

All 1632.2 755.6 798.8 351.3 377.5 3915.4

Table 2: Article output in diverse citation strata from a hypothetical 1000 ‘average researchers’ for ‘Physics, 
Multidisciplinary’.

Average level 
of authorship

Less than 
60%

Top 40 to 
60%

Top 20 to 
40%

Top 10 to 
20% Top 10% All

1 ≤ and < 2 684.9 185.6 170.3 82.3 86.1 805.4

2 ≤ and < 3 281.2 107.2 125.1 74.8 62.6 530.6

3 ≤ and < 4 160.9 79.6 75.1 30.9 39.8 321.2

4 ≤ and < 5 95.8 37.8 46.8 27.0 28.8 226.7

5 ≤ and < 6 86.4 13.9 27.8 0 41.7 166.7

6 ≤ and < 7 83.3 18.5 104.9 61.7 0 222.2

7 ≤ and < 8 37.0 23.0 30.7 30.7 38.3 214.7

8 ≤ and < 9 92.0 62.7 23.5 62.7 0 164.7

9 ≤ and < 10 15.7 32.1 39.3 0 0 100.0

10 ≤ and < 11 28.6 17.5 8.1 6.7 2.0 88.8

11 ≤ and < 16 54.5 16.7 10.0 6.6 7.8 55.0

16 ≤ and < 26 13.9 2.2 6.2 4.9 3.1 29.9

26 ≤ and < 51 13.5 1.1 4.5 1.3 3.4 16.8

51 ≤ and < 101 6.5 5.0 5.0 3.8 3.8 23.2

101 ≤ and < 751 4.8 4.3 4.6 3.3 3.2 20.2

≥ 751 0 0 1.1 0 0 1.1

All 1659.0 886.5 988.2 457.6 342.5 4333.8

Table 3: Article output in diverse citation strata from a hypothetical 1000 ‘average researchers’ for ‘Physics, 
Particles & Fields’.
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and, in general, research by larger groups of 
authors is more prone to self-citation. Sec-
ondly, and possibly more importantly, re-
search by larger groups seems generally more 
likely to be more highly funded. Thirdly, capa-
ble, well-connected researchers seem likely to 
be more prevalent in larger research groups. 
The rationale for this latter assertion is that 
larger research groups are currently encour-
aged both by funding bodies and universities.

Findings

Tables 1, 2 and 3 present the preliminary 
findings of this research.  In these tables the 
rows provide information on diverse levels 
of authorship, with 1 being assigned to the 
author of a single author papers, 2 assigned 
to both authors of a papers with 2 authors, 
etc. In both tables the columns denote ci-
tation level, with ‘Less than 60%’ denoting 
articles in the lowest citation level (lowest 
40%) and ‘Top 10%’ denoting articles in the 
highest citation level. 

Discussion and Conclusion

The key findings of Tables 1, 2 and 3 are 
summarised in Table 4. 

Table 4 indicates that even amongst the 
three citation categories with higher than 
mean citation, bands with low levels of 
authorship, in general, have the highest 
productivity by the hypothetical 1,000 au-
thors; for 8 out of 9 instances the highest 
productivity is by the bands with average 
authorship of less than 3.2.  This is despite 
the likelihood that the findings are likely to 

be skewed towards higher levels of author-
ship, because of self-citation and sample 
selection (described in the Methods).

One limitation is that, particularly for the 
authorship-level of 1 to 2, the findings are 
based on a small sample. A second limita-
tion is that the findings are confined to UK 
articles. A third limitation is that this study 
investigates a subset of the SCI physics cat-
egories. We will address these limitations by 
expanding the study to all articles published 
in 2004 that are in SCI physics categories. 
A fourth limitation is that the findings are 
based on a single subject. We will address this 
limitation by investigating other subjects.

Despite these limitations the findings 
are interesting as they cast doubt on the 
current practice of funders and academia 
encouraging co-authorship.

