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“Securing academic peer recognition via
high-impact publications is today a necessi-
ty for scientists and their projects. It has not
only become a prerequisite visibility boos-
ter for research and researchers but is also
seen as a validation of innovation, essenti-
al for the access to financial supports and
market translation opportunities. This quest
for high-impact publications and the glo-
balisation of academic research has in-
creased the competitivity within the field,
placing scientific staff aspiring to acade-
mic careers under constant pressure.”

Vincent Forster (PhD), co-founder and CEO, Versantis
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The Swiss
Science Councill

The Swiss Science Council SSC is the advisory body to the Fed-
eral Council for issues related to science, higher education,
research and innovation policy. The goal of the SSC, in con-
formity with its role as an independent consultative body, is
to promote the framework for the successful development of
the Swiss higher education, research and innovation system. As
an independent advisory body to the Federal Council, the SSC
pursues the Swiss higher education, research and innovation
landscape from a long-term perspective.

Le Consell suisse
de la science

Le Conseil suisse de la science CSS est Porgane consultatif du
Conseil fédéral pour les questions relevant de la politique de
la science, des hautes écoles, de la recherche et de I'innovation.
Le but de son travail est ’'amélioration constante des condi-
tions-cadre de l'espace suisse de la formation, de la recherche
et de 'innovation en vue de son développement optimal. En
tant qu'organe consultatif indépendant, le CSS prend position
dans une perspective a long terme sur le systeme suisse de for-
mation, de recherche et d’innovation.

Der Schweizerische
Wissenschaftsrat

Der Schweizerische Wissenschaftsrat SWR berdt den Bund
in allen Fragen der Wissenschafts-, Hochschul-, Forschungs-
und Innovationspolitik. Ziel seiner Arbeit ist die kontinuierli-
che Optimierung der Rahmenbedingungen fiir die gedeihliche
Entwicklung der Schweizer Bildungs-, Forschungs- und Inno-
vationslandschaft. Als unabhéngiges Beratungsorgan des Bun-
desrates nimmt der SWR eine Langzeitperspektive auf das ge-
samte BFI-System ein.

Il Consiglio svizzero
della scienza

11 Consiglio svizzero della scienza CSS ¢ ’organo consultivo del
Consiglio federale per le questioni riguardanti la politica in ma-
teria di scienza, scuole universitarie, ricerca e innovazione. L’o-
biettivo del suo lavoro ¢ migliorare le condizioni quadro per
lo spazio svizzero della formazione, della ricerca e dell’innova-
zione affinché possa svilupparsi in modo armonioso. In quali-
ta di organo consultivo indipendente del Consiglio federale il
CSS guarda al sistema svizzero della formazione, della ricerca
e dell’innovazione in una prospettiva globale e a lungo termine.
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Executive summary

Executive summary

Today, scientific knowledge is considered as a fundamental
resource for the development of society, as the terms “know-
ledge-based economy” and “knowledge society” demonstrate.
The importance of science becomes manifest in the public and
private funding of research, which has resulted in an enor-
mous growth of science. Until today more than 50 million art-
icles have been published, the vast majority of them in the 20th
century. More than one million new articles appear every year,
and there are currently more than 25,000 scientific journals
worldwide.

In parallel with the increase in funding, over the past 20
years, the leading science nations have introduced various
measures to guarantee the most transparent and efficient use
of public funds and to ensure that research is oriented towards
the most important socio-economic objectives. These develop-
ments - the increase in research activities and the introduction
of new modes of governance - represent a fundamental change
for both researchers and society. In particular, they have in-
creased competition for funding and a limited number of aca-
demic positions. At the same time, the methods for quanti-
tative measurement of scientific performance have brought
about profound changes in the publication of scientific papers.
Increased competition has led to the publication of preliminary,
unverified or unusable results and might even give rise to sci-
entific misconduct.

As part of its 2016-2019 work programme, the Swiss Sci-
ence Council (SSC) is examining the consequences of science
growth for the future of the Swiss education, research and in-
novation system (ERI system); in doing so, it is continuing sev-
eral projects from the previous period. There is a need to un-
derstand the importance of the increase in scientific activity
and the introduction of new management approaches; at the
same time, the extent of these changes in the Swiss ERI system
should be determined in order to adapt the general strategic
considerations to the situation of Switzerland and its particu-
larities. The SSC’s main concern is to continue and in the long-
term to ensure the strength of the ERI system, and thus to en-
able truly novel and relevant scientific advances.

In this study, the SSC has decided to focus on biomedi-
cine and the life sciences. These fields are a focal point of
Swiss research funding and make a significant contribution
to Switzerland’s international competitiveness. In a first step,
the SSC has compiled an overview of the most important re-
forms in the Swiss science landscape and analysed the conse-
quences of the increase in scientific activity and the advent of
performance-based funding and evaluation systems on an in-
ternational level. This first analysis (Report A) has served to
establish hypotheses, which, in a second step, were examined
through interviews with researchers working in the life sci-
ences in the different types of Swiss higher education institu-
tions (Report B).
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The combination of the two studies has made it possible to ana-
lyse the characteristics and strengths of Swiss research in the
context of a global science. From the SSC’s point of view, the
resulting recommendations are essential to ensure the long-
term productivity and competitiveness of Swiss research:

_ All scientists and in particular junior scientists should
benefit from flexible, differentiated and adequate funding
that is developed for them and with them. Their partici-
pation is a prerequisite for the sustainable development
of research, but also for appropriate consideration to be
given to societal interests.

