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Estimating the replicability of
Brazilian biomedical science
The Brazilian Reproducibility Initiative

eLife Assessment

This important study assessed the replicability of a selection of lab-based biomedical
experiments in papers published by authors based in Brazil. The study adds a unique
perspective to the literature on replication, and provides rich data on the approach taken,
the outcomes, and the challenges involved in conducting large-scale crowd-sourced
research. The evidence supporting the claims is convincing, but there is scope for
clarifying the presentation of the results and extending the discussion section.

https://doi.org/10.7554/eLife.111001.1.sa4

Abstract
Concerns over the replicability and reproducibility of published research have grown in many
research fields, but empirical data to inform policies are still scarce. Biomedical research in Brazil
expanded rapidly over the last three decades, with no systematic assessment of the replicability of
its findings. With this in mind, we set up the Brazilian Reproducibility Initiative, a multicenter
replication of published experiments from Brazilian science using three common experimental
methods: the MTT assay, the reverse transcription polymerase chain reaction (RT-PCR) and the
elevated plus maze (EPM). A total of 56 laboratories performed 143 replications of 56 experiments;
of these, 90 replications of 45 experiments were considered valid by an independent committee.
Replication rates for these experiments varied between 20 and 44% according to five predefined
criteria. In median terms, ratios between group means were 58% lower in replications than in
original experiments, while coefficients of variation were 82% higher. Effect size decrease was
smaller for MTT experiments, original results with less variability and those considered more
challenging to replicate, while t values for replications were positively correlated with researcher
predictions about replicability, and negatively correlated with the rate of publications by the
original article’s last author. Deviations from preregistered protocols were very common in
replications, most frequently due to reasons inherent to the experimental model or related to
infrastructure and logistics. Our results highlight factors that limit the replicability of results
published by researchers in Brazil and suggest ways by which this scenario can be improved.

Introduction
Concerns over the replicability and reproducibility of published results have increased in many
areas of science over the past decade. Basic biomedical science has not been immune to these
concerns: reports from the pharmaceutical industry (Begley & Ellis, 2012     ; Prinz et al., 2011     )
and prospective assessments of replicability in specific fields, such as cancer biology (Errington,
Mathur, et al., 2021), spinal cord injury (Steward et al., 2012     ) and amyotrophic lateral sclerosis
(Scott et al., 2008     ), have reported success rates ranging from 0 to 40%. Nevertheless, these
projects have focused on selected subsets of papers in specific areas of science, and the dimension
of the problem in the biomedical literature at large remains unknown.

Although concerns over reproducibility (defined here as reaching the same results when
analyzing a set of data) and replicability (defined as finding similar results with new data)
(National Academies of Science, 2019     ; Nosek et al., 2022     ), many of the proposed solutions to
address them are local in scope, as institutions and funders are instrumental in setting up policies
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and incentives that can foster reproducible research (Munafò et al., 2017     ). Actionable data on
the replicability and reproducibility of research produced within specific institutions, regions or
countries, however, is extremely scarce.

Academic research in Brazil experienced rapid growth between the late 20th and early 21st

century, driven by the expansion of higher education (Leta, 2012     ). Concurrently, the
establishment of a national evaluation system for graduate education programs instituted new
expectations for productivity, with a strong emphasis on journal-based metrics that has only
recently begun to be reconsidered (Barata, 2019     ). More recently, a series of budget cuts in the
late 2010s left a large community of researchers struggling to maintain publication output under a
competitive funding scenario (Quintans-Júnior et al., 2020     ). All of these issues raise concerns
about the replicability of published results – something that has not been evaluated systematically
in the country.

With this in mind, we set up the Brazilian Reproducibility Initiative, a multicenter assessment of
the replicability of experiments published by Brazilian institutions using common laboratory
methods (Amaral et al., 2019     ; Neves et al., 2020     ). Our assessment of a representative sample of
biomedical experiments published by national researchers aims to provide systematic data to
raise awareness of the issue and inform scientific policy. In addition to generating data on
replicability, the project’s first-person, naturalistic approach can identify challenges faced by the
laboratories conducting replications, which are drawn from institutions similar to those that
produced the original results. Consequently, our findings can offer insights into problems and
potential solutions that are relevant to the country’s reality, as well as guide future replication
efforts in lab biology.

Methods
Lab recruitment
The general rationale for the project has been described previously (Amaral et al., 2019     ). We
began by systematically reviewing a random sample of life sciences articles from Brazil to identify
common experimental models and methods (see https://osf.io/f2a6y     ). Based on these findings,
we chose 10 experimental methods, using rodents or cell lines as models, to select studies for
replication (see https://osf.io/qhyae     ). We then opened a public call for Brazilian labs that could
replicate experiments using these methods and models, advertised by email, social media and
lectures in conferences and institutions, to which 73 labs initially responded. Based on the
expertise of respondents and a feasibility analysis by the coordinating team, we selected 3
outcome assessment methods for replication: the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide) reduction assay, the reverse transcription polymerase chain reaction (RT-
PCR) and the elevated plus maze test of anxiety (EPM; see https://osf.io/qxdjt      for details). Three
further calls for labs were opened later to fill in specific gaps, leading to another 24 responses.

Experiment selection
We searched the Web of Science for publications from 1998 to 2017 with affiliations in Brazil,
using R code to identify the methods listed above (see https://osf.io/57f8s      for details and
https://osf.io/4sy2g      for code). We then manually screened for articles that met the following
criteria:

(a) had at least 50% of authors (including the corresponding one) affiliated with a Brazilian
institution;

(b) had at least one quantitative result using one of the selected methods and models that (c) was
statistically significant, (d) was mentioned in the title or abstract and (e) used only commercially
available materials (for details, see https://osf.io/u5zdq     ). A data extraction step collected
information on the biological models, experimental procedures and results for the first
comparison in the article that presented a statistically significant difference between two groups.
Manuals used for extraction were based on existing guidelines for methods reporting (Bustin et al.,
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2009     ; Kilkenny et al., 2010     ; NPQIP Collaborative group, 2019), and are available at
https://osf.io/udjr7     , https://osf.io/tr6xa     , https://osf.io/7uhb6      and https://osf.io/rkvtm     . After
this step, we excluded experiments that did not report standard deviation, standard error of mean
or confidence interval, or had an estimated cost greater than BRL 5,000 (around USD 1,300 at the
time) per replication.

We then shared summaries of the eligible experiments’ methods with collaborating laboratories,
according to their expertise, to confirm their capability to replicate them. Our replication sample
comprised the first 20 experiments with each method that could be assigned to three independent
labs. If labs withdrew from the project before completing their replications, those experiments
were reassigned to other labs within our network or to new labs recruited by additional calls.
Further information about (a) the selected experiments, (b) the original article, journal, authors
and respective institutions, and (c) the teams performing replications were collected as outlined in
https://osf.io/enjxy     .

Protocol development
For each experiment, the coordinating team transcribed the methodological information available
in the original article into a protocol, with missing details left as gaps to be filled. Each lab
assigned to replicate an experiment received this protocol, without information about the original
publication or results (for details, see https://osf.io/gsvy2     ). They were instructed to fill in
protocol gaps and elaborate on procedures when necessary, keeping as close to the original
methods as possible (see instructions at https://osf.io/29vh7     ). Adaptations were allowed in cases
of necessity (e.g. different equipment or unavailable reagents), or when the replicating lab
considered the original protocol inadequate to measure the desired outcome, either due to
methodological errors (e.g. incorrect primer sequences) or to significant risk of bias (e.g. lack of a
vehicle group). Guidelines used to decide about adaptations are available at https://osf.io/e7zs9     .

Protocols then received at least two external revisions, usually by another lab in the network that
was not performing the same experiment and by a member of the coordinating team, both of
whom had access to the original publication (see https://osf.io/g6ph5     ). Instructions to reviewers
are available at https://osf.io/k97r4     . For some protocols, a second coordinating team member
replaced the independent lab as a reviewer. Reviewer comments were incorporated into the
protocol as additional questions for revision and completion by the replicating labs. This process
was iterated until the lab and the coordinating team deemed the protocol complete. Experiments
involving animals were submitted to local institutional animal ethics review boards at this stage,
and protocols were adjusted if required. After approval, the final version was reviewed once more
by an independent member of the coordinating team, who raised additional questions if
necessary, and then preregistered at the OSF (see https://osf.io/vzam6/      for the complete version
history of registered protocols). A flowchart of the protocol development process is presented in
Figure S1     .

Sample size calculations were performed to achieve 95% statistical power to detect the original
standardized mean difference in each individual replication (see details at https://osf.io/wxzr7     ).
Code and data for the calculations are available at https://osf.io/vs5rp      and https://osf.io/atkd7     ,
respectively.

Authors of the original articles were contacted for missing information and raw data (see contact
protocol at https://osf.io/3dn4x     ), but these were intended for future analyses and were not used
in developing the replication protocols.

Researcher predictions
Before the start of experiments, an open call was issued to experimental researchers willing to
make predictions regarding the success of individual replications. Seventy participants selected
one of the three methods and received a survey containing a summary of the 20 experiments
associated with that method, including the original result and associated statistics. They were
asked to predict (a) the probability of replication success, (b) the expected effect size in the
replication, and (c) how technically challenging the replication would be (see details at
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https://osf.io/tm76h      and full survey at https://osf.io/29mq5     ). Fifty-seven of these researchers
also participated in prediction markets, in which they received USD 50 in vouchers to bet on the
replication success of individual experiments. An analysis plan for this part of the project, which
will be explored in future publications, was preregistered at https://osf.io/pjhgd     , and
anonymized survey data is deposited at https://doi.org/10.7910/DVN/2RLSMG     .

Experimental procedures
For each experiment, a custom data collection spreadsheet was built by the coordinating team
based on the protocol. This was meant to document not only the experimental results but also the
execution of each protocol step to make the experiment auditable. Labs received these
spreadsheets along with a detailed manual on how to execute and document the replications
(https://osf.io/ackyd     ) and on how to deal with protocol adaptations when necessary
(https://osf.io/e7zs9     ).

