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Research is essential to provide solutions for current and future societal
challenges, justifying an active role by the government for example through
funding of research proposals. This paper argues that portfolio theory provides a
powerful tool to make research funding decisions. It allows for an informed
management decision process, also in the presence of project interdependencies
and multiple policy objectives. Yet it is not applied in practice, and the most
common approach is merit-based funding. As decisions are generally delegated
to specialised public organisations, this is possibly explained by the existence of a
principal-agent relationship, where a utilitarian principal follows a portfolio
approach and makes choices for the greater good, while the agent uses, by
convention, a merit-based approach to research funding. Survey data show that
policy practitioners working in the field of research and innovation policy have a
relatively strong preference for the merit-based funding model, suggesting the
presence of a “club-effect” in line with the alleged agency relationship.

The views expressed in this paper are those of the author and not necessarily those of the European
Commission. | would like to thank Daniela de Paiva Barros, Anirban Basu, Nick Hall, Alexandr Hobza,
Larry Kessler, Sylvia Schwaag, Jan-Tjibbe Steeman, Alexis Stevenson, Renzo Tomellini, and all the
participants in the “summer puzzle” for their useful comments and insightful discussions.



Research and innovation (R&I) is essential to provide solutions for current and
future challenges, such as increasing productivity, combatting climate change,
supporting the energy transition, fighting poverty, improving health outcomes,
and contributing to the broader set of Sustainable Development Goals from the
United Nations.? R&I performance and policies to stimulate R&l are therefore
high at policymakers’ agendas.®

One of the recurrent themes is about investment rates in R&D, which are in the
EU lower than in other major economies in the world (see for example
European Innovation Scoreboard 2023, European Commission (2023)). Large
funding programmes are put in place to increase investment rates in R&D and
R&l, such as the EU’s Framework Programmes.* Whereas there is an intense
debate on the importance of transformative R&l, where “transformative”
essentially refers to R&l's contribution to the earlier-mentioned societal
challenges, there is remarkably little attention to the question how to make
research funding decisions in this complex political environment with multiple
(and sometimes unstable) objectives for research and innovation policies.

The dominant method is to make funding decisions based on the rankings of
the received research proposals. The advantage of this method is that it is
merit-based, funding goes in principle to the best projects.® Discretionary
adjustments can be made to accommodate the other objectives, but this is
typically done in an ad-hoc and non-systematic manner.

Instead of deciding on the basis of the contributions of individual proposals,
one can also take a more holistic approach and decide on the basis of the
attributes of the combined set of proposals ultimately selected. This paper
argues that such a portfolio approach provides a suitable and flexible
framework for making research funding decisions in a complex environment.
The portfolio approach in this context simply refers to the maximalisation of an
objective function under a set of constraints, using linear or non-linear
programming and a heuristic procedure to find maximum values. The quality of
research projects is an important metric in this procedure, but it is not the

2 With the COVID-19 crisis, Russia’s aggression against Ukraine, the energy crisis, and the rapid
diffusion of Al technologies there is now also a strong policy focus on technological sovereignty, open
strategic autonomy, economic security, and resilience. These concepts may still need to be defined
more clearly, but it is evident that there is a role for R&l. Di Girolamo et al. (2023) propose a
methodology and present some metrics on technological sovereignty.

8 R&l is a broader concept than research and development (R&D) as not all innovation is based on R&D,
but what is captured in official statistics on investments typically refers to R&D.

4 The current programme running until 2027, Horizon Europe, has a budget of EUR 95.5 billion.

5 | added “in principle” because it might happen that the remaining budget is insufficient to finance the
proposal next in line, in which case a proposal with a lower budget and a lower rank could be selected.



determining factor. The main advantage of such a portfolio approach is that it
can also take account of interdependencies between research proposals
(substitutability / complementarity and risk diversification) and of holistic
attributes referring to other objectives (for example related to inclusiveness
considerations or whether the proposal is addressing a topic relevant for
sustainable development). Research funding decisions can thus be based on a
systematic overview of alternative outcomes in a fully transparent process.

A possible explanation for why this portfolio approach is not used in practice is
the existence of a principal-agent relationship between the ultimate owner and
those making the financing decisions. Whereas the principal might indeed
adopt a portfolio approach (to deliver maximum impact for its constituency),
agents with an information advantage can deviate from this and use the merit-
based approach. This resembles the situation of a utilitarian principal making
choices for the greater good and an agent following conventions and codes of
conduct typically motivated by fairness considerations. Deviations by the agent
from the merit-based approach could be seen as going against conventions,
possibly with negative consequences (such as criticism from peers). Results
from a survey among policy practitioners from the European Commission
provide informal evidence for the presence of such conventions in research
funding decisions. Practitioners in the field of research and innovation policy
who are exposed to such conventions showed a stronger preference for the
merit-based approach than policy practitioners active in other fields, who are
likely less impacted by conventions in the research and innovation community.

The paper then generalises the key argument that conventions matter for
economic decisions, with reference to the field of behavioural economics. Such
decisions are often made in a context where some form of mental programming
might matter. This will show up in the form of additional constraints in the
optimisation problem, as — to be effective — it puts limits on behaviour.

The organisation of the paper is as follows. Section 2 presents a concise
overview of related literature. The portfolio approach is described in Section 3.
The common practice of merit-based funding is recapitulated in Section 4.
Section 5 looks into the role of convex preferences as a potential explanation
for the popularity of the merit-based approach, ending with some critical notes
on the strength of this argument. A principal-agent structure is then adopted in
Section 6, where the principal adopts the portfolio approach and the agent
follows the convention and uses the merit-based approach. Section 7 presents
the results from the survey among policy practitioners from the European
Commission on the preferred funding model. The arguments are put in a
broader context in Section 8, making the point that mental programming is
ubiquitous and matters for economic outcomes and statistical inference. Finally,
Section 9 concludes.



This paper builds upon various strands in the literature, which | will concisely
review.

2.1 Rationale for R&I policy

The economic rationale for R&l policy has developed along three types of
arguments. Firstly, public intervention in the field of research and innovation is
needed to correct for market failures. An often-mentioned market failure is
knowledge spillovers. Knowledge has public good properties, in the sense that
it is non-rival and only partly excludable (Romer, 1990). This implies that
private investors in research projects generating new knowledge can only
appropriate part of the returns, which will lead to underinvestment from a social
perspective.® Public interventions, for example in the form of grants or
intellectual property protection, will reduce the wedge between private and
social returns, helping to internalise knowledge spillovers. Other market failures
identified in the literature refer to information asymmetries causing access to
finance difficulties (in particular for SMESs), indivisibilities of research projects
and other non-convexities, and difficulties to wash out risk in sets of research
projects because of a-typical risk patterns of individual projects. All these
market failures can lead to lower private investment in R&D than socially
optimal, justifying some form of public intervention to try and restore the social
optimum. The notion of market failures goes back to the early days of
neoclassical theory, and its application in the field of research and innovation
was spurred through the development of endogenous growth theory in the late
1980s. For more detailed discussions, see for example Hall (2002), Hall and
Lerner (2009), and Mazzucato and Semieniuk (2017).

Secondly, in the 1980s a literature emerged on system failures, where
interdependencies between various parts of the innovation system could lead
to underperformance in case of bottlenecks. The main message here is to not
only consider R&I activity in isolation, but to look at the wider system in which
such activity is embedded. A popular example of system failure is the lack of
linkages between science and industry (culminating in the “European paradox”,
where it is claimed that Europe shows strong scientific performance but lags
behind in the ability of converting this into wealth-generating innovations, cf.
Dosi et al. (2006)). Another example would be when the effectiveness of
research subsidies in terms of increased research activity is limited due to a
mostly inelastic supply of researchers (at least in the short run). Efforts to
increase the supply of researchers (for example by encouraging students to
enrol in a science or engineering programme) would then be needed before

6 See for example Jones and Summers (2020), reporting that the social returns to innovation are very
large. The discrepancy between private and social returns can also be reduced in the presence of a
well-functioning secondary market (cf. Arqué-Castells and Spulber, 2022).



stepping up financial support to the private sector to engage in R&l activity.
Thirdly, system failure can refer to the functioning of public administrations and
the design of public policies, where gains can be reaped by making more use
of robust evidence in favour of or against a certain type of intervention
(evidence-informed policymaking), and by ensuring synergies with other
intervention areas which are also part of the wider innovation system
(“government failure”). For further discussions, see for example Lundvall
(1992).

