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Executive Summary

0 Executive Summary

This study provides an overview of bibliometric indicators for Germany and its interna-
tional position compared with 23 countries and the EU for the period 2001-2016.

The trend of increasing total publications in the observation period continued in 2016.
In many Western countries, however stagnation or at least a smaller growth can be
found. Also Germany remains constant at the same publication level between 2013 and
2016. The majority of the worldwide growth is driven by China which is still the coun-
try with the highest growth, but also Brazil, India, South Africa and South Korea are
able to increase their output. Some countries like Japan, Israel, Great Britain, France,
Finland, Canada or Sweden also stagnate. In consequence, the shares in worldwide pub-
lications continue to decrease for these countries. The USA still have an annual publica-
tion output far higher than those of the other countries, but it also stagnates recently in
absolute term, also resulting in further decreasing shares of worldwide publication out-
put. The USA accounts for 20.2% of worldwide publications — a decline from 29.7% in
2001. China reached 17% and Germany 4.5% in 2016. In a longer-term perspective Ja-
pan is the only country that — in absolute numbers - publishes fewer articles in the Web
of Science in 2016 than in 2001.

The citation-based indicators — meant to indicate the quality of the scientific publica-
tions — show a slightly increasing performance of Germany. German authors are able to
publish more and more of their papers in higher ranked journals. The Excellence Rate —
an indicator that addresses the share of top 10% highly cited papers — also increases for
Germany in a longer perspective and recently kept a high level of 15%. Chinese authors
have also been able to not only increase their absolute publication output, but also their
quality — at least reflected by citations. China is still below the world average, but ap-
proaching it. The USA are — together with Switzerland and a number of smaller Euro-
pean countries like Denmark or the Netherlands — at the top in terms of the quality of
their scientific output, but they also show slightly decreasing trends in all of these indi-
cators.

The trend to more co-publications continues in almost all countries — an indication of
higher international cooperation. Germany has a rather high share of international co-
publications, given the size of its science system. The highest co-publication share can
be observed for Switzerland. The USA are the most attractive partner for most coun-
tries, but they only reach a co-publication level of 40.3% — a strong increase since 2001.
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1 Introduction to this issue

A continuous monitoring of the research and innovation system allows assessments of
the present and future competitiveness of an economy. Scientific publications instantiate
such developments and build the foundation for a fluctuant and adaptable knowledge
system. Their analysis can shed light on frontier research, co-operations, structures,
changes and the role of institutions in science systems.

This year, the study focuses on the core indicators and the updating of the data and illus-
trations describing the basic output of science systems in an international comparison,
their trends and their visibility/quality in terms of citations as well as international co-
publication structures. The bibliometric performance of a set of 23 countries and three
regions (EU-28, EU-15 and EU-13)1 (see Appendix p. 25) is analyzed in this report.
The focus lies on Germany's performance in this global context.

In particular, we will analyze seven indicators in this study. The number of publications
of the selected industrialized countries and regions provides a first comparison among
countries over time. The publication share of the world also shows the size relationships
between countries. The number and percentage of international co-publications of the
countries and regions depicts the extent to which a country or region is internationally
oriented. The International Alignment (IA) indicates whether the authors of a country
frequently publish — compared to the world average — in internationally more or less
respected journals. The Scientific Regard (SR) indicates whether publications of one
country are more or less often cited compared to publications of the same research field.
These two indicators should be considered and interpreted together. The Excellence
Rate (ER) indicates how many of the publications of a country or a region belong to the
worldwide most “excellent” publications — in our case to the 10% most cited publica-
tions.

A final analysis focuses on the German science system. We provide the number of pub-
lications and citations from German universities and non-university research institutions
per full time equivalent (FTE).

The journal publications are retrieved from the Science Citation Index Expanded (SCIE)
and the Social Science Citation Index (SSCI), which are both sub-products of the data-
base Web of Science (Wo0S). The analysis covers "articles”, "letters", "notes™ and "re-
views" for journal papers. Most analyses use fractional counting of the publications. By

this, each publication is weighted according to the relative share of a country. Whole