Experimental materials were acquired by the coordinating team and delivered to the lab
performing the replication, unless they were already available there. Labs were expected to only
use materials within their expiration date; however, due to the frequent postponing of
experiments because of COVID-19 restrictions or difficulties with suppliers, the use of reagents
with expired validity was allowed if their activity could be clearly demonstrated – either by the
method demonstrably working as expected (e.g. PCR kits, molecular weight scales) or by a separate
test of biological activity with a prespecified expected result (e.g. a test of cell growth with a
particular culture medium). These cases were documented in data collection forms, compiled by
the coordinating team and evaluated by the validation committee (see below).

Labs then performed replications and sent the data collection sheets to the coordinating team
when experiments were completed. If any difficulties arose, labs were free to contact the
coordinating team for orientations. If results suggested a failure to implement the method
adequately (Neves & Amaral, 2020     ), labs were allowed to repeat experiments (see Figure S1     ),
and general guidelines used to deal with these situations were later compiled in
https://osf.io/m35s6     .

Post-experiment debriefing
After an experiment was finished, data collection spreadsheets were sent to the coordinating
team, who reviewed them and created a document with questions concerning (a) experimental
steps deviating from the preregistered protocol and (b) unclear or missing information. These
were sent to the replicating lab, which was asked to confirm the observations on protocol
deviations, answer the coordinating team’s questions and rate (on a scale of 1 to 5) how much the
executed protocol deviated from the preregistered one (data available at https://osf.io/g9jsp     ,
https://osf.io/64whp      and https://osf.io/dfp3h     ).

After undergoing this step and answering further questions by the coordinating team if needed,
labs received access to the original article from which the experiment was drawn. They were
asked to fill in a form answering whether they felt the original result was successfully replicated,
with a justification for their answer. They also rated how relevant the differences between the
original protocol and the replication were (on a scale of 1 to 5). Subjective assessment decisions
were reviewed by e-mail with the labs if (a) justifications suggested answers concerned the
reproducibility of methods rather than results or (b) errors or inconsistencies in replication results
were detected and corrected in subsequent steps. Data is available at https://osf.io/dqwr4     , and
more details on each debriefing step are presented at https://osf.io/xgth2     .

Based on the responses to the first debriefing form, a final notes document on each experiment
was compiled by the coordinating team, containing (a) a list of deviations from the original
protocol, (b) a list of additional observations on the experiment, (c) a list of reagents used after the
expiration date (if any) and (d) clarifications about the data collection spreadsheet.
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Validation of experiments
To adjudicate whether the performed experiments constituted valid replications and should be
included in the main analysis, a validation committee was formed for each method, including the
coordinating team and members of participating labs that used that method. Each experiment was
evaluated by three members of this committee, who received the registered protocol, the original
article, the final notes document, and (in some cases) the data collection spreadsheets and/or
additional material, but with no access to the replication results. Each member of the validation
committee received instructions (https://osf.io/rnemd     ) on how to evaluate these documents and
was asked to answer how much the executed experiment deviated from the registered protocol
(on a scale of 1 to 5) and whether they considered it a valid replication, providing justifications for
their answers.

If any of the three evaluators or the replicating lab considered the replication invalid or attributed
a deviation rating greater than 3, or if the sum of the 4 evaluation scores was greater than 10, the
experiment was discussed by the validation committee to decide whether it should be included in
the primary analysis. The committee could also suggest the exclusion of individual experimental
units, or the use of an experimental unit different from the one suggested by the lab. Committee
members did not participate in the discussion of their own replications. After all experiments
were discussed, decisions were reviewed for consistency, and inconsistent decisions were
rediscussed to align criteria. Moreover, if any additional issues were raised during the analysis or
qualitative assessment steps (see below), experiments were rediscussed by e-mail with the
validation committee and decisions were changed if necessary. Figure S2      provides an overview
of the debriefing and validation process; for more details, see https://osf.io/e3fjg     . Decisions are
available at https://osf.io/9ta45     .

Lab self-assessment, project evaluation and qualitative
assessment of replications
After the conclusion of the validation process, replicating labs received the final notes documents,
validation committee scores and validation decisions. They were then asked to fill in a final
debriefing form (see https://osf.io/xgth2     ) where they should answer about their agreement with
these scores and decisions. They were also asked to elaborate on reasons for protocol deviations,
whether those could have been prevented, and what they would change in the replication protocol
if they were to start over. Data for this step is available at https://osf.io/dp54y     .

In addition to these lab responses, individual lab members were asked to optionally fill in an
anonymous project evaluation form, in which they could evaluate the project and their
participation, and elaborate on challenges, difficulties, and learning opportunities. The 121
responses to this form (https://osf.io/gdvam     ) were complemented by 18 semi-structured
interviews with project participants. Responses to open questions about protocol deviations and
project difficulties were categorized by the coordinating team following a taxonomy available at
https://osf.io/5gjb7     . After this, the coordinating team built its own list of difficulties faced by the
project. For more on the project evaluation process, see https://osf.io/nfr6y     .

Finally, each experiment’s results were sent to the labs that replicated it, along with the original
article, information provided by the original authors (when available), replication protocols and
validation decisions. Labs were asked to provide an assessment of the aggregate outcome of the
replication, and their responses were discussed in a live meeting involving participants from the
involved labs and the replication team. Based on these discussions, the coordinating team
prepared qualitative assessments of each replication, which will be analyzed in future
publications. More on this step can be found at https://osf.io/w5z9a     .

Data cleaning and checking
Primary data from the experiments recorded in data collection spreadsheets (optical density
measurements for MTT and conventional PCR, Ct values for quantitative PCR (RT-qPCR), and
behavioral outcomes for EPM) were manually compiled by the coordinating team into a single
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spreadsheet for each method, along with experiment-level metadata (available at
https://osf.io/pwfze     ). When inconsistencies in calculations or discrepancies between subsections
of the data collection spreadsheets were detected, they were cleared up by written contact with
the replicating lab. After this, results were summarized by code for each experiment into
spreadsheets and scatter plots and shared with the labs, who were asked to check for
discrepancies with their calculations. If issues were found, the lab and coordinating team
reviewed them via email until the sources of errors were identified and corrected (see
https://osf.io/58vsx      for details).

Nevertheless, during online discussions for qualitative assessment of replications – which
occurred after publication of the initial version of the preprint – we found that several errors in
data compilation were not detected by this checking process. The coordinating team then
proceeded to check each experiments’ data collection sheet individually against the compiled
results and used the qualitative assessment meetings to review inconsistencies with the labs. This
led to revisions of data in 26 replications (18% of the total), of validation decisions in 7 replications
(5%) and of subjective assessments of results in 6 replications (4%), as well as adjustments in
documentation for individual experiments. A complete list of changes is available at
https://osf.io/4tu2v     .

Data analysis
The protocol for analyzing replication rates and predictors was initially registered at
https://osf.io/9rnuj     , before any experimental results had been reviewed by the coordinating
team. It was updated at a time point when experimental results were available, but no analyses
had been performed, to account for steps added after the experiments (such as the validation
process). The final dataset used for analysis is deposited at https://doi.org/10.7910/DVN/ZJRDIV     .
Analysis code in R was developed based on this protocol and is available both in the data
repository and at https://github.com/BrazilianReproducibilityInitiative/bri-analysis     . A list of
deviations, additions and specifications added to the protocol after the analysis had started is
available at https://osf.io/9hj7t     .

In summary, results from the available replications of each experiment were aggregated by meta-
analysis using the R package metafor (Viechtbauer, 2010     ), with the log-transformed ratio of
means as the effect measure for MTT and EPM. For RT-qPCR experiments, we used the mean
difference in ΔCt values (which is already in log scale), while for conventional PCR we used the log-
transformed relative band density between the gene of interest and the reference gene. The
results of these meta-analyses were used for comparison with the original result (also transformed
into the natural logarithm of the ratio of means). Paired normalization between units in the
experimental and control groups was implemented for all MTT experiments, as absolute optical
density values were not considered commensurable across experimental units measured in
different days. For PCR experiments, pairing was used only when this was the case in the original
study, as described in the methods or inferred from the lack of error bars in the control group (see
https://osf.io/wxzr7     ).

Replication rates for the sample were calculated on the basis of 5 dichotomous criteria: (a)
whether the original estimate was within the 95% prediction interval of a random-effects meta-
analysis of the replication, (b) whether the estimate of a random-effects meta-analysis of the
replications was within the 95% confidence interval of the original results, (c) whether the point
estimate of a fixed-effects meta-analysis of the replication was statistically significant at p < 0.05
and had the same sign as the original result, (d) whether at least half of individual replications
were statistically significant in the same direction as the original result and (e) whether at least
half of labs considered the original result successfully replicated in their subjective assessment.
Prediction and confidence intervals were based on t distributions with degrees of freedom based
on the number of experimental units, combined between groups within replications and between
replications within meta-analyses using the Welch-Satterthwaite equation (Welch, 1947     ).
Sensitivity analyses use (a) z distributions, (b) the Knapp-Hartung approach to calculate degrees of
freedom (Knapp & Hartung, 2003     ) or (c) a single mean of the experimental units from all
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replications rather than meta-analysis (with data for each experimental unit normalized by their
respective control unit in paired experiments or by the control mean of the respective replication
in unpaired ones). Agreement between replication criteria was calculated by Cohen’s kappa for
pairs and Fleiss’ kappa for the aggregate of the 5 criteria.

These rates were initially calculated for the primary analysis set, which included only the
replications endorsed by the validation committee. Rates were also calculated for other sets of
replications, namely (a) all replications, (b) all replications considered valid by the lab, (c) only
experiments with at least 2 valid replications, (d) only experiments with at least 3 valid
replications, (e) only replications achieving 80% post-hoc power on aggregate to detect the original
relative difference in means, considering the standard deviation, sample size and correlation
between pairs found in the replication (see https://osf.io/tbkvz      for experiments within each
analysis set and results of post-hoc power calculations). The primary analysis used the
experimental unit as defined by the validation committee, while sets (a) and (b) above considered
the lab’s definition. A multiverse analysis using all possible replication criteria, sets of experiments
and analysis decisions is presented as a specification curve (Simonsohn et al., 2020     ).