___ National funding initiatives create the conditions for
achieving scientific and strategic goals that require the ap-
propriate use of scientific personnel, expertise and insti-
tutional resources. Appropriate size and organisation, as
well as careful positioning can help ensure that costs and
benefits are balanced.

___ The qualitative evaluation of research content is highly
important in research funding. In order for each scientif-
ic discipline and each type of university to develop accord-
ing to its priorities, disciplinary and institutional particu-
larities must be taken into account in the evaluation of
research. Quantitative indicators should support but not
replace a qualitative evaluation.

__ Effective implementation of the recommendations pre-
sented in DORA and in the Leiden Manifesto is essential
to strengthening content-focused evaluation and ensuring
successful implementation of the national Open Access
strategy. Scientists should receive appropriate support for
the introduction of Open Access. This applies in particular
to young scientists, whose careers should not be adversely
affected through the introduction of Open Access.
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Zusammenfassung

Wissenschaftliche Erkenntnisse gelten heute als grundlegende
Ressource zur Weiterentwicklung der Gesellschaft, wie die Be-
griffe «wissensbasierte Wirtschaft> und Wissensgesellschaft>
zeigen. Der hohe Stellenwert der Wissenschaft ldsst sich an der
offentlichen und privaten Forschungsfinanzierung ablesen, die
zu einem enormen Wachstum der Wissenschaft gefiihrt hat. Es
wurden bis heute mehr als 50 Millionen wissenschaftliche Arti-
kel veroffentlicht, die grosse Mehrheit davon im 20. Jahrhundert.
Jahrlich erscheinen iiber eine Million neue Artikel, und weltweit
gibt es derzeit mehr als 25 ooo wissenschaftliche Zeitschriften.

Parallel zur Erhéhung der Fordermittel wurden in den ver-
gangenen 20 Jahren in den fiihrenden Wissenschaftsnationen
verschiedene Massnahmen ergriffen, um eine méglichst trans-
parente und effiziente Verwendung der 6ffentlichen Mittel zu
gewdhrleisten und sicherzustellen, dass sich die Forschung
an den wichtigsten sozio6konomischen Zielen orientiert. Die-
se beiden Entwicklungen - die Zunahme der Forschungsak-
tivitdten und die Einfithrung neuer Methoden zur Steuerung
der Wissenschaft — bedeuten einen grundlegenden Wandel so-
wohl fiir die Forschenden als auch fiir die Gesellschaft. Sie ha-
ben insbesondere den Wettbewerb um Finanzmittel und eine
beschriankte Anzahl akademischer Stellen verstdrkt. Gleich-
zeitig bewirkten die Verfahren zur quantitativen Messung wis-
senschaftlicher Leistung tiefgreifende Veréinderungen bei der
Publikation wissenschaftlicher Arbeiten. Der verschirfte Wett-
bewerb hat zur Publikation von vorldufigen, nicht verifizierten
oder unbrauchbaren Ergebnissen gefiihrt und kann sogar wis-
senschaftliches Fehlverhalten zur Folge haben.

Der Schweizerische Wissenschaftsrat (SWR) befasst sich
im Rahmen seines Arbeitsprogramms 2016-2019 mit den Fol-
gen des Wissenschaftswachstums fiir die Zukunft des schwei-
zerischen Bildungs-, Forschungs- und Innovationssystems
(BFI-System); er fithrt damit mehrere Arbeiten der vorange-
henden Periode weiter. Dabei geht es einerseits darum, die
Bedeutung der Folgen der Zunahme der Wissenschaftstétig-
keit und der Einfiihrung neuer Steuerungsmechanismen zu
erfassen. Andererseits sollte das Ausmass dieser Verdnderun-
gen im schweizerischen BFI-System ermittelt werden, um die
allgemeinen strategischen Uberlegungen an die Situation der
Schweiz und ihre Besonderheiten anzupassen. Hauptanliegen
des Rats ist es, weiterhin und auf lange Sicht die Stirke des
BFI-Systems zu garantieren und damit wirklich neuartige und
relevante wissenschaftliche Erkenntnisse zu ermoglichen.

In der vorliegenden Studie hat sich der SWR dafiir ent-
schieden, vorrangig die Bereiche Biomedizin und Lebens-
wissenschaften zu untersuchen. Diese Gebiete bilden einen
Schwerpunkt der Schweizer Forschungsforderung und tra-
gen wesentlich zur internationalen Wettbewerbsfihigkeit der
Schweiz bei. In einem ersten Schritt hat der SWR eine Uber-
sicht {iber die wichtigsten Reformen in der schweizerischen
Wissenschaftslandschaft erstellt und die Folgen der Zunah-
me der wissenschaftlichen Tétigkeit und der Einfiihrung von
leistungsbezogenen Finanzierungs- und Evaluationsverfah-
ren auf internationaler Ebene untersucht. Diese erste Analyse
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(Report A) diente zur Entwicklung von Hypothesen, die in ei-
nem zweiten Schritt durch Interviews mit Forschenden, die in
den Lebenswissenschaften an den verschiedenen schweizeri-
schen Hochschulen titig sind, {iberpriift wurden (Report B).

