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Abstract. The High Quality Science Index (HQSI) was constructed on the basis of the 
release of the Essential Science Indicators (Thomson Reuters) for the period from January 
1, 2002 to August 31, 2012. The HQSI was computed for a country or territory as a sum of 
normalised scores of the mean impact (citations per paper) and the percentage of papers 
that reach the top-1% citation ranking. Expectedly, countries or territories that are 
producing larger Gross National Income per capita and allocate higher percentage of the 
produced economic wealth for the research and development (R&D) were more likely to 
achieve prominence in the scientific publications. The size of the country and its 
population were not important factors to excel in scientific research. Since economic and 
socio-demographic factors only partly predicted the quality of science in a given country 
or territory, there is considerable space for historical and science policy factors that could 
affect the quality of science in a given country. Several countries being in almost identical 
starting positions twenty years ago have developed on completely different trajectories 
dependent on policies and decisions made by their policy makers. Possibilities of how to 
improve reliability of measures of scientific quality have been discussed. 
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1. Introduction 
 

The number of papers published in international peer-reviewed journals still 
serves as an indicator of scientific performance for countries with whom the 
authors of these papers are affiliated (King 2004, May 1997). For example, it was 
observed that China’s growing share in the total number of articles published 
globally is now second only to the scientific world leader, the United States 
(Leydesdorff and Wagner 2009a, 2009b, The Royal Society 2011). A report issued 
by the Royal Society also noticed that Iran is the fastest growing country in terms 
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of numbers of scientific publications in the world, growing from just 736 in 1996 
to 13,238 in 2008 (The Royal Society 2011). At the same time Russia’s annual 
growth in the number of publications has been minimal remaining approximately 
on the same absolute level during the last two decades (Adams and King 2010). 
However, the increase of the total number of publications is not an automatic 
guarantee of the similar increase in the quality of publications. Indeed, as it was 
observed by Eugene Garfield, out of about 38 million published papers indexed in 
the Web of Science (WoS, Thomson Reuters) approximately half were not cited at 
all (Garfield 2005). Probably for this reason the Essential Science Indicators (ESI, 
Thomson Reuters) identifies the ‘essential core’ of journals selecting the top 50% 
of journals by total citations in each of the 22 disciplines. But even if the increase 
of published papers in this ‘essential core’ is not accompanied by even more rapid 
increase of citations, it is a very problematic sign of progress. Understandably, 
policy makers and researchers themselves are increasingly more concerned about 
identification of indicators of high quality science (Moed 2005, Wagner and 
Leydesdorff 2012, van Leeuwen, Visser, Moed, Nederhof, and van Raan 2003). 
The average impact (citations per item) of all papers published by some country is 
certainly a more meaningful indicator of the scientific quality than a mere number 
of published papers. For example, it was shown that conventional bibliometric 
indicators, such as the number of citations, correlate with the number of Nobel 
Prize achievements in several advanced countries with similar research abilities 
(Rodriguez-Navarro 2011). Nevertheless, the analysis of the average impact 
should be supplemented by a careful inspection of the number of potential 
indicators such as highly cited papers or percentage of papers that are never cited 
(Wagner and Leydesdorff 2012, van Leeuwen et al. 2003). 

It is not a well-guarded secret that high quality scientific research is mainly a 
privilege of rich nations. It is quite obvious that only these countries which are 
able to produce a sufficient economic wealth are also able to allocate a substantial 
amount of resources to scientific research and maintain a sufficient number of 
highly competent researchers. However, besides money high quality science 
depends on many other factors such as historical tradition, efficient educational 
system, healthy population, to say nothing about governmental policies that 
regulate research and development in a given country.  

The three Baltic states, Estonia, Latvia and Lithuania, serve as a good example 
of how science could develop according to remarkably different paths (Allik 
2008). In 1991 all these three countries, just liberated from the Soviet occupation, 
produced approximately 300 papers each in the journals indexed by the WoS. 
Twenty years later in 2011, Estonian scientists co-authored 1,863, Latvian 952, 
and Lithuanian 2,829 papers in journals, proceedings, and books indexed in WoS. 
Although the three countries had very similar political and economic histories they 
have remarkably different paths towards scientific distinction. In spite of identical 
starting positions, integration into the European Union, and joining NATO, 
scientific productivity of these three countries nowadays differs more than three 
times. Not only overall scientific productivity has developed along different 
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trajectories in these neighbouring countries, but also the ability to promote and 
sustain scientific quality. Latvia was able to maintain the impact of its papers in 
spite of a relatively modest increase in productivity. Lithuania increased pro-
ductivity almost 10 times during the last 20 years but largely at the expense of the 
impact of published papers. Out of the three Baltic states only Estonia managed to 
do both, to increase substantially the number of publication along with their 
average impact (Allik 2008). 

The main goal of this paper is to look for the demographic and socio-economic 
factors that are relevant for high quality in scientific research. This goal is hope-
fully achieved by constructing a composite indicator of scientific excellence which 
combines the mean impact of published papers with the fraction of papers which 
achieve the status of highly cited papers. After instituting this index of scientific 
excellence the next step is to search for the best set of demographic and socio-
economic variables which are associated with low or high position on this index. 

 
 

2. Methods 
 

Essential Science Indicators (ESI, Thomson Reuters) has been updated as of 
November 1, 2012 to cover a 10-year plus 8-month period, from January 1, 2002 
to August 31, 2012. ESI operates on data received from WoS in which the whole 
science, except the humanities, is divided into 22 fields. In order to enter ESI there 
are different thresholds established for countries, institutions, individual scientists, 
single papers, and journals. About 5,000 journals out of the 10,000 are analysed 
which represent the top 50% by discipline and total citations over the 10-year and 
8 months period. Journals are assigned uniquely to only one discipline (with the 
exception of multidisciplinary journals), but each country appears on average in 
about 13 disciplines. For countries of territories 148 are selected out of about 200 
representing the top 50% by discipline and total citations over the 10-year period. 
Both WoS and ESI have their own tradition how to classify countries or territories. 
For example, Great Britain is represented by its four constituents England, 
Northern Ireland, Scotland, and Wales. The Bermudas are also listed as an 
independent entity, not as a British overseas territory. Although Taiwan is repre-
sented as an independent territorial unit, Hong Kong is absorbed into the general 
statistics of the People’s Republic of China. Some political categories such as 
Yugoslavia which ceased to exist are still present. Since there is no fair method 
how to redistribute Yugoslavia’s record between successor states these records 
were dismissed from the analysis. 

