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Abstract

Using a structured systematic comparative approach, this study analyses differences in (basic) research grant funding be-
tween the main academic research funding agency of Germany (DFG) and the main agencies of five other countries (FWF
in Austria, SNSF in Switzerland, NWO in the Netherlands, UKRI in the UK, NIH and NSF in the USA). A systematic survey of the
literature was used to identify differences in research grant funding which may impact on research outcomes, among them
overall funding levels, funding portfolio, success rates, differences in grant design such as lot size and grant duration, the
amount of overheads paid as well as differences in review criteria. There is little causally robust empirical literature on the
impact of competitive research grant funding, other than that its share in overall funding and grant design matter. There are
maijor differences between the grant funding agencies, both in terms of funding levels or success rates, but also in ferms of
grant design and peer review, which are likely to impact on research outcomes. Overall, the Swiss SNSF is the most generous
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NIH feature the lowest success rates. The Swiss, German and Austrian agencies put little emphasis on the economic impact
of the research they fund by contrast with the Anglo-Saxon and Dutch ones. Overheads paid vary from none paid at all
(FWF, NWQO) to full reimbursement (NIH, NSF). Differences in overheads paid together with senior researchers being able to
have their salary funded by grant funding (to buy out their teaching time) may lead to different dynamics in the growth of
the scientific enterprise in a country.
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Section 0 (Executive Summary)

Using a structured systematic comparative approach, this study analyses differences in (basic) research grant
funding between the main academic research funding agency of Germany (DFG) and the main agencies of five
other countries (FWF in Austria, SNSF in Switzerland, NWO in the Netherlands, UKRI in the UK, NIH and NSF
in the USA). A systematic survey of the literature was used to identify features of research grant funding which
may impact on research outcomes (quality, quantity, direction of research, as well as productivity of researchers).
We first point out structural differences between the DFG and the other agencies with respect to such features,
before we summarise the potential impact of these differences on research outcomes.

Structural differences between the DFG and other agencies

Differences in the context for science funding

The agencies fund research activities in different contexts, framed by the higher education system, overall funding
levels of academic research, the mission focus and governance structures of the agencies as well as overall
scientific performance. The DFG operates in a chair-based higher education system, with a lower share of tenured
researchers than in systems featuring more department-style university organisation as in the UK, the US or in the
Netherlands. Non-tenured researchers may be more risk averse when they apply for grant funding to secure their
position. At the same time, grant funding enables early career researchers to pursue their own lines of research,
avoiding the limitations of hierarchically structured universities.

The share of the DFG’s funding — i.e. the share of competitive grant funding - in total research funding of the
higher education sector is higher than in Austria, similar to the Switzerland and the Netherlands, but (much) lower
than in the UK and in the US. Block funding in Germany is not allocated using strict performance-based budgeting,
similar to Austria, Switzerland and the Netherlands, but different to the UK and the US, where almost all of
(academic) research funding is peer-reviewed (either ex-ante, through grant funding, or ex-post, through the
Research Excellence Framework). The absolute level of DFG funding (per researcher) is also at the low end of the
countries examined (except for Austria), while Switzerland, the US and The Netherlands spend more per researcher
on grant funding. Overall this means that incentives set by competitive funding are rather low in Germany.

The DFG is set up as a research funding agency where academic researchers have a formal say in the DFG’s
principles and funding policies (academic self-governance), similar to the SNSF and the FWF; the other agencies
are governmental agencies with only advisory roles for external academic researchers. Within its mission focus,
the DFG is together with the FWF probably least targeting economic or societal impacts which may result of the
research it funded. The DFG organises funding activities in a centralised, non-discipline specific way, similar to
the SNSF and FWF, leading to an accessible funding menu for researchers by comparison with much more
complex decentralised or discipline-specific agencies such as NIH or NSF, or by comparison with the 7 UK
Research Councils.

Finally, the “performance” of German academic research is below that of the other countries examined in particular
regarding universities. This may influence the choice of funding initiatives, e.g. more spending on funding schemes
which build research excellence, such as the excellence initiative.

Differences in the funding portfolio

Similar to other countries, the DFG’s main (single) project funding scheme “Sachbeihilfen” is the most important
funding scheme, at about 30% of total. Unlike many other agencies, the DFG does not have a dedicated scheme
for funding early career principal investigators, but it does have specific review criteria for them in the standard
project funding scheme. Where the DFG stands out is the high share of structural priority funding in the form of
the “excellence initiative”, due to its funding of German universities with a view to increase their research
excellence; and its low share of “translation” schemes (similar to the FWF, dedicated schemes for R&D
collaboration, applied research, commercialisation schemes, do not exist within the DFG with the exception of
clinical trials and the possibility to propose translational follow-up projects within the main project funding
scheme). In terms of change in the shares of funding schemes, the DFG in line with other agencies has significantly
raised the share of spending on research infrastructure (except for the FWF which does not have an infrastructure
scheme).
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Overall, the diversity of the DFG funding schemes is quite high, both in terms of the share of the three largest
funding schemes as in terms of distinct funding schemes, only behind the NIH (NSF, NWO and UK data are
limited for this purpose though). A high diversity enables agencies in principle to try different approaches and
choose more effective ones based on evaluation, as well as responding to a variety of researchers’ needs and
characteristics (such as the challenges involved with interdisciplinary funding, support of early career researchers,
high risk projects etc.).

In terms of the share of disciplines in research funding, the European countries are much more similar than the
US, which due to the dominance of the NIH spends relatively much more money on medicine. As the other
European agencies, the DFG spends most on natural sciences, although the share has been declining and is lower
now than in Switzerland. Medicine is comparable across the European countries at a bit more than 20% (except
for Austria, where it is lower), engineering is much higher in Germany than in Switzerland, Austria, the UK or the
US. Social sciences and humanities are at a comparable value in the DFG and the UK at around 15%, higher in
Switzerland and Austria at above 20% and much lower in the US.

Differences in grant design and characteristics

Concerning the main (single) project funding scheme, the success rate of 30% at the DFG compares favourably
with the agencies of the other countries, with the exception of the SNSF (48%) and some smaller UK Research
Councils. However, this is partly due to lower average lot sizes by comparison with most other agencies and a
lower number of applications. By discipline, the DFG shows the highest success rate in engineering, although it
aims at rather uniform success rates across disciplines; the SNSF shows higher differences between disciplines.
The standard duration of single projects at the DFG is at the low end with 3 years, similar to the NIH and the NSF,
but lower than in Switzerland and Austria (up to 4 years), the UK Councils (up to 5 years) and in the Netherlands
(up to 6 years). However, a specific long-term proposal is possible of up to 12 years, and the standard grants can
be renewed at a much higher success rate than new grant applications (similar to the NIH, although renewal is
even more common there), compensating potentially both small lot size and short funding duration.

The DFG, FWF and SNSF single project-funding schemes are generally curiosity-driven, bottom-up schemes by
contrast with the other agencies which often accommodate a mix of investigator-initiated and solicited research,
with up to 40% of projects funded as solicited research. Moreover, other agencies fund research much more in
thematic frameworks, providing a discipline-specific or challenge-driven context for research funding.

Regarding cost reimbursement, the DFG pays an overhead rate (indirect costs as a share of direct costs) of 22%,
comparable to the SNSF (20%). NWO and FWF do not pay overheads whereas the US federal research grants
cover in principle full indirect costs, which differ depending on the research institution from close to 30 to up to
69%; the average is around 50%. The UK follows a different system by paying 80% of full economic costs to the
research institutions, including the research time of the principal investigator.

Peer review at the DFG is similar to the other agencies in that it follows a three stage process to ensure overall
quality of the review process. Reflecting their academic self-governance, only in the DFG, FWF and the SNSF are
second stage reviewers elected by the scientific community rather than chosen by the agency. Reflecting mainly
country size, the DFG invites national and international reviewers for the first stage review, while smaller countries
such as Switzerland mainly look for reviewers abroad, and the NIH and NSF look for reviewers mainly nationally.

The DFG does not assess non-scientific project merit, such as potential economic or societal impact, or the
potential use of the knowledge created outside science, as is the case in all other agencies except for the FWF (at
the SNSF, this concerns only self-declared use-inspired basic research projects). The amount of feedback provided
to applicants is similar to other agencies; EPSRC and NWO send in addition first stage reviewer comments to the
applicants, so that they can respond to the reviewers’ comments.

Overall, the most pronounced differences across all agencies are the following:

Spending levels per capita/researcher differ by a factor of 3 between the bottom and the top agency. The share of
the agencies’ funding in total research performed in the higher education sector varies between 8 and 55%,
implicating significant differences in the way research is conducted.

Grant success rates range from almost 1 in 2 proposals granted to less than 1 in 5, again considerably affecting
the research enterprise. Funding durations vary between 3 to 6 years (and in specific cases even up to 12 years),
but are partly mediated by grant renewal, which is quite common in some agencies and not possible at all in others.

WIFO



-3 -

Differences in funding portfolios are biggest with respect to “translational” schemes, including applied research,
R&D collaboration with firms, commercialisation, etc. Correspondingly, the split between funding of applied and
basic research ranges from 50% basic and 50% applied to almost exclusively basic. Differences in funding policies
are biggest with respect to the mix between bottom-up funding of researcher-initiated projects (curiosity-driven)
and more top-down approaches (with some agencies achieving close to 100% bottom-up funding and others 40%
of solicited research in standard project funding), or thematic umbrellas for researcher-initiated projects.
Differences in peer review are most pronounced with respect to whether only scientific merit is assessed, or also
non-scientific impact, and whether applicants can respond to reviewers.

The reimbursement of indirect costs and the wages of (tenured) principal investigators - some agencies are not
paying any overhead rate or wages of the principal investigators, while others grant full reimbursement of indirect
costs and allow for either a teaching replacement or buying out research time.

Potential impact of differences in research grant funding on research outcomes

Despite a large literature, robust causal evidence for the impact of differences in research funding on research
outcomes is rare. It often comes from standard single project funding and US biomedical research and relates
mainly to the share of competitive funding in total academic research funding, as well as to receiving a competitive
grant rather than block funding; and to indications that grant funding design matters, without being able to exactly
pinpoint which differences matter in which way. Any link of structural differences in basic research grant funding
to research outcomes needs as a result to be interpreted with care.

Potential impact differences will mechanistically arise out of the different focus of spending in terms of the various
funding schemes outlined above, e.g. in terms of infrastructure and translational spending. Furthermore,
independent of composition, the overall share of competitively allocated funding in total research funding should
generate an impact on “quality”. Competitive funding in both grant and block funding is particularly high in the
UK and the US (almost exclusively grant-funded), while the Swiss SNSF has also very high funding per higher
education researcher, although Swiss block funding is large and formally not allocated on a competitive basis.

When success rates are too low however, a high share of competitive funding can be very frustrating for researchers
and lead to “hypercompetition”: Low success rates limit the productivity of researchers and reduce the
attractiveness of research institutions in countries faced with low success rates; they may lead to higher risk-
aversion of researchers, in particular in combination with the employment situation of the researcher (whether she
is on a fixed-term or permanent contract).

It seems to be easier to influence the quantity and direction of research than the quality of research. There are
major differences between countries in the thematic context in which research proposals are submitted, between
purely curiosity-driven, researcher-initiated within pre-defined fields and solicited research. In countries with a
higher thematic orientation we expect a corresponding impact on quantity and direction. E.g., the US should have
a much larger share in medicine-related articles than Germany — controlling for size.

More fundamentally there is barely any systematic evidence on how the choice of research topic is related to the
impact on research outcomes, including the question on whether there is a trade-off between “quality and
direction”. This concerns both the micro-level, in terms of researcher-initiated, bottom-up choice of research
question vs. solicited, top-down choice, and the “macro” level, in terms of the governance of funding agencies
(with the scientific community deciding mainly by itself what to focus on or with outside (governmental, societal)
influence on the choice of research topic). It is neither clear whether more top-down competitive grant funding
does achieve more benefits for society and the economy, nor whether purely curiosity-driven funding does achieve
higher “quality” in terms of research outcomes.

More research is also necessary to formulate hypotheses on any impact from differences in the way peer review is
organised. However, beyond a quality threshold, the way peer review is done may matter less for research
outcomes than funding levels, success rates, and other grant features. Longer-term research horizons may foster
risk-taking and lead to more breakthrough science; however, they may also foster specialisation in specific research
strategies and discourage changing to new research lines. Renewability of grants may also act together with large
lot sizes to provide continuous competitive funding of larger research groups, with again competing effects in
terms of long-term research horizons and specialisation in established lines of research.

Full indirect cost reimbursement and refundability of the wages of principal investigators can dynamize the
scientific enterprise in a country, through more dynamic scientific labour markets and faster growth/differentiation
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of science, provided that funding by agencies keeps increasing; otherwise “hypercompetition” may result, in
particular when non-tenured researchers are entirely funded by grants, rather than when tenured researchers buy
out their teaching time or have their research time covered by a grant.
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1. Introduction

Objectives of the study

This study aims at a systematic international comparison of the agencies responsible for basic research grant
funding with a view to pinpoint structural differences between them which could impact on research outcomes
(the quality, quantity or direction of research). We refer to these agencies also as “basic research grant funding
organisations”. We want to emphasise that this does not mean that the agencies only fund basic research — while
some overwhelmingly fund basic research, others also fund research of a much more applied nature, and even
developmental activities (e.g., close to 50% of the NIH funding is applied research, by comparison with 13% for
the NSF; according to the UK Medical Research Council, two thirds of their funding goes to basic research, one
third to applied research).! The distinction between basic and applied research is often fuzzy and some countries
do not report statistical data on R&D by type of R&D (whether basic or applied research, or development). It is
more appropriate as a result to talk about “(academic) science funding agencies”, although some agencies also
fund researchers in firms. We compare the main organisations in Germany (German Research Foundation DFG),
Awustria (Austrian Science Fund FWF), Switzerland (Swiss National Science Foundation SNFS), the Netherlands
(Netherlands Organisation for Scientific Research NWO), the UK (the new umbrella organisation UKRI along
with the seven original Research Councils: AHRC Arts & Humanities RC, BBSRC Biotechnology & Biological
Sciences RC, ESRC Economic & Social RC, EPSRC Engineering and Physical Sciences RC, MRC Medical RC,
NERC Natural Environment RC, STFC Science and Technology Facilities Council) and the US (NIH National
Institutes of Health and NSF National Science Foundation). Except for Germany (the main interest of our
contracting authority Commission of Experts for Research and Innovation EFI) and Austria, we selected these
countries because of the performance of their science systems (section 4.1.4).

The objectives of the study as commissioned are in more detail as follows:

e Aliterature survey to identify characteristics of grant funding which can serve as a basis for a systematic
comparison of basic research grant funding, based on the potential impact of these characteristics on
research outcomes, inter alia of grant size, funding duration, success rates, review criteria etc.).

e Aninternationally comparable data base of the funding portfolios of the different agencies.

e Using these data, present the main characteristics of the activities of the agencies and changes of these
characteristics, such as changes in the funding portfolio, in the timeframe 1997-2017.

e Based on the literature survey, interpret the differences between agencies and link them to potential
impact on research outcomes.

Methodology and Study Outline

Our comparison is first based on a survey of the available literature on the potential impact of differences in the
amount and in the way grants for basic research are allocated to researchers and institutions (section 2). The survey
aims to be systematic in that it points out methodological differences between studies in particular as regards the
statistical nature of the relationships between the variables studied (from conceptual to causal econometric). This
survey leads to a range of characteristics at the level of the basic research grant funding organisations and at the
level of individual funding schemes or instruments for which we look out when comparing the agencies (section
3.1).

I The OECD (https://stats.oecd.org/glossary/detail.asp?1D=2206, and Frascati Manual, 2015) provides the following definitions: Pure basic
research is research carried out for the advancement of knowledge, without working for long-term economic or social benefits and with no
positive efforts being made to apply the results to practical problems or to transfer the results to sectors responsible for its application. Basic
research is experimental or theoretical work undertaken primarily to acquire new knowledge of the underlying foundations of phenomena and
observable facts, without any particular application or use in view. Oriented basic research is research carried out with the expectation that it
will produce a broad base of knowledge likely to form the background to the solution of recognised or expected current or future problems or
possibilities. Applied research is original investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards
a specific practical aim or objective. Experimental development is systematic work, drawing on knowledge gained from research and practical
experience and producing additional knowledge, which is directed to producing new products or processes or to improving existing products
or processes. For type of R&D in US federal R&D agencies, see https://www.nsf.gov/statistics/2018/nsb20181/tables/tt04-17.

WIFO



https://stats.oecd.org/glossary/detail.asp?ID=2206
https://www.nsf.gov/statistics/2018/nsb20181/tables/tt04-17

-6 -

In section 3, we provide characterisations of the agencies based on the same structure across all countries, notably
a classification of the various funding schemes of each funding organisation according to a classification of types
of funding schemes which we developed for the purpose of this study. This leads to long lists of funding schemes
(altogether 241) which took up a considerable amount of resources but were nevertheless necessary as a
precondition for developing an internationally comparable analysis of funding portfolios. The descriptions of the
agencies in section 3 are self-contained, as they were individually sent for validation to the agencies. The
comparative perspective is developed in section 4 which first describes the context for the agencies’ activities,
including the structure of higher education systems, the R&D funding landscape, differences in mission and
governance of the agencies and the performance of the science systems. It then looks at differences in aggregate
funding levels, i.e. at the relative amount of competitive grant funding in the various countries and at differences
in the funding portfolios across the various agencies. Finally, it looks at differences in how the agencies allocate
the money, using particularly the example of single project funding schemes, their cost reimbursement modalities
and their peer review criteria.

Section 5 summarises the findings from the comparative analysis, stressing important structural differences
between them and linking them to potential differences in the impact on quality, quantity and direction of research,
using the insights from the literature survey.

Limitations

To the best of our knowledge, this study is the first of its kind to look more deeply into basic research grant funding
from an international comparative perspective, often requiring own desk research rather than being able to use
available sources. This leads us to the limitations of the study which are mainly linked to the limited budget and
time available (the study was conducted between May and September 2018): The literature survey presents as a
result a selection of the most important available literature, rather than a full list of all the relevant literature. Given
241 individual funding schemes to assess, we often take the agencies” own description of their schemes from their
websites as a starting point and use this as well as the available application documents (information for researchers
who want to apply to specific schemes) as a basis for our assessment in terms of funding type and characteristics.
In fact, a considerable part of the work involved going through the application guidelines of the 241 schemes, as
they provide a lot of information on the funding scheme characteristics. This leads necessarily to a bird’s eye
perspective which cannot go into the detail of each individual funding scheme, but which establishes important
general features such as whether funding schemes invite researcher-initiated proposals or solicit proposals
according to pre-defined research questions, whether they are discipline-specific, etc.

The funding organisations are different in many ways, not just in terms of what they fund, but also in terms how
they fund (e.g., with respect to reimbursable costs, funding duration, etc.) and how much data they got on their
activities. In most organisations, we had invaluable contacts to help us understanding their data and structures (see
annex) and we want to express our gratitude for these efforts. In spite of the best efforts of our contacts, some
agencies simply do not keep track in a systematic and detailed way of the money spent in detailed funding schemes,
so that the quantitative characterisation of the funding portfolios of the Netherlands, most UK Research Councils
and the US NSF is limited to more aggregate levels than necessary for a detailed comparison of funding portfolios;
the financial information provided by these agencies e.g. in their yearly reports is structured in a more aggregate
way than the funding schemes presented to researchers willing to apply for funds. The German DFG, the Austrian
FWEF, the Swiss SNSF and the US NIH by contrast provide detailed information on the funding schemes. Overall,
the NIH provides the most detailed and publicly accessible information on what it spends money on and how,
including success rates.

Moreover, we could not establish contact with all the agencies analysed, in particular with some UK Research
Councils (AHRC, NERC, STFC), so that information on them is particularly sketchy.

After assessing the general data availability, we also prioritised some funding schemes over others to gain a fuller
set of data. We focused on the standard research grant funding to principal investigators, which is present in all
research funding organisations and probably most comparable across countries; it is usually also the scheme for
which data availability is the best. Many other funding schemes (e.qg., related to careers or to thematic priorities)
are often more context-specific and would certainly require more effort in terms of understanding differences
between them, even if data on them were available more consistently. Our study should hence be seen as a first
step towards a more systematic understanding of basic research grant funding in different countries, providing a
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rough picture of important differences between agencies and their funding policies. Apart from more information
on funding schemes other than individual research grant funding, there are also other characteristics, such as the
detailed differences in the way peer review is conducted, which clearly need more work and a higher budget than
was available for our study. We are grateful for any comments and help which readers of the study have
(Juergen.janger@wifo.ac.at). However, despite these difficulties, we hope that our study led to a considerable
range of findings which shed much more light on the differences in the amount of competitive grant funding
available in each country as well as in the allocation procedures of the available funds, and the way this may impact
on research outcomes.
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2. Differences in basic research grant funding and their potential impact on research
outcomes — a review of the literature

2.1 Anoverview of the literature

In this review of the available literature, we present a broad overview of studies relevant for assessing how
differences in basic research grant funding may affect the quality, quantity and direction of science or research, or
the scientific productivity of researchers. A clear limitation of this survey is that it is mostly relevant for the classic
project-based principal investigator (PI) funding, whereas the agencies usually run many more funding schemes,
such as with respect to career development and infrastructure investment. Surveying the literature pertinent to
these other funding schemes is outside the scope of this study.

We classify the available literature according to the strength of the relationship it finds between features of grant
funding and our outcome variables of interest, i.e. quality, quantity and direction. For most of the literature, we
provide a rough classification according to the following steps:

i) Mechanistic (the relationship follows logically from the grant features, no literature necessary to
show a relationship);

i) Conceptual reasoning (hypothesizing relationships based on the likely impact of grant features,
but without data underpinning the relationship);

iii) Qualitative-descriptive (quantitative or qualitative data are used to describe a potential
relationship)

iv) Correlation analysis (using data, but not able to show causality)

V) (Causal) econometric

Furthermore, we indicate the geographic and institutional context of the findings. We use the term “quality” very
broadly to denote concepts such as novelty or creativity; the papers reviewed mostly use some form of bibliometric
indicators to indicate “quality”, e.g. as in relative citation frequencies. The terms quality, quantity and direction
refer to features of the research funded, but often the impact of the research grant may also be with the productivity
of researchers, i.e. e.g. higher quantity of articles published, or higher average quality over time for a given
researcher.

While addressing objectives of higher quality or changed directions may be achieved relatively easy through e.g.

increasing overall funding (funding more projects) or shifting funding to different areas, disciplines or problems,

the main challenge for grant-based research funding is spotting “good” research (as in its potential for originality,

or novelty, etc.). Funding decisions aim at avoiding both type | errors — funding the project although it should have

been rejected — and type Il errors — rejecting the project, although it should have been funded. To overcome the

information asymmetry between the funder and the researcher asking for funds, every research grant funding

organization practices peer review in various forms. Does the way peer review is organized potentially influence

the quality, quantity and direction of research? But not just the way the review is organized, many other features

of grant-based research funding may impact on the quantity, quality and direction of research, such as success

rates, funding horizons, investigator-initiated, curiosity-driven vs needs-oriented, solicited research etc.

And research outcomes are not just due to the properties of the basic research grant funding system but will also

be influenced by the context of the research system, such as by other funding sources for basic research (e.g., block

funding in the form of general university funds GUF), research organization and career structures in the institutions

hosting the researchers. In the following, we provide a rough overview of the following topics in a summary table.
1. Top-level characteristics (Funding levels, effect of obtaining grant funding, characteristics of agency)

Characteristics of individual funding schemes/instruments

Peer Review Process

Refundable Costs

Translation

Interaction effects of research grant funding with other conditions for research

oo wP

WIFO



OdIM

(youessal

[ea1pawolg SN ‘siueib
[AHH "SA HIN) s8ouaios
34| d1Wapede SN

109149 Ing ‘quawiuiodde

IWHH 0198}y
10} 2L118WOU0DS [esne)

(TT0Z ‘osue|A - UIAIZ JJels) - Aejnozy) Alljenby/Ainuenb oy
Janew 0] A|ax1] aJe ssa004d MaIAal ‘alnie) JO 8duURIS|0] ‘UoKRINp Bulpuny ul sedualaiq

ubisap
el Ul saoualayIp 4o ajpung

sjuUBWINIISUI/SaWaYds Bulpuny

[enpIAIpuUl JO sonsidaoeIey) 2

yaJessal |edlpawiolq SN

xapul Allunuoddo
Uajeay paseq
-9aue.Insul/sIsAjeue
UO11e|3.4109 UO paseq
‘Buluosea. jenidasuo)

(STOZ ““1e 18 OBA ‘8T0Z "I 18 0YeuUNlIO) Papasu oeqpas) ‘SaAluadul YbISIano
Jeuonippe ‘aAndadsiad [e18190S © WOy [ewndogns si Spuny 4O UOITEIO||B/UOIIBIIP

Uuo UMO I3} U0 SUIprodp sisnualos jey; Junsodsns ‘uonemdod jo spasu

Yireay uey Jayies ‘uoneaoje Buipuny pue yoseasal snoinaid smojjoy Buipuny yoseasay

Aouabe Jo $a1n19NJ1S UoISINaQg

(youeasal [ealpawolq
Sn) welb ToY HIN

21118W0U093 [esne)

(9TT0Z "eTTOC ‘Ua46)97 - qoder)
[9A3] [enplAlpul 3yl 1e (uonealjgnd jeuonippe auo) Aliananpoud Jaybiy reymawos

JueIb e BulAlBday

ueder
u1 sp08loid youessay

3|qeysinbunsip
AJJea|d 10U 1984)8
Juswileal] "SA UOI]I3|aS
ng ‘a1118Wou093

(810C ‘usiem - 887 - Buem)

(senisianiun doy ul 10U SIBYIJLISA ‘UBLLIOM ‘S10SS8)04d JURISISSE) SIBLIRasal SNiels
Jamo| 10 10U Ing ‘Spuny »20|q [euJalul Ag papuny asoys 0] patedwod Ayjaaou Jaybiy
aney abeiane uo spuny annnadwod Aq papuny s19afoad :jans| [enpialpul syl 1e Aiend

SaNISISAIUN SN

JL11sWouU0J9 |esne)d

(yaaeasas anoadwi 01 suelb yaseasal aannadwod Jo [aA3s] Jaybiy e Aq pasiAiuadUI

ale Aay1 a1 “(0TOZ ““Te 18 uolyby) Buipuny yoaessal 1oy siuelh aannadwod uo

alow BuiAjal ybnoayy +6°3) uonnadwod alow adey pue snowouone Yylog ate Asy) uaym
ndino JsyBiy aonpold sanlisIsAIuUN 33| Jeuonninsul ayl xe AinuenbyAenb Jaybiy

Buipuny yoressal
[e101 ul Buipuny jueib youeasal
21Seq aA1l11adwod Jo areys

Sojel SSadadns

MoOJaq 995 ‘(YaJeasal
[ealpawolg sN)
aseaJoul 186png HIN SN

Buluoseas
[en1daouo)/onsIuBYI3IN

(s100loud

aJow ueyl Jayted 1abbiqg “a°1) (ZT0z ‘ueydsis) sresuadwod ued sazis 10| se Ayuenb Jaybiy
0] pea| A|11esSSa2au 10U Op Saled $$929Ns JayBiy ‘Janamoy siayareasal Jo Alianonpoud

pue yaJeasal Jo Alnuenb ‘Alifenb Ajfenusiod aousy pue (MO]aq 8as) Sl SS3IINS S108)Y

s|ana| Buipuny jueih youeasas
21Seq aAII1IadWOI ||_IBAQ

Aouabe Jo sonsiigioeaeyd ‘Buipuny Jueab Buiurelqo Jo 19349 ‘sjans] buipu

N4 :sonsiasyoedeyd [ons|-do] T

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 daydaeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey

a4nyelall] 8y Jo MaIASJ € — SBW0IIN0 Yaeasal Ym Buipuny juelb Jo sonsLisioeseyd Jo diysuonelsy :T ajqel




OdIM

VIN

2NSIUBYIBIN

(s108foad atow Jeno
peaids aq ued Asuow Jo Junowe paxiy e) uoieinp Buipuny pue sayel $S829ns saduanjju|

$9z1S JueIb107]

yaJdeasal (Jearpawolq) snN

Buluoseas jenidasuo)

(¥T0Z "I 39 sWaqly ‘¢T0Z ‘ueydais) enusiod
uone|sue] ayelpawwi Jaybiy yum s1vafoad yoreasas wusl-1oys 01 pasoddo se ‘sepuabe
yoJeasal [eluawepuny ‘wusl-Buoj alow ‘Bunfel-ysi aiow ybnoayy Alfenb taybiH

(¢T0C

V/N 211S1URYIBIN| ‘ueydais) spesodoud jueib 1o) pasn awin s3] 01 anp siaydJeasal Jo Alianonpoud JaybiH
(s4ayoueasal
Buowre Asnins
ybnoay pajuswajdwi
Juswiiadxe

S1aydJeasal SN pue N3

3210Y9 pajels)
[eluswLIadxa-1send)

(9T0Z ‘AulomoN-J4abuer) siayoseasal pajuajel 10}
SUOIINIISUI Y2Jeasal/salunod Jo ssauaaioee Jaybiy ybnoayr Aupenb sybiy Ajrenusiod

sajed $s329ns YbIH

9/\0O(e 935

9/\0O(e 935

(TTOZ ‘osue - UINZ JelD
- Renozy) 10aload 1511} Ul BujeI-3{S1I 910W — $82IN0S I8Y10 J0J Y00] ULD SI3YIIeasal
‘papua Burpuny 198foad Jaye swin awos 1oy senunuod Buipuny usym ysu/Aend

(sonsuab uewny

pue ABojouydsioueu)
sp[al} omy

Ul SI8ydJeasal N3 pue SN

(sa1pns ased 0z)
annduosap-aanelend

(6002 “"1e 10 8zUIBH)
diysiosuods yaueasal ajgeis Yl paleldosse aJe sjuswiysijdwoade aaneald :Aljend

211SIURYIBIN| sjueib Jo Ajjigqemaual (10} suonIpuod) syl uo spuadap osfe uoneing
"UMmoys uolrednp Buipuny o 198449 [enpIAIpUI
ou ‘quaunuiodde [INHH 1o S19aj)e aouewoplad Bulurejdxa saouaialdip JO ajpung
an0(e 39S an0(e 39S e Jo ued ybnoyfe (TTOZ ‘OSUB - UIAIZ el - Aejnozy) AnuenbyAlenb JaybiH uoireanp Buipuny ybiH

pale|os! aq J0uUEed
ublIsap aAnuULdUI JO

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




OdIM

S1aydJeasal SN pue N3

(zToz
‘ewelAyo — remueby)
(LWVLS3S 4SN) erep

JayaJeasal Jo sisAeue
AqQ paw.ijuod |apow
Buiyoyew 19xJew Inoge|
jo suonoipaid (9702
‘AujomoN-Jabuer)
[eluswIadxa-1send)

11 Uo ainyipuadxa @79 [eJapa) SN 40 UOISSNISIP 3yl U0 (0TOZ Uiden
- UOS|aN - A1aMmo|N 998S) "019 ‘saseaslp ‘abueyd arewd se yans ‘swiajqoid paljdde aiy10ads
BUIAjOS SpJeMO] Pa12alIp aq Jouued Buipuny Juelb pajeniul-101ebiIsanul ‘19ASMOH

"yoseasal paljdde ueyl Jayres JISeq 0IUI SAA|ISWAY) 1I0S eIWpLIL

ur Aupige Jaybiy Jo SI1SNUBIS ‘suonninsul yaseasal Jo Aloedes Juswiinidal syl bunosye
‘(9T0Z ‘Automon - Jabuer zT0oz ‘eweAyo - remieby) slayolessal J1seq pajuaje)

A1ybiy 01 aAndeIR SS9] AjIUBIBYUI 3C PINOM 35| dU0aWOS AQ payse suonsanb yasessal
01 Bulpuodsa. ey os Ajybiy asuspuadapul/Awouoine Yaseasal anjeA op Siayoleasay

"(108l04d ojjody//ueneyue|A 893S ‘YaJeasal Palldljos WO 1jNsal 0S|e ued

SUOIIUAUI [NJSS8IINS INQ) SUOIUSAUI [NJSSIIINS JO SIIPNIS 3SEI U0 Paseq Ualo Yaueasal
uaALIp-A11so1INd Bulpuagap sJUN09JY “uoildalip pue Ainuenb ‘Alifenb uo 1oedwi uo
30UBPINS J1eWIAISAS Aue AJateq 1ng ‘(zT02) redwes osfe 9as ‘(G6T) ysng yum Buiels
‘safua| ey apjoel 01 SIayaseasal Jo A1ISOLIND 01 18] 8q Isnwi 11 Jayiaym Jo pauue|d

80 Ued SBW0IIN0 J1IUBIIS JBYIBYM UOISSNISIP pepuels ¢uondalip — Aljenb yo-apes |

(43puny Aq pauysp

suo11sanb yaueasal) yoseasal
pauaijos/oibarens/Buiwwesboid
J17eWAY} ‘SA UBALIP
-Asolng/paleniul-lorebnsanu|

(¢ uonoas

ur 4SN Jo uondiosap
99s) 4SN/HIN e
sio1eb11saAul paysi|gelss
SA S101eBnsaAul Mau JO
Sa]el $$820NSs “qUrIB 1841)

30UapIA3 anndLIasap
-aAnelenb/Buluoseal

(FT0Z “Ie 10 WaQY) Sstayaeasal Jo Alianonpold; yoreasal Jo Allfenb
01 [eI21Jauaq aq 3ouay Aew SIaYd.Jeasal 1aated AjJea 1oy sawayds Bulpuny/sainpadsoid
uoneaijdde jeioads Buipinoad ((TTOZ “|e 10 Uasalad) 92UaldS Ul 193149 MayNeI ay) os|e

SIayoJeasal pays|gelsa

10 abe abelane HIN SN [enmdaosuo) 99S) SIayoJeasal paysl|qelsa o) JaIses ate paodal yoedl Jo Jooud pue ‘Bunm jesodoid "SA J9aJed Apes Jo Buipun4
sa1pns [edibojoig
J0 aInIsu| uedLIBWY (sa1nyonu1s 1509 a1y19ads-auldiasip puiw ui Bulreaq) Iom pinod sarel
AQ pamalnal swsyos $S929NS asealoul 01 azIs 10] Bulonpal reyl Bunssbbns ‘(¥T0z ““Ie 18 0]1e9) suonedljdde
Buipuny [eaipawioiq papuny JO Jaquinu Yym sare|aliod 1oedwil awayas Buipuny Jo [9As] e ‘Alesiuod
SN 01 suoneaijdde elep ay1 uo ‘Apenb jo swusy ul 1o Aed 01 Waas 10U SBOP SIaYdIeasal Jamay 03 Asuow

‘sauld19sIp 981y WO}
slayoJessal uelpeue)

J1118WO1|qIq UO paseq
sasAjeue UoIR[31I0D

alow Buinib {(£T0Z ‘a144n) - u1l104) siapjoy uelb Jabue Joy Jejjop Jad 19edwi 1amo|
Jedauab ul ‘|ans| renpialpul 8yl e Ayfenb pue azis juelb usamiaq diysuonre]al yeam AjuQ

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




OdIM

[19UN0D
UoJeasal Ueljesny

(Aupigernjal Jered-ajbuis)
SI00S |, SIOMIIAIL
0 SISAJeue aaneInuend

uois19ap Buipuny 1ey1 15966ns 198(04d awes JO SIaM3IABL UsaMIaq SaduaIapIp ‘saniloalgo
pue 1xajuo0d Buipuny uo spuadap ‘umop uid 01 3NJIYIP SI [9pow dnaeid-1saq ajbuls v

ssaooud
M3IA3J Jo Alljenb Jeisusn

$58204d M3IA3 139d °E

(¥T0Z 1€ 19 Waq)y) s108loid Jo ueyy Jayred ajdoad Jo Buipun) spuswILIOdal OS[e ainjelall]|
Aa1j0d "umoys s19afoud “sa ajdoad Buipuny Jo 198y JenplAlpul ou ‘quswiulodde |INHH
10 S199)J9 aouewloiad Bulurejdxe sadualaylp Jo ajpung e Jo 1ed ybnoyye (uonelojdxa
[9AOU 3J0W) YdJeasal 4o uondalip syl uo 1oedwi ue 03 spesj osfe siyr {(TT0z ““le 19
Ke|nozy) parelsjol SI ainjiey Ajea asnedaq 9jqissod uoneiuswiIadxa aiow — sajqelanljap
paulep-aid Burinbai Buipuny 19afoad ynm 1senuod Aq |ies seyoeoidde yaaeasal awos

a|doad

anoge 39S 9AOQR 39S | UBYM 9|qIxa}) a4ow sI ajdoad Jo Buipuny :[aAs] [enpiAlpul ayy 1e AinuenbyAenb JaybiH 10 'sA s198l0ud Jo Buipun4
(9107 "enH - sbeuuig
- WeywoJlg) awayas
Buipuny 01 suoneaijdde
10 sisAJeue aAlneInuUENd
awuwrelbold

AJanoas1q 19uno)
yoJeasay uelfensny
01 suoneoijddy

suolreulquiod Areurjdiasip
-gns ||e uo pasegd

(sToC

‘J8U1Qg - ulBlsneH

- 9J3IALIRT saled
UOITR}ID 9AIIe|a4 UraL
Jayby an1a0al sajoILIe
Areurjdiosipiaiun)
S21138WOI1|qIq Uo paseq
sansiels aanduassg

"(8T0Z “"Ie 12 0YeUN1I0- 83S ‘SIUSLUBIS PaySI|CeISa puR Mau JO UOITRUIqUIOD B
ainjea) Ajjensn siaded 19edwi 1saybiy ay1 Aym urejdxa Aew yaiym 910z ‘enH - abeuulg
- weywoug) yoseasal Areurdiosipialul/seapl [9AOU 0] $9109S JaMO] dAID USYO SIaMBIA3I
‘(GTOZ ‘18u4Qg - UIRISNRH - 3J3IALIRT) SBapI [SA0U 0] SPE3| Ua)o (AJuo 10U Ing ‘Yaueasal

AJeundiasip.aaiul se) seapl pajdauuodsip Ajsnoinald Jo uolreulquiod ayl ybnoyl v

Buipuny suijdiosip
a1buis ‘sa Areunjdiasipiaiul

(s0uage@ ‘HIN) SN

(Apms 8seD)
annduosag-aaneiend

sAed oym ybnoayr Appdaaipur ing ‘awiayds Buipuny ybinosya snl jou snaoy anewsyy (2102
‘ueydsis 9as ‘plojurlS se yans saibiayens AlIsIsAluN do) USAS UO uoisuedxa yaseasal
|eaIpaW ‘aduajep ‘saless Jo 1oedwin) Asuow syl SMOJ|0) YaJeasay :uondalig pue Ainuend

(dn-wonog aind) suswalinbal
J17eWAY} OU "SA J3puny

Aq pauyap sautdiosip/splaly
dljewayl peolq ulym
yaJeasal uaAlIp-Alisolin)

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




OdIM

[19Un0d
UoJeasal ueljensny

(Aupigenjal serel-abuis)
SI0JS |, SIOMIIAIL
10 sisA[eur aAneIUENY

(8002 ‘puog
- aybuiseler - ysien) jesodoud 10afoad 10} ueyy wes) yaueasalnuedljdde Jo piodal yoed
10 Juawissasse 10J (Aljiqeljal Ja1el-a|buls Jaybiy) SIamalnal Uusamiaq Juswaalbe JaybiH

|esodoud Jo Ajenb sa

pJ02al Yoel] — elia]llId UoI123|aS

yaJeasal |edlpawolq SN

Buluoseas jenidasuo)

(¥T0Z *"Ie 18 Maqy) sajo1e feusnol Jo Jaquinu ueyl Jayrel
SluawiaAaIyae 2141uaIds Jofew uo snaoj aanelfenb uaym Alpenb taybiy Ajrenusiod

juealjdde jo uonenjeAs

BIRASNY/SN

sAaning

(8002 ‘puog - aybuiseler - ysre ‘€T0Z “"Je 18 997) UOLIBILIO JUBLUSSISSe
alelidosdde/annoayys Ajlressadau jou seiq Ing ‘(-019 Japuab se yons sansiiaoeleyod
wedldde ‘spewoy) jesodoad ‘queorjdde pue JorenjeAs usamiag adurlsip ‘sainpadoid)
$s9001d M31A21 JOo dwodno adeys Aewr  Ajjenb,, (oIeasal uey) Ioy30 S1030e] AUBA

[19UN02
UoJeasal uelensny

vlep
uonesljdde Jo sisAjeur
annduosap-annelend

(8002 ‘puog - aybuiseher - ysie) ‘(Mmalnal
J19ad ul seiq 211eWL1SAS) J|asiay Juealjdde Agq pajeuILIOU SIBMBIA3L Uuaym Alljenb ssa]

S1aydJessal SN

JuswiIadxa pasiwopuel
uo paseq [esned

(9T0Z “"Ie 19 Neaupnog) sjesodo.d
[anou A[ybiy pue pjal) UMo 11ay) 01 43sod sjesodoid Y1oq Jamo] 9103S 0] pua) SISMBIIASY

yaJessal |edlpawiolq SN

Buluoseas jenidasuo)

SIOMB3IA3I Se 9AJ3S 0] sJapjoy Jueib Joy A1os|ndwod

1 aewW (yT0Z T 19 Laqly) (Sjaued MalAal ul Jejnaied ul) MaIA Jejnsul 00}

© U0 3ye] ABW pJal) B MOIIRU 00) WOJS SIBMBIASL — SPJal) JO swual ul pue Ajjeaiydesfosh
Y109 ‘ajqissod se abue| se siamalnai Jo jood uaym Alljenb saybiy Ajjenusiod

SIOMIIAI JO  AIfenQ),,

(swuelb TOY HIN)
yaJeasSal |edlpawolq SN

e1ep
21118W01|g1q UO paseq
sisA[eue uoIe|aLI0)

(5TOZ “eyby - 17) S3W02IN0
YoJeasal Janaqg UNM Paleroosse AJJUuslsISuod ase $a109s MalAal-19ad Janaq - Ajend

sa1pns [edibojoig

JO aInIIsu| uedLIsWY
AQ pamainal swayas
Buipuny [eaipawoiq
SN 03 suonedl|ddy

elep
J1118WO1|qIq UO paseq
SISAJeue uone[a1I0)

sainjeaj J14193ds Jo

Bunuioduid ou 1nq ‘(FTOZ “'[e 18 0][eD) awayds Bulpuny [eaIpawolq SN e 0] suoledljdde
0 douesul Jejnanred ul Bujiom sem mainal Jaad s1sabbins indino aLnswoljgiq
paisnlpe-uoi1eld pue $a103s MalAal Jaad Usamlaqg UoIIR|a1109 3ANISOd a1eISpOoIA

(£T0Z “'Ie 18 897) 8AISN|2U0I AJBA 10U M3IABI Jgad
Ul Selq uo yauseasal ((800z “'Ie 18 YsJe|A) UOISIZap a3uByd WO JUIaiIp yonul Jou usyo

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




OdIM

9/\0(e 935

(#107Z “Te 10 su2qVy) . uonnodwooradAy,, pue sojel
$S999NS MO| 0] Bulpes| ‘asealoul 10U Seop Buipuny Yyoaeasal |[eIaA0 usaym suoneaijdde
JO Jaguinu pue SJaydJeasal JO Jaquinu ayl Jo YIMoiB ajqeureisnsun o) peaj osje Aej\

SaNISIsAIUN SN

Buluoseal
[femdaouo)/onsiueydsiy

elWapede Ul

19)JeW INoge| JIWRUAp 310W {32U3I9s JO YImoih ayl sejelaladde ‘Alnuenb <- siaydseasal
Jayuny a1y 01 uonninsul Yyaaeasas sajqeus :(uelb Aq paianod Arejes yum Jayiahor)
Buipuny jueib UO S1S02 193JIPUT WO swodul A S1S09 sdnodal ‘sabexjoed dn-Liers

way) saAlb ‘siayaeasal Bulsiwold BunoA saliy uonniiisul yaseasal — g1oz ‘ueydals

— Jopow-|jew Buiddoys pus-y31y,, 10) 9oUIIIS JO [dpow [erded 2INJUA I0J SMO[[Y

anoqe
995 ‘0T0Z “'[e 18 UoIyBy

(Buipuny yaeasal €101 ul Buipuny juelb aAIadwod Jo aeys)