Any doubt on the merits of encouraging 
co-authored research is highly relevant to 
research policy, as: (1) Especially in the cur-
rent financial stringency, it seems inappro-
priate to devote resources to research by 
larger groups if it is not clear-cut that it is 
likely to produce a higher yield for a given 
number of funded researchers; and (2) Ar-
ticles by large research groups may hamper 
precise evaluation of research, irrespective 
of the method of evaluation. For instance, 
for a multi-authored article an outsider 
would have problems assessing precisely 
the contribution by different authors to 
the article. This could result in a less pre-
cise assessment of the research contribu-
tion of individuals, research groups, de-
partments, countries and funded research. 
This final point applies not only to research 
assessment using bibliometrics, but also to 
research assessment using peer review.

Subject Less than 60% Top 40 to 60% Top 20 to 40% Top 10 to 20% Top 10%

Astronomy & 
Astrophysics

1 ≤ and < 2 
(av. 1.08) 1 ≤ and < 2 2 ≤ and < 3 

(av. 2.11)
3 ≤ and < 4 

(av. 3.11) 3 ≤ and < 4

Physics, 
Multidisciplinary

1 ≤ and < 2 
(av. 1.08) 1 ≤ and < 2 1 ≤ and < 2 1 ≤ and < 2 5 ≤ and < 6 

(av. 5.02)

Physics, Particles 
& Fields

1 ≤ and < 2 
(av. 1.11) 1 ≤ and < 2 1 ≤ and < 2 1 ≤ and < 2 1 ≤ and < 2

Table 4: For diverse citation percentiles, the author level with the highest level of productivity (average au-
thorship in band in brackets).
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Appendix

Table 6 is relegated to the Appendix, as it reproduces the findings of a conference pres-
entation (Levitt, Thelwall and Levitt, 2011). It is included in this proposal, as this current 
proposal builds on this table and it demonstrates that the findings of this current proposal 
extend considerably on the previously published study.

Subject 60th 40th 20th 10th Articles

Astronomy & 
Astrophysics 12 20 38 57 1874

Physics, 
Multidisciplinary 8 16 36 58 1054

Physics, Particles 
& Fields 9 16 32 51 733

Physics, Nuclear 9 14 24 34 216

Not only Physics, 
Nuclear 10 18 36 56 3266

All subjects 10 18 36 55 3364

Table 5: Citation percentiles and number of articles.
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Average level of 
authorship Sample size Articles per 

researcher
Citations per 

researcher

1 ≤ and < 2 181 1.40 8.76

2 ≤ and < 3 765 .78 8.15

3 ≤ and < 4 1,057 .55 6.51

4 ≤ and < 5 936 .42 6.01

5 ≤ and < 6 766 .35 5.88

6 ≤ and < 7 566 .28 4.34

7 ≤ and < 8 534 .26 3.61

8 ≤ and < 9 362 .22 2.98

9 ≤ and < 10 298 .21 3.30

10 ≤ and < 11 294 .20 2.85

11 ≤ and < 12 224 .23 2.50

12 ≤ and < 13 172 .19 4.31

13 ≤ and < 14 206 .16 2.45

14 ≤ and < 15 174 .14 2.93

15 ≤ and < 16 155 .15 1.89

16 ≤ and < 17 100 .17 2.17

17 ≤ and < 18 124 .15 1.85

18 ≤ and < 19 119 .15 1.92

19 ≤ and < 20 131 .13 1.68

1 ≤ and < 30 8,349 .36 4.49

30 ≤ and < 60 1,033 .08 1.19

60 ≤ and < 90 486 .05 1.85

90 ≤ and < 120 422 .04 .57

120 ≤ and < 150 544 .03 .61

150 ≤ and < 180 93 .09 2.17

180 ≤ and < 210 551 .03 .44

210 ≤ and < 240 505 .06 .27

240 ≤ and < 270 71 .11 .32

270 ≤ and < 300 301 .03 .09

300 ≤ and < 330 446 .05 .16

330 ≤ and < 360 1,141 .04 .30

360 ≤ and < 390 757 .02 .20

390 ≤ and < 420 28 .06 .19

420 ≤ and < 450 26 .06 .09

450 ≤ and < 480 55 .06 .19

480 ≤ and < 510 348 .04 .10

510 ≤ and < 540 268 .04 .08

540 ≤ and < 570 188 .04 .06

600 ≤ and < 630 380 .07 .08

Table 5: Average article and citation productivity for diverse levels of authorship for almost all* authors of UK 
physics 2004 articles.