Individual scientists, institutions and papers are included if they are among the 
top 1% most cited scientists, institutions, and papers respectively. The entrance 
thresholds are very different for different fields. For example, for a physicist to 
join the club of the top-1% most cited researchers it was necessary to collect at 
least 2,384 citations for publications appeared during the last 10 years and 8 
months. The life for computer scientists was much easier because they needed to 
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collect ‘only’ 186 citations to papers published during the last decade. Since older 
papers have more chances to be cited all citation thresholds are normalized not 
only relative to each field but also relative to time cohorts. 

There are huge differences in the overall scientific productivity. Expectedly the 
most scientifically productive country was the U.S. whose scientists published 
3,250,380 papers which were cited 51,546,380 times (15.9 per paper). The 
smallest contribution was made by Vatican scholars who had 94 papers which 
were cited 862 times (9.17 times per papers). In order to avoid a mixture of 
relevant players with small and often erratic participants it was decided to analyse 
only these countries whose scientists were able to publish 4,000 or more papers 
during the 10-years plus 8-month period. There were 82 countries or territories out 
of 148 whose scientists co-authored 4,000 or more papers during this period. Thus, 
there were 65 countries or territories that were not able to meet this 4,000-paper 
criterion. Among them were 8 countries producing between 3,000 and 4,000 
papers during the observation period which were left out from the analysis:  
Sri Lanka (3,701), Republic of Georgia (3,686), Costa Rica (3,654), Oman 
(3,466), Luxembourg (3,400), Azerbaijan (3,219), and Ghana (3,125). Although 
the 4,000-paper threshold was established rather arbitrarily the included 82 
countries produce more than 99% of all papers listed in the ESI. 

From a large list of potentially important demographic and socio-economic 
variables I selected those which are typically regarded relevant for the human 
development: life expectancy on birth, schooling years, the size of population, 
median age, fertility and the Gross National Income per capita which were 
extracted from the latest Human Development Report (Human Development 
Report 2011). The research and development (R&D) expenditures (% of GDP) 
was taken from the World Bank statistics (http://data.worldbank.org/indicator/ 
GB.XPD.RSDV.GD.ZS). Some missing data were supplemented by data from 
other sources (http://www.nationmaster.com/graph/eco_res_and_dev_exp_of_gdp-
economy-research-development-expenditure-gdp). The latest available data are 
reported. Nevertheless, there were 4 countries with missing R&D expenditure 
values. 

 
 

3. Results 
 

In Table 1 the main bibliometric, demographic, and economic indicators are 
shown for 82 countries/territories that were able to publish more than 4,000 papers 
during the 10-years and 8-months period. All countries/territories are ranked 
according to the impact (citations per paper) of published articles. According to 
this ranking, scientists working in Switzerland, Iceland, and Denmark were on the 
top of publishing papers with high citation. Papers co-authored by researchers 
working in Saudi Arabia, Algeria, and Serbia were on the bottom of the ranking. 
On average, Swiss papers were cited 16.83 times which is over 5 times more often 
than the mean impact of Serbian papers (3.13). 
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However, the mean number of citations per paper is not the only and perhaps 
the best indicator of the quality of scientific research. It is imaginable that 
researchers of some country produce a large number of mediocrely cited papers 
but are inept to publish outstanding papers which have exceptionally high citation 
rate. Therefore, as another indicator of scientific excellence I computed for each 
country the percentage of papers which have reached the top 1% citation rate in 
any of 22 science fields. Thus, unlike the mean number of citations this indicator 
is normalized relative to the citation baseline specific to each field. Expectedly, 
these two indicators (citations per paper and the percentage of highly cited papers) 
were highly correlated (r = .83, p < .0001). Since the mean impact of papers and 
the percentage of highly cited papers were correlated, it is possible to combine 
these two indicators into a composite measure the High Quality Science Index 
(HQSI). Before summation the number of citations per paper and the percentage of 
highly cited papers were separately transformed according to the following 
formula: (X-M)/SD where M is the mean value of all X-s either citations per paper 
or the percentage of highly cited papers and SD is their standard deviation. Thus, 
to compute this index the both components were first normalized (the mean of the 
transformed values equals to zero and standard deviation equals to one) and then 
summed together (see the 6th column in Table 1).  

It is anticipated that rich countries or territories have more resources, both 
physical and human, to produce high quality papers. Figure 1 demonstrates the 
relationship between the Gross National Income per capita (GNI, Human 
Development Report 2011) and HQSI. Although linear correlation between these 
two indices was reasonably high (r = .65, p < .001), there are obvious deviations 
from the linear regression. Without any doubt, Kuwait has rather modest results in 
science compared with the accumulated economic wealth. However, there is 
another group on countries whose science performance exceeds all expectations 
based on their economic indicators. Three African countries (Kenya, Tanzania, 
and Uganda) obviously benefited from cooperation with the leading countries in 
the world, especially with the United States, mainly studying maladies such as 
malaria and HIV that have inflicted populations and environment of these 
countries. Unlike other countries that form this exceptional group, Armenia is 
distinguished by a high quality of physics and space science. If I excluded three 
obvious deviants (Kuwait, Armenia, and Peru) the correlation between HQSI and 
GNI increased to the respectable .75. 

Although the percentage of highly cited papers and the mean impact are 
substantially correlated, their difference can be used for the computation of what 
could be called Mediocrity Index. A scientific production of a country or territory 
which produces unexpectedly small number of highly influential papers compared 
with the mean impact of its published papers could be called ordinary or moderate 
quality, neither good nor bad. Aubtracting from the normalized score of the mean 
impact the normalized score of the percentage of highly cited papers, the highest 
scores on the Mediocrity Index was seen in Japan, Finland, and Sweden. The 
difference of Sweden and Finland from the Netherlands, Denmark and Switzerland  



Jü
ri

 A
lli

k 
20

4
T

ab
le

 1
. M

ai
n 

bi
bl

io
m

et
ri

c,
 d

em
og

ra
ph

ic
, a

nd
 e

co
no

m
ic

 in
di

ca
to

rs
 fo

r 
co

un
tr

ie
s/

te
rr

ito
ri

es
 p

ub
lis

hi
ng

 m
or

e 
th

an
 4

,0
00

 p
ap

er
s 

  

Papers 

Citations 

Impact 

Number of 
Highly Cited 
Papers 

Missing Fields 

High Quality 
Science Index 

Life-
expectancy 

Schooling 
years 

Population 
(millions) 

Fertility 

Median Age 

Gross National 
Income 

R&D (% of 
GDP) 

SW
IT

ZE
R

LA
N

D
 

20
0 

72
0 

3 
37

8 
81

4 
16

.8
3 

4 
86

5 
0 

2.
35

 
82

.3
 

11
.0

 
7.

