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There is growing recognition that troubling numbers of experiments
fail to replicate in fields relevant to Neuropsychopharmacology, from
neuroimaging [1] to animal behaviour [2]. We believe a counter-
action to this, led by pharmacology, is increased emphasis on the
distinction between exploratory and confirmatory scientific practices
[3]. Exploratory research, where multiple methodologies and analyses
are trialled, is vital for discovery. In contrast, confirmatory research
requires that this flexibility is minimised to address a well-specified
research question. We aim to highlight problems that arise when
this boundary is blurred, and how a new vista of publishing formats
generally help by nailing down this distinction. However, some
formats can allow problematic flexibility to re-enter under a
confirmatory guise.
Confirmation should follow exploration in science, as flexibility

endemic in exploration can inflate effect sizes or generate false
positives. Furthermore, confirmatory hypothesis testing is under-
mined when null-hypothesis based statistical methods are used to
uncover unanticipated patterns in data, but results are tacitly
presented as hypothesis-driven [4]. A mechanism to make explora-
tory and confirmatory research stages concrete and separate is pre-
registration. Standard pre-registration entails a public record of
experimental plans (e.g. Open Science Framework, OSF) before data
collection or analysis. This ideally consists of well-specified aims,
hypotheses, full methods including definition of variables, sampling,
and analysis plans. Confirmatory pre-registration only works if
flexibility in these components is minimised, but that may not
always be the case (Fig. 1).
To assess flexibility in pre-registrations, we surveyed pre-

registrations listed on the OSF after 2020 and pre-registered
counterparts to published papers from 2019 and 2020 listed on
Zotero (total N= 300, see https://osf.io/h8a6e/ for survey details and
examples). This uncovered a range of completeness, spanning from
notes on hypotheses only to fully specified, detailed experimental
protocols with accompanying power analyses and sampling plans.
Even when all elements are present, some pre-registrations were
precise and exhaustive, while others gave brief details that could
allow varying implementations, re-introducing problematic flexibility.
For instance, brief descriptions of intended statistical tests and power
calculations may be present but related to dependent variables that
are not well specified. In addition to diversity in the form of pre-
registration we also noted diversity in uptake across fields. As
mentioned, pharmacology has a well-specified progression from
exploration to confirmation [5]. In contrast, our survey found no
examples of pre-registration in research using animals, where it has
been specifically recommended as a way to reduce animal use by
increasing publication of null findings and decreasing unnecessary
replicates [6].

It could be argued that minimal pre-registration or hypothesis-
only registration is better than nothing and may even be
necessarily expedient for highly complex experiments. Anticipating
all potential outcomes and practical contingencies is challenging.
At least registration of hypotheses guards against changing
hypotheses after seeing data or misremembering hypotheses.
It also overcomes time-costs associated with full pre-registration,
which can be particularly problematic for early career researchers
on short contracts. Researchers might gain the perceived reliability
benefits of pre-registration [7] without the drawbacks of longer
and more involved research planning processes and the increased
likelihood of null findings [8]. However, our concern is that minimal
pre-registration reintroduces exploratory degrees of freedom
and therefore an elevated risk of bias under a confirmatory
banner. Worse, the public declaration of hypotheses could
incentivise development of research methods toward demonstrat-
ing the hypotheses, rather than testing them. Therefore, minimal
pre-registration means benefits might accrue for individuals but
come at a cost for science.
Pre-registration templates, such as OSF Preregistration or

AsPredicted, which require researchers to specify elements such as
hypotheses and sampling procedures, appear to increase complete-
ness [9]. Concerns about pre-registration flexibility are also greatly
reduced through the publishing format Registered Reports [10].
Here flexibility is taken out of the hands of researchers and dictated
by peer review prior to data collection or analysis. Final publication is
then independent of data outcomes if registered methods are
followed, further reducing publication bias toward positive results. A
recent development here is the introduction of Peer Community In
Registered Reports (PCI-RR, https://rr.peercommunityin.org/), which
operates across a series of participating journals that commit to
accepting editorial recommendations without further review. Here,
following peer reviews, researchers and editors decide on the outlet.
Not all new formats make the exploratory/confirmatory distinc-

tion unambiguous. Science magazine has published articles under
a ‘hypothesis’ banner that are linked to pre-registrations, but not
formally via peer review. This offers opportunities for problematic
flexibility under a hypothesis-driven label. Growing adoption of
community consensus standards, such as those offered by PCI-RR,
seem to offer a low-cost, open route to overcoming some of these
ambiguities in publishing.
So long as details are well-specified, pre-registration can fit