1 EU-28 includes all EU countries, EU-15 includes countries which acceded up to April 2004 and EU-
13 countries which acceded later.
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count is used for the co-publication analysis, where a fractional counting is less intri-
guing. As external citations are the most relevant for evaluative purposes, this study
follows the recommendation of CWTS to exclude self-citations (Nederhof, 1993).
Whenever the period of analysis are not explicitly specified, publication-based indica-
tors are presented for the period 2001 to 2016 and citation-based indicators for the peri-
od 2001 until 2014. For citation-based indicators we employ a three-year citation win-
dow, which means that we count all citations that a publication receives in the year of
publication and the two subsequent years. A more detailed description of the underlying
methods is provided in Michels et al. (2013).
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2 Journal publications in an international comparison

2.1 Number of publications and share of publications

Due to increases of the scientific output, of the science orientation of emerging coun-
tries, and also of the database coverage (see e.g. Michels and Schmoch, 2012), publica-
tion numbers worldwide steadily grow in the observation period 2001-2016.

Figure 1 shows the publication output until 2016 of the selected industrialized countries
in the WoS. Since the countries work on very different output levels, the graph was split
up into two groups of countries. The upper panel shows ten countries that publish the
most: Japan, Germany, The United Kingdom, France, Canada, Italy, Netherlands, South
Korea, Spain and the USA (see right hand scale). The lower panel shows the publica-
tions of some other industrialized countries like: Switzerland, Sweden, Finland, Austria,
Belgium, Denmark, Israel and Poland. This separation of countries into two groups is
used throughout the whole report.

As the different scales show, the USA still have a yearly publication output far higher
than those of the other countries. Regarding only the industrialized countries, the United
Kingdom has the second highest publication number, even if the number of publications
decreased considerably in 2014, for the years 2015 and 2016, the trend is again rising.
Germany also has a high number of publications of about 73500 publications in 2016.
South Korea shows a dynamic development of publications and overtakes Italy and
France in 2016. For Poland and Denmark, we find a noticeable increase of publications
in the last years. Belgium is the only country with lower publication numbers that has a
decreased number of publications in recent years.
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Figure 1:  Publication numbers of the selected industrialized countries in the SCIE
and the SSCI (fractional counting)
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Figure 2 shows the publication numbers for the BRICS countries. China is still the
country with the highest growth. Compared to 2015, the number of publications has
increased by 8% up to 274,009 publications and still approaches the top-ranked USA.
Thus, China has almost four times as much publication as Germany in 2016; ten years
before, Germany and China accounted for almost the same number of publications.

The other BRICS countries were also able to increase their absolute annual publication
output. India increased the number of publications by 3 % up to more than 56.000.
South Africa was also able to increase the absolute number of publications by 5% be-
tween 2015 and 2016. The average growth rates (CAGR) per year between 2006 and
2016 are 8.1% for India and 7.9% for South Africa. However, they are considerably
outperformed by China with a compound annual growth rate of 13.6% in this period —
and it is still growing at this pace. Brazil stagnated recently, but also reached an average
growth rate between 2006 and 2016 of 8.2%.

Figure 2:  Publication numbers of the BRICS countries in the SCIE and the SSCI
(fractional counting)
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Table 1 shows a publication index per year in relation to the number in 2006. The
worldwide increase accounts for 57% between 2006 and 2016 and a compound annual
growth rate of 4.6% heavily affected by the trends in China, Brazil or India. Compared
to the worldwide total most of the Western industrialized countries had a lower growth
of publications in 10 years. Denmark and Poland are the only European countries which
reached a higher growth than the world average. Spain and lItaly are very close to the
world average. Especially the more recently acceded countries of the EU (EU-13) also
published above the world average; they reached 74% more publication in 2016 than in
2006. Germany was able to increase its publication numbers by 23%, but compared to
2015, the numbers remained constant. Japan is still the only country here that publishes
fewer articles in Web of Science in 2016 than in 2006.

Table 1: Development of the publication numbers of the selected countries and re-
gions in the SCIE and the SSCI according to fractional counting (Index

