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This study  investigates  the  trend  of  global  concentration  in scientific  research  and  tech-
nological  innovation  around  the  world.  It accepts  papers  and  patents  as  appropriate  data
for revealing  the  development  and  status  of  science  and  technology  respectively.  The  per-
formance  of  these  outputs  in  production  and  citation  impact  is taken  into  consideration  in
the  analysis.  The  findings  suggest  that  both  papers  and  patents  are  geographically  concen-
trated  on  a small  number  of  countries,  including  the  United  States,  the  United  Kingdom,
Japan,  Germany,  and  France.  China  has  made  great  progress  in paper  production  and  cita-
tion impact,  and  Taiwan  and  Korea  have  experienced  a rapid  growth  in patents  over  the
past years.  The  degree  of concentration  dramatically  decreases  when  the  data  from  the
United  States  are excluded,  indicating  the  effects  of  the  U.S.’s  participation  on  the  con-
centration.  Patents  show  a higher  degree  of concentration  than  papers.  With  time-varying
aspects  taken  into  consideration,  the  study  indicates  that  the degree  of  concentration  of
papers and  patents  has  gradually  decreased  over  time.  The  concentration  of  patents  has
declined  more  slowly  than  that  of papers.  This  decrease  of  the  concentration  is  mainly  due
to the  reduction  of the  predominant  role  of  the U.S.  in  world  R&D  output.

© 2012 Elsevier Ltd. All rights reserved.

. Introduction

The political and economic landscape of the world is constantly changing. In 1945 there were 51 member states of the
nited Nations, and presently the number has increased to 192 countries. The group of major economies has grown from
6 to G8, and then to G8 + 5 in recent decades. It has been announced that the G8 will be superseded by the G20 as the main
conomic council of wealthy nations. With the growth of world economies, the number of countries enhancing investment
n scientific infrastructure and innovation activities has increased accordingly. Many countries have intensive participation
n the R&D race and are keen to foster their progress in product of research outputs. Such competition may  change the

orld share of science and ultimately leads the shift of the geographic concentration of scientific research and technological
nnovation. Certainly it has been shown that the center of gravity of the world system of science and technology shifts with

ime (Leydesdorff & Zhou, 2005). It is shown that, for example, China demonstrates the world’s second largest potential in
cience and technology. It and other emerging nations like South Korea, Taiwan, Brazil and Turkey are already changing the
alance of power as measured by scientific production (Glänzel, Debackere, & Meyer, 2008).

∗ Corresponding author. Tel.: +886 2 3366 2723; fax: +886 2 2369 2178.
E-mail addresses: mhhuang@ntu.edu.tw (M.-H. Huang), hanwenchang@ntu.edu.tw (H.-W. Chang), dzchen@ntu.edu.tw (D.-Z. Chen).

1 Tel: +8862 3366 2969; fax: +8862 2363 2859.

751-1577/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.joi.2012.03.003

dx.doi.org/10.1016/j.joi.2012.03.003
http://www.sciencedirect.com/science/journal/17511577
http://www.elsevier.com/locate/joi
mailto:mhhuang@ntu.edu.tw
mailto:hanwenchang@ntu.edu.tw
mailto:dzchen@ntu.edu.tw
dx.doi.org/10.1016/j.joi.2012.03.003


458 M.-H. Huang et al. / Journal of Informetrics 6 (2012) 457– 468

The production of papers and patents reflects a country’s development in scientific research and technological innovation
respectively. The performance of papers is related to the status of basic scientific research and the quality of a country’s
research competence. Patents are often viewed as excellent indicators of technological status, regional or national innovation
(Cantwell & Fai, 1999; Zander, 1997), and the capacity for transforming technologies into economically productive output.
In studies of geographic concentration of science and technology, papers and patents are often viewed as main data sources
and analyzed with respect to different interests in social studies of science.

While there has been an increase of number of countries participating in the R&D market, many researchers indicated
that world research output and innovation are concentrated on certain of countries. Sin (2011) analyzed seven LIS Journals
from 1980 to 2008 and found that most papers published in high-ranking international journals had been written by authors
based in a few nations. Braun et al. also found that in 1980s the production of papers in physics, chemistry, life sciences,
engineering, and mathematics was highly concentrated on a small group of countries (Braun, Glanzel, Maczelka, & Schubert,
1994a; Braun, Glanzel, Maczelka, & Schubert, 1994b). King (2004) further pointed out that 31 countries could represent the
whole research world in terms of both paper production and citations. Regarding the development of a specific region, Pouris
(2009) revealed that science and technology research outputs of Africa are mainly contributed by South Arica and Egypt.
Similar findings are obtained in studies focusing on a specific discipline. Golnabi and Mahdieh (2006) indicated that 58.9%
of papers and 90.1% of patents in laser technology are from four countries: the United States, Japan, Germany, and China.
IFigueira et al. (2007) pointed out that most papers on post-traumatic stress disorder are produced by a small number of
countries, although more and more countries have been contributing to studies in this field. With consideration of research
population, Kao (2009) demonstrated that authors in operations research were from only a few countries.