The correlation between effect sizes from the replication and original experiments was evaluated
using Pearson’s r, with sensitivity analyses removing a prominent outlier or using Spearman’s ρ.
Coefficients of variation from the original study were compared to the mean coefficient of
variation of its replications using Wilcoxon’s signed rank test. The mean absolute difference
between the effect sizes of the original study and its replications (both expressed as log ratios of
means) was compared to that between individual replications of the same experiment, also using
Wilcoxon’s signed rank test. These analyses were added after data collection and should thus be
considered exploratory. Predictors of replication success at the level of original experiments and at
the level of replications were evaluated using Spearman’s correlation coefficient as planned in the
protocol. A complete list of tested predictors is available in the analysis protocol and list of
deviations.

Results
Lab recruitment and selection of experiments
Throughout the project, 97 labs across Brazil applied to replicate experiments in response to 4
public calls. Of these, 75 joined the Initiative at some point and 56 contributed data. The
geographic distribution of these labs is displayed in Figure S3      and Table S1     , with information
on team members available in Table S2     .

The selection of experiments for replication and their execution are summarized in Figure 1     . A
total of 317 experiments using the 3 selected methods (MTT, PCR and EPM) were identified by full-
text screening and had protocol data extracted. 173 protocol summaries (https://osf.io/7kagj     )
were shared with participating labs until we could assign 20 experiments with each method to at
least 3 labs. Information on selected experiments and their articles of origin can be found at
https://osf.io/cyjsz      and is summarized in Table S3     , while replication protocols developed by
labs are available at https://osf.io/vzam6/     .

Concluded experiments
Out of the 180 planned replications, 143 were carried out by labs, covering a total of 56
experiments, of which 34 had three replications, 19 had two replications and 3 had only one (Table
S4     ). 136 of these had enough data (i.e. more than one valid data point in each group) to be used
in meta-analyses. Canceled replications were due to inaccessible materials or to labs leaving the
project or not finishing replications by the project’s deadline.

Experiments submitted by labs then underwent validation by our designated committee. Out of
143 replications, 53 were excluded in this step due to protocol deviations (18), using an inadequate
experimental unit (12), insufficient sample size (9), insufficient documentation (6), non-
interpretable results (2) or a combination of these reasons (6) (see Figure 1     ). Results of the
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Figure 1. Flowchart describing the selection and execution of replication experiments.

Top row shows the number of articles that underwent automated and manual screening. The methods of selected
experiments were extracted, and their summaries were sent to labs to determine the final replication sample. Numbers of
concluded and validated experiments (i.e. those with at least one replication) and replications are shown in the bottom rows,
with reasons for lack of completion or invalidation shown on the right.
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validation process are available at https://osf.io/9ta45/      and a description of reasons for
invalidation can be found in Table S5     . Validation decisions for different interpretations of the
experimental unit in cell culture experiments are detailed in Table S6     . Labs agreed with the
committee’s decisions on all validated experiments and on 77% of invalidated ones.

This left us with 90 valid independent replications covering 45 different experiments in our
primary analysis. Five replications with insufficient sample size and n > 1/group were included in
meta-analyses but not analyzed independently. Only 9 experiments remained with three valid
replications, while 27 had two and 9 had only one. A list of materials concerning each replication
is compiled at https://osf.io/6av7k/wiki/Individual_Replications/     , while aggregated data for each
analysis set is available at https://osf.io/6av7k/wiki/Aggregated_Replications/     . For the primary
analysis, unit-level data are available as tables and scatter plots at https://osf.io/uzm97/files/     , and
forest plots are available at https://osf.io/sx9gv     . Qualitative assessments of experiments are
available at https://osf.io/p7b9z     .

Replication rates
Replication rates for the 45 experiments included in the primary analysis are shown in Table 1     .
In 17 out of 39 experiments with multiple replications (44%), the original estimate was within the
95% prediction interval of the replication meta-analysis, while 13 out of 45 aggregate replication
estimates (29%) and 23 out of 90 individual replications (26%) were within the original
experiment’s 95% confidence interval. Nine (20%) aggregate estimates and 17 (19%) individual
replications showed a statistically significant effect in the same direction as the original, with half
or more of the available replications significant in 10 experiments (22%). Twenty-nine individual
replications (32%) were considered successful by the replicating lab, with at least half of labs
making this judgment in 19 experiments (42%). That said, many labs used loose criteria for
success, such as an effect in the same direction or of comparable size, regardless of statistical
analyses (see Table S7     ). Twelve (27%) experiments were replicated by at least half of the
applicable criteria, and agreement between different criteria is shown in Figure S4     , with Fleiss’
kappa coefficients of 0.54 for the 5 experiment-level criteria and 0.38 for the 3 replication-level
criteria.

A major caveat for the interpretation of these replication rates is the low statistical power of some
replications. Although we calculated sample sizes for each individual replication to have 95%
power to detect the original standardized difference (with the primary analysis including only
those achieving at least 80% power for this purpose), coefficients of variation were on average
much higher among replications, particularly for PCR experiments (Figure S5     ). This led
statistical power to detect the original relative difference to be lower than planned for many
experiments (Figure S6     ), biasing replication rates based on statistical significance downwards
and those based on prediction intervals upwards (as also occurs when there is low agreement
among replication results). To address this, we conducted an exploratory a posteriori power
analysis considering only experiments with at least 80% statistical power for the aggregate of
replications (n=35), using the original relative difference and the variability achieved in
replications. This leads to an increase in replication rates based on statistical significance and a
decrease in those based on prediction intervals, with 38% of original effects within the
replications’ 95% prediction interval, 31% of replication estimates within the original 95%
confidence interval and 26% of experiments statistically significant in the same direction as the
original (Table S8     ).

Table 2      displays replication rates for these and other sets of experiments, including all
experiments irrespectively of the validation results (n=56), all experiments considered valid by
labs (n=56), and only experiments with at least two (n=36) or three (n=9) valid replications (broken
down by method in Tables S9-S12     ). Disregarding the validation process increases sample size
but has little impact on replication rates, whereas analyzing only experiments with multiple
replications leads to higher rates by some criteria, but with a lower sample size. Replacing t by z
distributions in meta-analyses (Tables S13-S14     ) decreases replication rates based on confidence
intervals, which become narrower, but increases significance rates. Basing degrees of freedom for
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Table 1. Replication rates in the primary analysis.

Replication rates for the primary analysis using multiple criteria. Effect size comparisons are based on random-effects meta-
analyses, while same-sign significance is based on fixed-effects meta-analysis estimates. The 95% prediction interval criterion
only uses experiments with more than one replication and thus has a different sample size. All statistical tests use t
distributions based on the number of experimental units. PI, prediction interval; CI, confidence interval; MTT, 3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide assay; PCR, reverse transcription polymerase chain reaction; EPM,
elevated plus maze. For more information on replication criteria, see https://osf.io/9rnuj     .
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meta-analyses on the Knapp-Hartung approach (Tables S15-S16     ) increases replication rates
based on prediction intervals but drastically lowers those based on meta-analytical significance, as
estimates incorporate more uncertainty. Finally, synthesizing replications by a mean of all
experimental units rather than by meta-analysis (Tables S17-18)      lowers replication rates, as the
precision of aggregate estimates is decreased by individual replications with high variability.

We also evaluated the impact of analysis decisions made for specific methods after the protocol
was registered. Pairing MTT experiments only when the original was presumably paired markedly
increases coefficients of variation, decreasing statistical power and replication rates based on
statistical significance (Table S19     ). Analyzing relative expression in a linear scale for PCR
experiments (Table S20     ) also leads to increased variability, lower rates of statistical significance
and wider prediction intervals. A multiverse analysis for all combinations of experimental sets,
replication criteria and analysis options is presented as a specification curve in Figure 2      and
shows a median replication rate of 25% (interquartile range = 19-33%).

Effect size and variability comparison
A comparison between the effect sizes from each original experiment and those of replications in
the primary analysis is shown in Figure 3A     , while the correlation between the aggregate effect
size of replications and the original one is shown in Figure 3B     . The high linear correlation (r =
0.82, p = 6.4×10-12) is due to one prominent outlier with very large effect sizes in both the original
and replication; removal of this experiment leaves a weak correlation with r = 0.22 (p = 0.16;
Figure 3C     ). Using a non-parametric approach for the whole sample also leads to a lower
correlation coefficient (Spearman’s ρ = 0.35, p = 0.02).

41 out of 45 effect sizes (91%) were smaller in the replication aggregate than in the original, with a
median ratio between the original and replication relative effect sizes (both expressed as ratios of
means) of 1.71 (1.51 for MTT, 1.75 for PCR and 2.01 for EPM) (Table 3     ). This expresses a ratio
between ratios, which is used for mathematical purposes to include effects in the opposite
direction: median relative differences (80% in the original vs. 8% in the replication when
considering effect direction) are 90% smaller in the replications. While this may reflect
exaggeration of original effect sizes or publication bias (Ioannidis, 2008     ), some degree of
inflation is expected even in its absence, as our selection process filtered for original experiments
with significant differences. In an exploratory analysis, we found that coefficients of variation
were lower in the original than in the average of replications in 33 out of 45 experiments (73%),
with a median ratio of 0.55 (Wilcoxon’s signed rank test, p = 1.3×10-5). This difference was greater
in PCR experiments (ratio of 0.28, p = 2.4×10-4) than in MTT and EPM ones (ratios of 0.85 and 0.74,
p = 0.15 and 0.05, respectively). Sign errors (i.e. significant effects in the opposite direction of the
original) were infrequent, occurring in 2 out of 45 experiments (4%) and accounting for 18% of
significant replication results.