2001=100)
&%Ll‘grtlry’ 06 07 08 09 10 11 12 13 14 15 16
AUT 100 105 109 112 116 123 125 131 134 138 137
BEL 100 106 112 116 121 126 132 138 137 138 136
BRA 100 127 156 167 175 188 199 205 207 213 220
CAN 100 103 110 113 115 118 123 127 127 128 126
CHE 100 101 106 111 114 121 127 133 135 136 137
CHN 100 111 126 146 160 186 216 255 295 329 357
DEU 100 101 105 108 111 115 119 122 121 123 123
ONK 100 103 107 112 122 134 144 152 162 169 173
Esp 100 109 119 127 132 142 150 156 155 154 152
o 100 99 103 104 105 109 112 116 123 122 122
ERA 100 101 109 110 111 113 116 119 117 118 117
cBR 100 102 103 105 107 110 114 118 114 116 116
ND 100 119 136 142 152 165 174 190 205 211 219
SR 100 100 103 102 101 102 105 107 109 111 115
A 100 106 112 116 117 122 129 138 138 140 142
PN 00 9 9 97 9 97 98 99 97 94 95
KOR 100 102 119 131 143 156 170 178 187 197 198
LD 100 103 108 115 121 126 132 136 135 136 135
POL 100 109 127 128 133 141 154 161 167 182 185
RUS 100 107 117 121 117 124 119 124 127 145 146
SWE 100 100 101 103 105 109 116 124 126 127 128
USA 100 101 105 106 108 112 114 117 118 118 117
A 100 112 126 136 143 164 173 180 196 205 215
UL3 100 116 135 139 144 150 158 165 166 175 174
EULS 100 103 108 112 114 119 124 129 128 129 129
28 100 104 111 114 117 122 127 132 131 133 133
WworLp 100 105 113 118 123 130 137 145 149 154 157

Source:  Web of Science, queries and calculations by Fraunhofer ISI
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Table 2 shows the shares of the countries of the worldwide publication output. The USA
is still holding the highest share in 2016, with a slight decrease compared to the previ-
ous year. The influence of China continues to increase. In 2016 China already held 17%
of the worlds' publications. Germany's share has decreased in the observation period
from 5.8% in 2006 to 4.5% in 2016, despite its growth in absolute terms in this period.
All the EU regions show the same slightly declining trend, which occurs due to the
higher growth rates in China, India and South Korea.

Table 2:  Shares (in percent) of the selected countries and regions in percent in the
SCIE and the SSCI within all publications (fractional counting)

&%‘:2:"- 2 03 04 05 06 07 08 09 10 11 12 13 14 15 16
AUT 07 07 07 07 06 06 06 06 06 06 06 06 06 06 06 05
BEL 09 09 10 09 10 09 09 09 09 09 09 09 09 08 08 08
BRA 12 13 13 15 15 16 20 22 23 23 23 24 23 22 22 23
CAN 34 34 35 34 35 36 35 34 34 33 32 32 31 30 30 29
CHE 12 12 12 12 12 12 11 11 11 11 11 11 11 11 10 10
CHN 38 41 48 57 66 74 79 83 92 97 106 117 131 147 159 170
DEU 67 65 63 61 60 58 56 54 53 52 51 50 49 47 46 45
DNK 07 07 07 07 07 06 06 06 06 06 07 07 07 07 07 07
ESP 25 26 25 25 26 27 28 28 29 29 29 29 29 28 27 26
EIN 07 07 07 07 06 06 06 06 06 06 05 05 05 05 05 05
FRA 48 47 45 43 43 42 40 40 39 38 36 35 34 33 32 31
GBR 76 73 71 68 66 65 64 60 58 57 55 54 53 50 49 49
IND 20 21 22 23 24 25 28 30 30 31 32 32 33 35 35 35
ISR 10 10 10 09 09 09 08 08 07 07 07 07 06 06 06 06
ITA 34 34 36 35 34 34 35 34 34 33 32 32 33 32 31 31
JPN 82 81 79 75 71 67 63 59 55 52 50 48 46 44 41 41
KOR 17 18 21 23 24 24 24 26 27 28 29 30 30 31 31 31
NLD 18 19 18 18 18 18 18 17 17 18 17 17 17 16 16 15
pOL 11 11 11 12 11 12 12 13 13 13 13 13 13 13 14 14
RUS 25 25 23 22 20 19 19 19 19 18 18 16 16 16 18 17
SWE 14 14 13 13 13 12 12 11 11 11 10 10 1.1 10 10 10
USA 297 293 288 283 278 271 260 251 243 239 232 226 220 214 207 202
ZAE 04 04 04 04 04 04 04 04 05 05 05 05 05 05 05 05
EU13 27 28 29 29 29 30 33 36 35 35 34 34 34 33 34 33
EU15 325 320 314 308 304 300 294 287 283 280 274 271 267 257 252 247
Eu28 353 348 343 337 333 330 327 322 318 315 309 305 301 290 286 280
\IiVDO R 100 100 100 1200 100 1200 100 100 100 100 100 100 100 100 100 100
Source:  Web of Science, queries and calculations by Fraunhofer ISI

2.2

International Co-Publications

Co-publications can be divided into international and national co-publications. Interna-
tional co-publications are defined as publications that have at least one partner from
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abroad. By contrast, purely national co-publications are defined as publications with at

least one cooperation partner from the same country, but who do not belong to the same
organization. In this section the focus lies on international co-publications which are an
indicator for scientific collaborations.

