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Introduction

Trust in science is vital for society, as public understanding plays a crucial role in the accep-
tance and implementation of scientific knowledge. Research reproducibility is a fundamental
component of maintaining this trust; it helps to identify mistakes and is crucial for transpar-
ency. However, there are growing concerns that numerous studies across many fields prove
difficult or impossible to replicate [1]. Various factors, including reporting bias, small sample
sizes, and questionable research practices like p-hacking—where researchers repeatedly test
data in different ways to find significant results [2]—contribute to this troubling reality. Irre-
producible research not only impedes academic progress, but it may also exacerbate misplaced
skepticism when communicated to the public. This situation creates a paradox: increasing
public literacy on the complexities of reproducibility could foster a more nuanced understand-
ing of research results, but also risks further eroding confidence in science. It is therefore cru-
cial that this topic can be communicated to the broader public in an accessible, positive, and
constructive manner.

Challenges in communicating (ir)reproducibility

Science communication is all too often polarized, with one side promoting scientific discover-
ies in an exaggerated manner without adequately addressing their limitations [3,4], while the
other reports on a lack of reproducibility in science. Stories on the latter are frequently sensa-
tionalized, with narratives such as “science is broken” or news stories focusing heavily on
instances of fraud and scientific misconduct [5,6]. Even within the scientific community,
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prestigious outlets sometimes push the narrative of a widespread “reproducibility crisis” [1],
though researchers lack consensus on its existence [7]. These narratives may obscure the com-
plexities and nuances of the scientific process. A more effective communication about research
reproducibility should strike a balance by acknowledging both the challenges and controver-
sies in science without eroding trust in its methods. Discussions should rather highlight the
inherent uncertainty and variability of scientific experiments and the crucial role reproducibil-
ity plays in responsible research [8]. By providing context and explaining the significance of
reproducibility and rigorous methodologies, one can demystify the research process and foster
a deeper public understanding of how science works. These detailed descriptions, however,
introduce a challenge in itself. It makes the way researchers communicate very technical.
Research reproducibility is indeed a multifaceted concept that encompasses methods repro-
ducibility (sufficient details are provided to reproduce the methods), results reproducibility
(replication of results using the same methods as initial researchers did), and inferential repro-
ducibility that brings interpretation of the findings into the mix [9]. However, understanding
each of these facets requires a background in methods and statistics.

Finding innovative ways to popularize reproducibility

Despite such challenges, addressing the topic of research reproducibility is far from destined
to fail. Within the scientific community, “ReproducibiliTea” meetings have been highly suc-
cessful among early-career researchers as a platform for discussing research reproducibility
[10]. Their success is largely due to their focus on practical examples that resonate with
researchers, who frequently encounter reproducibility issues in their daily work. These discus-
sions are conducted in an educational manner, fostering a constructive environment without
shaming. Another creative initiative for scientists is a LEGO-based game developed by the
University of Glasgow to teach concepts of metadata and reproducibility, drawing parallels
between describing the construction of a LEGO model and recording research methods in
detail [11]. For the general public, the challenge lies in finding relatable examples, as most lay-
people are not accustomed to replicating scientific experiments. Actually, many aspects of
everyday life are subject to variability and replication challenges. Activities like drawing a pic-
ture, playing a musical piece, even cooking a recipe often produce inconsistent and occasion-
ally disappointing results, making them powerful analogies to help the public grasp the
challenges scientists face. Importantly, this approach aligns closely with well-established edu-
cational strategies using teaching-with-analogies models [12]. By using relatable examples,
both public engagement and comprehension of scientific principles can be enhanced, bridging
the gap between abstract concepts and everyday understanding.

This is exemplified in the outreach by Open Science to Increase Reproducibility in Science
(OSIRIS), a European-funded network focused on reproducible research practices, which
organized 2 public events to promote these concepts using the analogy of baking Christmas
tree meringues (Fig 1). In these events, volunteers were tasked with baking meringue Christ-
mas trees, either following a standard recipe or a recipe enhanced by a baker with a reporting
guideline—a checklist designed to improve reproducibility through added detail—and an
instructional video. The first event took place during the 2023 Science Day (Dag van de
Wetenschap) in Leuven, Belgium, where 8 teams of family and friends participated in “Bake
off Science” [13]. The quality of their meringues was then evaluated blindly against a “gold
standard” by judges posing as Michelin-starred chefs. A second event in Rennes, France,
expanded the concept with 60 participants—both laypeople and medical students—who baked
nearly 900 meringues [14] as part of a randomized controlled trial comparing the classic recipe
with the improved recipe and instructional video. After a public evaluation of reproducibility
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Categories Definitions Analogies with Xmas tree meringues

To improve methods
reproducibility, we optimized :
the recipe with the help of a iy
pastry chef using a “reporting

guideline,” a tool designed to =
ensure that all essential details ‘ o v
are included in the description.

Provide a detailed account of the methods,
Methods tools, data, software —essentially
reproducibility everything used during the research —for
other researchers to replicate the

experiment accurately

By enhancing methods reproducibility
with a more precise recipe to follow,
we expect to improve the consistency
of results, both in appearance and
taste, so chefs achieve more reliable
outcomes.

Results Obtain the same results when the same
reproducibility experiment is conducted by other
researchers as faithfully as possible to

the original study.

Better baking results should

Inferential
reproducibility

Draw the same conclusions when
interpreting the results of a given
experiment.

impact how people choose a
meringue to eat. Will the public's
favorite meringues come from
the improved recipe? Let's see

how the votes turn out!

