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Publication citation-based research evaluation,
even if only in support of peer review, is not every-
where, on every level, or for everyone suitable, be-
cause of differences in scientific research, patterns of
research output, stages of scientific evolution, and
merits—scientific or societal—of scientific results.

In 1985 Garfield wrote: “By basing funding or
even scholarly tenure and hiring decisions on quan-
titative bibliometric data, there is always the potential
for making two serious mistakes: one, in believing
that mere publication or citation counting is equiva-
lent to citation analysis; and, two, in believing that
citation analysis, even when carefully performed by
experts, is sufficient by itself to ensure objectivity”
(Garfield, 1985).

In 2010, Anthony van Raan, the director of the
Centre for Science and Technology Studies (CWTS)
at Leiden University in the Netherlands, said: “If
there is one thing every bibliometrician agrees [on], it
is that you should never use the journal impact factor
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to evaluate research performance for an article or for
an individual—that is a mortal sin” (van Noorden,
2010).

Although plagued by many controversies, the
current practice of using short-term bibliometrics to
gauge scientific achievements is hard to change. In
2016 annual panel meeting of Zhejiang University
School of Medicine, Ping Yi, director of the office for
R&D management, said: “Although some experts are
aware that the current evaluation system for funding
is imperfect, the impact factor and the number of
received citations are still taken as two standards to
determine if applicants for grants are qualified.” This
statement clearly reflects the current situation in
China and the large gap between policy-makers, sci-
entists, and users in understanding the purpose of
indicators.

A characteristic of pioneering work

Inspired by discussion about measures of re-
search merit (McNutt, 2014; Selvarajoo, 2015), we
conducted a series of investigations to analyze cita-
tion characteristics of pioneering work based on the
large-scale citation network of millions of articles in
the Web of Science (WoS). As a result we found that
many truly foundational discoveries, e.g. key articles
leading to Nobel Prizes, do not behave as flames in
the landscape of scholarly communication. They rather
act like sparks, keeping the power to ignite and hence
transform their field. This type of pioneering work,
not having received large numbers of direct citations,
needs subsequent papers to realize its innate potential.

For example, restriction enzymes have proved to
be invaluable for the physical mapping of DNA and
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the biotechnology industry would certainly not have
flourished without it. Surprisingly, a key article of
Danna and Nathans (1971), setting the stage for much
of what is now routine and which led him to jointly
receive the Nobel Prize in Physics in the year 1978
(https://www.nobelprize.org), received only 299 ci-
tations in total (all data shown in this contribution
were updated on 18 August, 2017). However, this
article acted as a “wake-up switch”, bringing about
substantial highly-cited follow-up research (Fig. 1).
The 15 most-cited papers citing Danna and Nathans
(1971), each received a higher number of citations
than their source of inspiration. Moreover, many
items citing the citing articles (second generation
citations), received even more citations and this in a
shorter time span. In the fourth column of Fig. 1, we
see eight papers citing the citing article C1 (published
in 1977 and with 1531 citations), each having more
than 1535 citations: the most-cited one among these
eight even received 4555 citations.

Another typical example is Yoshinori Ohsumi,
the 2016 Nobel Prize winner in Physiology or Medi-
cine, who discovered the autophagy mechanism in
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the early 1990’s. Among his key publications re-
ported by RSAS (2016a), nine pioneering studies
were published during the period 1992-1999. We
found that all these articles have the same “sparking”
characteristics as the article of Danna and Nathans
(1971). For instance, an article by Ohsumi’s research
team (Kametaka et al., 1996), received only 76 cita-
tions. Yet, its 34 most-cited citing articles (sharing
45% of all received citations) each received more than
94 citations. Fig. 2 illustrates the citations of its
15 most-cited citing articles (all received more than
300 citations) and their significant follow-up papers.
In the fourth column of Fig. 2, we point to another
aspect reflecting the excellent performance of sub-
sequent research citing the citing articles, namely the
number of highly-cited papers (the 1% most-cited
ones of their field and their publication year) included
in the papers citing the citing articles. As shown in
Fig. 2, most top citing articles of Ohsumi’s research
(Kametaka et al., 1996) have a substantial number of
highly-cited papers in follow-up research, this in stark
contrast with the number of direct citations received
by the original.

Publication Times Citations of top
year cited items, citing the
citing articles *
1977 1531 [4555; 1535]/8
1973 1509 [11721;1531)/9
1975 1135  [2878; 1531]/3
1978 938 [12528; 986]/7
1974 491 [3480; 552]/9
1973 481 [769; 503)/3
1975 455 [2556; 463)/7
1990 432 [890; 718]/2
2007 405 [1542; 530]/3
1976 391  [2051; 403]/11
1973 365  [11721;391)/10
1976 351 [1329; 416]/8
1975 337 [4546; 391]/7
1976 330 [11721; 396)/8
1973 2hlz) [2743; 319]/16

