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Uncertainty of science?

 Science is by definition uncertain — oriented at
new questions and puzzles

e Science is an elaborate mechanism of quality
control — ensuring that our stock of knowledge
is made more credible over time

 Recent claims: this mechanism does not work
as well as it should; there are major problems

with modern science making it more uncertain
and less credible than it should be ‘
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Science seems to be il

* These and other commentators argue that something is
fundamentally wrong with modern science

* But what is wrong with it, exactly?
 What are the causes of this illness?

 What can be done about it? Do we need a new science policy — and
what kind of policy?

* These are the main topics of my talk today






Lack of replicability
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C. Glenn Begley and Lee M. Ellis propose how methods, publications and incentives must
change if patients are to benefit.

Subject terms: Cancer - Drug discovery - Publishing

Efforts over the past decade to characterize the genetic alterations in human cancers have led to
a better understanding of molecular drivers of this complex set of diseases. Although we in the
cancer field hoped that this would lead to more effective drugs, historically, our ability to translate
cancer research to clinical success has been remarkably low. Sadly, clinical trials in oncology
have the highest failure rate compared with other therapeutic areas. Given the high unmet need in
oncology, it is understandable that barriers to clinical development may be lower than for other
disease areas, and a larger number of drugs with suboptimal preclinical validation will enter
oncology trials. However, this low success rate is not sustainable or acceptable, and investigators
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A leading US biotechnology firm tried to repeat
53 “potentially groundbreaking” academic
Investigations

Only in six of the cases did they get similar
results

Later studies have confirmed low replicability
also outside of medical science

Twisting the problem: failed rather than missing
replicability



Statistical problems
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* A number of investigations
have shown that severe
statistical problems are
widespread

* False positives, small
samples, use of wrong
methods, misinterpretation
or manipulation of p values

“p-hacking”) and much
more

Why Most Published Research Findings

Are False

John P.A. loannidis

Summary

‘There is increasing concern that most
current published research findings are
false. The probability that a research claim
is true may depend on study power and
bias, the number of ather studies on the
same question, and, importantly, the ratio
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
iis less likely to be true when the studies
conducted in afield are smaller; when
effect sizes are smaller;when thereisa
greater number and lesser preselection
of tested relationships; where there is
greater flexibility in designs, definitions,
outcomes,and analytical modes; when
there is greater financial and other
interest and prejudice;and when more
teams are involved in a scientific field
in chase of statistical significance.
Simulations show that for most study
designs and settings, it is more likely for
aresearch claim to be false than true.
Moreover, for many current scientific
fields, claimed research findings may
often be simply accurate measures of the
prevailing bias.In this essay, | discuss the.
implications of these problems for the
conduct and interpretation of research.

ublished research findings are
Psc:me(inws refuted by subsequent
evidence, with ensuing confusion
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factors that influence this problem and
some corollaries thereof.

Modeling the Framework for False
Positive Findings

Several methodologists have

pointed out [9-11] that the high

rate of nonreplication (lack of
confirmation) of research discoveries
is a consequence of the convenient,
yet ilHounded strategy of claiming
conclusive arch findings solely on

the basis of a single study assessed by
formal statistical significance, typically
for a pvalue less than 0.05. Research

is not most appropriately represented
and summarized by pvalues, but,
unfortunately, there is a widespread
notion that medical research articles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
pvalues. Research findings are defined
here as any relationship reaching
formal statistical significance, e.g.,
cffective interventions, informative
predictors, risk factors, or associations.
“Negative” research is also very useful.
“Negative” i amisnomer, and
the terpreration is widespread.
However, here we will target
relationships that investigators claim
exist. rather than null findings.
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WHAT’S TO KNOW ABOUT THE CREDIBILITY

OF EMPIRICAL ECONOMICS?