Die Kombination der beiden Untersuchungen ermdg-
licht, die Charakteristika und Stdrken der schweizerischen
Forschung im Kontext einer global funktionierenden Wissen-
schaft zu analysieren. Aus Sicht des Rats sind die resultieren-
den Empfehlungen unerlésslich, um die Produktivitdt und die
Wettbewerbsfdhigkeit der schweizerischen Forschung langfris-
tig zu sichern:

___ Alle Wissenschaftlerinnen und Wissenschaftler und ins-
besondere die Nachwuchswissenschaftlerinnen und -wis-
senschaftler sollen von einer flexiblen, differenzierten und
angemessenen Forderung profitieren, die fiir sie und mit
ihnen entwickelt wird. Thre Beteiligung ist eine Voraus-
setzung fiir eine nachhaltige Entwicklung der Forschung,
aber auch fiir eine angemessene Beriicksichtigung gesell-
schaftlicher Interessen.

__ Nationale Forderinitiativen schaffen die Voraussetzung,
um wissenschaftliche und strategische Ziele zu erreichen,
die einen entsprechenden Einsatz von wissenschaftlichem
Personal, Fachwissen und institutionellen Ressourcen er-
fordern. Durch eine angemessene Grosse und entspre-
chende Organisation, aber auch durch eine sorgfiltige Po-
sitionierung soll gewdhrleistet werden, dass Aufwand und
Ertrag im richtigen Verhdltnis stehen.

__ Der qualitativen Evaluation von Forschungsinhalten
kommt eine grosse Bedeutung in der Forschungsférde-
rung zu. Damit sich jede wissenschaftliche Disziplin wie
auch die unterschiedlichen Hochschultypen gemdss ih-
ren Schwerpunkten entwickeln kénnen, miissen diszipli-
nire und institutionelle Besonderheiten in der Evaluation
der Forschung berticksichtigt werden. Quantitative Indika-
toren sollen eine qualitative Evaluation unterstiitzen, aber
nicht ersetzen.

__ Eine wirksame Umsetzung der in der DORA-Deklaration
und im Manifest von Leiden artikulierten Empfehlungen
ist zentral, um eine auf Inhalte ausgerichtete Evaluation
zu stdrken und eine erfolgreiche Implementierung der na-
tionalen Open Access-Strategie zu sichern. Die Wissen-
schaftlerinnen und Wissenschaftler sollen bei der Einfiih-
rung von Open Access angemessen unterstiitzt werden.
Dies gilt insbesondere fiir den wissenschaftlichen Nach-
wuchs, dessen Karriere nicht durch die Einfithrung von
Open Access beeintrichtigt werden sollte.
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Résumé

De nos jours, la connaissance scientifique est considérée
comme une ressource indispensable a I'avancement des so-
ciétés, comme en témoignent les notions d’«économie de la
connaissance» et de «société de la connaissance». Cette impor-
tance singuliere se reflete aussi dans les financements de re-
cherche publics et privés, qui ont mené a une croissance co-
lossale de lactivité scientifique. Jusqu’a ce jour, 50 millions
d’articles scientifiques ont été publiés, dont la grande majorité
au 2oeme siecle. Chaque année voit la parution de plus de
1 million de nouveaux articles; actuellement, on compte plus de
25 000 revues scientifiques au niveau mondial.

En parallele a 'augmentation des financements, diffé-
rentes mesures ont été introduites au cours des deux der-
nieres décennies dans les principales nations scientifiques
afin d’assurer une utilisation aussi transparente et efficiente
que possible des fonds publics et pour veiller a ce que la re-
cherche s’oriente sur les objectifs socioéconomiques les plus
importants. Ces deux phénomenes, croissance des activités
de recherche et introduction de nouveaux modes de gestion,
impliquent un changement fondamental pour les chercheurs
comme pour la société, renforcant la compétition pour l'acces
a des ressources financieres et a des postes académiques limi-
tés. Toutefois, les pratiques de mesure quantitative de la per-
formance scientifique ont entrainé des changements profonds
dans la publication des travaux scientifiques. La compétition
exacerbée a ainsi mené a la publication de résultats précoces
non vérifiés ou inutilisables et, encore pire, peut méme pousser
a la fraude scientifique.

Dans le cadre de son programme de travail 2016-2019,
et en continuation avec plusieurs travaux de la période anté-
rieure, le Conseil suisse de la science (CSS) s’interroge sur les
conséquences de la croissance de la science pour le devenir du
systeme suisse de la formation, de la recherche et de 'innova-
tion (FRI). Il s’agissait, d’une part, de déterminer 'ampleur
des effets de la croissance de l'activité scientifique et des chan-
gements de pratique en gestion de recherche. D’autre part, il
convenait de prendre la mesure de ces problemes dans le sys-
teme FRI afin d’adapter la réflexion au cas de la Suisse et a ses
particularismes. Le principal souci du CSS consiste a continuer
a garantir sur le long terme ce qui fait la force du systeme FRI, a
savoir la possibilité d’avancées scientifiques véritablement no-
vatrices et pertinentes.

