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Demonstrations of reproducibility are
not reproducibility

M Check for updates

eplicability and reproducibility

are core tenets of science as they

inform the reliability, robustness

and generality of results. Given

theirimportance,journals have set
forth measures thataimto promote them. We
argue that many recent measures have been
adopted rapidly with little justification, fail
toachieve these aims, have costs for scientists
and possibly undermine efforts towards repli-
cability and reproducibility.

Allforms of reproducibility or replicability
aimto determine whether we obtain the same
answer when we ask the same scientific ques-
tion. We define computational reproducibility
astheability toreproduce aset of quantitative
results using the dataand code fromthe origi-
nal publication; analytical reproducibility as
obtaining the same results using the original
data and following the same analytical meth-
ods with an independently produced code;
and conclusive reproducibility as when the
same conclusions are reached in an alterna-
tive valid analysis of the same data (Fig.1). The
termreplicability isused whenastudy repeats
the collection of new data. Although we use
this broad definition of replicability, it is often
dividedinto directreplicability, which follows
the same methods and species, or conceptual
replicability, which uses different methods
and/or species (Fig.1).

Overadecadeago, mandatory dataarchiving
begantobeimplementedinseveral journalsin
ecology and evolution'. Mandatory dataarchiv-
ing provides clear benefits, including facilitat-
ing reproducibility and promoting assessment
of replicability via meta-analysis, making raw
data available for other uses, and allowing
detection of rare instances of fraud. The past
several years have seen many journals take
additional measures in the name of reproduc-
ibilityand replicability. These measures, in their
extreme, have aimed to achieve the mandatory
archiving of code that runs on any computer?,
with detailed metadatafiles and otherrequire-
ments that have progressed to astatein which
computational reproducibility should be verifi-
able by anon-expertwith the click of amouse,
and without having to even read the original
paper (Supplementary Table1).
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Fig.1|Levels of replicability and reproducibility. Fundamentally, all levels of replicability and reproducibility
aimto assess whether an answer to a scientific question remains unchanged when we repeat or replicate
astudy or some aspect of it. At the lowest level, computational reproducibility aims to assess whether the
exact quantitative results are reproduced by rerunning the computer script. At the highest level, conceptual
replicability aims to assess whether we obtain the same general answer to the scientific question when we
obtain new data using different methods (such as a different species or experimental design). Although there
isanatural nesting to these levels of replicability and reproducibility, they are not necessarily dependent: for
example, a quantitative result could be non-reproducible computationally because of non-seeded stochastic
sampling reflecting an approximation of Pvalues, yet the result could be reproducible and replicable at all of

the other levels.

We think code archivingis good for science
and that authors should be encouraged to
make computer scripts available. Moreover,
computational reproducibility is fundamen-
tally important, and something that every
scientist should (and probably does) verify
while performing an analysis. However, when
considering the push for elaborate demon-
strations of computational reproducibility,
it is worthwhile to consider that this is the
most trivial level of reproducibility to enforce

demonstrations of, in the broader context of
scientific progress. There are three reasons for
this: computational reproducibility does not
ensure an analysis was performed correctly or
isappropriate tothe questionor data; thereis
no guarantee of forward and backward com-
patibility of the software or packages used;
and it sometimes places emphasis on statisti-
cally nonsensical aims, such as exact replica-
tion of astochastic Markov chain or bootstrap,
and givesanair of exactness to valuesthatare
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approximations subject to sampling error.
In fact, most editorial efforts focus only on
computational reproducibility or have no
foreseeable direct effect on reproducibility
nor replicability (Supplementary Table 1).
Although we agree that researchers should
take great care to ensure computational
reproducibility in their work, we argue it is
worth considering that mandating demon-
strations of reproducibility might better focus
on replicability, conclusive reproducibility
and analytical reproducibility, which test the
robustness and generality of results.
Inparallel, such editorial measures can have
tangible costs. On top of the time investment
in producing performative documents, sci-
entists collectively spend 100 million hours
in peer review?, and we hazard that code itself
is unlikely to be carefully reviewed in many
cases. Alternatively, many journals now have
‘code editors’, who typically ensure that
code is annotated and runs. We suggest that
resources directed to achieve public demon-
strations of computational reproducibility
could instead be focused on achieving other
forms of reproducibility or replicability. For
example, analternative to a code editor would
beastatistical editor who attempts analytical
reproducibility, at least for some manuscripts
(such as those receiving mixed reviews or a
random selection). Alternatively (or in addi-
tion), authors could be required to present
an alternative valid analysis of particularly

complex datasets to ensure conclusive repro-
ducibility. Making such a requirement would
dofarmoreto ensurerobustness of published
results than, for instance, enforcing meta-
data file formats. Journals can also actively
solicitand publish studies that aim to attempt
replication®, and some are now doing so (for
example, Ecology and Evolution).
Mandating and micromanaging the pro-
cess of code sharing might also drive costs
that limit the progress of science and, ironi-
cally, limit reproducibility. Code and analyti-
cal errors have often been revealed when an
independent analysis (analytical reproduc-
ibility) fails to yield the same conclusions as
the original study (for example, see ref. 5).
Moreover, much of these efforts at microman-
aging the computational practices of the field
mightlead to afalse sense of accomplishment
and to the belief that we have done much to
tackle a ‘replicability crisis’ (for which argu-
ably little evidence exists (Supplementary
Information)). Finally, this focus on making
computational reproducibility effortless for
othersto assess mightlead totheassumption
that this is the most important level of repro-
ducibility or replicability to be assessing.
The focus of most current efforts does lit-
tle to advance the main reasons why we need
replicability in science in the first place. We
believe future efforts should take care when
considering explicitly how they may pro-
mote, assess or demonstrate meaningful

reproducibility and replicability that advances
progress of ideas in ecology and evolution.
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