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Myths, Challenges, Risks and Opportunities in Evaluating and 
Supporting Scientific Research 

Martin Quack1 

Abstract   We summarize and discuss critically the various procedures used for decisions in evaluat-
ing and funding scientific research in view of the goal of obtaining the best research with a given fund-
ing volume. Merits, difficulties, and problems in some procedures are outlined. We identify a number 
of myths appearing frequently in the process of research evaluation. We indicate some similarities in 
deciding on funding research projects, making appointments to academic and leading research posi-
tions and selecting prize winners for high prizes for scientists. Challenges, risks and opportunities in 
research and its funding are identified.  

1. Introduction 

The present short essay on some challenges, risks and opportunities in evaluating and funding 
of scientific research is based on the “president’s speech” given in Leipzig on the occasion of 
111th meeting of the Bunsen Society in Leipzig, of which printed records exist (in German, 
(Quack M, 2012a, Quack M, 2012b). Our goal is to summarize and discuss critically the vari-
ous procedures that are currently being used and identify their strengths and weaknesses. We 
identify some myths that are circulating in the community involved in evaluating scientific re-
search and the resulting dangers from an uncritical belief in these myths. We conclude with a 
general discussion of the role of scientific research in terms of its value to the individual and 
to the society. The topic of our essay should be of obvious importance for all those being ac-
tively involved in scientific research, but also to mankind as a whole. Besides the enormous 
opportunities there are also hidden risks and dangers which we want to discuss.  

2. Some Basics in Evaluating and Funding Scientific Research 

We shall discuss the following main questions. 

1. Who decides upon funding research? (Institutions, committees, bureaucracies, individuals 
as sponsor or as Maecenas) 

2. How does one decide, what should be funded? (Procedures and criteria used). 
3. What is good practice in evaluating and funding scientific research? 
4. What is the goal of research funding? (Discoveries and new knowledge, future income 

and profit) 
5. What is the goal of scientific research in a broader context? 

Let us first consider the funding of research by institutions. Well known examples are in 
the USA the “National Science Foundation” (NSF), in Great Britain the “Engineering and 
Physical Sciences Research Council” (EPSRC), in Germany the “Deutsche Forschungsge-
meinschaft” (DFG), in Switzerland the “Schweizerischer Nationalfonds zur Förderung der 
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Wissenschaftlichen Forschung” (SNF, also “Swiss National Science Foundation” or “Fonds 
National Suisse”, FNS, and SNFNS as Acronym), in Austria the “Fonds zur Förderung der 
wissenschaftlichen Forschung” (FWF) and in France with a somewhat different structure the 
“Centre National de Recherche Scientifique” (CNRS) or in the European Union the relatively 
new and quite remarkable “European Research Council” (ERC) besides many more world-
wide, of course.  

My closest personal contact is obviously to the Swiss National Science Foundation, 
where I like in particular the mentioning of the goal “zur Förderung der wissenschaftlichen 
Forschung” (“for the support of scientific research”) in the German name of the institution, 
because all too often such institutions tend to forget their goals.  

It would be of obvious interest to discuss the quality of the various institutions men-
tioned, but we shall refrain from this in order to avoid unnecessary embarrassments. Rather 
we shall turn now more generally to the procedures used by such institutions in decisions on 
funding research projects. Similar procedures are also used in decisions on appointments for 
higher academic and research positions or in attributing higher prizes for scientific research. 
Indeed, such decisions can be considered as providing support for scientific research in a 
broader sense as well. We can distinguish here the following main types of procedures: 

A. The decisions are made by a committee (“panel”) of competent persons, who are them-
selves actively involved in scientific research of the general field considered, covering at 
the same time a rather broad range of expertise. The decisions of the committee are based 
on the careful study of written research proposals, often obtaining more detailed confi-
dential assessments from external experts in the particular topic of the research proposed. 

B. The decisions are made by a group of bureaucrats, which uses various combinations of 
indices and other measures as well as sometimes expert assessments, or simply “gut feel-
ing” (“Bauchgefühl”).  

C. The decisions are based on pure chance (“Lottery”).  

Of course, there exist various mixed and intermediate forms of the three basic types of 
decision making in research funding. Also, if there is sponsoring by an individual sponsor and 
not an institution, the sponsor might simply base the decisions on “personal taste (“gut feel-
ing”), but more frequently some form of decision following the three main types mentioned is 
chosen also by individual sponsors.  

