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Introduction

With respect, the committee is ten years behind, but hopefully some useful pointers will emerge.

There is a systemic problem in lack of reproducibility in science. It spans disciplines and countries and
with the increasing use of large quantities of opaque buggy software in all scientific disciplines, and in the
continuing absence of any systematic method of eliminating software bugs, it is getting worse.

Previous initiatives

It was obvious over 25 years ago that we had a problem and this has been reinforced repeatedly, [CK92,
HR94, Hat97, +SSD09, Don10]. Ten years ago, in 2011, the National Institute of Science and Technology in
Boulder Colorado held an IFIP / SIAM / NIST Working Conference on Uncertainty Quantification in
Scientific Computing discussing various aspects of this problem [DB11].

In the biomedical sciences, in 2015, it was reported the US wasted 28 billion dollars on irreproducible
biomedical research with the startling conclusion that "Currently, many published research findings are false
or exaggerated, and an estimated 85% of research resources are wasted", [FCS15].

What is it we are trying to achieve?

The scientific method demands that we have the means to falsify a theory. To falsify a theory requires peer
review of the methodology including any statistical arguments, access to the original data, and access to any
and all software used to produce the results. Anything less than this is not scientific. Theories which are not
falsifiable are not scientific.

This is deceptively simple but very difficult to bring about in practice.

What is the problem?

This is a multi-faceted problem.

Declining standards in Peer-review

Peer-review is a volunteer activity. Journals make money and the reviewers do it for free. Like many others,
the authors of this submission freely gave their time as reviewers and editors for years. 20 years ago, it was
not uncommon to have five reviewers for a paper. Now it is not uncommon to have one. Yes, that’s one
reviewer to judge a detailed scientific paper which could take months of work.

This is compounded by the fact that academics are under such pressure to produce papers, generate
funding, run research students and all the rest, that there is little time left over for the essential activity of peer-
reviewing.

Not surprisingly, glaring problems have been reported because of the declining standards. For example a
significant segment of the biomedical literature has been tainted by misidentified [Smi06] and contaminated
[Neil5] cell lines.

The lack of suitable reviewers puts an intolerable pressure on editors who then have to make important
decisions on little evidence. The explosion in journal numbers further degrades the system.

Currently the peer-review system amounts to little more than rather incompetent censorship, [HW17], and
is routinely ignored by the media. For example, during the Covid pandemic, most of the science reported by
the BBC was not peer-reviewed, pushed forward by a university’s over-active PR department. The BBC
carefully points this out at the end, when nobody is listening by then having swallowed whatever was in the
leader. This is an abysmal practice.

Peer-review is very simple. Either you strike down the theory, or you strike down the methodology or you
show the data processing is in error or in disagreement with the theory. If you can’t do any of these, you must
however reluctantly, accept it. No other options are available, particularly "not liking it".



Naivety about computation

Nobody, especially computer scientists, knows how to write a correct program but today, many if not most
avenues of science depend heavily on successful computation. In spite of this, computer programs are often
thrown together with little idea of how they could be tested, if at all.

This has been pointed out on numerous occasions, [[HGC12]. Things have got nominally better in that the
complete means to produce computational results is supposed to be included in a journal submission and there
are guidelines on how to do this in bioinformatics [HW16]. However, who is supposed to check them? The
reviewers are under enough pressure as it is and the authors of this submission have never had a submitted
computational reproducibility package even downloaded let alone checked.

In other words it is a box-ticking exercise with no tangible benefit.

Naivety about the scientific method

The scientific method does not appear to be taught to young scientists who do not generally appreciate that the
role of science is to attempt to falsify new theories. That’s how theories survive to become dependable. This is
down to education.

Even worse, reviewers have forgotten what this means also, often rejecting papers based on opinion.

Naivety about the appropriate use of statistics

We will only record this but the average quality of statistical analyses is poor in our experience, both in
authors and in the reviewers. This too is down to education.

Naivety about the meaning of evidence

The meaning of evidence in quantitative science is very clear and it is entirely data-related. There is no room
for opinion as in some parts of the Civil Service and elsewhere where "documented stakeholder opinion" is
now regarded as evidence, a truly ridiculous notion.

What might be done?

This has taken a long time to deteriorate and it will take a long time to put right. However there are some
worthy innovations in peer review!. These include dispensing with its traditional forms and are to be
encouraged. It may be that open publication through servers such as arXiv and bioRxiv, along with public and
signed post publication comment? are the solution to the problems noted above.

However, for any innovations in scientific publication to succeed two conditions would need to be met.
The first, as repeated numerous times above, is the provision with a publication of all the information
necessary for independent reproduction and replication of the research. Furthermore, there needs to be some
way of recording whether anybody has actually bothered to replicate it. The second will take longer. There
must be an improvement in the culture of science such that less than rigorous work and deceptive publication
practices are no longer tolerated.

With the scientific method itself at risk, the stakes could not be higher or the 21st century will go down as
the bullshit century.
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