* The 45 individuals with an average level of authorship of over 630 were excluded because more than 80% (37) 
authored the same single article.
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Introduction

The term barycentre comes from the Greek 
word  βαρύκεντρον. The prefix “bar” is a 
Greek root meaning weight or heavy. Liter-
ally, the word barycentre means the “cen-
tre of weight.” The concept of a barycentre 
(defined precisely further on) is also known 
as the centre of gravity, centre of weight, 
orthocentre, centroid, mass centre, or cen-
tre of mass, depending on the practical con-
text. The idea, originating from Euclidean 
geometry (Lay, 2012, p. 33), has been adapt-
ed and applied in many fields, such as phys-
ics, astronomy, statistics and demography.

Bartlett (1985) applied elementary con-
cepts of kinematics and Newtonian dynam-

ics of an ensemble of particles to the popu-
lation of the U.S. in analysing the motion of 
the centre of population (centre of mass). It 
is well-known that over the years the cen-
tre of the American population has moved 
to the West. Rousseau (1989a) introduced 
kinematical statistics of scientific output 
and the barycentre method in informetrics 
representing results on an actual geographic 
map. As an illustration he determined the 
publication barycentre or the centre of pub-
lication (CPub) of the scientific output of the 
Scandinavian countries (Rousseau, 1989a). 
Jin & Rousseau (2001) studied China’s publi-
cation centre and its movement over a peri-
od of ten years. They illustrated that, slowly, 
China’s science became less centralized, i.e. 
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Abstract: Using the barycentre method we represent and visualize the relative publication change among regions in 
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less dominated by institutes and universi-
ties located in Beijing. For cases where a 
geographical map makes no sense Rousseau 
(1989b) considered an abstract representa-
tion in a regular polygon, see also (Egghe & 
Rousseau, 1990) and (Rousseau, 2008).

Our study provides a visual geographical 
representation of the centre of Bangladeshi 
publications and its change over four dec-
ades from 1971 to 2010. Data are collected 
and analysed separately for the four dec-
ades: 1971-1980; 1981-1990; 1991-2000 and 
2001-2010. By comparing their values we 
find how the barycentre has moved. 

Mathematical definition of 
the centre of publication

The centre of scientific publication, or publi-
cation barycentre, of a country (or any other 
geographical unit) is defined as the point at 
which a flat, weightless but stiff map of the 
country would balance if weights of identical 
value were placed on it so that each weight 
represented the origin of one publication. 
This centre of publication

is calculated according to the following 
formulae:

where n is the number of elements in the 
system,

is the location of the ith element in the 
system and mi is the contribution (here: 
number of publications) of the ith element 
(during a fixed period). Further,

denotes the total number of publications 
in the system; mi / M is the relative contri-
bution of the ith element.

We study Bangladeshi publications to il-
lustrate this approach. 

Bangladesh

Bangladesh, one of the highly populated 
neighbouring countries of India (Mah-
buba & Rousseau, 2010), is situated near 
latitude 24° north and longitude 90° east. 
Dacca, respelled Dhaka, which is the capi-
tal city of Bangladesh, is situated at lati-
tude 23° 51’ north and longitude 90° 24’ 
east. Another major city of Bangladesh, 
named Chāţţagrām, respelled Chittagong 
is located at 22° 21’ north latitude and 91° 
50’ east longitude. Bangladesh has 64 ad-
ministrative divisions called districts. The 
population density of its capital Dhaka is 
the highest with 8,625 inhabitants per km2. 
Because of its function and its density it is 
no surprise that a major portion of scien-
tific publications is produced in the capital. 
Longitude and latitude of the main publi-
cation producing districts and their popu-
lation density per km2 are shown in Table 1.

