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Most research in the world is organized around institutions which can be categorized as belonging 
to different sectors, e.g. higher education, government, health, etc. In this article we have evaluated 
how countries share and spread their research efforts across these sectors. This is made possible 
because the Scimago Institutions Rankings (SIR) uses a five-sector classification of the leading 
5362 research institutions in the world. It is shown that each country has its distinctive style of 
sharing and spreading its research efforts across major sectors. Some countries are similar to  
others (e.g. Spain and the Netherlands, or Iran and Turkey), while some are very different from 
each other (e.g. Spain and Iran). Various row-wise and column-wise operations on a country–
sector matrix allow us to quantify and visualize these styles and spreads, and measure their shares 
of the global institutional research efforts. 
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‘THE greatest invention of the nineteenth century was the 
invention of the method of invention’, remarked the  
philosopher and mathematician Alfred North Whitehead1 
in Science and the Modern World1. While ‘the beginnings 
of the scientific movement was confined to a minority 
among the intellectual elite’, it was in the 19th century 
that science, technology and innovation began to be orga-
nized on an institutional scale. Here, we shall conflate 
‘organizations’ with ‘institutions’, where organizations 
which are ‘formal structures with an explicit purpose 
[consciously] created’2 are governed by ‘humanly devised 
informal constraints (sanctions, taboos, customs, tradi-
tions and codes of conduct) and formal rules (constitu-
tions, laws, property rights) that structure political, 
economic and social interaction’3,4. 
 The principal actors in performing and publishing  
research are authors, affiliated to institutions (depart-
ments, schools, universities, hospitals, autonomous  
government institutions, hospitals and medical research 
institutes, private industries, etc.). Since the introduction 
of the Science Citation Index, there are now multiple ag-
gregators like Clarivate, Scopus, Google Scholar, etc. that 
curate scientific metadata and update them at regular in-
tervals. Using this there are secondary agencies that rank 
universities and higher educational institutions (HEIs) 
where most research is carried out, e.g. ARWU, QS, 
THE, LEIDEN, etc. Unlike such ranking exercises, which 
deal only with universities and HEIs, the Scimago Institu-

tions Rankings (SIR) also covers research-focused insti-
tutions in the government, private and health sectors, as 
well as an ‘others’ category that falls outside these classi-
fications. Thus, a five-way classification of global institu-
tional research sector-wise, country-wise and region-wise 
is available in one resource. 
 The SIR report (http://www.scimagoir.com/index.php) 
which has recently appeared online has been used in the 
present study. SIR yields a composite indicator that com-
bines three different sets of indicators based on research 
performance (50% of the total weight, using primary bib-
liometric data from Scopus), innovation outputs (30% of 
the total weight, based on PATSTAT) and societal  
impact measured by its web visibility (20% of the total 
weight, based on Google and Ahrefs). 
 The five-way sector-wise classification of global insti-
tutional research is based on an extensive manual process 
of disambiguation of the institutions names using the  
institutional affiliation of documents in the Scopus data-
base. The methodology takes note of merging, segregat-
ing and denomination changes at the institutional level. 
Publications and citations are attributed to each institu-
tion taking into account the institutional affiliation of 
each author in the ‘affiliation’ field of the database. A 
mixed system (manual and automated) of affiliations to 
one or more institutions, if required, is also ensured.  
Institutions are then grouped country-wise and region-
wise. Results are generated each year from the data  
retrieved over a period of five years ending two years  
before the edition of the ranking. For instance, rankings 
for 2018 are based on results from the five-year period 
2012–16. The only exception is the case of web indicators 
which have only been calculated for the last year.
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Table 1. Row-wise processing of a 21 × 5 dimensional representation of institutional research sector-wise for 20 leading countries (L20) and rest  
 of the world (RoW) 

   Higher      Higher   L1 
SIR 2018 Government Health education Private Others Total Government Health education Private Others distance 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 
 