many study designs [11]. It is also worth emphasising that within
pre-registered studies exploratory analyses based on observations
during or after data collection are acceptable, so long as
exploratory labelling is clear. Incremental pre-registrations that
openly document experimental development from exploratory to
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confirmatory phases, or register multi-stage contingent experi-
ments, are also acceptable and increasing in popularity.
Exploratory research is beginning to benefit from new publish-

ing formats which aim to make the scientific discovery process
open and well-documented. These make the level of exploration
in research explicit [12], with continuous and open logging of
hypothesis development and findings [13], and sequential
procedures around the transition from exploratory to confirmatory
phases [14]. These new formats are valuable as they draw outputs
away from significant p values and positive research “stories” and
toward narratives that fit the research.
‘Exploratory’ should not be seen as a negative label, and the label

of ‘pre-registration’ does not necessarily mean elimination of
flexibility. For pre-registration, until we reach a broad consensus on
the demarcation between exploration and confirmation, we
encourage researchers to assess original pre-registration documents
when evaluating publications, which is not a common practice [15].
Early consideration of whether research is exploratory or confirmatory
should allow researchers to choose which publication format enables
them to report their research process accurately and honestly.

REFERENCES

1. Botvinik-Nezer R, Holzmeister F, Camerer CF, Dreber A, Huber J, Johannesson M,

et al. Variability in the analysis of a single neuroimaging dataset by many teams.

Nature. 2020;582:84–88.

2. von Kortzfleisch VT, Karp NA, Palme R, Kaiser S, Sachser N, Richter SH. Improving

reproducibility in animal research by splitting the study population into several

'mini-experiments'. Sci Rep. 2020;10:1–16.

3. Ioannidis JPA. Why most published research findings are false. PLoS Med. 2005;2:e124.

4. Kerr NL. HARKing: hypothesizing after the results are known. Personal Soc Psy-

chol Rev. 1998;2:196–217.

5. Kimmelman J, Mogil JS, Dirnagl U. Distinguishing between exploratory and con-

firmatory preclinical research will improve translation. PLOS Biol. 2014;12:e1001863.

6. Strech D, Dirnagl U. 3Rs missing: animal research without scientific value is

unethical. BMJ Open Sci. 2019;3:35.

7. Soderberg CK, Errington TM, Schiavone SR, Bottesini J, Thorn FS, Vazire S, et al. Initial

evidence of research quality of registered reports compared with the standard

publishing model. Nat Hum Behav. 2021;5:990–7.

8. Allen C, Mehler DMA. Open science challenges, benefits and tips in early career

and beyond. PLOS Biol. 2019;17:e3000246.

9. Bakker M, Veldkamp CLS, Van Assen MALM, Crompvoets EAV, Ong HH, Nosek BA,

et al. Ensuring the quality and specificity of preregistrations. PLoS Biol. 2020;18.

10. Chambers CD. Registered reports: a new publishing initiative at cortex. Cortex.

2013;49:609–10.

11. Chambers CD, Tzavella L. The past, present and future of Registered Reports. Nat

Hum Behav. 2021;6:29–42.

12. McIntosh RD. Exploratory reports: A new article type for Cortex. Cortex. 2017;96.

13. Schapira M, Consortium TOLN, Harding RJ. Open laboratory notebooks: good for

science, good for society, good for scientists. F1000Res. 2019;8:87.

14. Stefan A, Lengersdorff L, Wagenmakers E-J. PsyArXiv Preprints. 2022. https://

doi.org/10.31234/OSF.IO/QWUYF.

15. Mathieu S, Chan A-W, Ravaud P. Use of trial register information during the peer

review process. PLoS One. 2013;8:e59910.

AUTHOR CONTRIBUTIONS
Both authors contributed equally to the manuscript.

FUNDING
We gratefully acknowledge funding from the Wellcome Trust (UK) in the form of a

PhD studentship to SW and grant (104943/Z/14/Z) to CA.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Sophie Waldron.

Reprints and permission information is available at http://www.nature.com/

reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims

in published maps and institutional affiliations.

Fig. 1 The range of publishing formats. Illustration of the diversity of publishing formats currently available in relation to the confirmatory/
exploratory distinction colour coded as blue and green respectively, with gradients to show ambiguity between them.
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