Data collection

In March 2011 we performed advanced 
searches in the WoS using all databases, 
namely SCI-Expanded, SSCI, A&HCI, CP-
CI-S, and CPCI-SSH. The query AD = Bang-
ladesh with time span = 1971-2010 led to a 
total of 14,946 publications. This search 
was actually performed for each of the four 
decades 1971-1980, 1981-1990, 1991-2000, 
2001-2010 separately. In this way we were 
able to calculate four barycentres and to 
study their geographical changes. 

Figure 1 shows the institutes that contrib-
ute most to the scientific output of Bangla-
desh, and their location within the country.

The twenty most productive Bangla-
deshi institutes during this period, as found 
by our search, are shown in Table 2. 

Bangladeshi scientific publications 
(ScPub) come mainly from Dhaka, Chit-
tagong, Gazipur, Mymensingh, Rajshahi, 
Sylhet and Khulna. We found 84 different 
institutions (with at least two publications 
in the WoS) contributing to the country’s 
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scientific output. Among these, 57 institu-
tions are situated in the district of Dhaka. 
These Dhaka institutions have published 

67.22 percent (N=10,047: 9140 in Dhaka 
City; 907 in Savar) of the country’s output 
of a total of 14,946 publications (until 2010). 

Districts
Latitude 
(Decimal 
Degree)

Longitude 
(Decimal 
Degree)

Population 
density 

(per km²)

Area 
(km²)

Annual 
population 

growth (in %)

Dhāka 23.70°N 90.39°E 8 625 1 439 3.64

Chāţţagrām 22.33°N 91.81°E 1 644 4 866 1.71

Gazipur 23.80°N 90.65°E 1 445 1 798 2.25

Maimansingh 24.75°N 90.39°E 1 181 4 399 1.22

Rājshāhī 24.37°N 88.59°E 1 139 2 426 1.7

Silhaţ 24.90°N 91.87°E 939 3 312 1.6

Khulnā 22.84°N 89.56°E 581 4 746 1.33

Table 1. The seven scientifically most-active districts of Bangladesh 
Source: http://www.world-gazetteer.com [downloaded March 2011]

Rajshahi University
7.93%

IPSA
0.53%

BAU
5.96%

BINA
0.61%

SUST
0.71%

BARI
1.62%

BRRI
1.63%

BLRI
0.55%

BRAC Centre
0.60%

Jahangirnagar University
5.65%

ICDDR, B
18.69%

IPGMR
0.68%

Dhaka University
18.41%

BIRDEM
1.35%

BAEC
3.67%

BIT Khulna
0.91%

BUET
6.67%

Khulna University
0.47%

Chittagong University
4.07%

Bangladesh

Figure 1. Most contributing institutions (ICDDR,B map).
Source of base map: Wikimedia Commons. Copyright by Armanaziz, licensed under the Creative Commons 
Attribution 2.5 Generic license (http://creativecommons.org/licenses/by/2.5/deed.en)
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Data collection and 
filtering

To calculate the barycentre of Bangladeshi 
publications we used the following data:

a)	 The origin (address) of the contrib-
uting organization

b)	 The geographic coordinates (latitude 
and longitude) of this organization

c)	 The number of contributed 
publications

Data cleaning was necessary as we found 
many name variations. As an example of 
such a name variation we mention the Uni-
versity of Dhaka which can be found as:

DACCA UNIV	 34
DHAKA UNIV	 69
UNIV DACCA	 246
UNIV DHAKA	 2099

For ICDDR,B (International Centre for Diar-
rhoeal Diseases Research, Bangalore) we even 

found 27 name variants. Next we tried to find 
geographic coordinates (GC) as precisely as 
possible. First we collected all addresses (geo-
graphic location from institutions’ websites) 
from Google Earth for precise locations; “dms” 
style latitudes and longitudes were converted 
to decimal latitudes and longitudes. 

The centre of publication 
(centre of mass): its 
calculation 

According to the formulae shown above (1) 
we calculated the publication barycentre of 
Bangladesh per decade and tried to find if 
there was a systematic movement over dif-
ferent decades. Results are shown in Table 3.