Let us turn first to point C, the “pure chance choice” which may appear to some as a joke. 
However, there are serious proposals to base decisions on research funding on a random 
choice. We can cite here Les Allen following Buchstein (Buchstein H, 2011), where one can 
also find further discussion of this topic: “I suggest that the Engineering and Physical Science 
Research Council throw out the panels, throw out the referees and have a lottery for all the 
available funds. Such a system would be fairer then the present one and would also be better 
at supporting truly original research. Pure chance must give more hope than the opinions of a 
subset of my peers” (Les Allen). We might mention also the discussion of a random choice 
selection in the publication of journal articles by Osterloh and Frey (2012) in this general con-
text (Osterloh M and BS Frey, 2012), see also (Osterloh M, 2013). 

An argument which is frequently advanced in favour of the “random choice selection” 
procedure is its alleged “fairness” (or doing proper “justice”).  

It is certainly true that with an honest procedure, the random selection is in a certain sense 
“fair” (nobody is preferred). However, by those being subjected to such a procedure luck is 
perceived as “fair and good” only if it is “good luck” and rather as bad and unfair if it turns 
out to be “bad luck”. We shall not waste too much time on this procedure, as it appears to us 
as obvious nonsense in the present context, and even immoral in a certain sense. We can make 
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the following comparison: What would our students say if we simply made a choice of their 
marks by a lottery instead of basing the marks (including the decision of failure or success) on 
a careful expert evaluation of examination results? They would certainly complain justly 
about what would appear as an arbitrary, truly immoral, if very simple and time saving proce-
dure. 

Another argument sometimes given in favour of the random choice selection is the well-
known bias in the alternative “expert selection”, due to experts favouring “mainstream” as 
opposed to “revolutionary” (Kuhn TS, 1962) projects or results. We think that this argument 
misses an essential point in the evaluation by a good committee of experts: A “good expert” is 
fully aware of such a bias and takes it into account giving room in the decisions on funding to 
what one might call “high risk” projects. Of course, even this does not exclude expert errors, 
of which there are many examples. Still, a well informed and conscientiously made expert se-
lection appears to be a far better option than the random choice selection. We can give another 
example for this from daily life. With a serious illness we would consult an expert medical 
doctor, in fact, the one with the best possible medical education and medical record and rather 
trust his diagnosis and therapy (perhaps after getting a second opinion from a further expert). 
We do so in perfect knowledge of the existence of errors of expert medical doctors. We still 
prefer this approach simply because of the alternative of a “random choice” selection of some 
arbitrary person (or even a randomly chosen medical doctor) for a diagnosis and therapy is 
completely unreasonable (and also definitely less hopeful and successful).  

Indeed, the random choice selection is rarely used purposefully although we shall discuss 
below that it plays sometimes involuntarily an important role in mixed forms of “combination 
procedures”. Most frequently the methods A. and B. of evaluation and decision taken by some 
committees and persons of various origins are used in practice.  

Thus now we address the further question of the criteria used in making decisions on 
funding particular scientific research projects or also in selecting persons for tenured academ-
ic positions or as prize winners of high academic prizes. Here we can distinguish the follow-
ing main criteria 
a. The quality of the research project proposal, most frequently as assessed by detailed ex-

pert evaluations. 
b. The personality of the researcher as assessed by the past achievements, research record 

and publications, and further information such as personal (oral) presentation of the re-
search, interview with a committee of experts etc. The president of the Humboldt founda-
tion Helmut Schwarz has expressed this in a concise fashion as “Fund people, not pro-
jects” (Kneißl D and H Schwarz, 2011). Evidently, this approach is mostly used in 
academic appointment decisions. 

c. Bureaucratic indices such as citation indices, total numbers of citations, h-index (Hirsch 
JE, 2005), past funding record, (such as sum of previously acquired funds and number of 
previously funded projects), number of participating researchers or research groups in 
larger collaborations, number of previous publications, perhaps weighted by the impact 
factor of the journal, the position as “first author” or “last author”, sometimes only count-
ing publications in “Science” or the like.  
According to my experience, these three main criteria are used with widely varying 