0T0Z “'[e 18 uolyby anoqe ass Buipuny jueib aannadwod Buiyaas Ajaanoe aiow 1oy
S9ANUBUI JO 19310 {(£T0Z ‘48buer) sanisianiun usamiaq uonnadwod sinds pue (Al1jenb
13150} 90UaY pue SI3YIJeasal Paluse) 10} SSBUAAIIdRINE S 193448 U] ul Aew ydiym
‘abnsaid pue uoneindals dn pjing 01 JapJo ul Ajjed16a1ells a1ow 198 01 UOIINIIISUI Y2Ueasal
SMOJ[e [eJauab U] ‘sI1aydseasal paysl|aeIsa 4o ANAIONPOId O141IUSIIS J0) SAAIIUBIUI

pue SI3YdJeasal pajusfel 4o uawiiniaal ybnoayr "6 ‘Buipuny Jueih xaas A|pAnoe

V/N :Buiuoseas [en1daouo) | a8Jow 01 SUOCIINISUI YIIeasal 0} SBAIIUBIUL — SIS0 193J1pUl [BNn1Ie JO Juswasinquiial ||n4 SIS0 198.1pul JO Juswileal |
S1S02 8]gepunyay ‘v
'S1aydJessal
BuIMaIAal O BWII YIIM JJO-3peJ) OS]V "UMOYS $S8904d M3IASI Ul XIB(Pa3) JO JUnowe Jo
109143 [enpIAIpuI ou ‘quawiuiodde [INHH 10 S193)48 souew.opiad Bulurejdxs saoualaylp eoldde 0
an0Qe 39S anoQe 39S Jo ajpunq e Jo ued ybnouylje {(TTOZ ‘OSUBIA - UIAIZ Lels) - Aejnozy) Alfenb JsybiH pap1Aoid X9eqpasy JO Junowy

UoJeasal [ealpawolq MnN

(sma1niB1ul pue SaIpnIs
aseD) anleend
- Buluoseal jemdaouo)

(2102 ‘ueydals) yoeoidde

pasodoud ays Jo Aljigisea) BunesisuOWap 10} Se UoISSNISIP Je|IWIS (YdIeasal paiiol|os
"SA UBALIP-ANISOLIND UO UOISSNISIP A0QR 98S :(800¢ ‘UspulT) YdJeasal anlleAouul

0} pea| Jou Aew yaJeasal aiseq Jo Aljigeardde oedwi Wisl-110ys MOYS 0] pasN

1oedwi jenualod ‘sbulpuly Jo
Anjigeardde - eiis119 uo1199|8S

(youeasal [ealpawioiq
SN) sieb HIN

sonsneIS
Buipuny annduoasag

Ae|d 1e S10]19€} 1X83U0J JaYI0 1y}
Bunsabibns ‘(800z ‘uoiiweH - As7) abeis [ea0100pIsod Jaye suedrdde oY awin-1si1y
Ul SISIUaIDS afewa) Jo dodp Ing ‘sjuelb HIN 18 Usll pue UsWOoM JoJ Salel $sa2ans [enb3

Japuab - eLIg1Id UoI193|3S

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




OdIM

ul pakojdwa s1aydIeasal
Ile ‘s10aloud papuny
0dSd3 YN jo ereg

91118W0U0J3 [esneD

(STOZ ‘uosme - 18u0g-a1jor - |OUelS3-[eueg)
[e10148U] UOIELIOMR]|0D BWOS ‘SSUISNG YIIM UoIRI8d0o0d yonw 001 uaym Alifenb Jamo

SWLIIY YU uoieloge]jod ey

uone|sues] g

yaJessal |edipawiolq SN

Buluoseas jemdsouo)

pua s193.Jed 0s ‘($yTOZ ““|e 18 Suaq|y) asealoul 10U saop Bulpuny yaseasal pue sjuedb Aq
padueUL SI SI8YIJeasal painual-uou Auew jo Arepes ayl usym ‘Aluenb Joy peq aq Aey

(sues3 uo spuadop Are[es  SIOUOIBISAI PAINUS)-UOU UBYM "9'1) Juelb Bulurelqo uo

SN Buluoseas jenidasuo) | spuadap Atefes usym ‘(zT0oz ‘ueydsis) Bumel-ysu Jamol ybnoayl Alfenb 1oy peq aq Aeln
3|qe|leAe

aWo09ag AaY] Se SIaydseasal pajuajel aly pue Aj[edibarens alow 198 Ued SalisIaAluN

V/N Buruoseal [en1daouo) | ‘palelajadde ale UONRNUBISLIP I1J1IUSIOS JO SIIWRUAD — SI1SO2 1031IpUl 10} 9AOQR 0S| 935
Buiyoeal

V/N 211S1URYIBIN| 10 1IN0 SaAjaswiay) Ang ued SIaydIeasal Uaym ‘siayaessal Jo Auanonpoud JaybiH
Buipuny aseq ueyl Jayred awoaul Jueld Jo UOIIDUNJ B Se SIayJea]-1aydieasal

V/N 211SIUBYIBIN [euonippe BuilAojdwa ur Aemas] aiow Sey uonniisul yaaeasal se ‘Ainuenb Jaybiy

yoJeasas [eaipalA (1

(.syred yoiess,,)

e1ep uonealjgnd

10 sIsAjeue anneInuenb
(11 ‘Buluoseal
[emdasuo) (I

(GTOZ ‘suen3

- 1s19Yzy - 181504 995) s19al0ad youeasal Japysil 9s00Yd URD SI3Y2.Jeasal painua) se
‘(uonoalIp) spIal) Mau Jo aouabiawa 19aye os|e (11 sauay Aew pue ‘(£T0Z ‘48buer) (soop
-1s0d/sQud Joy sfesodo.d a11um uBy) Jayle) YoIeasal UMO Op 0} SIaydJeasal paysl|aeIsa
asIAnuadul Aew 11 se ‘(3joAa-a41] 3yl 19n0 Alianonpold o1pnuaias) Ainuenb JaybiH (1

alqepunyal (Id)
Jorebnsaaui fediounid Jo Arejes

suonnsul
yoJeasal Uew.as

Buluoseas jenidasuo)

(0TOZ '82INY2S 8]02IN - JBIN3IA)
sjeubis Alfenb snosuoJis 01 Buipes| ‘SUONNISUI Y2Jeasal JUBJaIP WoJ) SIaydJesssl
UsaM18g UoNNAdWod 1I0ISIP 0S[e AW SISO 198.1pUI [BN1OR MO[3q 81J 1509 19341pul paxi

V/N a1SIURYIBIN saul|dIosIp mau ‘yateasal Jo saul] mau dn pjing 03 Ja1ses 1l saxew - uondalig
suJaned juswade|dal
V/N J1ISIURYIBIN| pauljepaid pibis 01 Buipiodde 10U ‘B|qe|ieAe SI Juajel uaym Buiiy 10} smojje - Ajend

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




OdIM

SaNISIsAIUN SN

Buluoseas jemdsouo)

JayBy aJe ss329ns Jo Aljigqeqoid pue Bunum
1ueJb Jare] 1eY1 0S ‘yaJeasal dn Bullrels djay s1nuoal 19aled ApJes mau Joy (2T0z ‘ueydars
‘SN 8yl ul uowwod mou se) sabexoed dn-1ue1s :siayateasal Jo AliAnonpoad JaybiH

Buipuny
|euwIauUI-ALISIBAIUN Y1IM
Buipuny Jueib JO UOIIORIBIU|

ueder
ui sp08load youessay

3|qeysinbunsip
AJJea|o 10U 1984)8
luswi]eal] "SA UOI]I3|aS
ng ‘oL118Wou093

(8102

‘Ysrep - 997 - Buepn) (sanisiaalun doy Ul 10U SIaydJeasal ‘UaWoM ‘s10ssajold JueisISse)
SJayoJeasal snjeis Jamoj J0J 10U INg ‘spuny X20]q Jeulsiul Ag papuny asoyi 01 pasedwod
A11anou Jaybiy aney abeiane uo spuny aninadwod Aq papuny syasfoud - Aiend

VIN

Buluoseas jenidasuo)

(0T0Z 12 18 UOIYBY) Allenb Jaybiy 01 pes)
ued Buipuny juelb aannadwod jo unowe Jaybiy ‘aannadwod Alea jou Buipuny 320|q |

Buipuny »20]q UBWUIBA0E Y1Mm
Buipuny jueib Jo uonorIAU|

s1s1o1sAyd (Buipesy) o€

elep dlswol|qlq
JO sisAJeue uo paseq
[9pOLU [221131038Y 1

(Uno1ARYa(Q BAITRAIBSUOD 10

BAIIUBOUI Ue Se SyJom ainssald Jaaled) yoseasal Aujenb Jamo| aanpoid Aew Siaydessss
WJ81-paxiy Jo S10] yum Buipuny yaseasal paseq-1uelb os ‘(zT0z ““Je 18 uasdalad) s1oaloid
wiial-1oys ‘Axsil ssa| asniolid 01 aAeY S19BJU0I WIB)-Paxiy 1I0YS UO SIaydseasay

S2INJONJIS J93J8D YIIM
Buipuny yaeasal Jo UoNnIeISIU|

VIN

Buluoseas [en1dasuo)

(0TOZ ‘I1remBuz - 19se|9 - ASIMUM) YoJeasal Jo
uolesiuefIo paseq-Jreyd [ealyatelaly asIMISYI0 Ul SIaYydJeasal Jaaled AJues Juspuadapul
a]qeus ued Buipuny juelb yaressal aannadwo) :Alanonpoid ‘Aupenb JsybiH

[oA8] 1un Bujiom
1e uolresiueflo youeasal yim
Buipuny yoaeasas Jo uonaeIAU|

yoJeasad 10J SUOIIIPUOI J3Y10 YIm Buipuny 1ueib yodessad JO 109148 UOIORIAU] 9

sjuswiredap Bulissulbua
AlIsIanIun 3N

Burpuly Jo 1xa1U00
Jeuonninsul/oiyde.aboss

diysuonejas uo
Buipuiy Jo ssauisngoy

(uonnmnsul
-|enpIAIpUI) [9A3] YIIYM JB $aW091IN0 dayddeasal/yadeasal yum diysuonejey

a1Is11910R4RYd
Buipuny yoessey




- 17 -

2.2 Discussion of the available literature

Overall, much of the literature is focused on US biomedical research (which is quite unique in several regards, see
below) and few papers are able to establish causality (see also Fortunato et al., 2018, p. 9, for the strand of “Science
of Science”-studies, i.e. data-intensive studies of science: “Assessing causality is one of the most needed future
developments in SciSci: Many descriptive studies reveal strong associations between structure and outcomes, but
the extent to which a specific structure “causes” an outcome remains unexplored”). We first summarise the results
from the literature survey and then discuss open questions.

2.2.1  Synthesis of the literature

Research quality

There is strong evidence only for the total amount of competitively granted funding (although see the discussion
below on a potentially inverse u-shaped relationship), resp. the share of competitive funding in total (basic, or
academic) research funding to affect research outcomes, as well as for the way grants are designed.

Success rates may influence research quality through higher-risk aversion, in particular in conjunction with
researchers employed on fixed-term contracts; and through the attractiveness of research environments, in that
institutions/countries offering higher success rates are more attractive for mobile talented researchers.

Funding duration may influence risk-aversion and the transformative nature of the research proposed, in particular
again in conjunction with the nature of the employment contract (fixed-term vs. tenured). However, too long a
funding duration may also set fewer incentives for researchers to leave settled research agendas and engage in
more novel and risky directions (block funding provides in principle long-term research horizons, but does not set
incentives for change). Funding duration of grants can vary substantially according to whether a grant can be
renewed or not.

Grant sizes mechanistically influence success rates and funding duration, but there is a priori no clear relationship
with quality. Large or unlimited grant sizes can mechanistically play together with renewability of grants to enable
the continuous funding of larger, equipment-intensive research groups, enabling longer-term research perspectives.

Special review criteria or funding schemes for early-stage investigators, multi/interdisciplinary and highly novel
or risky research may be positive for research quality, as all are at a disadvantage in the standard peer review
process when compared with established researchers/single-discipline proposals or research which follows more
established lines and is hence judged as more feasible). Selecting people rather than projects may also be more
beneficial for research outcomes.

More able researchers select themselves into more basic research, and researchers generally value being able to
ask their own research questions (to be autonomous in setting their research agendas). Solicited research or review
criteria which ask for impact (i.e. for potential applications of the knowledge generated) may hence limit novelty
(but see below the discussion on a potential trade-off between quality and direction).

The overall quality of the review process matters; reviewer pools need to be as large as possible and giving
applicants the right to nominate reviewers may be bad for quality, while a lot of feedback given to applicants
improves their chances for later successful application.

Fully reimbursable indirect costs and principal investigators’ salaries may enable universities to recruit new
researchers when there is talent available rather than only when they need to replace retiring researchers; and they
may lead to more dynamic growth of science, fostering the emergence of new fields, as well as generally allowing
universities to act strategically in order to improve reputation and prestige, hiring talented researchers, providing
them with start-up funds and then benefitting from the grants researchers bring in at a later stage (the “venture
capital model of science”). However, they may also draw more researchers into careers in academic research which
then needs a corresponding increase in overall research funding, otherwise the increased number of researchers
may lead to decreasing success rates (see discussion below); and when non-tenured researchers depend on grant
income, risk aversion may follow.

Cooperation with firms, or working on more applied problems, is beneficial up to a certain extent, but too much
reduces publishable research outcomes.
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Researcher productivity

Success rates matter mechanistically strongly for researcher productivity, not just through time spent on proposal
writing; more speculative are effects of low success rates on collaboration, lab atmosphere etc. Receiving or having
to apply for a competitive grant also increases productivity relative to block funding (in the case in which block
funding itself is not allocated on a competitive basis); moreover, in hierarchically organised working units of
research institutions (e.g., in chair-based systems), competitive grants help researchers who are not at the top of
the hierarchy to be independent and establish their own lines of research. Reimbursable salaries of tenured Pls may
set incentives to keep up scientific productivity over the life cycle, as established researchers will do research
themselves, rather than writing proposals to employ post-docs; it also allows them to buy out of teaching. The
amount of feedback provided through the peer review process will also help researchers to improve. University-
funded internal start-up packages help researchers to advance their research so that it is ready for being proposed
to external grant funding.

Quantity

Overall funding levels influence the quantity of research produced through the extensive margin (more researchers
are able to do research) while the factors affecting researcher productivity (see above) influence quantity through
the intensive margin (the same researchers can do more research). When grants cannot fund PI’s salaries, or do
not cover indirect costs, so that some of the research institutions’ non-grant funded budget needs to cover costs
associated with the research funded, the number of researchers will mainly grow at the PhD and post-doc level, as
the higher number of proposals which can be funded can only fund this type of researcher. This may lead to sharp
pyramids in research institutions, with few tenured researchers at the top and many non-tenured post-docs at the
bottom. When grants can fund non-tenured Pls and overall funding does not increase, the induced growth of
researchers may lead to low success rates.

Direction

Funding thematic priorities, or simply providing funding for defined fields/topics (while leaving the choice of the
research question to the researchers), seems to be able to quite easily steer research efforts towards these fields or
topics, even in top universities. In general, research funding opportunities will be taken advantage of in an
environment of scarce funding. The governance of agencies may also influence direction, academic self-
governance may lead to more curiosity-driven research rather than challenge-driven research (or to scientists
having a greater role in determining the choice of research gquestions).

Agencies can also simply issue calls for research on specific problems (solicited research; see the discussion below
however on a potential trade-off with quality), or make economic or societal impact a review criterion even in
curiosity-driven, investigator initiated funding schemes. In the latter case, it is however not clear a priori how this
affects direction.

Reimbursing indirect costs and PI’s salaries (or funding a teaching replacement) makes it easier to establish new
lines of research, as researchers are not bound by the thematic requirements of their research institutions.

In the following, we discuss some open questions emerging from the literature survey. This will due to the limited
scope of our project necessarily remain incomplete.

2.2.2  Open questions

e Intricacies of peer review process — does the peer review process lead to higher quality outcomes?

While some studies report a positive correlation between peer review scores and later research outcomes, the
subject of how to best organise a peer review process is in general very difficult. There are few studies able to
isolate the impact of specific differences in the peer review process (Marsh - Jayasinghe - Bond, 2008), not to
mention in cross-country contexts. There is a large literature on potential bias in peer review, but definitely no
simple prescriptions for optimal peer review organisation, with the exception of some basic features such as
assessing projects vs. people, independent reviewers, difficulties of early stage researchers etc. (see above).
Beyond such basic features, differences in impact of basic research grant funding organisations may be less linked
to differences in peer review, but more to other features examined here, such as overall funding levels, success
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rates, funding duration, curiosity-driven vs. solicited research etc.; in a nutshell, the process of peer review may
be less relevant for explaining differences in the impact of basic research funding agencies, beyond a certain
threshold which assures the quality of the review. This is purely speculative however, based on the assessment of
the available literature and the knowledge about the differences between the agencies described in the sections 3
and 4.

A topic becoming more important is whether the peer review process is properly taking account of varying team
productivity against the background of the increasing importance of team-based scientific knowledge production
(Wuchty - Jones - Uzzi, 2007). Petersen et al. (2012) observe that the track record of researchers is influenced by
team and collaboration structures, so that assessing the potential of applicants would need not just individual
success measures but also measures of team output as a basis for funding decisions.

e Investigator-initiated, curiosity driven, bottom-up vs. solicited, thematic, top-down research

This discussion comes in many guises; a first distinction is whether principal investigators define the research
question completely independently (investigator-initiated, curiosity-driven, bottom-up) or whether they respond
to calls by the basic research funding agencies, i.e. where research questions are framed by the agency (solicited
research, top-down). A second distinction is whether principal investigators define the research question (initiate
the research) without any broad thematic framework provided by the funder (“bottom-up”) or whether principal
investigators propose their projects within broad thematic fields defined by the funder. A third distinction is
whether selection criteria in the peer review process emphasize potential applicability of findings, or
economic/societal impact even in curiosity-driven, investigator-initiated research funding or only look for research
quality/originality/novelty (i.e., criteria of scientific quality) without regard to later (non-scientific) impact.

The existing literature often mixes these three different characteristics of basic research grant funding. Apart from
the evidence that (in particular highly able) researchers prefer research autonomy and independence, i.e. asking
their own research questions, there is barely any systematic evidence on the potential impact of these different
ways of allocating grant funding. The discussion is completely absent in the recent survey article by Fortunato et
al., 2018, who discuss several topics based on quantitative-data articles.

Defence of purely bottom-up curiosity-driven research against stakeholders asking for more immediate impact and
targeting of research funding is usually based on case studies, on accounts how applications arose out of serendipity
(see Sampat, 2012) and on the general argument that the outcomes of scientific activities are inherently uncertain
and hence cannot be planned. However, standard investigator-initiated grant funding cannot be directed towards
solving specific applied problems, such as climate change, diseases, etc., beyond the level which happens naturally
due to scientists’ curiosity; while of course, case studies would also show that important applications followed
from targeted/solicited research, as in the Apollo or the Manhattan Projects.

Two important questions are hence whether there is a trade-off between quality and direction, i.e. whether solicited
research is of lower novelty, originality etc. than purely curiosity-driven research, and whether curiosity-driven
research may take more time to address problems perceived as pressing by society. Such questions should be able
to benefit from better data availability. The big challenge for science at the moment may be to increase the rate of
research in a specific direction (Bailey - De Propris - Janger, 2015; Foray - Phelps, 2011), given major challenges
such as climate change. A second related question is more conceptual and asks whether the decision on what to
fund can be entirely left to the scientific community in terms of single-project peer review (“where the direction
of where research should go [is] largely a function of the prevailing views within the scientific community”,
Sampat, 2012). This will also be influenced by how the basic research grant funding organisations are set up, with
strong participation by the scientific community not just in peer review, but also in setting overall policies (as in
academic self-governance) vs. a more limited role of the scientific community in peer reviewing proposals, while
overall fund policies are set by more managerial procedures in governmental agencies.

e Translational research

The discussion above on curiosity-driven vs. targeted research also relates to the discussion on all kinds of
“translational” research, which may come in many guises (e.g., funding commercialisation of basic research, R&D
cooperation with firms, applied research, etc.) and which is practiced by the basic research grant funding agencies
to very different extents (see section 3), also depending on the funding landscape in the countries; e.g., there may

WIFO



- 20 -

be dedicated innovation funding agencies separate from basic research grant funding agencies. In principle, purely
funding commercialisation of basic research should not alter the research itself, unless commercialisation efforts
already start at the conception or review of research proposals (see above). Research outcomes are more likely to
be altered when the research itself is influenced, e.g. by research collaboration with non-academic researchers or
specific review criteria. In US biomedical research there is a concern that translation is becoming overvalued at
the expense of purely curiosity-driven research (Zoghbi, 2013). Banal-Estafiol - Jofre-Bonet - Lawson, 2015, report
negative effects for academics’ research outcomes when there is too much cooperation with business. Otherwise,
there is little evidence on this, with the exception on the literature of whether academic patenting affects scientific
productivity, which is often independent of basic research grant funding.

e Choosing new directions within curiosity-driven research and renewability of grants

Choice of research problem can in principle be between further specialisation in an established line of research, or
diversification into new areas, with the first being the “safer” and more productive route, and the second being the
“riskier” route, with both breakthroughs and failure more likely (Fortunato et al., 2018). Such choice may be
influenced by several grant funding characteristics, such as funding projects vs. people (with funding of people
potentially facilitating change of direction), emphasizing novelty and risk in the peer review process, refundability
of indirect/salary costs (as researchers are less bound by thematic requirements by their research institution), and
funding duration. A long funding duration enables long-term research agendas which may be more conducive to
riskier research, but at the same time long funding duration may also set fewer incentives to change direction and
hence to specialise in established lines of research. This is seldom discussed in the literature, in particular in
combination with the topic of renewability of grants, which at some agencies such as the NIH (otherwise criticised
for short funding durations) is quite common, with higher success rates for renewal than for first-time applications.
Renewability of grants enables longer funding duration, but the effects are unclear.

e Canthere be an inverse u-shaped relationship between the amount of competitive funding in total funding
and risk/quality/productivity?

In Aghion et al., 2010, there is no evidence of an inverse U-shaped relationship between the share of competitive
grant funding in total research funding and the quality of research. Wang et al., 2018, also show more novelty from
competitively funded research projects vs. block-funded research projects, but not for lower status academics (not
in the top research universities, assistant professors, women). Stephan, 2012, discusses advantages and
disadvantages of competitive grant vs block-funding systems, with the former setting more incentives for scientific
productivity, in particular over the life cycle of researchers, but potentially limiting the choice of risky projects
depending on grant characteristics (success rates, funding duration etc.), whereas the latter set fewer incentives for
scientific productivity, but may enable longer-term research agendas. This only holds in the case of block funding
being allocated to universities without many strings attached, or e.g. simply based on input parameter such as the
number of students; block funding can also be allocated based on peer review of publication output, as in the UK
through the Research Excellence Framework.

From qualitative-descriptive accounts, not all seems to be well however in a very competitive grant-based system
such as the US biomedical research system (Alberts et al., 2014), when the number of researchers keeps growing
(or the expectation is maintained that the system will continue to grow forever) but research funding does not. By
Alberts et al., 2014, p. 5774, own words: “Competition in pursuit of experimental objectives has always been a
part of the scientific enterprise, and it can have positive effects. However, hypercompetition for the resources and
positions that are required to conduct science suppresses the creativity, cooperation, risk-taking, and original
thinking required to make fundamental discoveries.”; Hypercompetition for jobs and promotion also alters
publication practices and the work atmosphere in the lab; an increasing number of results which cannot be
replicated may also endanger the trust of the public in science, and growing numbers of PhD graduates and post-
docs, linked to the doubling of the NIH budget at the end of the 90ies, also led to the increasing of the average age
of receiving a first NIH grant. In 1980, 16% of NIH grants recipients were 36 years old or younger, while that
same number is now at 3% (Alberts et al., 2014).

This picture of US biomedical research is largely driven by the drop in NIH success rates from around 30 to 20%
(see section 3). Higher shares of competitive research funding clearly need corresponding success rates to work.
The US biomedical research system experiences however also the effects of the role of indirect costs’ and PI-
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salaries’ reimbursement for the growth of the scientific enterprise. If the latter are absent — as for a long time in
Europe — there is much less dynamic growth of science, as positions at universities are limited by universities’
block funding income which changes only slowly, often leading to replacement strategies of retired researchers
potentially limiting the growth of new scientific fields. When non-tenured researchers can however do research
purely funded by grants, higher growth in the number of researchers becomes dependent on increasing competitive
funding levels, otherwise the rising number of applications is not matched by rising funds. So indirect/salary cost
reimbursement can dynamize a scientific system, but also lead to unsustainable growth patterns. Alberts et al.,
2014 suggest several avenues for reform (in parentheses our discussion or explanation of the avenues proposed):

e Longer-term funding perspectives (longer-term budget plans for basic research funding agencies), so
researchers and research institutions can plan accordingly (and certainly a one-off increase to re-establish
higher success rates)

e Funding graduates through training grants and not research grants (to slow growth of entrants; of course
this would place more competition at the entrance to an academic career)

e Limit the number of post-docs or increase their cost through various mechanisms, including using more
staff scientists (reflecting the intensive use of post-docs in the US due to their relatively cheap labour
costs)

e More long-term funding of people rather than projects (see above)

o More specific funding of early career investigators (as in the NIH New Innovator Award)

e Evaluation criteria during review should focus on novelty, quality, long-term objectives rather than on
technical details

o Reconsider full reimbursement of indirect costs (e.g. for loans on buildings investment), and the provision
that 100% of salary costs can be funded by grants (there could be several ways next to reducing the
percentage of costs reimbursed — e.g. limiting salary reimbursement only to tenured researchers, or
limiting the number of projects with full cost reimbursement for non-tenured researchers)

It needs to be borne in mind that the biomedical research enterprise in the US is quite unique due to the high share
of overall research funding it gets, linked to easier Congress approval for medical research funds (see Stephan,
2012, and NIH characterisation in section 3). One way to reduce negative effects of competitive grant funding by
comparison with block funding, or disadvantages for early career researchers, is to provide a start-up package from
university-internal funds which allows researchers to get their research going so that they eventually can apply for
competitive funding (Stephan, 2012). How risk is affected by project grant funding also depends on the regulation
and oversight of the science funds, e.g. in the US the Office for Management and Budget provides guidelines for
the evaluation of research funding organisations which stress the importance of risk in research funding, prompting
Cozzens, 2007, to argue that risky research is institutionalised as a core value of US research.

Overall, the discussion of indirect costs and salary reimbursement is very relevant for the current discussion in
Europe, which is starting to introduce these features more frequently.

e  Conclusion

There is good causal evidence that both the level of competitive research grant funding (Aghion et al., 2010) and
the way grant funding is designed (Azoulay et al., 2011) are likely to matter for research outcomes. However, there
is little empirical evidence on the importance of the myriad ways in which (basic) research grant funding can be
allocated; and the evidence there is is mainly from the US, and in particular from US biomedical research. Due to
the potential interaction of design features of competitive research grant funding with other funding sources,
research organisation, career structures and university governance, lessons learned in the US must be applied with
care in different national (basic) research contexts.

Success rates are definitely a major factor affecting the impact of basic research grant funding, as low success rates
reduce researchers’ productivity and through hypercompetition may also negatively affect other elements of the
scientific knowledge production process, such as collaboration. Of course, very high success rates may also imply
that more projects get funded which should not have been funded.

The diversity of findings with respect to peer review, grant characteristics etc., seems to suggest as the only safe
lesson for the practice of basic research grant funding to not put all of your eggs in the same basket. The often
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inconclusive empirical evidence calls for experimentation with different formats and then an evaluation of the
results. Only a diversity of funding schemes seems to be able to address the various objectives of grant funding,
although a diversity of funding schemes also asks for corresponding budgets by the basic research grant funding
agencies. Too small funding schemes may be inefficient from an administrative viewpoint.

Examples for diversity are offering funding schemes more geared towards pure project funding, enabling
productive research in established lines of research, at the same time as others more looking towards enabling new
directions in science or the emergence of new fields, emphasising risk. Foster - Rzhetsky - Evans, 2015,
recommend more aggressive funding of risky projects. Funding schemes can address the difficulties of early career
researchers both through specific review criteria within funding schemes, or through separate funding schemes.

The same holds true for bottom-up vs. top down funding (Pl-initiated vs solicited, or thematic focus) — although
important progress comes out of purely curiosity-driven science without any direction by the funder, other progress
also comes out of research with a thematic focus pre-defined by the funder. Directed science — e.g. the man on the
moon (“Apollo Project”) and the splitting of the atom (“Manhattan Project”) - and federal US R&D expenditure
on IT, driven by the defence mission and often done through contracts rather than principal-investigator driven
grants (Mowery et al., 2010), also led to progress, although these examples were probably more involving applied
technological development and not just basic research. In any case, influencing the direction of research may be
easier than influencing the quality, as more money can simply be provided for specific areas (in targeted schemes,
not in bottom-up Pl-initiating schemes).

When interdisciplinary projects consistently get lower scores by peer reviewers, but produce higher impact, then
introducing a separate scheme for interdisciplinary research may make sense.
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3. A systematic characterisation of (basic) research funding agencies in selected
countries

The next section describes our methodology for systematically characterising research funding agencies of varying
countries. We then present self-contained sections describing the agencies, which serve as a basis for the
comparative analysis in section 4.

3.1 Aclassification of basic research grant-funding agencies and funding schemes

A prerequisite for characterising the various funding schemes and instruments consists in assigning them to
common funding scheme types, to be able to compare the agencies’ activities according to comparable types of
funding schemes. This is also necessary to build a comparable dataset of funding portfolios. To the best of our
knowledge, no commonly accepted way of classifying funding schemes exists, so that we develop our own
classification. The logic of this classification follows simply the aim and the modalities of the funding scheme
(e.g., fostering mobility of researchers, or simply fostering research through individual projects, etc.). The broad
types are project funding, priority areas, infrastructure, funding of people, translation, scientific communication
and international cooperation. This classification is able to cover almost all funding schemes currently run by the
funding schemes, with very few exceptions. One drawback of the classification is that a funding scheme can only
be assigned to one type, although sometimes funding schemes pursue several goals at the same time or can
accommodate different types of proposals, e.g. in the UK the standard grant mechanisms can usually fund both
single- and multi-investigator projects, or single- as well as multi-disciplinary projects. Funding schemes are made
flexible, e.g., by applying different review criteria or different sets of review panels to, e.g., early career researchers
or interdisciplinary research proposals. However, adding a second or even third objective would have become too
complex given the scope of the study.

Table 2: Classification of funding schemes and instruments

Funding scheme/instrument category Description

Project funding

Single project funding (SPF) | The standard funding of single principal investigator-led
research projects

SPF early career | Single project funding for early career researchers, where early
career refers to all non-tenured researchers and/or first-time
applicants

SPF high-risk | Single project funding with a special emphasis on high-risk
projects

Networks and multi-project funding | Funding involving collaboration between several
researchers/Pls, often located at different institutions, e.g.
research clusters or consortium grants

Interdisciplinary research | Funding of research projects requiring interdisciplinary
collaboration or approaches

Priority areas Larger-scale, coordinated funding schemes

Structural priority area | Funding with a view to strengthen research excellence and
international visibility

Thematic priority area | Dedicated funding for research on predefined topics, such as
global challenges or emerging fields

Infrastructure Funding of equipment outside equipment funded in
standard project funding

Funding of People

Education & Training | All pre-doctoral funding (incl. PhD-training) of potential
researchers with a view to train students for research careers or
attract people into research careers, including programmes
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aimed at non-university students (e.g. interest in science &
technology at school)

Career | All post-doctoral funding of researchers with a view to improve
career perspectives

Mobility | Funding of international researcher mobility and exchange
programmes

Diversification | Funding of researchers with a view to diversify the researcher
population according to gender, race, social background etc.

Prizes | Awards for researchers, including distinctions for lifetime
achievements but also early career prizes

Translation All funding aimed at fostering the use of basic research for
further applications

Applied Research | Funding of applied research within higher education settings

R&D Collaboration with firms | Collaborative R&D project funding

Commercialisation | Funding commercialisation of research results

R&D Value Chain | Funding of all aspects of research, starting from basic research,
to applied research and experimental development as well as
commercialisation

Scientific Communication Funding of dissemination activities, communicating science
to a non-researcher audience

International Cooperation Funding for improving bilateral research cooperation
between countries

This classification of funding schemes or instruments allows for substantially reducing the complexity of the
science agency’s activities from 428 (241) to 124, to be able to make structured comparisons and build a dataset
of funding portfolios (see Table 1).

Table 3: Classification of funding schemes or instruments, 2017

WIFO
Country Agency Original ~ classification
DE DFG 37 12
AT FWF 20 15
CH SNF 31 14
NL NWO 13 9
UK AHRC 13 8
BBSRC 10 7
EPSRC 10 8
ESRC 5 5
MRC 15 12
NERC 8 6
STFC 15
NIH 242 (55) 13
uS NSF 9 7
428 (241) 124

Note: The number in brackets shows the sum of funding categories actually used by the study authors (all NIH activity codes with a share in
total funding of more than 0.3%).
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An even broader classification would further synthesise these broad types into

¢ Funding the creation of knowledge (Project, Priority Projects, International Cooperation)
e Funding use/diffusion of research (translation and scientific communication)

e Funding People (see above)
¢ Funding Infrastructure

For characterising the agencies, we will stick however to the less abstract version of Table 1. To assess the
individual funding schemes, we use the general information available on the websites of the agencies as well as
the detailed guidelines for application, aimed at researchers who want to apply to specific funding schemes. We
also systematically describe other features of the agencies, which may (indirectly) be important in affecting the
impact of funds on the rate and direction of research. We follow this common structure:

Table 4: Structure of agencies - characterisation with main distinctive features

Section

What we look out for

1. Organisational mission and structure

Mission focus

e Mission focus more narrowly on funding basic/academic
research or more broadly also on
o funding dissemination of knowledge, use of research
results
o creating economic and societal impacts
o education, training and career development

Overarching decision structures

Role of scientific community in

i) general/strategic decision making and in
i) individual funding decisions through participation in
reviews,
i.e. are funds self-governed by academics or are they professional
governmental agencies, do scientists have a formal say in funding
policies decisions or do they just have an advisory role

Allocation of government funding to
agency

Who decides on budget of agencies, mechanisms for budget approval;
existence of a multi-annual spending framework

Organisation of funding activities

How agencies operate, unit of funding at the operational level

2. Overview of funding schemes

In a table,

e Name of funding scheme according to the fund

e Classification of schemes according to the structure proposed
by study authors

e  Description of funding scheme

e Funding scheme is discipline-specific or open to all disciplines

e Research topic origin: Proposal topic is investigator-initiated
(“bottom-up”) or proposed by science fund (“top-down”)

e  Subject of funding scheme (“Who gets funded”)

3. (Quantitative) Characteristics of
funding schemes

In graphs,

e  Share of schemes in total funding

e  Share of disciplines in total funding
In a table, conditional on available data,
Share of scheme in total funding
Lot size
Duration of funding
Success rates

4. Refundable costs and review
procedures of (selected) funding
schemes

e In particular, if principal investigators’ salary can be funded by
the grant and if/how indirect costs (“overhead”) are being
reimbursed

e Quality and nature of peer review process (selection of
reviewers, organization of review (mail, panel, etc.), criteria
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Section What we look out for

for review (weight between different criteria, e.g. track record
of applicant vs quality of proposal, potential impact etc.),
rights of applicants

5. Important changes over time e Changes at the level of the agency
o Changes in organisational structure
o Changes in overall funding levels
e Changes at the level of the individual funding schemes
o  Shifts in budget shares between schemes
o Closure of funding schemes, introduction of new
funding schemes
e  Structural changes in allocation of funding (e.g. review
procedures, overhead costs, etc.)

6. Information and data sources List of main sources, contacts at agencies

The following data series are currently available for the agencies (not all the information is present for all the
various funding schemes though, see section 1):

e 1997-2017: DFG, FWF, SNSF, NSF

e 1998-2017: NIH

e 2000-2016: NWO (aggregate level); 2005-2010, 2015/16: NWO (more detailed, at funding scheme level)

e 2006-2017: UK Research Councils database (with incomplete information though); yearly reports of
individual Research Councils differ from MRC (2000-2017%) to BBSRC/ESRC (2011-2017), see section
3 on UKRI

Note that for reasons of international comparability, we use four broad disciplines to present available information
on funding by discipline: natural sciences (including biological and agricultural sciences, as well as veterinary
medicine), medicine, engineering and social sciences&humanities. Some agencies are able to provide funding
information on a more disaggregated level.

1 The MRC data differs from other councils because whereas most councils included awards made from 2006, the MRC included all awards
active from 2006.
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3.2 Deutsche Forschungsgemeinschaft (DFG, German Research Foundation, Germany)
3.2.1 Organisational mission and structure

Mission focus

The DFG is more narrowly focused on funding scientific research and does not emphasise strongly the potential
impacts of this research (“the DFG funds excellent science without regard to extra-scientific factors”).

The following information was taken from the DFG website:

Best Projects

The main task of the DFG is to select the best projects by researchers at universities and research institutions on a
competitive basis and to finance these projects. Individuals or higher education institutions submit proposals in a
particular field of curiosity-driven basic research that they themselves select. Interdisciplinary proposals are also
considered.

Early career support

The DFG awards the best researchers with funding and, at the same time, gives them the means and freedom
necessary for successful research. One of the DFG's key objectives is the advancement of early career researchers.
It therefore offers them programmes which provide appropriate support at every phase of their qualification. The
DFG is especially committed to the early independence of researchers and supports the recruitment of talented
scientists and academics from at home and abroad for German research.

The DFG funds excellent science without regard to extra-scientific factors. Equal treatment of men and women
and broad representation of the scientific disciplines in the self-governance of the DFG ensure the diversity and
originality required for outstanding research.

Interdisciplinary cooperation

The DFG supports projects from all areas of science and the humanities and especially promotes interdisciplinary
cooperation among researchers. DFG funding enables cooperation between researchers from all branches of
science as well as the formation of internationally visible priorities at universities and non-university research
institutions.

Policy advice

The DFG provides scientific policy advice. As the voice of science in political and social discourse, it counsels
and participates in political decision-making processes with scientific expertise. With the deliberations of its
Senate commissions and the publication of their findings, the DFG makes recommendations concerning
fundamental issues in science and concerning the responsible application of scientific findings in society.

Source: http://www.dfg.de/en/dfg_profile/mission/index.html.

Overarching decision structures

The DFG shows features of academic self-governance, i.e. German academics have a formal say in establishing
general principles of the agency’s operation.

The legal status of the DFG is that of an association under private law. As such, the DFG can only act through its
statutory bodies, in particular through its Executive Board and the General Assembly
(http://www.dfg.de/en/dfg_profile/statutory bodies/index.jsp ). Other important bodies are the Senate, the Joint
Committee, the Executive Committee, the Head Office and the 48 Review Boards.

The Executive Board is responsible for the DFG's regular business. It consists of the President, responsible for
internal and external representation and the Secretary General who runs the head office.

Organisational chart: http://www.dfg.de/en/dfg_profile/head_office/structure/organisational_chart/index.jsp?id=0#content.
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e  General/strategic decision making

The General Assembly determines the principles of the DFG's work. It is made up of research universities, major
research institutions of general importance, academies of sciences and humanities as well as a number of scientific
associations.

The Executive Committee consists of the President, the Vice Presidents (eight at present) and the President of the
Donors' Association, who serves in an advisory capacity. Their main aim is to develop the strategic and conceptual
direction of the DFG.

The Senate has 39 members from the scientific and academic communities and is therefore responsible for all
important decisions relating to research funding prior to the final funding decision and for all important decisions
relating to organising the review, assessment and decision-making processes.

e Decision structures for funding

The Joint Committee is responsible for the financial support for research provided by the DFG. It is the DFG’s
main decision-making body. It bases its final research-policy decisions that relate to the DFG on resolutions passed
by the Senate. The Joint Committee is made up of 39 members of the Senate, representatives from the federal
government (with a total of 16 votes), 16 representatives from the federal states and 2 representatives from the
Donors’ Association for the Promotion of Sciences and the Humanities in Germany.

The Head Office supports the work of the bodies and administers the DFG funding programmes.

The main task of the review boards is to provide quality assurance for the review process as part of the preparation
for DFG funding decisions. Members of the review boards are elected by researchers for four years in accordance
with election regulations to be adopted by the Senate. They are assigned to a subject area according to the focus
of their own research work.

Source: http://www.dfg.de/en/dfg_profile/statutory_bodies/executive_committee/index.html.

Allocation of government funding to agency

The DFG receives two thirds of its grants from the Federal Government and one third from the Lénder (Germany’s
regions or states), the total amount of institutional and project funding being calculated according to the
“Konigsteiner Schliissel”, a formula used in Germany to distribute funds between the federal and the state level.
The proposal for the funding budget, including the administrative budget, is prepared by the DFG Head Office;
the proposal is adopted by the Joint Committee, the DFG's decision-making body consisting of researchers and
representatives of the Federal Government and the Léander. The final decision on the DFG's funding and
administrative budget rests with the GWK (Gemeinsame Wissenschaftskonferenz or Joint Science Conference),
the joint body of science and finance ministers of the Federal Government and the Lander. In the GWK, the Federal
Government has 16 votes and the 16 Lander one vote each. In principle, the GWK passes its resolutions with a
majority of 29 votes. The Pact for Research and Innovation (2016-2020) resulted in an annual increase in the DFG
budget of three percent over that period. There is hence no real multi-annual spending framework for the DFG,
but it can profit from multi-annual higher-level strategies.

Source: Information sent by the DFG.

Organisation of funding activities

The DFG allocates money through various funding schemes (see table below) which are in general not discipline-
specific (Review Boards and the Head Office are structured by scientific disciplines though). To arrive at a budget
across all disciplines, the number of applications and the number of proposals granted in the past is used. According
to the DFG, there are tools available to react in the case of discipline-specific under- or over-shooting of requests
for funding.

Source: Assessment by study authors.
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3.2.3  Characteristics of funding schemes

Funding of the creation of knowledge in the broadest sense (structural priority areas, single project funding and
networks/multi-project funding) dominate the funding portfolio. In particular structural priority funding is high
(see section 4). Thematic focus, in particular with regard to addressing challenges, rather than emerging fields,
achieves only a small share, just as translational schemes which are limited to clinical trials. However, funding
translation of basic research proposals is possible in the research grant schemes individual research grants, priority
programmes and research units, as a follow-up of basic research (http://www.dfg.de/formulare/54_014/54_014_en.pdf).
High-risk and career-oriented funding schemes achieve only a small share of the total, note however that the
support of young researchers can also be an aim of funding schemes classified in other scheme types, such as
Collaborative Research Centres, and that the main single project funding scheme specifies review criteria for first-
time applicants (see below). Note that the DFG does not show dedicated interdisciplinary funding schemes,
however interdisciplinarity is a criterion in several funding schemes, such as the Research Training Groups or the
Collaborative Research Centres.

Natural sciences achieve the highest share in overall funding, followed at some distance by medicine and
engineering, social sciences & humanities as well as interdisciplinary research. Note that the DFG can provide
more detailed information on funding by discipline, by e.g. showing also life sciences as a separate subcategory.
For reasons of international comparability, we present however only the broad split in figure 1 below.

Figure 1: DFG total awarded funding according to study author classification (left panel) and share of
disciplines in total awarded funding (right panel), 2017

0.9% . 0-7% (.49
0.3%

B Structural priority area
u Single project funding (SPF)
© Infrastructure
Thematic priority area
H Education & Training
B Networks and Multi-Project funding
W Career
H Prizes
u Mobility
= Applied Research
m SPF high-risk = Medicine

= Social Science and Humanities
= Natural Sciences
= Engineering

Source: DFG Annual report, WIFO calculation.
Interdisciplinary
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Table 5: Selected characteristics of the funding schemes, 2017
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Funding scheme Original fund Share Lot size Lot size Duration of Duration of | Success
according to name of of (according to (statistical*) funding funding rate
study scheme the scheme scheme application in Mio. (according to | (statistical*)
classification in total documents) EUR proposal
funding in Mio. EUR guidelines)
Total - 100% N/A N/A N/A N/A 30%
Project funding - 37% N/A N/A N/A N/A N/A
Single project Research 30% N/A 0.28 3 Years N/A 30%
funding (SPF) Grants
SPF Early career - - - - - - -
SPF high-risk Reinhart 0.3% 0.5-1.2 Mio. EUR 0.20 5 Years N/A N/A
Koselleck-
Projects
Networks and - 6% N/A 0.06 N/A N/A N/A
Multi-Project
funding
Research Units 5% N/A 0.08 6 Years N/A N/A
International 0.7% 30-300 EUR 0.02 N/A N/A N/A
scientific
contacts
Interdisciplinary - - - - - - -
research
Priority areas - 45% N/A N/A N/A N/A N/A
Structural priority | - 38% N/A 0.21 N/A N/A N/A
area
Collaborative 23% N/A 0.13 N/A N/A N/A
Research
Centres
DFG Research 0.8% 5 Mio. EUR 6.65 N/A N/A N/A
Centres annually
Excellence 14% 3-10 Mio. EUR 4.43 7 Years N/A N/A
Strategy annually
Thematic priority Priority 7% N/A 0.06 6 Years N/A N/A
area programmes
Infrastructure Research 7% 50% of acquisition 0.25 N/A N/A N/A
Infrastructure value, max. 5 Mio.
EUR
Funding of - 11% N/A N/A N/A N/A N/A
people
Education & Research 7% N/A 0.08 4.5 Years N/A N/A
Training Training
Groups
Career 3.3% N/A N/A N/A N/A N/A
Emmy Noether 2.5% N/A 0.23 6 Years N/A N/A
programme
Heisenberg- 0.8% N/A 0.06 5 Years N/A N/A
Programme
Diversification - - - - - - -
Prizes Scientific 1% 1,500 EUR-2.5 0.29 N/A N/A N/A
Prizes Mio. EUR
Mobility Research 0.7% 2,000 EUR/ month 0.02 2 Years N/A N/A
Fellowships
International - - - - - - -
Cooperation
Translation - 0.4% N/A N/A N/A N/A N/A
Applied Research Clinical trials 0.4% 0.35 Mio. EUR 0.33 3 Years N/A N/A
R&D - - - - - - -

Collaboration with
firms

Commercialisation

WIFO
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Funding scheme Original fund Share Lot size Lot size Duration of Duration of | Success
according to name of of (according to (statistical*) funding funding rate
study scheme the scheme scheme application in Mio. (according to | (statistical*)
classification in total documents) EUR proposal

funding in Mio. EUR guidelines)
R&D Value Chain | - - - - - - -
Scientific - - - - - - -
Communication

Source: Application documents for Lot size and Project duration, Annual Reports for Success rates, information provided by the DFG. Note:
Lot size is the size of the total grant (the total amount of money granted for the researcher’s proposal) which will usually be consumed over a
period of several years (funding duration). Lot size according to application documents is the maximum amount of money researchers can
ask for (or the minimum-maximum range); Lot size statistical is the actual average amount of money paid out for granted projects. Success
rates are the share of granted applications relative to the total number of full applications. Minor deviations due to rounding. A “-“-sign
indicates that data/the scheme do not exist at all; N/A indicates that an assessment category is not applicable to the individual funding
scheme, or that data are not available. * calculated by WIFO; note that the low statistical figure for Research Grants (Sachbeihilfen) includes
various items paid out under the Research Grants, such as help for publication costs, which will only amount to a couple of thousand Euros.