In addition to the studies in geographic concentration, research has been conducted to explore the concentration between
citations and papers. Guan and Ma  (2007) found that citations are concentrated on certain of papers. Similarly, Evans (2008)
also indicated that, with regard to online publications, citations are concentrated on only a small number of papers and core
journals. Yet Lariviere, Gingras and Archambault (2009) found a decline in the concentration of citations from 1900 to 2007,
with consideration of time-varying aspects.

Studies are made to reveal the change of concentration and indicate the trend is toward a gradual dispersal of concen-
tration over the past years (IFigueira et al., 2007; Hullmann, 2007). It seems widely accepted that a growing number of
countries participating in science dilutes the concentration of research. However, it is still not clear whether the concentra-
tion is shifting in both science and technology, nor how the predominance in R&D changes among countries. Beyond most
previous studies, which were inherently limited to certain subject areas, countries, or production of papers, the present
study attempts to determine overall trends from both scientific research and technological innovation perspectives.

This study examines the trend of concentration of scientific research and technological innovation. It consolidates data
on papers and patents, and illustrates the figures of production and citation impact of papers and patents. Although it is
understood that patent concentration is higher than paper concentration, this issue of concentration is seldom addressed in
patent analysis. To obtain a comprehensive view of the trend of geographic concentration of R&D output, the present study
analyzes the production and citation impact of papers and patents to reveal the concentration and development trends of
scientific research and technological innovation. An effort is also made to ascertain which countries have the largest share
of papers and patents in the world and how their predominant role changes with time.

2. Methodology

Our study utilizes bibliometric and patentometric methods to explore the concentration of scientific research and techno-
logical innovation between 1981 and 2008. It adopts the production and citation impact of papers and patents as indicators
of scientific research and technological innovation respectively. Both these measures have been widely used for showing
a country’s research performance and competitiveness. For example, statistics of paper productivity and impact are very
common indicators in university ranking studies (Liu & Cheng, 2005; Marginson, 2009; Quacquarelli, O’Leary, & Ince, 2008),
and patent-related measures are largely used by the World Economic Forum, the IMD  Business School, and the OECD to
evaluate the extents of technological innovations (IMD, 2009; OECD, 2009; WEF, 2009).

Several data sources are compiled into the indicators in the study. Paper-related data are collected from Thomson Reuter’s
National Science Indicators (NSI), which is developed for investigation of publication output and citation impact at national
level. The database contains research articles, notes, and reviews derived from the Web  of Science® and have been used in
bibliometric studies (Glänzel, Danell, & Persson, 2003). Despite the potential criticism of being a secondary source, it provides
us with necessary research-related statistics, including the number of papers and the number of citations. The data of NSI
are derived from Web  of Science®, which have been widely used in bibliometric studies. Researchers can develop in-depth
studies of national-wide scientific trends by using well-established analytical data from over 180 nations around the world.
In terms of patents, data are collected from the United States Patent and Trademark Office (USPTO), which provides a wide
range of the patents issued since 1976. Despite its focus on U.S.-approved patents and the possibility of a ‘home advantage’
effect (e.g. Criscuolo, 2006; Li, Lin, Chen, & Roco, 2007; Paci, Sassu, & Usai, 1997), the data source showed a broadest coverage

and has been widely adopted in patent analysis (e.g. Gao, Guan, & Rousseau, 2011). Actually this kind of bias is not only
present in the USPTO but also in the EPO. It is an inevitable problem that there are some biases, in any appearance, inherent in
national or regional patent databases. As the one of the world’s primary markets, many patents submitted in other countries
are simultaneously submitted for U.S. patents. It is not unreasonable to believe that the USPTO includes most of the world’s
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mportant inventions, although it does not aggregate patents associated with the same patent family. Regarding these points,
his study focuses on U.S. patents granted by the USPTO, rather than includes all patents in the world.

This study investigates the pattern of concentration in science and technology from 1981 to 2008. During these years, a
eries of political developments altered the global landscape. Many new countries were formed as the result of dissolution
f countries or declaration of independence by regions of a country. For example, the dramatic collapse of the Soviet Union
n 1991 enabled the independence of Lithuania and the other Baltic states. A significant increase in the number of countries
as been observed since then. Our investigation shows that the number of countries with a great share of world research
utput has consequently grown from 130 in 1989–1993 to 148 in 1994–1998 and 149 in 2004–2008. In order to facilitate
lose observation of changes and trends across time, we have split the data into five-year periods over the 28 years. The
rst three years, 1981–1983, is grouped as a period with regard to an assumption that a country’s research outputs did not
ubstantially change in the early years of this study.