7 
1.

5 
41

.4
 

39
 9

24
 

3.
00

 
IC

EL
A

N
D

 
6 

11
7 

98
 7

49
 

16
.1

4 
16

8 
1 

2.
54

 
81

.8
 

10
.4

 
0.

3 
2.

1 
34

.8
 

29
 3

54
 

2.
64

 
D

EN
M

A
R

K
 

10
7 

45
6 

1 
70

6 
42

4 
15

.8
8 

2 
19

5 
0 

1.
87

 
78

.8
 

11
.4

 
5.

6 
1.

9 
40

.6
 

34
 3

47
 

3.
02

 
U

SA
 

3 
25

0 
38

0 
51

 5
46

 0
27

 
15

.8
6 

59
 5

13
 

0 
1.

68
 

78
.5

 
12

.4
 

31
3.

1 
2.

1 
36

.9
 

43
 0

17
 

2.
79

 
N

ET
H

ER
LA

N
D

S 
27

6 
91

8 
4 

37
6 

26
3 

15
.8

0 
5 

56
0 

0 
1.

83
 

80
.7

 
11

.6
 

16
.7

 
1.

8 
40

.7
 

36
 4

02
 

1.
84

 
SC

O
TL

A
N

D
 

11
6 

79
7 

1 
84

4 
29

4 
15

.7
9 

2 
30

9 
0 

1.
80

 
80

.2
 

9.
3 

5.
2 

1.
9 

37
.0

 
33

 2
96

 
1.

82
 

EN
G

LA
N

D
 

74
7 

86
7 

11
 3

06
 4

92
 

15
.1

2 
13

 7
68

 
0 

1.
58

 
80

.2
 

9.
3 

53
.0

 
1.

9 
39

.8
 

33
 2

96
 

1.
82

 
SW

ED
EN

 
19

1 
19

0 
2 

84
9 

45
3 

14
.9

0 
3 

10
0 

0 
1.

35
 

81
.4

 
11

.7
 

9.
4 

1.
9 

40
.7

 
35

 8
37

 
3.

62
 

B
EL

G
IU

M
 

15
2 

10
8 

2 
13

7 
23

0 
14

.0
5 

2 
74

5 
0 

1.
40

 
80

.0
 

10
.9

 
10

.8
 

1.
8 

41
.2

 
33

 3
57

 
1.

96
 

FI
N

LA
N

D
 

95
 3

14
 

1 
30

0 
68

7 
13

.6
5 

1 
33

6 
0 

0.
98

 
80

.0
 

10
.3

 
5.

4 
1.

9 
42

.0
 

32
 4

38
 

3.
84

 
G

ER
M

A
N

Y
 

84
5 

44
8 

11
 3

40
 8

45
 

13
.4

1 
12

 6
97

 
0 

1.
04

 
80

.4
 

12
.2

 
82

.2
 

1.
5 

44
.3

 
34

 8
54

 
2.

82
 

C
A

N
A

D
A

 
49

3 
73

6 
6 

58
8 

76
2 

13
.3

4 
7 

53
1 

0 
1.

05
 

81
.0

 
12

.1
 

34
.3

 
1.

7 
39

.9
 

35
 1

66
 

1.
95

 
A

U
ST

R
IA

 
10

4 
85

6 
1 

37
9 

25
9 

13
.1

5 
1 

71
2 

0 
1.

12
 

80
.9

 
10

.8
 

8.
4 

1.
4 

41
.8

 
35

 7
19

 
2.

75
 

W
A

LE
S 

39
 6

56
 

50
8 

22
5 

12
.8

2 
61

2 
0 

0.
99

 
80

.2
 

9.
3 

3.
1 

1.
9 

39
.8

 
33

 2
96

 
1.

82
 

N
O

R
W

A
Y

 
80

 7
81

 
1 

03
1 

22
3 

12
.7

7 
1 

26
0 

0 
1.

00
 

81
.1

 
12

.6
 

4.
9 

2.
0 

38
.7

 
47

 5
57

 
1.

80
 

IS
R

A
EL

 
11

7 
79

9 
1 

49
7 

43
9 

12
.7

1 
1 

60
9 

0 
0.

82
 

81
.6

 
11

.9
 

7.
6 

2.
9 

30
.1

 
25

 8
49

 
4.

27
 

FR
A

N
C

E 
60

3 
32

8 
7 

55
6 

25
3 

12
.5

2 
8 

12
5 

0 
0.

77
 

81
.5

 
10

.6
 

63
.1

 
2.

0 
39

.9
 

30
 4

62
 

2.
23

 
A

U
ST

R
A

LI
A

 
33

8 
94

7 
4 

09
8 

35
1 

12
.0

9 
4 

92
4 

0 
0.

81
 

81
.9

 
12

.0
 

22
.6

 
2.

0 
36

.9
 

34
 4

31
 

2.
35

 
IT

A
LY

 
47

0 
64

8 
5 

68
9 

12
0 

12
.0

9 
5 

90
6 

0 
0.

63
 

81
.9

 
10

.1
 

60
.8

 
1.

5 
43

.2
 

26
 4

84
 

1.
27

 
N

O
R

TH
 IR

EL
A

N
D

 
19

 4
71

 
23

4 
68

2 
12

.0
5 

23
5 

0 
0.

58
 

80
.2

 
9.

3 
1.

8 
1.

9 
39

.8
 

33
 2

96
 

1.
82

 
IR

EL
A

N
D

 
52

 4
19

 
62

2 
44

2 
11

.8
7 

83
2 

0 
0.

90
 

80
.6

 
11

.6
 

4.
5 

2.
1 

34
.7

 
29

 3
22

 
1.

77
 

N
EW

 Z
EA

LA
N

D
 

63
 6

82
 

70
7 

80
5 

11
.1

1 
85

8 
0 

0.
58

 
80

.7
 

12
.5

 
4.

4 
2.