Concerning the funding duration, note that Research Grants are renewable using the same review process, but
achieving much higher success rates (63% according to the DFG). Within funding schemes such as single project
funding, there are further subdivisions, e.g. for long-term research projects up to 12 years. No separate data are
available for them (see http://www.dfg.de/foerderung/programme/einzelfoerderung/sachbeihilfe/formulare_merkblaetter/index.jsp ).

The funding rate for renewal applications is significantly higher than for new applications: In 2017, 63% of renewal
proposals and 36% of new proposals were approved.

3.2.4 Refundable costs and review procedures of single project funding
The following costs will be refunded:

e  Wages of scientific/ technical staff

e Material expenses (i.e. Costs for equipment and materials of permanent value, direct costs for the use of
infrastructures (including costs for maintenance and care), consumables, field expenses, computing time
and data (cloud computing), costs for making research data accessible (open research data).

e Mobility (Travel (incl. accommodation and catering costs), conferences and workshops.

e Third-party expenses (Costs of project partners (not wages), consulting, consortia, outsourcing through
subcontracting)

e Costs of scientific (open access) publications.

e  Administrative costs

Salaries of the principal investigator cannot be refunded (except for career and mobility programmes, Research
Fellowships, Heisenberg-Programme or “Eigene Stelle” (a specific module of the Research Grants, called
“Temporary Positions for Principal Investigators”, which provides a post-doc salary for non-tenured principal
investigators, so that they can fund their own position). Moreover, again as a module (“Replacement™) in the
Research Grants scheme, researchers can apply for funds to buy them out of their teaching and administrative
duties, i.e. for funds for a qualified person to replace them for a period of max. 12 months, up to the salary of the
applicant. The need has to be justified though and the research institution hosting the researcher needs to agree.

e Indirect cost rate (Programmpauschale, overheads): 22%

The indirect costs remain with the research institution, not with the researcher and can be used freely by the
research institution, e.g. also strategically to fund new research.

Source: http://www.dfg.de/formulare/1_19/1_19 de.pdf, http://www.dfg.de/formulare/2_023/2_023_de.pdf.
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Table 6: Overview of review process for individual research grants (“Sachbeihilfen )
The following information is taken from the DFG website:

Internal/External External reviewers
reviewers:
Number of reviewers N/A

(per proposal):

International/National both

reviewers:

Organisation of 1t stage mail review by external peer reviewers;

Review: 2" stage Review board (external researchers nominated for four years;

elected by scientists and academics) examines the reviews, gives funding
recommendation to Joint Committee which decides (also based on
interdisciplinary comparison)

Assessment criteria General assessment criteria

(mcl.. we-lghts or « scientific quality of the project (originality and anticipated contribution
relative importance, if to knowledge)

available):

e  Obijectives and work programme (feasibility — clear working
hypotheses, suitability of method and appropriateness of schedule)

e applicants’ qualifications (soundness of the preliminary work, the
quality of publications)

e Work and research environment (at the institution where the project is
to be carried out)

o  Appropriateness of funding requested relative to research proposed

¢ No weights given.

There are special criteria for first-time applicants, where potential and the
quality of the proposal matter more than the track record (past publications)

for coordinated programmes:
quality and added value of cooperation
programme-specific criteria

Source: http://www.dfg.de/download/pdf/foerderung/antragstellung/begutachtung/dfg_begutachtungsverfahren_130715_en.pdf,
http://www.dfg.de/en/research_funding/proposal_review_decision/reviewers/index.html, http://www.dfg.de/formulare/10_20/10_20_en.pdf,
http://www.dfg.de/formulare/10_206/10_206_en.pdf.

3.2.5 Important changes over time

Changes at the level of the agency

e Changes in organisational structure: N/A
e Changes in overall funding levels: The funding awarded by the DFG doubled since 2002, there has been
a particularly steep increase between the years 2006-2008
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Figure 2: DFG funding awarded in current and constant EUR, 1997-2016
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Source: DFG Annual reports, AMECO database for BIP deflator (2010=100), WIFO calculation.

Changes at the level of the individual funding schemes

o The success rate in single project funding fluctuated between close to 35% in 2009 down to 23-
24% in 2013 but has since then recovered to 30%.

WIFO
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Figure 3: Success rate in Single project funding, 2008-2017
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Source: DFG data, calculation ISI-Fraunhofer.

Figure 4:DFG Success Rates in Single project funding by scientific disciplines, 2003-2017
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Source: DFG Annual reports. Note: Single project funding in this graph comprises more programmes than the programme “Sachbeihilfe”,
which has been used for all other calculations.
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The success rate by disciplines is as follows: humanities and social sciences: 35.7%, life sciences: 32.4%, natural
sciences: 37.3%, engineering sciences: 41.0%). An overview of the development of funding rates in the (somewhat
broader) individual funding areas, broken down by scientific discipline, can be found in the DFG Annual Reports
and at http://www.dfg.de/en/dfg_profile/facts figures/index.html.

o 2011-2013: Strong increase in applications for individual funding combined with a decline in
funding quotas.

e  Shifts in budget shares between schemes

The funding portfolio of the DFG has evolved considerably over the past 20 years, seeing a marked increase of
the share of structural priority funding (not least due to the introduction of the “excellence initiative™).
Infrastructure funding has also increased, followed by people’s funding, whereas the share of project funding has
clearly decreased, by contrast.

Table 7: DFG shares of funding instruments, change in percentage points between 1997-2017

Change of share
Share in 1997-2017 in
2017 percentage points

Project funding 36.3% -7.0
Single project funding (SPF) 30.0% -8.4
SPF Early career - -

SPF high-risk 0.3% +0.3
Networks and Multi-Project funding 6.0% +1.2
Interdisciplinary research - -
Priority areas 44.5% +3.4
Structural priority area 37.5% +10.3
Thematic priority area 7.0% -6.8
Infrastructure 7.3% +4.6
Funding of people 10.6% +1.4
Education & Training 6.5% +0.7
Career 3.3% +2.1
Diversification N/A N/A
Prizes 0.9% -2.5
Mobility 0.7% +0.7
International Cooperation N/A N/A
Translation 0.4% +0.4
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Applied Research

- 4] -

0.4%

+0.4

R&D Collaboration with firms -

Commercialisation

R&D Value Chain

Scientific Communication -

Source: DFG Annual report, WIFO calculation.

The share of disciplines in total funding has kept quite stable with the exception of natural sciences, with a decline
in all disciplines in the most recent years with the exception of social sciences & humanities, due to the introduction
of the category “interdisciplinary”. Natural Sciences lose most, from highs of over 50% to 35% in the most recent
year. Engineering declines from 25% to 20% and is overtaken by medicine, which increases from 18% to 22%.

Figure 5: Total awarded funding in Single project funding and coordinated programs by discipline - Germany,

1998-2017
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Source: Annual DFG reports, WIFO calculation. Note: No split by disciplines available, only for SPF.

Social Science and Humanities == Natural Sciences == Engineering

e  Closure of funding schemes, introduction of new funding schemes:

Interdisciplinary

The most important novelty in the funding portfolio was the introduction of the “Exzellenzinitiative” since 2005,
to bolster German universities’ international standing. As German universities are financed by the L&nder (the

WIFO



— 42 —

regions), the federal level can only use federal-level instruments such as the DFG to incentivise structural reforms
among universities.

Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.)

o Introduction of indirect cost rate “Programmpauschale” (Flat-rate programme allowance) -
Gradual introduction from 2008, increase from 20% to 22% from 2016 onwards.

o Limitation of number of publications to be included with research proposal to 5 for general CV
and 2 related to proposal

o Since 2011:; Conversion to "money instead of position": Instead of a detailed specification of
which researchers are going to be involved in the project, money will now be granted for job
categories, which the recipients will then manage themselves.

3.2.6  Information and data sources
Contact at fund

Michael Honscheid

Press and Public Relations Office
michael.hoenscheid@dfg.de

William Dinkel
Director Information Management
william.dinkel@dfg.de

Annual reports
1997-2015: PDF copies sent by DFG
2016-2017: online see http://www.dfg.de/en/dfg_profile/annual report/

Information about structure of fund
http://www.dfg.de/dfg_profil/aufgaben/index.html

http://www.dfg.de/en/dfg_profile/mission/index.html

http://www.dfg.de/en/dfg_profile/head office/structure/organisational chart/index.jsp?id=0#content

Information about application and review procedures
http://www.dfg.de/foerderung/antrag_gutachter gremien/quo_vadis antrag/index.html

http://www.dfg.de/foerderung/antrag_gutachter gremien/antragstellende/index.html

Refundable costs for 2018
http://www.dfg.de/formulare/60_12/60 12 de.pdf
http://www.dfg.de/formulare/1_19/1 19 de.pdf
http://www.dfg.de/formulare/10_20/10 20 de.pdf
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3.3  The Austrian Science Fund (FWF)
3.3.1 Organisational mission and structure

Mission

The FWF focuses mainly on funding science also with a view to the competitiveness of Austria’s research
institutions, as well as on developing human resources for science. The non-scientific use of the research funded
as well as the impact on the economy and society are mentioned by way of “interactive effects”. The following
information is taken from the FWF website:

The Austrian Science Fund (FWF) is Austria's central funding organization for basic research. The purpose of the
FWEF is to support the ongoing development of Austrian science and basic research at a high international level.
In this way, the FWF makes a significant contribution to cultural development, to the advancement of our
knowledge-based society, and thus to the creation of value and wealth in Austria.

FWF’s objectives are:

e To strengthen Austria’s international performance and capabilities in science and research as well as the
country’'s attractiveness as a location for high-level scientific activities, primarily by funding top-quality
research projects for individuals and teams and by enhancing the competitiveness of Austria’s
innovation system and its research facilities;

e Todevelop Austria's human resources for science and research in both qualitative and quantitative
terms based on the principle of research-driven education;

e To emphasize and enhance the interactive effects of science and research with all other areas of culture,
the economy and society, and in particular to increase the acceptance of science and research through
concerted public relations activities.

Source: https://www.fwf.ac.at/en/about-the-fwf/corporate-policy/.

Overarching decision structures

The FWF has features of academic self-governance, in that external academics have a formal say in the decision
structures of the FWF.

Organisational chart: https://www.fwf.ac.at/en/about-the-fwf/organisation/fwf-team/organisational-chart/.

e  General/strategic decision making

Composed of the President, three Scientific Vice-Presidents and the Executive Vice-President, the Executive
Board coordinates the organisation’s activities and is in charge of defining the FWF's strategic objectives as well
as developing and furthering its funding programmes. In addition, the Executive Board takes part in negotiations
with Austrian and European research policymakers, cooperates with universities and other scientific institutions
in Austria and abroad, and represents the FWF at the national and international level. The members of the
Executive Board are members of the Assembly of Delegates and of the FWF Board. The Scientific Vice-Presidents
are each in charge of a specialist department at the FWF.

The President ensures the FWE’s external representation, chairs the FWF Board and the Executive Board and
assumes the direction of the FWF offices. The President may be deputized in all of his or her tasks by a member
of the Executive Board.
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The Supervisory Board is entrusted with numerous powers of monitoring and approval. It adopts resolutions on
the FWF’s annual accounts as well as its annual budget forecasts and its multi-annual and annual work plans. The
Supervisory Board elects the President and the Vice-Presidents on the basis of a shortlist of three candidates
submitted by the Assembly of Delegates. Upon consultation with the President, it appoints the Executive Vice-
President.

The Assembly of Delegates makes decisions on the rules of procedure for its own activities as well as those of the
Executive Board and the FWF Board and is in charge of approving the FWF's annual report. This body also submits
a shortlist of three candidates for the office of President and elects the members of the FWF Board based on a
proposal by the Executive Board as well as four members of the Supervisory Board.

The Secretariat handles day-to-day operations at the FWF. This department is headed by the FWF's Executive
Board and is subdivided into three divisions:

o Specialist departments (Life Sciences, Humanities and Social Sciences, Natural and Technical
Sciences, Mobility and Women's Programmes)

o Strategy departments (International Programmes; National Programmes; Policy, Evaluation,
Analysis)

o Internal departments (Public Relations, Finance, Auditing, IT, Organisation & Human
Resources, Legal Affairs & Committee Support).

e  Decision structures for funding

The FWF Board is responsible for deciding on funding for research projects. The FWF Board consists of the
executive board (currently five members) and the reporters of the FWF.

The expert juries and boards deployed in certain FWF programmes submit funding recommendations for the
FWF board.

Source: https://www.fwf.ac.at/en/about-the-fwf/organisation/.

Allocation of government funding to agency (budget appropriation)

The FWEF’s yearly budget is part of the budget for the Federal Ministry for Education, Science and Research, which
is negotiated on a yearly basis with the Ministry of Finance.

Organisation of funding activities

The FWF allocates money through various funding schemes (see table below) which are in general not discipline-
specific and usually bottom-up, i.e. driven by the curiosity of the scientists. To arrive at a budget across all
disciplines, the number of applications and the number of proposals granted in the past is used.
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3.3.3 Characteristics of funding schemes

As in most other agencies, single project funding dominates in the funding portfolio, followed by education &
training. The FWF has no infrastructure funding scheme, literally no translational schemes except for clinical
research, and few collaborative/network-style funding schemes, with the exception of the Special Research
Programmes (SFB). The FWF has however a much higher share of international cooperation (which is aimed both
at international cooperation between Austrian researchers and researchers in developed countries, such as
Germany, Switzerland and Japan, and in developing or emerging countries, such as India, Russia and China) which
contains collaborative funding schemes. One special feature of the FWF is also the fact that 1.5% of the total
budget goes to publication costs (above all Open Access). In terms of disciplines, within Single project funding
the FWF shows a very high share of natural sciences and of social sciences & humanities, while engineering and
medicine achieve comparatively very low shares. However, some of biological research (classified within natural
sciences) may also be close to medicine, so that the share of medicine should be treated with caution.

Figure 6: FWF total awarded funding according to study author classification (left panel) and share of
disciplines in Single Project funding (right panel), 2017

2%
" 20 106 1%
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® Single Project funding (SPF)

= Education & Training

= International Cooperation
Mobility

® Structural priority area

= Diversification

B SPF Early career

® Additional expenditures

® Applied Research

® Scientific Communication
B Thematic priority area

H Other

= Natural Sciences

. B Social Science and Humanities
H Prizes

= Medicine

B Engineering

Source: FWF Annual reports, WIFO calculation. Note: The category “Other” includes programmes that cannot be classified according to the
study author classification. These programmes are “Top Citizen Science Funding Initiative (TCS)” and “Open Research Data (ORD)”. The
category “Additional expenditures” includes expenditures for EU projects and supplementary funding. The right panel shows shares of
disciplines in Single project funding (SPF). Natural Sciences include the FWF disciplines natural science and agricultural sciences as well as
veterinary medicine. Social Sciences include the FWF disciplines social sciences and humanities.

Table 8: Selected characteristics of the funding schemes, 2017

Funding scheme Original name Share Lot size Lot size Duration of | Duration of Success
according to study | of the scheme of (according to (statistical*) funding funding Rate
scheme scheme application in Mio. (according | (statistical*)
classification in total documents) EUR to proposal
funding in Mio. EUR guidelines)*
Project funding 46% N/A N/A N/A N/A N/A
Single project Stand-Alone 43% max. 0.4 Mio. 0.33 max. 4 N/A 29%
funding (SPF) Projects EUR/project years; for
specific
projects
longer
period
possible
(repeated
application
necessary)
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Funding scheme Original name Share Lot size Lot size Duration of | Duration of Success
according to study | of the scheme of (according to (statistical*) funding funding Rate
scheme scheme application in Mio. (according | (statistical*)
classification in total documents) EUR to proposal
funding in Mio. EUR guidelines)*
SPF Early career START 3% min. 0.8 — max. 1.13 6 years N/A 7%
Programme 1.2 Mio. EUR (interim
review after
3 years)
SPF high-risk - - - - - -
Networks and - - - - - -
Multi-Project
funding
Interdisciplinary - - - - - -
research
Priority areas 7% N/A N/A N/A N/A N/A
Structural Special 5% 1 Mio. EUR/year 0.43 8 years N/A new
priority area Research (benchmark) (interim applications:
Programmes review after 5,3%;
(SFBs) 4 years) extensions:
83,3%
Thematic Programme for 2% depending on the 0.38 max. 4 years N/A 13%
priority area Arts-based individual project,
Research project-specific
(PEEK) costs may be
requested
Infrastructure > = > = = =
Funding of people 28% N/A N/A N/A N/A N/A
Education & 16% N/A 2.05 N/A N/A N/A
Training
doc.funds 5% Education and 1.61 4 years N/A 16%
training costs max.
5,000 EUR/year
for each PhD
position (5-10
PhD candidates),
5% general project
costs
Doctoral 11% N/A 2.33 8 years N/A new
Programmes (interim applications:
(DK) review after 25%,
4 years) renewals:
87,5%
Career - - - - - -
Diversification 4% N/A 0.25 3 years N/A 23-25%
Hertha Firnberg 2% personnel costs: 0.23 3 years N/A 25%
Programme 66,070 EUR/year; (up to 1 year
project-specific therefrom
costs: max. 12,000 can be spent
EUR/year at research
facilities
abroad)
Elise Richter 2% personnel costs: 0.28 1-4 years N/A 23%
Programme 72,630 EUR/year;
project-specific
costs: max. 15,000
EUR/year
Prizes Wittgenstein- 1% max. 1.5 Mio. 15 5 years N/A 5%
Award EUR/prize
Mobility 7% N/A 0.15 3 years N/A N/A
Erwin 3% fellowships 0.14 fellowship N/A 36%
Schrodinger abroad: 34,100- abroad: 10-
Fellowships 46,400 EUR/year 24 months;
(depends on the return phase:
destination), return max. 1 year
phase: 72,630
EUR/year
personnel costs;
max. 12,000
EUR/year project
specific costs
Lise Meitner 4% personnel costs: 0.16 2 years (not N/A 24%
Programme 66,070 EUR/year renewable)

for post-doc,
72,630 EUR/year
for senior post-
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Funding scheme Original name Share Lot size Lot size Duration of | Duration of Success
according to study | of the scheme of (according to (statistical*) funding funding Rate
scheme scheme application in Mio. (according | (statistical*)
classification in total documents) EUR to proposal
funding in Mio. EUR guidelines)*
doc; project-
specific costs:
max. 12,000
EUR/year
GROW - 0.01% 2,112.40 EUR 0.03 10-12 N/A N/A
Graduate (gross salary/30hrs months
Research for doctoral
Opportunities candidates)
Worldwide
International 12% N/A 0.26 N/A N/A N/A
Cooperation
Joint Projects 12% N/A 0.27 max. 3or4 N/A 22%
years
(depending
on which
country)
Joint Seminars 0.01% FWF up to 0.01 0.01 2-4 days N/A N/A
Mio. EUR per
joint seminar
Translation 2%
Applied Research Programme 2% depending on the 0.31 max. 4 years N/A 16%
Clinical individual project
Research project-specific
(KLIF) costs may be
requested
R&D Collaboration - - - - - -
with firms
Commercialisation - - - - - -
R&D Value Chain - - - - - -
Scientific 2% N/A N/A N/A N/A N/A
Communication
Stand-Alone 0.3% innovative N/A N/A N/A N/A
Publications publication
formats: lump-
sum grant of max.
50,000 EUR;
conventional
publication
formats: lump-
sum grant of max.
10,000 EUR
Peer-reviewed 1% max. 2,500 EUR N/A N/A N/A N/A
Publications for journal articles
and similar peer-
reviewed
publication
formats; max.
8,000 EUR for
monographs,
complete
collections and
proceedings.
Science 0.1% max. 50,000 EUR 0.04 N/A N/A 22%
Communication per application
Programme
(Wisskomm)
Other 1% N/A 0.13 N/A N/A 30-39%
Top Citizen 0.1% max. 50,000 EUR 0.04 max. 2 years N/A 39%
Science per application
Funding
Initiative (TCS)
Open Research 1% N/A 0.18 N/A N/A 30%
Data (ORD)

Source: FWF Annual reports; Data and information provided by FWF. Note: Lot size is the size of the total grant (the total amount of money
granted for the researcher’s proposal) which will usually be consumed over a period of several years (funding duration). Lot Size according
to application documents is the maximum amount of money researchers can ask for (or the minimum-maximum range); Lot size statistical is
the actual average amount of money paid out for granted projects. Minor deviations due to rounding. A “-*-sign indicates that data/the scheme
do not exist at all ; “N/A” indicates that an assessment category iS not applicable to the individual funding scheme, or that data are not
available. The category “Other” includes programmes that cannot be classified according to the study author classification. *The duration of
many FWF programmes can currently be extended by 6 months, provided that no additional costs are incurred.
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Individual project grants cannot be renewed, although a new proposal can build on previous funded projects (but
must go through the normal review process); it does not happen often according to the FWF and data are hard to

come hy.

3.3.4 Refundable costs and review procedures of single project funding

e wage of the applicant only for Pls without an employment contract, for details see the FWF application

guidelines?,

e wages of scientific/technical staff,
e material expenses (consumables and smaller pieces of equipment, if it is specifically required for the

project concerned and if it does not constitute basic equipment (i.e. part of an institution’s

infrastructure)),

e mobility (Travel (incl. accommodation and catering costs), conferences and workshops),
o third-party expenses (Costs of project partners (not wages)).

e Indirect cost rate (overheads): -
The FWF currently does not pay indirect costs.

Source: https://www.fwf.ac.at/fileadmin/files/Dokumente/Antragstellung/Einzelprojekte/p_application-guidelines.pdf,

https://www.fwf.ac.at/de/news-presse/news/nachricht/nid/20150323-2113/.

Table 9: Overview of review process (Stand-Alone-Projects)
The following information is taken from the FWF website.

Internal/External
reviewers:

Internal (domestically working, external researcher who are elected for a
period of four years — the so-called Reporters) and external reviewers

Number of reviewers (per
proposal):

At least two external reviewers for Stand-Alone Projects up to a requested
funding amount of 400,000 EUR. An additional review is required for each
additional 200,000 EUR requested.

International/National
reviewers:

Only international reviewers (researcher working outside Austria)

Organisation of Review:

1t stage mail review by external reviewers in which they are asked to address
specific questions in relation to the proposal. External reviewers are chosen by
the Reporters together with the FWF Office, the “internal” reviewers (see
above). At the same time, reviewers are asked to provide an overall formal
assessment (i.e. rating) for each specific question using a five-point scale (see
below). Applicants can refuse up to three reviewers.

2" stage panel review by FWF Board.

Each review consists of two sections:

The first section is transmitted to the applicant in its entirety (incl. the overall
ratings).

In the second section, reviewers can provide additional, confidential remarks to
the FWF.

The FWF provides the reviewers with a brief explanation of the quality
standards that should form the basis for the formal ratings (see below for
detailed information):

Excellent = funding with highest priority
Very Good = funding with high priority
Good = resubmission with some revisions
Average = resubmission with major revisions

% See https://www.fwf.ac.at/en/research-funding/application/stand-alone-projects/, application guidelines, appendix I, 2.2.
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Poor = rejection

Funding decisions:

The Reporter responsible for the application presents it to the Board, together
with a summary of the reviews received as well as any comments received from
the Alternate(s). In most cases, decisions are made unanimously, often after a
detailed discussion and comparison of the applications submitted.

After the FWF Board meeting, the decision letters are prepared by the FWF
office and dispatched to the applicants.

Assessment criteria (incl. | The reviewers are asked to respond to the following questions; there are no
weights  or relative | weights, each answer is rated according to a five-step scale (see above).

importance, if available): Section 1 (to be transmitted to the applicant in its entirety):

e 1 Scientific/scholarly quality of the proposal with special attention to
strengths and weaknesses

e 2 Approach/methods and feasibility of the proposal with special
attention to strengths and weaknesses

o 3 Research-related qualifications of the researchers involved (based on
their academic age) with special attention to strengths and weaknesses

e 4 Ethical issues

e 5 Overall evaluation with regard to key strengths and weaknesses and
final funding recommendation

Section 2 (confidential remarks to the FWF)

e  Other comments intended solely for the FWF

Special criteria for early- | Yes. In the course of the FWF Board discussion, bonuses for early-stage
career investigators: applicants (up to 8 years after conferral of doctorate) may be applied.

Source: https://www.fwf.ac.at/fileadmin/files/Dokumente/Entscheidung_Evaluation/fwf-decision-making-procedure.pdf.

Additional information

Five-point rating scale
Excellent = funding with highest priority

The proposed research project is among the best 5% in the field worldwide. It is potentially ground-breaking and/or
makes a major contribution to knowledge. The applicant and the researchers involved possess — relative to their
academic age — exceptional qualifications by international standards.

Very good = funding with high priority

The proposed research project is among the best 15% in the field worldwide. It is at the forefront internationally,

but minor improvements could be made. The applicant and the researchers involved possess — relative to their
academic age — high qualifications by international standards.

Good = resubmission with some revisions

The proposed research project is internationally competitive but has some weaknesses, and/or the applicant and
the researchers involved possess — relative to their academic age — good qualifications by international standards.

Average = resubmission with major revisions

The proposed research project will provide some new insights but has significant weaknesses and/or the applicant
and the researchers involved possess — relative to their academic age — fair qualifications by international standards.

Poor = rejection

The proposed research project is weak, and/or the applicant and the researchers involved lack sufficient
qualifications by international standards.
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3.3.5 Important changes over time

Changes at the level of the agency

e Changes in organisational structure;
In 2015, the FWF’s governance structure was reformed by introducing a supervisory board.

e Changes in overall funding levels
The total funding awarded by the FWF increased over time, but not linearly, as both at the time of the economic
crisis 2008 and in recent years total funding awarded actually dropped.

Figure 7: FWF total funding awarded in current and constant EUR, 1997-2017
250

200

150

in Mlo.

100

50

0
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

constant prices nominal

Source: FWF Annual reports, AMECO database for BIP deflator (2010=100), WIFO calculation. Note: Data of total funding awarded
“nominal” is taken from the FWF’s annual reports. However, the content of the definition of total funding awarded has changed over time, so
that funding before 2005 is slightly overestimated.

Changes at the level of the individual funding schemes

The success rate in single project funding dropped considerably since 1997, from a level of close to 60% to close
to 30%.
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Figure 8: Success Rate in Single project funding, 1997-2017
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Source: FWF Annual reports.

Success rates by disciplines generally move in the same direction, indicating common factors at play. Engineering
has dropped from the highest level in 1997-2002 to the lowest level in 2013-2017. Differences with the overall
single project funding success rate are explained by averaging data over 5 years.

Figure 9: Success Rate in Single Project funding by discipline, 1997-2017
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Source: Data was provided by FWF. Note: Disciplines proposed by study authors. The success rates refer to the proportion of the granted
funding in relation to the requested funding. Data grouped in blocks of 5-6 years.
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The share of the disciplines over time has stayed remarkably stable, again indicating common factors at play when
considering the changing success rates at the level of the disciplines — e.g. in engineering, there must have been a

higher increase in applications than in social sciences and humanities.

Figure 10: Total awarded funding in Single project funding by discipline - Austria, 2009-2017
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Source: Data sent by FWF.

Otherwise, some structural changes from April 1, 2016 onward included the following:

o Each researcher will be allowed to serve as the principal investigator in a maximum of two
projects in the following programmes: Stand-Alone Projects, International Programmes,
Clinical Research (KLIF) and Arts-Based Research (PEEK).

o Inaddition, the amount of funding that can be requested in those programmes will be limited
to a maximum of €400,000.00 per project.

o Atthe same time, the maximum duration of projects in the programmes will be extended from
36 to 48 months,

o while the option of extending a project's duration (without additional costs) will be shortened
from 24 to 6 months.

These measures of limitation (number and volume) are due to budget problems and will soon be repealed.

Source: https://www.fwf.ac.at/en/news-and-media-relations/news/detail/nid/20160316-
2176/?tx_rsmnews_detail%5Bref%5D=1&cHash=1f6724519c1949ff2acebfc8c9a460f5, information provided by FWF.

e  Shifts in budget shares between schemes
Noteworthy is the relative increase of the people programmes at the expense of single project funding, particularly
due to the introduction of funding schemes for doctoral programmes, as well as the increase of international
cooperation schemes. The reduction in the share of interdisciplinary funding schemes is to some extent misleading,
as the standard single project funding scheme accepts interdisciplinary proposals.
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Table 10: FWF shares of funding instruments, change in percentage points between 1997-2017

Change of share
1997-2017 in
Share in 2017 percentage points

Project funding 46.3% -24.8
Single project funding (SPF) 43.3% -24.7
SPF Early career 3.0% +3.0
SPF high-risk - -
Networks and Multi-Project funding - -
Interdisciplinary research - -3.1
Priority areas 6.7% -0.6
Structural priority area 5.2% -2.1
Thematic priority area 1.5% +1.5
Infrastructure - -
Funding of people 27.9% +20.8
Education & Training 16.3% +16.3
Career - -
Diversification 4.2% +3.5
Prizes 0.7% +0.7
Mobility 6.7% +0.2
International Cooperation 12.1% +12.0
Translation 1.8% +1.8
Applied Research 1.8% +1.8
R&D Collaboration with firms - -
Commercialisation - -

R&D Value Chain - -
Scientific Communication 1.5% +1.5

Source: FWF Annual reports, WIFO calculation. Note that interdisciplinary projects can also be funded in other schemes.

e  Closure of funding schemes, introduction of new funding schemes:
o Decided for now: for the programme doc.funds the Doctoral Programmes (DKs) were
discontinued, only renewals are possible.
o Relatively new programmes are: Weiss Prize, ASMET Research Award, netidee SCIENCE
and Projects Herzfelder-Stiftung, all funded by private sponsors, but there is only one project

per year.

o New but not yet decided: Young Independent Researcher Groups and Research Groups.

Source: for mentioned programmes, see: https://www.fwf.ac.at/en/research-funding/fwf-programmes/; information provided by FWF.
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Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.)

o Minimal changes of review forms in 2015, with no great impact.

o Overheads were abolished again in 2011.
Source: Information provided by FWF.

3.3.6 Information and data sources
Contact at fund

Falk Reckling

Head of Department

Strategy — Policy, Evaluation, Analysis
falk.reckling@fwf.ac.at

Ralph Reimann
Strategy — Policy, Evaluation, Analysis
ralph.reimann@fwf.ac.at

Information about funding schemes:
Annual reports of FWF
https://www.fwf.ac.at/en/about-the-fwf/publications/publication-types/10/publication-view/single/back/230/

FWF website
https://www.fwf.ac.at/en/

FWF funding statistics 2009-2017
https://zenodo.org/record/1310774#. W7yGFCCYSUI

e Additional data from 2008-1997 sent by FWF
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3.4 Netherlands Organisation for Scientific Research (NWO)
3.4.1 Organisational mission and structure

Mission focus

NWO focuses more broadly on funding scientific research and on its potential impact or utilisation, as well as
being involved in national coordination of thematic research strategies (e.g., within the Dutch “Top Sectors”
sectoral prioritisation policy). The following information was taken from the NWO website:

NWO's mission is to advance world-class scientific research that has scientific and societal impact. NWO
approaches that from its vision of being a connector and is guided by its core values: groundbreaking, committed,
reliable, and connecting. For the coming strategic period, NWO has established five ambitions along which the
mission will be shaped.

e Ambition 1: Nexus role (NWO will ensure increased coordination in Dutch science so that a national
research strategy can be developed, including a regularly updated Dutch National Research Agenda. In
this, thematic and curiosity-driven research will be kept in balance.)

o Ambition 2: People (Good research requires good researchers. NWO will ensure that researchers in the
Netherlands can continue to develop in all phases of their career)

e Ambition 3: Research (Fundamental research forms the basis for excellence and innovation.
Consequently, curiosity-driven and fundamental research will remain an important focus for NWO with
programmes for high-risk pioneering research.)

e Ambition 4: Infrastructure (Research infrastructure plays an important role in all areas of science. In this
regard, not just the ‘hard’ equipment and ICT-facilities are important, but also the technical support and a
professional environment where brainpower is concentrated and people meet.)

e Ambition 5: Knowledge sharing (Besides having a scientific impact, research should also generate
societal impact that contributes to the solving of societal issues. NWO wants to facilitate knowledge
sharing by increasing the collaboration with users. In doing so, NWO will further build upon the
experience of various NWO units.)

Source: https://www.nwo.nl/en/about-nwo/mission+and+vision, https://www.nwo.nl/en/about-nwo/strategy.

Overarching decision structures

NWO works as a governmental agency rather than an academic self-governance body, i.e. academic scientists
have an advisory role rather than a formal say in decisions on funding policy. It has both intra-mural research
centres and provides extra-mural funding to researchers.

Organisational chart: https://www.nwo.nl/binaries/content/gallery/nwo/algemeen/over-nwo/organogram_2017_uk.jpg.

e  General/strategic decision making

As an independent directive body (founded in 1950) with the authority to distribute public resources, NWO falls
under the responsibility of the Ministry of Education, Culture and Science. The tasks and responsibilities are
established in the NWO Act. The NWO Regulations define how the decentralised structure is composed, how
decision-making proceeds and which principles are used for this. The NWO Regulation on Granting describes who
may request funding from NWO and the framework of the assessment process and project management. NWO
uses a code of good governance (the Dutch Code of ‘Goed Bestuur') as a guideline to give account for its public
governance structure.

NWO falls under the responsibility of the Minister of Education (OCW). In order to properly take on this
ministerial responsibility the Minister has a number of powers described in the NWO Act:

e to appoint and discharge members of the Executive Board

WIFO


https://www.nwo.nl/en/about-nwo/mission+and+vision
https://www.nwo.nl/en/about-nwo/strategy
https://www.nwo.nl/binaries/content/gallery/nwo/algemeen/over-nwo/organogram_2017_uk.jpg

- 60 -

e to approve changes to the NWO Regulations (which describe the organisation’s management and
constitution as well as its relations with the research organisations)

e to form an opinion on the strategic plan
e to approve the budget
e to approve the annual accounts (part of the annual financial report)

The Minister consults with NWO’s Executive Board once or twice a year.

The Executive Board is responsible for carrying out NWQO’s duties. Under NWO come domain boards, research
institutes and temporary taskforces. The Executive Board appoints or approves the appointment of members in the
boards of these organisations. The NWO Regulations stipulate the rules to be followed in the NWO organisation.
These rules have been further specified in covenants, guidelines and other regulations.

In order to effectively accomplish its public tasks NWO maintains well-regulated relations with other departments
and other (intermediary) organisations in the scientific field, such as the VSNU, universities, KNAW, Ministry of
Economic Affairs, the EU, and Research Councils across Europe. The Executive Board is accountable to the
Minister. In addition, it is self-evident that a public organisation like NWO must administer public means in a
responsible way and be publicly accountable for it.

e Organisation of funding decisions

NWO (the executive board) appoints a selection committee or jury for each funding instrument, usually senior
researchers and experts from industry and civil society, experienced in assessing research. Its task is to compare
and assess the research proposals. The committee or jury has access to all the research proposals as well as the
referees' reports and applicants' rebuttals. An interview or site visit can also form part of the assessment procedure.
Based on this information, the selection committee issues a funding advice to the NWO board that takes the funding
decision.

Firstly, the board assesses whether the selection committee worked according to the procedure and selection
criteria described in the call for proposals. Board members have access to all relevant information such as research
proposals, referees' reports, applicants' rebuttals, the description of the assessment procedure, the composition of
the committee, and the assessment of the conflict of interest code. The board then takes a funding decision. Usually
the board adopts the selection committee's advice. It may, however, deviate from this if it states its reasons for
doing so.

Source: https://www.nwo.nl/en/about-nwo/organisation/governance, https://www.nwo.nl/en/funding/funding+process+explained.

Allocation of government funding to agency

An important part of NWO’s duties is performed by providing funding to academic researchers. The financial
means for this are for the most part drawn from the budget of the Ministry of Education, Culture and Science.

Organisation of funding activities

NWO operates mainly on the basis of non-discipline specific cross-cutting funding schemes. However, within
these cross-cutting schemes, discipline-specific/thematic calls for research proposals may be launched.

The following information was taken from the NWO website:

NWO provides a limited palette of funding instruments with a clear number of modules. These modules can be
combined in accordance with the objectives of the programme or call concerned. This approach will provide the
flexibility needed to meet the needs of the various disciplines.

NWO is currently undergoing reform aimed at harmonising its instruments. This harmonisation of instruments
will provide the following palette of funding lines and each line will have a distinct objective:

Talent Programme
Curiosity-driven, responsive-mode research aimed at research talent
Open Competition
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Curiosity-driven research
Programmes for scientific or societal breakthroughs

Large-scale programmes based on the Dutch National Research Agenda, Knowledge and Innovation Agendas and
the knowledge agendas of government ministries, where relevant in collaboration with public and/or private
stakeholders

PPP
Projects or programmes in partnership with external public and/or private parties

Specific programmes
Projects or programmes in the context of, for example, the Merian Fund with third countries, the Netherlands Polar

Programme, the User Support for Space Research programme, the Caribbean Research: a Multidisciplinary
Approach programme, and the long-term strategic programmes of the NWO institutes

Infrastructure
Realising large-scale infrastructure

A detailed list is provided in the next section.

Source: https://www.nwo.nl/en/about-nwo/funding+lines.
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3.4.3 Characteristics of funding schemes

NWO, just like the UK Research Councils and to a lesser degree the NSF, does not provide detailed funding data
corresponding to the funding schemes as researchers trying to apply for the schemes would see them. In the next
table, we hence juxtaposed the information on the funding portfolio as presented in the yearly annual reports with
the information from the website, presented above. This was validated with NWO, however the detail of funding
data is still limited.

Table 11:Overview funding schemes versus data in annual report

Corresponding

Name of funding scheme according to NWO's | programme in Data in annual Data for
website annual report report 2016
Open competition Open competition yes 82.4
Aspasia (focused on female talent in higher

positions)

FOm/f incentives programme (focused on female
scientists in Dutch physics)

PhDs in the Humanities yes for Talent

Rubicon (experience abroad for young scientists) Talent category 177.6
Spinoza Prize (aimed at the absolute top) as awhole

Innovational Research Incentives Scheme Veni

Innovational Research Incentives Scheme Vidi

Innovational Research Incentives Scheme Vici

Gravitation - E{?Jg%irt of N\WO

The funds disbursed
are part of other

Top sectors .. | No
programmes, as It Is
cross-cutting
The funds disbursed
Money follows researcher (MfR-scheme) are part of other .. | No
programmes, as it is
Ccross-cutting
NWO Grants for Large Research Facilities Research yes 130
infrastructure
Other programmes
no information on website; according to NWO, (internationalisation
. yes 150
also cross-cutting programmes and knowledge
utilisation)
no information on website; according to NWO this
comprises the thematic research topics
Big data
Building blocks of life .
g Societal challenges | yes 90

Circular economy
Complexity
Quality of life
Resilient Society
Source: NWO annual reports and website, as well as information provided by NWO.
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https://www.nwo.nl/en/research-and-results/programmes/gw/phds-in-the-humanities/index.html
https://www.nwo.nl/en/research-and-results/programmes/rubicon
https://www.nwo.nl/en/research-and-results/programmes/spinoza+prize
http://www.nwo.nl/en/funding/our-funding-instruments/Grant+type/Grote+faciliteiten?r56_r1_r2:facetPath=%2Fcontent%2Fdocuments%2Fnwo-en%2Fcommon%2Fsubsidies%2Fonze-subsidies%2Fsubsidy-facet%2FGrant+type
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In the Netherlands, standard single project funding is hence not the most important funding category, career-
oriented, translational, infrastructure and thematic schemes are more important. Note however that some of the
“Talent”-schemes could also be seen as curiosity-driven project funding for early career researchers, by NWO
information. In any case, the focus of the agency as defined in its mission statement can also be seen at the level
of its funding portfolio, with a higher emphasis on translational and thematic priorities.

Figure 11: NWO total awarded funding according to study author classification, 2016

15.9%

Source: NWO annual report, WIFO calculation.

m Career

m Applied research
Infrastructure
Thematic priority area

m Single project funding

ON/A

Table 12: Selected characteristics of the funding schemes, 2016

Funding scheme Original name Share of Lot size Lot size Duration of | Duration of | Success Rate
according to study of the scheme scheme in (according to (statistical*) funding funding
scheme classification total application in Mio. (according to | (statistical*)
funding documents) EUR proposal
in Mio. EUR guidelines)

Total 100% N/A N/A N/A N/A 27%
Project funding Open competition 10% N/A 0.33 6 Years N/A 22%
Single project funding
(SPF) Open competition 10% N/A 0.33 6 Years N/A 22%
SPF Early career - - - - - -
SPF high-risk - - - - - -
Networks and
Multi-Project funding - - - - - -
Interdisciplinary
research - - - - - -
Priority areas Societal challenges 11% N/A 0.60 N/A N/A 39%
Structural priority area N/A N/A N/A N/A N/A N/A
Thematic priority area | Societal challenges 11% N/A 0.60 N/A N/A 39%

Research
Infrastructure Infrastructure 16% N/A 0.63 N/A N/A 62%
Funding of people Talent 22% N/A 0.35 N/A N/A 19%
Education & Training N/A N/A N/A N/A N/A N/A
Career Talent 22% N/A 0.35 N/A N/A 19%
Diversification N/A N/A N/A N/A N/A N/A
Prizes N/A N/A N/A N/A N/A N/A
Mobility N/A N/A N/A N/A N/A N/A
International - - - - -
Cooperation -

Other programmes

(internationalisation

and knowledge 18% N/A 0.42 N/A N/A 35%
Translation utilisation)

Other programmes

(internationalisation

and knowledge 18% N/A 0.42 N/A N/A 35%
Applied Research utilisation)
R&D Collaboration N/A N/A N/A N/A N/A
with firms N/A

WIFO
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Funding scheme Original name Share of Lot size Lot size Duration of | Duration of | Success Rate
according to study of the scheme scheme in (according to (statistical*) funding funding
scheme classification total application in Mio. (according to | (statistical*)
funding documents) EUR proposal
in Mio. EUR guidelines)

Commercialisation - - - - -

R&D Value Chain - - - - _

Scientific
Communication - o = - -

Source: Project duration, Success rates: Application documents and NWO Annual reports. Note: Lot size is the size of the total grant (the
total amount of money granted for the researcher’s proposal) which will usually be consumed over a period of several years (funding
duration). Lot size according to application documents is the maximum amount of money researchers can ask for (or the minimum-maximum
range); Lot size statistical is the actual average amount of money paid out for granted projects. Success rates are the share of granted
applications relative to the total number of full applications. Minor deviations due to rounding. A “-“-sign indicates that data are not
available; N/A indicates that an assessment category is not applicable to the individual funding scheme. * calculated by WIFO.

For individual project funding ("Open Competition™), a maximum term of 6 years and a lot size of 500,000 EUR
to a maximum of 750,000 EUR apply. Note that the Open Competition cannot be renewed. Success rates in the
broad programme types vary considerably, between 22% for standard single project funding and 62% for
infrastructure spending.

3.4.4 Refundable costs and review procedures of single project funding

e Wages of scientific/ technical staff

e Material expenses (i.e. Costs for equipment and materials of permanent value, direct costs for the use of
infrastructures (including costs for maintenance and care), consumables, field expenses, computing time
and data (cloud computing), costs for making research data accessible (open research data).

o  Mobility (Travel (incl. accommodation and catering costs), conferences and workshops.)

e Third-party expenses (Costs of project partners (not wages), consulting, consortia, outsourcing through
subcontracting.)

Source: https://www.nwo.nl/en/funding/our-funding-instruments/nwo/free-competition/alw/open-programme.html.