USA 61 204 432 36 26 759 0.08 0.27 0.57 0.05 0.03 1.00 
China 154 26 414 14 6 614 0.25 0.04 0.67 0.02 0.01 1.00 
France 231 41 122 2 3 399 0.58 0.1 0.31 0.01 0.01 1.00 
India 62 12 197 0 0 271 0.23 0.04 0.73 0.00 0.00 1.00 
Spain 87 110 62 1 0 260 0.33 0.42 0.24 0.00 0.00 1.00 
Germany 130 24 85 7 8 254 0.51 0.09 0.33 0.03 0.03 1.00 
Japan 25 31 176 9 2 243 0.10 0.13 0.72 0.04 0.01 1.00 
Russian Federation 116 2 84 0 0 202 0.57 0.01 0.42 0.00 0.00 1.00 
UK 14 62 114 5 2 197 0.07 0.31 0.58 0.03 0.01 1.00 
Italy 56 48 68 1 2 175 0.32 0.27 0.39 0.01 0.01 1.00 
Brazil 18 11 114 0 0 143 0.13 0.08 0.8 0.00 0.00 1.00 
South Korea 28 19 86 2 0 135 0.21 0.14 0.64 0.01 0.00 1.00 
Iran 8 3 115 0 0 126 0.06 0.02 0.91 0.00 0.00 1.00 
Canada 10 43 53 0 3 109 0.09 0.39 0.49 0.00 0.03 1.00 
Australia 10 48 41 1 3 103 0.10 0.47 0.4 0.01 0.03 1.00 
Taiwan 5 22 67 1 2 97 0.05 0.23 0.69 0.01 0.02 1.00 
Poland 30 5 58 0 0 93 0.32 0.05 0.62 0.00 0.00 1.00 
Turkey 1 7 80 1 0 89 0.01 0.08 0.9 0.01 0.00 1.00 
The Netherlands 15 13 17 0 0 45 0.33 0.29 0.38 0.00 0.00 1.00 
Switzerland 6 12 15 3 1 37 0.16 0.32 0.41 0.08 0.03 1.00 
L20 1067 743 2400 83 58 4351 0.25 0.17 0.55 0.02 0.01 1.00 
RoW 204 159 830 83 5 1281 0.16 0.12 0.65 0.06 0.00 1.00 
All 1271 902 3230 166 63 5632 0.23 0.16 0.57 0.03 0.01 1.00 

 
 
Institutions are included if they have published at least 
100 works in the Scopus database during the last year of 
the selected time period. In SIR 2018, 5632 institutions 
are ranked globally. 
 A country-wise comparison of national scientific  
publication performance based on simple counts of  
papers and citations was done by May5. King6 distinguished 
seven broad fields of research and computed productivity 
statistics by taking into account population and GDP. 
Since then many cross-country and cross-region compari-
sons have been made. An excellent and compact review 
can be found in Jurajda et al.7. However, a sector-wise 
classification of research at the institutional level show-
ing the scale, style and spread globally is lacking. In this 
article, we use the SIR 2018 report as the basis for such a 
study using well-established matrix procedures and oper-
ations derived from graph-theoretic considerations8–10. 

Methodology and results 

Matrix representation of data 

In Table 1, there are 21 rows corresponding to the num-
ber of institutions in each of 20 leading countries (L20) 
and rest of the world (RoW). Note that 17 countries from 
the economic G20 comprising the world’s 20 biggest 
economies are in the L20 list. Spain, Poland and the 

Netherlands, belonging to the L20 group, are not indivi-
dual G20 countries but are represented by the European 
Union. Columns 2 to 6 in Table 1 show how the institu-
tions in SIR 2018 are spread across five sectors (govern-
ment, health, higher education, private and others). Note 
that institutions can vary enormously in size, e.g. Chinese 
Academy of Sciences (CAS) and Centre National de la 
Recherche Scientifique (CNRS) are parent organizations 
of a large number of constituent institutions with tens of 
thousands of individual authors, while some may have 
fewer than a hundred faculty (e.g. 65 at Indian Institute of 
Technology, Gandhinagar, India). This can be recognized 
as a 21 × 5 matrix representation of the 5362 institutions 
in SIR 2018. Following Krauze and McGinnis8, one can 
consider a ‘space’ where the basic elements are countries 
and their institutions. The space is constructed on the  
basis of connections among these elements (objects) and 
variables (in this case, the five sectors) in the form of  
matrices that reflect these connections through its  
metrics. Matrix transformations then allow various scien-
tometric insights to be obtained8–10. 
 In our 21 × 5 dimensional object–variable space there 
are 21 objects (countries) and 5 variables (sectors). The 
21 × 5 entries contain the actual number of institutions 
and provide a measure of the size or scale of how institu-
tions are spread across sectors. An excellent visualization 
of this can be seen at http://www.scimagoir.com/ 
index.php?display=chart. These entries can be interpreted
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Figure 1. A radar-diagram visualization of the closest (Italy–The Netherlands) and the most distant 
(Spain–Iran) pairs in their styles of distributing research across sectors. 