The numbers of papers/patents and citations are adopted as the main measures in this study. In terms of the num-
er of papers/patents, the measure indicating a country’s paper/patent productivity is calculated by the proportion of
apers/patents published by that country. In terms of the number of citations of papers/patents indicating a country’s
aper/patent citation impact, the measure is calculated as the number of cited times of a country’s papers/patent from the
ublication year to the end of 2008. All the above numbers are calculated on annual basis as well as triennial/quinquennial
asis. Moreover, each country present in publications receives one credit for its participation.

Several indicators can be used to measure the concentration, such as Herfindahl–Hirschman index, Lorenz curves, Gini
oefficient and Brillouin. However, as large scale data are used, it might get similar results no matter which indicators are
elected. In the study, Herfindahl–Hirschman Index (HHI) and Gini coefficient are chosen to measure the concentration.
HI was developed by economists to measure market concentration in an industry and is accepted as a screening tool by
.S. federal anti-trust authorities. Gini coefficient is the most common statistical index of diversity or inequality in social

ciences (Allison, 1978). Gini coefficient is widely used in econometrics as a standard measure of inter-household inequality
n income and wealth (Anand, 1983). Additionally, Gini coefficient also can be viewed as the best known and the most widely
sed measure of divergence (Shkolnikov, Andreev, & Begun, 2003).

HHI was originally calculated by summing the square of each firm’s market share. In the present study, the formula for

he calculation is
n∑

i=1

S2
i
, where Si is the papers/patents share of country i in the world, and n is the number of countries in

he investigation.
Gini coefficient, invented by the Italian sociologist Corrado Gini, is a measure of the inequality of a distribution. The value

anges between 0 and 1, indicating full equality (the value is zero) and complete inequality (the value is one). This study
ses the Gini coefficient to measure the degree of concentration of a variable in a distribution of its elements. The higher the
ini coefficient presents the greater the concentration. The usual expression of the Gini coefficient is given by the following

ormula:

G = 1
2�N2

N∑

i=1

N∑

j=1

|yi − Yj|

here G is the Gini coefficient, � the mean value of the distribution, N the sample size, and yi the number of papers/patents
f the ith sample unit.

One criticism on HHI in measuring the concentration of the world’s research output is that it does not differentiate the
ork undertaken by authors from single or multiple countries. A country without any collaborative work can have the same

core as a country with massive international collaboration. However, it is still valuable to use the index to investigate the
oncentration of scientific forces in the world. A research work can be regarded as evidence of the contribution of the authors
s well as the participation of their countries in world science, no matter how many researchers worked on it. The share of
esearch outputs, including papers and patents, in the world provides us with an intuitive understanding of a country’s forces
n R&D activities, while collaboration analysis offers a sharper lens for understanding the main area of research population in
he world. Studying the geographical concentration using HHI and Gini coefficient gives us an insight into the configuration
f R&D centers in the world.

. Results

Overall the number of papers and patents increases with time. There were about 0.45 million papers and 73,000 patents
ompleted in 1981, and the numbers have increased to more than 1.13 million and 1,91,000 each in 2008. The growth of paper
roduction increased more than that of patents. In terms of citations, there is a similar bibliometric pattern between papers
nd patents, yet apparently papers accumulate more citations than patents. The number of citations for papers and patents

radually increased between 1981 and 1995. The number has declined since 1998 for both kinds of literature, reflecting the
act that fewer citations have been accumulated in recent years.

Fig. 1 shows that the number of countries producing patents increased over time, while the number for papers reveals a
elatively constant state after 1990. For most of the years about 180 countries’ researchers have been published in scientific
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Fig. 1. The number of countries producing papers and patents from 1981 to 2008.

journals; meanwhile, much fewer countries granted patents from USPTO. The differences are attributed to the territoriality
of patent law, which places restrictions and requirements on patent applications and grants. Even though geographically
patent literature shows a relatively higher concentration than papers, we are not clear about how the differences between
these two types of documents vary with time. Therefore, an analysis of the concentration of productivity in and impacts of
papers and patents is conducted to examine the changes in the concentration.