1 
36

.6
 

23
 7

37
 

1.
17

 
PE

R
U

 
4 

85
8 

53
 2

60
 

10
.9

6 
92

 
1 

1.
05

 
74

.0
 

8.
7 

29
.4

 
2.

4 
25

.6
 

8 
38

9 
0.

10
 

K
EN

Y
A

 
8 

52
3 

91
 0

90
 

10
.6

9 
11

0 
6 

0.
47

 
57

.1
 

7.
0 

41
.6

 
4.

0 
18

.5
 

1 
49

2 
0.

42
 

SP
A

IN
 

38
2 

65
8 

4 
07

9 
69

5 
10

.6
6 

4 
43

8 
0 

0.
35

 
81

.4
 

10
.4

 
46

.5
 

1.
5 

40
.1

 
26

 5
08

 
1.

38
 

204                         Jüri Allik 
 

 



Fa
ct

or
s a

ffe
ct

in
g 

bi
bl

io
m

et
ri

c 
in

di
ca

to
rs

 o
f s

ci
en

tif
ic

 q
ua

lit
y 

20
5

  

Papers 

Citations 

Impact 

Number of 
Highly Cited 
Papers 

Missing Fields 

High Quality 
Science Index 

Life-
expectancy 

Schooling 
years 

Population 
(millions) 

Fertility 

Median Age 

Gross National 
Income 

R&D (% of 
GDP) 

JA
PA

N
 

80
3 

85
7 

8 
39

0 
86

4 
10

.4
4 

6 
12

1 
0 

-0
.0

4 
83

.4
 

11
.6

 
12

6.
5 

1.
4 

44
.7

 
32

 2
95

 
3.

45
 

TA
N

ZA
N

IA
 

4 
30

5 
44

 8
09

 
10

.4
1 

58
 

8 
0.

48
 

58
.2

 
5.

1 
46

.2
 

5.
5 

17
.5

 
1 

32
8 

0.
43

 
SI

N
G

A
PO

R
E 

75
 8

83
 

78
6 

65
8 

10
.3

7 
1 

17
2 

1 
0.

65
 

81
.1

 
8.

8 
5.

2 
1.

4 
37

.6
 

52
 5

69
 

2.
66

 
H

U
N

G
A

R
Y

 
53

 9
08

 
55

7 
32

1 
10

.3
4 

61
8 

0 
0.

29
 

74
.4

 
11

.1
 

10
.0

 
1.

4 
39

.8
 

16
 5

81
 

1.
15

 
U

G
A

N
D

A
 

4 
16

8 
41

 1
44

 
9.

87
 

57
 

11
 

0.
42

 
54

.1
 

4.
7 

34
.5

 
3.

1 
15

.7
 

1 
12

4 
0.

41
 

ES
TO

N
IA

 
10

 2
31

 
99

 8
34

 
9.

76
 

15
4 

0 
0.

53
 

74
.8

 
12

.0
 

1.
3 

1.
7 

39
.7

 
16

 7
99

 
1.

44
 

PO
R

TU
G

A
L 

73
 9

18
 

69
1 

57
3 

9.
36

 
79

4 
0 

0.
09

 
79

.5
 

7.
7 

10
.7

 
1.

3 
41

.0
 

20
 5

73
 

1.
66

 
PH

IL
IP

PI
N

ES
 

6 
59

9 
61

 5
98

 
9.

33
 

10
6 

3 
0.

56
 

68
.7

 
8.

9 
94

.9
 

3.
1 

22
.2

 
3 

47
8 

0.
11

 
G

R
EE

C
E 

92
 4

20
 

85
4 

24
4 

9.
24

 
89

7 
0 

-0
.0

2 
79

.9
 

10
.1

 
11

.4
 

1.
5 

41
.4

 
23

 7
47

 
0.

58
 

U
R

U
G

U
A

Y
 

5 
39

0 
49

 3
94

 
9.

16
 

45
 

3 
-0

.1
6 

77
.0

 
8.

5 
3.

4 
2.

0 
33

.7
 

13
 2

42
 

0.
66

 
C

H
IL

E 
39

 3
35

 
34

7 
39

8 
8.

83
 

36
7 

0 
-0

.1
1 

79
.1

 
9.

7 
17

.3
 

1.
8 

32
.1

 
13

 3
29

 
0.

39
 

SO
U

TH
 A

FR
IC

A
 

61
 5

64
 

53
4 

35
2 

8.
68

 
73

0 
0 

0.
09

 
52

.8
 

8.
5 

50
.5

 
2.

4 
24

.9
 

9 
46

9 
0.

93
 

A
R

G
EN

TI
N

A
 

63
 8

24
 

53
4 

48
6 

8.
37

 
47

9 
0 

-0
.3

4 
75

.9
 

9.
3 

40
.8

 
2.

2 
30

.4
 

14
 5

27
 

0.
52

 
C

ZE
C

H
 R

EP
U

B
LI

C
 

75
 9

05
 

62
7 

04
8 

8.
26

 
73

9 
0 

-0
.1

6 
77

.7
 

12
.3

 
10

.5
 

1.
5 

39
.4

 
21

 4
05

 
1.

53
 

TH
A

IL
A

N
D

 
38

 8
64

 
31

0 
72

8 
8.

00
 

27
6 

0 
-0

.4
3 

74
.1

 
6.

6 
69

.5
 

1.
5 

34
.2

 
7 

69
4 

0.
21

 
IN

D
O

N
ES

IA
 

7 
77

3 
61

 5
25

 
7.

92
 

81
 

2 
-0

.1
4 

69
.4

 
5.

8 
24

2.
3 

2.
4 

27
.8

 
3 

71
6 

0.
08

 
A

R
M

EN
IA

 
5 

04
2 

36
 9

72
 

7.
33

 
12

2 
16

 
1.

02
 

74
.2

 
10

.8
 

3.
1 

1.
7 

32
.1

 
5 

18
8 

0.
27

 
SO

U
TH

 K
O

R
EA

 
32

5 
40

3 
2 

38
5 

60
4 

7.
33

 
2 

29
3 

0 
-0

.5
3 

80
.6

 
11

.6
 

48
.4

 
1.

4 
37

.9
 

28
 2

30
 

3.
36

 
TA

IW
A

N
 

20
2 

86
8 

1 
48

5 
93

3 
7.

32
 

1 
33

1 
0 

-0
.5

7 
73

.5
 

7.
5 

23
.2

 
1.

1 
38

.1
 

7 
47

6 
2.