Fig. 1 Citations to an article by Danna and Nathans (1971) and its highly-cited follow-up research
The fourth column shows the data set of subsequent work for each citing article; all items received more citations than the
corresponding citing articles. ~ This top “citations of citations™ set is denoted as following: [the largest number of citations;

the smallest number of citations]/the number of items in the set
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Publication Times Number of highly
year cited cited papers, citing
the citing articles
2004 2101 75
1999 1789 81
2000 903 32
1998 799 22
1998 738 42
2003 737 35
2010 ALY 24
2004 585 24
2001 585 34
1999 534 26
2005 533 26
2000 510 22
2002 371 4
1999 333 6
2004 308 2

Fig. 2 Citations to an article by Kametaka et al. (1996) and its highly-cited follow-up research
The fourth column shows the number of “highly-cited papers” following up each citing article; the “highly-cited papers”
belong to the 1% most cited ones of their field and publication year

The examples shown here are not exceptional
cases. Indeed, in previous investigations (Hu and
Rousseau, 2016, 2017) we found that most funda-
mental work of Nobel Prize winners, such as the papers
of Jean-Pierre Sauvage, J. Fraser Stoddart, and Ben
L. Feringa (Nobel Prize winners in Chemistry in the
year 2016) have the same “sparking” characteristics.
Concretely, 23 of 29 publications reported by RSAS
(2016b) have been shown to be influential in this way
(Hu and Rousseau, 2017). Ruska’s fundamental work
(Ruska, 1933) on electron optics entitled “The electron-
electron microscopic image of irradiated Surfaces” (a
key article that let him to receive a Nobel Prize in
Physics in 1986; https://www.nobelprize.org), behaved
similarly. Other examples include: a key paper of
William A. Fowler (Marion and Fowler, 1957) that
led him to receive the 1983 Nobel Prize in Physics
(https://www.nobelprize.org) and You-you Tu’s article
(Tu, 1999) that let her to receive the 2015 Nobel Prize

in Physiology or Medicine (https://www.nobelprize.org).

These three articles only received respectively 56, 51,
and 25 citations, yet all brought about a significant
amount of follow-up research (Hu and Rousseau, 2016).

Implications for research assessment

The evidence provided by our investigations
suggests that it often happens that the value of pio-
neering work, even fundamental contributions lead-
ing to Nobel Prizes, is not immediately recognized
and needs subsequent research to realize its innate
potential. Obviously, if we only count direct citations
from a short-term viewpoint, the value of this type of
fundamental contributions may be severely misjudged.
We recall that Figs. 1 and 2 illustrate this point clearly.

Users should become metric-wise

To remedy a flawed bibliometric-based assess-
ment for scientists and improve our understanding of
what constitutes good selection criteria, the key point
to be emphasized is to make colleagues aware of the
“invisible mortal sin” when they misuse short-term
bibliometric indicators (van Noorden, 2010).

In an interview, Xiao-gang Peng, chemistry
professor of Zhejiang University, listed eighth in
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the Top 100 Chemists, 2000-2010 (http://archive.
sciencewatch.com/dr/sci/misc/Top100Chemists2000-10/),
says “Single quantitative indicators cannot reflect the
true value of scientific research”, suggesting that
quantitative indicators have limits and should not be
used on their own. This is the true meaning of the
word “indicator”: it just gives an indication but it
most surely is not the absolute truth. Users must un-
derstand the limitations and proper use of biblio-
metric indicators and become metric-wise (Rousseau
and Rousseau, 2015). For instance, scientists should
realize that a quantitative indicator is a useful and
convenient tool to make comparisons at the institu-
tional or country level when a large amount of data is
present, but is meaningless for measuring research
merit and originality of thinking at the individual
level, especially in the case of pioneering research.

Reducing the use of short-term bibliometric
indicators

“Short-term insight and university rankings
boost a tendency towards boasting and exaggeration”,
says Shu-min Duan, dean of Zhejiang University
School of Medicine, academician of the Chinese
Academy of Sciences, “the essence of science is to
trace the source of a scientific issue; most funda-
mental discoveries are not the result of a first attempt
and their potential is often not seen in the short term.
Yet, real significant work will bring about social
progress sooner or later, perhaps even after several
decades.” His comments are consistent with our
findings that the value of many fundamental works of
Nobel Prize winners would be misjudged when using
a citation window of 5 years or less. Given the fact
that citers are peers, we add that it is highly improb-
able that peer review (typically a small group of peers)
would detect the value of this type of work.

Placing more emphasis on the “source of
originality”

Pioneering work, particularly transformative
research, is the fundamental source of originality in
basic research. As such this type of investigation

plays an essential role in scientific progress. However,
their results often do not fit within established models
or theories and may initially be unexpected or diffi-
cult to interpret; their transformative nature and utility
may not be recognized until years later. “The current
evaluation system is not suitable for encouraging or
supporting transformative research”, says Wei Yang,
director of the National Natural Science Foundation
of China, “it is high time to modify the review system
to boost potential transformative research” (Yang
et al., 2017). His insightful comments imply that
besides short-term evaluations it is also important to
perform longer-term evaluations, and this will be in a
multi-dimensional and, perhaps, unconventional way.
Creating more “objective” assessments is a hard task
for the scientific community: in our opinion it needs
intensive cooperation among different fields and a
confluence of insightful perspectives coming from
diverse stake holders.
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