Figure 3 and Figure 4 show the number of international co-publications of the industri-
alized countries and the BRICS countries. The analyses depict the overall development
of Germany's (and other countries’) behaviour in collaborations over time by comparing
the absolute as well as relative numbers of co-publications.

In all of the countries there is a visible trend to more international cooperation. This is

not a surprising trend, because the number of publications has risen in the same period

as well. It should be noted that China's international publications have risen as much in
recent years that most of the industrialized countries are surpassed. The US remains far
ahead (see secondary axis in Figure 3).
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Figure 3:  Number of international co-publications of the selected countries (whole

counting)
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Figure 4:  Number of international Co-Publications for the BRICS countries (whole

counting)
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Even though the absolute number of co-publications increased for all collaboration
partners, the relative share of co-publications with the individual countries changed sub-
stantially in several countries in the period between 2001 and 2016. Table 3 shows the
relative share of all countries under analysis here, the EU regions and the world.

In comparison to other countries, Germany has a relatively high share of international
co-publications, given its size in terms of inhabitants and also in terms of researchers. In
2016, more than every second German publication was written in collaboration with a
foreign author. This co-publication share is exceeded by 10 other countries in our set
(CHE, AUT, BEL, SWE, DNK, NLD, FIN, GBR, FRA and ZAF). The highest co-
publication share can be observed for Switzerland with 74%. Except for South Africa all
BRICS countries had a relatively low share of international co-publications in the whole
time period. It is impressive that China was able to keep its level of international co-
publications (about 26% in 2016), given its enormous growth of scientific publications
in absolute terms. South Korea, Japan and Poland also show low shares of international
co-publications (less than 40% in 2016). The relative share of international co-
publications of the USA increased from 23% in 2001 to 40% in 2016. The highest in-
crease of the shares of international co-publications between 2001 and 2016 can be ob-
served for United Kingdom (27 percentage points), Austria (24 percentage points) and

11
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Finland (22 percentage points). Poland is the only country in the set which has lower
shares of international co-publications in 2016 compared to 2001.

Table 3: Shares of the selected countries and regions in the CPCI of international co-
publications relative to their total number of publications (whole counting)

Countr

. 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
region

AUT 477 482 492 515 537 546 568 589 595 625 634 649 665 672 684 712
BEL 508 525 522 530 541 551 559 573 588 606 621 628 642 663 680 69.7
BRA 331 336 312 309 304 296 266 252 252 257 267 277 297 329 352 382
CAN 383 398 402 416 420 424 438 445 457 468 481 491 502 520 533 564
CHE 530 565 570 579 580 597 620 632 647 664 671 679 692 703 718 743
CHN 238 244 237 230 218 217 218 228 232 245 245 244 245 246 252 263
DEU 39.1 410 421 434 441 452 466 470 486 501 508 516 530 542 556 578
DNK 499 507 504 515 528 549 561 571 580 585 590 599 612 618 642 657
ESP 338 346 355 368 378 386 387 398 406 428 441 452 465 49.0 510 540
EIN 419 431 447 442 454 464 487 500 514 541 550 569 585 602 625 64.1
EFRA 40.3 414 431 446 457 464 476 479 498 513 528 536 552 571 583 610
GBR 345 364 376 394 405 416 435 455 469 486 500 512 532 562 585 610
IND 186 188 191 193 194 204 192 186 19.7 210 219 220 222 229 237 255
ISR 399 39.6 399 406 410 413 415 422 433 46.0 480 474 488 496 515 523
ITA 36.2 372 364 379 390 388 40.0 408 415 432 441 450 460 478 49.6 515
JPN 195 202 211 221 223 235 239 247 257 266 273 283 288 295 310 328
KOR 248 254 261 255 258 265 273 268 262 273 282 285 290 290 292 306
NLD 440 452 466 472 468 486 49.7 506 519 537 551 574 587 601 618 644
POL 396 395 389 397 393 390 357 325 338 335 331 331 342 351 349 368
RUS 340 350 347 365 375 368 350 324 313 313 314 332 342 355 354 365
SWE 460 475 478 489 494 508 536 545 564 581 595 604 607 625 650 675
USA 226 235 242 249 255 262 276 284 296 309 322 334 349 363 380 403
ZAF 383 39.1 438 451 452 456 462 461 478 495 503 519 545 555 56.8 589