Our multicenter design also allowed us to compare the variation between individual replications
to that between replications and original studies in an exploratory analysis. Relative differences
(expressed as ratios between the higher and lower mean) between original effects and individual
replications were larger than those between replications of the same experiment, with a median
ratio of 1.21 (Wilcoxon signed-rank test between pairs, p = 0.01). Differences were larger and more
consistent among EPM studies (median ratio = 1.55, p = 0.007) than among PCR (ratio = 1.36, p =
0.19) or MTT experiments (ratio = 1.12, p = 0.64) (Table 3     ). This suggests that part of the
irreplicability observed in our study is due to factors specific to published experiments that were
not present in replications; nevertheless, a sizable amount of variation was still observed among
replications, as can be seen in Figure 3A     .

Predictors of replication success
We analyzed whether multiple factors at the level of the original experiment and replication were
correlated with replication success, as measured by the strength of evidence for an effect in the
same direction (the t value for the replication or aggregate of replications) and by effect size
exaggeration (the difference between the effect sizes of the original experiment and replication,
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Table 2. Replication rates for different analysis sets.
Replication rates for the primary and secondary analyses. Effect size comparisons are based on random-effects meta-
analysis, while same-sign significance is based on a fixed meta-analysis estimate. The 95% prediction interval criterion only
uses experiments with more than one replication and thus has a different sample size. Subsets for secondary analyses
include all experiments judged valid by the replicating lab (Lab’s Choice), all concluded experiments (All Exps) – both of which
use the experimental unit as defined by the lab rather than by the validation committee –, only experiments with at least 2 (≥
2 Reps) and 3 replications (3 Reps), and only experiments with ≥ 80% a posteriori power using the original relative difference
and the variability achieved in replications. All statistical tests use t distributions based on the number of experimental units.
PI, prediction interval; CI, confidence interval. For more information on replication criteria, see https://osf.io/9rnuj     .
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Figure 2. Specification curve analysis of replication rates.

Curve shows replication rates arising from the combination of 10 replication criteria (green; 5 criteria for the aggregate of
experiments, with 2 different ways to resolve ties for those involving voting, and 3 criteria for individual replications), 8 sets of
experiments with different criteria for inclusion (blue), 2 ways of handling PCR (black) and MTT (grey) data, and 4 different
approaches for statistical analysis (red). Replication rates range from 0 to 78%, with a median of 25% and an interquartile
range (IQR) of 19 to 33%.
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Figure 3. Effect size comparisons and correlations.
(A) Effect size comparison between original experiments (dark) and individual replications (light) for EPM (blue), MTT (green)
and PCR (orange) experiments, ordered by the original effect size. X axes represent effect sizes as the natural logarithm of
the ratio between the means of the experimental and control groups in behavioral outcomes (EPM), optical density (MTT) or
relative gene expression (PCR), with 0 indicating no difference between groups. (B) Correlation between the effect sizes of
original experiments (x axis) and the aggregate result of their respective replications (y axis), again expressed as log ratios of
means (r = 0.82, p = 6.4×10-12; ρ = 0.35, p = 0.02). Colors are the same as in A. Dashed line indicates equivalent effect sizes
between original and replication. (C) The same analysis excluding the prominent outlier in PCR147, yielding a much weaker
linear correlation (r = 0.22, p = 0.16; ρ = 0.3, p = 0.05). All results use the primary analysis set and t distributions based on the
number of experimental units.
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Table 3. Comparisons between results of replications and original studies in the primary analysis.
Continuous variables are shown as median (range), while categorical ones are shown as proportion (percentage). Original
effect sizes represent the ratio between the higher and lower mean of the two groups in the original study and are thus
always above 1. Replication results respect the same order as the original: therefore, effects above 1 are in the same
direction, and those below 1 are in the opposite direction. Ratios between original and replication effect sizes are thus ratios
between ratios and are calculated by exponentiating differences between log ratios. Coefficients of variation are calculated as
the pooled mean of both groups divided by the pooled standard deviation; for PCR experiments, this is done for relative
expression values in linear scale. Mean effect size differences are obtained from absolute differences between effect sizes in
log ratio of means, in order to measure discrepancies between the original experiment and its replications or between
individual replications. These are also exponentiated and thus represent the mean ratio between the higher and lower value.
Sign errors refer to effects in the opposite direction of the original with p < 0.05, while opposite sign (total) includes all
differences in the opposite direction (irrespective of significance). All results use the primary analysis set and t distributions
based on the number of experimental units. ES, effect size; MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
assay; PCR, reverse transcription polymerase chain reaction; EPM, elevated plus maze.
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both expressed as log ratios of means). A summary of these correlations in the primary analysis is
shown as a heat map in Figure 4     , while individual scatter plots are available at
https://osf.io/fdpbe     .

At the original experiment level (Figure 4A     ), replication success as measured by t value was
mainly correlated with researcher predictions about the probability of replication success (ρ =
0.46, p = 0.002) (see Table S21      for data on survey participants and Figure S7      for survey
results). Predictions were also correlated with dichotomous same-sign significance (ρ = 0.44, p =
0.004), which was the outcome participants were directly asked to predict. Conversely, t values
were negatively correlated with the number of publications by the original article’s last author in
the 5 years preceding the replicated publication (ρ =-0.31, p = 0.04). Effect size exaggeration was
greater for experiments with higher coefficients of variation in the original experiment (ρ = 0.41, p
= 0.005) – an expected result when original results are filtered for significance –, and lower for
MTT (ρ =-0.39, p = 0.008), and cell line experiments (ρ =-0.26, p = 0.08), although these variables are
heavily correlated among themselves, making confounding likely (see Figure S8      for correlations
among predictors). Exaggeration was also correlated with researcher predictions on how
challenging the replication would be to perform (ρ = 0.34, p = 0.03), worse reporting of the
experiment’s methods (ρ =-0.23, p = 0.13) and, surprisingly, with higher use of bias control
measures in EPM experiments (ρ = 0.6, p = 0.02), although the latter analysis had a very low
sample size (n=14). Most of these correlations are weak and, due to the multiplicity of tested
predictors, could plausibly have arisen by chance.

In an exploratory analysis at the replication level (Figure 4B     ), t values were negatively
correlated with the degree of change between the original article and replication, as assessed by
the replicating lab (ρ =-0.26, p = 0.01); however, as this score was attributed after seeing the results,
unsuccessful replications could have led researchers to attribute greater value to protocol
changes. Effect size exaggeration was positively correlated with this score (ρ = 0.19, p = 0.07), as
well as with that attributed by the validation committee, which was blind to the replication results
(ρ = 0.27, p = 0.009). More experienced data collection teams had slightly higher t values in
replications (ρ = 0.21, p = 0.05), as did groups in higher-ranked universities (replications (ρ = 0.18, p
= 0.13), which also found lower effect size decreases between the original study and replication (ρ
=-0.22, p = 0.07). Conversely, replicating teams with larger numbers of published articles found
greater effect size decreases (ρ = 0.28, p = 0.008 for protocol-developing teams, ρ = 0.15, p = 0.15 for
data collection teams). More experienced data collection teams were also more likely to consider
the replication successful in their subjective assessments (ρ = 0.31, p = 0.003 for years since first
publication and ρ = 0.24, p = 0.02 for number of publications). Once more, the multiplicity of tested
predictors and non-independence between replications with overlapping teams make these
correlations tentative at best.

Self-assessment by labs and coordinating team
Protocol deviations occurred frequently in our sample and were registered by the coordinating
team in 95% of individual replications (88% for MTT, 98% for PCR and 100% for EPM). On a scale of
1 to 5 (with 1 being no deviation and 5 being a deviation that invalidates the experiment as a
direct replication), replications in the overall sample had a mean (± SD) rating of 1.9 ± 1 when
evaluated by the lab and 2.5 ± 1.1 when rated by the validation committee (excluding replications
where issues were found after initial validation, in which scores were not updated). Among
experiments included in the primary analysis, these ratings were 1.7 ± 0.8 and 2.1 ± 0.8,
respectively. When analyzing all experiments in an exploratory manner (see Figure S8     ),
deviation scores by the committee were higher for animal (ρ = 0.42, p = p = 7.2 x 10-7) and EPM
experiments (ρ = 0.4, p = 1.7 x 10-6) and lower for cell line and MTT ones (ρ =-0.49 p = 2.9 x 10-9).
Protocol deviations also correlated with higher original coefficients of variation (ρ = 0.42, p = 8.1 x
10-7) and lower original standardized effect sizes (ρ =-0.36, p = 2.4 x 10-5) – probably due to
confounding of these features with EPM experiments –, as well as with earlier publication years (ρ
=-0.37, p = 1.4 x 10-5) and degree of challenge as assessed in the prediction survey (ρ = 0.31, p = 3.5
x 10-4).
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Figure 4. Predictors of replication success.
(A) Predictors of replication success at the level of original experiments (x axis) in the primary analysis. Categories include
experimental model and method (animal vs. cell, EPM/MTT/PCR vs. others), statistics (original standardized effect size, p
value and coefficient of variation), reporting (protocol reporting score, bias control measures), article features (journal impact
factor, year and citations in the first 2 years), author features (years since first publication and number of publications at the
time of original article publication), lab features (university ranking) and researcher predictions (about replication probability,
expected effect size and difficulty). For details on each predictor, see https://osf.io/9rnuj     . Y axis represents different
continuous (aggregate replication t value, effect size differences in log scale) and dichotomous outcomes (same as in Table
1     ); effect size differences are expressed as replication minus original (i.e. with a sign opposite to that presented in the text)
so that blue indicates correlations with less exaggeration/higher replicability and red with more exaggeration/lower
replicability. Numbers show univariate correlations as Spearman’s ρ, while color intensity represents p values. (B) Predictors
at the level of replications, including degree of protocol deviation (judged by the lab and validation committee), features of
the replication team (mean number of years since first publication and number of publications by the protocol and data
collection teams) and of the lab (university ranking). Other conventions are the same as in A, but outcomes and sample size
refer to individual replications. Scatter plots for individual correlations are available at https://osf.io/fdpbe     .
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Reasons for protocol deviations provided by labs are presented in Figure 5     , with illustrative
examples presented in Table S22     . Most deviations were due to issues intrinsic to the
experiment, such as the experimental model behaving differently than expected. Reasons related
to the infrastructure of the lab and animal facility were also frequent, as were logistical problems
involving suppliers or regulatory requirements. A smaller fraction of deviations was due to
deliberate choices or errors by the lab performing the replication. An assessment of general
difficulties by participating researchers (Figure S9      and Table S23     ) placed COVID-19
restrictions, delayed delivery of reagents, and difficulties with the experimental model as the top
challenges faced by labs.