Thirdly, in the most recent R&lI literature there is a call to make R&I policy more
transformative. A pioneering paper is Schot and Steinmueller (2018) who argue
that “to meet the ambitious challenges expressed for example in the SDGs, we
need a new framing for innovation policy. This is what we call Framing 3 aimed
at transformative change. This raises the question — what needs to be
transformed? Based on the research in sustainability transitions studies we
argue that transformation of socio-technical systems is needed in energy,
mobility, food, water, healthcare, communication, backbone systems of modern
societies” (page 1562). The definition of transformative research and innovation
policy has further broadened in debates on a renewed growth model, with a
stronger emphasis on inclusiveness, sustainability, resilience, open strategic
autonomy and preparedness. For example, what is needed according to the
ESIR group’ is to “transform the economy and society, through challenge-
driven approaches to research and innovation, triggering change that
addresses the root causes of our current dysfunctional systems” (ESIR (2023),
page 3). Transformative research and innovation policy thus refers to a broad
policy agenda with the ultimate objective to address the major societal
challenges mankind is facing. Discussions on how such transformative policy
should look like are ongoing, with a recurrent role for directionality in research
programmes to channel more funding to projects highly relevant for tackling
such major societal challenges.

This short overview of the developing rationales for R&I policy illustrates that
the task for policymakers has become increasingly complex, with an expanding
set of policy objectives over time.

7 Expert group on the economic and societal impact of research and innovation, with its secretariat in the
Directorate-General for Research and Innovation of the European Commission.



2.2 Portfolio approach

The portfolio approach is mainstream in the world of finance and investment
(since the work by Markowitz, 1952). In the finance community it is a statistical
method to improve the properties of an investment portfolio. Investments are
diversified in terms of risk categories and in terms of assets within each risk
category. Exploiting the law of large numbers, total risk levels decrease when
diversification increases within and across risk categories. The investment
decision on a particular asset is therefore not made in isolation, but is
contingent on the composition of the rest of the portfolio. The abundance of
financial data on correlations, variances and co-variances of asset returns has
spurred academic research and practical applications of the portfolio approach
in the financial sector.

For a variety of reasons this portfolio approach cannot be translated one-to-one
from the world of finance to the world of R&l. Wallace and Rafols (2015)
provide some general considerations for the application of the portfolio
approach in science policy. Dorfleitner et al. (2012) stay close to the original
approach and introduce a social dimension in the Markowitz portfolio model,
where assets both generate a financial return and a social return.® They look at
stochastic social returns, and at a simplified version with deterministic returns.
The advantage of the former is that portfolio performance can be improved by
exploiting the covariance structure between various assets. Hall et al. (1992)
and Chien (2002) use linear algebra techniques to select projects in a
deterministic environment, and showcase the flexibility of this approach when
there are multiple objectives. Chien (2002) proposes a taxonomy distinguishing
between independent portfolio attributes, interrelated portfolio attributes and
synergistic portfolio attributes.

2.3 Institutions

The third stream of literature relevant for this paper is institutional economics.
“Institutions are the humanly devised constraints that structure human
interaction. They are made up of formal constraints (e.g., rules, laws,
constitutions), informal constraints (e.g., norms of behavior, conventions, self-
imposed codes of conduct), and their enforcement characteristics. Together
they define the incentive structure of societies and specifically economies.”
(North, 1994) The most widely used merit-based funding method in research
policy can be seen as an informal constraint with an impact on outcomes. This
paper is thereby also (but somewhat more remotely) related to the literature on
the role of informal constraints for the decision process, for example on the
effectiveness of codes of conduct (as an alternative to regulation), the role of
identity for labour supply decisions (cf. Oh, 2023), and the influence of social
norms on behaviour (cf. Bicchieri et al., 2023).

8 R&D investments with spillovers could therefore fit in this approach.



This section discusses research funding mechanisms when the decisionmaker
follows a utilitarian approach and makes the choice delivering the greatest
impact for society. | will firstly present the case of a single selection criterium.
Thereafter | will discuss two extensions of the basic model, namely a non-linear
version allowing for complementarity/substitutability between research projects,
and a more general case with multiple selection criteria.

3.1 Single selection criterium

Let I={1, 2, 3, ..., N} denote the set of research proposals received in response
to a public call, and each proposal i€l has attributes in terms of its quality score
gi and budget bi (and some other attributes to be discussed below). Quality
scores are represented by vector g’=[q: ... gn] with dimension N x 1. Let xi be a
dummy variable taking value 1 if a proposal is funded and 0 if it is not funded.
Vector x’=[x1 ... xn] with dimension N x 1 describes in other words the menu of
research proposals which will be funded. The corresponding budget for each
research proposal is included in vector b’=[b; ... bn] with dimension N x 1.

The decisionmaker’s objective is to maximise the sum of the quality scores of
the proposals selected for funding (a single selection criterium). This boils
down to solving the following simple maximisation problem of utility function U:

max U=x’q (1)
subject to
x’b<B budget constraint,

where B denotes the available budget

For small N, this linear programming (LP) problem (also called knapsack
problem) can easily be solved by standard mathematical techniques, such as
the Lagrange-multiplier method (cf. Chiang, 1984). For larger N, numerical
technigues can be used.® This approach for selecting research projects is well-
established in the literature (cf. Hall et al., 1992; Chien, 2002).

Let us look at a simple example. Table 1 shows a mock list of research
proposals. There are ten proposals, ranked from 1 to 10 according to their
guality score. Research proposal 10 has the highest quality score (9 in the
example) and research proposal 1 has the lowest quality score (5). All projects

° For N proposals there exist 2N different portfolios, including an empty portfolio with zero selected
research proposals and many other less relevant or unfeasible combinations.



are in principle eligible for funding (e.g. comply with minimum quality
requirements).

Table 1: Mock list of research proposals

Proposal

Attribute 1 2 3 4 5 6 7 8 9 10
Quality 5 6 6.5 6.5 7 7.5 7.5 8 8.5 9
score

Budget 22 18 16 9 24 16 12 7 23 20
SDG 1 0 1 1 0 0 1 0 0 0
Synergy 1 0 0 0 0 0 0 1 0 0
SME 0 0 0 1 0 0 0 1 0 0

Assuming B=100, the outcome of the maximalisation procedure is that projects
2,3,4,6,7, 8 and 10 will be selected for funding. Let us denote this menu
selected for funding by set M={2, 3, 4, 6, 7, 8, 10} where Mcl. This yields a
total quality score of 51, and a budgetary expenditure of 98. Research
proposals 1, 5 and 9 will not be funded in this example.©

3.2 Substitutability or complementarity between projects

The linear programming approach can be criticised for its assumption as
regards the independence of projects (Chien, 2002, page 362). This additivity
assumption is however not essential and can easily be generalised by non-
linear programming. Following Dixit (2002), interactions between two projects in
terms of their substitutability or complementarity can be captured by the
following specification

X101+X202-KX1X2 (2)

0| use a heuristic approach in STATA to find the solution, by evaluating all theoretically possible
combinations of research projects. This has the advantage that one can then also easily inspect
alternative menus as will be discussed in Section 3.3. The coding in STATA is available from the author
upon request. Other methods could be preferable for larger N.