Source:  Web of Science, queries and calculations by Fraunhofer ISI

2.3 Journal-specific Scientific Regard (SR) and International
Alignment (1A)

The Scientific Regard (SR) and the International Alignment (I1A) put the citation rate in
perspective with the reputation — in terms of average citation rates per journal — of the
publishing journals. While the 1A shows whether a country publishes in more or less
cited journals (compared to the world average), the SR relates the citation rate of a pub-
lication to the average citation rate in each journal and indexes the average for all publi-
cations.

12
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Table 4. Index of the journal-specific Scientific Regard (SR) for the selected countries
and regions in the SCIE and the SSCIE according to fractional counting

Countr
region

AUT 4 1 7 6 3 4 6 1 3 3 0 1 -1 0
BEL 0 5 4 0 4 4 4 5 4 4 5 4 5 4
BRA -29 -25 -24 -24 -20 -20 -15 -13 -11 -11 -12 -14 -15 -14

02 03 04 05 06 07 08 09 10 11 12 13 14

CAN 1 0 1 2 0 0 1 0 1 0 0 0 -2 -1
CHE 18 14 13 12 17 14 12 14 12 10 11 8 8
CHN -10 -8 -3 1 1 0 3 4 8 3 5 6 6
DEU 9 9 9 7 8 4 2
DNK 9 11 15 11 11 12 8 13 9 9 9 6

Esp 15 -14 -13 9 9 7 6 -7 6 7 5 6 -1 -6
FIN 2 1 1 0 -2 1 2 2 1 A 0 14 -3 4
ERA 2 -1 0 -2 -1 -1 0 -1 -1 -1 -2 -2 -2 -3
GBR 7 7 5 7 6 5 4 5 6 6 6 5 4 6
IND 21 21 -17 -18 -14 -0 -9 -8 6 6 5 -4 -4 -3
ISR -11 -11 -13 -10 -13 -11 -12 -14 -13 -14 -13 -14 -18 -15
mTA 4. -7 7 8 6 -7 -6 -6 -3 -3 -4 -1 -1 0
JPN -10 -10 -12 -11 -12 -11 -12 -12 -13 -14 -4 -14 -15 -16
KOR 1. -8 8 6 -7 -7 -8 6 6 -7 -8 -8 -8 9
NLD 9 5 12 9 6 7 5 7 6 7 7 7 5 3
POL 22 -23 -19 -22 -20 -21 -18 -20 -16 -17 -14 -10 -8 -7
RUS -10 -8 -10 -11 -11 -11 -9 -10 -11 -10 -10 -12 -11 -11
SWE 9 8 6 5 3 3] 1 1 3 2 1 0 1 0
Usa 10 10 10 9 9 8 8 7 7 6 6 6 6
ZAF -14 -14 -12 -14 -10 -7 -8 -4 -6 -3 -7 -8 -3 -6
EUl3 -0 -18 -5 -18 -17 -14 12 -12 10 -9 -8 -7 -7 -8
EUls 3 2 2 2 2 2 2 2 1 2 1 1
Euzs 1 1 1 1 1 0 0 0 0 1 0 1 0 0
Source:  Web of Science, queries and calculations by Fraunhofer ISI

Table 4 shows the SR values for the countries under observation here for the years 2001
to 2014. The German index has been decreasing from 9 in 2001 to 2 in 2016. In general,
we find that countries with a rather low SR show an increasing trend while countries
with a high SR report declining SR index values over the years. Against this trend, Ja-
pan and Israel decrease their SR of about -10 in 2001 to about -15 in 2016. Russia
(about -10) and the United Kingdom (about 6) maintain a stable SR over the years. For
India, China, Brazil, Poland, Italy, Spain, South Africa, Belgium and South Korea, we
find a higher SR in 2014 than in 2001. While China shows a negative SR index value (-
10) in 2001, it increased its SR in 2014 to a positive value (6), which means that the
increasing absolute numbers of scientific publications in the Web of Science are also
more frequently cited compared to the journals where they are published. To some ex-
tent this might be explained by the fact that authors tend to cite authors from their own

13
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countries more frequently than foreigners. This is partly explainable by collaboration,
interaction, similar national research priorities as well as cultural overlaps. In conse-
quence of the absolute increase of publications also the citations increase.