The coordinating team also assessed the obstacles faced by the project, with top-ranked difficulties
shown in Table S24      and a complete list available at https://osf.io/q76vj     . Lack of common
terminologies for describing aspects of experiment design, problems with reagent delivery, poor
methodological descriptions in the original articles, and experimental models not working as
expected were considered the most relevant difficulties. These were grouped into five categories
encompassing the key challenges faced by the project (Table 4     ). These challenges, along with
associated opportunities for improvement, will be discussed more extensively in future
publications.

Discussion
In this large multicenter replication of published biomedical experiments from Brazil, replication
rates in our primary analysis varied from 20 to 44%, depending on the criteria used to define
replicability. These numbers are in a similar range as previous prospective estimates from the
biomedical literature (Begley & Ellis, 2012     ; Errington, Mathur, et al., 2021; Prinz et al., 2011     ;
Scott et al., 2008     ; Steward et al., 2012     ). Among these, our study is unique in trying to assess a
representative sample of articles by randomly selecting experiments from a wide range of
publications based on methods, rather than filtering by research area, importance or citation
counts. It is also the first attempt to evaluate replicability within a specific country, in order to
provide data that can be of more direct use for local funders, institutions and researchers. That
said, the absence of similar studies elsewhere precludes comparisons with other regions.

When compared to originally positive experiments in the Reproducibility Project: Cancer Biology
(RP:CB) (Errington, Mathur, et al., 2021) – perhaps the closest counterpart to our study – replication
rates in our primary analysis were lower when measured by statistical significance in the same
direction (20% vs. 39%) or inclusion of the replication effect size in the original 95% confidence
interval (29% vs. 43%). Correlations between effect sizes were also lower in our study (Spearman’s
ρ = 0.35 vs. 0.47), while effect size decreases were similar in magnitude (85% in standardized effect
sizes in RP:CB, 90% in relative differences in our study). Multiple factors could account for the
differences, including sampling strategy (general literature vs. highly cited articles), experimental
selection (first significant experiment vs. most relevant ones), replication facilities (academic labs
vs. commercial services), protocol development (with vs. without the participation of original
authors), subfield (general vs. cancer biology) and region of origin (Brazil vs. worldwide).

Our study is also unique in employing a multicenter replication strategy, allowing us to assess the
extent to which interlaboratory variability may account for discrepancies between the original
study and its replications. Differences in effect sizes between the original study and replication
were larger than those among replications, suggesting that irreplicability is partly due to factors
that are intrinsic to published articles, such as publication bias, selective reporting, low statistical
power and incentives for positive results (Smaldino & McElreath, 2016     ). That said, differences
between replications were also large in many cases. As replicating labs were blind to the original
result and had no obvious incentives towards particular results, heterogeneity between
replications is more likely due to differences in experimental conditions or in how experiments
were conducted. These may include protocol adaptations, different levels of adherence to the
original protocol, or undetected errors by replicating labs. The finding of significant
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Figure 5. Reasons for protocol deviations.

Reasons were provided as open answers by the lab and categorized by the coordinating team as described at
https://osf.io/5gjb7     . They are divided into general categories (bold) and subcategories. Examples for each category are
shown in Table S22     .
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Table 4. Challenges in performing a large-scale multicenter replication of experiments from Brazilian
biomedical science.

Main categories of challenges faced by the project, based on the coordinating team’s assessment of an initial list of
difficulties (see Table S24      and https://osf.io/q76vj     ).
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interlaboratory variability is also consistent with previous attempts to replicate identical protocols
across multiple sites for animal (Crabbe et al., 1999     ) and cell line studies (Elliott et al., 2017     ;
Niepel et al., 2019     ).

Within the biomedical literature, our study is also one of the few to assess predictors of
replicability. Although the power of this analysis was limited by the small number of successful
replications, MTT and cell-line experiments exhibited smaller decreases in effect sizes between the
original and replication than EPM and animal experiments. Reasons for irreplicability also seemed
to differ between methods. In PCR experiments, non-significant results in some experiments were
likely explained by coefficients of variation being higher in replications than in original studies,
leading to low statistical power. For the other methods, power was usually adequate and non-
significant replication effects were closer to zero, suggesting that original results are more likely to
represent false-positive or ungeneralizable results.

Although researchers’ predictions overestimated replicability, they had reasonable success in
forecasting the evidence strength of replications as measured by t values; still, prediction accuracy
was lower than that reported by previous replication projects in psychology and the social
sciences (Gordon et al., 2021     ). This finding might be expected, given that the replicability of
findings in biomedical science is probably less intuitive than that of psychology studies, for which
prediction accuracy is above chance even among laypeople (Hoogeveen et al., 2020     ).
Assessments of how challenging the replications would be, meanwhile, correlated both with
experimental complexity measured by text-based assessment of the protocols (Fanelli et al.,
2025     ) and with greater effect size decrease between the original result and replication.
Researcher justifications for predictions and analyses of whether prediction markets can improve
accuracy will be explored in further work.

Other features of the original article were generally uncorrelated with replication outcome,
although large rates of publications by the last author were associated with lower replicability,
suggesting that incentivizing publication volume may be counterproductive for the reliability of
results. Journals and university rankings were not predictive of replicability, in contrast with a
recent retrospective analysis of Drosophila immunity studies (Lemaitre et al., 2026     ), although
the focus on randomly selected Brazilian articles led our sample to mostly include low impact
factor journals. Counterintuitively, greater use of measures to control risk of bias in animal
experiments, such as randomization and blinding, was correlated with greater effect size decrease
in the replication. Although this is likely to be a chance finding, as both sample size for the
analysis and plausibility are low, it suggests that replicability in lab biology – as well as predictions
about it – may rely more on the complexity of experiments than on traditionally used proxies for
methodological rigor.

Our analyses have multiple caveats, most of which are due to difficulties faced by participating
labs performing replications. Twenty-one percent of planned replications ended up not being
performed, either because materials could not be acquired (5%) or because the labs to which they
had been assigned left the project or could not meet its deadlines (15%). This is a much smaller
fraction than the 74% unfinished replications in RP:CB (Errington, Denis, et al., 2021), likely due to
our selection of simpler experiments. On the other hand, our validation process had a large impact
on our sample, excluding 37% of replications from the primary analysis. Interestingly, this filtering
process did not have a large impact on replication rates, as included and excluded replications had
similar rates of success. This may be explained by the fact that, while some issues raised during
the validation process would be expected to lower replicability (e.g. deviations from the original
protocol), others could artificially raise it (e.g. insufficient biological variation among
experimental units or biases in randomization).

Loss of individual replications also limited statistical power for many experiments, even though
we aimed for high power in sample size calculations (95% power to detect the original effect in
each individual replication) to account for the likelihood of effect size inflation (Ioannidis, 2008     ;
van Zwet et al., 2023     ). Power was further constrained by the fact that coefficients of variation
were higher in replications than in original studies, with a 4-fold median difference for PCR
experiments. This may either indicate that replicating labs had more difficulty in controlling
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technical error or that variability was underestimated in the published results, due to elimination
of outliers (Gress et al., 2018     ; Holman et al., 2016     ), incorrect labeling of error bars (Cumming
et al., 2007     ; Vaux, 2004     ), or insufficient biological variation among experimental units (Lazic
et al., 2018     ; Vaux et al., 2012     ). Filtering the sample by achieved power (considering the
original relative effect and the observed variability) suggests that higher variability in replications
biased replication rates based on statistical significance downwards; nevertheless, even when
considering only experiments with adequate power, replication rates remained between 26 and
38%.

For experiments with high agreement among replications, it is reasonable to assume that the
reasons for irreplicability are more likely to lie in the published results. Nevertheless, as we
replicated individual comparisons between groups, lack of replication success does not apply to
the whole article, or even to the whole experiment from which the comparison was drawn. Due to
our choice of selecting the first comparison with a significant difference in an article, it was not
infrequent to select an initial experiment or a low treatment dose, meaning that an unsuccessful
replication does not necessarily call the main conclusions of a study into question.

More importantly still, low agreement among replications and/or a lower number of replications
than originally planned limited our ability to judge many of the original experiments. Our results
should thus be thought of as naturalistic estimates of real-life academic labs trying to replicate
individual experiments from the published literature. That said, due to our crowdsourced,
country-based design, the population of labs that performed replications was largely similar to the
one that produced the original results. Thus, whether the original estimate or the replication one is
a more accurate description of the phenomenon under study does not change the conclusion that
Brazilian researchers have difficulties replicating findings from other research groups within the
same community.

In fact, the observation that most labs faced difficulties in following preregistered protocols and
controlling experimental variability provided an opportunity to glimpse at possible causes for
replication failures. While all we can say about the original results is how closely they were
replicated by our labs – which provides little information about the reasons for failed replications
– our data collection and review process allowed an extensive audit of how closely replication
protocols were followed by participant labs. This was complemented by a self-assessment process
that allowed us to investigate relevant difficulties and opportunities for improvement.