3.1. Concentration of scientific research

The results indicate that over the past three decades scientific research has been moderately concentrated in certain
number of countries. Although varying with time, the HHI value remains around 0.1–0.2 during 1981–2008, as it is shown in
Fig. 2(A). In comparison of the values for each of time periods, a decreasing trend can be found over the past decade. It shows
that contemporary scientific research is contributed by more and more countries, rather than being concentrated in a small
fraction of nations. In addition, the study shows that the degree of geographic concentration of scientific research is highly
related to the participation of the U.S. in the arena. The HHI decreases to less than 0.1 with the exclusion of U.S. papers,
indicating that the presence of the United States may  foster a high concentration. However, the effects of U.S. participation
on the degree of concentration decrease with time. It is found that the HHI declines much more slowly as the U.S. papers
are excluded from the population.

The result of Gini coefficient indicates a similar trend to those of HHI. In Fig. 2(B), a decrease of concentration, whether
or not including U.S. publications in the data set, is observed as the values of Gini coefficient went down over the past
years. The Gini coefficient was 0.91 in 1981–1983 and then diminished to 0.862 in 2004–2008, if all papers are inclued.
The result with the exclusion of U.S. papers indicates that the country’s influences in the concentration of world’s scientific
research. The value of Gini coefficient reduced about 0.3 units if the U.S. data are taken out. These results imply a relatively
large decline in the domination of the U.S. over the world research output. Further discussion of this point is presented in
following paragraphs.

Fig. 2(C) shows that the distribution of citations of papers is more concentrated in specific countries than that of paper
outputs. The HHI value reaches almost 0.3 during 1981–1988. The lowest number is in the period of 2001–2008, and it still
higher than 0.1. As for the result of the exclusion of U.S. papers from the population, the HHI value is reduced to lower than
0.1 for all the periods. The differences between the HHI for all citations of papers and non-U.S. citations of papers are larger
than those between the HHI for all papers and non-U.S. papers, indicating an even more predominant role being played by
U.S. research in the concentration of science impact in the world. Yet the effects diminish with time. The study also found
the similar result in the analysis by the Gini coefficient in Fig. 2(D). In addition, the trend is consistent with the finding of
the decreasing effects of U.S. research on the concentration of research output in the world.

Table 1 displays the top five countries in paper productivity and citation impact, respectively. It shows that over half of

the research papers in the world are produced by five countries, in spite of a decrease from 69.4% in 1981–1983 to 50.7%
in 2004–2008. Unsurprisingly, the leading countries are the U.S., the U.K., Germany, Japan, and France. That changed in the
last period, however – China has made huge progress in its ranking, going from 21st in 1981–1983 to 6th in 1999–2003 to
2nd in 2004–2008. Zooming in the data across time, we  found that China is the only country with a continuously growing
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ig. 2. Concentration in science by (A)HHI based on the number of papers (B) Gini coefficient based on the number of papers (C) HHI for the number of
itations of papers (D) Gini coefficient for the number of citations of papers.

hare of overall paper output. It had a percentage of 0.6% in the beginning period of 1981–1983 but jumped to 3.7% after
bout ten years in 1999–2003. The number has reached almost 7% in 2004–2008. By contrast, the U.S. shows a considerable
iscrepancy in its share of research output, although it remains in the top position over time. As has been mentioned in
receding analysis, the U.S. share of world papers decreased from 40.5% in 1981–1983 to 24.7% in 2004–2008. There is little
oubt that the U.S. is the most productive country with a large research population (Soteriades & Falagas, 2005), yet our
esearch gives supportive evidence for China as another giant country which is developing fast and cannot be neglected in
orld science publications.

In term of citation impact, the U.S., the U.K., Germany, Japan, and France remain in leading positions. These countries
laced in the top five in at least one of the investigated periods, as Table 1 illustrates. There is a mild change in the top
ve ranking – Canada achieved a notable share of citations of papers and ranked at 5th in the beginning periods but was
xceeded by France in later years. Although not in the top five list, China has made great progress in citation impact as well
s in paper productivity. It ranked at 25th with 0.2% in 1981–1983 but dramatically rose to 7th with 3.8% in citation share.
ontrary to this growing trend, the share of U.S. paper citations is decreasing with time. The number reduced from 51.7% in
981–1983 to 32.3% in 2004–2008. This finding shows that science’s impact on the modern world is not entirely determined
y the U.S., but also other developing countries, like China.

.2. Concentration of technological innovation

Compared with scientific papers, the production of patents in the world is much more concentrated on a certain number
f countries. As Fig. 3(A) illustrates, the HHI values around 0.3–0.4 are obviously higher than those presented in Fig. 2(A).
ven though we excluded the U.S. data from the calculation, the scores still remain generally higher than 0.2 for all the
eriods. This result shows that there are countries other than the U.S. holding a considerable share of patents in our analysis.