Funding cannot be requested for permanent staff in the standard single project funding, student assistants, analysts
or technicians. Funding for the PI is possible in the Innovational Research Incentives Scheme or the Rubicon. And
in some grants it is allowed to apply for reimbursement of management costs, or replacement personnel.
‘Overhead’ costs, such as standard office or laboratory equipment, general computer equipment, and maintenance
and insurance costs, are not covered by NWO.

The size of the personnel costs to be funded can be looked up in the salary tables of the Association of Universities
in the Netherlands (Dutch acronym: VSNU). The salary tables have been agreed upon in the ‘Agreement for
Funding Scientific Research’ and are based on the collective labour agreement (Dutch acronym: CAO) of the
Dutch universities.

Source: https://www.nwo.nl/en/funding/funding+process+explained/salary+tables, https://www.nwo.nl/binaries/content/documents/nwo-
en/common/documentation/application/alw/open-programme---call-for-proposals/Call+for+Proposals+ALW+OP+nov2017+ENG.pdf.
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Table 13: Overview of review process of ALW open competition& NWO Domain Science Open Competition —

Klein

The following information is taken from the NWO website:

Internal/External
reviewers:

External and internal

Number of reviewers
(per proposal):

International/National
reviewers:

Mostly international reviewers

Organisation of Review:

1%t stage: mail review by external reviewers, organised by NWO staff (who
may pre-select in case of too many applications); applicants may respond to the
referees’ assessments; 2" stage: a selection committee or jury (composed of
mostly senior researchers, or non-academic experts) issues a funding
recommendation to the NWO Board which takes the final funding decision;
applicants can lodge an objection within six weeks, which will be addressed by
an independent Appeals and Objections Committee.

weights or relative

Assessment criteria (incl.

importance, if available):

General assessment criteria:

¢ scientific quality (including objective, methodology and research team)
e programmatic criteria (added value, coherency, organisation)
o knowledge utilisation

Assessment criteria for ALW open competition:

e criterion 1: originality/innovative nature, weighting 1/3 (The potential
innovation with respect to the broader field of the research theme, e.g.
with respect to the research question, method or result)

e criterion 2: scientific quality of the proposal, weighting 1/3 (The
scientific quality of the proposal must be apparent through the
objectives, scientific approach, methodology, and the effect of the
study: objectives must show scientific importance, approach and
methodology must be clearly defined, appropriateness of working plan;
effect of study relates to scientific broadening/deepening of area
researched, and potential benefits for other research areas)

e criterion 3: scientific quality of the group, weighting 1/6 (the Pl weighs
heavier than group, capability must be demonstrated by publication in
international top journals, collaborations and access to equipment)

e criterion 4: knowledge utilisation, weighting 1/6 (not assessed by
external peer reviewers, but by NWO Office following a checklist of
eight facultative elements:1. Are beneficiaries identified (other
scientific disciplines, companies, organisations...); 2. Stakeholder
feedback — are meetings or other feedback options planned with
beneficiaries identified under 1? 3. Beneficiaries confirmed — which
potential knowledge users are involved or committed to the project?4.
Education (of researcher applied for in project); 5. How can external
get access to data of the project? 6. Data distribution or integration —
where will data be made accessible?7. Outreach method identified — do
researchers have a plan to communicate their results to beneficiaries
and general public (including patent application and all publication
routes not aimed at peers) 8. Outreach timetable and budgets; the
minimum score for knowledge utilisation will not a priori prevent
applications from funding)
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Assessment criteria for NWO Domain science open competition Klein;
e Criterion 1: Scientific quality of the proposal (What/Who)

This includes:

- the clarity of the proposal, question posed and the objectives;

- scientifically innovative and/or ground-breaking elements of research
proposal/investment;

- the scientific approach: (challenge in) the approach and the feasibility of this;
- the effectiveness in terms of methodology proposed.

- appropriate expertise of the researchers involved and (access to) the equipment
needed.

- in the case of a proposal with an investment: the need for the investment must
be made clear.

e  Criterion 2: Scientific and/or societal impact (Why)
This includes:

- the importance of potential research results in the short and long term in the
own discipline;

- knowledge utilisation: possible use and relevance of the knowledge generated
in other scientific disciplines and/or society (economic, technical, social or
cultural, for example via outreach).

The criteria will be weighted as follows in the assessment:

Scientific quality of the proposal is 70% of the final score, the scientific and/or
societal impact 30%.

Source: https://www.nwo.nl/en/funding/funding+process+explained, https://www.nwo.nl/en/funding/our-funding-instruments/nwo/free-
competition/alw/open-programme.html. ; https://www.nwo.nl/en/funding/our-funding-instruments/enw/open-competition/nwo-open-
competition-domain-science---klein/nwo-open-competition-domain-science---klein.html.

3.4.5 Important changes over time

Changes at the level of the agency

e Changes in organisational structure: NWO is currently implementing a new organisational structure, the
aim being to have a more efficient structure by way of clustering the current science divisions and
foundations into four domains.

Source: https://www.nwo.nl/en/news-and-events/news/2015/contours-new-nwo-announced.html.

e Changes in overall funding levels
Total funding awarded increased quite significantly since 2002, in effect tripling.
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Figure 12: NWO awarded funding in current and constant EUR, 1999-2016
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Source: NWO Annual report, AMECO database for BIP deflator (2010=100), WIFO calculation.

Changes at the level of the individual funding schemes

e  Shifts in budget shares between schemes

Due to the lack of detailed funding data, shifts in budget shares between schemes are only a very rough
approximation. Basically, the share of single project funding has decreased substantially in favour of translation
and infrastructure.

Table 14: NWO shares of funding instruments, change in percentage points between 2005-2017

Change of share
1997-2017 in

Share in 2017 percentage points
Project funding 10% -32.0
Single project funding (SPF) 10% -32.0
SPF Early career - -
SPF high-risk - -
Networks and Multi-Project funding - -
Interdisciplinary research - -
Priority areas 11% -9.8
Structural priority area N/A N/A
Thematic priority area 11% +11.0
Infrastructure 16% +8.5
Funding of people 22% +0.4
Education & Training N/A N/A
Career 22% N/A
Diversification N/A N/A
Prizes N/A N/A
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Mobility N/A N/A
International Cooperation - -
Translation 18% +18.3
Applied Research 18% N/A
R&D Collaboration with firms N/A N/A
Commercialisation - -
R&D Value Chain - -
Scientific Communication - -

Source: NWO Annual report, WIFO calculation.

Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.)

None

3.4.6 Information and data sources
Contact at fund

Danny ten Bosch

Finance | Information management
d.tenbosch@nwo.nl

Annual reports
2000-2006: PDF copies sent by NWO
2007-2016: https://www.nwo.nl/en/about-nwo/media/annual+report

Information about structure of fund
https://www.nwo.nl/en/about-nwo/funding+lines

https://www.nwo.nl/en/about-nwo/mission+and+vision

https://www.nwo.nl/en/about-nwo/organisation

https://www.nwo.nl/en/about-nwo/organisation/governance

Information about application and review procedures

https://www.nwo.nl/en/funding/funding+process+explained
https://www.nwo.nl/en/funding/our-funding-instruments/nwo/free-competition/qw/free-competition.html

https://www.nwo.nl/en/funding/our-funding-instruments/nwo/free-competition/alw/open-programme.html
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3.5  Swiss National Science Foundation (SNSF)
3.5.1 Organisational mission and structure

Mission focus

The SNSF targets both the creation and the diffusion of knowledge. The following information is taken from the
SNSF website:

The Swiss Confederation has mandated the SNSF to fund research and promote young scientists in Switzerland.
The SNSF's strategy and objectives are geared to fulfilling this task and strengthening Swiss research as a whole.

The SNSF's strategic goals are derived from the Statutes and the mission statement.

e  Support high-quality research as well as researchers in their quest for excellence.

e  Bring research funding closer into line with the researchers' needs.

e Support the spread of knowledge in society, the economy and politics and demonstrate the value of
research.

Source: http://www.snf.ch/en/theSNSF/profile/strategy/Pages/default.aspx.

Overarching decision structures

The SNSF shows features of academic self-governance, i.e. Swiss academics have a formal say in establishing
general principles of the agency’s operation.

e  General/strategic decision making

The Foundation Council is the highest body of the SNSF and makes strategic decisions. It ensures that the
Foundation stays on mission, defines the position of the SNSF on research policy issues and produces planning
documents. The members of the Foundation Council are drawn from the most important organisations in the Swiss
research community and representatives from politics and industry nominated by the Federal Council. The
Foundation Council currently consists of the president, eleven representatives of the universities and Federal
Institutes of Technology in Zirich and Lausanne, six representatives of the Swiss Academies of Arts and Sciences,
eight representatives of the universities of applied sciences and of teacher education, seven coopted members and
seven members elected by the Federal Council. The Executive Committee is currently composed of thirteen
members of the Foundation Council (five representatives of universities, two representatives of federal institutes
of technology, one representative of the Swiss Academies of Arts and Sciences, two representatives of the
universities of applied sciences and of teacher education, one coopted member and two representatives elected by
the federal council).

The Compliance Committee supports the Executive Committee of the Foundation Council in its supervisory
function with regard to the scientific activities of the SNSF. The Compliance Committee reports to the Executive
Committee of the Foundation Council and is elected by the latter. It has five members. The person responsible for
compliance within the Executive Committee of the Foundation Council assumes the presidency.

o  Decision structures for funding

The National Research Council of the SNSF evaluates several thousand applications each year and makes
funding decisions. It is composed of about 100 distinguished researchers, most of whom work at Swiss higher
education institutions. The Research Council is supported by 90 evaluation bodies comprising over 700 members.
It comprises the following four divisions: Humanities and Social Sciences, Mathematics, Natural and Engineering
Sciences, Biology and Medicine and Programmes. Three Specialised Committees are responsible for cross-
divisional matters: International Co-operation, Careers and Interdisciplinary Research. In addition to the
permanent commissions ""Gender Equality in Research Funding' and ""Research Integrity", the Research
Council can appoint specialised commissions and panels for specific evaluation tasks.

The Presiding Board consists of the President of the Research Council and the Presidents of the divisions and
specialised committees. It supervises and coordinates the work of the Research Council and drafts science policy
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recommendations for submission to the Foundation Council. It focuses mainly on funding policy, the elaboration
of funding schemes, evaluation methods and the distribution of funds across the individual scientific disciplines.

The evaluation bodies evaluate proposals and lay the groundwork for the funding decisions made by the Research
Council. The members of these bodies are for the most part researchers working at higher education institutions.
A third are women, and a third work at institutes based abroad.

The Research Commissions are based at higher education institutions and act as a link between them and the
Swiss National Science Foundation. They are responsible for: awarding mobility fellowships to doctoral students
(Doc.Mobility) and to postdocs starting their careers (Early Postdoc.Mobility); selecting (in the 1% phase)
candidates for Doc. CH grants in the humanities and social sciences; information and advice with regard to SNSF
funding schemes, particularly Doc.CH, Doc.Mobility and Early Postdoc.Mobility.

Source: http://www.snf.ch/en/theSNSF/organisation/foundation-council/Pages/default.aspx.

Allocation of government funding to agency (budget appropriation)

The following information was provided by the SNSF:

“With its multi-year programme for the attention of the federal authorities, the SNSF defines for a period of four
years strategic priorities, specific instruments and measures with which it plans to achieve its objectives as well as
to raise the funding necessary for implementation. The strategic objectives of the SNSF and other strategic
documents serve as the framework for financial prioritisation. As part of the multi-year programme 2017 — 2020,
the SNSF based its financial planning on maximum funding growth of 4.9% per annum, assigning top priority to
research-driven and competition-based funding schemes.

The multi-year programme is taken into consideration in the ERI message (ERI = Education, Research and
Innovation) issued by the Federal Council every four years and is the key basis for the extent of financial resources
made available by the Swiss parliament to the SNSF and the other actors for the relevant funding period.

Based on the ERI message, the SNSF iteratively adjusts its content-related prioritisation and detailed financial
planning activities. On this basis, the SNSF negotiates its service level agreement with the State Secretariat for
Education, Research and Innovation SERI, entrenching the target values of new grants and financing requirements
in a binding manner. The distribution of funds among disciplines within the scope of project funding or other
bottom-up instruments remains open and is carried out annually.”

Organisation of funding activities

The Swiss National Science Foundation (SNF) allocates money through various non-discipline specific funding
schemes (see table below). Budget is nevertheless distributed according to 3 research domains in annual planning,
according to the SNSF: Social Sciences & Humanities, STEM and Life Sciences. The repartition is based on
estimations based on recent demand, were some indicators like success rates, average yearly spending, etc. are
also used. The repartition is (usually) made in terms of budget and not in terms of number of grants. The output of
this repartition constitutes the annual funding plan.
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3.5.3 Characteristics of funding schemes

Single project funding is the dominant funding scheme of the SNSF, followed by many funding scheme types of
equal size, such as careers, networks, single project-funding early career, structural priority area and mobility.
While there are no dedicated schemes for interdisciplinary research, note that interdisciplinary research is a goal
in some funding schemes, such as the NCCRs (National Centres for Competence in Research), and there are
interdisciplinary review panels within the main single project funding scheme. While curiosity-driven bottom-up
research is dominant, the SNSF also features schemes with a thematic focus or translational funding schemes. Note
that within single project funding, researchers can declare their research proposals to be “use-inspired” basic
research. About 20% of proposals are declared as use-inspired and their success rate is lower than non-use inspired
research (54% Vs, 38%, over the period 2011-2015, see
http://www.snf.ch/SiteCollectionDocuments/SNSF_UIBR_Final_Report by Technopolis_May2017.pdf). In
terms of disciplines in single project funding, the natural sciences dominate, followed by social sciences and
humanities as well as medicine, while engineering comes in at only 9%. Interdisciplinary research is not separately
available.

Figure 13: SNSF total awarded funding according to study author classification (left panel) and shares of
disciplines in single project funding (right panel), 2017

1% 1% 1%
1%

® Single project funding (SPF)

= Career

= Networks and Multi-Project funding
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= Mobility

B Thematic priority area

® |nfrastructure

® Applied Research

= Commercialisation

® Education & Training

B Scientific Communication

¥ International Cooperation = Natural Sciences

= Social Science and Humanities
= Medicine
H Engineering

Source: SNSF Annual reports, WIFO calculation.

Table 15: Selected characteristics of the funding schemes, 2017

Funding scheme | Original Share of Lot size Lot size Duration of | Durationof | Success
according to fund name of | scheme (according to (statistical*) funding funding Rate
study scheme the scheme in total application in Mio. (according to | (statistical*)
classification funding documents) EUR proposal
in Mio. EUR iuidelinesi
Project funding 63% N/A N/A N/A N/A N/A
Single Project Project 50% >0.05 Mio EUR 0.51 1-4 Years N/A 48%
funding (SPF) funding
SPF Early career 7% N/A N/A N/A N/A N/A
Ambizione 6% N/A 0.63 2-4 Years N/A 31%
Ambizione 1% ca. 0.27 Mio. EUR 0.59 3 Years N/A 36%
Energy
SPF high-risk - - - - - -
Networks and Sinergia 7% min. 0.045 Mio. 1.93 1-4 Years N/A N/A
Multi-Project EUR - max. 2.88
funding Mio. EUR
Interdisciplinary - - - - - -
research
Priority areas 10% N/A N/A N/A N/A N/A
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Funding scheme Original Share of Lot size Lot size Duration of Duration of | Success
according to fund name of scheme (according to (statistical*) funding funding Rate
study scheme the scheme in total application in Mio. (according to | (statistical*)
classification funding documents) EUR proposal
in Mio. EUR guidelines)
Structural priority | National 6% N/A 0.21 4 Years N/A N/A
area Centres of
Competence
in Research
(NCCRs)
Thematic priority 4% N/A N/A N/A N/A N/A
area
National 2% 0.36 Mio. EUR 0.45 6-7 Years N/A N/A
Research
Programmes
(NRPs)
rdd 2% N/A 0.9 10 Years N/A N/A
programme
Infrastructure 4% N/A N/A N/A N/A 71%
Use of 1% N/A 3.13 N/A N/A N/A
infrastructure
R'Equip 1% max. 50% of 0.26 N/A N/A N/A
acquisition costs
(~ 0.9 Mio. EUR)
FLARE 2% N/A 1.30 3 Years N/A N/A
Funding of 15% N/A N/A N/A N/A N/A
people
Education & 1% N/A N/A N/A N/A N/A
Training
Doc.CH 1% N/A 0.21 2-4 Years N/A 27%
MD PhD 0.1% N/A 0.17 max. 3 Years N/A 100%
programme
Career 8% N/A N/A N/A N/A N/A
SNSF 8% 0.36 Mio. 1.72 4 Years N/A 16%
professorships EUR/Year (renewal for 2
Years)
Assistant 0.4% 0.27 Mio. EUR 0.79 max. 4 Years N/A 56%
Prof. (AP)
Energy grants
Diversification N/A N/A N/A N/A N/A N/A
Prizes - - - - - -
Mobility 5% N/A N/A N/A N/A N/A
Doc.Mobility 1% N/A 0.04 6-18 Months N/A 47%
Early Postdoc 3% N/A 0.08 12-18 Months N/A 45%
Mobility
Advanced 2% N/A 0.11 24 Months N/A 36%
Postdoc (scholarship),
Mobility 3-12 Months
(return phase)
International 0.1% N/A 0.01 1-12 weeks N/A N/A
short visits
International 0.5% N/A N/A N/A N/A N/A
Cooperation
Bilateral 0.2% N/A 0.22 3-4 Years N/A N/A
programmes
SCOPES 0.01% 0.01 Mio. EUR 0.01 3 Years N/A N/A
Multilateral 0.2% N/A 0.52 N/A N/A N/A
cooperation
Translation 5% N/A N/A N/A N/A N/A
Applied Research 4% N/A N/A N/A N/A N/A
Investigator 1% N/A 1.39 3-5 Years N/A N/A
initiated
clinical trial
(11CT)
Longitudinal 3% 1.8 Mio. EUR/Year 3.65 max. 3 Years N/A N/A
studies
R&D - - - - - -
Collaboration with
firms
Commercialisation | BRIDGE 1% N/A 0.33 Proof of N/A N/A
concept: 1-1
1/2 Years.
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Funding scheme Original Share of Lot size Lot size Duration of Duration of | Success
according to fund name of scheme (according to (statistical*) funding funding Rate
study scheme the scheme in total application in Mio. (according to | (statistical*)
classification funding documents) EUR proposal
in Mio. EUR guidelines)
Discovery:
max. 4 Years

R&D Value Chain - - - - - -
Scientific 1% N/A N/A N/A N/A 85%
Communication

Agora 0.3% 0.0045-0.045 Mio. 0.16 max. 3 Years N/A N/A

EUR
Scientific 0.2% min. 0.0023 Mio. 0.01 1-6 Months N/A N/A
Exchanges EUR - max. 0.023
Mio. EUR

Scientific 0.1% N/A 0.01 N/A N/A N/A

Conferences

Publication 0.1% N/A 0.01 N/A N/A N/A

grants

International 0.02% N/A 0.01 2-5 days N/A N/A

exploratory

workshops

Source: Application documents and website for Lot size and Project duration, Annual reports for Success rates, information provided by
SNSF. Note: Lot size is the size of the total grant (the total amount of money granted for the researcher’s proposal) which will usually be
consumed over a period of several years (funding duration). Lot size according to application documents is the maximum amount of money
researchers can ask for (or the minimum-maximum range); Lot size statistical is the actual average amount of money paid out for granted
projects. Lot sizes have been converted from CHF to EUR. Exchange rate from January 1, 2017: 0.9. Minor deviations due to rounding
Success Rate is calculated by SNSF: Number of approved applications divided by applications submitted. A “-“-sign indicates that data/the
scheme do not exist at all ; “N/A” indicates that an assessment category is not applicable to the individual funding scheme, or that data are
not available.

Not with respect to funding duration that full grants can in principle not be renewed, but an exception is that project
grants can be renewed through so-called “excellence grants”, for about the same period of time as the original
project grant without having to go through external reviewing again.

Approximately 1.5% of the single projects are renewed as “excellence projects”. In 2017 it was 1.7%.

Source: see Atrticle 36, http://www.snf.ch/en/funding/documents-downloads/Pages/regulations-funding-regulations.aspx#br_a_36; Data was
provided by the SNSF.

3.54

o  Applicants own salaries only in specific schemes (e.g. Ambizione, PRIMA)

e Wages of scientific/technical staff,

o Material expenses (i.e. Costs for equipment and materials of permanent value, direct costs for the use of
infrastructures (including costs for maintenance and care), consumables, field expenses, computing time
and data (cloud computing), costs for making research data accessible (open research data),

e Mobility (Travel (incl. accommodation and catering costs), conferences and workshops,

e Third-party expenses (Costs of project partners (not wages), consulting, consortia, outsourcing through
subcontracting),

e  Costs of scientific (open access) publications,

Refundable costs and review procedures of single project funding

Source: see article 28 in http://www.snf.ch/SiteCollectionDocuments/allg_reglement _16_e.pdf.

e Indirect cost rate (overheads): 20%
The indirect costs are allocated directly to the research institution.

Source: http://www.snf.ch/SiteCollectionDocuments/ueb_overhead_reglement_e.pdf,
http://www.snf.ch/en/researchinFocus/newsroom/Pages/news-131126-overhead.aspx,
http://www.snf.ch/SiteCollectionDocuments/projektfoerderungsreglement-e.pdf.
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Table 16: Overview of review process
The following information is taken from the SNSF website:

Internal/External
reviewers:

both

Number of reviewers
(per proposal):

two internal reviewers (members of the Research Council) and at least two
external reviewers (in practice between 3 and 5)

International/National
reviewers:

both (external reviewers are mostly solicited internationally)

Organisation of Review:

Two step procedure:

First Step: mail review by external peer reviewers, also reader system? or
panel? (if numerous comparable applications are received within the same
discipline).

Second Step: External reviews are assessed by internal reviewers/referees of
the Research Councils. In case of small grants in case of grant renewal, the
Research Council may decide to drop external review; referees of Research
Council make recommendation on funding to evaluation bodies of Research
Council, Presiding Board of Research Council takes final decision. Referees of
Research Council are distinguished researchers mostly working at Swiss higher
education institutions, elected for four years.

weights or relative

Assessment criteria (incl.

importance, if available):

with regard to applicants
1. scientific track record and expertise in view of the proposed project
with regard to the proposed projects
2. scientific quality of the project: scientific relevance, originality and
topicality; additionally, broader impact outside science in the case of
proposals for use-inspired research
3. suitability of methods and feasibility
SNSF does not have special review criteria within project funding for first-time
applicants, but it has got specific early career project funding scheme such as
Ambizione (see below).

Assessment criteria for
Ambizione (early career
project funding):

for young investigators: two stage evaluation procedure

1. internal review (external review upon request by the referee only),
2. invitation to an interview + mail review by external reviewers

Assessment criteria:

see criteria above + depending on the career funding scheme: education,
teaching activities and aptitude for an academic career

Source: http://www.snf.ch/en/theSNSF/evaluation-procedures/project-

funding/Pages/default.aspx#Evaluation%?20criteria%20and%20principles.

1 Reader System: several external reviewers independently receive several applications (all reviewers receive the same applications), which

they then compare and appraise; they compile a ranking of all reviewed applications.

2 panel: The reviewers meet in person and compile a ranking of all reviewed applications.
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3.5.5 Important changes over time

Changes at the level of the agency

e  Changes in organisational structure: N/A
e Changes in overall funding levels: With some exceptions, particularly in the aftermath of the economic
crisis 2008/9, the total funding awarded by the SNSF grew steadily over time.

Figure 14: SNSF awarded funding in current and constant CHF, 1997-2017
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Source: SNSF Annual reports, AMECO database for BIP deflator (2010=100), WIFO calculation.

Changes at the level of the individual funding schemes

Success rates in single project funding have decreased from almost 60% in 2009 to just below 50% in 2017.

Figure 15: Success Rate in single project funding, 2009-2017
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Source: SNSF Annual reports.
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Figure 16: Success Rate in single project funding by discipline, 2017
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Source: Data was provided by the SNSF. Note: Disciplines proposed by study authors.

Figure 17: Total awarded funding in Single project funding by discipline — Switzerland, 1997-2017
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Source: SNSF Annual reports.

e  Shifts in budget shares between schemes

The biggest trend in SNSF’s funding portfolio is the declining share of single project funding and structural priority
areas towards SPF early career, networks, mobility and translation.
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Table 17: SNSF shares of funding instruments, average change in percentage points between 1997-2001 and
2014-2017

Average change of
share 1997-2001 to
Average share 2014-2017 in
2014-2017 percentage points
Project funding 60.2% -7.0
Single project funding (SPF) 49.1% -18.1
SPF Early career 4.8% +4.8
SPF high-risk - -
Networks and Multi-Project funding 6.2% +6.2
Interdisciplinary research - -
Priority areas 12.1% -4.6
Structural priority area 7.4% -3.5
Thematic priority area 4.7% -1.0
Infrastructure 5.0% +3.4
Funding of people 17.4% +6.5
Education & Training 1.2% +1.2
Career 9.2% -0.7
Diversification 0.7% +0.3
Prizes - -
Mobility 6.3% +5.7
International Cooperation 1.4% -0.7
Translation 2.5% +1.6
Applied Research 2.2% +1.3
R&D Collaboration with firms - -
Commercialisation 0.3% +0.3
R&D Value Chain - -
Scientific Communication 0.8% -0.1

Source: SNSF Annual reports, WIFO calculation.

Over the whole period since 1997, the natural sciences and medicine have dropped as a share of total single project
funding, while social sciences & humanities and engineering have increased from low levels. Interdisciplinary
research was introduced as a category in 2007 and seems to have led to lower shares of medicine and natural
sciences, in particular.
e  Closure of funding schemes, introduction of new funding schemes:
o Postdoc.Mobility (PM) fellowships replaced Advanced Postdoc.Mobility fellowships in Nov.
2017.
o Ambizione Energy was a temporary funding measure within the scope of the Swiss Federal
Council’s Dispatch on the “Coordinated Swiss Energy Research” Action Plan.
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o Assistant professor (AP) Energy grants was a temporary funding measure within the scope of
the Swiss Federal Council’s Dispatch on the “Coordinated Swiss Energy Research” Action Plan.

o The schemes “Scientific Conferences”, “International Exploratory Workshops” and
“International Short Visits” was replaced with a new scheme called “Scientific Exchanges” in
2017.

o The last Marie Heim-Vogtlin (MHV) call was in 2016. Since autumn 2017, a new funding

scheme called PRIMA (Promoting Women in Academia) has replaced MHV.
o The SNSF stopped co-funding postgraduate courses at the end of 2015.
The programme ProDoc was discontinued in 2012.
o The new SNSF Eccellenza scheme replaces SNSF Professorships starting 2018.

Source: http://www.snf.ch/en/funding/discontinued-funding-schemes/Pages/default.aspx.

Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.)

o Introduction of indirect cost rate “Overheadbeitrige” since 2009

3.5.6 Information and data sources

Contact at fund
Data Team of SNSF
datateam@snf.ch

Information about Project duration, Bottom-Up/Top-Down:
Funding schemes of SNSF, http://www.snf.ch/de/foerderung/Seiten/default.aspx.

Information about Success Rate, Budget funding, Lot size, etc.:
Annual reports of SNSF

o for 1997-2003: PDF copies sent by SNSF
e for 2004-2017:

http://www.snf.ch/de/derSnf/portraet/zahlen fakten/statistiken/Seiten/default.aspx#Statistiken
%3A%20Archiv

Information about Young Investigators:
http://www.snf.ch/en/theSNSF/evaluation-procedures/careers/Pages/default.aspx#

Information about Project funding:
http://www.snf.ch/en/theSNSF/evaluation-procedures/project-funding/Pages/default.aspx
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3.6 UK Research and Innovation (UKRI)

The UK has recently undergone major change with respect to its funding of science, with the hitherto 7 research
councils being regrouped under a common umbrella organisation, UK Research and Innovation (UKRI), together
with Research England and Innovate UK. In the following, we present features of both the umbrella organisation
and the 7 research councils, providing separate information when there are differences in funding practices and
consolidated information when all councils share the same practices, as e.g. in using full economic costing for
reimbursing funds.

3.6.1 Organisational mission and structure

Mission focus

UKRI and the individual research councils follow a broad focus on both funding the creation of knowledge as well
as its use, strongly emphasising economic and societal impact. Creation of knowledge is not limited to basic
research, but explicitly as in the case of the EPSRC also includes strategic and applied research. The following
information is taken from the UKRI website:

UKRI and the individual research councils follow a broad focus on both funding the creation of knowledge as well
as its use, strongly emphasising economic and societal impact. Creation of knowledge is not limited to basic
research, but explicitly as in the case of the EPSRC also includes strategic and applied research. The following
information was taken from the UKRI’s website:

UKRI’s mission is to work with UKRI’s partners to ensure that world-leading research and innovation continues
to grow and flourish in the UK. UKRI will support and help to connect the best researchers and businesses. UKRI
will invest every pound of taxpayers’ money wisely in a way that generates excellent outcomes and ultimately
impact for citizens, in the UK and across the world.

To achieve these goals, UKRI must ensure that the UK continues to provide the best environment for research and
innovation. The UK research and innovation system consists of a wide range of organisations — universities,
businesses, charities, public sector bodies, innovation and enterprise agencies.

o  UKRI will push the frontiers of human knowledge and understanding.
o  UKRI will deliver economic impact

e UKRI will create social and cultural impact by supporting society to become enriched, healthier, more
resilient and sustainable.

UKRI will work closely in partnership with these organisations and with the devolved funding bodies; learning
from them and strengthening the networks which underpin UKRI’s world-leading position in research and
innovation. UKRI will ensure that UK Research and Innovation continues to develop as an outstanding
organisation.

Each of the nine Councils (AHRC, BBSRC, ESRC, EPSRC, Innovate UK, MRC, NERC, Research England,
STFC) have Council members who are involved in strategy development and governance. Council members work
with their Executive Chair to deliver their council's aims and objectives and to support UKRI's overall mission.

Source: https://www.ukri.org/about-us/strategic-prospectus/vision-mission-and-values/.
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Overarching decision structures

UKRI is set up as a governmental agency, rather than as academic self-governance, i.e. academic scientists have
an advisory role rather than a formal say in Council-level decision making. The individual Research Councils have
no separate legal entity. The following information is taken from the UKRI website:

UKRI’s main governance bodies are the UK Research and Innovation Board and the Executive Committee which
provides strategy advice to the Board and is the day-to-day coordinating body for UKRI executive activity.

The UK Research and Innovation Board plays a critical role in providing strategic direction and oversight,
promoting the importance of UK science and innovation and supporting the senior leadership team

Members of the Board are appointed by the Secretary of State for Business, Energy and Industrial Strategy,
typically serving for between three and five years in the first instance, with the possibility of an extension to their
term. The Board is made up of the UK Research and Innovation Chair, Chief Executive, Chief Finance Officer
and 9-12 independent members. The Board is responsible to the Secretary of State for achieving the UKRI
strategic objectives and vision.

The Executive Committee provides strategy advice to the UKRI Board and is the day-to-day coordinating body
for UKRI executive activity. Chaired by the UKRI Chief Executive, membership includes the nine Executive
Chairs of the individual Councils (see below) and the Chief finance officer. It provides leadership to the
organisation including across the collective activities of the separate Councils to ensure collaboration on strategy
and operational matters.

The Executive Committee is supported by three sub-committees:

People, Finance and Operations Committee provides leadership for, and overseeing, collective areas of
operational strategy and policy, chaired by the Chief Finance Office.

Strategy Committee provides expertise and advice on the development of and implementation of UKRI’s research
strategy, chaired by the Strategy Director. (The strategy committee will continue the work of the Research and
Innovation Strategy and Funding Sub-Group

Investment Committee provides expertise, advice and assurance on major investment decisions, including
assessment of business cases and the oversight of the portfolio of major projects across the organisation, chaired
by the Chief Finance Office.

The executive sub-committees have delegated decision-making from the UKRI CEO (respecting principle of
council subsidiarity and Executive chairs delegated responsibilities). The Chair of each committee can escalate
areas of concern to the Executive Committee and may have sub-committees or groups that report into them (at
their discretion).

Decision structures for funding

The formalization of the Haldane principle (page 60 in https://www.ukri.org/files/about/ukri-framework-
document-2018-pdf/) means that the UK government formally rescinds any influence on individual funding
decisions of projects. However, otherwise most funding decisions could be taken at the central UKRI level, while
currently, the individual Research Councils still take most of the funding decisions, based on their peer review
process (see section 3.5.4.).

Allocation of government funds to agency

In the future, central UKRI will be responsible for making a case for the combined UKRI budget to elected
ministers. They are also responsible for providing advice to those ministers about the allocation of that budget to
the nine councils of UKRI.

Organisation of funding activities

The Research Councils provide discipline-specific funding through funding schemes which invite both
investigator-initiated projects (“responsive mode”) and managed or programmed funding, i.e. the Councils also
invite proposals for its own research questions. Most of the Research Councils feature a couple of core
mechanisms, among them a general research grants scheme, i.e. the standard single-project funding, as well as
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early career grant funding schemes, career development and postgraduate funding schemes; more translation- and
thematic challenge-oriented schemes also feature in the portfolio of most Councils. The umbrella organisation
UKRI does have funding schemes of its own https://www.ukri.org/funding/funding-opportunities/. Note that the
standard project funding research grants scheme is usually quite flexible, in that it accommodates both responsive
(bottom-up) and managed (top-down) calls for proposals, single- and multi-project proposals, R&D collaboration
with firms (and hence both basic and applied research proposals, single- as well as interdisciplinary research (as
long as the problem addressed loosely falls within the remit of one of the Councils, e.g. a biological research
question in the case of the BBSRC). Some Councils also provide funding for strategic institutes (such as the
BBSRC). Thematic focus changes with the various calls influenced by current scientific needs and problems.
Accordingly, the tables below need to be interpreted bearing in mind within-scheme flexibility of addressing other
goals.

Table 19: Qualitative overview table of funding portfolios, 2017

Fonds AHRC | BBSRC | EPSRC | ESRC | MRC | NERC | STFC
Project funding

Single project funding X X X X X X X
SPF Early career X X X X X
SPF high-risk X X

Networks and Multi-Project

funding X X X X X X
Interdisciplinary research X X X X X X X
Priority areas

Structural priority area X X X X
Thematic priority area X X X X X
Infrastructure X X X X

Funding of people

Education & Training X X

Career X X X X X

Diversification

Prizes

Mobility X X X X
International Cooperation X X X
Translation

Applied Research

R&D Collaboration with firms X X X X
Commercialisation X X X

R&D Value Chain X

Scientific Communication X X X X

Source: Annual reports and websites of Councils, as well as direct information from Councils. Note that no information was validated by
AHRC, ESRC, NERC and STFC.
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3.6.3 Characteristics of funding schemes

Similar to the Netherlands, the financial information on the Research Councils’ funding schemes does not match
the information provided on funding schemes for potential applicants. A detailed picture of the shares of individual
funding schemes in total awarded funding is hence not available, the UK Research Councils usually do not track
the spending information at such a detailed level. We did get detailed information from EPSRC on the share of
various funding schemes. This shows that standard, curiosity-driven single project-funding is actually very low,
and that thematic focus research as well as multi-project funding dominates. R&D collaboration with firms is not
shown, as it can happen in most of the grant schemes and would hence be double counting; according to the
EPSRC, in 2016/7 more than 50% of projects were collaborative with “users”. EPSRC also provided information
on the share of responsive (curiosity-driven, bottom-up) vs managed (top-down), which was at 58 to 42% in the
most recent year. BBSRC provided data for the split in the standard research grants category for the funding year
2017/18: 58% (responsive mode) and 42% (managed mode initiative grants).

Figure 18: Share of programs in EPSRC (left panel) and share of disciplines in total awarded funding for all UK
agencies (right panel), 2016

2%

2%

® Priority Area
= Multidisciplinary + Networks
= Training + Fellowship
Single project funding
= Infrastructure
= SPF Early Career

= Medicine

® Social science and Humanities
B Natural Sciences
= Engineering
Infrastructure
Source: Annual report of UK councils, WIFO calculation Note: Program shares for left panel have been calculated by EPSRC. The discipline
shares are the total awarded funding amount of the following councils: Medicine: MRC; Social Sciences and Humanities: AHRC, ESRC,

Natural Sciences: BBSRC, NERC and part of EPSRC; Engineering: part of EPSRC, Infrastructure: STFC. EPSRC provided special data to
be able to split its funding according to disciplines.

The table below is mainly interesting for the information on success rates, as well as lot sizes and funding duration.
The share of funding schemes in total awarded funding needs to be interpreted with care, as it does not always
reflect the full complexity of the agencies’ activities. Accordingly, and due to the flexibility of the standard
Research Grants scheme, we classify it using the broader “Project funding” category rather than the single project
funding scheme.
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Table 20: Selected characteristics of the funding schemes, 2016, United Kingdom
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Share Lot size Duration of
Funding scheme of (according to funding
according to study | Original fund scheme application Lot size (according to Duration of
scheme name of in total documents) (statistical*) proposal funding Success
classification the scheme fundin in Mio. EUR | in Mio. EUR uidelines statistical* rate
Project funding 80% N/A N/A N/A N/A N/A
Single project Research Grants 0.6-1.2 Mio.
funding (SPF) (Standard) 45% EUR 0.64 5 Years N/A 25%
Research Grants (Early 0.05-0.3 Mio.
SPF Early career Career) 5% EUR 0.22 5 Years N/A 55%
Interdisciplinary 0.034 Mio.
research Thematic Calls 30% EUR 0.4 N/A N/A 41%
0.05-0.3 Mio.
Funding of people 14% EUR N/A N/A N/A N/A
Education & Fellowships - Early 0.05-0.3 Mio.
Training Career 4% EUR 0.17 6-24 months N/A 28%
0.05-0.3 Mio.
Career Fellowships 9% EUR 0.34 6-18 months N/A 38%
Scientific
Communication 7% N/A 0.06 N/A N/A N/A
Follow-on Funding -
I&E 4% 0.12 Mio. EUR 0.08 12 months N/A 43%
Research Networking 3% 0.04 Mio. EUR 0.04 N/A N/A 35%
Project funding Research Grants 56% 2.2 Mio. EUR N/A max. 5 Years N/A N/A
Single project
funding (SPF) Managed 22% 2.2 Mio. EUR N/A max. 5 Years N/A N/A
Single project
funding (SPF) Responsive 34% 2.2 Mio. EUR N/A max. 5 Years N/A N/A
Priority areas 15% N/A N/A N/A N/A N/A
Structural priority
area Strategic Institute 15% N/A N/A N/A N/A N/A
Funding of people 12% N/A N/A N/A N/A N/A
Career 12% N/A N/A N/A N/A N/A
Fellowships/Studentships 12% N/A N/A N/A N/A N/A
Capital Research
Infrastructure Grants 14% N/A N/A N/A N/A N/A
Translation 2% N/A N/A N/A N/A N/A
R&D Collaboration
with firms Research industry clubs 2% N/A N/A N/A N/A N/A
Project funding 100% N/A 0.98 N/A N/A 29%
Single project
funding (SPF) 100% N/A 0.98 N/A N/A 29%
Managed 42% N/A 2.17 N/A N/A 34%
Responsive 58% not limited 0.70 not limited N/A 28%
Project funding Responsive 14% N/A N/A N/A N/A N/A
Single project 0.4-1.2 Mio
funding (SPF) Responsive 14% EUR N/A N/A N/A N/A
Strategic &
Priority areas Collaborative 21% N/A N/A N/A N/A N/A
Structural priority | Strategic &
area Collaborative 21% N/A N/A N/A N/A N/A
Methods &
Infrastructure Infrastructure 15% N/A N/A N/A N/A N/A
Funding of people 41% N/A N/A N/A N/A N/A
Education &
Training 22% N/A N/A N/A N/A N/A
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Training & Skills 5% N/A N/A N/A N/A N/A
Training & Skills 17% N/A N/A N/A N/A N/A

Career 19% N/A N/A N/A N/A N/A
Postgraduate Awards 18% N/A N/A N/A N/A N/A
Newton & Other 0% N/A N/A N/A N/A N/A
Research Fellowships 1% N/A N/A N/A N/A N/A
Responsive 0% N/A N/A N/A N/A N/A
Strategic &
Collaborative 1% N/A N/A N/A N/A N/A
Training & Skills 0% N/A N/A N/A N/A N/A

International

Cooperation 4% N/A N/A N/A N/A N/A
International & Others 1% N/A N/A N/A N/A N/A
Newton & Other 3% N/A N/A N/A N/A N/A
Knowledge &

Translation Exchange 4% N/A N/A N/A N/A N/A

R&D Collaboration

with firms Knowledge & Exchange 4% N/A N/A N/A N/A N/A

Total 100% N/A 1.71 N/A N/A 23%

Project funding 52% N/A N/A N/A N/A N/A

Single project

funding (SPF) 52% N/A N/A 5 Years N/A 22%

> 1.2 Mio.

Research Grant 52% EUR N/A 5 Years N/A 22%
New Investigator

SPF Early career Research grant N/A N/A N/A 3 years N/A 24%

Networks and

Multi-Project

funding Partnership Grant N/A N/A N/A 5 Years N/A 14%

Priority areas 37% N/A N/A N/A N/A N/A

Structural priority

area N/A N/A N/A N/A N/A N/A
Programme grant N/A N/A N/A 5 Years N/A 34%
Centre grants N/A N/A N/A N/A N/A 67%
Other research 37% N/A N/A N/A N/A N/A

Funding of people 11% N/A N/A N/A N/A N/A

Education &

Training Studentships 5% N/A N/A N/A N/A 86%

Career Post-doctoral fellowships 7% N/A N/A N/A N/A 18%

Total 100% N/A N/A N/A N/A 31%

Project funding Research grants 65% 0.98 N/A N/A N/A N/A

Single project

funding (SPF) Research grants 65% 0.98 N/A N/A N/A N/A

Priority areas Research contracts 21% N/A N/A N/A N/A N/A

Structural priority

area Research contracts 21% N/A N/A N/A N/A N/A
Post graduate training

Funding of people | award 14% N/A N/A N/A N/A N/A
Post graduate training

Career award 14% N/A N/A N/A N/A N/A

Total 100% N/A N/A N/A N/A N/A

Project funding Research grants 39% N/A N/A N/A N/A N/A

Single project

funding (SPF) Research grants 39% N/A N/A N/A N/A N/A
Contribution to

Infrastructure construction of facilities 20% N/A N/A N/A N/A N/A
Post graduate training

Funding of people | awards and fellowships 9% N/A N/A N/A N/A N/A
Post graduate training

Career awards and fellowships 9% N/A N/A N/A N/A N/A

Translation Joint Venture funding 19% N/A N/A N/A N/A N/A

Commercialisation | Joint Venture funding 19% N/A N/A N/A N/A N/A

Source: Annual reports of research councils, data for EPSRC for 2017 were provided by the agency. WIFO calculation.
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Note that research grants usually accept renewal applications, they enter competitions the same way as first-time applications. However, no
data exists on whether success rates are higher for renewal applications.

3.6.4 Refundable costs and review procedures of single project funding

Cost reimbursement is generally treated in the same way across the various Research Councils.

Cost of research time of principal investigator (MRC also funds wages of non-scientific staff e.g. project
managers).

The following costs will be refunded:

e Wages of scientific/ technical staff

e Material expenses (i.e. Costs for equipment and materials of permanent value, direct costs for the use of
infrastructures (including costs for maintenance and care), consumables, field expenses, computing time
and data (cloud computing), costs for making research data accessible (open research data).

e  Mobility (Travel (incl. accommodation and catering costs), conferences and workshops.)

e Costs of scientific (open access) publications. (MRC does not fund this in standard research grant)

e  Administrative costs

Since 2006, the UK Research Councils fund research on the basis of full economic costing (FEC). The following
description is taken directly from the UKRI’s web page: “The principle behind FEC funding is that Research
Organisations should indicate in their grant proposals the full economic cost of a project. Research Councils then
pay a fixed percentage (80% for most fund headings) of this sum, which includes an attribution of the cost of
academic staff time, and the institution's facilities, estates & indirect costs. This helps institutions to understand
the full costs of the research they carry out and supports their research activities on a sustainable basis, with
appropriate investment in research infrastructure, including buildings, facilities, and staff. Research organisations,
in accepting an FEC grant, undertake to provide the remaining 20% from their own resources.”