Table 5: Index of the International Alignment (1A) for the selected countries and re-
gions in the SCIE and the SSCI according to fractional counting

Countr
region

AUT -9 -4 -5 -2 0 -1 1 0 -3 1 -1 -2 1 0
BEL -5 -7 -2 -1 1 2 1 3 5 2 4 4 4 4
BRA -50 -47 -47 -47 -44  -44 -50 -55 -55 -56 -55 -54 -51 -48
CAN 3 3 4 3 4 5 6 5 5 5 5 4 4 3
CHE 25 23 22 24 23 22 23 24 24 24 24 26 26 23
CHN 65 60 55 -55 52 48 41 -3 -32 28 25 21 -16 -13
DEU 3 -2 0 0 3 3 4 6 8 8 9 9 9 8
DNK 7 8 12 12 11 13 13 14 15 14 11 12 12 12
ESP -20 -20 -19 -15 -13 -11 -10 -13 -11 -9 -9 -7 -8 -6
FIN 3 1 -1 -2 1 4 0 1 0 1 4 1 1 -3
ERA -6 -7 -5 -5 -3 -3 0 1 1 3 4 5 6 6
GBR 2 6 7 7 9 8 10 12 10 10 10 10 9 9
IND 66 -64 63 57 55 50 -50 -53 -48 -48 45 41 -39 -35
ISR 3 3 3 5 6 6 7 8 7 9 11 9 7 6
ITA 6 -3 -4 -3 0 0 2 1 2 -2 -4 -4 5 5
JpN 13 14 -3 -0 -11 11 10 -7 6 7 6 -6 -7 -9
KOR -41 -40 -39 -41 -38 -37 -29 -30 -29 -26 -23 -19 -17 -14
NLD 13 14 16 18 19 20 21 21 21 22 20 19 18 15
POL -63 -58 -56 -58 -52 -52 -55 -61 -58 -57 -56 -56 -50 -47
RUS 8% 8 84 84 83 82 8 -84 -84 83 -8 -80 -77 -74
SWE 4 4 5 6 8 8 11 9 10 10 8 6 6 7
USA 28 28 27 27 26 26 26 26 25 24 23 23 21 19
ZAF -54 -54 -51 -47 -43 -44 -45 -44 -46 -40 -48 -45 -41 -41
EUul3 60 57 54 554 51 50 55 59 57 55 55 53 50  -46
EU15 -3 -2 -1 0 2 2 3 4 4 5 4 4 4 4
Eu28 7 -6 A I, ERE) ) A
Source:  Web of Science, queries and calculations by Fraunhofer ISI
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Table 5 shows the IA values for the selected countries and regions, as a supplement to
the SR values. This index indicates if the journals are high or low cited — on average. In
general, the IA values are more dispersed than the SR values, i.e. there are countries
with relatively low values (e.g. Russia, Brazil, Poland and South Africa), but also with
high values (e.g. Switzerland, the USA, Netherlands and Denmark). Such a high dis-
parity could not be observed for the SR values. Part of the reasoning of this diverse pic-
ture is the fact that the 1A does not account for scientific fields. As the profiles of the
countries considerably differ and as the citation rates of some disciplines also consider-
ably differ, the dispersion of the countries is affected. As the profiles within the coun-
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tries are rather stable over time, the strength of the IA is the analysis of the trends within
the countries. For example, it is interesting to note that the US-American index decreas-
es over time from a level of 28 in 2001 to a level of 19 in 2014.

The IA index of the EU15 countries is only slightly positive, which indicates a publica-
tion behaviour that targets — on average — journals which are cited on a worldwide aver-
age. The Eastern European countries (EU13) are not yet on this same level. They only
achieve to publish in journals that are less frequently cited than the world average. Their
index level is considerably negative. Over the last 13 years, it only increased by 14, so
that in 2014, the EU13 countries still show one of the lowest index values of all investi-
gated countries.

Germany is able to considerably increase its IA index from -3 to a level of 8, which
brings it to the level of the United Kingdom and even beyond Sweden, which recently
shows a slightly decreasing trend of this indicator.

China, India and South Korea were able to publish their research findings in higher
ranked journals since 2001. Their IA index considerably increases over time; however,
it is still negative.