Deviations from preregistered protocols were present in most replications. They occurred most
commonly due to issues that were intrinsic to the experiment – such as difficulties with growing
cells in the conditions reported in the original publication, or with performing experimental
procedures as stated in the protocol. In many cases, labs reported that these issues could not have
been anticipated without direct experience with the experimental model. Similar limitations were
observed in the RP:CB, in which two thirds of preregistered protocols required modifications after
experimental work had begun (Errington, Denis, et al., 2021).

This should be considered when interpreting replication rates, as difficulties in adequately
implementing a method or experimental model are likely to decrease the probability of replication
success. Thus, “one-shot” replication projects such as our own, in which extensive efforts are made
to define the protocol in advance, are different from “best-shot” attempts at replication that allow
for tinkering with the protocol over the course of multiple replication attempts – which are
arguably closer to how experiments are typically replicated by academic labs (Guttinger, 2019     ).
While the former are likely to underestimate replicability due to the difficulty in defining methods
upfront, the latter can overestimate it due to the active effort in obtaining results that are close to
the original.

The challenge of prespecifying methods also poses limits to the applicability of protocol
preregistration in laboratory biology – or in any other area in which data collection depends on
complex methods. Although we believe that preregistration of experimental methods is
worthwhile, it may be more useful when performed after pilot experiments have been carried out,
in order to reduce the need for deviations. Preregistering analysis methods poses fewer difficulties
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when data is relatively simple, as in our experiments; nevertheless, more data-intensive methods
can involve steps of data filtering or complex analytical decisions (e.g. Carp, 2012     ) that may be
equally hard to specify in advance.

Our attempts to establish predefined inclusion/exclusion criteria to assess the validity of
individual samples or experiments (Neves & Amaral, 2020     ) were also less successful than we
had expected. Labs had difficulties in establishing these criteria in advance, frequently setting
very high standards for markers, such as RNA purity, that turned out to be difficult to achieve and
led them to break their own criteria. An independent validation process performed after the
experiment turned out to be more feasible for assessing methodological validity and may be more
compatible with the reality of academic labs. Importantly, this process was blind to the replication
results, in order to prevent replication outcomes from contaminating judgments about
methodological adequacy. Nevertheless, some methodological issues went undetected by this
process and were identified only when results were actively discussed with participating labs.

Other reasons for protocol deviations included infrastructural problems, such as difficulties with
the delivery of materials, cells or animals on time, limitations in access to equipment, and lack of
personnel to perform replications. The COVID-19 pandemic proved to be a particularly complex
challenge, as many labs and institutions were closed for extended periods, and even after normal
activity was resumed, changes in replicating teams and lab priorities meant that many
experiments ended up being performed in non-ideal conditions. Unsurprisingly, this was the most
frequently reported difficulty by participants in our project evaluation survey.

All that said, there remains a fraction of protocol deviations that had no particular reason, in
which labs simply made a different methodological choice from the preregistered one. This
suggests that the idea of preregistration as a commitment to a particular methodology is still
poorly understood by biomedical researchers. Most of them seem to consider protocols as general
guidelines, assuming – perhaps correctly – that many steps will change after the experiment
begins, and sometimes preferring vague descriptions over precise specifications to allow flexibility
in the process. In some cases, this also led to a lack of clarity when developing protocols, leading to
misunderstandings when experiments were performed by a different researcher.

These communication issues were particularly evident when determining the appropriate
experimental unit in cell culture experiments. Although this was defined by the coordinating team
in the protocols as different passages of a cultured cell line, or as primary cultures from
independent pools of animals, many labs opted for other ways to define biological replicates. Not
all adaptations were accepted, leading many replications to be excluded from our primary
analysis. Moreover, merely understanding what experimental unit was used by a particular lab
could be challenging, due to the lack of standardized terminology to define this among researchers
(Lazic et al., 2018     ; Vaux et al., 2012     ). To a lesser extent, this also applied to other aspects of
experimental design, such as positive and negative controls, blanks and randomization, which
were described using distinct terminology by individual labs. This suggests that the adoption of
consensus taxonomies that systematically and unambiguously describe these concepts could
potentially improve reproducibility.

A final lesson learned from this project is that organizing large-scale initiatives in laboratory
biology is hampered by the lack of experience of academic labs with working in coordinated
fashion. While collaboration in biomedical research is frequent, the culture of repeating the same
experiment across labs and standardizing procedures is confined to specific research fields
(Brancato et al., 2024     ) or projects (Lyden et al., 2022     ). As a striking example of this limitation,
a recent systematic review of the biomedical literature found only sixteen examples of multicenter
animal studies (Hunniford et al., 2023     ). Consequently, data collection and management
standards by labs are idiosyncratic, and harmonizing, reviewing and analyzing data from
different sources can be challenging. Moreover, managing large-scale projects is a skill for which
researchers receive little training, and being externally managed or supervised is also an unusual
experience that can be met with resistance (Maysami et al., 2016     ). If large-scale, crowdsourced
research is to flourish in lab biology, cultural changes are important to capacitate the academic
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workforce for such collaborative endeavors (Amaral & Neves, 2021     ; Coles et al., 2022     ;
Uhlmann et al., 2019     ). Possible solutions in this direction will be elaborated in a future article
dedicated to these issues.

As a final reflection, our project leaves contributions beyond the results reported here. Our
quantitative data describing replications are fully shared and open to scrutiny. Similarly, most of
our textual data – including protocols, final notes, justifications for researcher predictions and
other documents – are also open and remain to be analyzed in more depth. The collaborative
nature of the project has constituted an important learning experience for the many researchers
involved, including many early-career scholars, and the visibility we received (e.g. de Oliveira
Andrade, 2019     , 2025) has cast a spotlight on replicability and reproducibility in academic
debates across the country. Finally, we leave spinoffs such as the Brazilian Reproducibility
Initiative in Preclinical Systematic Review and Meta-Analysis (BRISA)
(http://en.reprodutibilidade.bio.br/brisa     ), an ongoing collaboration to train biomedical
researchers in systematic review methods, and the Brazilian Reproducibility Network
(http://en.reprodutibilidade.org     ), a multidisciplinary organization to promote reproducible
research practices across the country. We expect this legacy to help place reproducibility at the
forefront of Brazil’s national research agenda.
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Peer reviews
Reviewer #1 (Public review):

Summary:

This article describes a very ambitious metascience project aimed at testing the
reproducibility of a corpus of publications conducted in Brazil. The strength of the approach
lies in its systematic, multicenter replication design. The authors focus on three commonly
used experimental paradigms in biology: the MTT assay, RT-PCR, and the elevated plus maze.

The effort is commendable and reveals a rather low rate of reproducibility, in line with
findings from fields considered less reproducible in the life sciences, such as cancer biology.

Strengths:

The study is supported by a substantial dataset, incorporating multiple independent
replication attempts and the use of stringent, well-defined protocols, which strengthens
confidence in the overall conclusions.

Weaknesses:

(1) Being neither an expert in metascience nor in statistics, I cannot fully judge the
methodological aspects of the article or its extensive supplementary material. I will therefore
focus my comments on readability. I found the manuscript difficult to digest. The authors
should improve readability if they wish to reach a broad audience of experimental biologists.
In particular, they should simplify the description of protocols and highlight the key findings
more clearly, using accessible language. See specific points below

(2) The article appears to oscillate between:

i) a description of the approach and the inherent challenges of such a multicenter replication
program.

ii) an estimation of reproducibility.
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These could potentially form two separate articles: one aimed at a broad audience
emphasizing key results, and another focused on methodological aspects for a more specific
metascience audience. The Results section currently contains redundancies and is difficult to
follow for non-experts in statistics. I also find it challenging to extract the main findings.

A possible improvement would be to include an initial section clearly describing the protocol
(replication of a single experiment, across several labs, for three types of assays), followed by
a concise presentation of the main results regarding reproducibility in Brazilian science with
subsections. Methodological details could be moved either to a Supplementary Information
or to a more specific article, while being summarized in the Discussion.

(3) This study evaluates the reproducibility of a single experiment from each article, taken
out of its broader context. While this provides an estimate of reproducibility, it does not
directly contribute to resolving uncertainties within a specific field. This may represent a
limitation compared to other reproducibility projects that attempt to replicate multiple key
claims within a given study (e.g., in cancer biology or Drosophila immunity). I found that a
weakness is that it does play a role in cleaning a field of wrong statements.

(4) The observation that external observers can predict which experiments are likely to be
reproducible is interesting and should be more clearly emphasized.

(5) The manuscript frequently refers to future publications. It would be helpful to clarify
what is included in the present article versus what is deferred to subsequent papers

https://doi.org/10.7554/eLife.111001.1.sa3

Reviewer #2 (Public review):

Summary:

This is an important contribution to science, not only because large-scale replication studies
remain rare despite their value, but also because this one focuses on research that was under
represented in previous large-scale efforts. The findings reveal concerningly low replicability
in this field, pointing to a problem that warrants immediate attention. Particularly
noteworthy is the study's sampling strategy: by randomly selecting experiments from a wide
range of publications based on methods, rather than filtering by research area, importance,
or citation counts, the authors have produced results that are potentially more representative
of the broader literature than those of previous large-scale replication projects in this and
other fields. Overall, this is a fantastic contribution that I will be recommending and using in
all my open science talks, and from which I have learned a great deal. Congratulations to the
team!

Strengths:

A study of this scale inevitably requires an enormous amount of work and methodological
care, and this one is clearly both robust and thoughtfully designed. I want to particularly
acknowledge the considerable efforts the authors have made to ensure the robustness of
their findings. The use of multiple approaches to estimate replicability, combined with a
substantial battery of sensitivity analyses, including a multiverse approach on top of
everything else, clearly reflects the authors' genuine commitment to understanding their
results and the limits of their conclusions. The transparency and sharing of all protocols,
materials, and challenges and limitations encountered is also outstanding.

Weaknesses:

There were several instances during my reading of the methodology where I felt the authors
relied too heavily on the external supplementary materials, at the expense of basic detail in
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the main manuscript. I appreciate how overwhelming it can feel to integrate more into an
already substantial paper, but without some minimum integration, the reading experience
and overall comprehension are too often compromised, at times posing more questions than
answers. And it is unrealistic to expect most readers to engage with the extensive
supplementary materials provided. Please see the comments below for specific suggestions.