 
 
Table 2. Extract from 210 of the 10 closest and 10 most distant coun-
try-pairs using the concept of square of the L2 distances between  
 the country vectors 

  Square of L2  
Rank  Country-pair distance 
 

 1 Italy The Netherlands 0.001 
 2 USA UK 0.003 
 3 China India 0.004 
 4 South Korea RoW 0.005 
 5 Iran Turkey 0.006 
 6 Germany France 0.006 
 7 China Poland 0.008 
 8 Japan RoW 0.010 
 9 Japan Brazil 0.010 
 10 Canada Australia 0.013 
201 Australia Iran 0.462 
202 Spain Brazil 0.476 
203 Russian Federation Iran 0.508 
204 Germany Iran 0.542 
205 Russian Federation Turkey 0.555 
206 Germany Turkey 0.570 
207 France Iran 0.640 
208 Spain Turkey 0.659 
209 France Turkey 0.675 
210 Spain Iran 0.688 

 
 

row-wise or column-wise10, and each approach can give 
distinct insights into the spread or style of the way every 
country organizes its total research efforts. Also, each  

approach can give different measures of how the shares  
of global research can be attributed to each country or  
cluster. 

Row-wise processing of matrix data 

As an example one can think of the vector (61, 204, 432, 
36, 26) from the first row of Table 1 as identifying how 
institutional research in the US is spread across five sec-
tors (government, health, higher education, private,  
others). Column 7 in Table 1 is a simple row-wise total 
count of the institutions across sectors assuming that the 
same weight is given to them. For the US we get 
61 + 204 + 432 + 36 + 26 = 729 as the total count. In 
such simple counting, L20 accounts for 77% of the insti-
tutions that perform research that meets the SIR 2018  
cut-off (4351 out of 5362 institutions). We shall see later 
that by invoking a column-wise approach using the  
concept of the five-dimensional space of variables we 
will get non-recursive and recursive shares that are based 
on uniform and differential weighting respectively. 
 Columns 8–12 in Table 1 normalize the counts sector-
wise in a row-wise fractional form. Thus, for each coun-
try we can identify a five-dimensional vector as the frac-
tional share sector-wise and row-wise. Across the five 
sectors the vector of fractional shares for the US is now 
(0.08, 0.27, 0.57, 0.05, 0.03), and this gives a total of 1.0
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(an L1 distance). This allows us to compare the spread 
and style of research sector-wise between two countries 
using the concept of an L2 distance (here we actually use 
square of the L2 distance) between the row-wise fractio-
nalized vectors. Since there are 21 rows (L20 + RoW), 
we can get 210 country-pairs for which the squares of the 
L2 distances can be computed. Table 2 shows an extract 
from 210 (i.e. 21 × 20/2) of the 10 closest and 10 most 
distant pairs. Figure 1 is a radar-diagram visualization of 
the closest (Italy–The Netherlands) and the most distant 
(Spain–Iran) pairs in their styles of distributing research 
across sectors. It is not surprising to see pairings such as 
the US–UK, China–India, Iran–Turkey and Germany–
France in the list of most closely related styles of func-
tioning. In the other list, we find Iran and Turkey appear-
ing frequently. A simple explanation is that Iran and 
Turkey are similar to each other, and both are equally  
unlike others such as France, Germany and Spain. 

Column-wise processing of matrix data 

Table 3 is the same 21 × 5 matrix representation of the 
5362 institutions in SIR 2018 in columns 2–6. However, 
subsequently, we will follow a column-wise processing to 
see what additional insights can be obtained10. 
 Column 7 in Table 3 remains the same as in Table 1, 
and is a simple row-wise total count of the institutions 
across sectors assuming that the same weight is given to  
 
 
Table 4. Percentage change of share of institutions in research from 
row-wise to column-wise counting and from non-recursive to recursive  
  counting for the 20 leading countries and RoW 

 Percentage change Percentage change –  
SIR 2018 row-wise to column-wise non-recursive to recursive 
 

1 2 3 
 

USA 64.2 6.7 
China –17.6 –1.9 
France –25.3 –18.5 
India –58.1 –18.2 
Spain –21.8 –16.3 
Germany 38.0 –4.1 
Japan –4.0 6.5 
Russian federation –51.4 –27.0 
UK 2.0 0.9 
Italy –11.1 –11.5 
Brazil –58.4 –14.3 
South Korea –36.7 –7.3 
Iran –64.3 –11.6 
Canada 16.0 –6.1 
Australia 34.1 –3.8 
Taiwan –0.9 –1.7 
Poland –54.8 –20.8 
Turkey –50.5 –0.5 
The Netherlands –36.1 –18.9 
Switzerland 90.3 10.4 
L20 –4.8 –3.9 
RoW 16.4 12.8 