weights by the various institutions and committees. We state this fact at this point without any 
further judgement. In the section II (mathematical and physical-chemical sciences) of the 
Swiss National Science Foundation, where I was active as member of the research council for 
about 10 years, one uses mainly the criteria a. and b. (perhaps fortunately so), whereas in 
more recent years arguments resulting from the criteria c. are mentioned in the discussion but 
without much weight for the final decisions. One might mention here that the members of the 
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Swiss National Research Council are active research scientists, carefully selected from the 
members of the Swiss research community. They act in their function in the research council 
only for a limited number of years and contributing only a limited fraction of their time to this 
task. This is to be seen within the Swiss political culture of the “Milizsystem” (“militia sys-
tem”), where, for instance, in principle, every Swiss citizen is a “part-time soldier” for a lim-
ited time in the year and period of their life, officers being selected from this pool as well. At 
the same time they remain active in their ordinary life in whatever profession they may have. 
Similarly, the members of the Swiss National Science Foundation remain regular active scien-
tists in universities, research institutes etc. during their period of service on the council. Such 
a committee is by its very nature more influenced by scientific arguments and much less so by 
bureaucratic indices. However, we know also of other institutions and committees where the 
reverse is true and the criteria under c. can become dominant, indeed. Between these two lim-
its one can find many intermediate situations, in practice.  

After having introduced now already some judgement into our discussion, we shall rein-
force these by mentioning some serious and increasing problems. We shall do so by referring 
to what we might call some “myths” propagating in the evaluation and funding of scientific 
research as well as in selecting researchers for academic and other positions or for prizes.  

3. Some Myths in Evaluating and Funding Scientific Research 

Myth 1:  High rejection rates R (in funding schemes, journal publications etc.) are a measure 
of high quality of the procedure (“competitiveness”). The nonsense of this rather widespread 
belief can be easily established by considering the limit R → 1, where everything is rejected, 
nothing accepted (for funding, publication etc). This would be then the ideal procedure, where 
people write proposals and papers, expert reviewers assess them and committees decide in the 
light of these expert reports to accept in the end … nothing. This would be of course in reality 
the complete idling and waste of time and effort. While the nonsense of such procedures is 
obvious, also in the cases of very large rejection rates R close to 1 (but R < 1), the procedures 
are of poor quality, by general experience. What happens in such situations is that in the end 
among a large number of, in principle, worthy projects only a few are selected by pure 
chance, a random choice selection, because other valid criteria are not available. While this is 
inefficient (and perhaps even immoral, see above) as one might as well use a lottery instead of 
an assessment in these cases, it frequently happens involuntarily in procedures with very high 
rejection rates. Of course, also the other limit of no rejections (R = 0) will not in general lead 
to an adequate and responsible use of research funds.  

It is not possible to define a “correct” rejection rate R for an optimal funding scheme. In 
principle, it would be correct to fund all good projects and reject all poor projects. The corre-
sponding rejection rates would depend on the research field, the research culture and tradition 
in a given field, but also the political context, the country and so forth. From my experience in 
physical-chemical research in a European context values of R = 0.4 ± 0.2 would fall in a rea-
sonable range and with R > 0.8, where less than 20% of the projects are funded, the quality of 
the selection process degrades rapidly and drastically.  

Myth 2:  Citation numbers are an adequate measure for the importance of a scientific publica-
tion. Experienced scientists know from numerous examples that this statement is pure non-
sense. We shall illustrate this here with just one prominent example selected by R. N. Zare 
(Zare RN, 2012a, Zare RN, 2012b). The paper “A Model of Leptons” by Steven Weinberg 
(Weinberg S, 1967) has contributed most importantly to the current “Standard Model” of Par-
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ticle Physics (SMPP) and has also contributed to the Nobel Prize awarded to Weinberg. It has 
even importance in relation to our physical-chemical understanding of molecular chirality 
(Quack M, 2011a). However, according to Zare (Zare RN, 2012a, Zare RN, 2012b), the paper 
by Weinberg (1967) was not cited at all in 1967 and 1968 and just once in 1969 and 1970 
each (1971 it had 4 citations including one self-citation). This implies that this truly important 
paper has not contributed to the “impact factor” of the corresponding journal (Phys. Rev. Let-
ters), and if the editor had taken this “measure” as a criterion for selecting papers, he should 
not have accepted the publication. Also, this paper would not have contributed to funding or 
tenure decisions for Weinberg, if the relevant people in these decisions had looked for this 
measure (they fortunately did not). There are numerous similar examples from many different 
fields, even if not all of these end up in a Nobel Prize. Molinié and Bodenhausen have gener-
ated a graphics for some “classics” of NMR spectroscopy (Molinié A and G Bodenhausen, 
2011). While today (long after the Nobel prize) Weinberg’s paper is highly cited (more than 
5000 citations) this fact is irrelevant with respect to the period for further funding decisions 
(and in many cases also further tenure decisions) which would have been typically the period 
of 1967 to 1970 in the case of the author of this 1967 paper. Today the citation numbers for 
the paper are irrelevant for further funding of this research. Many fallacies of the citation 
analysis have been discussed over the years including “folk citations” for non-existing authors 
such as S. B. Preuss (Straumann N, 2008, Einstein A, 1931, Einstein A and SB Preuss, 1931). 
Another aspect of showing the nonsense in just counting citations is the neglect of the “sign” 
of the citation. A publication can generate high numbers of citations because it is criticized by 
many as erroneous (perhaps even with forged results). This “lack of sign” problem in the 
“impact” has been discussed in a humorous way by Petsko (Petsko GA, 2008), but it is a seri-
ous matter and we know numerous “real” examples from experience which leads us now to a 
closely related myth. 