10



where k>0 represents the case when the projects are substitutes and k<0 the
case when they are complements.!! Or, in matrix notation for the situation with
a single selection criterium:

max U=x’q-%2x’Kx (3)
subject to
x’b<B budget constraint

where K is an N x N matrix where the elements capture the degree of
substitutability / complementarity between projects. Turning back to the
example, let us assume that kio2=k210=0.6 (weak substitutability between
projects 2 and 10), and kes=kse=-5 (strong complementarity between projects 5
and 9).*2 The matrix would then look like

0 0 0 0 0 0 0 0 0 07
0O 0 00O O OOO O O06
0O 0 00 O OOOTO O
0O 0 00 O OOOTO O
k=(f0 0 00 0 000 -5 0
0O 0 00 O OOOTO O
0O 0 00 O OOOTO O
0O 0 00 O OOOTO O
0O 0 00 50000 O
0 06 0 0 0 0 0 0 O O

The maximisation procedure now yields the following solutions with identical
total quality scores: M1={4, 5, 7, 8, 9, 10} and M,={4, 5, 6, 8, 9, 10}. These
portfolios both avoid the combination of project 2 and 10 (because they are
substitutes) and include the combination of project 5 and 9 (because they are
complements). M; can be realised at a lower budget than M. (95 and 99,
respectively).

3.3 Multiple selection criteria

Research and innovation policies and funding programmes often not only look
at scientific quality, but also at other attributes. For example, the notion of
transformative R&l emphasises that research projects should be oriented
towards addressing major societal objectives such as the United Nation’s

1 This specification can be refined by taking differences in projects’ attributes into consideration, such as

the distance in rank or budgetary differences.

21t will obviously be difficult in practice to quantify these project interactions. More qualitative approaches

can then be followed, in combination with the linear programming approach (for example by introducing
feedback loops where individual quality scores are adjusted downwards or upwards depending on the
composition of the portfolio, or by simply representing such interactions in additional slack constraints.

11



Sustainable Development Goals (cf. Schot and Steinmueller, 2018).
Participation of small and medium-sized enterprises (SMEs)!3, geographical
coverage, and synergies with other research projects/programmes/reforms
could be additional criteria in funding decisions. The single selection criterium
approach developed in the previous sub-section can be generalised to take
such multiplicity of criteria into account.'4

The last three rows of Table 1 present some additional attributes of the
research proposals. The row labelled “SDG” shows which projects aim to
address the sustainable development goals (a 1 indicates that the project
addresses one or more SDGs and a O indicates that the project does not
contribute to the SDGSs). This is represented by vector sdg’=[sdg: ... sdgn] with
dimension N x 1, where sdg; is a dummy variable taking value 1 if the proposal
is addressing the SDGs and 0 otherwise.

Some proposals could form a logical combination with another component of
the framework programme or even a policy outside the framework programme
for research and innovation, and this attribute is called “synergy” in the table.*®
In this example this is the case for proposal 1 and 8. This is captured by vector
syn’=[syn; ... syny] with dimension N x 1. The dummy variable syn; takes value
1 if the project has synergies with another call for proposals and 0 otherwise.

Finally, proposal 4 and 8 are submitted by small and medium-sized enterprises
and the others by other entities (under the attribute “SME”). This is represented
by vector sme’=[sme; ... smen] with dimension N x 1. The dummy variable
sme; takes value 1 if the project is submitted by an SME and 0 otherwise.

The maximisation problem is now described by:

max U=x’q (4)
subject to

x’b<B budget constraint

x’sdg=0 SDG objective

x’syn=0 synergy objective

13 As discussed in the literature review, SMEs likely face access to finance difficulties for R&I projects,
which could point at market failures.

14 A question beyond the scope of this paper is who should assess these criteria other than quality, and
how they should be assessed.

15 Synergies may in practice be difficult to assess, and could pertain to various aspects (for example,
topic, approach, actors, sectors/industry, technology, and technology readiness). This attribute could
also represent spillovers.

12



x’sme=0 SME objective

Notice that the additional three constraints are assumed to be slack, so that
they do not effectively eliminate menus of proposals but just indicate how a
specific menu is performing in terms of the additional criteria. In settings with
multiple selection criteria, decisionmakers typically need to weigh the various
objectives, so there should be room for discretion in the funding allocation
process. Instead of a unique solution to the maximisation problem, the
procedure with the additional slack constraints delivers a set of (what | call)
alternative menus from which the decisionmaker can choose. In other words,
this procedure takes an agnostic approach with respect to the relative
importance of the various objectives. Table 2 shows four alternative menus,
generating the four highest total quality scores out of all possible combinations.

Table 2: Alternative menus in a setting with multiple selection criteria

Menu Total Total SDG synergy SME
quality budget
score
(max 51) (max (max 4) (max 2) (max 2)
100)
M:={2, 3, 4, 6, 7, 8, 10} 51 98 3 1 2
M.={3, 6, 7, 8, 9, 10} 47 94 2 1 1
Ms={1, 2, 3, 4, 6, 7, 8} 47 100 4 2 2
M4={4, 6, 7, 8, 9, 10} 47 87 2 1 2

With the information provided in the table, the decisionmaker can assess the
overall performance of each of these menus and weigh the various trade-offs,
which are now quantified. M1 corresponds to the solution obtained with the
portfolio approach based on the single selection criterium of research quality.
Mg is the outcome from a merit-based approach, to be discussed in Section 4.
Notice that the composition of these alternative menus differs substantially. For
example, research proposal 10 is in M1, M2 and Ma, but not in Mz, and proposal
9 is in M2 and Mg, but not in M1 and Ma.

M1 has the highest total quality score of 51, and the other three menus all have
a quality score of 47. M3 outperforms the other menus in terms of the additional
selection criteria, with maximum scores on all three objectives, and it needs the
full available budget. A somewhat remarkable feature of M3 is that the two
projects with the highest quality scores are not included, whereas the four
projects with the lowest quality scores are included. M4 outperforms M in terms
of score on the SME criterium, and can be realised at a lower budget than M.

13



Leaving budgetary considerations aside®, the decisionmaker would likely
choose between M; and M3, depending on whether or not the total quality score
is seen as a more important selection criterium than the other three criteria.’

Using Chien’s taxonomy (Chien, 2002), research quality is an independent
portfolio attribute, as the contribution of each project to the portfolio’s
performance in terms of research quality is independent of the other projects.
Risk reduction through diversification would be an example of an interrelated
portfolio attribute, but does not apply in our deterministic example (see Annex |
for an illustration of diversification in a version with stochasticity).
Complementarity or substitutability across research projects (cf. Section 3.2) is
another example of an interrelated portfolio attribute. The attributes in terms of
SDG coverage, synergies and SME participation can be seen as synergistic, as
they are the holistic contribution of the selected research projects. These
attributes matter at the portfolio level, and can only be assessed when
considering the preferences among alternative portfolios.

This combination of a rules-based approach using linear programming and a
discretionary approach where decisionmakers can choose between menus has
some attractive features, if properly applied. It avoids arbitrariness and
improves transparency at the discretionary stage, though it might be perceived
by decisionmakers as a straitjacket. “Do-it-yourself” adjustments to the menu in
the discretionary stage should however be avoided, as it will likely result in sub-
optimal funding decisions. If at the discretionary stage latent preferences
become visible (for example with respect to geographical coverage), they need
to be made explicit and can then be included as an additional constraint in the
linear programming approach. This will then deliver a new set of alternative
menus from which the decisionmaker can choose. Such an iterative process is
essential for a proper functioning of this method.

Wild cards and superstars

The LP approach makes it less predictable which projects will be included for
funding. In the numerical example projects 10 and 9 are not included in all the
alternative menus, while proposal 1 is included in one of the menus.

It might happen that the decisionmaker wants to prioritise (or de-prioritise) a
specific project independent from its earlier mentioned attributes, for a variety
of reasons (geopolitical, diversity, strategic, etc.). In this case one can give this
project a wild card guaranteeing its inclusion in the four alternative portfolios,
simply by adding an additional constraint to the LP specification which should
now be binding (instead of slack).

16 | will assume that the decisionmaker is not the residual claimant on any budgetary leftovers.

7 And perhaps also depending on whether the decisionmaker would foresee any legal issues or
pushback from the scientific community when M3 would be chosen, because of its unusual composition.

14



A similar story holds for superstar projects. These are projects with potentially
huge impact, not accurately captured by the zero to ten scale on which
research quality is assessed. In research and innovation this case is
particularly relevant, as impact follows a very right-skewed distribution. The
inclusion of such potential superstar projects can be guaranteed in a similar
fashion as described in the previous paragraph.