Additionally, I found the discussion rather underdeveloped. There is relatively little
engagement with the broader literature, not only with replicability studies from other fields,
but more generally with relevant meta-research work on publication bias, blinding, risk of
bias, citation practices, etc. Some of the most novel and interesting findings in the paper also
receive less attention than they deserve, and the discussion at times reads as a repetition of
the results section rather than a critical engagement with them. I would encourage the
authors to engage more deeply here, as the study clearly has much more to say. Doing so
would further highlight why this study is important for the answers it provides and the
questions it can spur. Again, please see the comments below for specific suggestions.

Specific suggestions:

Page 1, abstract: "while t values for replications were positively correlated with researcher
predictions about replicability, and negatively correlated with the rate of publications by the
original article's last author" - I need to address the question: why t values and not effect
sizes, p values, or something else? Update after reading the study: although the authors used
others, they seem to place more emphasis on t values, which is not well explained. Without a
clear explanation, it just left me wonder why, given that effect sizes would, in principle, be
more information.

Page 2, paragraph 2: "reproducibility (defined here as reaching the same results when
analyzing a set of data)" - In my opinion, this definition is vague enough that it encompasses
not only reproducibility (same data, same methods) but also robustness (same data, different
methods), and I would therefore recommend providing a more precise definition. The same
applies to replicability (different data, same methods), since the definition used does not
highlight the importance of using the same methods, and thus also encompasses
generalisability (different data, different methods). Explicitly clarifying these distinctions is
particularly important as the field grows and the terms become increasingly mixed up and
confusing.

Page 2, paragraph 3: "All of these issues raise concerns about the replicability of published
results - something that has not been evaluated systematically in the country" - I would
suggest providing more information about why those factors may lead to expected lower
replicability, ideally with a couple of sentences supported by references. As it stands, less
experienced readers may not follow the argumentation and may consider it speculative.

Page 3, paragraph 2: "We then opened a public call for Brazilian labs that could replicate
experiments using these methods and models, advertised by email, social media and lectures
in conferences and institutions, to which 73 labs initially responded" - Since recruiting is an
important component of this study, I would recommend providing additional details so the
reader can better assess how comprehensive and unbiased the recruitment process was. AND
Page 5, paragraph 2: Please provide more information about this open call: how was it
advertised, where, and when? This is needed so that the reader can assess its
comprehensiveness and potential biases. Even the link provided is not specific enough to
understand the process, as it only states: "Calls were open to participants > 18 years old with
current or previous experience in experimental research in any field and were advertised via
e-mails, lectures and social media."

Page 3, paragraph 2: "Based on the expertise of respondents and a feasibility analysis by the
coordinating team, we selected 3 outcome assessment methods for replication" - Since this
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choice determined what was ultimately studied and who could participate, I would like to see
more information to understand it: was it based on the most common expertise among
respondents? How was feasibility defined and estimated?

Page 3, paragraph 3: How was the manual screening performed? Was it done by one or more
people? Was there double-screening to ensure reliability of the screening protocol? Did the
authors use a specific decision tree or tool? How were conflicts between observers resolved?
Were any other validation steps taken to ensure reliability? The same comments apply to the
data extraction (who, how many, validation, protocol, etc.).

Page 3, paragraph 3: As a non-expert, I would need more context about the expected average
cost of experiments in this field; otherwise, I cannot assess how representative this sample is
or whether potential biases may exist (e.g., cheaper experiments perhaps being expected to
be less replicable than more expensive ones). Could expected costs also have affected the
reduction in geographical coverage eventually observed in this study (Figure S3)?

Page 6, paragraph 2: "(on a scale of 1 to 5)" - Could you clarify whether 1 means no deviations
and 5 means everything deviated? Is that how it was phrased to participants? Was there a
threshold used by the coordinating team to decide how many deviations were acceptable? (I
would briefly clarify all scales mentioned below to allow easier interpretation throughout.)

Page 6, paragraph 4: How were long-text answers (e.g., justifications) reviewed? Was this
done manually by one or more members of the coordinating team, or using any text
interpretation tool? What steps were taken to ensure the interpretation of these answers was
as objective as possible?

Page 8, paragraph 1: "If issues were found, the lab and coordinating team reviewed them via
email until the sources of errors were identified and corrected (see https://osf.io/58vsx      for
details)." - Could you please provide information about how often these disagreements arose
and briefly explain their causes? I am struggling to understand why these discrepancies
occurred and how frequently. Without more detail, the error rate presented in the next
paragraph is a little concerning.

Page 8, paragraph 4: Please provide the version of any package or software used throughout,
and make sure to cite R appropriately (R Core Team XXX). In addition, did the authors
calculate the log ratio of means (ROM/lnRR) using escalc()? If so, please report this. If not, I
would recommend doing so, as escalc() implements recommended small-sample adjustments
that produce slightly different values compared to a simple manual calculation of
log(mean1/mean2).

Page 10, paragraph 1: "Coefficients of variation from the original study were compared to the
mean coefficient of variation of its replications using Wilcoxon's signed rank test" - I wonder
how these CVs were calculated - whether simply as SD/mean or using escalc() from the R
package metafor, which includes a correction for small-sample size. This may affect the
fairness of the comparison, particularly since CVs from original studies are expected to be
slightly overestimated given their smaller sample sizes relative to the replications. I also have
concerns about using the mean CV of all replications and comparing it to a single CV value, as
this ignores the uncertainty around that mean. An additional check could involve calculating
the log coefficient of variation ratio (lnCVR; Nakagawa et al. 2015, Methods in Ecology and
Evolution; implemented in escalc()) between the original CV and each replication CV, and
running a random-effects (or multilevel) meta-analysis that accounts for shared-control non-
independence. I believe this would provide a more robust approach, as it does not ignore the
uncertainty around the mean CV of the replications - uncertainty that, if neglected, is
expected to increase the likelihood of false positive findings. This concern would also apply to
the subsequent analysis on absolute means.
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Page 10, paragraph 2: The change in geographical distribution shown in Figure S3 appears
rather striking, with western states disappearing step by step. Should the reader be
concerned about the eventual geographical representability of the sample?

Page 15, Figure 3A: I wonder whether adding 95% CIs calculated from the sampling variance
of each ratio would improve interpretation and help readers appreciate the real differences
between the dots (i.e., means) - along the lines of a forest plot.

Page 17, section "Predictors of replication success": It is unclear to me how the decision was
made about which results from Figure 4 to present in the text. Intuitively, given that
correlations were calculated for both t values and lnRR (and other metrics), I would have
expected that whenever a result is highlighted in the text, the authors also report how it
changes depending on the metric used - for example, the interesting result regarding the 5-
year number of publications, whose correlation is notably lower when using lnRR (−0.31 vs.
−0.18). Presenting this nuance in the text would reduce the risk of inadvertently giving the
impression of cherry-picking.

Page 23, paragraph 1: (this comment should have come during the first % reported, but only
in the discussion I realized how important this would be for comparing estimates) I wonder
whether the authors should calculate 95% confidence intervals for all their percentages (and
those of Errington et al.) using the Wilson method via the function binom.confint() in R,
which handles extreme proportions (0% or 100%) more gracefully. This would ensure that
uncertainty around these percentages is not neglected and would aid interpretation when
comparisons are made. In addition, in the next sentence, the authors are comparing
correlation coefficients, at least verbally, these could in principle be transformed into
Pearson's r and assigned 95% confidence intervals following meta-analytic workflows, which
would better allow us to assess whether these correlations are meaningfully larger or
smaller, and help avoid potentially misleading arguments.

Page 24, paragraph 2: The following result is really interesting and I would love for the
authors to expand on it a little. There must be other meta-research studies that, despite not
studying replicability directly, have explored a similar predictor: "Other features of the
original article were generally uncorrelated with replication outcome, although large rates of
publications by the last author were associated with lower replicability, suggesting that
incentivizing publication volume may be counterproductive for the reliability of results."

Page 25, paragraph 1: I believe the authors could explore if there is evidence for "incorrect
labeling of error bars (Cumming et al., 2007; Vaux, 2004)" by plotting log(SD) vs log(mean)
across all original studies, and exploring if large outliers (i.e., points largely deviating from
the positive regression) exist. That should provide some insights into whether some values
reported as SD in the original studies were indeed SE, which I am assuming is what the
authors of the study are referring to when they say "incorrect labelling of error bars" here.

Code: I could not engage with the data and code, but I would like to highlight that the
organisation and clarity of the GitHub repository is of high quality.

https://doi.org/10.7554/eLife.111001.1.sa2

Reviewer #3 (Public review):

Summary:

The authors conducted a large-scale replication effort of lab-based biomedical experiments
with an emphasis on the country of origin and who conducted the replication experiments.
The authors aimed to understand this context in both the outcomes produced, but also in the
approach. Finally, the authors aimed to conduct multi-lab replications to provide richer data
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from the replications. Overall, the authors find replication rates that are like other large-scale
replication efforts in the biomedical space. The authors provide rich detail into the three
experimental techniques that were the focus of this effort, potential moderators of replication
success, and challenges in conducting replications and coordinating a large-scale crowd-
sourced effort.

Strengths:

The paper is outstanding in being transparent and calibrated in how the results are
presented. While the authors were challenged by mundane aspects (e.g., difficulty with
logistics), unexpected aspects (e.g., COVID pandemic), and very insightful aspects unique to
conducting replications (e.g., experimental issues). The authors also provide variation in how
they present the results, including confirmatory, multiverse, and exploratory analysis. A
unique strength for this study is the rich in-depth insights about the process and
interpretation of conducting replications, including predicting replication success in the lab-
based biomedical space.