Myth 3:  The “impact factor” of a journal as derived from the citation statistics of the first 
years after publication is a measure of the quality of the journal (Science, for example with its 
enormous impact factor, would then be an outstandingly good journal). The example cited 
under myth 2 already demonstrated that the very basis of such a statement as derived from the 
citations of an individual paper in the journal would be erroneous. However, one can find 
statements that the cumulative use and assembly from many different individual papers in a 
journal in the end leads to the “impact factor” being a meaningful measure of its quality. 
Again, experienced scientists know that this is wrong. In the author’s own field physical 
chemistry and chemical physics, for instance, there are good journals with very modest “im-
pact factors” (J. Chem. Phys., PCCP, J. Phys. Chem, Mol. Phys., etc) compared to Science, 
which is a journal of very questionable quality. Even if one does not subscribe to the nasty 
comment that “the condition for a paper to be published in Science is that it is either stolen or 
wrong”, there would be many experts, at least in some of our fields of research, who would 
agree with the milder statement that the relation of Science to the four journals mentioned for 
this particular field (and related cases in other fields) is similar to the relation of quality of 
newspapers like “Blick” or “Bildzeitung” to the “Neue Zürcher Zeitung” or “Frankfurter 
Allgemeine Zeitung” to give examples from the German speaking areas (there are analogues 
for English, French etc.) 

As examples for wrong results published in Science we might mention the interesting 
critical discussion of such an example by Volkmar Trommsdorff (Trommsdorff V, 2002) or 
the wrong paper on ortho- and para-water by Tikhonov and Volkov (Tikhonov VI and AA 
Volkov, 2002), commented upon by Albert et al (Albert S, BH Meier, M Quack, G Seyfang 
and A Trabesinger, 2006) and Manca Tanner et al (Manca Tanner C, M Quack and D 
Schmidiger, 2013), besides many more examples. Well known and particularly serious exam-

5 



ples are the many wrong papers published by H. Schön et al in Science (a case of “wrong” 
even by forgery). 

Of course, there are also journals of good quality with relatively high impact factors, alt-
hough not the very highest, such as “Angewandte Chemie”. Thus a high impact factor does 
not necessarily imply low, “Boulevard Journal” type quality. There is in fact no simple rela-
tion between quality and the impact factor of a journal. There exist good and bad journals 
with low and high impact factors. The next myth to be discussed is even more serious in that 
it deals with individual scientists.  

Myth 4:  The so-called h-index (Hirsch-index) is a suitable measure for the importance or 
quality of a scientist. Hirsch (Hirsch JE, 2005) has introduced this bibliometric measure and 
has made such a claim and has, indeed, seriously proposed to use the h-index in professional 
appointment and tenure decisions. The nonsense in such a statement is again well known to 
experienced scientists involved in such decisions and we shall return to the question of aca-
demic appointments below. Here, we shall cite the critical and very competent discussions by 
Molinié and Bodenhausen (Molinié A and G Bodenhausen, 2010a, b, 2011), as well as by 
Richard Ernst (Ernst RR, 2010a, b), who provide ample evidence rejecting Hirsch’s proposal. 
Thus, without going into more detail of this absurd “quality measure for scientists”, we shall 
turn to a further myth widely promoted in the science bureaucracy.  

Myth 5:  The amount of research funding acquired by a scientist (or a group of scientists) is a 
good measure for the corresponding importance (or quality) of the researchers. One might ex-
press this “Funding importance” FI by Eq. 1. 

 I
Sum of aquired research finances 
Number of participating scientists

F =   (1) 

Of course, such a number can be easily derived for every researcher or research group, thus its 
popularity, and “the higher the FI the better the research group”. However, after giving some 
thought to this matter, one quickly comes to the conclusion that for an optimal use of research 
funds one should rather use a measure (if any), where the sum of research funds used would 
appear in the denominator, and one might call this the research efficiency RE. 