Source: https://www.ukri.org/files/legacy/documents/fecfaq-pdf/.

e Review Process

There is a UKRI Peer Review Framework which describes how peer review is used in assessing proposals and
making funding decisions. The framework also outlines what information is routinely published relating to
proposals and awards, and the approach taken by the councils in responding to requests for information about the
assessment process. The framework is designed for use by Applicants and Research Organisations, Board/Panel
members and external reviewers, members of the public and Research Council staff. In the following, we show
however only the peer review process of EPSRC, for a standard grant. The peer review process of other Councils
is similar, e.g. the MRC also features a two stage procedure with external peer review in the first and triage
(prioritisation) of applications in the second through panels, in preparation of the funding meeting; criteria are also
similar, while of course reflecting disciplinary differences (importance; scientific potential (research quality;
research environment and people — how suitable are the applicant/her work environment; impact; ethics);
appropriateness of resources requested)

Table 21: Overview of review process for full research proposal for standard grant at EPSRC
The following information is taken from the EPSRC website:

Internal/External External reviewers

reviewers:

Number of reviewers Minimum 4 will be approached, minimum 3 needed in practice
(per proposal):

International/National both

reviewers:

Organisation of Review: | 1% stage: EPSRC Portfolio Manager organises mail review by external
reviewers (possibly members of EPSRC Peer Review College, which consists
of 5,500 independent experts, aiming at a balanced composition in terms of
gender, region, etc.), 2" stage: panel review by panel review members —
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different to first stage reviewers, but also taken from Peer Review College if
possible (prioritisation among projects reviewed in first stage, then
recommendation for funding decision.; assessment of relative quality based on
research quality and then on importance (see below)

Assessment criteria (incl.
weights or relative
importance, if available):

Primary major criterion: Quality

1) The novelty, relationship to the context, and timeliness;

(2) The ambition, adventure, and transformative aspects identified;
(3) The appropriateness of the proposed methodology.

Secondary major criterion: Importance — how the research...

(1) Contributes to, or helps maintain the health of other disciplines contributes
to addressing key UK societal challenges and/or contributes to future UK
economic success and development of emerging industry(s);

(2) Meets national needs by establishing/maintaining a unique world leading
activity;

(3) Complements other UK research funded in the area, including any
relationship to the EPSRC portfolio

Secondary criterion: Impact. - particularly:

(1) How complete and realistic are the impacts identified for this work;

(2) The effectiveness of the activities identified to help realise these impacts,
including the resources requested for this purpose;

(3) The relevance and appropriateness of any beneficiaries or collaborators
Secondary criterion: Applicant. - particularly

1) Appropriateness of the track record of the applicant(s);

(2) Balance of skills of the project team, including academic partners

Secondary criterion: Resources and Management. — assessment of:
effectiveness of the proposed planning and management and of whether the
requested resources are appropriate and have been fully justified; the viability of
the arrangements described to access equipment needed for this project, and
particularly on any university or third party contribution

Assessment criteria for
early stage researchers
(first-time applicants)

There are no specific criteria for early stage researchers in the standard grant,
but EPSRC has a dedicated new investigator award.

Source: https://epsrc.ukri.org/funding/assessmentprocess/review/formsandguidancenotes/standardgrants/.
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3.6.5 Important changes over time

Changes at the level of the agency

e Changes in organisational structure:

Most recently, merger of individual research councils to UKRI; In 2002 Research Councils UK was created as a
secretariat in order to bring together the Research Councils at a higher level to work together more effectively; in
2005 the Arts and Humanities Research Council (AHRC) was established in order to bring research funding in the
arts and humanities into line with that for other disciplines. It was created from the former Arts and Humanities
Research Board.

In April 2007 PPARC (the Particle Physics and Astronomy Research Council) and CCLRC (Council for the
Central Laboratory of the Research Councils) were combined to form the Science and Technology Facilities
Council (STFC) to create a single Research Council which provides access for UK scientists to national and
international research facilities.

e Changes in overall funding levels: Budget doubled since 2002.
Total disbursements by the UK Research Councils achieved steady increases over the years.

Figure 19: UK research councils total awarded funding in million pounds, 2002-2016
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0
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----- constant prices nominal

Source: Annual reports of councils, AMECO database for GDP deflator (2010=100), WIFO calculation.

Changes at the level of the individual funding schemes

Success rates vary quite strongly over the years and between the research councils, although there does seem to be
a common pattern of change, reflecting some common budget-setting process. They are highest for the EPSRC
and NERC at about 30%, and at about 23-25% for the other Research Councils.
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Figure 20: Success rate in Single project funding, 1997-2017
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Source: Annual reports of councils. Note: No success rates for STFC.

e Shifts in budget shares between schemes:

Again, due to the incomplete nature of the available data, any assessment of the changes in spending shares
between schemes must be interpreted with great caution.
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Figure 21: Total awarded funding by discipline - UKRI, 2011-2016
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Source: Annual reports of councils, WIFO calculation. Note: The discipline shares are the total awarded funding amount of the following
councils: Medicine: MRC; Social Sciences and Humanities: AHRC, ESRC, Natural Sciences: BBSRC, NERC and part of EPSRC;
Engineering: part of EPSRC, Infrastructure: STFC. EPSRC provided special data to be able to split its funding according to disciplines.

e  Closure of funding schemes, introduction of new funding schemes:

UK Research Council continuously announce new funding opportunities following emerging scientific or societal
needs.

Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.)

o Introduction of full economic costing in 2006
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3.6.6 Information and data sources

Contact at fund

Council Name Position Email
AHRC - Arts & Humanities RC N/A N/A N/A
Associate Director, Evidence

BBSRC - Biotechnology & Dr. Beverley Thomas | and Evaluation, Corporate
Biological Sciences RC Policy and Strategy Group Beverley. Thomas@bbsrc.ukri.org
EPSRC — Engineering & Physical Head of Performance and
Sciences RC Dr. Sue Smart Evaluation Sue.Smart@epsrc.ukri.org
ESRC — Economic & Social RC Dr. Alex Hulkes Strategic Lead - Insights Alex.Hulkes@esrc.ukri.org

Research Funding ResearchFundingPolicy-
MRC - Medical RC Policy and Delivery andDelivery@mrc.ukri.org
NERC - Natural Environment RC | N/A N/A N/A
STFC — Science & Technology
Facilities Council N/A N/A N/A

Annual reports from websites

AHRC: 2005-2016: https://ahrc.ukri.org/newsevents/publications/annualreportandaccounts/
BBSRC: 2011-2017: https://bbsrc.ukri.org/news/accounts/

EPSRC: 2007-2017: https://epsrc.ukri.org/search-results/?keywords=annual+report&siteid=epsrc
ESRC: 2011-2017:

https://esrc.ukri.org/news-events-and-publications/publications/corporate-publications/annual-report-and-
accounts/

MRC: 2000-2017: https://mrc.ukri.org/about/what-we-do/spending-accountability/annual-report/

NERC: 2008-2017: https://nerc.ukri.org/latest/publications/strategycorporate/annualreport/archive/
STFC: 2007-2017: https://www.stfc.in/annual-reports.aspx

Additional links:

https://www.ukri.org/about-us/strategic-prospectus/vision-mission-and-values/

https://www.ukri.org/about-us/governance-and-structure/executive-committee/

https://www.ukri.org/about-us/governance-and-structure/uk-research-and-innovation-board/

https://www.ukri.org/funding/peer-review/

https://www.ukri.org/files/legacy/documents/rcukpeerreviewframework-pdf/

https://www.ukri.org/files/legacy/documents/fecfaq-pdf/
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3.7 National Institutes of Health (NIH, USA)
3.7.1  Organisational mission and structure

Mission focus

NIH focuses broadly on knowledge creation as well as on economic and societal impacts. The following
information is taken from the NIH website:

NIH’s mission is to seek fundamental knowledge about the nature and behaviour of living systems and the
application of that knowledge to enhance health, lengthen life, and reduce illness and disability.

The goals of the agency are:

o to foster fundamental creative discoveries, innovative research strategies, and their applications as a basis
for ultimately protecting and improving health;

e to develop, maintain, and renew scientific human and physical resources that will ensure the Nation's
capability to prevent disease;

o to expand the knowledge base in medical and associated sciences in order to enhance the Nation's
economic well-being and ensure a continued high return on the public investment in research; and

o to exemplify and promote the highest level of scientific integrity, public accountability, and social
responsibility in the conduct of science.

Source: https://www.nih.gov/about-nih/what-we-do/mission-goals.

Sampat (2012) provides a detailed account of the NIH’s mission and the relationship between a focus on basic
science and on finding cures for diseases, which can lead to tensions.

Overarching decision structures

NIH operates as a governmental agency with external scientists taking on an advisory role, but without a formal
say in the agency’s decision-making.

The National Institutes of Health (NIH), a part of the U.S. Department of Health and Human Services, is the
nation’s medical research agency. It is made up of 27 different components called Institutes and Centers,
coordinated by a central Office of the NIH Director. Each has its own specific research agenda, often focusing
on particular diseases or body systems. All but three of these components receive their funding directly from
Congress, and administrate their own budgets. Each NIH Institute and Center has its own director to lead the
pursuit of the research mission specific to the Institute. NIH leadership plays an active role in shaping the agency's
research planning, activities, and outlook.

Organisational Chart: https://oma.od.nih.gov/IC_Organization_Chart/OD%200rganizational%20Chart.pdf.

e  General/strategic decision making

The NIH Director (since 2009: Francis S. Collins, M.D., Ph.D.), with a unique and critical perspective on the
entire agency, is responsible for providing leadership to the Institutes and for constantly identifying needs and
opportunities, especially for efforts that involve multiple Institutes. The NIH Director is assisted by NIH Deputy
Directors including the Principal Deputy Director, who shares in the overall direction of the agency's activities.
Francis S. Collins, M.D., Ph.D. was appointed the 16th Director of the National Institutes of Health (NIH) by
President Barack Obama and confirmed by the Senate. He was sworn in on August 17, 2009. On June 6, 2017,
President Donald Trump announced his selection of Dr. Collins to continue to serve as the NIH Director.

The Office of the Director (OD) is the central office, responsible for setting policy for NIH and for planning,
managing, and coordinating the programs and activities of all the NIH components. The OD comprises several
offices that provide expert advice to the NIH Director and his leadership team (more information on the website).
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There is also an Office for Intramural and an Office for Extramural Research. In general, NIH is quite an apolitical
agency, with only the Director and the Director of the National Institute for Cancer Research politically appointed.

o  Decision structures for funding

Each NIH administering Institute and Center (IC) has its own research agenda, driven by its focus on specific
diseases, conditions, body systems, public health needs, scientific opportunities or other strategic goals. To meet
this agenda, ICs set priorities for research funding, taking into consideration their five-year strategic plan, their
existing research portfolio, extant and emerging public health needs, plans of other ICs, and other factors. ICs
typically split their extramural research budgets by institute-initiated projects (such as those conducted by
cooperative groups, networks, or centers or those conducted in response to an RFA) and investigator-initiated
projects, which are largely made up of RO1 grants that are submitted in response to NIH’s ‘parent announcement’.
Some IC’s spend the majority of the extramural funds on institute-initiated projects, while others spend the
majority on investigator-initiated projects.

National Advisory Councils and Boards (NACs) perform the second level of peer review for research grant
applications and offer advice and recommendations on policy and program development, program implementation,
evaluation, and other matters of significance to the mission and goals of the respective Institutes or Centers, as
well as providing oversight on research conducted by each Institute's or Center's intramural program.

Source: https://www.nih.gov/about-nih/who-we-are/organization, https://www.nih.gov/about-nih/who-we-are/nih-leadership,
https://report.nih.gov/FileLink.aspx?rid=951.

Allocation of government funding to agency (budget appropriation)

All but three of NIH’s ICs receive their funding directly from the Congress and administrate their own budgets.
NIH prepares a yearly request for funds to the Congress. In addition, members of Congress can push for additional
funding. NIH was also a beneficiary of the 2009 ARRA, the fiscal stimulus programme in the wake of the financial
crisis, an unusual countercyclical increase of university/basic research funding (Stephan, 2012). Congress votes
more easily for medicine than physical or engineering sciences (Stephan, 2012). Sampat (2012) provides a detailed
account of the funding allocation process, including the relationship between the agency, Congress, and interest
groups, as well as the way health considerations enter the budget appropriation process next to science
considerations (referring to the focus of NIH on both scientific understanding of the working of the human diseases
and treating specific diseases).

Budget increases usually in lockstep across the 27 institutes (Sampat, 2012), with some exceptions, e.g. the NIAID
National Institute of Allergic and Infectious Diseases got disproportionate increases as a result of AIDS.

Organisation of funding activities

NIH funding activities can be characterised as working through the decentralized 27 institutes (with coordination
by the NIH Office); funding activities are discipline-specific, of course, and rely on common instruments such as
research project grants, centres and contracts (see next section).

NIH uses activity codes to differentiate the wide variety of research-related programs it supports. NIH Institutes
and Centers (ICs) may vary in the way they use activity codes; not all 1Cs accept applications for all types of grant
programs or they apply specialized eligibility criteria. Besides, not all of the activity codes may be in use by NIH
every year. At NIH it is possible to submit applications both unsolicited (through ‘“Parent Announcements” — i.e.
researchers define the research questions bottom-up) and solicited (through specific funding opportunities (FOA)
of the activity codes — i.e. researchers respond to research questions asked by NIH).

Source: https://grants.nih.gov/grants/funding/funding_program.htm.

There is however also a Common Fund: The Office of the Director consists of several offices, one of which is the
Division of Program Coordination, Planning, and Strategic Initiatives (DPCPSI). Its Office of Strategic
Coordination manages the Common Fund.

Source: NIH (2012): Report of the Director National Institutes of Health, Fiscal Year 2012 & 2013,
https://report.nih.gov/pdf/NIH_Biennial_Report 2012.pdf.
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NIH provides several types of grant support. The following groupings represent the main types of grant funding:

e Research Grants (R series)

o Small Business Grants (R): These small business programs support research and development by small
businesses of innovative technologies that have the potential to succeed commercially or provide
significant societal benefits.

e Career Development Awards (K series) & Research Training and Fellowships (T &F series) provide
institutional research training opportunities (including international) to trainees at the undergraduate,
graduate, and postdoctoral levels.

e Program Project/Center Grants (P series) support large, multi-project efforts that generally include a
diverse array of research activities. NIH Institutes and Centers issue funding opportunity announcements
to indicate their interest in funding this type of program.

o Resource Grants (various series)

e Trans-NIH Programs support broad-reaching programs that are trans-NIH in nature (e.g. programs of
the NIH Common Fund).

Source: Type of Grant Programs, https://grants.nih.gov/grants/funding/funding_program.htm; Small Business Research,
https://www.nimh.nih.gov/funding/sbir/index.shtml.
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3.7.3  Characteristics of funding schemes

As in principle all of NIH funding is directed at medicine, we don’t show the share by discipline for the NIH.
However, there may be research projects not anchored in medicine/biology, e.g. in nanotechnology, but which
have a potential impact on medicine (or which are being proposed by researchers as potentially impacting on
medicine, Stephan, 2012). The funding portfolio shows the dominant role of single project finding, in spite of the
large variety of funding schemes or instruments available. Together with networks and multi-project funding, as
well as SPF high risk and interdisciplinary research, project-oriented funding achieves close to 70% of total
funding. The category “other” corresponds to very small funding instruments which we have not assessed.
Translational schemes, such as R&D value chain, commercialisation and R&D collaboration with firms, also
amount together to a sizeable portion of NIH funds. Note that there is no dedicated thematic priority area, but this
is a result of the presentation of the data — the activity codes are instruments often used by the Institutes for a
specific thematic focus.

Figure 22: NIH total awarded funding according to study author classification, 2017

0
1% 0,11% 0,08% 0,02%

® Single project funding (SPF)
= Networks and Multi-Project funding
= Other

i Infrastructure

= Applied Research

B R&D Value Chain

® R&D collaboration with firms
H Career

H Education&Training

B SPF high-risk

= Scientific Communication

B Commercialisation

® Diversification

& Interdisciplinary research

Source: NIH, WIFO calculation. Note: The category ,,Other includes those activity codes that were not taken into account due to their small
percentage share (< 0,1%).

The table below summarises the grant design characteristics and success rates. The main single project funding
scheme RO1 shows rather low success rates below 20%, similar to interdisciplinary funding at 22%, but other
schemes such as SPF early career or high risk are even more difficult to obtain with success rates at 10-12%.
Career-oriented schemes show on average higher success rates, as do the network- and multi-project schemes.

Table 23: Selected characteristics of the funding schemes, 2017

Funding scheme Original | Share of Lot size Lot size Duration of Duration of | Success Rate
according to study name scheme (according to (statistical*) funding funding
scheme of the in total application in Mio. (according to | (statistical*)
classification scheme | funding documents) EUR proposal
in Mio. EUR guidelines)

Project funding 68% N/A N/A N/A N/A N/A
Single project 50% N/A 0.39 N/A average: N/A
funding (SPF) 3.6 years

RO1 45% not limited 0.41 3-5 years N/A 19%

WIFO
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Funding scheme Original | Share of Lot size Lot size Duration of Duration of | Success Rate
according to study name scheme (according to (statistical*) funding funding
scheme of the in total application in Mio. (according to | (statistical*)
classification scheme funding documents) EUR proposal
in Mio. EUR guidelines)
R21 4% max. 0.24 Mio. 0.19 2 years N/A 14%
EUR. not more than
0.18 Mio. EUR/year
RF1 2% N/A 2.80 N/A N/A 100%
SPF Early career 1% 1.34 Mio. EUR/year 1.99 max. 5 years N/A 12%
DP2 1% 1.34 Mio. EUR/year 1.99 max. 5 years N/A 12%
SPF high-risk 2% N/A 0.55 N/A N/A N/A
R35 1,5% N/A 0.52 N/A N/A 100%
DP1 0.3% 0.62 Mio. EUR/year 0.78 max. 5 years N/A 10%
Networks and Multi- 15% N/A 1.35 N/A N/A N/A
Project funding
uo1 7% not limited 0.90 N/A N/A 23%
P01 3% not limited 1.67 N/A N/A 28%
UMl 3% N/A 3.96 N/A N/A 50%
u19 2% N/A 2.40 N/A N/A 38%
Interdisciplinary 0.02% N/A 0.27 N/A N/A N/A
research
T90 0.02% N/A 0.27 N/A N/A 22%
Priority areas - - - - - -
Structural - - - - - -
priority area
Thematic - - - - - -
priority area
Infrastructure 5% N/A 1.35 N/A N/A N/A
P30 3% N/A 153 N/A N/A 51%
u24 2% N/A 1.58 N/A N/A 33%
R24 1% N/A 0.65 N/A N/A 21%
Funding of people 6% N/A N/A N/A N/A N/A
Education & Training 3% N/A 0.3 N/A N/A N/A
T32 2% not limited 031 5 years N/A 51%
T34 0.07% N/A 0.30 N/A N/A 34%
T35 0.03% not limited 0.08 5 years N/A 70%
T36 0.01% N/A 0.51 N/A N/A N/A
TL1 0.1% N/A 0.44 N/A N/A 100%
Career 3% 0.16 Mio. EUR 0.13 N/A N/A N/A
KO0 0.001% N/A 0.07 3-5 years N/A N/A
K01 0.5% N/A 0.13 3-5 years N/A 31%
K02 0.02% N/A 0.13 3-5 years N/A 56%
K05 0.01% N/A 0.12 3-5 years N/A N/A
K07 0.05% N/A 0.14 3-5 years N/A 14%
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Funding scheme Original | Share of Lot size Lot size Duration of Duration of | Success Rate
according to study name scheme (according to (statistical*) funding funding
scheme of the in total application in Mio. (according to | (statistical*)
classification scheme funding documents) EUR proposal
in Mio. EUR guidelines)
K08 0.5% N/A 0.15 3-5 years N/A 44%
K12 0.3% N/A 0.49 3-5 years N/A 46%
K18 0.001% N/A 0.15 3-5 years N/A N/A
K22 0.1% N/A 0.15 3-5 years N/A 19%
K23 0.7% N/A N/A 3-5 years N/A 34%
K24 0.1% N/A 0.14 3-5 years N/A 40%
K25 0.03% N/A 0.13 3-5 years N/A 40%
K26 0.001% N/A 0.10 3-5 years N/A N/A
K43 0.01% N/A 0.08 3-5 years N/A N/A
K76 0.01% N/A 0.18 3-5 years N/A N/A
K99 0.2% N/A 0.10 3-5 years N/A 23%
KL2 0.2% N/A 0.71 3-5 years N/A 100%
F30 0.1% N/A 0.11 max. 6 years N/A 39%
F31 0.2% N/A 0.08 max. 5 years N/A 26%
F32 0.3% N/A 0.12 max. 3 years N/A 28%
Diversification 0.1% N/A 1.78 N/A N/A N/A
TL4 0.1% N/A 1.78 N/A N/A N/A
Prizes - - - - - -
Mobility - - - - - -
International - - - - - -
Cooperation
Translation 12% N/A N/A N/A N/A N/A
Applied Research 4% N/A 1.8 N/A N/A N/A
ULl 2% N/A 5.38 N/A N/A 100%
P20 1% N/A 1.60 N/A N/A 23%
u10 1% N/A 1.37 N/A N/A 100%
UG1 1% N/A 0.86 N/A N/A 52%
R&D Collaboration 4% N/A 0.45 N/A N/A N/A
with firms
R41 0.2% 0.13-0.2 Mio. EUR 0.22 max. 1 year N/A 16%
R42 0.3% 0.89-1.33 Mio. EUR 0.60 max. 2 years N/A 28%
R43 0.6% 0.13-0.2 Mio. EUR 0.21 max. 6 months N/A 16%
R44 2.5% 0.89-1.33 Mio. EUR 0.63 max. 2 years N/A 29%
u43 0.002% see R43 0.27 N/A N/A N/A
U4 0.03% see R44 0.73 N/A N/A 14%
Commercialisation 0.1% N/A 0.63 N/A N/A N/A
SB1 0.1% 0.27-2.66 Mio. EUR 0.63 2-3 years N/A 29%
R&D Value Chain 4% N/A 181 N/A N/A N/A
U54 2% N/A 1.74 N/A N/A 25%
P50 2% N/A 1.90 N/A N/A 27%
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Funding scheme Original | Share of Lot size Lot size Duration of Duration of | Success Rate
according to study name scheme (according to (statistical*) funding funding
scheme of the in total application in Mio. (according to | (statistical*)
classification scheme | funding documents) EUR proposal
in Mio. EUR guidelines)

Scientific 1% N/A 0.23 N/A N/A 33%
Communication

R25 1% 0.22 Mio. EUR/year 0.23 N/A N/A 33%

Source: NIH funding facts, https://report.nih.gov/fundingfacts/fundingfacts.aspx. Note: Lot size is the size of the total grant (the total amount
of money granted for the researcher’s proposal) which will usually be consumed over a period of several years (funding duration). Lot size
according to application documents is the maximum amount of money researchers can ask for (or the minimum-maximum range); Lot size
statistical is the actual average amount of money paid out for granted projects. Lot sizes have been converted from USD to EUR. Exchange
rate from January 1, 2017: 0.89. Minor deviations due to rounding. Success rates are the share of granted applications relative to the total
number of full applications. A “-“-sign indicates that data/the scheme do not exist at all ; “N/A” indicates that an assessment category is not
applicable to the individual funding scheme, or that data are not available. “Not limited” = The budget is not limited unless specified in the
FOAs. The funds may only be used for expenditure directly related to and necessary for research training. *calculated by WIFO. The project
duration/ duration of funding and lot size can vary between the institutions depending on the Funding Opportunity Announcement (see e.g.
FOA page: https://grants.nih.gov/funding/searchguide/index.html).

There is also data on the percentage for targeted research. Targeted Research is research funded as a result of an
Institute's set aside of dollars for a specific scientific area. Institutes solicit applications (“top-down”) using
research initiatives (Request for Applications (RFAS) for grants, Request for Proposal (RFPs) for contracts). In the
period 1999-2015, 7% to 16% of RO1-equivalents funding®, i.e. schemes related to single project funding, was
“targeted”.

RO1 grants can be renewed, which is done regularly (in 2017, 27% of R01 new grants were renewals), and usually
achieve higher success rates than first-time applications (between 24% and 50% according to the institutes,
whereas the success rate of “new” applications was between 11% and 26% according to the institutes.

Source: Table #206, https://report.nih.gov/DisplayRePORT.aspx?rid=565.

3.7.4 Refundable costs and review procedures of single project funding (R01)
The following costs will be refunded:

o Wage(s) of the applicant(s)/principal investigator,

e Wages of scientific/technical staff,

o Material expenses (i.e. Costs for equipment and materials of permanent value, direct costs for the use of
infrastructures (including costs for maintenance and care), consumables, field expenses, computing time
and data (cloud computing), costs for making research data accessible (open research data),

e  Mobility (Travel (incl. accommodation and catering costs), conferences and workshops,

e Third-party expenses (Costs of project partners (not wages), consulting, consortia, outsourcing through
subcontracting),

e  Costs of scientific (open access) publications,

e Administrative/indirect costs (e.g. depreciation; maintenance; library costs; interest on debt; general
administrative expenses; departmental administrative expenses; sponsored projects administration; and
student administration expenses, from Stephan, 2012)

o Indirect cost rate (overheads): in principle, 100% of indirect costs are reimbursed - Research institutions
in the US can have their full indirect costs reimbursed for all federal research grants: in 2010. the indirect
cost rate (the indirect costs relative to the direct costs) amounted to 29.8-69% of the direct cost of research
(Sale - Sale, 2010). Universities calculate the indirect costs they ask for themselves, subject to an audit
by the agency and to guidelines by the OMB (Office of Management and Budget), it is not determined
by the agencies. This is a time-consuming process which is updated every three years (Stephan, 2012).

¢ The data refer to the “R01-equivalent awards pool, which NIH identifies as a grouping of the following activity codes: DP2, R01, R23, R29,
R37 und RF1 (see section 3.6.2. for the explanation of these activity codes, mostly types of project funding). NIH usually looks at RO1s in
conjunction with other awards providing similar support analogous to an R01. Of the R0O1-equivalent pool however, RO1s make up the
overwhelming bulk of these grants (see also https://nexus.od.nih.gov/all/2015/04/10/looking-at-recent-data-on-r21-and-r01-equivalent-
grants/).
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Source: https://www.niaid.nih.gov/grants-contracts/understanding-indirect-costs-0,
https://grants.nih.gov/grants/policy/nihgps/html5/section_7/7_cost_consideration.htm?tocpath=7%20Cost%20Consideration%7C 0.

Table 24: Overview of review process

The following information is taken from the NIH website. It shows the general review process, standard criteria
and considerations. If individual funding schemes may have additional criteria and consideration it is mentioned
in the individual Funding Opportunity Announcements (FOAS).

Internal/External external/internal reviewers by Scientific Review Group (SRG) and National
reviewers: Advisory Council/Board (NAC) of the potential awarding Institute/Center (I1C)
Number of reviewers N/A

(per proposal):

International/National national
reviewers:

Organisation of Review: | panel review by SRG and NAC of the potential awarding IC

1%t level of the review process:

A SRG (or study section) is led by SRO (Scientific Review Officer, an NIH
extramural staff scientist) who selects the individual peer reviewers (study
sections are composed of pre-selected members serving multiyear terms, to
which the SRO may add additional reviewers). Individual reviewers prepare
written grant reviews and discuss the scientific and technical merit of the
applications under review in the SRG meeting. Federal officials may participate
if they have pertinent responsibilities, NIH staff by decision of the SRO. Note
SRGs: no more than ¥ of the members of any SRG may be federal employees.

2" level of the review process:

Advisory Council/Board of the potential awarding Institute/Center as reviewer
(scientists from the extramural research community and public representatives —
NIH maintains over 150 charted advisory committees, authorized by the Public
Health Service Act). Members are chosen by the respective IC and are approved
by the Department of Health and Human Services. For certain committees,
members are appointed by the President of the United States).

Council members have access to applications and summary statements pending
funding for that IC in that council round. NIH program staff also provide a grant
funding plan to the AC/B, and applications by investigators who already receive
more than USD 1 million in funding are subject to a Special Council Review.

The Advisory Council/Board also considers the Institute/Center’s goals and
needs and advises the Institute/Center director concerning funding decisions.

The Institute/Center director makes final funding decisions based on staff and
Advisory Council/Board advice.

Assessment criteria (incl. | Scored Review Criteria (scored individually and considered in overall impact
weights or relative score) (see details below):

importance. if available): o Significance

Does the project address an important problem or a critical barrier to progress in
the field? Is there a strong scientific premise for the project? If the aims of the
project are achieved, how will scientific knowledge, technical capability, and/or
clinical practice be improved? How will successful completion of the aims
change the concepts, methods, technologies, treatments, services, or
preventative interventions that drive this field?
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e Investigator(s)

Are the PD/PIs, collaborators, and other researchers well suited to the project?
If Early Stage Investigators or those in the early stages of independent careers,
do they have appropriate experience and training? If established, have they
demonstrated an ongoing record of accomplishments that have advanced their
field(s)? If the project is collaborative or multi-PD/PI, do the investigators have
complementary and integrated expertise; are their leadership approach,
governance and organizational structure appropriate for the project?

e |nnovation

Does the application challenge and seek to shift current research or clinical
practice paradigms by utilizing novel theoretical concepts, approaches or
methodologies, instrumentation, or interventions? Are the concepts, approaches
or methodologies, instrumentation, or interventions novel to one field of
research or novel in a broad sense? Is a refinement, improvement, or new
application of theoretical concepts, approaches or methodologies,
instrumentation, or interventions proposed?

e  Approach

Are the overall strategy, methodology, and analyses well-reasoned and
appropriate to accomplish the specific aims of the project? Have the
investigators presented strategies to ensure a robust and unbiased approach, as
appropriate for the work proposed? Are potential problems, alternative
strategies, and benchmarks for success presented? If the project is in the early
stages of development, will the strategy establish feasibility, and will
particularly risky aspects be managed? Have the investigators presented
adequate plans to address relevant biological variables, such as sex, for studies
in vertebrate animals or human subjects?

e Environment
Will the scientific environment in which the work will be done contribute to the
probability of success? Are the institutional support, equipment and other
physical resources available to the investigators adequate for the project
proposed? Will the project benefit from unique features of the scientific
environment, subject populations, or collaborative arrangements?

Additional Review Criteria (not scored individually. but considered in overall
impact score):

e Protections for Human Subjects

e Inclusion of Women. Minorities & Children

e Vertebrate Animals

e Biohazards

e Resubmission

e Renewal

e Reuvision

Additional Review Considerations (not scored individually and not
considered in overall score):

e Applications from Foreign Organisations

e  Selected Agents

e Resource Sharing Plans

e Authentication of Key Biological and/or Chemical Resources

WIFO
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e Budget & Period of Support

Specific criteria for
early-career investigators
(first-time applicants):

Yes, see Scored and Additional Review Criteria and Additional Review
Considerations above, with the following exceptions:
e Investigator(s)

If Early Stage Investigators or those in the early stages of independent careers,
do they have appropriate experience and training? If established, have they
demonstrated an ongoing record of accomplishments that have advanced their
field(s)? Does the PD/PI devote 25% or more of his/her research effort on the
New Innovator Award project each year?

Not applicable are following Additional Review Criteria:

e Resubmission
e Renewal
e Revision

and following Additional Review Consideration:
e  Applications from Foreign Organisations

Source: Peer review - https://grants.nih.gov/grants/peer-review.htm#Initial, Review criteria -

https://grants.nih.gov/grants/peer/critiques/rpg_D.htm, https://grants.nih.gov/grants/policy/review_templates.htm.

Additional information

According to Stephan, 2012, p. 131, “the NIH review process puts considerable weight on past accomplishments,
which are enumerated on a standardized NIH biosketch form. Results from the previous grant (if there was one)
also play an important role in evaluation. The presence of demonstrated expertise and strong preliminary data play
an especially key role in the review process. “No crystal, no grant”. A major reason that universities provide start-
up funds is to permit the newly hired faculty member time to continue the process of collecting preliminary data
for an NIH proposal. The “lineage” of the scientist is often noted, in terms of where the scientist trained and in
whose lab the scientist did his or her postdoc work. Researchers must also demonstrate that they have adequate
space at their university in which to conduct the research.” According to a preliminary analysis of the new NIH
scoring system, criteria most highly correlated with the overall impact score are approach and significance, lowest
were investigator and environment (Berg, 2010). The analysis was however only done for the National Institute

for the General Medical Sciences, so that the results should be interpreted with care.

Source: https://ofacp.od.nih.gov/about_us/overview.asp.

3.7.5 Important changes over time

The following information is partly taken from the NIH website.

Changes at the level of the agency

e Changes in organisational structure: N/A

e Changes in overall funding levels: The NIH budget famously doubled over the period 1998-2002 (see

Figure 23) but has evolved in a much less dynamic way since then.
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Figure 23: NIH total funding awarded in current and constant USD, 1998-2017
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Source: NIH funding facts - https:/report.nih.gov/fundingfacts/fundingfacts.aspx, AMECO database for BIP deflator (2010=100), WIFO-
calculation. Note: NIH data are only available since 1998.

Changes at the level of the individual funding schemes

Funding categories (e.g. Research Career, NRSA Fellowships, etc.) at NIH are defined by certain activity codes,
as explained above. However, there might be changes within NIH ICs over the time or general a later
implementation of the classification. For instance, Research Projects were first coded to NLM (National Library
of Medicine) in fiscal year 2007. The RL5 activity was formerly classified as a Research Project Grant but was
reclassified as Other Research in fiscal year 2015. The P42 activity was formerly classified as a Research Project
Grant but was reclassified as Research Centers in fiscal year 2017.

Source: Budget and Spending, Research Project Grants - https://report.nih.gov/DisplayRePORT.aspx?rid=541, see footnote.

The figure below shows the significant drop in single project funding success rates since the late 1990’ies, which
has not recovered since. Although high-risk and early career show an increasing trend in success rates, they come
from a very low level.
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Figure 24: Success rate in Single Project Funding (R01), SPF high-risk (DP1 and DP5) and SPF Early career

(DP2), 1998-2017

35%

30%

25%

20%

15%

10%

5%

0%

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: NIH funding facts - https://report.nih.gov/fundingfacts/fundingfacts.aspx.

e  Shifts in budget shares between schemes

Similar to other agencies, NIH shows a declining share of the standard single project funding, partly at the benefit
of specific project funding schemes with the aims of fostering high risk research or early career researchers, and
also in favour of translational and infrastructure spending.

Table 25: NIH shares of funding instruments, change in percentage points between 1998-2017

Change of share
1998-2017 in

Share in 2017 percentage points
Project funding 67.9% +1.8
Single project funding (SPF) 50.4% -1.7
SPF Early career 0.6% +0.6
SPF high-risk 1.7% +1.2
Networks and Multi-Project funding 15.2% +1.7
Interdisciplinary research 0.02% +0.02
Priority areas - -
Structural priority area - -
Thematic priority area - -
Infrastructure 4.9% +1.5
Funding of people 6.0% +0.1
Education & Training 2.5% -0.8
Career 3.4% +0.8
Diversification 0.1% +0.1
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Prizes - -

Mobility ] ]

International Cooperation - -

Translation 11.8% +2.8
Applied Research 4.3% +2.0
R&D Collaboration with firms 3.6% +1.1
Commercialisation 0.1% +0.1
R&D Value Chain 3.8% -0.5
Scientific Communication 0.7% +0.2

Source: NIH funding facts - https:/report.nih.gov/fundingfacts/fundingfacts.aspx, WIFO calculation.

e  Closure of funding schemes, introduction of new funding schemes:

The Common Fund was enacted into law by Congress through the 2006 NIH Reform Act to support cross-cutting,
trans-NIH programs that require participation by two or more NIH ICs or would otherwise benefit from strategic
planning and coordination. The requirements for the Common Fund encourage collaboration across the ICs while
providing NIH with flexibility to determine priorities for Common Fund support. To date, the Common Fund has
been used to support a series of short-term, exceptionally high-impact, trans-NIH programs, including the High-
Risk, High-Reward Research program, which supports several awards to test new ways of fostering innovation
and also was authorized through the Reform Act.

Otherwise, all funding initiatives since 1992 are being kept track of on this website:
https://grants.nih.gov/funding/searchguide/index.html. They show that NIH frequently responds to emerging
scientific and health challenges, such as AIDS in Africa or most recently the opioid crisis.

Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.)

Change of NIH peer review system in 2010 (see Stephan, 2012), due to complaints about risk aversity of the review
process (see also Azoulay et al., 2011 and the sources cited therein). The new NIH scoring-system uses a 9-point
rating scale (1=exceptional; 9=poor); the same scale is used for overall impact scores and for criterion scores.
Before the SRG meeting, each reviewer assigned to an application gives a separate score for each of (at least) five
review criteria (i.e. Significance, Investigator(s), Innovation, Approach, and Environment) for research grants and
cooperative agreements. For all applications, the individual scores of the assigned reviewers and discussant(s) for
these criteria are reported to the applicant.

In addition, each reviewer assigned to an application gives a preliminary overall impact score for that application.
In many review meetings, the preliminary scores are used to determine which applications will be discussed in full
at the meeting. For each application that is discussed at the meeting, a final impact score is given by each eligible
committee member (without conflicts of interest) including the assigned reviewers. Each member's score reflects
his/her evaluation of the overall impact that the project is likely to have on the research field(s) involved.

The final overall impact score for each discussed application is determined by calculating the mean score from all
the eligible members' final impact scores, and multiplying the average by 10; the final overall impact score is
reported on the summary statement. Thus, the final overall impact scores range from 10 (high impact) through 90
(low impact). Numerical impact scores are not reported for applications that are not discussed (ND), which may
be reported as ++ on the face page of the summary statement and typically rank in the bottom half of the
applications.

Source: https://grants.nih.gov/grants/peer-review.htm#Initial.
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3.7.6 Information and data sources

Contact at fund

Katrina Pearson

Chief, Statistical Analysis and Reporting Branch — Office of Extramural Research
pearsonk@od.nih.gov

Programme descriptions for NIH institutes and centers:
https://www.nih.gov/about-nih/what-we-do/nih-almanac/nih-organization

Program Overview:
https://grants.nih.gov/grants/how-to-apply-application-quide/forms-e/general/g.130-program-overview.htm

For Success Rates, Award Numbers, Award funding, etc.:
https://report.nih.gov/fundingfacts/fundingfacts.aspx - Excel export for an overall report

https://report.nih.gov/budget_and spending/index.aspx - Excel files for individual criteria

For project duration (single project funding):
https://report.nih.gov/catalog.aspx - under variables ,,Project Period”

SBIR/STTR Funding:
https://sbir.nih.gov/funding#phasedl

https://grants.nih.gov/grants/guide/parent_announcements.htm#train — Parent Announcements

https://grants.nih.gov/funding/searchquide/index.html - FOAs
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3.8 National Science Foundation (NSF, USA)
3.8.1 Organisational mission and structure

Mission focus

Similar to the NIH, NSF also focuses broadly on knowledge creation as well as the impact of the knowledge
created on the economy and society. NSF also emphasises support for school-level education to create interest for
studying science. The following information is taken from the NSF website:

NSF is the only federal agency whose mission includes support for all fields of fundamental science and
engineering, except for medical sciences.

e The mission of NSF is to promote the progress of science; to advance the national health, prosperity, and
welfare; and to secure the national defence.

e NSF’s vision is of a Nation that creates and exploits new concepts in science and engineering and provides
global leadership in advancing research and education.

o NSF supports research and workforce development programs that help drive future economic growth and
enhance our Nation’s security and global competitiveness.

o NSF seeks high-risk, potentially transformative research that will generate pioneering discoveries and
advance exciting new frontiers in science.

e NSF funds advanced instrumentation and facilities, Arctic and Antarctic research and operations, and
cooperative research between universities and industry, and U.S. participation in international scientific
efforts.

Source: FY2017 Performance and Financial Highlights - https://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf18021, see also
https://www.nsf.gov/about/ and https://www.nsf.gov/about/who.jsp.

Overarching decision structures

NSF is a federal agency with external scientists taking on an advisory role, but without a formal say in the agency’s
decision-making.

It is divided into the following seven directorates that support science and engineering research and education:
Biological Sciences, Computer and Information Science and Engineering, Engineering, Geosciences,
Mathematical and Physical Sciences, Social, Behavioral and Economic Sciences, and Education and Human
Resources. Each is headed by an assistant director, who go through a competitive application process. Within
NSF's Office of the Director, the Office of Integrative Activities also supports research and researchers. Other
sections of NSF are devoted to financial management, award processing and monitoring, legal affairs, outreach
and other functions.

Organisational Chart: https://www.nsf.gov/staff/organizational_chart.pdf.

e  General/strategic decision making

The Office of the Director (OD) houses the Foundation's top leadership, and oversees all Foundation activities
from the development of policy priorities to the establishment of administrative and management guidelines,
including long-range planning. The positions of Director and Deputy Director are appointed by the President and
confirmed by the U.S. Senate. NSF's statutory authority establishes a six-year term for the Director.

The Office of Integrative Activities (OlIA) works across disciplinary boundaries to lead and coordinate strategic
programs and opportunities that: advance research excellence and innovation; develop human and infrastructure
capacity critical to the U.S. science and engineering enterprise; and promote engagement of scientists and
engineers at all career stages.

Each federal agency has an Office of Inspector General (OIG) that provides independent oversight of the
agency's programs and operations. The office is responsible for promoting efficiency and effectiveness in agency
programs and for preventing and detecting fraud, waste, and abuse. By statute, the NSF OIG is independent from
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the agency, with the 1G reporting directly to the National Science Board and the Congress. OIG consults NSF in
developing their plans and obtain agency feedback on reports before they are issued. Semi-annually, the OIG
submits a summary report of its activities to the Congress, National Science Board, and NSF.

The National Science Board (NSB) is made up of 25 Members appointed by the President. The NSF Director is
an ex officio Member. Members serve six-year terms. With the exception of the NSF Director, one-third of the
Board is appointed every two years. NSB Members are drawn from industry and universities, and represent a
variety of science and engineering disciplines and geographic areas. The NSB is apolitical and has two important
roles. First, it establishes the policies of NSF within the framework of applicable national policies set forth by the
President and the Congress. In this capacity, the Board identifies issues that are critical to NSF's future, approves
NSF's strategic budget directions and the annual budget submission to the Office of Management and Budget, and
approves new major programs and awards. The second role of the Board is to serve as an independent body of
advisors to both the President and the Congress on policy matters related to science and engineering and education
in science and engineering. In addition to major reports, the NSB also publishes occasional policy papers or
statements on issues of importance to U.S. science and engineering.

Source: https://www.nsf.gov/staff/orglist.jsp.

o Decision structures for funding

Decision structures for funding proposals are quite simple, in that the NSF lacks a second stage discussion among
outside external reviewers to decide on funding, as the NSF Program Officer recommends to the Division Director
whether the proposal should be declined or recommended for award based on the first-stage review results.

Funding and budget implementation at the aggregate agency level is done by the Budget Division, located within
the Office of Budget, Finance and Award Management (BFA), which is responsible for the development, analysis,
and execution of the Foundation's annual budget to the Office of Management and Budget and the Congress. This
responsibility encompasses budget formulation and development, implementation and management of appropriate
budget operations and control processes through development of operating plans and special analyses, assisting
the development of long-range plans for the Foundation, and assisting the Chief Financial Officer (CFO) and
Deputy CFO in the resource management of the Foundation.

The mission of the Division of Acquisition and Cooperative Support (DACS) is to provide comprehensive
acquisition and cooperative agreement award leadership. DACS is responsible for solicitation, negotiation, award
and administration of NSF contracts and of complex cooperative agreements for NSF's research facilities, and
major centers' programs such as Science Technology Centers (STC's) and Engineering Research Centers (ERC's).
DACS is also responsible for overseeing NSF procurement systems, contracts policy, processes and guidance.
The Division of Grants and Agreements (DGA) is responsible for the award of NSF grants and agreements
recommended for support by NSF program offices. From pre-award through closeout, DGA conducts a variety of
business, financial, and award administrative reviews to ensure compliance with award terms and conditions, NSF
policies and procedures, and Federal rules and regulations.

Source: https://www.nsf.gov/bfa/.

Allocation of government funding to agency

The NSF is funded primarily through six Congressional appropriations to which it submits an annual budget
request. Research & Related Activities (R&RA), Education & Human Resources (HER) and Major Research
Equipment & Facilities Construction (MREFC) fund the agency’s programmatic activities and account for 95
percent of NSF’s total appropriations. The Agency Operations & Award Management (AOAM) appropriation
provides funds to administer and manage those programmatic activities. Separate appropriations are provided to
support the activities of the Office of Inspector General (O1G) and National Science Board (NSB).

Source: FY2017 Performance and Financial Highlights - https://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf18021.

Organisation of funding activities

The NSF allocates money through common funding schemes (see table below) for seven discipline-specific
directorates (research areas).

WIFO


https://www.nsf.gov/staff/orglist.jsp
https://www.nsf.gov/bfa/
https://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf18021

- 136 -

3.8.2  Overview of funding schemes

The following information is taken from the NSF website.

At NSF proposals may be submitted in response to the various funding opportunities that are announced on the
NSF website. These funding opportunities fall into three categories -- program descriptions, program
announcements and program solicitations -- and are the mechanisms NSF uses to generate funding requests (for a
full list of funding schemes, see: https://www.nsf.gov/funding/azindex.jsp).