them. We have added a new column 8 so that we can see 
how the row-wise counts are shared between countries. 
The US seems to account for only a 13.7% share of insti-
tutions, although it is well known that nearly a quarter of 
the world’s publications comes from the US. In such 
simple counting, L20 accounts for 77% of the institutions 
that perform research, leaving only 23% share for RoW 
numbering more than 170 countries. 
 We now invoke a column-wise approach to get non-
recursive and recursive shares that are based on uniform 
and differential weighting respectively9. Columns 9–13 in 
Table 3 normalize the counts country-wise in a column-
wise fractional form for each sector. Thus, for each sector, 
we can identify a 21-dimensional column vector as the 
country-wise fractional shares. Across the 21 countries 
and 5 sectors we get a 21 × 5 matrix, which we shall call 
the A matrix. For each country we can identify a row: e.g. 
for the US this is now (0.05, 0.23, 0.13, 0.22, 0.41) and 
gives a total of 1.04 (an L1 distance), assuming that each 
sector has a unit weight. Column 14 in Table 3 gives 
these totals (we shall call these the non-recursive totals 
for reasons that will become clear soon) for L20 and 
RoW. For all 21 countries, these distances add up to exactly 
5.0 as expected from conservation of count considerations9. 
We can now get a column-wise share for each country as 
shown in column 15 of Table 3. Comparing this with col-
umn 8 of the table we see that the US share has gone up 
to 20.7% (a change of 64.2%). Switzerland has recorded 
the highest increase (90.3%), while Iran (–64.3%), India  
(–58.1%) and Brazil (–58.4%) registered the largest  
decrease in shares when one uses column-wise operations 
instead of row-wise operations as the basis for counting. 
 Column 15 in Table 3 is based on a count of shares as-
suming each sector has a weight of unity, where A is a 
21 × 5 vector in the country–sector space8. Using the AAT 
operation8,9, it is possible to transform these relationships 
from the country–sector space to a country–country 
space. Let us call this new matrix O (= AAT). This is now 
a 21 × 21 matrix where the totalized output is distributed 
as a symmetric matrix of terms which all add up to 5. It is 
a real symmetric matrix, and its eigenvalues are all real 
and its eigenvectors are mutually orthogonal. If we intro-
duce a 21 × 1 vector of unit terms called u (i.e. each 
country is given an identical weight), then Ou gives a  
totalized output vector (21 × 1) which is exactly the same 
as that obtained earlier using the country–sector space 
considerations. As before, the terms add up to 5, as is to 
be expected, as there are 5 sectors. The matrix transfor-
mations from country–sector space to country–country 
space using stochastic matrices lead to a transformation 
matrix that is orthogonal and this ensures that the conser-
vation law is upheld in the scheme proposed here9. At 
this stage (we call this the non-recursive stage), when 
each country is given an identical weight, we get share 
vectors which are the same as before (i.e. operating with 
the matrix from the country–sector space). 
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 Note that the totalized output measures (or distances) 
we have found so far have assumed that each country  
is given an identical weight and this leads to a non-
recursive measure. It is known from graph-theoretic  
procedures that the fundamental eigenvector of the O  
matrix provides a more accurate and appropriate evalua-
tion of the countries’ output than an approach based on a 
simple addition of all the terms in the row10. Each coun-
try will be weighted according to its relative strength or 
weakness. It is possible to carry out this recursive iterated 
improvement using the eigenvalue relationship Os = λs, 
where s is the recursively weighted improvement of the 
totalized country share score. Each country is then 
weighted recursively according to its standing and this 
leads to an eigenvalue calculation8,9 that produces a con-
verged share vector shown in column 16 of Table 3. 
There are noticeable changes. RoW (12.8%) and Switzer-
land (10.4%) have gained the most when recursive 
weighting is used; the Russian Federation (–27%) and 
Poland (–20.8%) are the biggest losers. Table 4 summa-
rizes the percentage change of share of institutions in  
research from row-wise to column-wise counting and from 
non-recursive to recursive counting for L20 and RoW. 

Concluding remarks 

Here we have evaluated how countries apportion their  
research sector-wise. We have used SIR 2018, where a 
five-sector classification of the leading 5362 research  
institutions is available. Countries have their unique 
styles of sharing and spreading their research efforts 
across sectors and it is seen that some countries are simi-

lar to others, while some are very different from the  
others. Various row-wise and column-wise operations al-
low us to quantify and visualize these styles and spreads, 
and measure their shares of the global institutional  
research efforts. 
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