 Scientific knowledge generated
Sum of finances (acquired and used) ER =   (2) 

We may quote here Martin Suhm (Suhm MA, 2010) (freely translated): “It would not be mis-
leading, if the sum of acquired funds appeared in the denominator, the place, where it should 
appear in the name of efficiency and sustainability, instead of appearing in numerator of such 
measures”. Of course, the bureaucratic use of Eq. (2) is hampered by the “Scientific 
knowledge generated” not being measurable by some number, unless one replaces it by 
“numbers of publications generated” or “numbers of citations generated”, which is, indeed, 
sometimes done, but would be nonsensical as discussed above for the myths, 2, 3, and 4. 
Thus, if Eq. (2) is to be used in a sensible way, one has to interpret it as a symbolic, not as a 
numerical equation and thus no simple number can be generated from it for some rankings.  

We shall conclude this section on the various myths propagated in decisions on support-
ing scientific research by some comments on the particular dangers arising from the use or ra-
ther abuse of bibliometric data in this context. Indeed, in recent years we are increasingly con-
fronted with this abuse, be it by the science bureaucracy or by scientists themselves believing 
in bibliometry. I can quote here from personal experience from an expert report in an ap-
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pointment procedure for a professorship (in anonymized and somewhat altered form for rea-
sons of confidentiality) “… in our country bibliometric counts are most heavily weighted”. 
The “expert” was from a country in Northern Europe and in the end drew his conclusions 
based on bibliometric data for the candidates to be evaluated. Fortunately, the appointment 
committee considered this particular expert report as irrelevant (for several good reasons) and 
did not take it into account in the final decisions. One must be afraid, however, that some poor 
appointment committees would follow such poor advice. Indeed, uncritical belief in bibliome-
try can be occasionally found in serious publications supported by major academies (see, for 
instance, (Gerhards J, 2013)) and also with some active scientists who contributed important 
work in their own specialty. From one such scientist, I heard the comment that there is “no 
objective alternative” to bibliometry. Again this is pure nonsense. An obvious alternative has 
been formulated by Richard Ernst (2010) in his most relevant article. “And there is, indeed, an 
alternative: Very simply start reading papers instead of merely rating them by counting cita-
tions”. Of course, following such an advice requires time and knowledge of the subject, and 
the bureaucracy lacks the knowledge and does not want to invest time.  

We shall discuss now further, related alternatives, in relation to the very important ques-
tion of procedures in appointments for professorships or other higher academic and research 
positions. 

4. Criteria Used in Academic Appointments 

Good appointments of academic positions (professorships or research positions) at universi-
ties and research institutions are among the most important ways of supporting scientific re-
search. They have a long term effect and are truly efficient investments for the institution as 
for science overall, if they are carried out successfully. We can cite here almost literally from 
Zare (Zare RN, 2012b, Zare RN, 2012a) for what we might call a summary of criteria used in 
appointment procedures with good academic practice (here for the example of the Chemistry 
Department at Stanford University): 

1. First of all they must be good departmental citizens. 
2. Second they must become good teachers. 
3. The Department wants them to become to become great researchers (This last criterion is 

the most difficult).  
We ask experts, whether the research of the candidate has changed the view of the nature 
of chemistry in a positive way. 
… it is not based on the number of papers, with an algorithm on impact factor, etc. 
… do not discuss h-index metrics 
… do not count publications or rank them as to who is first author. 
We just ask: has the candidate really changed significantly how we understand chemis-
try?  

From my experience in presiding appointment committees at ETH in many departments 
as a delegate of the president (for more than 15 years), I would add that similar considerations 
prevail at ETH Zürich, even though every once in a while attempts are made to introduce bib-
liometry and the like into the discussion, but without much effect. Particularly the younger 
people looking for an appointment tell me, however, that they in fact know universities, 
where bibliometric and similar data are used importantly, even dominantly, in professional 
appointments. My reply to this is, sure, there exist also poor universities, and if I am then 
asked how to tell apart the good from the poor universities, I would answer certainly not by 
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using bibliometry and “rankings”, but for instance, by looking at the procedures they use in 
professional appointments, among other criteria. Of course, even good procedures do not ex-
clude occasional erroneous decisions. Prominent examples include a Nobel prize given for a 
wrong discovery (see (Quack M, 2013)), although the person selected deserved the prize, but 
obtained it for the wrong reason.  