Let us now leave aside the portfolio approach and consider common practice.
In most cases, research funding decisions are made on the basis of the quality
score of the individual research proposals. The projects with the highest scores
are selected for funding. According to this merit-based approach?®, the
decisionmaker would choose to fund projects 10, 9, 8, 7 and 6. Project 5
cannot be funded as that would not fit in the budget. But that would leave the
decisionmaker with an unused budget of 22. As we have assumed that the
decisionmaker is not the residual claimant of the unspent budget, it might be
decided to spend the remaining budget on project 4 which is the next in line.
The decisionmaker then still has an unspent budget of 14, but there are no
other projects that could be funded from this remaining budget (assuming the
absence of partial funding). If there is a strong preference to limit budgetary
leftovers as much as possible, the decisionmaker may even decide to fund any
of the projects 1, 2, or 3 instead of 4. Some arbitrariness is likely to kick-in. Let
us for now assume that according to the merit-based approach the selected
menu is given by Ms={4, 6, 7, 8, 9, 10} with a total quality score of 47 (4 points
lower than the outcome based on the portfolio approach outlined in Section 3.1)
and a budget of 87 (cf. Table 2).

This merit-based approach is the convention in the research community.
Deviations from this convention could be seen as uncommon, unfair, or even
harmful.

Some other critical notes on the merit-based approach

Firstly, some would argue that the merit-based approach is predictable,
transparent and easy to implement. Indeed, with a single selection criterion and
reliable quality scores the best research proposals are selected for funding.
Merit-based funding thereby puts a heavy burden on the shoulders of the peer
reviewers, as the ranking resulting from their evaluation essentially fixes the
funding decision. This could in itself already have negative side-effects, such
as risk aversion and a bias towards more conservative research proposals and
incumbent research consortia. Multiplicity of objectives and interactions
between projects further complicate the position of the peer reviewers involved
in a merit-based funding procedure. Scores may suffer from becoming

18 Others refer to it as the ratings-only model or the rankings-only model, cf. Gallo et al. (2023). Minimum
scores on quality are also often used but are de facto similar.
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confounded, mixing assessment of research quality with the assessment of
other objectives to legally justify the funding decision. This obviously comes at
the cost of transparency. The reason is that the merit-based approach has
difficulties to cope with interrelated and synergistic portfolio attributes. The
portfolio approach as described in Section 3 also uses inputs from the peer
review process, but quality scores are not the determining factor for funding
decisions and the interrelated and synergistic portfolio attributes can be
assessed separately. In other words, in the portfolio approach peer reviewers
can merely focus on their core task: to assess the research quality of the
proposals.

Secondly, merit-based funding is widely seen as fair vis-a-vis the scientific
community. But would it still be a fair approach vis-a-vis society at large who
could potentially benefit from more innovations when research funding
decisions would be based on the portfolio approach?

Thirdly, merit-based research funding is considered to reward excellence. To
some extent this is indeed the case, as the projects with the highest scores are
funded. The funding decision is however often a go/kill decision: either a
project gets funded or not. Excellent projects do typically not get additional
funding on top of what is asked for. The effective competition in this set-up is in
the zone where go decisions change into kill decisions. In the numerical
example this is between projects 5 and 4 (or even 1, 2 or 3 according to the
above-mentioned reasoning), i.e. the infra-marginal projects. And the nature of
the competitive process may change from competition on quality to competition
on budget. In other words, there is no bonus for excellence for the submitters,
and it is sufficient to avoid ending up in the “kill zone”.

An argument against the linear approach used in the portfolio model could be
that the cardinal score of the research proposals is an inadequate metric for the
maximalisation problem because funding in ranking order is considered more
important among the top-ranked proposals than among those with lower ranks.
Funding the 9th but not the highest ranked proposal (the 10th) is more costly
than funding the 1st but not the 2nd proposal. Hall et al. (1992) therefore
propose to use a monotonic rank function V(.) with strict convexity of the form

V(y) = exp(cy)/exp(c),
where y is the rank of the proposal, and ¢ is a non-negative parameter
capturing convexity. Value scores are represented by vector
v’=[exp(1xc)/lexp(c) ... exp(10xc)/exp(c)] with dimension N x 1. The
decisionmaker would now solve the following maximisation problem:

max U=x’v (5)

subject to
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x’b<B budget constraint

Recall that the menu choice based on the portfolio approach with a single
selection criterion is given by M1={2, 3, 4, 6, 7, 8, 10}, whereas the merit-based
menu is given by Ms={4, 6, 7, 8, 9, 10}. The critical value of c, ¢, for which the
decisionmaker would be indifferent between the two methods is given by:

exp(26)/exp(&) + exp(3¢)/exp(€) + exp(4&)lexp(E) + exp(6&)/exp(6) +
exp(7¢&)/exp(¢) + exp(8&)/exp(&) + exp(10&)/exp(&) =

exp(46)/exp(&) + exp(66)/exp(C) + exp(7¢)/exp(&) + exp(86)/exp(é) +
exp(96)/exp(&) + exp(10&)/exp(é)

This equality holds for ¢=0.11. If c>¢ the portfolio approach would yield the
same outcome as the merit-based funding allocation mechanism, if c<¢ the
outcome of the portfolio approach would be the same as described in Section
3, and if c=¢ the decisionmaker would be indifferent between the two
approaches.

It may not be obvious to estimate ¢ and check if it would be below or above the
critical value. Using a survey method, Hall et al. (1992) obtain ¢=0.094, but this
number should be interpreted with caution as it is based on expert judgement
by only one decisionmaker. If this estimate is nevertheless a reasonable
estimate for the convexity of preferences, then the portfolio approach would
yield the same solution as earlier described, which differs from the outcome
with a merit-based approach.

In addition to the difficulty of obtaining an estimate for c it should be noted that
¢ depends on the attributes of the received research proposals, the available
budget, and the number of proposals received. Figure 1 shows the pattern of ¢
for budgets between 40 and 160, calculated for intervals of 10. The pattern is
somewhat irregular, and for B=110 the critical value of c is actually quite
substantial (0.48).
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Figure 1: Critical value of convexity for which the decisionmaker would be
indifferent between the portfolio approach and the merit-based approach in the
mock example

Note: The critical value of convexity is on the vertical axis and the available budget is on the horizontal
axis.

If one is willing to assume the presence of convexity, where ¢ would likely be
somewhere in the range between 0.05 and 0.2, it would still be problematic to
rely on the merit-based approach as a rule-of-thumb for maximising the
objective function as the portfolio model with convex preferences could possibly
yield other menus with better properties. However, the convexity necessary to
ex ante commit to merit-based outcomes in the portfolio approach is likely
beyond a realistic value, making this argument less satisfactory.®

Let us now assume that the funding process can be described by a principal-
agent structure, where the principal (a political authority with a democratic
mandate) delegates the funding decision power to an agent, namely a funding
organisation. The principal takes a utilitarian perspective as described in
Section 3 on the portfolio approach based on linear (or non-linear)
programming, possibly complemented with discretion in the case of multiple

19 It should be noticed that the merit-based approach (or the portfolio version with convex preferences)
does not require precise valuation of the impact of each project. It only requires an ordinal metric,
namely the ranking of the projects by their impact. In contrast, the portfolio approach logically uses the
cardinal metric labelled “quality score”. The ordinal metric can also be used within the portfolio
approach, but would then automatically bring in strong convexity.
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objectives. The agent has an information advantage and can deviate from the
principal’s objective function. In this case it means that the agent can follow the
merit-based approach and allocate funding to research projects according to
the scores of the individual proposals. The motivation of the agent to do so may
be related to fairness considerations and the wish to adhere to conventions.
The utilitarian principal wants a solution for the greater good, based on veil-of-
ignorance reasoning (cf. Huang et al., 2019). The agent prefers a fair solution
(“fair” from the perspective of the research community), where funding
decisions are merit-based. As we have seen, the solutions may coincide or not.