Figure 5 shows the SR and the IA in comparison for six selected countries and the
world. The initial situation in 2006 as well as in 2014 — different to the absolute publica-
tion numbers, the citation based indicators only reach until 2014 due to the citation win-
dow of three years — are depicted for each country. Their development over time is indi-
cated by arrows. Both indicators have a value of 0 for the world average, which is used
as a reference level for the comparison.

15



Journal publications in an international comparison

Figure 5:  Index of the journal-specific Scientific Regard (SR) and the International
Alignment (1A) for six selected countries in 2006 and 2014 in the SCIE
and the SSCI according to fractional counting
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Source:  Web of Science, queries and calculations by Fraunhofer ISI

At the top level (upper right quadrant) an approximation of the countries can be detect-
ed. The leading countries in terms of citation-based indicators — the USA and Switzer-
land — show decreasing trends, while Germany is able to improve its position in the In-
ternational Alignment index. Thus, Germany now targets journals with a higher interna-
tional reputation. It increases its visibility, aiming for journals with a higher internation-
al standing. In turn, its relative citation rate in comparison with other articles in its jour-
nals slightly decreases. The absolute citation rates in these journals are higher — also
resulting in higher absolute citation numbers. On the other hand, Germany cannot main-
tain its level in the SR, which means that within these — on average — higher cited jour-
nals, German authors cannot keep their relative position like in the lower ranked jour-
nals. Thus, Germany’s citation rates are comparable to average citation rates of articles
in its journals in recent years.

The three countries in the lower panel were selected to show their development over
time. While Brazil is hardly able to catch up with the worldwide scientific activities,
South Korea is able to considerably increase its performance over time. Authors from
South Korea are still cited below the average of the journals they publish in. However,
their International Alignment strongly increases and approached the worldwide average.
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Chinese authors, on the other hand, are already cited more frequently than the average
of the authors in their journals and they even increase their SR values over time. They
clearly direct their attention to internationally more visible (and more highly cited) jour-
nals as they are moving towards the worldwide average.

2.4  Share in top cited publications (Excellence Rate)

The focus of this section lies on the share of publications that belong to the worldwide
top cited publications. The 10% top cited publications per field are selected (to account
for varying citation rates in the scientific fields). For each country, the number of publi-
cations belonging to the top 10% in at least one field is calculated and set in relation to
the total number of its publications. In that way, its share of highly cited publications is
derived, that is also denoted as Excellence Rate (Bornmann et al. 2012; Waltmann and
Schreiber 2013).

Figure 6 shows the Excellence Rate for a selected set of industrialized countries. Only
three of them (Poland, Japan and South Korea) do not reach the reference value of 10%,
which we would expect if the quality of publications (indicated by the citations they
receive) is evenly distributed across all countries. Only about 4-5% of the Polish publi-
cations belong to the most highly cited publications in the world. Japan is close to the
10% mark. However, South Korea managed to surpass the 10% hurdle in 2013 and in-
creased in 2014 to 11%. Switzerland is at the top also in this indicator (see lower panel).
More than 19-20% of their publications belong to the top 10% cited publications. The
Netherlands, Denmark and the US also perform very well in this indicator, reaching
levels of 16% in 2014, however, the value is slightly declining.

Germany reaches a level of 15% in 2014, which remains constant. The overall positive
trend that was also found based on the citation indicator International Alignment which
targets the total range of publication activities can also be confirmed when we look at
the top cited publications in the world. Germany is well beyond the 10% we would ex-
pect by an equal distribution of quality. In addition, the German Excellence Rate even
increased slightly in the past 11 years.

In comparison, the BRICS countries have — again with the exception of China - relative-
ly low Excellence Rates (Figure 7). China achieves shares far higher than the other
BRICS countries and shows a steep increase after 2006 up to 15% in 2014 and is there-
by on the same level as Germany.
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Figure 6:  Excellence Rate for the industrialized countries according to fractional
counting for the years 2001 to 2014
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Figure 7:  Excellence Rate for the BRICS countries according to fractional counting
for the years 2001 to 2014
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2.5 Number of publications and citations per FTE of German
Universities and non-university research institutions

The German research landscape is differentiated following a mission orientation. While
the large number of German universities is responsible for both, research and education,
the large public research organizations (PROs) usually only conduct research. Their
teaching obligations are restricted and mainly result from co-affiliations or individual
career paths. However, the role in doctoral students' education is considerable. Many
research institutes employ doctoral students and these students considerably contribute
to the publication output of the research institutes. It needs to be stressed that in Germa-
ny, students can only graduate from universities and not from research institutes. Only
the universities have the right to grant a PhD diploma. Essentially, all doctoral students
at PROs are also somehow affiliated to a university.