Dans la présente étude, le CSS a décidé de prendre en
compte de maniere prioritaire la biomédecine et les sciences
de la vie. Ces domaines constituent un point focal de 'encou-
ragement de la recherche suisse et contribuent de facon im-
portante a la compétitivité internationale de la Suisse. Dans
un premier temps, le CSS a établi un apercu des principales ré-
formes du paysage helvétique et a analysé quelles étaient les
conséquences, au niveau international, de la croissance de la re-
cherche et de son inscription dans un systeme de financement
et d’évaluation fondé sur la performance. Cette premiere ana-
lyse (Report A) a servi a formuler des hypotheses testées dans
un second temps par des entretiens avec des chercheurs actifs
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dans tous les types de hautes écoles suisses dans le domaine
des sciences de la vie (Report B).

La combinaison de ces deux analyses a permis de déga-
ger les caractéristiques et les forces de la recherche suisse dans
le contexte d’une science fonctionnant a ’échelle mondiale. Le
CSS estime ainsi qu’il est indispensable de prendre en compte
les recommandations qui en découlent pour maintenir la pro-
ductivité et la compétitivité de la recherche suisse sur le long
terme:

___ Tous les scientifiques, en particulier ceux issus de la re-
leve, doivent bénéficier d’un encouragement flexible, dif-
férencié et adéquat, concu pour eux et avec eux. Leur par-
ticipation est une condition du développement durable de
la recherche, mais aussi de la prise en considération ap-
propriée des intéréts de la société.

__ Les projets d’encouragement nationaux sont la condition
nécessaire a I’atteinte d’objectifs scientifiques et stra-
tégiques qui requierent un engagement adéquat du per-
sonnel scientifique, des connaissances spécialisées et des
ressources institutionnelles. Une taille convenable, une
organisation adaptée et un positionnement bien défi-
ni permettent de garantir une juste proportion entre les
charges et les revenus.

___ L’évaluation qualitative des contenus de la recherche oc-
cupe une place tres importante dans ’encouragement
de la recherche. Pour que chaque discipline scientifique
et chaque type d’université puissent se développer selon
leurs priorités, les spécificités disciplinaires et institution-
nelles doivent étre prises en compte dans ’évaluation de
la recherche. Les indicateurs quantitatifs apportent certes
un soutien a ’évaluation qualitative, mais ils ne doivent
pas la remplacer.

_ Lamise en ceuvre efficace des recommandations formu-
lées dans la déclaration DORA et dans le manifeste de
Leiden constitue un élément essentiel pour renforcer
I’évaluation axée sur les contenus et assurer le succes
de la stratégie nationale sur ’Open Access. L’introduction
du libre acces suppose qu’un soutien approprié soit accor-
dé aux scientifiques, notamment & ceux issus de la releve,
et dont la carriere ne saurait étre affectée par 'introduc-
tion de ’Open Access.
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Riassunto

Le conoscenze scientifiche sono oggi considerate una risorsa
fondamentale per lo sviluppo della societa, come dimostrano
concetti quali «economia basata sulla conoscenza» e «societa
del sapere». La grande importanza attribuita alla scienza ¢ par-
ticolarmente rilevabile nei finanziamenti pubblici e privati a
favore della ricerca, che hanno portato ad un’enorme crescita
della scienza: oltre 50 milioni di articoli scientifici sono stati fi-
nora pubblicati, gran parte dei quali nel XX secolo. Annualmen-
te vengono pubblicati pili di un milione di articoli nuovi e at-
tualmente esistono piu di 25 0oo riviste scientifiche nel mondo.

Parallelamente all’aumento dei finanziamenti, negli ultimi
vent’anni i Paesi leader in campo scientifico hanno adottato va-
rie misure per garantire un impiego delle risorse pubbliche piu
trasparente ed efficiente possibile, incentivando al contempo
Porientamento della ricerca ai principali obbiettivi socioecono-
mici. Questi due sviluppi - 'aumento delle attivita di ricerca e
I'introduzione di nuovi metodi di gestione — hanno segnato un
cambiamento fondamentale sia per i ricercatori che per la so-
cieta, incrementando la concorrenza per Pottenimento di fon-
di e la competizione per il numero limitato di posti accademici.
Nel contempo, le procedure applicate per la misurazione quan-
titativa delle prestazioni scientifiche hanno profondamente
trasformato le modalita di pubblicazione dei lavori scientifici:
P’acuita competizione ha fatto si che venissero divulgati risul-
tati provvisori, non verificati o inutilizzabili e puo persino con-
durre a negligenze e irregolarita nella condotta scientifica.

Nel suo programma di lavoro per il periodo 2016-2019 il
Consiglio svizzero della scienza (CSS) si occupa delle conse-
guenze che l'evoluzione della scienza avra in futuro per il si-
stema svizzero dell’educazione, della ricerca e dell’innovazione
(sistema ERI), portando cosi avanti vari lavori del periodo pre-
cedente. Si trattava, da un lato, di comprendere le conseguenze
dell’'aumento dell’attivita scientifica e dell'introduzione di nuo-
ve modalita di gestione. Dall’altro lato, il peso di questi cambia-
menti sul sistema ERI svizzero doveva essere valutato attenta-
mente, al fine di adeguare le riflessioni strategiche generali alla
situazione della Svizzera e alle sue peculiarita.