That the criteria 2. and 3. concerning teaching and research are important for appointing 
professors at universities can appear as self-evident. The first criterion, requesting a “good cit-
izen” might come as a surprise to some, and might support a suspicion that only “well adjust-
ed” candidates are selected. This, however, is not the meaning of this requirement for a “good 
citizen”. It arises from the often painful experience that “bad citizens can damage good sci-
ence”. This problem is frequently covered with silence in the scientific community, or given 
only minimal weight. It is, however, a very serious problem because the damage caused to 
scientific research by some “bad citizens” can be huge, directly and indirectly. Bad behavior 
can appear as a straight-forward, criminal fraud and forgery of research results, and then the 
damage caused is much larger than any potential advantage hoped for by the criminal (see, for 
example, (Pfaltz A, WF Van Gunsteren, M Quack, W Thiel and DA Wiersma, 2009)). How-
ever, cases of fraud and deception towards a partner in cooperations also exist. One such case, 
the quarrel between O. Piccioni and E. Segré in the discovery of the antiproton, was brought 
to the courts and reached a wider public, with enormous indirect damage for the reputation of 
scientific research ((Heilbron JL, 1989)). That Segré did a severe wrong to his colleague Pic-
cioni can hardly be subject of doubt. This wrong was not punished, however, perhaps it was 
even rewarded, which puts this area of science in this period in a somewhat dubious light. 
That the problem reached the public is a rare exception. Most of the time, such events in sci-
entific research are covered with silence. I shall not mention such a case from physical chem-
istry, as the aim of this section of our essay is not to sing a “dies irae”. In principle, a request 
for “good citizenship” in the republic of science is not specific to research or science, it is ra-
ther a generally valid principle in human relations. 

ETH Zürich has a motto, which fits in this context “Prima di essere ingegneri, voi siete 
uomini”. It was formulated by one of its first professors, Francesco de Sanctis (1817-1883) in 
his inaugural lecture. Correct human behaviour supports scientific research by preventing 
damage, among other things. However, also reliability of universities in establishing contracts 
with their professors and keeping long term promises and escaping the temptations of later 
breaches of contracts are important elements in supporting research, which in recent times 
have been increasingly eroded even in the best institutions. Fundamental research, though, 
needs adequate freedom (Kneißl D and H Schwarz, 2011) provided by the generous and relia-
ble appointment contracts at the top universities. Freedom of teaching and research is the 
most important pillar of science, innovation and creativity, which are also strengthened by re-
ducing bureaucracy. Indeed, the incessant and unchecked growth of bureaucracy is one of the 
greatest risks in the current support of scientific research, a risk which can cause great damage 
(Szilárd L, 1961, Quack M, 2013). Again, this phenomenon is not restricted to science, but it 
is a general phenomenon in modern society. Much has been said and written about this and 
Fig 1 shows results from a classic in this field, here with the growth of bureaucracy in the 
British colonial administration following Parkinson’s law (Parkinson CN, 1957). Parkinson’s 
Law has given rise to many joking comments; it is, however, a serious matter. Also the 
growth of cancer cells follows such a law of growth until it is ended by a catastrophe. An 
analysis of the growth of the staff in science and university bureaucracy shows close analo-
gies upon which I will not further comment, here. I do not intend to enter here into a general 
bashing of university administration. Indeed, there exists also the truly “good administration”, 
which serves and supports science. However, the staff in this part of administration does not 
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grow and its relative importance rather decreases. We have elsewhere identified the general 
growth of bureaucracy as one of the great risks of mankind, besides nuclear war and climate 
change (Quack M, 2013, 2011d), and shall conclude this discussion here with this brief re-
mark, turning finally to some aspects of opportunities of scientific research, rather than risks, 
after a brief summary of what might be considered good practice. 

 

Fig. 1 Logarithm of the number of persons in the staff of the British Colonial Administration 
ln(NPersonal) as a function of time (Following an exercise in the Kinetics course at ETH with 
data from Parkinson (Parkinson CN, 1957) 

5. A Brief Summary of Good Practice 

While implicitly contained in the text of the previous sections, it may be useful to summarize 
here what may be called the “good practice in evaluating and funding scientific research and 
in making academic appointments”. We mention advantages of this “good practice”, but also 
the associated difficulties (Diederich F, 2013). A good procedure for distributing available re-
search funds and making academic appointments can be summarized by the following steps: 
1. Bring together a group of competent and trustworthy experts covering a sufficiently 

broad range of the field under consideration in order to avoid too narrow a view and to 
neutralize possible conflicts of interest. 

2. Get every research proposal and person looked at in detail by the relevant experts and the 
whole group, obtaining more detailed specialized outside reviews, if necessary.  