The PROs have very different missions, which can, first of all, be characterized by basic
research (Max Planck) and applied research (Fraunhofer). In addition, several missions
like energy and large-scale research (Helmholtz) occur. Both the Helmholtz Association
and the Leibniz Association conduct applied research as well as basic research. The
Helmholtz Association developed its profile in medical research, running medical cen-
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ters in collaboration with universities, in different locations in Germany. The Leibniz
Association covers research at museums and also several particular topics (e.g. marine
research), but also a number of institutes of the social sciences.

These are very different conditions for a comparison of the publication output of the
universities and the public research organizations. In the following we will only report a
small number of indicators that will not allow to show a complete picture of the publica-
tion activities and their assessment. We focus on the absolute number of publications
and the absolute number of citations per full-time equivalent (FTE) researcher.

As Figure 8 shows, the largest publication output per FTE researcher is achieved by
Max Planck. Each researcher — on average — publishes 0.7 papers per year, with a de-
creasing trend since 2001. It has to be mentioned here that the absolute number of re-
searchers does not take into account the large number of scholarship and external visi-
tors. This group, however, is taken into account in the case of publication output, if they
put their Max Planck affiliation on the paper. This also holds for all the other PROs and
also the universities, but the effect is largest in case of Max Planck due to large numbers
of external and visiting scholars.

In the Leibniz Association each researcher publishes about 0.5 papers per year, with an
increasing trend. The other groups are rather stable in their publication output. A re-
searcher at a German university publishes about 0.4 papers per year and at Helmholtz it
is about 0.3 papers. The lowest publication intensity can be found in Fraunhofer (0.1
papers) and in the universities of applied sciences (0.04 papers).
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Figure 8:  Number of publications per FTE of German Universities and non-
university research institutions for the period 2001-2015
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As Figure 9 shows, Max Planck also receives the most citations per FTE — about 6 cita-
tions per researcher. Researchers from the Leibniz Association increased their citations
in the last year to almost 3 citations and from universities to about 2 citations. Helm-
holtz reaches a value of 1.7 in 2014, Fraunhofer of about 0.5 and the universities of ap-
plied sciences of about 0.1.
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Figure 9:  Number of citations per FTE of German universities and non-university
research institutions for the period 2001-2014
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Appendix: Country Code list

Country Country code
Austria AUT
Belgium BEL
Brazil BRA
Canada CAN
China CHN
Denmark DNK
Finland FIN
France FRA
Germany DEU
The United Kingdom/United Kingdom GBR
India IND
Israel ISR
Italy ITA
Japan JPN
Netherlands NDL
Poland POL
Russian Federation RUS
South Africa ZAF
South Korea KOR
Spain ESP
Sweden SWE
Switzerland CHE
United States USA
Region EU-28 Country code
Austria AUT
Belgium BEL
Bulgaria BGR
Croatia HRV
Cyprus CYP
Czech Republic CZE
Denmark DNK
Estonia EST
Finland FIN
France FRA
Germany DEU
The United Kingdom/United Kingdom GBR
Greece GRC
Hungary HUN
Ireland IRL
Italy ITA
Latvia LVA
Lithuania LTU
Luxembourg LUX
Malta MLT
Netherlands NLD
Poland POL
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Appendix: Country Code list

Region EU-28 Country code
Portugal PRT
Romania ROU
Slovak Republic SVK
Slovenia SVN
Spain ESP
Sweden SWE
Region EU-15 Country code
Austria AUT
Belgium BEL
Denmark DNK
Finland FIN
France FRA
Germany DEU
The United Kingdom/United Kingdom GBR
Greece GRC
Ireland IRL
Italy ITA
Luxembourg LUX
Netherlands NLD
Portugal PRT
Spain ESP
Sweden SWE
Region EU-13 Country code
Bulgaria BGR
Croatia HRV
Cyprus CYP
Czech Republic CZE
Estonia EST
Hungary HUN
Latvia LVA
Latvia LTU
Malta MLT
Poland POL
Romania ROU
Slovak Republic SVK
Slovenia SVN
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