In addition to standard research proposals, there are other types of proposals that may be submitted to NSF”:

¢ Rapid Response Research (RAPID) Proposal: RAPID is a type of proposal used when there is a severe
urgency with regard to availability of, or access to, data, facilities or specialized equipment, including
quick-response research on natural or anthropogenic disasters and similar unanticipated events.

e Early-concept Grants for Exploratory Research (EAGER) Proposal: EAGER is a type of proposal
used to support exploratory work in its early stages on untested, but potentially transformative, research
ideas or approaches. This work may be considered especially "high risk-high payoff" in the sense that it,
for example, involves radically different approaches, applies new expertise, or engages novel disciplinary
or interdisciplinary perspectives.

o Research Advanced by Interdisciplinary Science and Engineering (RAISE) Proposal: RAISE is a
type of proposal that may be used to support bold, interdisciplinary projects whose scientific advances lie
in great part outside the scope of a single program or discipline, such that substantial funding support
from more than one program or discipline is necessary; whose lines of research promise transformational
advances; whose prospective discoveries reside at the interfaces of disciplinary boundaries that may not
be recognized through traditional review or co-review.

e Grant Opportunities for Academic Liaison with Industry (GOALI) Proposal: GOALLI is a type of
proposal that seeks to stimulate collaboration between academic research institutions and industry. Under
this proposal type, academic scientists and engineers request funding either in conjunction with a regular
proposal submitted to a standing NSF program or as a supplemental funding request to an existing NSF-
funded award. GOALI is not a separate program.

e Ideas Lab Proposal: "ldeas Lab" is a type of proposal to support the development and implementation
of creative and innovative project ideas that have the potential to transform research paradigms and/or
solve intractable problems. An Ideas Lab may be run independently, or in parallel, with the issuance of
an NSF funding opportunity on the same topic. These project ideas typically will be high-risk/high-
impact, as they represent new and unproven ideas, approaches and/or technologies. This mechanism was
developed collaboratively within NSF, modeled on the "sandpit™ workshops that are a key component of
the United Kingdom Research Council’s "IDEAs Factory" program.

e Facilitation Awards for Scientists and Engineers with Disabilities (FASED): to reduce or remove
barriers to participation in research and training by persons with physical disabilities by providing special
equipment and assistance under awards made by NSF; and to encourage persons with disabilities to
pursue careers in science and engineering by stimulating the development and demonstration of special
equipment that facilitates their work performance.

e Conference Proposals: NSF supports conferences in special areas of science and engineering that bring
experts together to discuss recent research or education findings or to expose other researchers or students
to new research and education techniques. NSF encourages the convening in the US of major international
conferences.

e Equipment Proposals: A proposal for specialized equipment may be submitted by an organization for:
individual investigators; groups of investigators within the same department; several departments;
organization(s) participating in a collaborative or joint arrangement; any components of an organization;
or a region.

7 For more detailed information, see https://www.nsf.gov/pubs/policydocs/pappgl8_1/pappg_2.jsp#lIE6, Chapter E. Types of proposals.
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e Travel proposal: A proposal for travel support, either domestic and/or international, for participation in
scientific and engineering meetings are handled by the NSF organizational unit with program
responsibility for the area of interest.

o Center proposal: NSF provides support for a variety of individual Centers and Centers programs that
contribute to the Foundation's vision as outlined in the NSF Strategic Plan.

e Research Infrastructure Proposal: As an integral part of its responsibility for strengthening the science
and engineering capacity of the country, NSF provides support for the design, construction, operation and
upgrade of research infrastructure including instrumentation, mid-scale projects and major facilities.

3.8.3  Overview of funding schemes

At any time, scientists and engineers are also welcome to send in unsolicited proposals for research and education
projects, in any existing or emerging field (see https://www.nsf.gov/about/how.jsp). Research topic origin:
Proposal topic is investigator-initiated (“bottom-up”) or proposed by science fund (“top-down”).
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Broad-level Name of funding | Classification of Funding Choice of Who gets Main aim of funding scheme Link
funding scheme scheme scheme according | scheme is research question | funded
to the structure discipline- (“bottom-up” or
proposed by specific “top-down”)
study authors
Research Research Single project yes bottom-up/ top- Project The “Research” Category involves different kinds of single-project funding, | https://www.nsf.gov/funding/az
funding (SPF) down among them standard research grants, but also more specific mechanisms index.jsp
such as RAPID (see list above)
https://www.nsf.gov/pubs/polic
ydocs/pappgl8_1/pappg_2.jsp#
1IE, see E. Types of proposals
CAREER CAREER Career yes bottom-up/ top- Person The Faculty Early Career Development (CAREER) Program is a https://www.nsf.gov/funding/p
down Foundation-wide activity that offers the National Science Foundation's most | gm_summ.jsp?pims_id=50321
prestigious awards in support of early-career faculty who have the potential | 4
to serve as academic role models in research and education and to lead
advances in the mission of their department or organization.
Centers Centers Interdisciplinary yes N/A Project NSF supports a variety of centers programs that contribute to the https://www.nsf.gov/about/part
research Foundation's mission and vision. Centers exploit opportunities in science, ners/centers.jsp
engineering, and technology in which the complexity of the research
program or the resources needed to solve the problem require the
advantages of scope, scale, duration, equipment, facilities, and students.
Centers are a principle means by which NSF fosters interdisciplinary
research.
SBIR/STTR SBIR/STTR R&D yes bottom-up Firms / The Small Business Innovation Research (SBIR) / Small Business https://www.nsf.gov/eng/iip/ab
collaboration with Project Technology Transfer (STTR) programs provide proof-of-concept / out.jsp
firms feasibility grants for early stage, high-tech small businesses which could
potentially be followed by grants to undertake cutting-edge, high-quality
scientific research and development to de-risk their technologies.
Education Education Education & yes N/A Person Besides the activities in EHR (see below), nearly all NSF research https://www.nsf.gov/news/over
Training components support education or training programs aimed at students of all | views/education/overview.jsp
levels, as well as out-of-school populations. That includes support for
potential innovators who will contribute to our nation's scientific and
technical knowledge, those who plan to pursue careers in science and
technology (including teaching) and those who will enhance our
understanding of the societal influences and impacts of science and
technology as a foundation for responsible citizenship.
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Broad-level Name of funding | Classification of Funding Choice of Who gets Main aim of funding scheme Link
funding scheme scheme scheme according | scheme is research question | funded
to the structure discipline- (“bottom-up” or
proposed by specific “top-down”)
study authors
Education & Education & Education & N/A N/A Person The mission of EHR is to achieve excellence in U.S. science, technology, https://www.nsf.gov/ehr/about.
Human Resources | Human Resources | Training engineering and mathematics (STEM) education at all levels and in all sp
(EHR) (EHR) settings (both formal and informal) in order to support the development of a
diverse and well-prepared workforce of scientists, technicians, engineers,
mathematicians and educators and a well-informed citizenry that have
access to the ideas and tools of science and engineering. The purpose of
these activities is to enhance the quality of life of all citizens and the health,
prosperity, welfare and security of the nation.
Programs to Diversification yes N/A Person / Broadening participation infuses science and engineering excellence into https://www.nsf.gov/about/bud
Broaden Institution varied individual, institutional, and geographic networks and provides for get/fy2019/pdf/13_fy2019.pdf
Participation the discovery and nurturing of talent wherever it may be found.
Additionally, NSF defines broadening participation in terms of individuals
from underrepresented groups (i.e., women, underrepresented minorities,
and persons with disabilities) as well as institutions (i.e., women’s colleges,
minority-serving institutions, and institutions primarily serving persons
with disabilities) and geographic areas (i.e., rural, urban and EPSCoR
jurisdictions) that do not participate in NSF research programs at rates
comparable to others.
Infrastructure Infrastructure yes N/A Project N/A N/A
Major Research Infrastructure N/A N/A Project The MREFC supports the acquisition, construction and implementation of a | https://www.nsf.gov/about/bud
Equipment & large research infrastructure that offers unique opportunities at the borders get/fy2019/pdf/34_fy2019.pdf
Facilities of science and technology.
Construction
(MREFC)

Source: See Tables on this website, https://www.nsf.gov/about/budget/.
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3.8.4 Characteristics of funding schemes

Standard research grants dominate within NSF’s funding portfolio; single project funding should be interpreted
with care, as many different grant mechanisms (see above, e.g. RAPID, EAGER, etc.) are summarised within this
category. NSF shows a large role for infrastructure spending, as well as for education & training. Career and
translational schemes play a much smaller role by comparison. Note however that all research proposals to NSF
are also reviewed according to potential impact (see section 3.7.4.), so that a translational perspective is built into
the standard research grants. Funding by discipline shows that close to half of all funds go to natural sciences,
followed by engineering, interdisciplinary research and social sciences and humanities. Note that the NSF is only
one of the main US grant-based research funding organisations and that medicine is funded by NIH, so that the
funding portfolio in terms of disciplines needs to be assessed together with the NIH (see section 4). The NSF
funding data does not show the thematic focus of its funding schemes, as it is aggregated at a very broad level, e.g.
research vs. careers. However, the NSF follows a number of thematic priorities which present in an exemplary
way from the budget requests 2016 and 2019:

Foundation-wide programs and priorities of NSF bring together researchers from all fields of science and
engineering. Some of these interdisciplinary investments are listed below?.

The following information is taken from the NSF website:

¢ Innovations at the Nexus of Food, Energy, and Water Systems (INFEWS) aims to understand, design,
and model the interconnected food, energy, and water system through an interdisciplinary research effort
that incorporates all areas of science and engineering and addresses the natural, social, and human-built
factors involved.

e NSF Innovation Corps (I-Corps™) improves NSF-funded researchers’ access to resources that can
assist in bridging the gap between discoveries and technologies, helping to transfer knowledge to
downstream technological applications and use at scale.

e Secure and Trustworthy Cyberspace (SaTC) investment aims to build the knowledge base in
cybersecurity that enables discovery, learning, and innovation, and leads to a more secure and trustworthy
cyberspace.

¢ Understanding the Brain (UtB) encompasses ongoing cognitive science and neuroscience research and
NSF’s contributions to the ongoing Brain Research through Advancing Innovation and
Neurotechnologies (BRAIN) Initiative. The goal of UtB is to enable scientific understanding of the full
complexity of the brain, in action and in context.

e Clean Energy Technology investments support research and education in alternative energy for
electricity (solar, wind, wave, geothermal) and fuels (chemical and biofuels).

e Cyber-enabled Materials, Manufacturing, and Smart Systems (CEMMSS) aims to integrate a
number of science and engineering activities across the Foundation — breakthrough materials, advanced
manufacturing, robotics, and cyber-physical systems. It will address pressing technological challenges
facing the Nation and promote U.S. manufacturing competitiveness.

e Cyberinfrastructure Framework for 21t Century Science, Engineering, and Education (CIF21)
accelerates and transforms the process of scientific discovery and innovation by providing advanced
cyberinfrastructure and new capabilities in computational and data-enabled science and engineering.

e NSF Research Traineeship (NRT) aims to identify priority research themes that both align with NSF
priority research activities and have strong potential in areas of national need where innovative practices
in graduate education can be developed.

e Research at the Interface of Biological, Mathematical, and Physical Sciences (BioMaPS) involves
the Directorates for Biological Sciences, Mathematical and Physical Sciences, and Engineering, and it
seeks to advance discovery at the intersections of these established disciplines.

8 For more Foundation-wide programs and priorities, see NSF’s Budget and Performance Site: https://www.nsf.gov/about/budget/.
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e Science, Engineering, and Education for Sustainability (SEES) aims to increase understanding of the
integrated system of supply chains, society, the natural world, and alterations humans bring to Earth, in
order to create a sustainable world.

Source: FY 2019 Budget Request to Congress, https://www.nsf.gov/about/budget/fy2019/pdf/fy2019budget.pdf; FY 2016 Budget Request to
Congress, https://www.nsf.gov/about/budget/fy2016/pdf/fy2016budget.pdf.

For the $5.7 billion of obligations for R&D in FY2015, 87.7% was for basic research and 12.3% for applied
research.

Source: Table 4-17, https://www.nsf.gov/statistics/2018/nsb20181/report/sections/research-and-development-u-s-trends-and-international-
comparisons/recent-trends-in-federal-support-for-u-s-r-d.

Figure 25: NSF total awarded funding according to study author classification (left panel) and shares of
disciplines on total awarded funding (right panel), 2017

m Single project funding (SPF)
| Infrastructure

® Education & Training

& Other

= Career

¥ |nterdisciplinary research

= Natural sciences

B Diversification
m Engineering
B R&D Collaboration with firms
N/A

Interdisciplinary

B Social science and humanities

Source: NSF, WIFO calculation. Note: The category “Other” (left panel) includes expenditure that cannot be classified according to the
classification. The category “N/A” (right panel) includes expenditure that cannot be classified according to the research disciplines.

The next table shows that in terms of grant design characteristics and success rates, there is only little information
at the level of broad funding types. Success rates in the main research grants funding scheme are low at 21%.

Table 26: Selected characteristics of the funding schemes, 2017

Funding scheme Original Share of Lot size Lot size Duration of Duration of Success
according to study | name scheme (according to (statistical*) funding funding Rate
scheme of the in total application in Mio. (according to (statistical*)
classification scheme funding documents) EUR proposal

in Mio. EUR guidelines)
Project funding 49% N/A N/A N/A N/A N/A
Single project Research 46% average: 0.34 average: N/A 21%
funding (SPF) 0.15 Mio. EUR 2.9 years
SPF Early career - - - - - -
SPF high-risk - - - - - -
Networks and Multi- - - - - - -
Project funding
Interdisciplinary Centers 3% N/A N/A 10 years N/A N/A
research
Priority areas - - - - - -
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Funding scheme Original Share of Lot size Lot size Duration of Duration of Success
according to study name scheme (according to (statistical*) funding funding Rate
scheme of the in total application in Mio. (according to (statistical*)
classification scheme funding documents) EUR proposal
in Mio. EUR guidelines)
Structural priority - - - - - -
area
Thematic priority - - - - - -
area
Infrastructure 24% N/A N/A N/A N/A N/A
Infrastructure 21% N/A N/A N/A N/A N/A
Major 3% 3.5 Mio. EUR N/A max. 3 years N/A N/A
Research (for acquisition
Equipment proposals) and
max. 5 years
(for
development
proposals)
Funding of people 19% N/A N/A N/A N/A N/A
Education & 12% N/A N/A N/A N/A N/A
Training
Education 3% N/A N/A N/A N/A N/A
Education & 9% N/A N/A N/A N/A N/A
Human
Resources
Career CAREER 4% 0.07 or 0.89 Mio. N/A 5 years N/A N/A
EUR/year**
Diversification Programs to 3% N/A N/A N/A N/A N/A
Broaden
Participation
Prizes - - - - - -
Mobility - - - - - -
International - - - - - -
Cooperation
Translation 3% see R&D N/A see R&D N/A N/A
collaboration collaboration
with firms with firms
Applied Research - - - - - -
R&D Collaboration SBIR/STTR 3% Phase 1: 0.2 Mio. N/A Phase 1: 6-12 N/A N/A
with firms EUR months
Phase 2: 0.66 Phase 2: 2 years
Mio. EUR

Commercialisation

R&D Value Chain

Scientific
Communication

Source: NSF Budget Requests to Congress and Annual Appropriations, https://www.nsf.gov/about/budget/index.jsp. Note: Lot size is the
size of the total grant (the total amount of money granted for the researcher’s proposal) which will usually be consumed over a period of
several years (funding duration). Lot size according to application documents is the maximum amount of money researchers can ask for (or
the minimum-maximum range); Lot size statistical is the actual average amount of money paid out for granted projects. Lot sizes have been
converted from USD to EUR. Exchange rate from January 1, 2017: 0.89. Minor deviations due to rounding. Success rates are the share of
granted applications relative to the total number of full applications. A “-“-sign indicates that data/the scheme do not exist at all ; “N/A”
indicates that an assessment category is not applicable to the individual funding scheme, or that data are not available. *calculated by WIFO.
** depends on the discipline: BIO, ENG, OPP min. 500,000 Dollars (approx. 443,000 Euro) for 5 years.
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Concerning funding duration, grants can be renewed, but they compete with all the other (first-time and other
renewal) proposals without any difference, i.e. there is no different review process and it is not easier to get a grant
renewed than to get a project funded for the first time. An exception are “accomplishment-based” renewals (ABR),
which are granted on the basis of publications and human resources development in the project to be renewed.
ABRs are only granted once.

There is also data available on Early and Later Career Principal Investigators (PIs), showing that the success rates
of early career Pls is generally lower than the one of later career Pls, in accordance with the literature (section 2)
and the known difficulties of proposal writing which favour established researchers.

Table 27:Percentage and Success Rate of NSF Early and Later Career Pls, 2001-2015

Early Career Pl Later Career PI
Count Success Count Success

Percentage Rate Percentage Rate
2015 21% 19% 79% 23%
2014 21% 18% 79% 21%
2013 22% 18% 78% 20%
2012 21% 18% 79% 22%
2011 23% 16% 7% 19%
2010 22% 18% 78% 22%
2009 24% 25% 76% 29%
2008 24% 19% 76% 22%
2007 25% 20% 75% 23%
2006 24% 19% 76% 22%
2005 23% 17% 7% 21%
2004 22% 17% 78% 22%
2003 22% 20% 78% 25%
2002 22% 21% 78% 29%
2001 22% 23% 78% 28%

Source: data.gov - https://catalog.data.gov/dataset/nsf-early-and-later-career-principal-investigators-pis-count-and-funding-rates. Note:
“Count Percentage” indicates the percentage share of early or later career Pls on total funded grants. Early Career = Pls who received their
last degree within seven years at the time of the award; Later Career = Pls who received their last degree more than seven years before the
time of their first NSF award.

3.8.5 Refundable costs and review procedures of single project funding
The following costs will be refunded:

o Wage(s) of the applicant(s)/PlI

o Wages of scientific/technical staff,

e Material expenses (i.e. Costs for equipment and materials of permanent value, direct costs for the use of
infrastructures (including costs for maintenance and care), consumables, field expenses, computing time
and data (cloud computing), costs for making research data accessible (open research data),

e  Mobility (Travel (incl. accommodation and catering costs), conferences and workshops,

e Third-party expenses (Costs of project partners (not wages), consulting, consortia, outsourcing through
subcontracting); Costs of scientific (open access) publications,

e administrative/indirect costs (e.g. depreciation; maintenance; library costs; interest on debt; general
administrative expenses; departmental administrative expenses; sponsored projects administration; and
student administration expenses, from Stephan, 2012)

e Indirect cost rate (overheads): 100% of indirect costs

Same as for the NIH, research institutions in the US can have their full indirect costs reimbursed for all federal
research grants: in 2010. the indirect cost rate (the indirect costs relative to the direct costs) amounted to 29.8-69%
of the direct cost of research (Sale and Sale, 2010). Universities calculate the indirect costs they ask for themselves,
subject to an audit by the agency and to guidelines by the OMB (Office of Management and Budget), it is not
determined by the agencies. This is a time-consuming process which is updated every three years (Stephan, 2012).
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Further information at https://www.nsf.gov/bfa/dias/caar/indirect.jsp.

Source: Allowability of Costs - https://www.nsf.gov/pubs/policydocs/pappguide/nsf13001/aag_5.jsp.

Table 28: Overview of review process
The following information is taken from the NSF website.

Internal/External
reviewers:

both

Number of reviewers
(per proposal):

at least one internal reviewer and three external reviewers (in practice 3-10)

International/National
reviewers:

mostly national

Organisation of Review:

1%t stage: either ad hoc (mail), panel review or combination of both organised
by NSF Program Officer who selects external peer reviewers;

2" stage: After scientific, technical and programmatic review and consideration
of appropriate factors, the NSF Program Officer recommends to the Division
Director whether the proposal should be declined or recommended for award.
Applicants will get all the information coming from the reviews, except the
names of the reviewers.

weights or relative

Assessment criteria (incl.

importance, if available):

Merit review criteria:

¢ Intellectual Merit (encompasses the potential to advance knowledge)
e Broader Impacts (encompasses the potential to benefit society and
contribute to the achievement of specific, desired societal outcomes)

The following elements should be considered in the review for both criteria:

1. What is the potential for the proposed activity to:

a. Advance knowledge and understanding within its own field or
across different fields (Intellectual Merit); and

b. Benefit society or advance desired societal outcomes (Broader
Impacts)?

2. To what extent do the proposed activities suggest and explore creative,
original, or potentially transformative concepts?

3. Isthe plan for carrying out the proposed activities well-reasoned, well-
organized, and based on a sound rationale? Does the plan incorporate a
mechanism to assess success?

4. How well qualified is the individual, team, or organization to conduct
the proposed activities?

5. Are there adequate resources available to the PI (either at the home
organization or through collaborations) to carry out the proposed
activities?

The NSF Program Officer may in addition examine other factors, e.g. different
approaches to significant research and education questions; potential (with
perhaps high risk) for transformational advances in a field; capacity building in
a new and promising research area; or achievement of special program
objectives

Special characteristics
for early stage
researchers (first-time
applicants):

N/A

Source: https://www.nsf.gov/bfa/dias/policy/merit_review/.
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Additional information

According to Stephan, 2012, p. 132f., “NSF peer review follows a slightly different process [to NIH]. Investigators
submit proposals to programs, which are generally organized around fields of study. Programs vary as to whether
they use mail reviews exclusively or panel reviews supplemented by mail reviews to evaluate proposals. Reviewers
rank proposals on a five-point scale that goes from Excellent to Poor....

Unlike the case of NIH, program officers have considerable discretion in making funding decisions, especially
with regard to proposals that fall between a “clearly fund” and a “clearly do not fund.” There is not a tradition of
continuing a grant at NSF, as there is at NIH, although researchers can and do submit proposals for follow-on
research. NSF has the appearance of putting less emphasis on reputation than does NIH and limits the number of
publications the researcher can list to a maximum of ten....

[The success rate] also depends on NSF policies with regard to size of award and length of award. In an effort to
“increase productivity by minimizing the time Pls spent writing multiple proposals and managing administrative
tasks” NSF tried to extend the length of the average grant and increase the size of the grant. Between 2000 and
2005 the average size of an award increased by 41%; the average length of an award stayed approximately the
same, at almost exactly three years. Success rates plummeted as more proposals chased fewer grants.”

Source: Stephan, 2012, p. 132f.

3.8.6 Important changes over time

Changes at the level of the agency

e Changes in organisational structure: N/A
e Changes in overall funding levels: The NSF budget or total funding awarded has since 2009/10 seen a
rather flat development, leading even to a decrease when measured at constant dollars.

Figure 26: NSF total funding awarded in current and constant USD, 1997-2017
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Source: NSF Budget Requests - https://www.nsf.gov/about/budget/index.jsp, AMECO database for BIP deflator (2010=100), WIFO
calculation.
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Changes at the level of the individual funding schemes

The success rate in the main research grant mechanism has declined somewhat since the early 2000’s, but has
since been rather stable, at a rather low level however.

Figure 27: Success rate in Single Project Funding, 2003-2017
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Source: NSF Budget Requests - https://www.nsf.gov/about/budget/index.jsp.

Figure 28: Total awarded funding in Single project funding by discipline — United States, 1998-2017
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Source: Annual Reports and Data of agencies (NIH & NSF).
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e  Shifts in budget shares between schemes
NSF shows a particularly strong increase of infrastructure spending.

Table 29: NSF shares of funding instruments, change in percentage points between 1997-2017

Change of share
1997-2017 in
Share in 2017 percentage points

Project funding 49.5% -10.7

Single project funding (SPF) 46.3% -5.3

SPF Early career - -

SPF high-risk - -

Networks and Multi-Project funding - -

Interdisciplinary research 3.1% -5.4

Priority areas - -

Structural priority area - -

Thematic priority area - -

Infrastructure 24.1% +9.2
Funding of people 19.3% -1.2
Education & Training 12.4% -5.1*
Career 4.0% +1.0
Diversification 2.9% +2.9
Prizes - -

Mobility - -

International Cooperation - -

Translation 2.8% -0.2

Applied Research - -

R&D Collaboration with firms 2.8% -0.2

Commercialisation - -

R&D Value Chain - -

Scientific Communication - -

Source: NSF Budget Requests - https://www.nsf.gov/about/budget/index.jsp, WIFO calculation. Note: * change of share 2017-2010 in
percentage points.

e  Closure of funding schemes, introduction of new funding schemes: See the description of research grant
mechanisms above.

Structural changes in allocation of funding (e.g. review procedures, overhead costs, etc.): N/A
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3.8.7 Information and data sources
Contact at fund

Stanley Dambroski
Public Affairs Specialist
sdambros@nsf.gov

Christopher Pece
Senior Analyst — Research and Development Statistics Program,
National Center for Science and Engineering Statistics

cpece@nsf.gov

Erika Rissi
Staff Associate — Office of Integrative Activities
erissi@nsf.gov

Various datasets of the NSF:
https://catalog.data.gov/organization/nsf-gov

https://www.nsf.gov/statistics/srvyfedfunds/
https://www.nsf.gov/statistics/srvyfedsupport/

Information about Research Projects Single Pls and MPIs:
see Merit Review Reports: https://www.nsf.gov/nsb/publications/pubmeritreview.jsp

For Funding, Success Rate, Lot size and project duration, etc.:
NSF Budget Requests to Congress and Annual Appropriations: https://www.nsf.gov/about/budget/index.jsp.
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4. (Basic) research grant funding in international comparison

This section puts the findings from section 3 in a comparative context and provides in addition statistical data to
situate the research funding agencies’ activities. It provides all the information necessary for the synthesis in
section 5, which will look at structural differences between the DFG and other agencies, as well as at the potential
impact of structural differences on research outcomes. We set out with a brief description of the context for the
agencies’ activities, in terms of the structure of higher education systems, the funding landscape for higher
education research, differences in the mission and organisational structure of the agencies and finally the research
“performance” of the different countries.

4.1 The context for the activities of science funding organisations

4.1.1  Structure of higher education systems

The impact of basic research grant funding may be influenced by the research organisation at working unit level
and the structure of career paths. Regarding careers, a high share of non-tenured researchers, or researchers on
fixed-term contracts, may lead to more risk-averse strategies in a country (see review of the literature in section
2). Recent work in comparative higher education (Janger et al., 2013) has tried to systematically characterise the
attractiveness of research institutions for researchers, taking account of career perspectives, which include the
share of non-tenured researchers below the level of full professor and the prevalence of the tenure track model.
Figure 29 and Table 30 present the results, which show that Germany and also Switzerland feature higher shares
of fixed-term researchers, due to their chair-based university models (see research organisation below) which
feature a full professor at the top and a range of often non-tenured researchers at the “bottom™ of the institutes.
The Netherlands, the UK and the US feature higher shares of tenured researchers, although this picture may have
changed in particular for the US.

Figure 29: Career attractiveness index (0 — not attractive, 1 — very attractive)
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Source: Janger et al., 2013.
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Table 30: Career perspectives index and its constituting components (0 — not attractive, 1 — very attractive)

Share of tenured - . . e Recruitment procedure
Index career Ability to teach in Existence of tenure- Characteristics of
. researchers below full . for tenure track
perspectives English track model tenure-track model "
professor positions
mean | min max | mean [ min max | mean [ min max | mean [ min max | mean [ min max | mean [ min max
Austria 0.33 { 023 | 043 | 040 | 0.30 [ 0.50 | 0.50 | 0.40 | 0.60 [ 0.09 [ 0.00 | 0.19 | 0.25 | 0.00 [ 0.35 [ 0.90 | 0.80 | 1.00
France 0.40 | 0.33 | 050 | 0.80 | 0.70 [ 0.90 | 0.40 | 0.30 | 0.50 [ 0.00 [ 0.00 | 0.10 | 0.00 | 0.00 { 0.10 [ 0.00 | 0.00 | 0.10
Germany 0.33 [ 0.27 | 043 | 0.20 | 0.20 [ 0.30 | 0.50 | 0.40 | 0.60 [ 0.30 [ 0.20 | 0.40 | 1.00 | 0.90 [ 1.00 [ 1.00 | 0.90 | 1.00
Italy 0.33 | 0.27 | 043 | 0.70 | 0.60 [ 0.80 | 0.30 | 0.20 | 0.40 [ 0.00 [ 0.00 | 0.10 | 0.00 | 0.00 { 0.10 [ 0.00 | 0.00 | 0.10
Netherlands 0.63 [ 053 | 0.73 | 0.60 | 0.50 [ 0.70 | 0.80 | 0.70 | 0.90 [ 0.48 [ 0.38 | 0.58 | 0.80 | 0.70 [ 0.90 [ 1.00 | 0.90 | 1.00
Poland 0.35 | 0.30 | 045 | 0.80 | 0.70 [ 0.90 | 0.25 | 0.20 | 0.35 [ 0.00 [ 0.00 | 0.10 | 0.00 | 0.00 { 0.10 [ 0.00 | 0.00 | 0.10
Spain 0.35 ( 030 | 045 | 0.80 | 0.70 [ 0.90 | 0.25 | 0.20 | 0.35 [ 0.00 { 0.00 | 0.10 | 0.00 | 0.00 [ 0.10 [ 0.00 | 0.00 | 0.10
Sweden 0.65 [ 055 | 0.75 | 0.70 | 0.60 [ 0.80 | 0.90 | 0.80 | 1.00 | 0.34 [ 0.24 | 0.44 | 0.80 | 0.70 [ 0.90 [ 0.60 | 0.50 | 0.70
Switzerland 0.42 [ 0.27 | 052 | 040 | 0.30 [ 0.50 | 0.60 | 0.50 | 0.70 [ 0.25 [ 0.00 | 0.35 | 1.00 | 0.90 [ 1.00 [ 1.00 | 0.90 | 1.00
UK 0.63 [ 053 | 0.70 | 0.60 | 0.50 [ 0.70 | 1.00 | 0.90 | 1.00 [ 0.30 [ 0.20 | 0.40 | 0.60 | 0.50 [ 0.70 [ 1.00 | 0.90 | 1.00
USA 0.87 [ 0.77 1 093 | 0.70 | 0.60 [ 0.80 | 1.00 | 0.90 | 1.00 [ 0.90 { 0.80 | 1.00 | 1.00 | 0.90 [ 1.00 [ 1.00 | 0.90 | 1.00
Mean 0.48 [ 0.39 | 057 | 0.61 | 052 [ 0.71 | 059 | 050 | 0.67 [ 0.24 | 0.17 | 0.34 | 050 | 042 [ 057 | 059 | 0.53 | 0.65

Source: Janger et al., 2013.

Competitive grant funding may on the other hand actually be beneficial for researchers in hierarchically organized
working units (chairs), such as in Germany (see Table 31 and Figure 30), as they allow them to achieve research
autonomy and independence even when they are not yet full professor; however, they may be risk-averse when
not on a tenured position. The analysis of research organisation also includes the accessibility of university-internal
funds for early stage researchers which face difficulties in applying for competitive grant funding. Here,
Switzerland obtains the highest score after Sweden, while Germany is below the mean.

An important aspect not covered in this work is how much researchers are expected to apply for grant funding. In
the US, according to Stephan 2012, finding resources for research at U.S. universities has become the responsibility
of faculty members. Tenured researchers can use grant funds to buy out part or all of their teaching time and cover
their summer salary, whereas non-tenured researchers are expected to cover most if not all of their salary. The
amount of “pressure” for acquiring research grants in EU institutions would have to be researched, but it is
probably safe to say that there is not as much pressure, in particular given the size of block funding (see section
4.1.2).

Figure 30: Research organisation attractiveness index (0 — not attractive, 1 — very attractive)
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Table 31: Research organisation index and its constituting components

Recruitment of researchers
Index research _Researc_h_ autonomy of_ Accessibility of u_niver_sity Organisation of working for first_position in
A first position of academic | funds to ESR (financial X academic career vs.
organisation units .
career autonomy) recruitment of full
professor

mean min max mean min max mean min max mean min max mean min max
Austria 0.45 0.35 0.55 0.50 0.40 0.60 0.50 0.40 0.60 0.40 0.30 0.50 0.40 0.30 0.50
France 0.65 0.55 0.75 0.80 0.70 0.90 0.40 0.30 0.50 0.70 0.60 0.80 0.70 0.60 0.80
Germany 0.40 0.30 0.50 0.50 0.40 0.60 0.40 0.30 0.50 0.30 0.20 0.40 0.40 0.30 0.50
Italy 0.56 0.46 0.66 0.45 0.35 0.55 0.30 0.20 0.40 0.80 0.70 0.90 0.70 0.60 0.80
Netherlands 0.60 0.50 0.70 0.60 0.50 0.70 0.60 0.50 0.70 0.80 0.70 0.90 0.40 0.30 0.50
Poland 0.38 0.28 0.48 0.40 0.30 0.50 0.30 0.20 0.40 0.40 0.30 0.50 0.40 0.30 0.50
Spain 0.48 0.38 0.58 0.40 0.30 0.50 0.30 0.20 0.40 0.80 0.70 0.90 0.40 0.30 0.50
Sweden 0.74 0.64 0.84 0.90 0.80 1.00 0.75 0.65 0.85 0.80 0.70 0.90 0.50 0.40 0.60
Switzerland 0.65 0.55 0.75 0.50 0.40 0.60 0.70 0.60 0.80 0.80 0.70 0.90 0.60 0.50 0.70
UK 0.86 0.76 0.91 0.85 0.75 0.95 0.60 0.50 0.70 1.00 0.90 1.00 1.00 0.90 1.00
USA 0.89 0.79 0.93 1.00 0.90 1.00 0.60 0.50 0.70 1.00 0.90 1.00 0.95 0.85 1.00
Mean 0.60 0.50 0.69 0.63 0.53 0.72 0.50 0.40 0.60 0.71 0.61 0.79 0.59 0.49 0.67

Source: Janger et al., 2013.

4.1.2 Funding context for basic research or research in higher education institutions

Switzerland features the most R&D intensive economy, followed by Austria, Germany and the US, and with some
distance by the Netherlands and the UK (Figure 31); the smaller R&D ratio in the latter countries is partly explained
by very low shares of manufacturing in the total economy. Basic research is usually only a small share of total
R&D, but unfortunately not all OECD countries collect data on the type of R&D, so that we cannot compare
countries according to their share of basic research — neither Germany nor the US record basic research.

Figure 31: Gross domestic expenditure on R&D (GERD) as a percentage of GDP, 2000-2016
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Source: OECD MSTI, variable used “GERD as a percentage of GDP”.

As a proxy, we take R&D performed in the higher education sector (HERD, Figure 32). This is not perfect, as
there is also applied research in higher education institutions, and there is basic research outside higher education
institutions, as in e.g. Germany’s Max Planck Society. However, including R&D performed in the government
sector (GOVERD) would be too broad, as the bulk of GOVERD is spent in e.g. applied research institutions which
usually have very low shares of basic research grant funding. Moreover, as we have seen in section 3, the agencies
often also fund applied research, so that the broader HERD category may even be the more suitable reference
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category (in Switzerland, 76% of HERD is basic research, in the Netherlands 58% and in the UK 34%). In terms
of HERD as a percentage of R&D, Switzerland also leads (by far), followed by Austria, the Netherlands, and then
by Germany, the UK and the US. Switzerland has both a strong R&D intensive manufacturing sector and a strong
academic research sector. Germany and the US show a comparatively lower share of HERD in GDP as R&D
expenditure in the business sector is relatively stronger there. The Netherlands are only weakly specialised in R&D
intensive manufacturing, but feature a large higher education sector, so that HERD is comparatively high as a share
of GDP. In the UK, industry is not strong either, but R&D in higher education is not higher as resources are heavily
concentrated by way of the Research Excellence Framework, the mechanism for allocating block funding in the
UK (based on peer review).

Figure 32: HERD as a percentage of GDP, 1997-2016
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Source: OECD MST], variable used “HERD as a percentage of GDP”.

Figure 33, the share of HERD in GERD (Gross Domestic Expenditure on R&D, i.e. total domestic R&D
expenditure), reflects this, with the Netherlands at the top (a strong higher education sector with weak
specialisation in R&D heavy manufacturing) followed by the Switzerland, the UK and Austria, with Germany and
the US at the bottom.
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Figure 33: Share of HERD in GERD (total R&D expenditure), 1997-2016
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Source: OECD MSTI, variables used “Gross Domestic Expenditure on R&D -- GERD (current PPP $)”, “Higher Education Expenditure on
R&D -- HERD (current PPP $)”.

Table 32 shows the various funding sources of HERD in the countries based on OECD data, to which we merged
the yearly amount of funds allocated by the research grant funding organisations (bottom line); this should be
similar to the “direct government” position. Again, this can only provide a rough picture of the importance of the
agencies for HERD, as they do not only fund higher education institutions and as there may be classification issues
in terms of whether all of the money allocated by the agencies is purely R&D according to the OECD’s Frascati
Manual (e.g., funding for career development may not be counted as R&D).

The four continental European countries show clearly higher funding of HERD by public sources, between 81-
88%, whereas the two Anglo-Saxon countries are lower at roughly two thirds of total HERD. The difference is not
accounted for by business enterprise funding of HERD — on the contrary, the four continental countries’ HE
research systems are as much funded by business as the two Anglo-Saxon countries, Germany even higher. This
is a development of the past 20 years. At the beginning, the UK and US had higher business funding shares of
HERD, but these shares have declined, whereas the shares in Austria, Switzerland, Germany and the Netherlands
have increased. This belies the often heard complaint about a lack of cooperation between academic and business
research in Europe. In the past 20 years, many European countries specifically launched funding schemes for R&D
collaboration between academic and corporate researchers (although often not within basic research grant funding
organisations). Firms in the US fund less research in higher education institutions partly because of the
developments in the wake of the Bayh-Dole act, i.e. universities becoming more aggressive towards making money
out of their research.

Within government funding, there are two sources (not always detailed in the OECD data), direct government
(which includes the basic research agencies) and general university funds (GUF), the block funding given to
universities. To determine the impact of competitive incentives set by grant funding, it is necessary to know how
the block funding is allocated, on a performance basis (e.g. using output indicators or peer review) or without,
which will influence the amount of incentives set by the block funding. Zacharewicz et al. (2018) have recently
classified the block funding systems of the EU countries including Switzerland, providing up to date information.
Switzerland has a high share of GUF and is classified as not featuring a performance-based ex-post funding system,
only with respect to education are there output-oriented metrics. The Swiss system features cantonal (state-level)
universities and federal universities (ETH and EPFL), with corresponding funding sources. Even though there are
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no strict performance-based measures however, the Swiss coordination framework for higher education stresses
the importance of competition between universities®.

Germany’s universities are financed by its Lander (states), and although the mechanisms for funding differ,
Germany is classified by Zacharewicz et al., 2018, as having only a limited research performance based funding
model, just like the Netherlands and Austria. The UK, by contrast, features a strong peer-review based allocation
model of block funding, so that nearly all of the public funding coming into British universities is peer reviewed,
either ex-post or ex-ante. The US, finally, does not have block funding at all, as education is paid by tuition fees
and research funded by grants from government, among others, so that the US and the UK achieve by far the
highest share of research funding based on competitive allocation mechanisms. Next to the NIH and NSF covered
in this study, (academic) research is also funded by the Department of Defense and the Department of Energy, as
well as by the Department of Agriculture and NASA (see Stephan, 2012, for an overview).

Other noteworthy differences between the countries include funding by higher education itself, which is
particularly high in the US and may reflect the importance of endowments and of high tuition fees which may be
used on occasion to fund research (Ehrenberg - Rizzo - Jakubson, 2003). Private non-profit funding is highest in
the two Anglo-Saxon countries and interestingly by far in the UK rather than in the US. Funds from abroad are
highest in the UK, which may be partly linked to success in obtaining EU research funding. The evolution of the
share of funding sources of HERD over time is provided in the annex (section 8.2).

Table 32: Funding sources of HERD across countries, data based on conversion in USD PPP, last available
year

DE AT CH NL UK us Awerage
Total (funding sector) 100% 100% 100% 100% 100% 100% 100%
Business enterprise 14% 5% 10% 8% 4% 5% 8%
change to first year available +4 +4 +3 +2 -1 -2 +2
Sub-total government 81% 88% 81% 7% 62% 58% 75%
change to first year available -7 -7 +0.4 -9 -5 -7 -6
Direct government N/A 22% 16% N/A 33% 58% 32%
change to first year available N/A +8 -0.3 N/A +1 -7 +0
General university funds N/A 65% 64% N/A 30% 0% 40%
change to first year available N/A -15 +1 N/A -6 N/A -7
Higher education N/A N/A 4% 0% 4% 26% 8%
change to first year available N/A N/A -5 +0 -0.3 +6 +0
Private non-profit N/A 1% 0.1% % 14% 9% 6%
change to first year available N/A +1 -4 +2 -2 +1 -0
Funds fromabroad 5% 6% 5% 8% 16% 2% 7%
change to first year available +3 +3 N/A +5 +8 +2 +4
Funds of agencies 18% 8% 15% 20% 30% 46% 23%
change to first year available +5 +2 +1 +9 +10 -9 +3

Source: OECD R&D statistics, fund data (converted into US PPP), WIFO calculation For AT data:
http://www.statistik.at/web_en/statistics/EnergyEnvironmentIinnovationMobility/research_and_development_r_d_innovation/r_d_in_all_eco
nomic_sectors/index.html, Table "Higher education sector: Financing of expenditures on research and experimental development (R&D)
2015 by fields of science and sources of funds”. Note: Last available year: CH, DE = 2014; AT, NL, UK, US = 2015. Change to first year
available: DE =1997, AT, CH = 1998, US = 1999, UK = 2002, NL = 2003. Due to missing data, figures for Austria of the subcategories
Direct Government and General university funds were updated to the same extent as in 2013.

4.1.3 Differences in mission & structure of grant funding agencies

Differences in mission and organisational structures of the grant funding organisations may influence the funding
portfolios, e.g. a focus on research would lead to a lower share of thematic and translational funding schemes.
Table 33 shows that most agencies tick all boxes from research to impact, but this rough assessment masks the
different intensities with which the agencies stress particular parts of their mission, e.g. use of research or economic
impact is much less focused on in the mission statement by the DFG than in the mission statement by the NIH and
the UK Research Councils or the Netherlands, which also shows up in the different shares of funding schemes in
the total portfolio, or in the thematic focus or definition of research questions (section 4.3).

9 https://ec.europa.eu/education/compendium/federal-act-funding-and-coordination-swiss-higher-education-sector-heda_en .
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Table 33: Mission or activity focus of the agencies, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWO NIH NSF
Funding basic research X X X X X X X
Fostering dissemination of knowledge, use of research results X ) X X X X
Creating economic and societal impacts (0] X X X X
Education and career development X X X X X X

Source: Assessment by WIFO of self-declared mission statements by basic research grant funding organisations. UK refers to the 7 Research
Councils.

Differences in mission and focus may also be linked to the overarching decision structures and the role of the
scientific community within them (Table 34). In agencies characterised by academic self-governance, or a larger
role of the scientific community in overall decision-making and strategy setting, more focus may be put on the
advancement of science, rather than on delivering impact or solutions to applied problems. In Germany, Austria
and Switzerland, there is a requirement that the academic community is represented in a balanced way in the
statutory bodies of the agencies. This needs however a more detailed investigation than was possible within the
scope of the present study.

Table 34: Overarching decision making

Country DE AT CH NL UK uUs
Agency DFG FWF SNSF NWwWO NIH NSF
Academic self-governance X X X

Governmental agency X X X X

Source: Assessment by WIFO based on description of organisational structures by agencies. UK refers to the seven Research Councils.

The budget approval process for the agencies can influence the long-term perspective for researchers’ funding
opportunities, as well as the ease of securing budget increases (Table 35). There are several models, with funding
directly approved by the legislative (Congress) in the US, whereas in other countries, the budgets of the agencies
are a part of the budget of the corresponding Ministry (mostly the ministries for science and education, however
in the UK it is the Department for Business, Energy and Industrial Strategy: there is not even a ministerial
department carrying the name “science” or “research” in it, which may also contribute to explaining the strong
focus on impact in the Research Councils’ mission statements). In Germany, the budget of the DFG needs approval
from both federal and Lander executives; the current DFG’s budget increases are anchored in a longer-term
strategy by the German government (“Pact for Research and Innovation 2016-2020") but unlike the SNSF, the
DFG nor any other agency feature a multi-year financial framework.

Table 35: Budget approval process, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWwWO NIH NSF
Budget directly approved by legislative X X
Budget is part of the responsible government departments/

ministries' budgets X X X X X

Budget depends on federal-state level coordination X

Multi-year financial framework ® X

Source: Assessment by WIFO based on information provided by agencies. UK refers to the seven Research Councils. Note: NIH has a five-
year strategic plan, but budget appropriation is yearly.

Finally, the organisation of funding activities may affect the potential for experimentation and the diversity of
funding schemes, as well as the ease of use for applying researchers (Table 36). The issue of discipline-specific
vs. non-discipline specific funding has already been discussed in section 2. On paper, the Austrian, Swiss, Dutch
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and German agencies are quite similar in that they use non-discipline specific funding schemes; however, in the
Dutch case, these are cross-cutting instruments which will then be used by specific, discipline-oriented NWO
divisions, more similar actually to the NSF which also uses common instruments for a variety of disciplines (but
is organised according to thematic research areas). The UK Research Councils have recently been merged into one
agency, UKRI, and it remains to be seen whether their funding instruments will be more harmonised as a result.
Many Research Councils do have similar funding schemes though and there are agreements between the Councils
to safeguard the possibility of interdisciplinary funding.

It is clear that smaller countries such as Switzerland will tend to have more centralised research funding
organisations than large countries such as the US. For researchers, simple structures such as the SNSF and the
DFG may be easier to use from an administrative viewpoint (i.e., finding the right funding opportunity). The
funding activities of the NIH or the NSF are by comparison much more complex (see section 3, with the multitude
of NIH activity codes and NSF funding opportunities).