58
 

SL
O

V
EN

IA
 

26
 9

89
 

19
5 

29
4 

7.
24

 
24

7 
0 

-0
.3

5 
79

.3
 

11
.6

 
2.

0 
1.

5 
41

.7
 

24
 9

14
 

1.
86

 
M

EX
IC

O
 

83
 9

84
 

60
4 

67
5 

7.
20

 
57

4 
0 

-0
.5

6 
77

.0
 

8.
5 

11
4.

8 
2.

2 
26

.6
 

13
 2

45
 

0.
37

 
V

EN
EZ

U
EL

A
 

12
 0

21
 

86
 5

48
 

7.
20

 
66

 
1 

-0
.6

9 
74

.4
 

7.
6 

29
.4

 
2.

4 
26

.1
 

10
 6

56
 

0.
40

 
C

Y
PR

U
S 

4 
71

6 
32

 8
40

 
6.

96
 

71
 

6 
0.

14
 

79
.6

 
9.

8 
1.

1 
1.

5 
34

.2
 

24
 8

41
 

0.
46

 
V

IE
TN

A
M

 
8 

81
1 

60
 8

54
 

6.
91

 
74

 
2 

-0
.4

6 
75

.2
 

5.
5 

85
.8

 
1.

9 
28

.2
 

2 
80

5 
0.

19
 

LE
B

A
N

O
N

 
6 

05
9 

41
 4

41
 

6.
84

 
45

 
3 

-0
.5

6 
72

.6
 

7.
9 

4.
3 

1.
8 

29
.1

 
13

 0
76

 
n.

a.
 

LA
TV

IA
 

4 
13

1 
28

 2
38

 
6.

84
 

29
 

4 
-0

.6
0 

73
.3

 
11

.5
 

2.
2

1.
5 

40
.2

 
14

 2
93

 
0.

46
 

Factors affecting bibliometric indicators of scientific quality        205 
 

 



Jü
ri

 A
lli

k 
20

6   

Papers 

Citations 

Impact 

Number of 
Highly Cited 
Papers 

Missing Fields 

High Quality 
Science Index 

Life-
expectancy 

Schooling 
years 

Population 
(millions) 

Fertility 

Median Age 

Gross National 
Income 

R&D (% of 
GDP) 

PO
LA

N
D

 
17

0 
21

2 
1 

15
9 

71
3 

6.
81

 
1 

14
2 

0 
-0

.6
3 

76
.1

 
10

.0
 

38
.3

1.
4 

38
.0

 
17

 4
51

 
0.

68
 

B
U

LG
A

R
IA

 
20

 3
71

 
13

8 
12

2 
6.

78
 

12
6 

0 
-0

.6
8 

73
.4

 
10

.6
 

7.
4

1.
6 

41
.6

 
11

 4
12

 
0.

53
 

SL
O

V
A

K
IA

 
26

 0
68

 
17

4 
55

5 
6.

70
 

20
3 

0 
-0

.5
5 

75
.4

 
11

.6
 

5.
5

1.
4 

36
.9

 
19

 9
98

 
0.

48
 

B
A

N
G

LA
D

ES
H

 
7 

65
9 

51
 1

24
 

6.
68

 
46

 
4 

-0
.7

1 
68

.9
 

4.
8 

15
0.

5
3.

2 
24

.2
 

1 
52

9 
n.

a.
 

C
A

M
ER

O
O

N
 

4 
24

5 
28

 2
98

 
6.

67
 

15
 

5 
-0

.9
4 

51
.6

 
5.

9 
20

.0
4.

3 
19

.3
 

2 
03

1 
n.

a.
 

C
O

LO
M

B
IA

 
16

 6
32

 
10

8 
84

2 
6.

54
 

20
4 

0 
-0

.1
7 

73
.7

 
7.

3 
46

.9
2.

3 
26

.8
 

8 
31

5 
0.

16
 

PE
O

PL
ES

 R
 C

H
IN

A
 

1 
02

2 
59

7 
6 

65
3 

42
6 

6.
51

 
7 

95
1 

0 
-0

.5
8 

73
.5

 
7.

5 
13

47
.6

1.
6 

34
.5

 
7 

47
6 

1.
47

 
B

R
A

ZI
L 

24
4 

25
0 

1 
58

1 
09

3 
6.

47
 

1 
23

2 
0 

-0
.8

3 
73

.5
 

7.
2 

19
6.

7
1.

8 
29

.1
 

10
 1

62
 

1.
08

 
C

U
B

A
 

7 
61

5 
47

 4
76

 
6.

23
 

35
 

4 
-0

.9
0 

79
.1

 
9.

9 
11

.3
1.

5 
38

.4
 

5 
41

6 
0.

49
 

ET
H

IO
PI

A
 

4 
17

7 
25

 7
24

 
6.

16
 

20
 

8 
-0

.8
9 

59
.3

 
1.

5 
84

.7
3.

9 
18

.7
 

97
1 

0.
17

 
IN

D
IA

 
33

4 
66

0 
2 

05
9 

83
2 

6.
15

 
1 

60
6 

0 
-0

.8
9 

65
.4

 
4.

4 
12

41
.5

2.
5 

25
.1

 
3 

46
8 

0.
76

 
C

R
O

A
TI

A
 

24
 9

73
 

14
7 

83
9 

5.
92

 
20

7 
0 

-0
.6

1 
76

.6
 

9.
8 

4.
4

1.
5 

41
.5

 
15

 7
29

 
0.

83
 

K
U

W
A

IT
 

6 
18

8 
34

 9
67

 
5.

65
 

21
 

5 
-1

.0
9 

74
.6

 
6.

1 
2.

8
2.

4 
28

.2
 

47
 9

26
 

0.
11

 
U

 A
R

A
B

 E
M

IR
A

TE
S 

7 
63

4 
42

 9
76

 
5.

63
 

37
 

0 
-0

.9
6 

76
.5

 
9.

3 
7.

9
1.

7 
30

.1
 

5 
99

3 
n.

a.
 

TU
R

K
EY

 
17

5 
43

2 
97

6 
84

7 
5.

57
 

1 
06

6 
0 

-0
.8

6 
74

.0
 

6.
5 

73
.6

2.
0 

28
.3

 
12

 2
46

 
0.

85
 

EG
Y

PT
 

42
 4

53
 

22
3 

79
3 

5.
27

 
15

7 
0 

-1
.1

2 
73

.2
 

6.
4 

82
.5

2.
6 

24
.4

 
5 

26
9 

0.
21

 
M

O
R

O
C

C
O

 
12

 1
07

 
62

 9
76

 
5.