These barycentres move up and down 
somewhat to the East of Dhaka. However, 
no systematic change is visible (see Fig.2).

Institutes
Total 

number of 
docs

Percentage

International Centre for Diarrhoeal Disease Research, Bangladesh 2684 17.96

University of Dhaka 2450 16.39

Bangladesh University of Engineering and Technology 1390 9.30

Rajshahi University 1172 7.84

Bangladesh Agricultural University 820 5.49

Jahangirnagar University 809 5.41

Bangladesh Atomic Energy Commission 576 3.85

Chittagong University 559 3.74

Bangladesh Agriculture Research Institute 292 1.95

Shahjalal University of Science and Technology 276 1.85

Bangladesh Rice Research Institute 228 1.53

Khulna University of Engineering and Technology 222 1.49

Bangladesh Institute of Research and Rehabilitation for Diabetes, Endocrine and 
Metabolic Disorders 215 1.44

Bangladesh Council for Science and Industrial Research 162 1.08

Bangabandu Sheikh Mujib Medical University (formerly: Institute of Postgraduate 
Medical Research) 154 1.03

Bangladesh Rural Advancement Commission 150 1.00

Dhaka Medical College Hospital 144 0.96

Dhaka  Children’s Hospital 135 0.90

Bangladesh Institute of Nuclear Agriculture 103 0.69

East West University 94 0.63

Table 2. The twenty most productive Bangladeshi institutes (according to WoS data)
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Discussion 

Different types of organizations including 
research institutes, universities, colleges, 
NGOs, government organizations, a total of 
576, contributed to the publication output 
of Bangladesh, as covered by the WoS. Most 
institutes occurred with different names (in 

the WoS) so that name disambiguation was 
necessary. For instance, 81 institute names 
were refined to 18 unique ones. 

The top twenty institutes (this is 3.5% of 
all institutes) published 84.53 % or 12,635 
publications. This points to a situation 
which is much more concentrated than ex-
pected from the proverbial 80/20 rule. Let 
us have a look at their research output and 
their geographic positions in Table 4. 

Developments

During the first decade Dhaka University 
was the most active, but the following three 

Period Cx Cy

1971-1980 23.7900 90.3254

1981-1990 23.8533 90.3233

1991-2000 23.8024 90.3131

2001-2010 23.8209 90.3203

Table 3. Coordinates of barycentres

Institutes
Pub­
lica­

tions

% of 
total 
(14,946) 

Place Y_Lat X_Lon

1 International Centre for Diarrhoeal Disease 
Research, Bangladesh (ICDDR,B) 2684 	17.96 Mohakhali, Dhaka 	23.776442 	90.399789