Nel presente studio il CSS ha deciso di concentrarsi sul-
la biomedicina e sulle scienze della vita, due ambiti priorita-
ri della promozione svizzera della ricerca che contribuiscono a
rendere il nostro Paese competitivo a livello internazionale. In
una prima fase il CSS ha compilato una rassegna delle riforme
piu significative avvenute nel panorama scientifico svizzero e
analizzato a livello internazionale le conseguenze dell’aumen-
to dell’attivita scientifica e dell’introduzione di procedure di fi-
nanziamento e di valutazione della ricerca basate sul rendimen-
to. Questa prima analisi (Report A) ha permesso di formulare
ipotesi che in una seconda fase sono state verificate tramite in-
terviste con ricercatori attivi nell’ambito delle scienze della vita
in seno a vari tipi di scuole universitarie svizzere (Report B).
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La combinazione delle due indagini consente di esaminare le
caratteristiche e i punti di forza della ricerca svizzera nel con-
testo di una scienza globale. Secondo il Consiglio, le conseguen-
ti raccomandazioni sono indispensabili per garantire a lungo
termine la produttivita e la competitivita della ricerca svizzera:

___ Tutti gli scienziati e in particolare giovani ricercatrici e ri-
cercatori dovrebbero poter beneficiare di un sostegno fles-
sibile, differenziato e adeguato, ideato per e con loro. La
loro partecipazione ¢ essenziale sia per lo sviluppo soste-
nibile della ricerca che per una considerazione adeguata
degli interessi della societa.

___ Le iniziative nazionali di promozione creano il presup-
posto per raggiungere obiettivi scientifici e strategici
che richiedono un corrispondente impiego di personale
scientifico, conoscenze tecniche e risorse istituzionali. Di-
mensioni e strutture organizzative adeguate, ma anche un
accurato posizionamento dovranno garantire che spese e
ricavi siano equilibrati.

__ Perla promozione della ricerca, la valutazione qualitativa
dei suoi contenuti ¢ di centrale importanza. Affinché ogni
disciplina scientifica e ogni tipo d’istituzione possa svi-
lupparsi secondo le sue priorita, la valutazione deve tener
conto delle caratteristiche disciplinari e istituzionali. Gli
indicatori quantitativi dovranno quindi sostenere, non so-
stituire, la valutazione qualitativa.

_ Un’attuazione efficace delle raccomandazioni formulate
nella dichiarazione DORA e nel Manifesto di Leida ¢ basi-
lare per rafforzare una valutazione orientata ai contenuti e
per Pefficace introduzione della strategia nazionale svizze-
ra sull’accesso aperto (Open Access). Durante questo pro-
cesso i ricercatori dovranno essere supportati, e questo
vale soprattutto per le nuove leve, la cui carriera non deve
essere ostacolata dall’introduzione dell’Open Access.



General introduction
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The notion of growth is intricately linked to the advance of sci-
ence and a continual expansion of an ever more diversified and
differentiated body of knowledge that results from scientific re-
search. Over the past decades, research activities have expand-
ed considerably, not only in terms of the number of researchers
employed and the scientific publications generated, but also as
measured by levels of public and private investment (see Figures
A, B, and C)." Increases in public investment have been guided
by the conviction that social and economic progress depends on
the unlimited growth of knowledge.? Recent developments ap-
pear to confirm that scientific knowledge has been as important
for economic growth as either human capital or access to nat-
ural resources. In this context, the biomedical and life scienc-
es stand out as they promise to be a key source of discovery and
technological advance in the 21st century, just as physics was in
the 2oth century.® Accordingly, they receive a strong level of pub-
lic and private support in Switzerland, as well as in other estab-
lished and emerging science nations*. For these reasons, the bio-
medical and life sciences are the focus of reflections on funding
and evaluation of research by the council, as detailed below.

During the past three decades scientific research has not
only seen increased financial support, but also an augmentation
in oversight and control by the public sector nationally and in-
ternationally. The latter reflects efforts to distribute public in-
vestments in research in the most efficient manner possible. One
major consequence has been a shift from stable funding at the
level of institutions, to direct project funding that is both lim-
ited in duration and competitively reviewed. The rationale for
this emphasis on project funding is that it would favour selec-
tion of the best proposals by the best scientists.? In parallel one
has seen a growing emphasis on practical or translational pro-
jects, reflecting an attempt by public bodies to target knowledge
and technological development in areas that are considered most
beneficial to socio-economic innovation. In the context of sci-
ence policy, New Public Management (NPM) has come to signi-
fy a shift from a strategy of implicit trust in the scientist and sci-
ence, to one emphasising external control of research activities.
While the latter is thought to ensure more transparency and ef-
ficiency in the distribution of public funding,® the change in ap-
proach is considered by some scholars to reflect a fundamental
change in the way knowledge is produced and transmitted to so-
ciety at large.” The economic expectations placed on scientific
research challenges the notion that knowledge is valuable for its
own sake and emphasises the orientation of knowledge produc-
tion towards economic growth.®

1 See also Bornmann and Mutz 2015 (extended references in Report A).
Bush 1960 (1945).
National Research Council 2009.

>~ w N

As exemplified the national engagement of the US, the world leader in
spending in biomedical R&D: Figure C.