Fig. 3(A) also shows a fluctuant pattern in the HHI value for patents. Although the rate of fluctuation does not reach the
tatistical significance (p < 0.05), the fluctuant phenomenon gradually grew and became popularized. The index fell below
.4 in 1984–1988 and 1989–1993 but returned to almost the same level in 1994–1998. Another drop appeared in 1999–2003.
he HHI value continued to fall in the last period, 2004–2008. The overall trend for HHI value is still one of decline, with a
lower rate compared to that for papers.
Generally the patent analysis shows a similar pattern for the non-U.S. and all data after 1994. Nevertheless, there is a
ifferent trend before that time. The HHI of the non-U.S. group kept rising in the first three periods; meanwhile, the index
ell for the set of all patents. Further observation shows that the figures of these two groups are completely different in
981–1983 and 1989–1993 – the exclusion of U.S. data caused a noticeable decrease of HHI in the former period, while it
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Table 1
Top 5 countries in paper productivity and paper citation impact at different time periods.

Paper productivity Paper citation impact

1981–1983 1984–1988 1989–1993 1994–1998 1999–2003 2004–2008 1981–1983 1984–1988 1989–1993 1994–1998 1999–2003 2004–2008

Country Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank %

USA 1 40.5 1 39.0 1 36.9 1 31.1 1 27.3 1 24.7 1 51.7 1 50.8 1 47.6 1 40.9 1 36.1 1 32.3
China 21 0.6  17 1.0 13 1.5 11 2.1 6 3.7 2 6.8 25 0.2 22 0.4 18 0.6 17 0.9 12 2.0 7 3.8
UK  2 8.9 2 8.7 2 8.2 2 7.8 3 7.4 3 6.6 2 9.7 2 9.2 2 8.7 2 8.7 2 8.6 2 8.0
Germany 3 8.1 3 7.8 4 7.4 4 7.1 4 7.1 4 6.3 3 5.8 3 5.8 3 6.2 3 6.9 3 7.4 3 7.3
Japan  4 6.5 4 7.1 3 7.8 3 7.7 2 7.7 5 6.3 4 5.0 4 5.4 4 5.9 4 6.0 4 6.2 4 5.5
France  5 5.4 5 5.4 5 5.5 5 5.4 5 5.1 6 4.5 6 4.1 6 4.4 6 4.7 5 5.1 5 5.0 5 4.7
Canada 6  4.5 6 4.9 6 4.8 4 4.0 7 3.6 7 3.7 5 4.7 5 4.7 5 4.9 6 4.5 6 4.1 6 4.1
Top  5 69.4 68.0 65.8 59.1 54.6 50.7 79.9 75.9 73.2 67.6 63.3 57.8

Note. The top five countries of each time period appear in bold. The percentage is calculated as the number of papers/paper citations of a country divided by the number of papers/paper citations of all countries.
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ig. 3. Concentration in technological Innovation by (A)HHI based on the number of patents (B) Gini coefficient based on the number of patents (C) HHI
or  the number of citations of patents (D) Gini coefficient for the number of citations of patents.

id not lead to a large change in the later one. The results indicate that the concentration of technological innovation of the
orld is affected by the U.S. production of patents, and the effects vary with time.

Gini coefficient indicates a similar trend to that of HHI. In Fig. 3(B), Gini coefficient presents the lowest in 2004–2008,
mplying the decrease of concentration in patents recently. Similarily, the analysis with the exclusion of U.S. patents indicates
hat the non-U.S. group presented a slightly higher degree of concentration in 1984–1988, 1989–1993, and 1994–1998 than
hat of the periods afterward.

In Fig. 3(C), the HHI value of patent citation impact is around 0.4–0.5, generally higher than that of patent production.
his indicates that the citations of patents are highly concentrated in a small number of countries. The index scores greatly
ecrease to about 0.2–0.3 if we do not take the share of U.S. based patents into account. The result shows that the high HHI
alue in patent citation impact is mainly attributable to the influence of the U.S. assignees. Moreover, Fig. 3(C) demonstrates

 fluctuation in the concentration of technological innovation across time. Despite the different values between the sets of
ll patents and non-U.S. based patents, the HHI of patent citations for the both groups has continuously decreased since
he middle of 1990s. In terms of the analysis of patent citation of all countries by the Gini coefficient, a similar finding was
bserved in Fig. 3(D). Gini coefficient of non-U.S. groups showed a slow increase of concentration in the first three periods,
et it presented a decrease of concentration in the last period. It implies that less and less possible for a country to completely
ominate the citation impact regarding patents.