20
 

66
 

1 
-0

.9
7 

72
.2

 
4.

4 
32

.3
2.

2 
26

.3
 

4 
19

6 
0.

60
 

LI
TH

U
A

N
IA

 
14

 1
53

 
73

 1
09

 
5.

17
 

13
1 

1 
-0

.6
3 

72
.2

 
10

.9
 

3.
3

1.
5 

39
.3

 
16

 2
34

 
0.

84
 

R
U

SS
IA

 
27

5 
32

5 
1 

37
1 

06
5 

4.
98

 
1 

22
0 

0 
-1

.0
9 

68
.8

 
9.

8 
14

2.
8

1.
5 

37
.9

 
14

 5
61

 
1.

25
 

JO
R

D
A

N
 

8 
57

4 
42

 0
71

 
4.

91
 

50
 

6 
-0

.9
7 

73
.4

 
8.

6 
6.

3
2.

9 
20

.7
 

5 
30

0 
0.

42
 

B
Y

EL
A

R
U

S 
10

 4
53

 
47

 8
22

 
4.

57
 

92
 

10
 

-0
.7

5 
70

.3
 

9.
3 

9.
6

1.
5 

38
.3

 
13

 4
39

 
0.

64
 

N
IG

ER
IA

 
13

 5
57

 
61

 2
45

 
4.

52
 

42
 

2 
-1

.2
7 

51
.9

 
5.

0 
16

2.
5

5.
4 

18
.5

 
2 

06
9 

0.
22

 
PA

K
IS

TA
N

 
26

 0
65

 
11

7 
62

9 
4.

51
 

23
3 

0 
-0

.7
5 

65
.4

 
4.

9 
17

6.
7

3.
2 

21
.7

 
2 

55
0 

0.
46

 
R

O
M

A
N

IA
 

43
 5

14
 

19
5 

30
8 

4.
49

 
28

6 
0 

-0
.9

7 
74

.0
 

10
.4

 
21

.4
 

1.
5 

38
.5

 
11

 0
46

 
0.

48
 

IR
A

N
 

10
2 

69
3 

45
7 

80
8 

4.
46

 
60

8 
0 

-1
.0

3 
73

.0
 

7.
3 

74
.8

 
1.

6 
27

.1
 

10
 1

64
 

0.
79

 
TU

N
IS

IA
 

18
 5

03
 

81
 7

60
 

4.
42

 
60

 
2 

-1
.2

8 
74

.5
 

6.
5 

10
.6

 
1.

9 
28

.9
 

7 
28

1 
1.

10
 

206                    Jüri Allik 
 

 



Fa
ct

or
s a

ffe
ct

in
g 

bi
bl

io
m

et
ri

c 
in

di
ca

to
rs

 o
f s

ci
en

tif
ic

 q
ua

lit
y 

20
7

  

Papers 

Citations 

Impact 

Number of 
Highly Cited 
Papers 

Missing Fields 

High Quality 
Science Index 

Life-
expectancy 

Schooling 
years 

Population 
(millions) 

Fertility 

Median Age 

Gross National 
Income 

R&D (% of 
GDP) 

M
A

LA
Y

SI
A

 
33

 8
95

 
14

6 
64

0 
4.

33
 

20
4 

1 
-1

.0
4 

74
.2

 
9.

5 
28

.9
 

2.
6 

26
.0

 
13

 6
85

 
0.

63
 

U
K

R
A

IN
E 

45
 8

20
 

19
7 

02
0 

4.
30

 
16

1 
2 

-1
.2

7 
68

.5
 

11
.3

 
45

.2
 

1.
5 

39
.3

 
6 

17
5 

0.
86

 
SA

U
D

I A
R

A
B

IA
 

25
 9

03
 

10
8 

18
8 

4.
18

 
20

4 
1 

-0
.8

9 
73

.9
 

7.
8 

28
.1

 
2.

6 
25

.9
 

23
 2

74
 

0.
08

 
A

LG
ER

IA
 

11
 8

15
 

49
 2

14
 

4.
17

 
38

 
5 

-1
.3

1 
73

.1
 

7.
0 

36
.0

 
2.

1 
26

.2
 

7 
65

8 
0.

07
 

SE
R

B
IA

 
19

 9
83

 
62

 5
30

 
3.

13
 

20
5 

3 
-0

.8
2 

74
.5

 
10

.2
 

9.
9 

1.
6 

37
.6

 
10

 2
36

 
0.

89
 

 N
ot

es
: I

m
pa

ct
 =

 th
e 

m
ea

n 
nu

m
be

r o
f c

ita
tio

ns
 p

er
 p

ap
er

 (C
ita

tio
ns

/P
ap

er
s)

; M
is

si
ng

 fi
el

ds
 =

 th
e 

nu
m

be
r o

f f
ie

ld
s 

ou
t o

f 2
2 

in
 w

hi
ch

 th
e 

co
un

try
 o

r t
er

rit
or

y 
fa

ile
d 

to
 p

as
s 

50
%

 c
ita

tio
n 

th
re

sh
ol

d;
 R

&
D

 =
 e

xp
en

di
tu

re
s 

on
 t

he
 r

es
ea

rc
h 

an
d 

de
ve

lo
pm

en
t 

as
 a

 p
er

ce
nt

ag
e 

of
 G

D
P;

 l
at

es
t 

av
ai

la
bl

e 
da

ta
; 

n.
a.

 =
 n

ot
 

av
ai

la
bl

e.
 

 

Factors affecting bibliometric indicators of scientific quality        207 
 

 



Jüri Allik 208

in producing highly cited papers has been previously noted (Karlsson and Persson 
2012). On the opposite pole of the scale were Cyprus, Armenia, and Serbia who 
published much more highly visible papers than it could be expected from the 
country’s mean impact.  

