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Knowledge valorisation

What is – or should be – the purpose of cognitive neuroscience? In the
introduction of this thesis, I suggested an answer to this question, with
a focus on the way how knowledge should be created. I argued that
academic research should not be restricted to observation, but should aim
for explanations and understanding. To achieve this goal, quantitative
models that identify causal mechanisms and allow predictions about
future observations are necessary. With respect to the studies presented
in this thesis, I reasoned that high-resolution fMRI research might, in
the long run, contribute to the development of mechanistic models of
cognition by reducing the gap between data and theory in neuroscience
and cognitive science.

The above argument presupposes that the purpose of cognitive
neuroscience, like that of other academic disciplines, lies in the creation
of knowledge. Conversely, the very term ‘knowledge valorisation’ chal-
lenges the inherent value of knowledge, and asks for additional value.
According to a promotional website of the University of Amsterdam,
“Knowledge valorisation refers to the utilisation of scientific knowledge in
practice. Examples include developing a product or a medicine [...]” (Uni-
versity of Amsterdam, 2015). This may be interpreted from a Marxist
perspective, where academia becomes a part of the production process1,
because “Money [...] forms the starting-point and the conclusion of every
valorisation process” (Marx, Fowkes, & Fernbach, 1981, p. 255). In
other words, money is necessary to commence a research project, and
money is expected to be generated by the research project. In case of
high-resolution fMRI research, the amount of money that is committed
to the research process is indeed substantial. Just to give an indication,
at the time of the research presented in this thesis, the hourly rate for
usage of the 7T MRI scanner at Maastricht University was in excess
of 700 euros, excluding taxes (although this is apparently a higher rate
than at some other imaging centres). Moreover, one has to consider
the costs of labour, and of additional equipment and materials (such as
office space, high-performance computers, conference visits, etc.). It is

1Although, on a more conventional reading of Marx, academia would rather belong
to the ‘superstructure’, and not to the base of society.
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Knowledge valorisation

clear that these substantial investments will not be directly returned by
the respective research outcomes in the short run.

It could be argued that an uncertain and – if at all – much delayed,
indirect return of capital is a defining characteristic of fundamental re-
search. A typical argument in its defence is that historically, fundamental
research has sometimes resulted in completely unforeseen applications
with enormous societal, medical, or economic implications. Although
I agree with this view, I will not elaborate on it, because it is the
very nature of unforeseen consequences that their anticipation amounts
to pure speculation. Instead, I will discuss two aspects of ‘knowledge
valorisation’ related to (1) the societal impact of research, and to (2)
knowledge dissemination.

Let me start by pointing out that I absolutely agree with the
notion that academic researchers should not be ignorant to the societal
impact of their work. Researchers at public institutions are endowed
with public money, and they consequently bear the responsibility to use
their resources in a way that is likely to benefit society. It would be naive
to entrust individual researchers with this task in the absence of any
structural incentives. The obligation to discuss ‘knowledge valorisation’
of scientific work can be seen as such a structural incentive. However,
although I strongly agree with the premise of ‘knowledge valorisation’, I
take issue with an interpretation that narrowly focuses on “utilisation
of scientific knowledge in practice” (University of Amsterdam, 2015,
emphasis added by the author). It would be unethical for researchers to
waste public resources through inefficiency or lack or scientific rigour,
but the purpose of fundamental research cannot be solely derived from
the creation of new products.

Consider the Apollo program, arguably one of the greatest scientific
achievements of the 20th century. The Apollo program was very costly
(CBO, 2004), but brought about technological developments that resulted
in the improvement of existing, and the development of new products
(Lowman, 1975; Schnee, 1977). Nevertheless, it has been argued that
the importance of spin-offs resulting from the space program have been
overrated (Alic, 1986), and that the costs of the Apollo program have
been disproportionate relative to the returns generated by technological
innovations (Gisler & Sornette, 2009). Arguably, the most important
consequence of the Apollo program may have been its societal impact
(Gisler & Sornette, 2009). Although it is hard to quantify the cultural
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impact of science, it is safe to assume that the inherent fascination
of human space exploration inspired many people. For example, the
‘Blue Marble’ photograph of the earth taken from an Apollo spacecraft
is thought to have affected the public discourse regarding the value
and fragility of our planet, and became an icon of the environmental
movement (Darius, 1984; Geppert, 2018; Jasanoff, 2004).