Table 2 shows the data of the leading countries in patent production. The top five countries have produced above 85%
f patents for each period, much more than the share of 50% in paper-related measures. Across time the proportion of
atents produced by the top five countries decreases slightly from 90.9% in 1981–1983 to 86.4% in 2004–2008, while a
reater decline in the proportion of papers from 69.4% to 50.7% is observed in the meantime. Apparently the concentration
f scientific research declines much faster than that of technological innovation.

The high HHI values in patent related measures are mainly attributed to the high proportion of patents of a few countries.
his is particularly related to the large share of patents from the U.S. Over the investigated periods, the U.S. remains at
umber one in technological innovation. Despite some drops in the proportion, it maintains an over 50% share of patents. In
ddition the U.S., Japan, as the second largest patent-producing country, also held a certain amount of invention. It owns a
hare of 14.2% of patents in 1981–1983 and increases the number to 21.1% in 2004–2008. One may  notice that the difference
etween 1st and 2nd in the share of patent production is smaller than that in paper outputs in the same period. Take the last

eriod of 2004–2008 as an example; the difference between the share of patents from the U.S. (52.1%) and Japan (21.1%) is
1%, while that between the U.S. (24.7%) and China (6.8%) is 17.9%.

Compared with the list of top five countries in paper productivity, Table 2 shows that there are a few other countries that
ave placed in the top five ranking of patent related measures. Taiwan and Korea have shown remarkable performance in
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Table 2
Top 5 countries in patent productivity and citation impact at different time periods.

Patent productivity Patent citation impact

1981–1983 1984–1988 1989–1993 1994–1998 1999–2003 2004–2008 1981–1983 1984–1988 1989–1993 1994–1998 1999–2003 2004–2008

Country Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank %

US 1 62.1 1 57.2 1 56.1 1 58.0 1 55.1 1 52.1 1 66.9 1 64.1 1 65.2 1 68.0 1 65.5 1 59.0
Japan  2 14.2 2 19.0 2 21.8 2 20.6 2 20.1 2 21.1 2 14.2 2 18.2 2 19.3 2 17.4 2 16.8 2 17.7
Germany 3 8.5  3 8.3 3 6.9 3 5.5 3 5.9 3 5.4 3 6.4 3 5.8 3 4.4 3 3.3 3 3.3 5 3.4
Taiwan  18 0.1 12 0.4 9 1.0 6 1.9 4 3.4 4 4.2 21 0.1 12 0.3 8 0.8 6 1.5 4 2.8 3 4.6
Korea 32  0.0 23 0.1 13 0.4 8 1.5 6 2.1 5 3.6 32 0.0 23 0.1 13 0.3 8 1.0 6 1.7 4 4.3
France  4 3.1 4 3.1 4 2.9 4 2.3 5 2.2 6 1.8 5 2.5 5 2.3 4 2.0 5 1.6 7 1.3 7 1.1
Canada  6 1.7 6 1.8 6 1.9 5 2.0 7 2.0 7 1.8 6 1.6 6 1.7 6 1.7 4 1.7 5 2.0 6 1.8
UK 5  3.0 5 2.8 5 2.3 7 1.8 8 1.6 8 1.4 4 2.6 4 2.3 5 1.8 7 1.3 8 1.2 8 1.0

Top5 90.9  90.4 90.0 88.4 86.7 86.4 92.6 92.7 92.7 92.0 90.4 89.0

Note. The top five countries of each time period appear in bold. The percentage is calculated as the number of patents/patent citations of a country divided by the number of patents/patent citations of all countries.
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Table 3
Statistical Results of comparing HHI and Gini coefficient between all and non-U.S. paper/patent sets.

HHI Gini coefficient

Data sets t value p-value t value p-value

Top 5 of paper sets 9.813 0.000* 11.316 0.000*

Top 10 of paper sets 7.007 0.001* 6.455 0.000*

Top 30 of paper sets 4.847 0.003* 3.325 0.008*

Top 50 of paper sets 4.460 0.005* 2.498 0.032*

Top 100 of paper sets 4.324 0.005* 2.227 0.050*

Top 5 of paper citation sets 9.897 0.000* 14.995 0.000*

Top 10 of paper citation sets 7.701 0.001* 9.241 0.000*

Top 30 of paper citation sets 5.519 0.002* 3.804 0.003*

Top 50 of paper citation sets 5.155 0.003* 3.032 0.013*

Top 100 of paper citation sets 5.065 0.003* 2.780 0.019*

Top 5 of patent sets 3.551 0.007* 5.656 0.000*

Top 10 of patent sets 6.649 0.000* 10.797 0.000*

Top 30 of patent sets 7.273 0.000* 7.484 0.000*

Top 50 of patent sets 7.227 0.000* 7.134 0.000*

Top 100 of patent sets 7.292 0.000* 6.725 0.000*

Top 5 of patent citation sets 4.384 0.002* 6.236 0.000*

Top 10 of patent citation sets 6.980 0.000* 10.106 0.000*

Top 30 of patent citation sets 7.579 0.000* 7.461 0.000*

Top 50 of patent citation sets 7.584 0.000* 7.478 0.000*

* *
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Top 100 of patent citation sets 7.586 0.000 7.336 0.000

* p < 0.05.

atent productivity in the recent years, whereas China is not in the list for all the periods. It is found that Taiwan and Korea
ontinually increased their share of patents and finally jumped into the top five ranking in the periods of 1999–2003 and
004–2008, respectively.