 
 

Correlation: r = .65

SWITZERLAND

ICELAND

DENMARK

USA
NETHERLANDS

SCOTLAND
ENGLAND

SWEDEN
BELGIUM

FINLAND
GERMANY

CANADA

AUSTRIA

WALES
NORWAY

ISRAEL

FRANCE

AUSTRALIA

ITALY

NORTH IRELAND

IRELAND

NEW ZEALAND

PERU

KENYA
SPAIN

JAPAN

TANZANIA

SINGAPORE

HUNGARYUGANDA

ESTONIA

PORTUGAL

PHILIPPINES

GREECE

URUGUAY
CHILE

SOUTH AFRICA

ARGENTINA

CZECH REPUBLIC

THAILAND

INDONESIA

ARMENIA

SOUTH KOREA
TAIWAN

SLOVENIA

MEXICO
VENEZUELA

CYPRUS

VIETNAM
LEBANON

LATVIA

POLAND
BULGARIA

SLOVAKIA

BANGLADESH

CAMEROON

COLOMBIA

CHINA

BRAZIL
CUBA

ETHIOPIAINDIA

CROATIA

KUWAIT
UAE

TURKEY

EGYPT
MOROCCO

LITHUANIA

RUSSIA

JORDAN

BYELARUS

NIGERIA

PAKISTAN

ROMANIA

IRAN

TUNISIA

MALAYSIA

UKRAINE

SAUDI ARABIA

ALGERIA

SERBIA

-10000 0 10000 20000 30000 40000 50000 60000

Gross National Income (per capita)

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

H
ig

h 
Q

ua
lit

y 
S

ci
en

ce
 In

de
x

SWITZERLAND

ICELAND

DENMARK

USA
NETHERLANDS

SCOTLAND
ENGLAND

SWEDEN
BELGIUM

FINLAND
GERMANY

CANADA

AUSTRIA

WALES
NORWAY

ISRAEL

FRANCE

AUSTRALIA

ITALY

NORTH IRELAND

IRELAND

NEW ZEALAND

PERU

KENYA
SPAIN

JAPAN

TANZANIA

SINGAPORE

HUNGARYUGANDA

ESTONIA

PORTUGAL

PHILIPPINES

GREECE

URUGUAY
CHILE

SOUTH AFRICA

ARGENTINA

CZECH REPUBLIC

THAILAND

INDONESIA

ARMENIA

SOUTH KOREA
TAIWAN

SLOVENIA

MEXICO
VENEZUELA

CYPRUS

VIETNAM
LEBANON

LATVIA

POLAND
BULGARIA

SLOVAKIA

BANGLADESH

CAMEROON

COLOMBIA

CHINA

BRAZIL
CUBA

ETHIOPIAINDIA

CROATIA

KUWAIT
UAE

TURKEY

EGYPT
MOROCCO

LITHUANIA

RUSSIA

JORDAN

BYELARUS

NIGERIA

PAKISTAN

ROMANIA

IRAN

TUNISIA

MALAYSIA

UKRAINE

SAUDI ARABIA

ALGERIA

SERBIA

95% confidence
 

Figure 1. The relationship between the Gross National Income per capita and the High Quality 
Science Index. 

 
 
Next I tried to predict standing on HQSI from demographic and socio-

economic variables. Using forward step-wise multiple regressions it turned out 
that 6 relevant variables explained 54.3% of the HQSI variance: R = .74, F(6,71) = 
14.02, p < .001. Expectedly, the largest contributions were made by the Gross 
National Income per capita (β = 0.389, p = .005) and the percentage of GDP that 



Factors affecting bibliometric indicators of scientific quality 209

was spent on R&D (β = 0.284, p = .018). Thus, very rich nations spending also a 
considerable amount of the produced wealth on R&D are more likely to have high-
quality papers. In addition, fertility (β = 0.311, p = .014), schooling years (β = 
0.216, p = .075), the number of fields in which the threshold of the ESI was 
reached (β = 0.093, p = .090), and life-expectancy at birth (β = 0.161, p = .297) 
made their contribution in the explanation of the scientific excellence. It was 
expected that countries where people live and attend school longer have better 
chances to produce high quality science. It was more anticipated that countries 
with a lower fertility rate rather than those where the demographic revolution has 
not been accomplished yet are more successful in writing highly cited articles. In 
reality, fertility has a positive impact on scientific excellence when all other 
factors were controlled. Finally, it seems to be easier to achieve high quality of 
science selectively in some fields than in all 22 fields simultaneously. 

 
 

4. Discussion 
 

What seems to be obvious even without sophisticated computations is that the 
size of the country has a negligible effect on publishing highly visible and 
influential papers in the most prestigious scientific journals. A tiny Iceland with 
the population of 320,000 and spending 2.64% of its GDP for R&D is on the top 
of scientific excellence. It is also not surprising that the top of the HQSI is 
occupied by relatively small countries or territories such as Switzerland, Denmark, 
Netherlands, and Scotland who all achieved scientific excellence beyond what 
could be predicted on the basis of their economic indicators alone. Out of ten most 
populous countries only the USA is on the top of countries or territories ranked by 
their scientific excellence measured by bibliometric indicators. The rest like 
China, India, and Indonesia are all in the lower half of the scientific quality 
ranking. The former superpower Russia occupies 76th position out of 82 countries 
or territories being in terms of its scientific impact virtually on the same level with 
Nigeria and Pakistan. 

It was certainly instructive to observe what has happened to the former 
Communist bloc countries. After the dissolution of the Soviet Union its successor, 
the Russian Federation has obviously failed to modernize it science which 
structure still reflects science of the 20th century, not science of the 21st century 
which is characteristically dominated by medical and life sciences (Adams and 
King 2010). The relative output of Russian scientists has remained basically on the 
same level but the impact of their papers has even decreased (Markusova, Jansz, 
Libkind, Libkind, and Varshavsky 2009). Surprisingly, Armenia outperformed 
other former Communist bloc countries in terms of the mean impact and 
proportion of highly cited papers. This seems to be achieved by concentrating 
material and human resources into only few research areas. Armenian scientists 
have passed the threshold of essential science only in 6 out of 22 research areas. 
Out of 122 Armenian papers that have achieved the status of highly cited papers 
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101 were co-authored by physicists. Many of these physics papers were written 
collectively in CERN by multinational groups of researchers where the number 
can exceed several thousand. If Armenia could be discarded as an artefact created 
by excellent performance of only one or two groups then two former Communist 
bloc achievers are Estonia and Hungary. They passed the threshold of essential 
science in all 22 categories, increased steadily the mean impact of their publica-
tions, and managed to publish a remarkable percentage of papers which were in 
the top-1% citations. Scientific performance of Estonia and Hungary is even more 
astonishing since their governments spend a very modest amount of their GDP on 
the research and development 1.44% and 1.15% respectively which is far less of 
what was promised in the Lisbon strategy’s 3% of GDP. These two countries are 
followed by Czech Republic, Slovenia, and Croatia who performed in science 
slightly below of what could be expected from the level of their economic 
development. All other former Soviet bloc countries and especially former Soviet 
republics, except perhaps Armenia and Estonia, have underperformed concerning 
scientific excellence.  