Table 36: Organisation of funding activities, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWO NIH NSF
Centralised non-discipline specific funding schemes X X X (&4

Centralised discip line-specific funding schemes X
Decentralised discip line-specific funding based on common instruments X
Decentralised discipline-specific funding without common instruments X

Source: Assessment by WIFO based on description of funding activities by agencies. UK refers to the seven Research Councils.

4.1.4 Performance of science systems

The overall “performance” of science systems can be measured in various ways, here we provide just a rough
overview based on citation frequency, in three different indicators — the share of articles in the top 10% cited
articles of each field by country, as taken from the European Innovation Scoreboard (Figure 34); the number of
highly cited scientists in each country (Figure 35 and Figure 36); the number and share of universities by rank
group in the Leiden ranking which is purely based on citations (Figure 37, Figure 38 and Table 37); and the number
of ERC grants per 1.000 researchers (Figure 35). Such performance measurements are of course subject to debate,
but it is outside the scope of this study to elaborate further on them.

In a nutshell, in terms of absolute numbers, by far the greatest concentration of universities achieving a high share
of highly cited publications and of highly cited scientists is located in the US, followed by the UK (Figure 35,
Figure 37 and Table 37). Relative to population (Figure 36 and Figure 38) and in terms of the share of all
publications (Figure 34), Switzerland achieves the highest performance. E.g., although it has only two universities
in the top group (1-50), this small number is very high considering Switzerland’s small population of about 7
million (Figure 38); in addition, the top rank group gets a higher weight, in accordance with a methodology
developed by Aghion et al., 2010. Regarding universities’ ranking relative to population (Figure 38), the
Netherlands comes second, as it features several universities in the 51-100 rank group, far more than Germany
(which does not have any universities in this rank group).’® However, regarding highly cited scientists, the
Netherlands comes last, with the UK and the US behind Switzerland (Figure 36). This is partly explained by
Germany’s Max Planck Society, which is not included in this university ranking, but features a relatively high
number of highly cited scientists.

10 The CWTS Leiden Ranking is different to other rankings such as the Shanghai or the THES Ranking which use statistical and survey data
to establish university rankings. The CWTS Leiden Ranking is purely based on bibliometric data, on the share of highly cited articles in the
total number of publications of a university. By using this share, it automatically also controls for university size. To gain a picture of research
performance, the CWTS Leiden Ranking may hence be seen as more accurate than Shanghai or THES, however it does not assess teaching,
which in our case is not a problem.
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Figure 34: Scientific publications among the top 10% most cited publications worldwide as % of all scientific
publications in a country (EU-28 in year 2010 = 100), 2008-2015
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Source: European Innovation Scoreboard 2018, Indicator 1.2.2. All study countries are above the EU average. The figure compares the share
of all highly cited publications in a country to the EU average, where highly cited is defined as among the top 10% most cited worldwide.

Figure 35: Number of highly cited researchers per country (left-hand scale) and share of all highly cited
researchers (right-hand scale), 2017
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Source: Highly cited researchers by Clarivate Analytics, WIFO calculation.
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Figure 36: Number of highly cited scientists relative to population, 2017
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Source: Clarivate Analytics.

The concentration of universities and highly cited researchers in just five (without Austria) countries is astonishing
—96% of the top 1-50 and 80% in the group 51-100, as well as two thirds in the group 101-200 come from the five
countries, with the US and the UK featuring the highest shares in the top 100. Two thirds of all highly cited
researchers are also located in these five countries. In terms of performance, we note that both countries with very
high shares of competitive grant/block funding (US and UK) do well, just as countries with a much lower share of
competitive funding in total HERD (Switzerland), albeit with very high competitive funding relative to population
as we will see in the next section (i.e., Switzerland’s SNSF share in total research funding is not that high, but in
absolute terms, it provides a lot of funding, indicating that Swiss universities have ample research funding).
Countries with very low levels of competitive research funding (Austria) do much worse with respect to scientific
performance, relative to population in particular with regard to the other smaller European countries.

Table 37: Country share of universities in Leiden Ranking 2017 by rank groups

Change Change Change Change Change Change
group 2015-2009 group 2015-2009 group 2015-2009 group 2015-2009 group 2015-2009 group 2015-2009
0-50 inppt  51-100  in ppt 101-200 in ppt 201-300 in ppt 301-400 in ppt 401-500 in ppt

Austria 0% 0 0% 0 2% -1 4% +1 3% 0 1% 0
Germany 0% 0 0% +2 12% 0 17% +3 9% -1 8% -1
Netherlands 0% 0 16% -2 4% 0 1% 0 0% 0 0% +1
Switzerland 4% 0 8% -2 1% +1 0% 0 0% 0 0%

United Kingdom  20% -10 16% +2 18% +4 4% +2 5% -2 2%

United States 2% +12 40% +6 30% +2 28% +3 24% -3 16% -2

Source: CWTS Leiden Ranking, http://www.leidenranking.com/, WIFO calculation.
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Figure 37: Country share of universities in Leiden Ranking 2017 by rank groups
80%
70%
60%
50%
40%
30%

20%

. I i dLL dl .

0%
group group group group group group
0-50 51-100 101-200 201-300 301-400 401-500

H Germany Austria ™ Switzerland Netherlands ™ United Kingdom ™ United States

Source: CWTS Leiden Ranking, http://www.leidenranking.com/, WIFO calculation.

Figure 38: Leiden-ranking indicator (relative to population), 2017
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Source: CWTS Leiden Ranking, calculated by WIFO. Note: Number of universities in each rank group of Leidenranking were weighted with
population. Methodological note: We use the indicator in the CWTS Leiden Ranking of the share of articles a university has placed among
the top 10% cited articles in a field. We sum the resulting measure by rank group (1-50, 51-100, etc.) and attach weights to the different
ranking groups before we relate the resulting number to the number of higher education researchers in full time equivalents as measured by
the OECD to control for country size.

The number of ERC grants per 1.000 higher education researchers shows a similar picture as the university
indicator which controls for size, in that Switzerland and the Netherland show the highest number of grants.
However, the UK achieves a lower number here, presumably due to its large higher education sector.
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Figure 39: ERC grants per 1000 Higher Education researchers, 2009-2017

2009 2010 2011 2012 2013 2014 2015 2016 2017
Germany 0.71 1.47 1.43 1.48 1.64 2.09 1.79 211 2.22
Austria 1.24 1.86 231 1.33 2.22 2.04 2.84 3.20 2.66
Switzerland 3.40 3.15 3.02 4.30 4.82 1.73 5.27 5.52 4,95
Netherlands 1.78 2.19 4.22 417 4.73 5.24 5.24 5.04 4.83

United Kingdom 0.68 0.84 127 151 127 1.36 147 1.25 145

Source: ERC website, OECD MST] database for Higher Education Researchers FTE. Note: Number of grants is calculated as the sum of
starting/advanced and consolidator grants per country.

4.2 Funding at aggregate level

In the next Table 38 and Figure 40, we compare the growth and levels of overall funding relative to population
(relative to the number of researchers in the higher education sector is more appropriate, but there are no data for
the US; we show these data below for the countries except for the US). Switzerland shows the highest funding
levels per capita, followed by the US; all the other countries are far behind, with Austria at the bottom. Germany
is in fifth place, just behind the UK. This is somehow puzzling, as we have seen in section 4.1.2 that the share of
the SNSF in total HERD was not that big, whereas the US share (NSF and NIH) was much higher. There may be
an underrepresentation of US higher education research in OECD data, due to cross-subsidising from tuition fees
(see Ehrenberg - Rizzo - Jakubson, 2003). Average growth rates are much more similar, clearly above inflation
rates, so that all countries have seen real increases in grant funding of basic research (although costs of research
probably rise faster than on average in the economy, so that the true real increase may be lower, and not that much
at all in the US, which shows the lowest growth rate in spite of the doubling of the NIH budget at the beginning of
the time period). Germany achieves the second-lowest growth rate.

Table 38: Cumulative average growth rate (CAGR) of total funding awarded (in national, nominal currency)
and funding awarded by agencies per population, in USD PPP

Funding awarded by Funding awarded by
agency agency
per population per population
Last/First year inUSD inUSD
Country Agency available CAGR (first year available) (last year available)
Germany DFG 2016-1997 5.8% 13 47
Austria FWF 2017-1997 6.8% 8 32
Switzerland SNSF 2017-1997 6.0% 24 101
Netherlands NWO 2016-2000 6.8% 20 59
United Kingdom 2016-2002* 7.6% 22 55
United States NIH&NSF 2017-1998 4.5% 50 98

Source: Annual Reports of agencies, OECD MSTI, WIFO calculation. Note: UK: all research councils, *ESRC Budget only available since
2011. Other Research Councils have also been interpolated for missing sums, so that the table needs to be interpreted with care.
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Figure 40: Cumulative Average Growth Rate (CAGR) and funding awarded by agencies per population on index
basis, DE = 100.
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Source: Annual Reports of agencies, OECD MST] variable used “Population”, WIFO calculation. Note: Last year available: AT, US,
CH=2017; DE, NL, UK=2016.

Relative to the number of HER (Table 39, Figure 41, Figure 42), the Netherlands is leading, ahead of Germany,
Switzerland and the UK. Note that researchers in extra-university research institutions such as Max Planck
Institutes are not included, however. In terms of growth we look this time not at the growth of total funding but at
growth of funding per HER. Growth rates are lower by comparison with total funding growth, indicating growth
of the number of HER. The Netherlands lead ahead of the UK and Germany. As we use nominal data, values
below approx. 2% indicate a real reduction in the amount of funding awarded relative to the number of HER.

Table 39: CAGR and level of funds awarded per HER by agencies, in USD PPP

Funding awarded by Funding awarded by
agency per HER agency per HER

Last/First year inUSD in USD
Country Agency available CAGR (first year available) (last year available)
Germany DFG 2016-1997 4.2% 16157 35088
Netherlands NWO 2016-2000 4.9% 20605 44336
Austria FWF 2016-1998 1.7% 12446 16965
Switzerland SNSF 2016-1998 2.6% 21040 33112
United Kingdom 2016-2005* 4.7% 12740 21048

Source: Annual Reports of agencies, OECD MSTI variable used “Higher Education researchers (FTE)”, WIFO calculation. Note: UK: all
research councils, * ESRC funding only available since 2011. Other Research Councils have also been interpolated for missing sums, so that
table needs to be interpreted with care.
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Over time, most agencies show low growth since the financial crisis in 2008.

Figure 41: Total yearly funding by basic research agencies relative to Higher Education Researchers (FTE), in

USD per HER, 1997-2016
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Source: Annual reports of agencies, OECD MSTI variable used “Higher Education researchers (FTE)”, WIFO calculation. Note: UK: all
research councils, * ESRC funding only available since 2011. Other Research Councils have also been interpolated for missing sums, so that
figure needs to be interpreted with care.

Figure 42: Total funding by basic research agencies relative to Higher Education Researchers (FTE), in USD
per HER, 2016
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Source: Annual reports of agencies, OECD MSTI variable used “Higher Education researchers (FTE)”, WIFO calculation.

The varying dynamics of the funding allocated by the agencies is clearly visible in Figure 43, where the US shows
stronger increases at the beginning, but then stays relatively flat, leading to many problems in the US (see section
2 on hypercompetition in the biomedical research enterprise).
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Figure 43: Total yearly funding by basic research agencies on an index basis, 2002=100, 1997-2016
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Source: Annual Reports of agencies, WIFO calculation.

Figure 44 shows funding relative to population over time, Figure 45 the share of agency funding in HERD over
time, with Austria always at the bottom.

Figure 44: Total yearly funding by basic research agencies relative to population, in PPP USD per population,
1997-2016
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Source: Annual Reports of agencies, OECD-MST] variable used “Population”, WIFO calculation.
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Figure 45: Total yearly funding by basic research grant funding agencies as a share of HERD, 1997-2016
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Source: Annual Reports of agencies, OECD MST] variable used “HERD in national currency (for euro area: pre-EMU euro or EUR), WIFO
calculation.

4.3  Differences in funding portfolios (what or who gets funded)

In this section, we move from the aggregate level to the individual funding schemes, first pointing out differences
in funding portfolio by the shares of funding schemes classified by broad types as explained in section 3.

Before interpreting the figures, we recall that the basic research grant funding organisations are part of different
research funding landscapes, so that a higher or lower diversity in funding portfolios may partly be related to
different assignments of tasks in national research systems. As an example, translation programmes may also be
funded by innovation or applied research funding agencies (as an example, the EPSRC funds R&D collaboration
programmes with firms, while in Germany the Federal Ministry for Economic Affairs and Energy funds more
innovation-oriented research activities by firms); and overall budget size also influences funding diversity, i.e. an
agency with a comparatively smaller budget (controlling for size) should in principle focus on fewer programmes.

Furthermore, the data in particular for the Netherlands and the UK, but also the NSF (for funding scheme detail,
not for funding by discipline) need to be interpreted with caution, as the financial information reported in the yearly
reports or on the website does not fully match the description of funding activities (the funding opportunities
available for researchers) on the websites of the agencies. Note that a “-*“ sign means that the scheme does not
exist, and that an “N/A” sign indicates that the scheme exists in principle, but that no data are available (at the
broad programme type level, data are more often available than for individual funding schemes). The “N/A” sign
concerns mostly the Netherlands and the UK. Also note that we looked only at NIH funding schemes above a
minimum size threshold, except for Common Fund schemes aiming at high-risk, early career and interdisciplinary
research, so that we miss some smaller initiatives.

Finally, the shares of funding schemes also need to be interpreted bearing in mind the flexibility of the funding
schemes, e.g. in Germany, the standard single project funding scheme features specific assessment criteria for first-
time applicants, while Switzerland has got specific funding schemes for first-time applicants (or early career
principal investigators); in Switzerland, proposals within the main project funding scheme can self-declare to be
use-inspired, so that it is not strictly pure basic research. In the UK, interdisciplinary projects, networks and R&D
collaboration can also be filed within the standard research grants funding scheme. For the UK, it is hence safer to
only assess the broad type “project funding” rather than going into the sub-categories of project funding. In the
Netherlands, the talent programme could also be classified as an SPF early career funding scheme, so that project
funding would not lose as much in terms of the share of total funding awarded. Thematic focus is also misleadingly
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low, as the NSF, the NIH, the UK Research Councils and NWO use their standard research grants and other
mechanisms to fund discipline-oriented or thematic-focus calls, which are often not reflected in financial
information provided on their funding portfolios.

Table 40 shows that research project funding takes the largest share in most of the agencies’ total yearly funding
(from about close to 50% upwards, except for Germany at 37%) and within project funding the standard funding
of individual principal-investigator based project funding (from about 30% of total funding upwards). Exceptions
to this are the Netherlands’ open competition programme, which decreased from 40 to 10% at the benefit of
infrastructure and translational spending (no details can be given as to the precise programme, because of the
difficulties mentioned); and the UK’s ESRC (again, the UK needs to be interpreted with caution). Taking account
of the variation in single project funding schemes (see also next section), Switzerland has the highest share of
curiosity-driven, bottom-up grant funding (almost 50% of total), while Germany is at about 30% and Austria at
43%; the schemes of the other agencies often accommodate a wider range of proposal types or feature strong
criteria for economic or societal impact (see next section), or also include some solicited research, as the R01
grants by the NIH, which achieves 45% of total NIH funding.

Other funding schemes within project funding comprise mostly specific high-risk or early career funding schemes;
where we got data, they are however small by comparison with the main single project funding grant types (note
that early career researchers can also be handled through specific review criteria in the main single project funding
scheme, as in Germany). The SNSF, and in particular the DFG and the NIH also feature network- or multi-project
funding schemes. Interdisciplinary project funding is rare in terms of dedicated schemes, it is important only in
the UK AHRC and occupies a small share in the NIH and NSF project funding. However, many agencies accept
interdisciplinary proposals within their standard research grant schemes, including the UK Research Councils and
Switzerland. Moreover, many of the networks & multi-project funding scheme also have interdisciplinary research
objectives. Judging by the share of interdisciplinary research in the split by disciplines (see below),
interdisciplinary research would nevertheless remain at a low level.

In terms of dynamics, in many agencies, the standard single project funding is slightly declining, with increases
mostly in other broad programme types such as infrastructure and translation (not for the DFG though); although
the DFG also increases the relative share of infrastructure spending, the highest increase can be seen in the
structural priority area due to the excellence initiative. Austria has increased most education&training as well as
international cooperation.

Behind project funding, there is more heterogeneity in funding portfolios, with agencies differing in which funding
scheme type takes the highest share. For some it is funding of people (for NWO and ESRC it is the highest category
overall, at SNSF and FWF it comes second), for others structural priority areas (as for the DFG, e.g. due to its
“excellence initiative”, and NERC, ESRC), for others infrastructure (NSF) and translation (NWO, NIH).

Within the funding of people schemes, the largest share is either taken by career-supporting funding schemes (from
about 3 to 19% of total funding), or by education and training (FWF, NSF, the DFG and the ESRC), , e.g. as a
consequence of funding PhD-training graduate schools; the NSF is also active at supporting interest in or teaching
of science before university starts. Mobility, prizes and diversification schemes usually take a much lower share
in total funding. Note that funding of people is also possible in standard research grant schemes, or an explicit
objective in some network and multi-project schemes, as in Germany.

In terms of priority programmes, these are mostly of a structural nature, i.e. aimed at enhancing “excellence” or
visibility of research, and less so focusing on a thematic priority (except for the SNSF and some UK councils).
Note though that most of UK councils and the NSF and NIH don’t have thematic priority funding, but that these
are operating on a discipline-specific basis and are using their standard research grants in many thematic calls.
Both the UK and NIH/NSF agencies have in addition solicited research among the single project funding (see
section 4.4). NWO also explicitly has a sectoral focus with the Dutch “Top Sectors”-policy, where it is charged
with coordinating the basic research-based input. Top sectors is a cross-cutting scheme however and is not being
shown separately in terms of funds involved. Thematic focus of the agencies is hence probably most
underrepresented in this analysis of funding portfolios; we provide much more detail in the next section on grant
design.

Spending on infrastructure increases in all agencies (except for the FWF, where such a scheme does not exist), but
varies widely from 4-5% in the SNSF and the NIH to 24% in the NSF, with the DFG at the lower end with around
7%. Many agencies also have some form of translational funding scheme, although the importance in overall
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funding varies considerably from close to 20% in NWO or STFC, above 10% in the NIH and lower shares at about
5% in the SNSF and 3% at the NSF, while it is minor in Germany or Austria. The schemes are very different
though, from the SBIR programme at NSF (supporting innovation in small young businesses), to funding clinical
studies in medicine or commercialisation activities in universities. NIH also has an initiative whereby it funds
everything, from basic research to applied research and commercialisation/development of applications (“R&D
value chain”), effectively spanning the roles of basic research and innovation agency which is also a rationale
behind the merging of the UK Research Councils with Innovate UK under the umbrella of UKRI and the reforms
of the Norwegian Research Council. However, such an approach may work more effectively in biomedical
research, as applications are much closer to basic research than say in engineering — concrete problem solving in
engineering usually draws on a range of scientific disciplines, not just on a single one, so that it would be more
difficult to organise a “one-stop shop”-funding approach in other problem areas.

Scientific communication and international cooperation are very small (except for the FWF, where it however is
similar to a collaborative/network type funding scheme) and not used by all agencies.
Overall, the most important funding schemes are hence the following:

e  Project Funding (Single Project Funding)

e Funding of People (Careers, Education&Training)

e Infrastructure

e  Priority Areas (Structural Priority Areas; thematic focus is however in reality much more explicit, see
next section)

e Translation
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Table 40: Shares of funding instruments in total yearly funding and change in percentage points between 2017
and the first available year

Country DE AT CH NL UK us
Agency DFG FWF | SNSF | NWO | AHRC BBSRC EPSRC| ESRC = MRC A NERC @ STFC NIH NSF | Average
Project funding 36.3%  46.3% | 63.0% | 10.1%  79.5%  56.1% 100.0% 14.4% | 51.6%  64.9% 38.8%  67.9% 49.5% | 52.2%
change to first year available -6.9 -24.8 -6.5 -32.0 @ +17.1 +7.8 +0.0 -10.1 | +39.1 -8.5 -38.4 +1.8 -10.7 -5.5
Single Project funding (SPF) 30.0% | 43.3% | 49.6%  10.1%  44.9% | 56.1% | 100.0% 14.4%  51.6% | 64.9% | 38.8% | 50.4%  46.3% | 46.2%
change to first year available -8.4 -24.7 | -19.9 | -32.0  -122 | +7.8 +0.0 | -10.1 | +50.5  +17.1 = -38.4 -1.7 -5.3 -5.9
SPF Early career - 3.0% @ 6.5% - 46% @ N/A N/A N/A N/A - N/A 0.6% - 3.7%
change to first year available - +3.0 +6.5 - +4.6 N/A N/A N/A N/A - N/A +0.6 - +3.7
SPF high-risk 0.3% - - - - - - - N/A - - 1.7% - 1.0%
change to first year available +0.3 - - - - - - - N/A - - +1.2 - +0.7
Networks and Multi-Project funding  6.0% - 6.8% - N/A N/A N/A - N/A - N/A | 15.2% - 9.3%
change to first year available +1.2 - +6.8 - N/A N/A N/A - N/A - N/A +1.7 - +3.2
Interdisciplinary research - - - - 30.0% N/A N/A N/A N/A N/A N/A 0.02%  3.1% | 11.1%
change to first year available - -3.1 - - +25.8 N/A N/A N/A N/A N/A N/A +0.02 -5.4 +4.3
Priority areas 445%  6.7% 10.2%  11.0% N/A |155%  N/A 21.0% 37.1% 215% N/A - - 21%
change to first year available +3.4 -0.6 -5.5 -9.8 N/A +2.0 N/A -7.9 -8.3 +21.5 N/A - - -0.7
Structural priority area 375%  52% | 5.9% N/A - 155% N/A | 21.0% 37.1% 21.5% - - - 20.5%
change to first year available +10.3 -2.1 -5.8 N/A - +2.0 N/A -7.9 +9.1 | +215 - - - +3.8
Thematic priority area 70% | 15% @ 43% 11.0%  N/A - - - - N/A N/A - - 5.9%
change to first year available -6.8 +1.5 +0.3 | +11.0 N/A - - - -17.5 N/A N/A - - -2.3
Infrastructure 7.3% - 4.2%  15.9% - 14.4% - 15.2% - N/A | 19.7% @ 4.9% | 24.1%| 13.2%
change to first year available +4.6 - +4.2 +8.5 - -12.5 - +0.3 - N/A +19.7 +1.5 +9.2 +4.4
Funding of people 11.4%  27.9% | 14.8%  21.7% 13.7% 11.8% N/A  40.8% | 11.2%  13.6% 8.9% @ 6.0%  19.3%| 16.8%
change to first year available +0.9 | +20.8 +3.3 +0.4 | -234 | +2.0 N/A | +12.6 -11.2 | -13.0 -8.5 +0.1 -1.2 -14
Education & Training 6.5% | 16.3% @ 12% N/A | 43% - N/A  21.7% | 4.5% - N/A 25% | 12.4% | 8.7%
change to first year available +0.7 +16.3 +1.2 N/A +4.3 - N/A -6.5 -4.4 - N/A -0.8 -5.1* +1.6
Career 3.3% - 81%  N/A | 94% 118% N/A 19.1%  6.7%  13.6% 8.9% 34% | 40% | 8.8%
change to first year available +2.1 - -3.0 N/A -27.7 +2.0 N/A +19.1 -6.9 -13.0 -8.5 +0.8 +1.0 -3.4
Diversification N/A | 42% N/A N/A - - - - - - - 0.1% | 29% | 2.4%
change to first year available N/A +3.5 +0.4 N/A - - - - - - - +0.1 +2.9 +1.7
Prizes 0.9% | 0.7% - N/A - - - N/A - - - - - 0.8%
change to first year available -2.5 +0.7 - N/A - - - N/A - - - - - -0.9
Mobility 0.7% | 6.7% | 54% | N/A N/A N/A N/A - N/A - - - - 4.3%
change to first year available +0.7 +0.2 +5.4 N/A N/A N/A N/A - N/A - - - - +2.1
International Cooperation N/A | 12.1% 0.5% - N/A N/A - 43% @ N/A - - - - 5.6%
change to first year available N/A +12.0 -1.8 - N/A N/A - +4.0 N/A - - - - +4.7
Translation 04% 1.8%  53% 183% N/A | 22% | N/A | 42% N/A N/A | 188% 118% 2.8% | 7.3%
change to first year available +0.4 +1.8 +5.3 | +18.3 N/A +0.6 N/A +1.2 N/A N/A +18.8 +2.8 -0.2 +5.5
Applied Research 04% | 1.8% @ 4.1% N/A - - - - - - - 4.3% - 2.6%
change to first year available +0.4 +1.8 +4.1 N/A - - - - - - +2.0 - +2.1
R&D collaboration with firms - - - N/A - 22%  N/A | 42% @ N/A - N/A 3.6%  28% | 3.2%
change to first year available - - - N/A - +0.6 N/A +1.2 N/A - N/A +1.1 -0.2 +0.7
Commercialisation - - 1.3% - N/A N/A - - N/A N/A | 18.8% | 0.1% - 6.7%
change to first year available - - +1.3 - N/A N/A - - N/A N/A +18.8 +0.1 - +6.7
R&D Value Chain - - - - - - - - - - - 3.8% - 3.8%
change to first year available - - - - - - - - - - - -0.5 - -0.5
Scientific Communication - 15% @ 0.8% - 6.8% - - - N/A N/A - 0.7% - 2.5%
change to first year available - +1.5 -0.2 - +6.6 - - - N/A N/A - +0.2 - +2.1

Source: Annual Reports and Data of agencies, WIFO calculation. UK Research Councils’ and NWO data need to be interpreted with caution;
in particular AHRC, NERC and STFC have not validated the information. Note: Note that UK councils sum to 100% in spite of missing
information on funding schemes (N/A) as the financial information provided by the councils is different to the information funding
applicants receive, see section 3.6.2. Last available year for UK councils: 2016 (except EPSRC) and NWO: 2016. First available year:
NIH=1998; AHRC=2006, BBSRC=2014; ESCR=2011; MRC=2002; NERC=2007; STFC=2008; NL=2005; EPSRC, AT, DE and CH=1997,
NSF=1997 except of “Education & Training” (change 2017-2010).

Table 41 provides a different perspective on the funding portfolio by calculating a CR3-ratio (i.e., the sum of the
shares of the three top programmes). As we have argued in section 2, diversity of funding schemes may matter for
quality, quantity and direction of research outcomes, as empirical evidence on what works is often inconclusive
and more experimentation and diversity may be needed to address different objectives. Overall, the NIH, NWO
and FWF show the lowest concentration, i.e. the highest diversity of funding schemes. By number of original
funding schemes (Table 3), the NIH is by far the most diversified agency, followed by the SNSF and the DFG.
Note that this analysis is very limited for the UK Research Councils, NWO and for the NSF due to lacking data
on detailed funding schemes.
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Table 41: Differences in shares of funding schemes: CR3 calculation, 2017

Country Agency CR3
DE DFG 67%
AT FWF 60%
CH SNSF 64%
NL NWO 56%
AHRC 84%
BBSRC 98%
EPSRC 100%
UK ESRC 56%
MRC 95%
NERC 100%
STFC 7%
NSF 7%
us NIH 56%

Source: Annual Reports of agencies, WIFO calculation. Note: CR3-ratio: the sum of the shares of the three top programmes.

Table 42 looks at “who gets the money” — persons, projects, infrastructures, institutions or firms. It does not show
very different outcomes then the analysis by funding shares of funding schemes, projects are dominating, ahead
of persons/infrastructure.

Table 42: Differences in shares of funding schemes: Who gets funded, 2017

Country DE AT CH NL UK Us
Agency DFG FWF SNSF NWO AHRC BBSRC EPSRC ESRC MRC NERC STFC NIH NSF
Person 5% 29% 2%  22% 4% 11% 0% 41% 11% 14% - 6% 16%
change to first year available -4 +22 +9 -18 -18 -0,3 0 +13 -11 -13 - +3 +13
Project 67% 62% 73% 3% 9%6% 89% 100% 44% 89%  86% - 7% 46%
change to first year available -4 -17 -15 -10 +33 +0,3 -0 -13 +31 +13 - +3 -5
Infrastructure % - 4% 16% - - - 15% - - 100% 5% 24%
change to first year available +5 - +4 +6 - - - +0,3 - - 0 +2 +9
Institution 20% 5% - 3% 3%
change to first year available +20 +5 - - - - - - - - - -1 -5
Firms - - - - - - - - - - - - 3%
change to first year available - - - - - - - - - - - - 0

Source: Annual Reports of agencies, WIFO calculation. Note: Data for NWO and UK councils (except EPSRC): 2016.

Table 43 gives a feel for the absolute numbers spent on the various funding schemes, showing the tremendous
differences. SNSF project funding is almost a third of Germany, although Switzerland is smaller than Germany by
a factor of about 10. .

Table 43: Total funding by basic research agencies in Mio. USD on specific schemes, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWO NIH NSF
Funding Funding Funding Funding Funding Funding Funding
Classification in Mio. USD Share inMio.USD Share inMio.USD Share inMio.USD Share inMio.USD Share inMio.USD Share inMio.USD Share
Project funding 1467.2 36% 130.6 46% 535.3 63% 101.1 10% 2307.4 73% 16856.8 68% 3512.8 49%
Priority areas 1800.0 44% 18.9 7% 86.7 10% 110.4 11% 2341 7% - - - -
Infrastructure 295.4 % 0.0 0% 36.0 4% 159.5 16% 1275 4% 1207.5 5% 1715.0 24%
Funding of people 461.1 11% 78.8 28% 1259 15% 2179 22% 394.4 12% 1477.9 6% 1373.0 19%
International Cooperation - - 343 12% 39 0.5% - - 15.7 0% - - - -
Translation 18.0 0.4% 5.0 2% 453 5% 184.0 18% 84.2 3% 2938.0 12% 199.1 3%
Scientific Communication - - 4.4 2% 6.8 1% - - 6.0 0% 179.6 1% -
Total 4046.0 100% 282.1 96% 849.9 99% 1003.6 7% 3169.3 100% 24814.3 91% 7102.7 96%

Source: Annual Reports of agencies, WIFO calculation. Note: Conversion rates PPP, 2017: CH=1.22; DE=0.78; NL=0.82; UK=0.71. Data
for NWO and UK: 2016.

Table 44 shows the shares of four broad disciplines (medicine, natural sciences, engineering, social
sciences&humanities as well as interdisciplinary research) in the total funding by the agencies (see section 3.1).
As outlined, this should be interpreted with care, as we do not survey all the research grant funding agencies in the
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various countries, nor do we look at the share of disciplines in block-funded higher education research.'* According
to NWO, data for the Netherlands cannot be split by discipline. In all countries except for the US, natural sciences
achieve the highest share in overall funding. The share of medicine is comparable in Switzerland, Germany and
the UK at above 20%, although there are other funders of medical and health research in the UK such as the
National Institute for Health Research (https://www.nihr.ac.uk/), and The Chief Scientists Office (part of the
Scottish Government Health Directorate - http://www.cso.scot.nhs.uk/). In the US, medicine achieves an extremely
high share of close to 80% due to the dominance of the NIH; however, engineering and physical sciences are also
funded by the Department of Defense and the Department of Energy, and others which are not included here.'?
Otherwise, engineering receives a small share in most agencies, but is most important in Germany, about twice as
high than in the UK, Switzerland and the US and very low in Austria. Social Sciences and the Humanities are at
an astonishing 22% in Switzerland and Austria, and at approx. 15% in Germany and the UK, while only at 1% in
the US. Interdisciplinary research has only got some importance in Germany, although data need to be interpreted
with care — the FWF and UK councils explicitly accept interdisciplinary projects, but data are not separately shown
in the table below.

In terms of change over time, there does not seem to be a clear pattern, except for the natural sciences which lose
some share everywhere, except for Austria. Section 3 shows the evolution of disciplines’ shares over time in single
project funding for the individual agencies.

Table 44: Shares of disciplines in Single project funding, change in percentage points between 2017 and first
available year

Country DE AT CH NL UK Us
Agency DFG FWF SNSF NWO NIH & NSF

change to change to change to change to change to change to

first year first year first year first year first year first year Mean

Share available Share available Share available Share available Share available Share available |(last year)

Medicine 22% +4 12% -3 21% -4 N/A N/A 24% +2 79% +2 32%
Social Science and Humanities ~ 15% -1 22% -1 22% +8 N/A N/A 13% +0 1% -1 15%
Natural Sciences 36% -4 61% +2 48% -7 N/A N/A 40% -7 12% -3 39%
Engineering 20% -5 5% +2 9% +4 N/A N/A 11% +2 % +1 10%
Interdisciplinary % +7 N/A N/A - - N/A N/A N/A N/A 0,25% +0,25 4%

Source: Annual Reports of agencies, WIFO calculation. Note: Last year available: UK=2016, First year available: CH=1997; DE, US=1998;

AT=2009; UK=2011. UK disciplines are equivalent to the funding of the individual research councils (Medicine MRC, SSH AHRC&ESRC,
Natural Sciences BBSRC, NERC, Engineering EPSRC. The shares of the UK disciplines do not result in 100% as 10% infrastructure (STFC)
is not included in this table. The FWF and UK councils accept interdisciplinary projects, but data are not shown in this table.

4.4  Differences in how agencies allocate funding: grant design and characteristics

In this section, we focus on the differences between grant funding features such as success rate, lot size and funding
duration. We first focus on the main (single) project funding scheme of each agency, as they are in principle most
comparable, and the data availability is best for these funding schemes. In separate sub-sections, we examine the
different cost reimbursement modalities and the peer review procedure in the main project funding schemes. Data
availability is less good for other funding schemes and moreover, they may be different in many ways which make
them difficult to compare. Nevertheless, we present some data on these other schemes in the last sub-section,
including also some data at the aggregate level relevant for characterizing the differences in how agencies allocate
their funding, including the prevalence of bottom-up vs top-down (or curiosity-driven vs solicited research)
schemes.

4.4.1 Characteristics of the main (single) project funding scheme

The next Table 45summarises our findings on the characteristics of (single) project funding. Note that in the case
of the UK Research Councils (and partly the NSF), the standard research grants can accommodate several types
of proposals or mechanisms, including e.g. single- or multi-investigator schemes, collaborations with firms, or
different durations and aims as with the NSF main mechanisms (see section 3).

11 Total federal funding of basic and applied R&D by scientific field can be found here:
https://www.nsf.gov/statistics/2018/nsb20181/figures/fig04-12.

12 See the previous footnote. Life sciences still largely dominates, even considering all other federal research funding.
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Table 45: Single project funding, 2017

Share

) Max Project Success Rate Bottom-Up
Max Lot Size . Lot Size Period (change to first (change to first
(accordingto Lot Size (change (according to year available in year available in ~ Discipline-
documents) (statistical) to first year proposal Success percentage  Share Bottom-  percentage specific
Country Agency Program in Mio. EUR in Mio. EUR available) guidelines) Rate points) Up points) yes/ino
DE DFG Research Grants N/A 0.28 N/A 3years 30% -5 100% N/A no
AT FWF Stand-Alone Projects 04 0.33 +0.23 4years 29% -30 100% 0 no
CH SNSF Project funding >0.05 0.5 +0.13 1-4 years 48% -10 91% N/A no
NL NWO Open Competition N/A 0.33 -0.03 6 years 22% -1 100% N/A no
AHRC Research Grants (Standard) 0.6-1.2 0.64 +0.19 5years 25% -1 100% N/A yes
BBSRC  Research grants 22 N/A N/A 5years 24% +2 58% N/A yes
EPSRC  Research grants not limited 0.98 +0.83 N/A 29% -8 58% +32 yes
UK ESRC 0412 NIA NIA N/A 23% +4 4% N/A yes
MRC Research Grant 12 N/A N/A 5years 22% -1 N/A N/A yes
NERC Research grants 0.98 N/A N/A N/A 31% +10 N/A N/A yes
STFC Research grants N/A N/A N/A N/A N/A N/A N/A N/A yes
us NIH RO1 not limited 041 +0.15 3-5years 19% -12 N/A N/A yes
NSF Research 0.15 0.34 -0.18 2.9years* 21% -3 N/A N/A yes

Source: Annual Reports of agencies, specific data provided by agencies, WIFO calculation. Note: “not limited” = the budget is not limited
unless specified in the FOAs. It needs to reflect the actual needs of the proposed project. * average duration (years). Note that the UK
Research grants and the NSF Research schemes are broader schemes, so that the data need to be interpreted with caution. For BBSRC, ESRC
and NERC the success rate covers all funding instruments, for AHRC, EPSRC, MRC the success rate refers to single project funding only.
All data refer to new awards, except for the NIH, where the lot size and success rate refer to all types of awards, including new awards,
renewals and revisions. Last available year for NWO and UK councils (except EPSRC): 2016.

e Success rates

Starting with success rates, they vary from 19% for the NIH R0O1 grants to 48% in the Swiss single project funding
scheme. There is a tendency for declining success rates at the bigger agencies (in particular, NIH -12 percentage
points, SNSF -10 percentage points, albeit from very high levels), only some smaller UK agencies see increasing
success rates. To properly judge success rates, they should be compared with the number of applications,
controlling for scale. Figure 49 shows the number of applications over time relative to population, where
Switzerland and the US achieve the highest number of applications, so that the high Swiss success rate cannot be
due to a small number of applications. Germany also achieves a comparatively high success rate, which had
actually dropped by more than 5 percentage points but then started to increase again since 2013 (Figure 46 and
Figure 47, success rates over time); the number of applications relative to population is in between Switzerland
and the US at the top and the Netherlands and the UK at the bottom. Relative to the number of higher education
researchers in full time equivalents (Figure 50), Germany is at par with Switzerland which has declined in recent
years. The success rate at the Austrian FWF is also in the higher range.

Success rates need to be interpreted with care independently of the number of applications. For example, agencies
may use outline proposals to do a first check, which don’t enter the number of applications. And within (single)
project funding, investigator-initiated and solicited research proposals may coexist (such as in the UK and in the
US), which also limits comparability of overall success rates, although the bulk of R0O1 NIH (74%) grants and also
the majority of e.g. EPSRC grants (58%) are investigator-initiated grants (Table 45). The importance of the success
rate for the academic research enterprise is stressed in many publications (see section 2).
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Figure 46: Success rates in Single project funding, 1997-2017
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Source: Annual Reports of agencies. Note: Name of the programs in Single project funding: SNSF=Project funding, DFG=Research Grants,
FWF=Stand-Alone Projects, NWO=0pen Competition, NIH=R01, NSF=Research. Note that the NSF scheme is a broader category.

Figure 47: Success rates UK Research Councils, 1997-2017
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Source: Annual Reports of agencies. Note: for BBSRC, ESRC and NERC this funding rate covers all funding instruments, for AHRC,
EPSRC, MRC the funding rate refers to single project funding only.

Success rates across disciplines (Table 46) are available for the discipline-specific Research Councils (NIH, UK
Research Councils) as well as for the DFG and the SNSF. The DFG aims at stable success rates across disciplines,
which can be seen from relatively low spread between disciplines (see also section 3 for a time series); engineering
is somewhat above the three other broad disciplines. Switzerland shows stronger differences across disciplines,
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from 35% in medicine to 57% in natural sciences, with engineering and SSH (social sciences&humanities) in
between.

Table 46: Success Rates by disciplines in Single project funding, 2017

Natural Saocial Science
Country Agency Program Engineering Medicine Sciences  and Humanities
DE DFG Research grants 35% 29% 28% 31%
AT FWF Stand-Alone Projects 18% 22% 25% 24%
CH SNSF Project funding 43% 35% 57% 45%
NL NWO Open Competition N/A N/A N/A N/A
UK 29% 23% 271% 25%
us NIH RO1 - 19% - -
NSF Research 18% - 25% 20%

Source: Annual reports and websites of agencies. Note: Disciplines proposed by WIFO. Note that the UK success rates have been
approximated through weighting the Councils’ shares in total funding of disciplines and refer to 2016. DFG: Medicine success rate relates to
Life Sciences in Total. Note that the success rates for FWF refer to the proportion of the granted funding in relation to the requested funding.

At the level of the agencies, the results are not very different from the main project funding scheme, as the latter
achieves the highest share in almost all agencies.

Figure 48: Success rates in Single project funding, first and last available year
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Source: Annual Reports of agencies. Note: UK summarizes AHRC, BBSRC, EPSRC, ESRC, MRC, NERC — no data available for STFC.
Last year available=2017, except NERC, AHRC, BBSRC, ESRC, MRC, NL=2016. First year available: AT, CH, NL, NSF=2003;
NERC=2012; DE=2008; EPSRC=1997; AHRC, MRC=2006; BBSRC=2009; ESRC=2011; NIH=1998.

WIFO



- 173 -

Figure 49: Number of applications submitted in Single project funding relative to population, 1997-2017
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Source: Annual Reports of agencies, OECD-MSTI variable used “Population”, WIFO calculation. Note: There is a break in the US data, as
NSF data are only available since 2008. Note that FWF and DFG applications include all withdrawn, cancelled, rejected or approved
applications.

Figure 50: Number of applications submitted in Single project funding relative to HER in full time equivalents,
1997-2017
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Source: Annual Reports of agencies, OECD-MSTI variable used “Higher Education Researchers (FTE)”, WIFO calculation. Note: No data
available for the US. Note that FWF and DFG applications include all withdrawn, cancelled, rejected or approved applications.
e  Curiosity-driven vs. solicited (“Share Bottom-up”), discipline-specific vs. open to all disciplines

FWF, NWO, the DFG and SNSF only fund curiosity-driven, principal investigator-initiated research in their single
project funding schemes. The US and UK agencies, by contrast, feature also some solicited research, although we
have data only for the NIH, BBSRC and EPSRC. The same holds true for whether the single-project funding
schemes are open to all disciplines or whether they are structured by scientific discipline (see next section).
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Moreover, in all agencies apart from the DFG, FWF and the SNSF, standard research grants are also used for
thematic calls (pre-defined thematic framework, but research questions asked by researchers, i.e. bottom-up) and
review criteria include knowledge use or economic/societal impact. Relative to its size, the SNSF runs as a
consequence the biggest curiosity-driven, bottom-up scheme without thematic focus and based on scientific criteria
only (note though that researchers can field proposals which are use-inspired on a self-declared basis).

¢ Funding duration

Here we have some missing data, and a mix between information from the proposal information guidelines and
statistical funding duration. Average funding duration in the US is quite short (NSF 2,9 average, NIH 3,6 average,
but up to 5 years allowed), as well as maximum funding duration according to proposal guidelines in Germany (3
years). Switzerland and Austria allow up to 4 years, most UK Councils up to 5 years and the Netherlands is at 6
years. Note that within single grant funding schemes, special provisions may exist, e.g. in Germany it is possible
to ask for long-term funding for up to 12 years. Moreover, to properly judge funding horizons, the possibility of
renewability of grants must be accounted for. Table 47 shows that renewing grants is possible in most agencies,
only exceptionally in Switzerland and not at all in the Netherlands, which has however the longest funding duration
to start with. Success rates for renewal are higher in Germany and at the NIH as well as about the same at the NSF;
no data exist for the UK Councils. As a share of grants, renewals are most common at the NIH, followed by
Germany.

Table 47: Renewability of grants in single project funding, 2017
Probability of renewal Share of
\s. first-time application renewals in

Country Agency Program Renewal success rate total grants

DE DFG Research Grants possible higher 14%

CH SNSF Project funding exceptionally (excellence) - 1.7%

not renewable
AT FWF Stand-Alone Projects (a new proposal must be N/A N/A
submitted)

NL NWO Open Competition not renewable - -

UK EPSRC Research Grants possible N/A N/A

us NIH RO1 possible higher 21%
NSF Research possible once equal N/A

Note: The NSF Research schemes are broader schemes, so that the data need to be interpreted with caution.

e Lot/average grant size

Finally, we have information on lot size, mostly statistical. Although lot sizes should ideally be compared on a
discipline-specific basis, as equipment-heavy disciplines will feature higher average lot sizes than social sciences,
(this is visible in the data, as EPSRC has by far the highest lot size), the share of disciplines in overall funding is
quite comparable between the European countries, so that our lot sizes are to some extent comparable. They vary
between 0,26 to 0,5 Mio. Euros, with the DFG at the lowest end of lot size and the SNSF at the highest end (despite
the high share of social sciences and humanities). This also puts the success rates reported above in perspective,
in that it further adds to the picture of the SNSF being the agency providing not just the highest success rates, but
also the biggest grants, while the relatively high success rate of the DFG and of the FWF is partly explained by on
average lower lot sizes. Figure 51 shows lot size over time.
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Figure 51: Lot size in Single project funding, in Mio. EUR, 1997-2017
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Source: Annual Reports of agencies, WIFO calculation. Data for DFG for 2017 (research grants): 0.28 but no data for time series; similar for
NWO and MRC. The high value of MRC in 2015 is partly due to the high euro-pound exchange rate.