Similar findings apply for the measure of patent citation impact, as Table 2 shows. The top five countries produced
ore than 89% of patent citations for each period, compared with the lowest proportion of 57.8% in paper citation impact.
otwithstanding the relatively slight changes in the total share of the top five countries from 92.6% to 89%, there is a gentle
ecreasing general trend. As for specific countries, the U.S. and Japan remain the largest holders of patent citations in the
tudy. Both Taiwan and Korea have made great progress in the patent citation impact.

.3. Comparison between all-paper/patent and non-U.S.-paper/patent sets

The U.S. is determinant in global concentration of scientific research. Table 3 shows the results of comparing HHI and
ini coefficient between all paper/patent and non-U.S. paper/patent sets and indicates that p values of all sets are less than
.05. It indicates that the concentration of all paper/patent and non-U.S. paper/patent sets exist a significant difference.
he result implies that U.S. still plays an important role in scientific research and technological innovation, even though the
redominant role is decreased. When U.S. is removed from the data set, the degree of concentration of all the other countries
as decreased.

As Fig. 4(A) shows, the HHI for the all-paper set is significant higher than that for non-U.S. paper set. Regarding the
ariation of HHI across time periods, the figure shows that the set including U.S. papers has greater differences than that of
on-U.S. papers. For example, the HHI decreases from 0.4 in 1981–1983 to 0.3 in 2004–2008 for the top five countries in the
ll-paper set, while the value of the index almost remains at the same level of 0.2 for the top five countries in the non-U.S.
aper set. Even if the sample is expanded to the top 30, top 50, or top 100 countries, the all-paper set shows a much larger
hange rate for every time series than the non-U.S. paper set. As Fig. 4(C) shows, the trend of Gini coefficient presents the
imilar results as HHI.

Moreover, the study also indicates that the HHI and Gini coefficient of top 5 and top 10 countries is relatively high
ompared with that of top 30, top 50, and top 100. It shows that the global concentration of scientific research can be
etermined by the top 10 countries rather than by all countries in the world. Many countries have a small share of papers
nd thus have limited contributions to the change of HHI and Gini coefficient.

Similar findings apply for the concentration of research impact. In Fig. 4(B) and Fig. 4(D), the HHI and Gini coefficient for
ll citations of papers is relatively higher than that for non-U.S. citations of papers. Substantial variation across time periods
or all-citation set is larger than that for non-U.S. citation set.

The HHI for patents is higher than that for papers. In Fig. 5(A), the value for the all-patent set is between 0.3 and 0.5,
igher than that for the all-paper set, between 0.1 and 0.4 (see Fig. 4). For non-U.S. patents, the number is between 0.2 and

.5, larger than that for non-U.S. papers, 0.05–0.2 (see Fig. 4). Yet, like the figures for paper analysis, the results show that
he world concentration of patent production can be determined by the top 10 countries. There are remarkable differences
f HHI among top 5 and top 10 groups, while top 30, top 50, and top 100 groups remain at similar numbers. Gini coefficient
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Fig. 4. All-paper and non-U.S.-paper sets, based on (A) HHI for the number of papers (B) HHI for the number of citations of papers (C) Gini coefficient for
he  number of papers (D) Gini coefficient for the number of citations of papers.

Fig. 5. HHI for all-patent and non-U.S. patent sets, based on (A) the number of patents (B) the number of citations of patents (C) Gini coefficient for he
number of patents (D) Gini coefficient for the number of citations of patents.
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lso presents the similar results in Fig. 5(C). It is understood that most countries hold a limited share of patents and do not
ave substantial impact on HHI values and Gini coefficient.

Compared with the all-patent set, the non-U.S. set apparently has a lower HHI value and Gini coefficient. Take the period
f 1981–1983 as an example; the HHI value decreases from 0.5 to 0.3 if the U.S. data are excluded. This result shows that
he global concentration of technological innovation is strongly influenced by the participation of the U.S. The U.S. holds a
onsiderable share of patents and thus affects the value of HHI. The result of Gini coefficient also shows a dominant role of
.S.