This reminds us to the difference between doing what is right and doing what is
fair. Some outcomes are maybe not fair, but they are the right thing to do.?
And some outcomes may be fair, but not the right thing to do.2?* The different
perspectives from the principal and the agent might lead to awkward
discussions. Let us define a type 1 error as a situation where a research
proposal is not funded while it should be funded, and a type 2 error as a
situation where a research proposal is funded while it should not be funded.
Recall that the menu choice based on the utilitarian approach is given by M;
={2, 3, 4, 6, 7, 8, 10}, whereas the merit-based menu is given by Ms={4, 6, 7, 8,
9, 10}. The principal would conclude that the agent makes a type 1 error as
regards projects 2 and 3, and a type 2 error as regards project 9. The agent
would conclude the mirror image: the principal makes a type 1 error as regards
project 9 and a type 2 error as regards projects 2 and 3. There is a risk of a
statistical fallacy if decisionmakers have different normative benchmarks. To
put it differently, the principal considers it inefficient to finance 9 instead of 2
and 3 by the merit-based approach and the agent finds it unfair to finance 2
and 3 but not 9 in the portfolio approach. As mentioned, one approach is not
superior to the other. Fairness comes with a price, but perhaps it's worth
paying this price as fairness is a public good.

The merit-based approach where funding is based on the rank of the research
proposal has the advantage that it is a clear and predictable approach, on top
of the fairness argument. With the portfolio approach it becomes less
predictable under which circumstances a proposal will receive funding. A
logical follow-up question is therefore whether introduction of the portfolio
approach in research funding decisions would impact on the quality and the
number of submissions in response to the public call. This is an open question,
which could be studied using experimental techniques. This is left for further
research. In this paper | will look at a related question, namely whether policy

20 In 2020 a judge in the Netherlands decided that a woman who was living on welfare had to pay back

7000 euros to the local government because her mother was sometimes paying the groceries for her.
There was widespread discontent that this judicial decision was unfair, but the judge decided it was the
right thing to do.

21 Negatively reciprocating a harmful action against you could be seen as fair (“an eye for an eye, a tooth

for a tooth”), but Gandhi taught us that this is not the right thing to do (“an eye for an eye makes the
whole world blind”).
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practitioners would be willing to deviate from the merit-based approach. This is
next section’s topic.

The merit-based approach or a “hybrid” funding model in between the portfolio
approach and merit-based approach can be written as a linear programme:

max U=x’q (6)
subject to
x’b<B budget constraint
funding constraints
In the portfolio approach as described in Section 3 there are no constraints on
the funding model. In the merit-based approach the constraints on the funding

model would look like: N>N-1>N-2>N-3>--->1, subject to budgetary feasibility.

Table 3: Funding model constraints

Model Funding constraint

Portfolio approach no constraints

Hybrid approach Top projects should be funded

Merit-based approach Projects 10, 9, 8, 7, 6 and 4 should be funded

To investigate preferences for these approaches among practitioners in a
public administration | have adopted the following approach.

In a first stage | contacted 75 policy practitioners from the European
Commission and invited them to participate in a contest on solving the simple
linear algebra problem presented in Section 3.1. The mailing list contained
colleagues from the Directorate-General for Research and Innovation with
whom | have a direct or indirect working relationship, as well as colleagues in
other Directorates-General of the European Commission with whom | have
been working together (Directorate-General for Economic and Financial Affairs,
Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs,
Directorate-General for Budget, Joint Research Centre). To my knowledge,
none of the colleagues on the mailing list is directly involved in research
funding decisions as described in this paper, but all of them could potentially be
in such position in a future assignment. As my invitation to participate in a
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contest is somewhat non-standard in European Commission internal e-mail
traffic, | used a gentle nudging strategy.?? This contest was launched on 26th of
July 2023 and was closed on 31st of August 2023 (to enable as much
colleagues as possible to participate in view of summer holidays). The e-mail
recipients were informed that the contest was organised in the context of a
study, but no further details were given. In total | received 37 responses, and
29 (78%) of the received answers were correct. Two correct answers were
already received within one hour after the launch of the contest. This illustrates
that there is ample capacity among the surveyed policy practitioners to
implement a portfolio approach in practice.

For the second stage, | contacted again the same list of policy practitioners
(those who responded and those who did not respond) the day after the closure
of the contest. | informed the recipients about the correct answer and gave a
short explanation in terms of the linear algebra approach. Then | recalled that
in practice research funding decisions are merit-based, and listed the projects
that would be funded with this approach. | then asked the recipients to choose
which model from the list in Table 3 they would prefer, explicitly also inviting
responses from those who did not reply in the first stage. To minimise a
possible impact from the ordering of the provided options | have randomly
divided the recipients into six groups with different ordering of the three
possible answers for each group. | also allowed two other answering
possibilities: another funding model (where | invited the respondent to
elaborate) and do not know (which no one chose). The data gathering from this
second stage was closed on 18 September, and 54 replies were received.??
Many respondents gave an elaborate and nuanced explanation for their choice,
and provided new ideas such as the use of lotteries.?*

Figure 2 summarises the responses, showing that the merit-based and hybrid
approach are most frequently preferred by the respondents. However, the
support for the merit-based approach is not so strong (28%; 15 out of the 54
received replies).

2 The prize for the winner (the first one to provide the correct answer) was a dinner for two in a Thai
restaurant in a popular area of Brussels. All respondents received a small gift (a chocolate bar).

2 The day after (on 19 September) | called a meeting to present the results from these two stages, to
announce the winner, and to present a draft version of this paper.

24 Several respondents commented on the unreliability and incompleteness of the quality score. There are
other methods available to assess proposals, such as value of information analysis (see e.g. Basu et
al., 2019).
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Figure 2: The merit-based and hybrid approach receive the most support, but
differences are small.

10
1

frequency

hybrid merit other portfolio

Figure 3: Respondents who demonstrated portfolio thinking are more inclined
to prefer the portfolio model
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Figure 4: Respondents working in the field of research and innovation policy
are more inclined to prefer the merit-based model (a “club-effect”)
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Figure 5: Gender matters for funding model preferences
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Figures 3-5 provide informal evidence for preference differences across sub-
groups in the sample. In Figure 3 the group is split according to whether the
respondent has provided the correct answer in the first stage or not. The former
sub-group has demonstrated portfolio thinking (label “demonstrated” in the
figure). The latter sub-group consists of respondents who provided an incorrect
answer or who did not reply to the first stage question. They have not
demonstrated portfolio thinking (label “not demonstrated” in the figure). Along
the lines of Huang et al. (2019) | thereby investigate whether engaging in veil-



of-ignorance reasoning?® leads to more utilitarian choices in subsequent
decisions. This figure clearly shows that the portfolio approach is the most
popular choice among those who have demonstrated portfolio thinking, while it
is the least popular choice among those who have not demonstrated portfolio
thinking. Another interesting finding is that among the latter group, the hybrid
model and the merit-based model are the most popular choices. So also among
the respondents who did not provide the correct answer to the first stage
guestion there is support for introducing portfolio-related elements in funding
models.

In Figure 4 the group is divided according to whether respondents are working
within the Directorate-General for Research and Innovation (labelled “R&I”) or
not (labelled “other”). This figure shows that policy practitioners within DG R&l
have much stronger preference for the merit-based funding model than
practitioners working in other Directorates-General. In other words, deviating
from the conventional approach is clearly less common for practitioners directly
involved in research and innovation policy, to which one can refer as a “club-
effect”. An explanation consistent with this observation is that practitioners in
the field of research and innovation policy are more strongly exposed to such
conventions than policy practitioners active in other fields.

One respondent put it as follows:

“‘Math is just one side of human activity, where actually it is the values and
morals that play a key role. And we shape our behaviour, life and decisions
following those values. In this given case it is merit and equal possibilities, that
we consider as key values in our society. [...] We cannot restrict this, just
because of math. Because in itself this brings much more value to society and
is one of our society’s established pillars. Any other logic in redistribution of
budget in the programme that chose excellence as key criteria, would go
against the spirit of the programme itself and would call great discontent and
rejection by the society.”

This quote underlines the importance of the fairness argument intimately
connected to merit-based funding.