4.4.2 Differences in cost reimbursement

A major characteristic of funding schemes is the way indirect costs and salaries of principal investigators are
reimbursed, as this affects the dynamics of the scientific labour market and the overall dynamics of scientific
growth in a country (see section 2). As the next table shows, refundable costs are quite similar across the agencies
in single project funding (knowledge creation should need fairly similar resources independently of where it
happens), with the exception of the salaries of the Pls and indirect costs (not paid at all in the Netherlands and in
Austria). The way indirect costs are reimbursed differs a lot (Table 49): while in principle, US federal research
grants reimburse all indirect costs (ranging from 30-69% of direct costs, depending on the university), the indirect
cost rate is only at 20% in Switzerland and 22% in Germany. It can be argued whether US universities receive full
indirect cost, as establishing “full” indirect costs is inherently difficult and subject to federal audits (Stephan,
2012). The UK cannot be directly compared, as the Councils pay 80% of full economic cost, which leaves 20% of
total project cost to be covered by the research institution hosting the researcher. The research time of the principal
investigator in the UK is part of the full economic cost (i.e., they cannot “buy out” their teaching time, but their
research time is covered by the grant), so that from the perspective of the hosting research institution a UK grant
may come with fewer co-financing requirements than a SNSF or DFG grant. Note that there are specific schemes
or modules within standard research grant schemes of the SNSF, FWF, NWO and DFG where the principle
investigators (mostly non-tenured) can put their salary on the proposal or buy out their teaching time, e.g. at the
DFG researchers can ask for a 12-month teaching replacement within the standard single project funding scheme.
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Table 48: Refundable costs in standard Single project funding, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWO NIH  NSF
Wages of the principal (tenured) investigators X X X
Wages of scientific/technical staff X X X X X X X
M aterial expenses X X X X X X X
M obility X X X X X X X
Third-party expenses X X X X X
Costs of scientific (open access) publications X X X xX* X X
Administrative/indirect costs X X X X X

Source: Assessment by WIFO based on information provided by agencies. Note: *Costs for publications, such as books, monographs, etc.
Exceptions are journal articles and conference proceedings.

Table 49: Share of indirect costs/overheads relative to direct costs, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWO NIH NSF

Full coverage of indirect costs in all
federal research grants, institutions
negotiate individual rates, on average
54.4% for private, 46.5% for public
universities, range 30-69% in 2010)

No indirect cost rate: 80% of full
economic cost is paid to
institution, i.e. 20% of total cost
has to be financed by institution

Indirect cost rate 22% - 20%

Source: Assessment by WIFO based on information provided by agencies.

4.4.3  Differences in single project funding peer review

To ensure the overall quality of the review process, all agencies have a more or less similar three stage set up of
the peer review process of the standard principal investigator research grants. In the first stage, mostly ad hoc
selected external academic reviewers provide the peer assessment of the proposal, then there is a sort of quality
control and prioritisation in a second stage, where usually external scientists nominated to participate in a kind of
“review board” for a period for several years, as well as agency staff, discuss the assessments provided by the first
stage reviewers and provide a funding recommendation for a third stage, where the agencies’ executive bodies
reach a final funding decision (based on the results of the first two stages). Differences between agencies are shown
in Table 50 and Table 51 below and based on the findings from the literature survey in section 2 relate to the

e Organisation of the peer review process itself (safeguarding the overall quality of the review process)
o How the first stage review process is organised (mail vs. panel review, i.e. first stage peer
reviewers come together to discuss proposals in person, rather than just the second-step quality
control reviewers discussing the first-stage reviews),
o Whether the second stage involves a different set of external academic reviewers
e  Selection/Size of reviewer pool

o Where first stage peer reviewers come from (national/international, academic/non-academic)

o Selection of second stage reviewer pool (chosen by agency or elected by scientific community)
o Nature and weight of first stage review criteria

o Number of criteria

o Criteria type, e.g. whether the potential economic or societal impact of the proposed research,
or the utilisation of the knowledge created is an assessment criterion

o  Special criteria for e.g. first-time applicants (other features such as interdisciplinarity are usually
dealt with by dedicated review panels)

o Rights for applicants/information provided to them

o Refusal or nomination of reviewers

o Appeal/feedback to reviewer comments

o Information provided to applicants from review
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First, starting from Table 50, first stage reviewers are mostly academic researchers, with the exception of UK
Research Councils and NWO, which will also ask non-academic experts about the potential of applications
(particularly with regard to potential impact). Reviewer nationality (and hence the size of the potential reviewer
pool) is mostly determined by country size. In small countries, they are predominantly or not at all working in the
country of the agency (Austria, Switzerland, Netherlands), in mid-size countries (Germany, UK) both national and
international reviewers are solicited, while in the US, reviewers are mostly working within the US. Second stage
reviewers (who often serve on boards for a longer period of time) are elected by the scientific community in
Austria, Germany and Switzerland (in Switzerland intermediated by the Executive Committee of the Research
Council), reflecting the strong role of the scientific community in these agencies discussed in section 4.1.3. They
are chosen by the agencies in the other countries, sometimes out of a pre-existing pool of reviewers such as the
Peer Review College of the EPSRC (which is also used for first stage reviewers). In some countries, second stage
reviewers must be distinguished researchers such as in Switzerland, whereas in the case of the EPSRC in the UK
no distinction is made.

Second, concerning the peer review process, only the NIH differs in that all of its first stage reviewers will also
convene in person to discuss the applications (the NSF has the option to do a first stage panel review, other agencies
will only do so in the case of a high number of applications). Only the NSF does not have standing groups of
external researchers to discuss the first stage reviews in the second stage, giving the NSF Program Officer more
discretion in discriminating between proposals, as also Stephan (2012) notes.

Table 50: Summary table: Organisation of peer review of and criteria used in Single project funding, 2017

Country DE AT CH NL UK usS
Agency DFG FWF SNSF NWO EPSRC NIH NSF
Reviewers
External and internal (1. and/or 2. stage of review) X X X X X X X
First-stage external reviewers only academics/researchers X X X X X
First-stage external reviewers predominantly national X X
First-stage external reviewers national and international X X
First-stage external reviewers predominantly international X X X
Second stage reviewers elected/nominated by scientific community — x X x)
e SECON ST TEVieWerS cOSen by 2Ny X X KX
Review Process
First stage predominantly mail review  x X X X X x)
First stage predominantly panel review X
Second stage involves discussion of proposals among "review boards"
(external researchers different to first stage-researchers discuss proposals) X X X X X X

Rights of Applicants
Applicants can suggest reviewer(s) X X
Applicants can refuse specific reviewers X X X X
Applicants have no influence on reviewer selection  x
... Applicants can provide feedback tofappeal against reviewers' comments LS SR S
Review Criteria
Number of criteria 5 4 3 4 5 5 6
Explicit weights for criteria N/A  N/A  N/A Yes  Yes N/A® N/A
Special criteria for first time applicants  Yes ~ Yes  No*  No*  No*'  Yes No

Impact or applicability/utilisation of research is a criterion ~ No No No®  Yes Yes Yes Yes

Source: Assessment by WIFO based on websites of agencies. Note: * With the exception of proposals declared as use-inspired. 2 Applicants
are informed about the assignment of the Scientific Review Group and may ask for reconsideration. * According to Stephan 2012, the criteria
most highly correlated with the overall impact score are approach and significance. * There are specific first-time applicant/early career PI-
schemes. 5 Only for proposals for use-inspired research.

Third, differences in the criteria reviewers should follow to assess proposals are probably most striking across the
agencies (Table 51). While all agencies ask reviewers to assess the scientific quality of the proposal, the aptitude
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of the applicant, and feasibility, some agencies barely have criteria for the potential non-scientific impact of the
project (Austria, Germany, Switzerland), while others such as the EPSRC have even two criteria relating to this
(one for overall impact, one for specifying how well pathways are described to reach the impact). This is also a
main source for the difference in the number of criteria to be assessed, with other differences relating to the
necessary assessment of the research and work environment (only asked by DFG and NIH) as well as the
appropriateness of the funding plan (asked by the DFG, EPSRC and NSF). However, some of the two latter criteria
may be part of the more general feasibility criterion used in all agencies.

Only two agencies/countries provide explicit weights for the criteria (NL and UK), usually emphasizing the quality
of the project rather than the capability of the applicant. Generally, the formulation of criteria and weights where
existing, as well as research on the correlation of funding decisions/overall scores with partial scores (see Stephan
2012 and section 3), indicate that proposal features or the assessment of the research are more important than the
applicant’s qualifications (whereas the literature both finds that it is easier to assess the potential of people rather
than projects and that schemes stressing people over project selection may lead to higher impact research (see
section 2)).

The DFG, FWF and NIH feature specific assessment criteria for first-time applicants within the standard single
project funding, all others except for the NSF have dedicated early career Pl schemes.
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information provided to applicants

The DFG notification letter contains reasons for rejection; all the reviews of external reviewers are
forwarded to the applicants, along with a written summary of the discussions in the relevant bodies in the
second stage.

FWF applicants with negative decisions will receive the first stage reviews and a standardised rejection
information, but not informal comments made in the second stage.

SNSF applicants with negative decisions will receive the relative rating, the main grounds for rejection
as well as the external reviews

NWO applicants are sent the reviewers’ reports before the second stage to be able to respond, but not a
summary of the discussion at the second-stage selection committee discussions

EPSRC Applicants get first stage reviewer comments before the second stage (to be able to comment),
but do not receive additional information from the second stage (panel review), as it is argued that the
aim of the second stage is simply a ranking of the proposals

NIH Reviewer critiques and summary scores are released to the applicant, as well as the SRO’s summary
of the discussion at the panel review

NSF Everything except for names of reviewers (the information provided to applicants is explained in
detail on the NSF website)

Allowing applicants to respond to reviewers is said to build trust in the peer review system (NWO, 2017).

4.4.4  Selected characteristics of funding agencies’ activities at the aggregate level

The next Table 52 shows the share of discipline-specific funding schemes in total agency funding; here, only
Germany does not show any discipline-specific funding schemes, while the SNSF shows a very small share and
the NWO spends half of its money on discipline-specific schemes (data to be interpreted with care).

Table 52: Shares of discipline-specific programmes vs. non-specific programmes, 2017
Share of Change to
discipline-specific firstyear
Country Agency (2017) available
DE DFG 0% -2
AT FWF 3% +3
CH SNSF 8% +8
NL NWO 48% N/A
UK AHRC 100% 0
BBSRC 100% 0
EPSRC 100% 0
ESRC 100% 0
MRC 100% 0
NERC 100% 0
STFC 100% 0
us NIH 100% 0
NSF 100% 0

Source: Annual Reports and websites of agencies, WIFO calculation. Note: Data for NWO and UK councils (except EPSRC): 2016.

Data for bottom-up vs top-down schemes in total at the level of the agencies are much harder to come by (Table
53), from the available data the DFG and FWF are fully bottom-up, while the SNSF has some top-down

programmes.
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Table 53: Share of Top-Down vs. Bottom-Up in total, 2017

Country Agency Top-Down Bottom-Up
DE DFG 0% 100%
AT FWF 0% 100%
CH SNSF 7% 91%
NL NWO 0% 100%

AHRC 30% 70%

BBSRC 2% 58%

EPSRC 2% 58%

UK ESRC 57% 43%
MRC N/A N/A

NERC N/A N/A

STFC N/A N/A

us NIH N/A N/A
NSF N/A N/A

Source: Annual Reports and websites of agencies, as well as specific data provided by agencies. Note: Data for BBSRC, EPSRC and ESRC
are the share of top-down/bottom-up funding in standard research grants, not total. Data for NWO and UK councils (except EPSRC): 2016.

Table 54 and Table 55 present all available success rates and funding durations across the funding spectrum of the
agencies. Success rates for infrastructure investments are usually higher than for project funding. Otherwise, there
is a wide range of success rates for the various individual programmes (see characterisation of agencies in section
3), which would need more detailed investigation than is possible within the scope of this study. The same holds
true for funding duration across the funding spectrum of the agencies.

Table 54: Success rates over funding schemes, 2017

Country
Agency

Project funding

Single project funding (SPF)

SPF Early career
SPF high-risk

Networks and Multi-Project funding

Interdisciplinary research
Priority areas
Structural priority area
Thematic priority area
Infrastructure
Funding of people
Education&Training
Career

Diversification

Prizes

Mobility

International Cooperation

Translation
Applied Research

R&D Collaboration with firms

Commercialisation
R&D Value Chain

Scientific Communication

Total

DE
DFG

30%
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A

30%

AT
FWF

29%
7%

Bop**
13%

16-25%*
23-25%
5%
24-36%
N/A

16%

N/A
26%

CH
SNSF

48%
31-36%

N/A

N/A
N/A
1%

27-100%
16-56%
N/A
36-47%
N/A

N/A

N/A

85%
49%

NL
NWO

N/A
39%
62%

N/A
19%
N/A
N/A
N/A

35%
N/A

21%

AHRC

25%
55%

41%
N/A
28%
38%
N/A
N/A
N/A
35-43%
33%

BBSRC EPSRC

N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

24%

29%
N/A

N/A
N/A

N/A

29%

UK
ESRC

N/A
N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

23%

MRC

22%
24%
N/A
14%
N/A

34-67%

86%
18%

N/A
N/A
N/A
N/A
N/A
23%

NERC

N/A

N/A
N/A

N/A
N/A

N/A

N/A
N/A
31%

N/A
N/A

N/A

us
NIH

14-100%
N/A
10-38%
23-50%
22%

21-51%

34-100%
14-100%
N/A

23-100%
14-29%
29%
25-27%
33%
N/A

NSF

21%
N/A
N/A
N/A
N/A
N/A
N/A

23%

Source: Annual Reports of agencies, WIFO calculation. Note: * refers to new applications, 87% for renewals, ** refers to new applications,
83% for extensions. The values partly show a range of success rates of the different funding schemes within a funding category. Data for
NWO and UK councils (except EPSRC): 2016.
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Table 55: Funding duration of funding schemes according to documents, 2017

Country DE AT CH NL UK us
Agency DFG FWF SNSF NWO AHRC BBSRC  EPSRC ESRC MRC NERC STFC NIH NSF

Project funding

Single project funding (SPF) 3years 4years 1-4years 6years 5 years 5 years N/A N/A 5 years N/A N/A 3,6 years* 2,9 years*
SPF Early career - 6 years N/A - 5 years N/A N/A N/A 3years - N/A 5 years -
SPF high-risk 5years - - - - - - - N/A - - N/A -
Networks and Multi-Project funding ~ N/A - 1-4 years - - N/A N/A - 5years - N/A N/A -
Interdisciplinary research - - - - N/A N/A N/A N/A N/A N/A N/A N/A 10 years
Priority areas
Structural priority area N/A 8years  4years N/A - N/A N/A N/A N/A N/A - - -
Thematic priority area 6years 4years N/A N/A N/A - - - - N/A N/A - -
Infrastructure N/A - N/A N/A - N/A - N/A - N/A N/A N/A N/A
Funding of people
Education&T raining 4,5 years N/A N/A N/A 0.5-2 years - N/A N/A N/A - N/A N/A N/A
Career 5-6 years - N/A N/A  0.5-1.5years N/A N/A N/A N/A N/A N/A N/A 5years
Diversification N/A 3years N/A N/A - - - - - - - N/A N/A
Prizes N/A 5years - N/A - - - N/A - - - - -
Mobility 2years  3years N/A N/A N/A N/A N/A - N/A - - - -
International Cooperation N/A  3-4years N/A - N/A N/A - N/A N/A - - - -
Translation
Applied Research 3years  4years N/A N/A - - - - - - - N/A -
Phase 1: 6-12 months
R&D Collaboration with firms - - - N/A - N/A N/A N/A N/A - N/A N/A Phase 2: 2 years
Commercialisation - - 4 years - N/A N/A - - N/A N/A N/A N/A -
R&D Value Chain - - - - - - - - - - - N/A -
Scientific Communication - N/A N/A - N/A - - - N/A N/A - N/A -

Source: Annual Reports and websites of agencies. Note: * average duration.
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5. Differences in the grant-based funding of (basic) research: a synthesis

We first provide a systematic review of differences between the DFG and other agencies, before we elaborate on
the potential impact of these differences on research outcomes.

5.1 Main structural differences with respect to the DFG

In this sub-section, we provide a focused summary of structural differences between the DFG and the other
agencies, based on the findings in section 4. According to the structure of section 4, we start with contextual
differences, i.e. differences in the environment in which the grant funding takes place.

Context

Differences in context in which grant funding operates may lead to different impacts of grant funding on research
outcomes. Germany’s higher education system is a chair-based one, with a lower share of tenured researchers than
in systems featuring more department-style systems. Non-tenured researchers may be more risk averse when they
apply for grant funding to secure their position. At the same time, grant funding enables early career researchers
to pursue their own lines of research, avoiding the limitations of hierarchically structured universities.

To determine the overall amount of incentives set by competitive funding, the share of research grant funding in
total (basic) research funding, the level of grant funding relative to the number of researchers and the allocation
mechanisms of block funding need to be considered. The share of the DFG’s funding — i.e. the share of competitive
grant funding - in total HERD is higher than in Austria, similar to the Switzerland and the Netherlands, but (much)
lower than in the UK and in the US. Block funding in Germany is not allocated using strict performance-based
budgeting according to a recent study, similar to Switzerland, Austria and the Netherlands, but different to the UK.

The DFG’s budget is determined on a yearly basis, but currently benefits from the Pact for Research and Innovation
which stipulates yearly increases from 2016-2020. The only agency with a multi-year financial framework is the
SNSF. The DFG is the only agency which gets is funding based on negotiations between the federal and the state
level executive authorities, whereas the Swiss, Austrian and Dutch agencies report only to the federal level
Ministry; NIH and NSF request their budgets directly from the legislative body (Congress).

The DFG organises funding activities in a centralised, non-discipline specific way, similar to the SNSF and FWF,
leading to an easily accessible funding menu for researchers by comparison with much more complex decentralised
or discipline-specific agencies such as NIH or NSF, or by comparison with the 7 UK Research Councils (which at
the time of writing still all propose their — albeit fairly similar - own funding schemes). Whether the potential for
experimentation or funding scheme diversity is affected by this organisation of funding activities requires more
research.

Regarding the mission or focus of the DFG’s activities, together with the FWF it is probably least targeting
economic or societal impacts which may result of the research it funded, which may be seen in its review criteria
(see below) and in its funding portfolio, in terms of thematic focus and translational research, as well as the share
of projects funded on the basis of the researchers asking the research questions (curiosity-driven research, bottom-
up) vs. solicited research. The DFG is set up as a research funding agency where academic scientists have a formal
say in the DFG’s principles and funding policies, similar to the SNSF and FWF; the other agencies are
governmental agencies with only advisory roles for external academic scientists.

Finally, the “performance” of German academic research, as measured in various ways by citations to it, is below
that of the other countries examined in particular regarding universities, except for Austria. This may influence
the choice of funding initiatives, e.g. more spending on funding schemes which build research excellence, such as
the excellence initiative. By contrast, Germany’s good economic and industrial performance (compared with the
UK, e.g.) may influence priority setting at the detriment of more economic impact- or translation-related schemes.
This is speculative however.

Aggregate funding levels

In terms of aggregate funding levels, the DFG comes relative to population in fourth place above the UK and
Austria. Relative to the number of higher education researchers in full time equivalents Germany comes in second,
although there are no figures for the US and researchers outside higher education such as in the Max Planck
institutes are not covered. In terms of growth of total funding awarded, the DFG achieves the second-lowest growth
rate, while the UK grows more dynamically over the period examined. Coming back to the overall amount of
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incentives set by competitive funding, this means that all three factors are rather low in Germany, the allocation
mechanism for block funding does not feature strong competitive elements, the share of DFG funding relative to
block funding is low and the absolute level of DFG funding (relative to population) is also not high. This contrasts
with the UK and the US, where almost all of (academic) research funding is peer-reviewed (either ex-ante, through
grant funding, or ex-post, through the Research Excellence Framework), and also with Switzerland and the
Netherlands, which show high grant funding per population or per researcher in the higher education sector. Only
Austria shows even lower competitive funding and hence incentives.

Funding portfolio

Similar to other countries, the DFG’s main (single) project funding scheme “Sachbeihilfen” is the most important
funding scheme, at about 30% of total. It is lower though than in Switzerland, where the comparable funding
scheme is at close to 50%; RO1 grants of the US NIH are at 45% of total funding, include however not just bottom-
up curiosity-driven research but also some solicited research (see below). Other agencies also show higher shares
of their main research grant funding mechanism, they often accommodate however a wider range of proposal
types. The share of the DFG’s high risk funding scheme is very small, similar to other agencies which feature such
schemes. Unlike many other agencies, the DFG does not have a dedicated scheme for funding early career principal
investigators, but it does have specific review criteria for them in the standard project funding scheme. Similar to
many other agencies, except for the NIH and NSF, the DFG does not have a dedicated scheme for interdisciplinary
research only, this is however accommodated or a specific objective in the standard project funding scheme as
well as in some network and multi-project funding schemes.

Where the DFG stands out is the high share of structural priority funding, due to its funding of German universities
with a view to increase their research excellence. This scheme is different in many ways to what other agencies
do, as the universities are funded and not individual researchers requesting funds. It can be explained by the specific
German context of the regions providing the base funding for their universities, so that the federal level is limited
in reforms to research funding to the grant-based instruments of the DFG.

In terms of change in the shares of funding schemes, the DFG also shows the highest increase for structural priority
funding; in line with other agencies, it has also significantly raised the share of spending on research infrastructure,
but not on translation, where it features only a small share of funding of clinical trials (however, within the standard
research scheme, translational follow-up projects can be proposed, but we don’t have data on them). Dedicated
schemes for R&D collaboration with firms, or research by small young firms (the SBIR programme for NSF and
NIH), or dedicated commercialisation schemes, do not exist within the DFG. Next to very low spending on
translational schemes, DFG spending on “people” broadly speaking is also at the low end, with among the main
agencies only the NIH spending less (DFG 10% vs. NIH 6%), similar to infrastructure, where it spends about 7%
(4-5% in the SNSF and NIH, up to 24% in the NSF).

Overall, the diversity of the DFG funding schemes is quite high, both in terms of the share of the three largest
funding schemes as in terms of distinct funding schemes, only behind the NIH (NSF, NWO and UK data are
limited for this purpose though). A high diversity enables agencies in principle to try different approaches and
choose more effective ones based on evaluation, as well as responding to variety of researchers’ needs and
characteristics (such as the challenges involved with interdisciplinary funding, support of early career researchers,
high risk projects etc.).

In terms of the share of disciplines, the European countries are much more similar than the US, which due to the
dominance of the NIH spends relatively much more money on medicine. As the other European agencies, the DFG
spends most on natural sciences, although the share has been declining and is lower now than in Switzerland.
Medicine is comparable across the European countries at a bit more than 20% (except for Austria), engineering is
much higher in Germany than in Austria, Switzerland, the UK or the US. Social sciences and humanities is at a
comparable value in the DFG and the UK at around 15%, higher in Switzerland and Austria at above 20% and
much lower in the US.
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Differences in grant design and characteristics

Concerning the main (single) project funding scheme, the success rate of 30% at the DFG compares favourably
with the agencies of the other countries, apart from the SNSF (48%) and some smaller UK Research Councils.
However, this is partly due to lower average lot sizes by comparison with most other agencies. The SNSF shows
again the highest lot size (with the exception of EPSRC which is however focusing on equipment heavy sciences).
By disciplines, the DFG features the highest success rate in engineering, although it aims at rather uniform success
rates across disciplines. The standard duration of single projects at the DFG is at the low end with 3 years, similar
to the NIH and the NSF, but lower than in Switzerland and Austria (up to 4 years), the UK Councils (up to 5 years)
and in the Netherlands (up to 6 years). However, a specific long-term proposal is possible of up to 12 years, and
the standard grants can be renewed at a much higher success rate than new grant applications (similar to the NIH,
although renewal is even more common there). Given the relatively small size of the DFG in overall research
funding of universities and the large role of block funding, which provides long-term research horizons, it is not
clear whether enough incentives are set for changing established lines of research (see discussion in section 2).

The DFG, FWF and SNSF single project-funding schemes are generally curiosity-driven, bottom-up schemes and
do not feature impact-oriented review criteria (see below, except for use-inspired basic research at the SNSF), by
contrast with the other agencies. Switzerland has the highest share of curiosity-driven, bottom-up grant funding
(almost 50% of total), while Germany is about 30% and Austria at 43%; the schemes of the other agencies often
accommodate a wider range of proposal types or feature strong criteria for economic or societal impact (see next
section), or also include some solicited research, as the R0O1 grants by the NIH, which achieves 45% of total NIH
funding.

Regarding cost reimbursement, the DFG pays an overhead rate of 22% (indirect costs as a share of direct costs),
slightly higher than the SNSF (20%). NWO and FWF do not pay overheads at all whereas the US federal research
grants cover in principle full indirect costs, which differ depending on the research institution from close to 30 to
up to 69%; the average is around 50%. The UK follows a different system by paying 80% of full economic costs
to the research institutions, including the research time of the principal investigator.

Peer review at the DFG is similar to the other agencies in that if follows a three stage process to ensure overall
quality of the review process (first stage — external academic reviewers assess scientific merit, second stage, review
boards composed of elected academics review quality of first stage reviews and provide funding recommendation
for the third stage, official decision by responsible bodies). Only the NIH always uses panel review in the first
stage, i.e. a discussion in person of the reviewers (linked to its study section system), only the NSF does not discuss
first stage reviews in a group of different external academic reviewers. Reflecting their academic self-governance,
only in the DFG, FWF and the SNSF are second stage reviewers elected by the scientific community rather than
chosen by the agency. Reflecting mainly country size, the DFG invites national and international reviewers for the
first stage review, while smaller countries such as Switzerland mainly look for reviewers outside of Switzerland
or the FWF ask exclusively reviewers from abroad, and the NIH and NSF look for reviewers mainly nationally.

In terms of review criteria, the DFG does not assess non-scientific project merit, such as potential economic or
societal impact, or the potential use of the knowledge created outside science, as is the case in all other agencies
apart from the FWF; in Switzerland, this is however only the case for self-declared use-inspired basic research
projects within the standard single project funding scheme, otherwise the SNSF does also not consider potential
impacts in its review criteria. The DFG also features as separate review criteria the suitability of the research and
work environment, which otherwise only the NIH asks to assess, and the appropriateness of the funding plan,
otherwise only asked by the NSF and the EPSRC. The DFG does not provide explicit weights for its criteria, unlike
the UK and the Netherlands.

Finally, the DFG is similar to other agencies in the amount of feedback provided to applicants, the external reviews
are to the applicants in case of a negative decision along with additional information on the outcome of group
discussions in the second stage. Other agencies also send the relative rating following from second stage
prioritisation (SNSF, NIH, NSF). EPSRC and NWO also send first stage reviewer comments to the applicants
before the second stage, so that they can respond to the reviewers’ comments.

With respect to the overall funding activities of the agencies, the DFG is only similar to the SNSF and FWF in
terms of the high or almost exclusive share of both non-discipline specific and bottom-up funding schemes; all
other agencies feature high shares of discipline-specific funding schemes (NWO) or are either set up as disciplinary
agencies (NIH, UK Research Councils) or organised by discipline (research area, as in the case of the NSF). The
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share of funding schemes where research is solicited by the agencies (top-down) can only be approximated in
some cases, but using the shares from (single) project funding reported above, the share is considerable. Note that
this applies mostly for project funding, while for career, mobility, infrastructure and translational schemes the
question of who asks the research question is less relevant.

Finally, the data situation for other funding schemes is highly uneven across the agencies; the DFG provides as an
example only success rates for standard single project funding, whereas the NIH provides success rates for a large
number of detailed funding schemes.

5.2 Potential impact of differences in grant funding on research outcomes

We mostly focus on differences in the way standard (single) principal investigator grants are allocated, as this is
also the focus of the literature and simply because of the limited budget of this study. Differences in career funding
schemes, or infrastructure funding schemes, and their likely impact on research outcomes and productivity of
researchers, require more research.

First, there is a dearth of good causal relationships in the literature, and what there is, is often focused on the US
(biomedical research). This means that any linking of differences between the basic research grant funding
agencies to differences in research outcomes, as in quality, quantity or direction, or productivity of researchers, is
often only speculative.

Second, a basic condition for any impact to arise is that money is actually spent. The information on the diversity
of funding portfolios is hence a first indication of the potential impact of differences. Noteworthy differences,
bearing in mind differences in the funding landscape of the various countries and difficulties in fully capturing
funding portfolios, include among others

o How comprehensively supply and training of young researchers is addressed — e.g. already at the
secondary school level, as in the case of the NSF which funds programmes to stimulate interest in S&T
studies vs. only at later stages, e.g. funding for PhD training, as is the case for many other agencies

e How far funding stretches from basic research into more applied research and even funding of
commercialisation and prototyping, or how much agencies focus on “translation”; half of NIH spending,
e.g., goes into applied research. Funding a “value chain” from basic research to more applied research
and then applications is however easier in biomedical research, where applications are much closer to
basic science than in other fields, and clinical trials are necessary for drug development. But there are
many other examples, as in dedicated commercialisation schemes by Swiss and UK agencies, and the
well-known US cross-agency SBIR programme which funds young innovative firms

o How research topics are addressed — purely driven by scientists’ curiosity, or also by economic and
societal challenges, or by the perceived need to stay competitive in emerging scientific fields; challenge-
oriented funding is much lower in the DFG, FWF and the SNSF by comparison with the other agencies.

e How perceived problems in scientific performance are addressed — through larger-scale dedicated
programmes addressed at the institutional level, or simply by providing more money for curiosity-driven
bottom-up single project schemes; e.g., the DFG pursues the excellence initiative, whereas the NIH has
implemented specific high risk funding schemes

o How the difficulties of early career researchers or interdisciplinary research proposals are addressed,
either through dedicated schemes (early career: SNSF, FWF, UK Councils) or through specific review
criteria or panels (early career: e.g. DFG, interdisciplinary: e.g. UK Councils)

Most agencies have increased relative spending on infrastructure and translation over the past 20 years. Whether
this is due to demands for higher economic impact from research funding in the case of translation, or due to
disproportionately rising costs of research infrastructure, requires further research.

Third, the overall funding levels of the agencies need to be seen in context with the rest of the funding landscape
in the various countries, as well as in context with success rates and hence the number of applications. But
generally, the overall share of competitively allocated funding in total (basic) research funding should generate an
impact on “quality”. Linked to the details of grant funding (such as reimbursement of indirect costs and salaries),
there are however also cautionary tales in the form of too much competition leading to risk aversion (influenced
though by low success rates). Competitive funding in both grant funding and block funding is particularly high in
the UK, US academic research is mainly funded through competitive grant funding, while the Swiss SNSF has
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also very high funding per capita, although Swiss block funding is large and formally not allocated on a competitive
basis. Competitive funding in the Netherlands is also very high per higher education researcher. Success rates in
Switzerland are high despite a high relative number of applications and in spite of a high average lot size.

Fourth, as discussed in section 2, success rates are clearly influencing the way research is done, and may hence
also influence research outcomes. Low success rates are certainly bad for the productivity of researchers and reduce
the attractiveness of research institutions in countries faced with low success rates; they may lead to risk-aversion
of researchers, in particular in combination with the employment situation of the researcher (whether she is on a
fixed-term or permanent contract). Success rates are all the more binding as the share of grant funding in total
funding is high, as in the US. It remains to be seen how continuously low success rates at the NSF and NIH in the
US will impact on the US research system. This also depends on the availability of other funding sources; in
Europe, e.g., success rates at the ERC are even lower, but researchers can still turn to national-level research
funders.

Fifth, it seems to be easier to influence the quantity and direction of research than the quality of research. There
are major differences between countries in the thematic context in which research proposals are submitted, between
purely bottom-up, curiosity-driven, to researcher-initiated within pre-defined fields to solicited research, where
agencies basically initiate the research. In countries with a higher thematic orientation (be it through discipline-
specific funding, solicited research in single project funding or thematic priority areas) we expect a corresponding
impact on quantity and direction. E.g., the US should have a much larger share in medicine-related articles than
Germany — controlling for size — this can of course be empirically tested but is outside the scope of our study.

More fundamentally, the issue of discipline-specific, thematically-oriented, solicited vs. curiosity-driven research
also affects how the “social contract of science” is implemented, with the scientific community deciding mainly
by itself what to focus on or with outside (governmental, societal) influence on the choice of research topic. There
is barely any systematic evidence on the impact on research outcomes, including on the question on whether there
is a trade-off between “quality and direction”. This is also reflected in the different governance models of the
agencies, from a stronger role of the scientific community to more agency (and hence government-)-controlled
policies to differences in the peer review criteria, whether only assessing the science (Germany and Austria, a bit
less Switzerland) or also the potential usefulness of the scientific advance for areas outside science, such as grand
challenges or economic impacts (all the other countries). So far, the much stronger impact-oriented review system
in the US, the UK and the Netherlands, as well as the stronger focus on thematic framing in various sorts, does not
seem to have negatively affected the “quality” of the research produced from a relative perspective, judging by
Germany’s or Austria’s scientific performance compared to the others (see section 4.1.4). However, as stressed
several times, research performance does not just follow from competitive grant funding, but reflects a wide array
of factors, including research organisation and careers, as well as the overall set up of the higher education system.
At the same time, it is also not clear whether more impact- and issues-driven competitive grant funding does
achieve more benefits for society and the economy. This is a clear case for further research.

Sixth, more research is necessary to formulate hypotheses on any impact from differences in the way peer review
is organised, e.g. as regards mail vs. panel review, which type of reviewer to invite for the first and second stage
of the review process, whether applicants should be able to respond to reviewers’ comments before the second
stage of the review, etc. However, the way peer review is done may matter less for research outcomes than funding
levels, success rates, using a diversified range of funding schemes able to address various challenges in grant
funding (such as interdisciplinary research, or early career researchers), etc.

Seventh, with respect to the funding duration of grants, while the data is not perfect, there seem to be considerable
differences between the US, Germany on one side (with 3 years; although Germany also has schemes up to 12
years) and the Netherlands at 6 years, with many others at 5 years. These differences are however partly
compensated by the different modalities on the renewability of grants, which is not possible in the Netherlands but
frequent at the NIH and also at the DFG. Renewals also feature higher success rates at these agencies. Longer-
term research horizons may foster risk-taking and lead to more breakthrough science; however, they may also
foster specialisation in specific research strategies and discourage changing to new research lines. Renewability
may also act together with large lot size to provide continuous competitive funding of larger research groups. This
requires further research.

Eight, a fundamental difference between the agencies lies with indirect cost reimbursement and the refundability
of the wages of principal investigators. Full indirect cost reimbursement and partial or total refundability of PlI
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wages can dynamize the scientific enterprise in a country, through more dynamic scientific labour markets and
faster growth/differentiation of science, provided that funding by agencies keeps increasing, otherwise
“hypercompetition” may result, in particular when non-tenured researchers are entirely funded by grants, rather
than when tenured researchers buy out their teaching time or have their research time covered by a grant. This
links to a widespread worry that the growth of science, or more precisely of the number of researchers, is
exponential and hence asks for continually rising research funding budgets. However, nominal GDP also follows
an exponential growth path and simply increasing research funding every year in the same magnitude as nominal
GDP (e.g., by 3,5-4% - 2% inflation and 1,5-2% growth) would not increase the overall weight of research funding
in overall spending. Such a base-level growth path could also inform multi-year financial frameworks for the
agencies which specify yearly growth rates over several years. This would make it easier for research institutions
and researchers to plan their future activities and to be cautious with the amount of new researchers entering
academic research. Many detailed suggestions have been made for the US situation, discussed in section 2 which
can also be discussed in the EU context, should European agencies decide to switch to a US-style model of full
indirect cost reimbursement and refundability of the wages of principal investigators.

Moreover, the number of researchers does not grow at an arbitrary rate (on the contrary, the EU worries about not
producing enough researchers to meet its goals of higher R&D intensity). It is influenced by population growth
(which in some countries is even falling), and strict training demands in PhD studies. Most countries welcome
inflows from abroad, but these inflows may also lead to growing numbers of researchers; such problems are best
addressed by supporting brain circulation or helping weaker research systems catching up to the stronger research
systems. Researchers in universities can also decide to assume stronger teaching roles should their scientific
productivity decline.

As an overall take-away, due to the uncertainties as to what is “best”, agencies may pursue a diversified funding
portfolio to provide opportunities for early career researchers, interdisciplinary research, high-risk research,
mission-oriented research etc. Of course, this depends also on the overall size of the budget of an agency, as overly
small funding schemes can be inefficient, beyond being too small to create an impact. The evidence shows that
most of the agencies are diversified to some extent, but that e.g. special single project funding taking account of
risk, early career etc. are usually very small compared with the main programme.

5.3  Discussion points for the DFG
From sections 5.1 and 5.2, we present some discussion points for the DFG’s activities.

e The DFG’s funding per capita is relatively small, as well as the DFG’s share in total higher education
research funding. Together with block funding which in a recent study (see section 4) was assessed as not
being strongly performance-based, the amount of competitive incentives provided by research funding is
at the low end of the six countries compared (except for Austria). Multi-year financial frameworks (stable
growth paths for the DFG budgets) could stabilise expectations and sustainably grow the research
enterprise.

e The funding portfolio is diversified, and the standard research project funding scheme “Sachbeihilfen” is
actually quite flexible in terms of accommodation proposals of different time horizons, first-time
applicants, interdisciplinary research etc. The DFG funds very little “translational” activities in the broad
sense used throughout this study, or basic research with a thematic focus. The effect depends to some
extent of course on the wider research and innovation system, on other agencies’ funding of translational
schemes. However, funding various tasks through one organisation and using its review criteria and
quality selection system may create different effects than using different agencies, with varying project
selection criteria. In Norway and in the UK, research and innovation funding has been merged within one
agency. Funding for “people” is also at the low end of the agencies studied, although there are overlaps
with the project funding schemes.

e Success rates in the standard project funding scheme compare favourably with most other agencies, but
may partly be due to smaller lot sizes and a lower number of applications relative to the number of
researchers. Smaller lot sizes and lower funding duration at the DFG may be compensated however by
the possibility to renew projects, which is done quite frequently. Moreover, small lot sizes are according
to the literature not necessarily bad for research outcomes.
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The DFG does not reimburse the full indirect cost of projects and the wages of (tenured) principal
investigators. This could dynamize the scientific labour market, conditional on safeguards against an
unsustainable growth of researchers. It could be understood as a “micro-level” complement to the
institutional-level excellence initiative, as it would greatly increase the room for strategic university
behaviour, facilitating taking up new lines of research and recruiting talent whenever it is available, rather
than as a function of medium-term university funding plans.

The DFG review criteria only look at scientific merit and not at potential non-scientific use of the research
results. A response to reviewers’ comments after the first stage of the review is not possible.

Most of the DFG’s research funding is for bottom-up, curiosity-driven research (or “excellence”-driven
research). Funding research with a specific view to tackling societal challenges, or with a view to
economic impact, is less anchored in the DFG’s mission than in other agencies and is also less visible in
the funding portfolio.
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6. Conclusions

Using a structured systematic comparative approach, this study has aimed at finding and analysing differences in
(basic) research grant funding between the main science agencies of five countries. The results relate to the context
in which agencies operate, to aggregate funding levels, funding portfolios and differences in grant design,
characteristics and peer review. In more detail, data on what agencies spend money on, and how they spend it,
have been established which allow for a comparison of the relative size of funding schemes in total funding,
success rates, lot sizes, funding duration and the share of discipline-specific and curiosity-driven vs. solicited grant
funding schemes. On a more qualitative note, peer review criteria and cost reimbursement modalities were
compared, as well as decision or governance structures of the agencies which are linked to their funding policies.
The organisation of funding activities was discussed with a view to show the various ways in which research
funding objectives can be achieved, e.g. through setting up dedicated funding schemes or through making standard
research grants flexible by providing among others a variety of review criteria.

Some interesting differences can e.g. be seen in spending levels per capita/researcher, which differ by a factor of
3 between the bottom and the top agency with respect to funding levels. The same holds true for the share of the
agencies’ funding in total research performed in the higher education sector, which varies between 8 and 55%,
implicating significant differences in the way research is conducted.

Grant success rates range from almost 1 in 2 proposals granted to less than 1 in 5, again considerably affecting the
research enterprise. Funding durations vary between 3 to 6 years (and in specific cases even up to 12 years),
although these differences are partly mediated by the different policies on grant renewal, which is quite common
in some agencies and not possible at all in others.

Most agencies have a broad range of funding schemes addressing the funding of research projects, careers or
people and infrastructure. Differences are much more pronounced with respect to “translational” schemes,
including applied research, R&D collaboration with firms, commercialisation, clinical trials, and more
comprehensive approaches spanning basic research all the way to development of applications. Not all of the
agencies funding goes into basic research — this ranges from 50% basic and 50% applied to almost exclusively
basic, also dependent on the national research funding systems.

Some agencies have a dedicated mission to produce economic and societal impacts and will fund schemes
accordingly (e.g., with a thematic focus on challenges) and review projects including non-scientific review criteria,
such as knowledge use or potential non-scientific impact; they feature large shares of solicited research of up to
40% in standard research grant funding schemes, while other agencies place much less emphasis on non-scientific
impacts and almost exclusively use scientific merit to assess projects which are almost exclusively investigator-
initiated or bottom-up projects. This is also linked to the governance of agencies, with some giving scientists a
formal say in establishing principles and policies, closer to academic self-governance, while others are
governmental agencies using scientists as external advisers.

The reimbursement of indirect costs and the wages of (tenured) principal investigators is also an area of strong
differences across agencies. Some are not paying any overhead rate, while others grant full reimbursement of
indirect costs. Similarly, some agencies are not paying wages of the principal investigators, while others allow for
either a teaching replacement or buying out research time.

While many insights have been gained, there are important limitations to bear in mind, which can also inform
future research. There are still few papers allowing to draw causal links between differences in grant funding and
research outcomes, so that the potential impact of differences remains sometimes speculative. More investigation
of the relationship between funding characteristics and outcome variables, beyond the amount of funding, is
necessary. E.g., do review criteria emphasising non-scientific impact lead to different projects being chosen? Are
success rates of early career researchers similar to established researchers when there are specific review criteria
for first-time applicants? How to analyse the impact of success rates? When success rates are low, they may lead
to risk aversion, but also to a smaller share of projects being funded. Conditional on a working review process that
would imply higher quality research outcomes — if a simple bibliometric analysis is done of projects funded when
success rates are low, it would probably show that success rates are good for “quality”.

Moreover, assessing the funding portfolio of agencies, or how much money they spend on different purposes or
on objectives, is more difficult than investigating structural differences in grant design and characteristics (such as
success rates or peer review criteria). This is not only due to the differences in data availability by the agencies,

WIFO



- 191 -

although these are considerable: some agencies simply do not track their spending at the level of detailed funding
schemes which would be necessary to gain a full picture of funding portfolios. The NIH is probably providing
most detail, followed by the SNSF, FWF and the DFG; the NSF provides good funding data at the level of US
states and institutions, by broad funding category and by discipline, but not by mechanism (standard grant vs. other
mechanisms) nor by detailed funding scheme (e.g., a thematic call within the biological sciences). The UK
Research Councils also provide limited data on the detail of their funding schemes to the public, but do have a
research projects database which provides a look at the micro-level (so, the UK Councils provide information at
the “macro” and a the “micro” level, but the funding scheme-“meso” level is missing). The NWO is most limited
in the data it can provide.

A full picture of funding portfolios would be difficult to gain even if all funding data at the level of schemes were
present, as there are different ways to address funding objectives, such as funding through dedicated schemes, or
providing special review criteria for specific objectives in the standard project funding schemes.

Building a comprehensive funding portfolio would need to start from “micro-data”, i.e. from the individual projects
funded which are classified according to the characteristics which we used in section 3, such as number of
investigators, solicited or bottom-up, interdisciplinary or single-discipline, in response to a thematic call or not,
etc. Of course, this would mean a significant change in the way agencies collect data on their activities, although
some agencies already have public project-level databases (however without the necessary information), such as
the UK and the NIH.

Finally, this study has focused on the main project funding scheme of the agencies, due to the limited budget. With
more funding available, other schemes such as career and infrastructure, or translation, could also be compared in
much more detail, in terms of grant design and other features.
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8. Annex

8.1 Contacts at science agencies

See sections on agencies in section 3.

8.2  Additional data: Funding sources of HERD over time

Figure 52: Share of funding sources of HERD, Germany
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Figure 53: Share of funding sources of HERD, Austria
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Figure 54: Share of funding sources of HERD, Netherlands
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Figure 55: Share of funding sources of HERD, Switzerland
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Figure 56: Share of funding sources of HERD, United Kingdom
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Figure 57: Share of funding sources of HERD, United States

80%

70%

60%
50%
40%
30%

20% /\/

10%

———

0%
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

=== Business enterprise === Sub-total government === Direct government === General university funds

=== Higher education Private non-profit === Funds from abroad

Source: OECD R&D Statistics, https://stats.oecd.org/BrandedView.aspx?oecd bv_id=strd-data-en&doi=data-00189-en.

WIFO


https://stats.oecd.org/BrandedView.aspx?oecd_bv_id=strd-data-en&doi=data-00189-en
https://stats.oecd.org/BrandedView.aspx?oecd_bv_id=strd-data-en&doi=data-00189-en

- 198 -

Figure 58: Total yearly funding by basic research agencies, constant prices
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