2 University of Dhaka (DU) 2450 	16.39 Ramna, Dhaka 	23.734192 	90.392828

3 Bangladesh University of Engineering and 
Technology (BUET) 1390 	9.30 Bakshibazar, 

Dhaka 	23.726372 	90.392469

4 Rajshahi University (RU) 1172 	7.84 Rajshahi 	24.372572 	88.637289

5 Bangladesh Agricultural University (BAU) 820 	5.49 Mymenshingh 	24.722917 	90.429633

6 Jahangirnagar University (JU) 809 	5.41 Savar, Dhaka 	23.877039 	90.268311

7 Bangladesh Atomic Energy Commission (BAEC) 576 	3.85 Kazi Nazrul Islam 
Avenue, Dhaka 	23.763252 	90.389113

8 Chittagong University (CU) 559 	3.74 Chittagong 	22.471078 	91.786664

9 Bangladesh Agriculture Research Institute (BARI) 292 	 1.95 Gazipur 	23.994878 	90.416203

10 Shahjalal University of Science and Technology 
(SUST) 276 	 1.85 Sylhet 	24.923956 	91.832547

11 Bangladesh Rice Research Institute (BRRI) 228 	 1.53 Gazipur 	23.991647 	90.409011

12 Khulna University of Engineering and Technology 
(KUET) 222 	 1.49 Fulbarigate, 

Khulna 	22.900583 	89.501544

13
Bangladesh Institute of Research and 
Rehabilitation for Diabetes, Endocrine and 
Metabolic Disorders (BIRDEM)

215 	 1.44 Shahbagh, Dhaka 	23.738761 	90.396611

14 Bangladesh Council for Science and Industrial 
Research (BCSIR) 162 	 1.08 Science 

Laboratory, Dhaka 	23.739439 	90.384558

15 Bangabandu Sheikh Mujib Medical University 
(BSMMU) 154 	 1.03 Shahbag, Dhaka 	23.739003 	90.395044

16 Bangladesh Rural Advancement Commission 
(BRAC) 150 	 1.00 Mohakhali, Dhaka 	23.714897 	90.406564

17 Dhaka Medical College Hospital (DMCH) 144 	0.96 Dhaka 	23.776017 	90.398264

18 Dhaka  Children’s Hospital (DCH) 135 	0.90 Sher-e-Bangla 
Nagar, Dhaka 	23.77175 	90.37719

19 Bangladesh Institute of Nuclear Agriculture 
(BINA) 103 	0.69 Mymenshingh 	24.749353 90.399667

20 East West University (EWU) 94 	0.63 Mohakhali, Dhaka 	23.780644 90.407353

Table 4: Research output of top 20 institutes and their geographic positions
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ones ICDDR,B took over the lead. Jahangir-
nagar University situated in Savar, in the east 
of Dhaka occupies a strong position over all 
decades. As the percentage of relative con-
tributions varied little over different decades 
the barycentre also changed little (and always 
stayed somewhat at the east of Dhaka City). 

Conclusion

We showed how Bangladesh’ barycentre of 
scientific publications evolved during the peri-
od 1971-2010 and presented a geographical ap-
proach of its position and movement over four 
decades. The barycentre method was used on 
publication data. Yet, this approach can also 
be applied to various other types of data for 
useful visualization. Further study with pub-
lic health related data (work in progress) may 
reveal interesting results which can help in 
policy making issues in the country. 

Acknowledgement

We thank Mr. Muhammad Zahirul Haq, 
Data Management Supervisor, Health and 
Demographic Surveillance Unit, ICDDR,B 

for his contribution in making Fig. 1 using 
ArcGIS software.

References

Bartlett, A.A. (1985). U.S. population dynamics. 
American Journal of Physics 53, 242-48

Egghe, L. & Rousseau, R. (1990). Introduction to 
Informetrics. Quantitative methods in library 
documentation and information science. 
Elsevier: Amsterdam.

Jin, BH. & Rousseau, R. (2001). An introduction to 
the barycentre method with an application 
to China’s mean centre of publication. Libri, 
51, 225-233.

Lay, D.C. (2012). Linear algebra and its applications. 
Addison-Wesley: Boston.

Mahbuba, D. & Rousseau, R, (2010). Scientific 
research in the Indian subcontinent: 
selected trends and indicators 1973-
2007: comparing Bangladesh, Pakistan 
and Sri Lanka with India, the local giant. 
Scientometrics, 84(2): 403-420.

Rousseau, R. (2008). Triad or tetrad: another 
representation. ISSI Newsletter, 4(1), 5-7.

Rousseau, B. & Rousseau, R.. (2000). LOTKA : a 
program to fit a power law distribution 
to observed frequency data. Cybermetrics 
4: paper 4. http://www.cindoc.csic.es/
cybermetrics/articles/v4ilp4.html

Rousseau, R. (1989a). Kinematical statistics of sci-
entific output. Part I: geographical approach. 
Revue française de bibliométrie, 4, 50-64.

Rousseau, R. (1989b). Kinematical statistics of 
scientific output. Part II: standardized 
polygonal approach. Revue française de 
bibliométrie, 4, 65-77.

World Gazetteer. http://www.world-gazetteer.com 
[viewed March 2011]

D1

D2

D3

D4

1 km

Fig 2. Barycentres over decades shown on a Google 
map using GPSVisualizer. Map data © 2011 Google. 
Map created at © GPSVisualizer.com

Dhaka