Finally, Figure 5 stratifies the sample according to gender. While there are
gender differences, it is more difficult to discern a clear pattern. Female
practitioners most frequently preferred the hybrid model or the merit-based
model. Male practitioners have chosen the merit-based model and the portfolio
model most often, and the hybrid model least often.

Somewhat more formally, | have run some regressions using a PROBIT model
of the type

2% The veil of ignorance concept comes from John Rawls, though he would not have described himself as
a utilitarian (cf. Rawls, 1971).
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DEVIATE = X’a + ¢, (7)

where X is a vector of regressors, a is a vector of regression coefficients, and ¢
is an error term. DEVIATE is a dummy variable equal to O if the respondent
does not deviate from the convention and prefers the merit-based funding
model, and 1 otherwise (i.e. the respondent prefers the portfolio model, the
hybrid model or another model). Table 4 shows the results. In model (1) the
only regressor is the dummy variable Demonstrate measuring whether the
respondent has demonstrated portfolio thinking in the first stage of the survey
(1) or not (0). The regression coefficient differs insignificantly from zero. In
model (2) the regressor captures the respondent’s affiliation. The dummy
variable R&l is equal to 1 if the respondent works for the Directorate-General
for Research and Innovation and O otherwise. Here the regression coefficient is
negative and significant. This says that respondents working in the field of
research and innovation tend to deviate less often from the merit-based funding
model. The gender dimension is studied in model (3), and the regression
coefficient differs insignificantly from zero. Model (4) shows the effects when
the three explanatory variables are combined, confirming the presence of a
club-effect where policy practitioners working for the Directorate-General for
Research and Innovation are about 25% less likely to deviate from the merit-
based funding model than their peers in other parts of the European
Commission.

Table 4: Probit regression results

(1) (2) 3) (4)

VARIABLES DEVIATE DEVIATE DEVIATE DEVIATE
DEMONSTRATED 0.132 0.0905
(0.121) (0.127)

R&l -0.266** -0.247**
(0.108) (0.113)
FEMALE 0.0500 0.0570
(0.122) (0.124)

Observations 54 54 54 54

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1

The mechanisms described above logically extend to other fields, and in this
section | provide a brief generalisation of the main arguments. Along the lines
of North (1994) and the field of behavioural economics it is evident that human
decisions are affected by “mental programming” (Hofstede, 1980) which
determine our actions. Mental programming can be introduced as an additional
constraint in the linear programme problem:
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max U=x’q (8)

subject to

x’b<B budget constraint
conventions, norms, morale, religion, beliefs,
culture, institutions, emotions, biases, routines,
mental programming, ...

Some of these constraints are contestable (such as emotions and biases), and
should be filtered out of the decision process as much as possible, but other
constraints could be more difficult to contest (such as morale) or could be
contestable in one setting but not in another (religion is non-contestable in view
of a person’s private decisions but would be contestable when this person is
making decisions as an employee).

An obvious difficulty here is that these constraints are typically tacit, hidden, or
implicit. Direct ways to deal with contestable constraints may not exist, but
there can be more indirect ways for example in the form of an active diversity
policy to reduce (self-)selection, incentive mechanisms to promote outcomes
for the greater good, and corrective mechanisms to reduce the role of emotions
and biases. Especially in principal-agent relationships where the agent has
some scope to pursue own objectives it is important to consider the possible
role of such contestable and non-contestable constraints, and to understand
their potential impact.

This also has implications for statistical analysis. We have already seen that
the detection of type 1 and type 2 errors can depend on which lens is used to
look at the problem. An example is medical research. Beliefs on what the
medical profession can do or not do are affected by culture. This becomes
visible for example in the prescription behaviour of pharmaceutical products,
which differs across countries. A general practitioner in country F may decide
to prescribe a drug for the patient with some mild influenza symptoms, but that
same patient may not receive any prescription from a general practitioner in
country H. Type 1 and type 2 error assessments should take such cultural
differences into account. In this particular example controlling for culture in the
form of the inclusion of a country dummy might already be sufficient, but in
many other cases it might be more complicated to control for such tacit
constraints.

The merit-based approach to research funding is perhaps in need of a revision,
given the rapidly increasing demands that R&I policy practitioners are facing.
Indeed, the choice of the evaluation and selection mechanism of the publicly
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solicited proposals logically depends upon the impact searched ex ante and
then measured ex post. The motivation behind this study was to investigate
whether funding decisions can be improved, by moving away from the
convention of deciding on individual proposals towards an approach where the
total impact of the call for proposals is maximised. Or, as Wallace and Rafols
(2015, page 91) put it, “the notion of research portfolios is becoming
increasingly popular as funders and performers of research strive not only to
“‘maximize” the “performance” of individual research projects, but also to
somehow consider the aggregate “performance” of a given set of projects in
terms of their contribution to diverse ultimate objectives, often of some societal
relevance”.

The funding decision process is one of the key direct mechanisms through
which policy can impact the R&I landscape in general, and its transformative
character in particular. If SDGs and other societal challenges are among the
main objectives of transformative R&l policy, there must be some formal
process in place in order to secure that sufficient funding is channelled to
projects with an “SDG-stamp” (i.e. enough directionality).?® Next to calls in
which an SDG-focus is a prime requirement for eligibility, there can be calls in
which such SDG-focus is an advantage, but not a strict requirement. In those
situations one can consider to use the portfolio approach with multiple
objectives as outlined in Section 3.3.

But even in the absence of multiple objectives or project interdependencies one
could consider to systematically use portfolio theory in research funding
decisions. It can be proven mathematically that the outcomes from the portfolio
approach are always at least equally impactful than the ones from the merit-
based approach. The intuition is that one can rewrite the merit-based approach
in terms of the portfolio approach with constraints on funding conventions, and
these constraints can be slack (in which case the outcomes are equally
attractive) or binding (in which case the menu of proposals selected from the
portfolio model outperforms the menu of proposals from the merit-based
approach). The “right” thing to do, in terms of serving the greater good, is
however not always “fair’. The debate whether one objective is superior to the
other is a philosophical one, from which | will abstain.

The only case | am aware of in which the portfolio approach has been put in
practice is the one reported in Hall et al. (1992). The authors of this paper
proposed this method to the National Cancer Institute of the United States, in
the context of a request for proposals for the American Stop Smoking
Intervention Study (ASSIST). One of the co-authors, Larry Kessler, was an
employee of the National Cancer Institute and was closely involved in the
discussions. | have contacted Professor Kessler (now professor at the School
of Public Health at the University of Washington in Seattle, WA), and asked

% It should be noticed that this may also give rise to “SDG-washing”, where proposals emphasise their
contribution to SDGs without having the intention or ability to deliver.
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how decision makers and the scientific community reacted. This all dates more
than thirty years back, but Professor Kessler seems to remember that there
was no pushback from the scientific community and no legal action was taken.
“One reason that it may not have happened is that merit score was still a large
part of the algorithm for final award decision-making. It may have still been the
most important within the overall scheme, but not the determining factor”,
according to Professor Kessler. He also mentioned that in-house decision
makers were quite happy with the results of the portfolio approach. It was
however implemented only for the ASSIST project, and the portfolio approach
was (to the best of his knowledge) not further used afterwards.

The portfolio approach described in this paper has been illustrated with a
practical example pertaining to research funding, but can naturally also be
applied in other domains, such as funding under the European Structural and
Investment Funds (including e.g. the European Regional Development Fund
and the European Social Fund), investment decisions by other international
organisations such as the World Bank and United Nations, selection of experts
(for example to compose a high level group), and even internal funding
allocation decisions on projects with social impact within public or private
organisations.