For a discussion in the European context, see Jonkers and Zacharewicz 2016.

(e )]

Hicks 2012.

3

Gibbons et al. 1994; Etzkowitz and Leydesdorff 1998.
8 SSTC 3/2013.
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At a policy level these strategies have been criticised for hav-
ing failed to achieve their desired outcome. It has been argued
that the reduction of recurrent and non-competitive funding
has forced scientists to give preference to more convention-
al lines of research and to abandon riskier, long-term projects.
The latter approach is taken by scientists to ensure that they
can demonstrate progress at the rate necessary to ensure pro-
ject renewal, i.e. be successful in the light of high levels of com-
petition for short-term funding. This change may limit the ad-
vance of knowledge: “If most scientists are risk-averse, there
is little chance that transformative research will occur, thus
reducing returns from investments in research and develop-
ment.”® The necessity for frequent documentation of success-
ful progression in research is thought to have contributed to
overly hasty scientific publishing, and the dissemination of un-
corroborated and irreproducible findings, at an alarming rate
in some fields.'® These developments have renewed the debate
on how to best direct research, such that scientific progress is
ensured," and have provoked a search for means to reduce the
funding of irreproducible research.?

Figures on growth of science
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They have also initiated discussions and reflections on the
current conditions of research by the Swiss Science Council
(SSC)™8, leading to a series of questions regarding research gov-
ernance. Given the international importance of the biomedical
and life sciences and the strength of Swiss researchers in these
fields,' these questions have been taken up in two complemen-
tary analyses. The first is a critical appraisal of national and in-
ternational developments in the funding and evaluation of re-
search drawing on the biomedical and life sciences for practical
examples (Report A). The second is an interview study, man-
dated by the SSC, on the research conditions of life scientists at
cantonal universities, federal institutes of technology and uni-
versities of applied science in Switzerland (Report B). These
two studies allow an assessment of the relevant developments
in Switzerland while taking into account that science has in
many ways developed into a global enterprise. The results of
the two investigations form the basis for a set of recommen-
dations by the Council for the future of the Swiss Education,
Research and Innovation system (ERI). The recommendations
are addressed at scientists as well as university administrators
and the political system.

Total researchers (FTE) per thousand total employment (OECD)
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Figure A: Researchers total, per 1000 employed, 1981-2015, OECD countries
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Researchers are professionals engaged in the conception or creation of new knowledge, products, processes, methods and systems, as well as in the management of the projects con-

cerned. This indicator is measured in per 1000 people employed and in number of researchers.

Source: OECD (2018), "Main Science and Technology Indicators", OECD Science, Technology and R&D Statistics (database), https://doi.org/10.1787/data-00182-en.

9 Stephan 2012b: p. 33.
10 Baker 2016.
11 Sarewitz and Pielke 2007.

12 Munafo et al. 2017.

13 Although the Swiss Science Council has had different names in the last
years, the abbreviation SSC is used throughout the text to refer to the
Council. The references to the publications of previous periods, however,
will use the abbreviations SSIC (Science and Innovation Council) and
SSTC (Swiss Science and Technology Council).

14 As measured by the number and impact (citations) of publications, cf.
SERI 2017.
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Publications explosion

Log (Total number of references)
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Figure B: Segmented growth of annual number of cited references from 1650 to 2012 (citing publications from 1980 to 2012)

Source: Adapted from Figure 2 in Bornmann and Mutz 2015.

Jinha 2010 estimates that more than 50 million research art-
icles have been produced since the year 1726. Larsen and von
Ins 2010'® estimate a 1200% increase in the number of journals
included in the Science Citation Index, for the period 1964-
2009 and a 59% increase in the number of journals included
in the Social Science Citation Index, for the period 1998-2009.

Figure B is taken from the publication by Bornmann and
Mutz 2015. These authors identify three different growth phas-
es and estimate the annual growth rate of global scientific out-
put up to 2010 to be 8-9%. Their analysis is based on the in-
crease in the number of cited references.

The following information is given in the UNESCO Sci-
ence Report, Towards 2030: http://en.unesco.org/node/252282:
Between 2008 and 2014, the number of scientific articles
catalogued in the Science Citation Index of Thomson Reu-
ters” Web of Science grew by 23%, from 1,029,471 to 1,270,425.
Growth was strongest among the upper middle-income econ-
omies (94%), primarily driven by growth in Chinese publi-
cations (151%). USA was the single largest country of origin,
with 321,846 scientific articles in 2014, or 25.3% of world to-
tal, down from 28.1% in 2008, whereas China’s share climbed
from 9.9% to 20.2% over the same period. As a group, the 28