3. Have the group discuss every individual case in depth before coming to a conclusion by 
the group as a whole, by consensus or by vote, if necessary.  
This procedure is not new and it is used by good funding institutions such as the SNF or 

appointment committees at good universities, academies as well as prize committees for ma-
jor prizes. It has many advantages and minimizes the chances for severe errors, although even 
the best procedure cannot exclude occasional errors completely. It has one major disad-
vantage: It is time consuming and costly (Diederich F, 2013). It also requires the cooperation 
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of experts, sometimes difficult to obtain. These disadvantages have led some institutions to 
use one or another shortcut as mentioned under the 5 myths. However, using such shortcuts 
should be considered foolish or even fraudulent, as it replaces expert knowledge by bureau-
cratic superstition and forgery. It would be as immoral as the “shortcut of the bad citizen” re-
placing serious experimentation and carefully analysed data in scientific research by some in-
vented results, when proposing or testing a hypothesis.  

Sometimes it is argued that using statistical data, say from bibliometry, can be justified 
by some perhaps existing correlation with “real data”. For instance, it is claimed that really 
good scientists (as judged by a careful evaluation as outlined above) statistically have a higher 
h-index, than scientists of lower quality. While one may have some doubts, whether this cor-
relation really exists, even if so, it would be at most very rough, with numerous easily proven 
“outliers”. On the other hand, the decisions to be taken (in deciding on a proposal or an ap-
pointment) are often very important decisions on individual cases. A rough statistical correla-
tion (even if it existed), is of no use in this case. We may use here the analogy of evaluating 
written examination papers: From long experience we definitely know that there is, indeed, a 
very rough (but not tight) correlation between the number of pages in a written solution of an 
examination paper and the final examination result, as carefully assessed by an expert exam-
iner. The more pages, the better the results, statistically. However, we also know that there are 
many outliers, some brilliant solutions are very short, and sometimes also many written pages 
of an exam paper contain just erroneous solutions, thus a poor final result. Using the “time 
saving short cut” of simply counting written pages would correspond to a fraudulent and im-
moral procedure of the examiner. There are many analogies of this example with the use of 
bibliometric or other indices (for instance neither a page count nor a citation count or h-index 
needs an expert, it could be done by some administrative staff). No more needs to be added on 
such fallacious “short cut” procedures.  

6. Why Scientific Research? The Opportunities for Creativity and Innovation 

We should address also the general question as to why one should consider supporting scien-
tific research at all. In a commencement speech of 2004 which in the meantime has been 
printed in several versions (see (Quack M, 2011b) and references cited therein), I have sum-
marized some important reasons for fundamental scientific research:  

1. For the personal satisfaction of discovery and knowledge. 

2. As contribution to the edifice of knowledge of mankind, towards understanding the world 
as well as the human condition. 

3. Directly and indirectly to contribute to improving the conditions for human life and of 
mankind – and for its survival. 

The first reason is an important, intrinsic, subjective, personal motif of the researcher. The 
second and third reasons provide objective grounds, why society should support science fi-
nancially and otherwise as an investment in the future of mankind and society.  

The first, intrinsic motif was formulated already 2400 years ago by Demokritos of Ab-
dera (ca. 460–370 B.C.) in an inimitable way. 
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He talks about the scientist-philosopher, freely translated here “He would rather make a single 
fundamental discovery than become the king of the Persians.” We can also cite Rose Auslän-
der (Ausländer R, 2002) with one of her poems (imperfectly translated here) 

You are 
irresistible 

Truth 
I see you 

and name you 
Bliss 

One can also translate these texts in a somewhat extended, completely free way as ap-
plied to the scientist and researcher (Quack M, 2012a, Quack M, 2011b, Quack M, 2011c):  

He would rather make and teach a single fundamental discovery than:  
… become president of the United States. 
… obtain the wealth and power of Bill Gates. 
… build a large bomb. 
… have 10 publications in Science – the magazine. 
… to reach the top position in citations of scientists. 
… have 100 presentations on TV. 

One can also phrase this in the form of a “non-motivation” (Quack M, 2012a, Quack M, 
2011b, Quack M, 2011c):  

Fundamental research: Why not? 
1. Not to damage others. 
2. Not to beat somebody in competition. 
3. Not to have power. 
4. Not to become rich. 

These positive as negative points concern the personal motivation. There are, however, 
also the objective reasons concerning the service to mankind. This aspect is obvious with all 
forms of applied research, but is frequently forgotten, when fundamental research is consid-
ered. Nevertheless, fundamental research, innovation and creativity can be considered to be 
among the most important driving forces in improving the human condition (Perutz MF, 
1982). Indeed, the support of fundamental research can be considered to be the greatest op-
portunity of all investments of society and mankind in their future.  