Although economic wealth is one of the major factors of the high quality 
science, many ranking positions can be explained by political decisions made in 
the past. For example, it is generally acknowledged that Latvia made a costly 
mistake by practically abolishing permanent science funding after regaining 
independence in 1991 replacing it almost totally with relatively insecure and 
insufficient temporary grant money (Allik 2003, Kristapsons, Martinson, and 
Dagyte 2003). In spite of the substantial brain-drain Latvia succeeded in maintain-
ing a relatively high impact of its publications but only at the expense of a modest 
general productivity. On the other hand, Lithuania decided to increase the overall 
scientific productivity which was not accompanied with an equal concern about 
the quality of scientific publications. Dozens of local Lithuanian journals were 
established which publish not only in English but Lithuanian as well. These local 
journals have obviously less stringent criteria for the acceptance of scientific 
contributions especially when they come from the Lithuanian authors. When the 
Thomson Reuters announced on May 28, 2008 that nearly a thousand new 
regional journals have been added to the WoS, Lithuania managed to include 27 of 
their own local journals. As a consequence, the impact of Lithuanian scientific 
papers has dramatically dropped compared to all other countries in the world. One 
likely candidate for the decrease of the impact is a diminished motivation of 
Lithuanian researchers to publish their papers in the most prestigious and 
competitive international journals since it is much easier to publish in one of these 
local journals which impact is relatively low. As a consequence, the impact of 
Lithuanian papers has dramatically decreased dropping on the same level with 
Russia (Allik 2011). Unfortunately, there is no information of how many 
Lithuanian journals are in the top 5,000 journals selected by ESI. 

Out of the three Baltic countries only Estonia was able to increase not only the 
volume of its publications but also their mean impact. There are several reasons 
for this accomplishment from which several are worth mentioning . From the 
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beginning of regaining independence in 1991 all research money applications in 
Estonia were also written in English which allowed using foreign experts in 
evaluation, to say nothing about an invaluable practice for writing successful grant 
applications. Perhaps even more crucial was the fact that scientific assessment and 
decision-making was given to panels consisting of scientist who were mandated to 
make sovereign decisions that have been rarely reversed by non-scientific 
authorities. These factors in addition to a tight cooperation with researchers from 
the world’s leading sciences, especially with Finland and Sweden, were essential 
in the growth of excellence in Estonian science (Allik 2008, 2011). 

Although the EU share of total publications is greater than that of the U.S. in 
many separate disciplines as well as in all sciences as a whole, the U.S. almost 
always surpasses the EU when it concerns the upper tail of citation distributions, 
that is the number of highly cited papers (Albarran, Crespo, Ortuno, and Ruiz-
Castillo 2010, Bornmann and Leydesdorff 2013, Leydesdorff and Wagner 2009a). 
In the light of these data it is surprising that the U.S. occupies only the 6th position 
in the ranking of high quality science. This is even less expected because the U.S. 
authors are subjected to one of the highest known country self-citation bias (Allik 
2013a, 2013b, Jaffe 2011). Since there seems to be a pervasive tendency that 
researchers residing in the U.S. are more likely to cite an article by U.S. authors 
rather than by non-U.S. authors, the mean impact and highly cited articles scores 
for the U.S. may be inflated. Of course, many other countries, such as China and 
Iran, demonstrate similar country self-citation bias (Jaffe 2011). However, when it 
comes to deciding to cite or not to cite a previously published paper, the U.S. 
authors give more than others a preference to papers of those colleagues whose 
research questions, used methods, and proposed theories they know best (Allik 
2013b). 

There are many ways how measures of scientific excellence can be improved. 
Although several new measures of scientific excellence have been proposed it is 
obvious that only a combination of several of them could achieve sufficient 
reliability (Wagner and Leydesdorff 2012, van Leeuwen et al. 2003). Recent years 
have witnessed a considerable increase in the number of papers with authors in 
excess of 50 and it is not unusual to have reports whose author counts exceed 
1,000 or even more. Since many of these multiauthorship papers concern hot data 
produced by large international collaborative projects such as Large Hadron 
Collider, Laser Interferometer Gravitational Wave Observatory, or Antiretroviral 
Therapy Cohort Collaboration even smaller stakeholders share an equal amount of 
recognition with the principal investigators of these large projects. Since the 
number citations is equally distributed between all co-authors small countries can 
potentially have an easy profit which was actually earned by others. However, it 
seems to be a considerable waste of time investing energy into inventing 
algorithms which could differentiate individual contributions of authors or 
countries that are behind them (cf. Põder 2010). Nevertheless, it would be 
instructive to know the ratio between highly cited papers written in cooperation 
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with authors from many countries and papers authored exclusively by authors 
working in the same country. 

However, the largest potential for improving measures of scientific excellence 
is by differentiating fields of science (Aksnes, Schneider, and Gunnarsson 2012, 
Leydesdorff and Bornmann 2011, Leydesdorff and Opthof 2010). For example, 
the average citation rate for papers published in the period 2002-2012 is quite 
different for various fields. The average citation rate papers published in molecular 
biology and genetics was 23.49 and in immunology 21.10. On the other hand, 
papers in mathematics and computer sciences were cited with average rate 3.53 
and 4.07 citations respectively. This means that a country or territory whose 
strength is in mathematics and computer science has at least five times less 
chances to influence ranking on the scale of science quality than some other 
country who has invested in the development of molecular biology, genetics, and 
immunology. A telling example is Tanzania. Out of 58 highly cited papers which 
were co-authored by Tanzanians 28 were published in journals classified in the 
clinical medicine category. Since the average citation rate in clinical medicine is 
relatively high (12.62 citation per paper) it was more advantageous for Tanzania to 
develop its strength in this field rather than in agriculture (7.24 citations/papers) or 
economics or business (6.49 citations/papers). Fortunately, subfield normalization 
seems to change the global country ranking only marginally (Aksnes et al. 2012, 
Herranz and Ruiz-Castillo 2012). The proposed HQSI is a half-step in the desired 
direction since one of its components – the percentage of papers which have 
reached the top 1% citation rate in one of 22 science fields – takes differences 
between fields into account. 
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