Neuroimaging of the human brain may be less spectacular, and
receives less public attention than space exploration did in the 1960s.
Nevertheless, I expect the advances in the understanding of human
brain function brought about by functional neuroimaging to have a
lasting cultural impact, beyond the technical details of academic debates.
Functional properties of visual neurons had been measured in animal
brains before the advent of fMRI, just like the earth had been charted
before the age of space flight. Yet, to know what is going on in human
brains may, in subtle ways, change people’s perception of themselves
and their position in the world, just like a photograph of the earth gave
people a new perspective on our planet. I do hope that fMRI research
will generate new technological applications that will have a positive
economic impact, but I think that the potential cultural significance
of functionally mapping the human brain by far outweighs any vague
hopes for direct return of capital.

The reference to space exploration can be extended to my second,
more down-to-earth argument on knowledge dissemination. In 1969, the
moon landing was broadcast worldwide, reaching maximum publicity
(Gisler & Sornette, 2009). NASA does not only publish beautiful pictures
of the earth and the stars, but also makes research data and computer
code freely available (NASA, 2017, 2019a, 2019b). I am convinced that
it is imperative for publicly funded research to be publicly accessible
for three main reasons. First, research that was paid for by the public
belongs to the public, and it is unethical to withhold it. Second, research
that is not read is a waste of resources, and access restrictions limit the
audience that can be reached with a publication. Third, public sharing of
data and analysis tools incentivize scientific rigour, hinder questionable
research practices and fraud, and can lead to new discoveries by enabling
re-use. Furthermore, potential errors that would go unnoticed without
public sharing may be discovered.

In my own research, I tried to facilitate knowledge dissemination
as best as I could by following open science practices. As a first step, I
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Knowledge valorisation

scripted my analyses in programming languages that are freely available
under permissive licences, such as Python and GNU Bash. To enhance
readability and facilitate potential re-use, I stringently commented my
code, and tried to adhere to common style guidelines. A central ele-
ment in the analysis pipelines of all projects presented in this thesis is
the population receptive field mapping method (Dumoulin & Wandell,
2008). The Python implementation I developed for this is freely avail-
able through the Python Package Index, i.e. it can easily be installed
by anyone (Marquardt, Gulban, & Schneider, 2018). Furthermore, a
documentation is provided to enable potential users to install and use
the software without having to contact the author (github.com/ingo-
m/pyprf). A continuous integration service (travis-ci.org) automatically
tests every modification of the code for potential bugs. In other words,
after every modification, an analysis is performed on a small example
dataset, and the result is compared with a template. Should the test
result deviate from the template, an alarm is raised. This approach,
which is common practice in the software industry, is very powerful at
detecting errors, and therefore immensely beneficial in the context of
data analysis and scientific programming.

Neuroimaging studies require a vast amount of preprocessing and
analysis steps before meaningful results can be obtained. The repro-
ducibility of neuroimaging results has been drawn into question by reports
on the effect of operating system and software version on anatomical
and functional maps (Glatard et al., 2015; Gronenschild et al., 2012).
Such effects do not only affect reproducibility across research groups,
but also make the individual researcher dependent on their particular
workstation. Changes to the hardware or operating system during a
study may confound results. One solution to increase reproducibility
both across research groups and across time is the use of containerisa-
tion (Boettiger, 2015). In this way, analyses can be carried out in a
controlled environment that is stable over time, and can easily be shared.
Docker is a containerisation software that is particularly well suited for
the needs of computationally intense scientific analyses, because of its
negligible impact on computational speed (Di Tommaso et al., 2015;
Felter, Ferreira, Rajamony, & Rubio, 2015). The analysis pipelines
pertaining to Chapters 3 and 4 of this thesis were implemented within
docker containers, and these resources will be made publicly available
upon publication of the respective papers.
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