I shall illustrate this here with the Schrödinger equation, which is one of the fundamental 
equations for physics and chemistry (Schrödinger E, 1926a, b, c, d, e) 

 
( , ) ˆi ( , )

2
∂Ψ

= Ψ
∂

h q t H q t
tπ

 (3) 

This equation was introduced by Schrödinger in 1926 in order to provide a deeper formulation 
and understanding of quantum theory (see also (Merkt F and M Quack, 2011)). It was “pure 
research” in theoretical physics in its purest form, far removed from any practical goals or 
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technical applications. Today there are estimates that about 20% of the gross national product 
of modern industrial countries are based in a general way on applications of quantum mechan-
ics. Eq. 3 prevails in all applications of optical spectroscopy which range from the study of 
the Earth’s atmosphere to combustion in car engines and industrial processes (Merkt F and M 
Quack, 2011, Quack M and F Merkt, 2011). We can also mention here nuclear magnetic res-
onance spectroscopy (NMR) with applications for example in MRI (Magnetic Resonance Im-
aging) available today in hospitals all over the world to name just these selected examples 
(Ernst RR, G Bodenhausen and A Wokaun, 1987, Ernst RR, 1992) among many more. 

Another example, comparable to the development of quantum mechanics in the 20th cen-
tury can be named with the development of electricity and magnetism in the 19th century. 
Technical applications of these are visible everywhere in our daily life today. However, the 
original developments were made long before these uses were obvious, although such future 
uses were predicted by Faraday with great foresight. He is reported to have replied to a ques-
tion concerning the allegedly non-existing “profit” from his research “Lord Gladstone, one 
day you will tax it” (see (Kneißl D and H Schwarz, 2011)). We know, how true this prediction 
was, although this became obvious only many decades later than the government under Lord 
Gladstone existed. Many further examples could also serve to illustrate the different time 
scales of political governments, on the order of a decade in modern democracies, and the time 
delay of often many decades from a fundamental discovery to make it into textbooks and fi-
nally some practical, technical use (Quack M, 2014). 

We shall conclude with an anecdote on the Schrödinger equation, which can serve as an-
other illustration of what support to fundamental research implies. If one reads in Moore’s 
Schrödinger biography on the history of the Schrödinger equation (Moore WJ, 1989) one 
finds that the first success in the search for this equation occurred during a stay of Schröding-
er over the Christmas and New Year’s holidays in Arosa 1925/1926, thus quasi as a private 
person in his free time without “financial support for this research”. Obviously, a correspond-
ing research proposal for “holidays, with the goal of discovering an equation” would hardly 
be funded by SNF today (it did not exist then), but the research was nevertheless indirectly 
publicly supported by giving Schrödinger the freedom of a professor with his salary at the 
University of Zürich to do research when and wherever he wanted to. Just how private this 
holiday was, can be guessed from some further gossip (Moore WJ, 1989), on which I shall not 
expand (Popper K, 1989). Moore states that Schrödinger stayed in “Villa Herwig” in Arosa, 
and provides a correct photograph of the house where holiday guests stayed (in contrast to the 
tuberculosis patients of Dr. Herwig in Arosa). However, if one looks in Arosa one finds that 
the house is actually called “Frisia”, it still exists today. There is ample evidence that Schrö-
dinger made his breakthrough during this holiday, and the first paper of the famous series was 
written and submitted immediately after return from this holiday in January 1926. However, 
we do not know, of course, whether the illumination came in this house, or perhaps some Ca-
fé in Arosa. My preferred (rather unfounded) historical hypothesis is a visit of Schrödinger’s 
to the Bergkirchli, a little church built by the Walser in 1492 and located in a most beautiful 
spot at 1900 m altitude only a short walk away from the Villa Frisia (Fig. 2). 
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Fig. 2 Bergkirchli in Arosa (built 1492, Photograph by R. Quack) 

Such a heavenly inspiration of Schrödinger to find his equation describing the “music of 
atoms and molecules” can at best claim circumstantial evidence, although it is known that, for 
instance, Einstein’s attitude towards science as a means of understanding the world had a 
strongly religious component (Quack M, 2004), not so different from the inspiration drawn by 
writers of “real music” such as Bach (Quack M, 2004, 2012a). This is, however, only one of 
several attitudes to be found with scientists, motivating their research as a route towards dis-
covering fundamental underlying truths of the world. Another, more modest attitude aims at 
just providing fruitful models of the world, but in the end these two approaches may be closer 
relatives than obvious at first sight (Quack M, 2014). Independent of the particular philosophy 
of research, it deserves support as a basic part of our culture to understand and shape the 
world in which we live. 
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