15 Jinha 2010.

16 Larsen and von Ins 2010.

member states of the European Union are the most produc-
tive worldwide. Scientists authored 432,195 scientific articles,
more than a third of world total (34%), representing 847 art-
icles per million inhabitants. However, the four countries com-
prising the European Free Trade Association (EFTA, namely
Liechtenstein, Iceland, Norway and Switzerland) had a higher
publication density than the European Union. Together, they
produced 2,611 articles per million inhabitants. Home to 0.9%
of the world’s researchers, EFTA countries co-authored 2.8% of
the world’s scientific articles, more than the share of Africa as
a whole (2.6%).


http://en.unesco.org/node/252282
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Trends in federally funded research, 1970-2016 (USA)
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Figure C: Trends in federally funded research, 1970-2016, obligations in billions of constant FY 2016 dollars

Notes: “Other” includes research not classified (includes basic research and applied research; excludes development and R&D facilities). Life sciences are split into NIH support for bio-
medical research and all other agencies' support for life sciences. FY 2015 and 2016 are preliminary. Constant-dollar conversions based on Office of Management and Budget's GDP
deflators.

Source: National Academies of Sciences, Engineering, and Medicine 2017. Strengthening the Disaster Resilience of the Academic Biomedical Research Community: Protecting the Na-
tion's Investment. Washington, DC: The National Academies Press. https://www.ncbi.nlm.nih.gov/books/NBK447304/.
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Theses and recommen-
dations by the SSC
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To maintain and reinforce the high level of productivity that
Swiss science currently enjoys, the liberty to perform inno-
vative research is of central importance. Given that public re-
sources for research will probably not increase substantially in
the near future, the proper allocation and governance of exist-
ing funds is increasingly important. The following recommen-
dations are guided by an understanding that a balanced system
of public research funding should maintain diversity in re-
search endeavours, support them in a flexible and comprehen-
sive manner, and provide an adequate evaluation of research
proposals and results that does not interfere with the research
process itself.

Strengthening the role of researchers
in the Swiss ERI system

The scientific community should be given a preeminent role
in decisions concerning the implementation of funding instru-
ments. It is by this that differences between various fields can
be properly taken into account, so that each discipline is ap-
propriately evaluated and receives the adequate level of fund-
ing. Differences in the overall direction and content of research
performed at various academic institutions should be taken
into consideration. For science to advance and consider the
interests of society, funding and evaluation procedures must
be developed in a differentiated manner. Individual research-
ers should have the opportunity to take on responsibilities ap-
propriate to their scientific fields and professional positions. In
this context, the adequate promotion and support of junior re-
searchers is of preeminent importance for the advancement of
science. Procedures should be open and flexible to allow the
advancement of talented scientists, taking into account indi-
vidual potential, discipline specific training, as well as familial
obligations. Women scientists often face the most demanding
years of their career (such as tenure-track or clinical training)
during childbearing years. Therefore, attention to career struc-
ture and flexibility with respect to career timing for women
scientists is essential to ensure their successful integration
into the research landscape. Only then will more women as-
sume positions of responsibility and leadership (professorships,
heads of divisions). Similarly, medical training requires flexible
research funding, so that medical and research training can be
reconciled, ensuring the promotion of junior scientists.
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Recommendations

__ The Confederation, the cantons and funding agencies
should implement optimal funding and evaluation proce-
dures with and for researchers. Programmes such as “Re-
search performance in the humanities and social sciences”
(swissuniversities) should serve as a model, with the aim
of adapting and improving the current system. Other
initiatives, such as “We scientists shape science” (Swiss
Academies of Sciences), are playing an important role in
raising awareness on issues of central importance to the
current conditions of research.

___ Appropriate measures should be taken to ensure flexible
age deadlines for career development programmes, so that
the period of training can be extended, if professional and /
or familial obligations restrict progress. Diversity in the
research workforce and women role models for students,
post-docs and Doctor of Medicine (MD) trainees are im-
portant if Switzerland is to maintain world leadership in
research and innovation.

___ Innovative research projects by junior scientists should be
promoted specifically to foster early independence and re-
tain talented scientists in the Swiss system. Direct rejec-
tion of proposals by junior researchers based only on their
publication record should be avoided.

__ National surveys should be performed at regular intervals
as a means of providing comprehensive and systemic in-
sights into the working conditions of scientists in Switzer-
land, and also of identifying novel developments and their
impact on publicly funded research.

Ensuring balanced public
research funding

Switzerland strives to achieve an optimal balance between
competitive and institutional funding in its public support for
research. The aim is to guarantee that researchers receive ade-
quate support for innovative research while also ensuring that
the autonomy of academic institutions regarding decisions of
strategic importance is preserved. A strong Swiss ERI system
relies not only on diversity and freedom of research but also
on continuity and sustainability. Historically, advances in sci-
ence have often been the result of “blue sky research”, conduct-
ed without any expectation of practical application of novel
knowledge. Support for so-called high-risk, high-gain research
should therefore be included among the aims of funding agen-
cies which ought to avoid placing research projects into differ-
ent categories on the basis of perceived risk.
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One of the strong points of the Swiss ERI system is the comple-
mentary nature of higher education institutions in our country.
Research at universities of applied sciences differs fundamen-
tally in direction, scope, duration and output from research
conducted at cantonal and federal universities. Funding and
evaluation procedures should take into account the special
place and mission of the universities of applied sciences in
Swiss research, in particular so that the different nature of the
various kinds of institutions do not become indistinct through
a competitive funding system primarily designed to meet the
needs of university-based research.