An arguably more radical change in the approach to research funding would be
the use of lotteries, where project funding is randomly allocated to research
proposals, typically after an initial screening to guarantee that the proposal
meets the minimum quality standards (focal randomisation). These lotteries
have received some attention in the literature, also because of real-life
experiences in Switzerland and New Zealand.?” An argument in favour of the
use of lotteries is that quality ratings stemming from peer review processes are
not so reliable, or even biased, while these processes are very time consuming
and costly. One of the risks associated with the use of lotteries stems from
possible kickbacks from the scientific community, manifesting for example in
the form of fewer or lower-quality submissions of research proposals. Early
evidence on such potential kickbacks indicate that this is not necessarily the
case, and there is quite strong support for the use of lotteries, especially when
the top-rated proposals would be exempted (similar to the case described
above of a hybrid funding model). Under the assumption of perfect divisibility of
proposals, the expected total impact when a lottery would be applied is equal to
(B/BN)Zqi, where BT stands for the total budgetary claim of the call.

However, as mentioned the quality scores may not be reliable and the
assumption of perfect divisibility not realistic, so let us now consider the case of
a lottery where we neutralise the role of the quality scores by simply assigning
a value of 8 to each research proposal and look again at the situation with

27 See for example Osterloh and Frey (2020) and Liu et al. (2020). Adam (2019) cites Osterloh when she
was asked about possible kickbacks from lotteries. “If you know you have got a grant or a publication
which is selected partly randomly, then you will know very well you are not the king of the Universe,
which makes you more humble,” she says. “This is exactly what we need in science.”
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indivisible research proposals (with go or kill decisions for each project). The
solution from the portfolio approach would then simply be to have as many
proposals funded as possible given the budget constraint, which is 7. There are
two menus allowing for 7 funded proposals, namely {2, 3, 4, 6, 7, 8, 10} and {1,
2, 3,4, 6,7, 8}, both obviously generating a total impact of 56. The outcomes
from a lottery would typically be worse. | ran 1,000 lotteries on the mock list of
proposals, deleting the outcomes not respecting the budget constraint, and this
yielded an average total impact of 41.73 with an average number of funded
proposals of 5.22.22 Another difficulty with a lottery based system is that no one
can be held accountable, while in the portfolio approach there is still a role for
discretion (as we have seen in the case of multiple selection criteria) so that the
decisionmaker can be held accountable.

Another large advantage of the portfolio approach is that decisionmakers can
be canvassed in the design stage of the funding procedure, and the procedure
can be tailor-made to accommodate specific requirements and desirable
features as described in this paper (e.g. as regards convexity of preferences,
interdependence of proposals and synergistic attributes in a multi-criteria
setting). One would have to give up the ex ante commitment to fairness central
to the merit-based approach, but in return there are further benefits in the
sense that management decisions can be made in a more transparent and
systematic way, taking on board some of the important complexities R&l
policymakers see themselves confronted with these days.

The outlined portfolio approach can easily be implemented within funding
organisations, and does not necessarily require more information than currently
needed in evaluation procedures. (It might be a bit cumbersome to empirically
implement the degree of substitutability or complementarity between projects or
to introduce stochasticity, but both extensions are not essential and could even
be replaced by qualitative methods to take these mechanisms on board.) Policy
practitioners with some background in optimisation techniques and basic
programming skills can implement a basic version with a modest time
investment.

A possible follow-up could be to run a pilot exercise, with a test of the portfolio
approach in the shadow of a real-life evaluation procedure, in cooperation with
the management and experts running the procedure. This would help to detect
possible unforeseen issues with the practical implementation of this method,
and to interaction with the involved practitioners to find out how the information
from the portfolio approach can be presented in the most effective way. It will
also gain insight into how decisionmakers would deal with the alternative
menus and if they find them useful in the process or rather perceive them as
overly prescriptive. It would be interesting to see if all relevant objectives can
be “codified” in constraints, which is essential in the portfolio approach, and

2 | assumed that each proposal has a 70% probability of being selected, and then deleted menus
exceeding the available budget. There are of course alternative ways to set-up the lottery.
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how stakeholders would respond to such increased transparency and change
in funding model. Policy experiments with the portfolio approach can help to
learn whether applicants would adjust their proposals (could it lead to more
risk-taking, or smaller projects?), and whether new entrants may decide to
prepare research proposals.

As a final comment, the evaluation in which points are assigned to the
individual proposals remains an important but at the same time delicate and
subjective process. It might however be less complicated to identify the best
proposals from a given pool of applicants. This was the reasoning provided by
respondents who preferred the hybrid approach, arguably combining the
advantages of the merit-based model and the portfolio approach.

30



References
Adam D. (2019): “Science funders gamble on grant lotteries”, Nature, 575, pp. 574-575.

Arqué-Castells, P., and D.F. Spulber (2022): “Measuring the private and social returns to R&D:
Unintended spillovers versus technology markets”, Journal of Political Economy, 130(7), pp.
1860-1918.

Basu, A., D.L. Veenstra, J.J. Carlson, W.-J. Wang, K. Branch, J. Probstfield (2019): “How can
clinical researchers quantify the value of their proposed comparative research?”, American Heart
Journal, 209, pp. 116-125.

Bicchieri, C., E. Dimant, M. Gelfand, and S. Sonderegger (2023): “Social nhorms and behavior
change: The interdisciplinary research frontier”, Journal of Economic Behavior and Organization,
205, A4-A7.

Chien, C. (2002): “A portfolio-evaluation framework for selecting R&D portfolios”, R&D
Management, 32(4), 359-368.

Di Girolamo, V., A. Mitra, J. Ravet, O. Peiffer-Smadja, P.-A. Balland (2023): “The global position
of the EU in complex technologies”, R&l Paper Series, Working Paper 2023/03, Directorate
General for Research and Innovation, European Commission.

Dixit, A. (2002): “Incentives and organizations in the public sector: An interpretative review”,
Journal of Human Resources, 37, pp. 696-727.

Dorfleitner, G., M. Leidl, J. Reeder (2012): “Theory of social returns in portfolio choice with
application to microfinance”, Journal of Asset Management, 13(6), 384-400.

Dosi, G., P. Llerena, M. Sylos Labini (2006): “The relationships between science, technologies
and their industrial exploitation: An illustration through the myths and realities of the so-called
‘European Paradox™, Research Policy, 35, pp. 1450-1464.

ESIR (2023): “Transformation in the poly-crisis age”, ESIR Policy Brief No. 5, European
Commission.

European Commission (2023): “European Innovation Scoreboard 2023”.

Hall, B.H. (2002): “The financing of research and development”’, Oxford Review of Economic
Policy, 18(1), pp. 35-51.

Hall, B.H., and J. Lerner (2009): “The financing of R&D and innovation”, Working Paper 15325,
National Bureau of Economic Research, Cambridge (MA).

Hall, N.G., J.C. Hershey, L.G. Kessler, R. Craig Stotts (1992): “A model for making project
funding decisions at the National Cancer Institute”, Operations Research, 40(6), pp. 1040-1052.

Hofstede, G. (1980): “Culture and organizations”, International Studies of Management &
Organization, 10(4), pp. 15-41.

Huang, K., J.D. Greene, and M. Bazerman (2019): “Veil-of-ignorance reasoning favors the
greater good”, PNAS, 116(48), pp. 23989-23995.

31



Jones, B.F., and L.H. Summers (2020): “A calculation of the social returns to innovation”,
Working Paper 27863, National Bureau of Economic Research, Cambridge (MA).

Linton, J.D., S.T. Walsh, J. Morabito (2002): “Analysis, ranking and selection of R&D projects in
a portfolio”, R&D Management, 32(2), pp. 139-148.

Liu, M., V. Choy, P. Clarke, A. Barnett, T. Blakely, and L. Pomeroy (2020): “The acceptability of
using a lottery to allocate research funding: A survey of applicants”, Research Integrity and Peer
Review, 5(3), pp. 1-7.

Markowitz, H.M. (1952): “Portfolio selection”, Journal of Finance, 7(1), pp. 77-91.

Mazzucato, M., and G. Semieniuk (2017): “Public financing of innovation: new questions”,
Oxford Review of Economic Policy, 33(1), pp. 24-48.

North, D.C. (1994): “Economic performance through time”, The American Economic Review,
84(3), pp. 359-368.

Oh, S. (2023): “Does identity affect labor supply?”, The American Economic Review, 113(8), pp.
2055-2083.

Osterloh, M., and B.S. Frey (2020): “How to avoid borrowed plumes in academia”, Research
Policy, 49, pp. 1-9.