Fig 1. Definitions of types of reproducibility. Definitions for methods reproducibility, results reproducibility, and
inferential reproducibility [9]. The analogy of Christmas tree meringues is given as an example to help to illustrate how
reproducibility applies to research process outcomes and conclusions.

https://doi.org/10.1371/journal.pbio.3002953.g001

by a blinded jury, all meringues were sold during a large public event. In addition to being the
statistical units of the study, the meringues also served as a key attraction, drawing a diverse
audience and increasing engagement.

Despite the varied outcomes in visual appeal, color, size, taste, and sales, no significant
improvements were found between the groups. Most meringues deviated from the ideal result.
While the findings failed to demonstrate the superiority of the improved recipe, the experi-
ment’s methods, including preregistration and data sharing, were made visible to participants,
illustrating reproducible research practices (Fig 2). This approach effectively communicated
the importance of research transparency. Moreover, negative results observed in the study
sparked meaningful discussions about the importance of publishing such outcomes. This
highlighted that reproducibility is not solely about producing identical results, but about
ensuring that the research process is transparent, well-documented, and capable of being scru-
tinized or reproduced by others.

How to effectively communicate the take-home messages to the public

These events illustrate that public engagement with science can be greatly enhanced through
practical, relatable examples. By using hands-on activities, participants intuitively engaged
with scientific concepts instead of relying on abstract explanations. At various levels, they
grasped that the challenges of reproducibility in daily life mirror the difficulties of achieving
consistent results in scientific experiments. They encountered firsthand the difficulties in repli-
cating a result and reflected on the numerous variables that could lead to outcomes far from
the ideal recipe, akin to the degrees of freedom researchers attempt to control through experi-
mental methods.

Several lessons for future initiatives can be drawn from these 2 events. Tailoring the analo-
gies with reproducibility of research to the audience and the context of the event is crucial. Bal-
ancing scientific rigor with engaging and accessible content requires careful curation of
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Reproducibility in Research: Bridging Theory and Practice

1- CONCEPTUALISATION 2- RECRUITMENT

For practical activities, it is important to Selecting participants based on specific
provide a comprehensive protocol that criteria ensures that the study group is
outlines the entire research process, appropriate for the experiment. For the
detailing all measures taken to mitigate meringue study, beginner cooks with basic
potential biases. In the case of Christmas skills were recruited, and the sample size U \
tree meringues [6], this involved refining was calculated to allow a reliable
of the recipe by an expert (pastry chef) comparison between results obtained from
to enhance its reproducibility the optimized recipe and a standard recipe.
This calculation drew on the lab's previous
experience with cooking meringues.

PreRegistered

3- RANDOMIZATION

4- IMPLEMENTATION

Establishing standardized conditions and Randomly assigning participants to
a controlled environment is essential for different groups helps ensure that any
consistent implementation. In the case of observed differences are due to the
the meringues, participants cooked at intervention rather than selection bias. In
home under specific instructions. For the meringue study, after randomization,
example, they were instructed to cook each cook received either the classic
alone to prevent cross-contamination recipe or the improved version, reducing

between recipes. the risk of potential bias.

5 - EVALUATION 6- DATA-MANAGEMENT AND DATA-SHARING

Rigorous data collection, analysis, and
the sharing of results, data, and B e o=-lorier @
statistical code promote transparency. Aol e e st
In this study, the analysis was

conducted live with participants in a
dedicated webinar. Data were made
publicly available online, enabling other
researchers to verify the analyses and
assess reproducibility.

Using objective and, if possible,
linded evaluation criteria
nables impartial assessment.
The meringues were evaluated -
by an independent jury based on |
precise criteria.

7- ANALYSIS AND INTERPRETATION

8 -COMMUNICATION

Statistical tests help determine
whether observed differences are
significant. For the meringues, no
significant difference was found,
though unanticipated biases or
insufficient sample size might have
impacted this outcome.

Sharing results, even when they are "negative," is
essential for scientific progress. The findings from
the Christmas tree meringue study were
preprinted, allowing others to build on the results
and improve the reproducibility of similar recipes.

Fig 2. Communicating reproducibility in research with the public. A recipe for engaging and educating the public about
reproducibility in science, including important considerations for planning, implementing, analyzing, and communicating
effectively.

https://doi.org/10.1371/journal.pbio.3002953.g002

content. Some participants may not fully grasp the deeper scientific implications of the analo-
gies. Hence, facilitators must adapt their explanations to a diverse audience, spanning different
ages, educational levels, and scientific backgrounds, e.g., by using different means to facilitate
communication such as accompanying posters addressing this potential diversity.
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Since the 2 events attracted some media coverage, it seems important that facilitators
receive appropriate media training beforehand. This training should equip researchers with
essential skills to clearly communicate complex topics in an approachable and relatable way to
a diverse audience and to discuss uncertainties openly. Additionally, it should help them in
avoiding sensationalism by responding to misinterpretations and engaging effectively with the
press and public by handling interviews and addressing public skepticism constructively. It
indeed seems important to convey the idea that science is not broken, but rather that scientific
research is a human activity with potential for biases and that the scientific approach aims to
correct—as far as possible—these biases. And while some of the meringues may have resem-
bled “little green turds,” they were, more often than not, still quite tasty—proving that even
imperfect results can have their merits (with just a little bit of positive spin).
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