Recommendations

__ The aim of competitive funding is to promote innovative
research. To achieve this goal, the level of competition
should be neither so high that researchers are given the
wrong incentives nor so low as to make them unproductive.

_ The funding system should provide sufficient opportuni-
ties for both basic and applied research. Concerning the
former, top-down directives predetermining thematic
choices should be minimal. In relation to applied research
projects, funding instruments aiming at specific applica-
tions should be clearly delineated regarding direction and
scope, in order to facilitate the choice of the proper fund-
ing instruments by researchers.

_ The promotion of so-called high-risk, high-gain research
is an important goal. It should not be confined to a sin-
gle funding scheme, but it should be reflected in the ambi-
tions and procedures of science funding in general.

___ The ability to initiate novel, exploratory projects, as well
as the continuity of research endeavours within the uni-
versities of applied sciences depend on a balanced and se-
cure funding composed of competitive (mostly federal)
and institutional (mostly cantonal) means. This requires
that both parties assume responsibilities corresponding to
their respective roles.
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Making the most of large-scale
research initiatives

Large-scale initiatives are a key means of promoting research
in areas that have been deemed important not only scientif-
ically, but also in socio-economic terms. They can be indis-
pensable for projects that require the pooled efforts and joint
resources of multiple research groups and institutions. How-
ever, they also involve a substantial commitment of funds and
scientific personnel, and often involve a disproportionate in-
vestment of administrative effort. The benefits of coordinat-
ed action in very large networks may be counteracted by the
formation of sub-groups and internal competition. It is impor-
tant that realistic goals be accompanied by appropriate com-
mitments in terms of resources. The results of prior initiatives
should be taken into consideration and redundant efforts re-
garding “fashionable topics“ covered by other national science
systems should be avoided. Evaluation procedures should be
suited to the goals, size and organisation of the initiative.

Recommendations

__ Large-scale initiatives, especially as described in Art. 41
RIPA, should remain exceptional. They should be used
only to promote research in areas that are deemed ex-
traordinarily important not only scientifically but also in
socio-economic terms. Initiatives involving administrative
and communication activities disproportionate to the sci-
entific, socio-economic aims should be avoided.

_ Large-scale initiatives should aim to identify strategic
niches on the basis of the particular strengths and require-
ments of the Swiss ERI system. “Switzerland too” initia-
tives should be avoided.

___ Optimal implementation requires precise goals. The over-
all strategy, management and evaluation procedures need-
ed to achieve these goals should be clearly stated from
the outset. In particular, evaluation procedures should be
tailored to the size and nature of the initiative.

__ “Exit strategies” should be devised in due course to guar-
antee implementation and sustainability of results.
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Evaluations fit for purpose

A national strategy taking into account the diversity of discipli-
nary and institutional requirements for a differentiated evalu-
ation should be promoted. For this purpose, it is essential not
only that assessments of research projects be based on content,
but also that those performing the evaluations be chosen for
their know-how and be given sufficient time. Any failure to do
so can easily result in evaluations that merely judge “track re-
cords” in the form of publication lists. If applied properly, quan-
titative indicators can complement experts’ judgement in an
informative manner. However, in recent years such indicators
have been used increasingly as a substitute for qualitative eval-
uation, a practice that has given researchers wrong incentives
and threatened scientific quality. In response, initiatives aimed
at improving current evaluation practices, e.g. DORA and the
Leiden Manifesto, have been launched by members of the sci-
entific community. These initiatives are important not only for
scientists, but also for research administrators, funding agen-
cies and higher education institutions. While the introduction
of Open Access can - in some contexts — provide an opportuni-
ty to improve current evaluation practices by reinforcing quali-
tative assessments, top-down enforcement of Open Access can
also have negative consequences.

Recommendations

___ Proposal evaluations should be content-based and for-
ward-oriented. They should emphasise the scientific
impact, i.e. the novelty, originality, and feasibility of a
proposal in the context of the scientific field. The track
record of the applicant should inform the decision, but
not determine it.

__ Evaluation of results should take place at a low frequen-
cy and follow appropriate formats that permit the publi-
cation of comprehensive works and avoid “journal impact
hunting” and “least publishable units” strategies. Suffi-
cient time and resources should be provided for the evalu-
ation processes, so that a qualitative evaluation is pos-
sible and the recourse to an evaluation based primarily on
quantitative indicators is avoided.

___ Opportunities for exchange between applicants and grant-
ing institutions, such as more detailed comments on an-
nual reports provided by grant holders, should help make
the system more efficient.

___ Bibliometric criteria should be applied with restraint tak-
ing into account their advantages as well as their method-
ological limitations. The recommendations provided by
DORA and the Leiden Manifesto should be embraced. The
application of improved bibliometric indicators should be
promoted.
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___ Evaluation criteria from the natural sciences should not
be imposed on the social sciences and humanities, as do-
ing so could introduce false incentives and weaken an es-
tablished scientific culture.

___ Evaluation of research carried out within the universities
of applied sciences should not only take publ