Rawls, J. (1971): A theory of justice, Belknap Press.

Romer, P.M. (1990): “Endogenous technological change”, Journal of Political Economy, 98(5),
pp. S71-S102.

Schot, J., and W.E. Steinmueller (2018): “Three frames for innovation policy: R&D, systems of
innovation and transformative change”, Research Policy, 47, pp. 1554-1567.

Wallace, M.L., |. Rafols (2015): “Research portfolio analysis in science policy: Moving from
financial returns to societal benefits”, Minerva, 53, 89-115.

32



Annex |: The stochastic case

The willingness, ability and necessity to take responsible risks is an important part of a portfolio
approach. The portfolio approach (depending on how it is applied) allows for a different type and
level of risk-taking than other approaches, the thinking being that in a portfolio approach not
every project has to succeed, and it is rather the success of the overall portfolio that counts.

Following Dorfleitner et al. (2012) | will now briefly discuss how stochasticity can be introduced in
the portfolio model. Dorfleitner et al. (2012) complement the Markowitz portfolio model with a
social dimension, assuming that an asset generates a financial return and a social return. The
authors allow for stochastic patterns in both types of returns (and also present a version with
deterministic social returns as a special case). They then aggregate both returns in the
maximisation problem using weights to represent preferences. The model version with multiple
selection criteria (cf. Section 3.3) has some similarities with the social dimension approach, but |
have abstained from integrating these additional criteria in the maximisation problem, thereby
leaving some room for discretion and avoiding the need to pick weights. This boils down to a
simplified version of the approach in Dorfleitner et al. (2012). Since there are no financial returns
in my model, | introduce stochasticity in the quality scores qi. This stochasticity can be due to
stochasticity in the peer review process to obtain the research quality scores, or stochasticity
related to project implementation risks and risk associated to the translation of project outcomes
into societal benefits. The decisionmaker faces the following maximisation problem in such a
stochastic environment:

max U=x’q-B(1/P?)x’Qx (A1)
subject to
x’b<B budget constraint

where 820 measures risk aversion, P<N denotes the number of proposals selected for funding
(so 1/P is the weight of a proposal in the menu) and Q is the covariance matrix,

Q=

011 GlN]
ON1  ** ONN

with its elements denoting the covariance between the returns of project i and j (i,jel). Under the
assumption of an independent distribution of the stochasticity associated with the calculation of
quality scores, matrix Q has only non-zero elements on its diagonal where e.g. 011=0%(q1). After
implementation of the risk parameter 8 and covariance matrix Q similar heuristic optimisation
methods can be employed as discussed in the paper. Introducing stochasticity in the portfolio
approach shows another example of an interrelated portfolio attribute, where total risk can be
reduced through diversification (through higher P).
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Annex II: Survey procedure among policy practitioners
Stage 1

On Tuesday 25 July 2023 | sent out the following e-mail to 75 colleagues in the European
Commission.

[.]

| would like to invite you to try and solve a puzzle. The replies might be used for a study. The
purpose of this study and the results from the puzzle will be presented to you in September. For
sure it will be fun!

This is the (completely fictional) situation:

Suppose you are in charge of a 100 million euro budget and you need to decide on the allocation
of this budget across research proposals that have been submitted to you. In total 10 research
proposals have been received. The scientific committee has attributed a score, measuring the
research impact of each proposal. Content-wise there is no overlap between the projects.

You are tasked to maximise the total research impact of the set of proposals you will select for
funding. The research impact of each proposal is listed below (in the row “impact’). The
proposals are ranked according to their impact.

Proposal
Attribute 1 2 3 4 5 6 7 8 9 10
Quality 5 6 6.5 6.5 7 7.5 7.5 8 8.5 9
score
Budget 22 18 16 9 24 16 12 7 23 20

The budget of each proposal is in the last row. So proposal 10 has a research impact of 9 (on a
scale from 0 to 10, where 10 is the highest score) and a budget of 20 million. The budget per
proposal cannot be adjusted, so you need to take a “go” or “no-go” decision for each proposal.

Which research proposals would you decide to fund, in order to have the largest total research
impact, while respecting the budget constraint of 100 million euro?

So for example just only picking proposal 10 with the highest research impact will not do the job,
as you are then left with an unused 80 million euros. You will need to select more proposals. You
do not necessarily need to spend the full 200 million; if you think you can achieve the task with
less, that’s fine. And you cannot simply select all the 10 proposals for funding, as that would
exceed your budget constraint. Also, while an impact of 5 or 6 may not sound impressive, all the
proposals are in principle eligible for funding (in other words, they all passed the minimum
requirements for funding).

It would be great if you can participate and send me your preferred combination of research
proposals. EVERYONE who sends me her/his reply to the question gets a chocolate bar (pure or
milk, as you prefer).
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And there is a gorgeous prize for the winner:
A dinner for two at Thai Café! (in Saint-Gilles)
In case of multiple winners, the prize goes to the one who sends in first.

Please submit your reply to me by 31 August at the latest. | would also much appreciate if you
can include in your reply a short description of how you solved the puzzle. And | may come back
to you at later stage with some follow-up questions, but that should not take much of your time.
Replies will be treated fully anonymously.

Please reply using the following format (and delete as appropriate):

| have decided to fund research proposals: ...

| am [not so sure / pretty sure / convinced] that my answer is the correct one.
My answer is based on: ...

A reminder will be sent a week before this deadline.

If you are unable or not interested to provide a reply, or if you think there is no unique answer, |
would also very much like to hear from you as it is important information (and then | will not
bother you with a reminder).

[..]

Stage 2

[..]

The correct answer to the puzzle is to finance proposals 10, 8, 7, 6, 4, 3 and 2, generating a total
impact of 51 with a budget of 98 million. There are many ways to get to this answer, and | was
much impressed by all the creativity and analytical skills you have shown in your answers. It is a
linear programming problem, well-established in linear algebra and one can solve it theoretically
with for example the Lagrange-multiplier method or numerically with a solver available for
example in Excel or econometric packages. Many of the responses developed the answer along
these lines.

[.]

I will have another question for you, as | already announced in the original message on the 25th
of July. It is only one question taking just a bit of your time, but a crucial one for the study. And it
is very important to get as many responses as possible, for statistical purposes. It is also very
important to get your reply if you have not participated in the summer puzzle. Needless to
repeat, all replies are treated confidentially and | am asking you to reply in your personal
capacity.

As mentioned the solution generating the maximum total impact is to finance research proposals
10, 8, 7, 6, 4, 3 and 2. However, this is not how it is done in practice. Funding is typically
distributed merit-based: those proposals with the highest research impact will be funded. In our
example it would mean that research proposals 10, 9, 8, 7, 6 and 4 (as 5 would not fit in the
budget) are financed. This delivers a total impact of 47, which is 4 points lower than in the
solution of the summer puzzle.
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Here is the question.
Which funding model would you prefer? (please tick one box only)

[ . ] Funding decisions based on the research impact of individual proposals (the currently
applied merit-based approach in which the best proposals are funded)

[ . ] Funding decisions based on maximalisation of total impact (as in the summer puzzle)

[ . ] Funding decisions based on the research impact of individual proposals only for the top
proposals (for example the best 3 proposals), funding decisions based on maximalisation of total
impact for the other proposals

[ . ] Another funding model, namely ...
[.]1do not know

[..]
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This paper argues that portfolio theory provides a
powerful tool to make research funding decisions. It
allows for an informed management decision process,
also in the presence of project interdependencies and
multiple policy objectives. Yet it is not applied in practice,
and the most common approach is merit-based funding.
As decisions are generally delegated to specialised
public organisations, this is possibly explained by the
existence of a principal-agent relationship, where a
utilitarian principal follows a portfolio approach and
makes choices for the greater good, while the agent
uses, by convention, a merit-based approach to research
funding. Survey data show that policy practitioners
working in the field of research and innovation policy
have a relatively strong preference for the merit-based
funding model, suggesting the presence of a “club-effect”
in line with the alleged agency relationship.

Studies and reports

m Publications Office
of the European Union