Generally HHI values decrease with time. For the all-patent set, the HHI value for period of 1981–1983 is higher than
hat for period of 2004–2008, for instance. However, there is a different trend for the non-U.S. patent set. The value for the
eriod of 1981–1983 is the lowest among the investigated periods. This is because the U.S. had an overwhelming majority
f patents (62%) in this period of time (see Table 2). A large decrease of the HHI is observed if we take out the patents from
he U.S. from the data set. The share of patents from outside the U.S. was  relatively small and did not have major effects on
he HHI value.

There are other countries besides the U.S. that play notable roles in the concentration of technological innovation, never-
heless. As Fig. 5(A) illustrates, no great difference is found between the all-patent and non-U.S. patent sets in the case of the
op five countries. For most times, the HHI for the top five countries decreases only about 0.05 after U.S. data are excluded,
hile the difference exceeds 0.1 and almost reaches 0.2 in the figures for paper sets (see Fig. 4(A)). This indicates there is at

east one country that sustains a relatively high HHI in the non-U.S. patent set. Referring to Table 2, we see that Japan has a
ood share of global patents. It owns 14–18% of patents, greatly higher than the third largest country, Germany, with 3–6%.

Fig. 5(B) and (D) presents the trend of patent citation impact for different groups of countries. It is similar to that of patent
roduction shown in parts (A) and (C) of Fig. 5. Yet a noteworthy observation is that the HHI and Gini coefficient for patent
itation impact are higher than that for patent production with consideration of all countries, while a mild difference is found
etween these figures for the non-U.S. patent set. This implies that the participation of the U.S. affects the concentration of
echnological innovation.

. Conclusion

The study finds that the world R&D output is concentrated in a small number of countries from both the scientific research
nd technological innovation perspectives. The top five countries’ shares of papers and patents account for over half of the
orld’s output. The list of leading countries with highest production and citation impact of papers and patents remains the

ame from 1981 to 2008. It includes developed countries such as the United States, the United Kingdom, Germany, Japan,
rance and Canada, and countries undergoing rapid industrialization in recent years, such as China, Taiwan, and Korea. This
nding is consistent with previous studies (Choung, 1998; Mahmood & Singh, 2003; Youtie, Shapira, & Porter, 2008).

Despite the highly geographic concentration of world papers and patents, a pattern of decline is shown in this study. The
um of the top five countries’ share of papers and patents is decreasing across time. Although the U.S. remains in number
ne throughout the time periods, its share of papers and patents obviously decreases. Rahman and Fukui (2002) found a
imilar trend in basic science and clinical articles. They showed that the number of papers from the U.S. has declined by
pproximately 15%, and patents are gradually dropping by about 10%. Contrary to the U.S., other countries are building up
heir own paper and patent bases. For example, an increasing impact of papers from China and rapid growth of patents from
aiwan and Korea are shown in the results. Jin and Rousseau (2005) also pointed out that Chinese research has experienced a
uantitative expansion phase. While China’s paper output has increased rapidly, the growth of paper citations has proceeded
uch slowly. Our study showed that although China more recently ranked in second place in terms of paper production, it

oes not enter into the top five in terms of paper citations.
Moreover, this study finds that the global concentration of scientific research and technological innovation is affected by

he participation of the U.S. The HHI value, Gini coefficient for U.S.-inclusive data is obviously higher than that for non-U.S.
apers. It shows that U.S. papers and patents contributes greatly to the increase of HHI values. The degree of concentration
rops as U.S. papers and patents are excluded from the data of the study.

Compared with papers, patents show a higher degree of concentration and a lower decrease rate of concentration. The top
ve countries accounted for more than 86% of patent production, yet held around 50–70% of papers. Several reasons, such
s a sustained accumulation of both scientific and technological infrastructure, a mature national market, and a good return
n business investment on technologies, are addressed to explain the relatively high concentration of patent production. In
itation impact, a similar trend is found. It is shown that the concentration of patent citations is higher than that of paper
itations. Both paper and patent data show a decline in concentration of citation impact, and the decrease rate for patents
s smaller than that for papers. The top five countries retain a total share of 90% of patent citations for each period of time,

hile the number decreases from 80% to 60% in paper citations.
In brief, there is apparently a declining trend in geographic concentration of scientific research and technological inno-
ation over the past three decades. This decrease is mainly affected by the reduction of the predominant role of the U.S. in
orld R&D output. Based on the findings of the current study that regarded all research output of a country as the whole,

urther research can be made to understand whether and how countries concentrate on few scientific fields. It will give
esearchers a better understanding of dynamic patterns of research forces in the world.
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