John loannidis
Stanford University

Chris Doucouliagos
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Abstract. The scientific credibility of economics is itself a scientific question that can be addressed
with both theoretical speculations and empirical data. In this review, we examine the major parameters
that are expected to affect the credibility of empirical economics: sample size, magnitude of pursued
effects, number and pre-selection of tested relationships, flexibility and lack of standardization in
designs, definitions, outcomes and analyses, financial and other interests and prejudices, and the
multiplicity and fragmentation of efforts. We summarize and discuss the empirical evidence on the
lack of a robust reproducibility culture in economics and business research, the prevalence of potential
publication and other selective reporting biases, and other failures and biases in the market of scientific
information. Overall, the credibility of the economics literature is likely to be modest or even low.

Keywords. Bias; Credibility; Economics; Meta-research; Replication; Reproducibility

1. Introduction

Research is a public good produced by unavoidably self-interested researchers. The credibility of research
and the market for evidence have been critically questioned (see Ioannidis, 2005, 2012a; Young et al.,
2008). Is evidence distorted? Is wrong evidence produced at a faster rate than correct evidence? Is research
produced and replicated efficiently enough? Can we do better? These and other questions apply as much to

omics as they do to other sciences. Over the years, investigators have identified several problems that

affect the credibility of empirical economics research. These include but are not limited to: publication

Miedicine, loannina, Greece, and Institute for Chmcal
Research and Health Palicy Studies, Department of
Miedicine, Tufts-New England Medical Center, Tufts
University School of Medicine, Boston, Massachuset

Amerca. ™

The authar thae
o campeting interests exist.

D0I: 10,1371 joumal. pmed 0020124

August 2005 | Vielume 2 | sued | 2124

“The credibility of the
economics literature is likely
to be modest or even low.”



Wider methodological
challenges

* Problems with contamination of cell samples, labelling, transport,
sharing, independent testing and authentication

* Problems with equipment, such as indications that a large share of
fMRI based studies could be false

* More severe integrity problems: 10-fold increase in retractions in
recent years

* Problems with citation patterns: studies that have been proven
wrong keep getting cited

RICHARD HARRIS



Paradigm problems

* Medical science: change from working
closely with patients to hunting for the
basic mechanisms of disease in the
laboratory — few treatments from this
(medical practice has also changed)

* Frequent problems with transferring
results from animal tests to humans

* From context-sensitive data to “big,
detached data” in many fields
(“datageddon” rather than insight)
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Summary: the disease

* Various problems with methods, theories and
the paradigms and practices of scientific work...

e ... may signify widespread challenges of work
standards in science, leading to major problems
of credibility

* If we (for now) accept that this is a fair
depiction, what are the causes of this disease?

* What are the cures?
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Main explanations

* Cynical scientists — researchers engage in dubious practices to gain
personal advantages such as funding or scholarly recognition

* Research system pressure — academia is hyper-competitive and
attractive positions are in short supply (“Publish or perish”)

* Outside pressure — increased competitive funding also means
strong incentives to publish fast, early and frequently

* Publication system — the journals have had weak traditions for
supporting openness, data sharing, retractions and so on

* Peer review — some signs that the peer review system, at the heart
of competitive funding and publication, is under pressure



Sarewitz: detachment

* These problems become worse when science is
detached from society

» “Scientific knowledge advances most rapidly (...)
when it is steered to solve problems — especially
those related to technological innovation”

* “When science is not steered to solve such
problems, it tends to go off half-cocked in ways
that can be highly detrimental to science itself”



Joint effects, size

* Researchers like loannidis view the causes of
replicability and other problems as complex and eneesmer - SCIENCE
interrelated SINCE BABYLON

Enlarged Edition

* Policy decisions and internal decisions in the
research system may reinforce one another in a
bad way

* The growth and size of the science system a
wicked challenge in itself as it means data and
publication overload — one of the “diseases of
science” in de Solla Price (1961)







Back to mission-oriented R&D

e Sarewitz: “Science will be made more reliable and more valuable for
society today not by being protected from societal influences but
instead by being brought, carefully and appropriately, into a direct,
open, and intimate relationship with those influences”

* He prescribes a return to a type of research that is tied more directly

to missions and to actors that have a clear responsibility for these
missions

* His ideal: technological research funded by the military in the US (but
could be organised through other actors in society, not least in a
wider European context)



“But if your constituency ... is society, not scientists,
then the choice of what data and knowledge you need
has to be informed by the real-world context of the
problem to be solved. The questions you ask are likely
to be very different if your end goal is to solve a
concrete problem, rather than only to advance
understanding. That’s why the symbiosis between
science and technology is so powerful: the technology
provides focus and discipline for the science.”



Many examples

* We see the same in Norway and elsewhere: some of the most
important and radical impacts have come from researchers working in
a mission-oriented or applied context
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The GSM system for
telecommunication

* Technology developed at the Telecom
Research Institute and SINTEF (our
largest technological research institute,
an RTO or PRO)

 All-digital system well adapted to
Norwegian geography which posed
complex challenges

* Global utility, especially in neighbouring
countries!
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Skapte revolusjon innen
mobiltelefoni

De nordiske landene opparbeidet seg hoy mobilkompetanse pa feltet
agrennom ntviklineen av det analoge svetemet NMT (nordick
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o * A panel of scientists placed this as the
most important research-based
innovation in Norway the last 50 years

 R&D at the Institute for Energy
Technology and SINTEF and related
research and education at several
universities

* Crucial technology for the Norwegian
oil and gas industry based on huge
practical challenges in the North Sea

* Benefits estimated at “hundreds of
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Democracy in the
workplace

* The “collaboration experiments” between
unions and business associations, led by
social psychology professor and work
researcher Einar Thorsrud, have probably
had large effects since the start in 1962

e Related to theI “Nordic I\/Ior(]jelr’]’ gf “flat” f
organisational structures, high degrees o
collaboration etc. W

* New legislation, the “Basic Agreement”, s
employee rights to influence adaption of

new technology ﬂ
 R&D normative and based on challenges of

bureaucracy, alienation and routinisation
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Characteristics of this research

* Tied to a concrete societal challenge or problem — interaction with
users in industry, healthcare and society in a wide sense — and often
with a lead user with money, power and competence to put research
results into use

* Long-term and with significant “core funding” and most of the time a
relatively high degree of autonomy

* Driven by curiosity, high ambitions and often carried out in a
combination of non-academic research organisations and universities

* Protected from short-term political priorities and the logic of the
market — and often with other application areas than the original one



Recap: uncertainty of science

* Worries that —as a whole — science is becoming less credible than it
used to or should be, even the “elite” or “excellent” research
published in the leading journals

 Different dynamics within and outside of the science system can help
explain why these problems are on the rise

* Solutions favour policies that bring research organisations into
somewhat closer and committed relations with society

e Sarewitz’ and others’ overall recommendation seems valuable, but
close science-society relations are fairly common in Europe and in
broader ways than what the US commentators prescribe



Pitfalls

* Worries of elite US life science not always transferrable to other settings

* The framing may be overly negative — science is still a major success
story and a strong institution with self-correcting mechanisms

* Current policies may have unintended consequences that increase the
problems, for example “open access” can solve some problems but
increase other forms of uncertainty

* We know much less about mission-oriented and applied research, and
large projects in these categories have also had major problems of
uncertainty and waste of money

 Such research may require strong/specific users



Some points for discussion

* The argument is that science works best in combination with
something else

* Do we then need a broader development of and more powerful ideas
about the different hybrid natures of research organisations?
* Research and teaching
» Research and (public) missions
e Research and contracts/markets
* Research and stakeholder engagement, including RRI

* Hybrid nature: the organisation of such research including overall funding
pattern, career structure, competences and more

* Do we need to develop more and stronger independent institutions
that synthesise and assess the credibility of science to help the
“combination” effort?



Final challenge

* The argument is that good research is often a result of its usefulness
rather than the cause of usefulness — partly because science is a great
testbed for new ideas rather than the main source of ideas

» Useful/applied/mission-oriented research is often long-term and
curiosity-driven, and many researchers carry out and are motivated

by this form of research

* Challenge: this research may suffer under a dichotomous or polarised
science policy that either supports an introspective notion of
excellence or short-term practical benefits and impact — this is
perhaps where a new science policy direction is needed
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