Weaknesses:

The study has weaknesses that the authors acknowledge in their discussion, such as lower
number of replications than originally planned that limited the intended effort to compare
multiple experiments with multiple attempts against a single original experiment. Another
weakness is the limited discussion connecting these findings to the Brazilian research
ecosystem.

https://doi.org/10.7554/eLife.111001.1.sa1

Author response:

Reviewer #1 (Public review):

Summary:

This article describes a very ambitious metascience project aimed at testing the
reproducibility of a corpus of publications conducted in Brazil. The strength of the
approach lies in its systematic, multicenter replication design. The authors focus on three
commonly used experimental paradigms in biology: the MTT assay, RT-PCR, and the
elevated plus maze.

The effort is commendable and reveals a rather low rate of reproducibility, in line with
findings from fields considered less reproducible in the life sciences, such as cancer
biology.

Strengths:

The study is supported by a substantial dataset, incorporating multiple independent
replication attempts and the use of stringent, well-defined protocols, which strengthens
confidence in the overall conclusions.

We thank the reviewer for the comments.

Weaknesses:

(1) Being neither an expert in metascience nor in statistics, I cannot fully judge the
methodological aspects of the article or its extensive supplementary material. I will
therefore focus my comments on readability. I found the manuscript difficult to digest.
The authors should improve readability if they wish to reach a broad audience of
experimental biologists. In particular, they should simplify the description of protocols
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and highlight the key findings more clearly, using accessible language. See specific
points below

We can try to simplify the description of protocols at specific points for example, by providing
an overarching description of the study design in the beginning of the Methods, rather than
citing our previous eLife paper (Amaral et al., 2019), as suggested below. The methods are
indeed quite extensive, but the this may be inevitable in a large-scale project such as this and
we note that Reviewer #2 thought that part of the supplementary material should be
incorporated back in the main text, which is a suggestion in the opposite direction. It may
thus be hard to strike a balance between readability and comprehensibility that can address
both reviewers’ opinions.

(2) The article appears to oscillate between:

(i) a description of the approach and the inherent challenges of such a multicenter
replication program

(ii) an estimation of reproducibility.

These could potentially form two separate articles: one aimed at a broad audience
emphasizing key results, and another focused on methodological aspects for a more
specific metascience audience. The Results section currently contains redundancies and is
difficult to follow for non-experts in statistics. I also find it challenging to extract the main
findings.

There is a bit of redundancy between tables and text, but this was intentional to make both of
them self-explanatory. We also think stating the results in the text can allow us to make each
of the replication criteria clearer, a concern that was also mentioned by the reviewer.

As for requiring particular expertise in statistics for understanding, we mostly disagree. The
main results (Tables 1 and 2, Figure 2) are expressed as percentages, and the only statistical
concepts needed for interpreting these results are understanding prediction and confidence
intervals. For this, we could provide a bit more guidance on their interpretation in the
Methods section. Beyond that, most of the secondary results (e.g. Figure 3 and Figure 4)
involve linear correlations, which is about as simple as statistical analysis gets.

Of the results presented in the main manuscript, only Table 3 contains anything beyond
percentages and correlations. We do agree that the meaning of each ratio in this table could
be more clearly described, but there are essentially no expert-level statistics involved in their
calculations.

Other than that, the main statistical issues are the ideal way to aggregate the results from
different replications for which we use different strategies for robustness purposes. However,
all of these results are already in the supplementary material, so we don’t feel they interfere
to much with the readability of the main manuscript.

A possible improvement would be to include an initial section clearly describing the
protocol (replication of a single experiment, across several labs, for three types of
assays), followed by a concise presentation of the main results regarding reproducibility
in Brazilian science with subsections.

This is indeed a good idea, and we plan to include an initial overarching description of the
project in the Methods section of the revised manuscript.

Methodological details could be moved either to a Supplementary Information or to a
more specific article, while being summarized in the Discussion.
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Again, this is the opposite of what was suggested by Reviewer #2, so we would rather keep the
Methods section more or less at its current level of detail.

(3) This study evaluates the reproducibility of a single experiment from each article, taken
out of its broader context. While this provides an estimate of reproducibility, it does not
directly contribute to resolving uncertainties within a specific field. This may represent a
limitation compared to other reproducibility projects that attempt to replicate multiple
key claims within a given study (e.g., in cancer biology or Drosophila immunity). I found
that a weakness is that it does play a role in cleaning a field of wrong statements.

The reviewer is correct in his interpretation. Evaluating the main findings of articles or
cleaning a field of wrong statements was never a goal of our study (and we were clear about
this from the start). Our aim with the project was metascientific (i.e. evaluate the
reproducibility of biomedical experiments with a set of common methods) rather than driven
by a particular interest in the findings themselves. This is reflected by our choice of selecting
experiments from a random sample of articles from multiple fields, rather than filtering by
area of interest or importance. It also underlies our choice to evaluate experiments rather
than claims, as this was more statistically tractable and potentially more objective as a meta-
research goal.

To be clear, we don’t feel this approach is inherently better or worse than evaluating claims
in the literature, as in the Drosophila immunity article case (i.e. Westlake et al., 2026), which
is also an important goal. They are merely approaches that answer different questions.
Ultimately, we probably made our choice based on (a) our expertise/interest in meta-research
rather than in the fields the replications stemmed from and (b) an attempt to engage
Brazilian researchers in the project in a way that was non-confrontational and minimized
backlash from their peers. We feel this was valuable for many of the lessons learned,
although it also meant learning less about the research findings in question.

Even though this was not a goal of the study, there is some knowledge obtained about the
findings that is indeed largely absent from the current manuscript. We do not feel the current
format allows for much discussion of 45 different findings, but we do have plans to address
these in future articles (as outlined in our response to point 5). In the meantime, qualitative
descriptions of each experiment can be found at https://osf.io/w5z9a     . This is already
mentioned in the Methods but could be reiterated in the results as well.

(4) The observation that external observers can predict which experiments are likely to be
reproducible is interesting and should be more clearly emphasized.

We did not go too deep into that finding because we are publishing a separate article focused
on the prediction project, which should look into factors that correlate with prediction
accuracy, both at the level of predictors (e.g. research field, career level) and of individual
predictions (e.g. information taken into account for each answer). We also feel that, given the
multiplicity of predictors in the prediction analyses, these findings are a bit tentative, as the
strongest predictors may be subject to effect size inflation from the “winner’s curse” effect (as
outlined by Reviewer #2). We can try to emphasize it a little more in the discussion (although
it already merits a whole paragraph on pages 23-24), but we feel we would be able to discuss
it more critically in a follow-up article.

(5) The manuscript frequently refers to future publications. It would be helpful to clarify
what is included in the present article versus what is deferred to subsequent papers.

Indeed, some of our results did not fit this overarching analysis and were left for future
publications. One of them is already available as a preprint, while the others are currently in
preparation. Specifically, other results from the project should be spread about across five
different articles.
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(a) A narrative article focused on challenges and lessons learned with the project, already
published as a preprint at https://osf.io/preprints/metaarxiv/8y3tg_v1      (Amaral et al., 2026).

(b) An article analyzing the prediction survey and markets results in detail (following the pre-
analysis plan detailed in https://osf.io/6av7k/files/pjhgd      and adding some exploratory
analyses on prediction rationales).

(c) Three articles describing the results of specific experiments with each experimental
method (MTT, PCR, elevated plus maze) along with a discussion of aspects inherent to the
method that seem to influence reproducibility.

We can add this information more explicitly to the Methods section, including the links to the
papers that have already been published at the time the manuscript is revised.

Reviewer #2 (Public review):

Summary:

This is an important contribution to science, not only because large-scale replication
studies remain rare despite their value, but also because this one focuses on research
that was underrepresented in previous large-scale efforts. The findings reveal
concerningly low replicability in this field, pointing to a problem that warrants
immediate attention. Particularly noteworthy is the study's sampling strategy: by
randomly selecting experiments from a wide range of publications based on methods,
rather than filtering by research area, importance, or citation counts, the authors have
produced results that are potentially more representative of the broader literature than
those of previous large-scale replication projects in this and other fields. Overall, this is a
fantastic contribution that I will be recommending and using in all my open science talks,
and from which I have learned a great deal. Congratulations to the team!

Thanks!

Strengths:

A study of this scale inevitably requires an enormous amount of work and
methodological care, and this one is clearly both robust and thoughtfully designed. I
want to particularly acknowledge the considerable efforts the authors have made to
ensure the robustness of their findings. The use of multiple approaches to estimate
replicability, combined with a substantial battery of sensitivity analyses, including a
multiverse approach on top of everything else, clearly reflects the authors' genuine
commitment to understanding their results and the limits of their conclusions. The
transparency and sharing of all protocols, materials, and challenges and limitations
encountered is also outstanding.

We once more thank the reviewer for the compliments.

Weaknesses:

There were several instances during my reading of the methodology where I felt the
authors relied too heavily on the external supplementary materials, at the expense of
basic detail in the main manuscript. I appreciate how overwhelming it can feel to
integrate more into an already substantial paper, but without some minimum
integration, the reading experience and overall comprehension are too often
compromised, at times posing more questions than answers. And it is unrealistic to
expect most readers to engage with the extensive supplementary materials provided.
Please see the comments below for specific suggestions.
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We do acknowledge that the article currently includes a lot of supplementary material. This
includes both supplementary figures/tables relating to the paper and many supplementary
methods files (mostly hosted at the Open Science Framework). However, we also note that
this is already a rather long paper as it stands and that Reviewer #1 has made the opposite
suggestion of simplifying it. Thus, it may be hard to strike a balance that will suit all
preferences, and we feel that maybe our attempt has landed somewhere in the middle of
both reviewers’ ideal versions of the paper.

Additionally, I found the discussion rather underdeveloped. There is relatively little
engagement with the broader literature, not only with replicability studies from other
fields, but more generally with relevant meta-research work on publication bias,
blinding, risk of bias, citation practices, etc. Some of the most novel and interesting
findings in the paper also receive less attention than they deserve, and the discussion at
times reads as a repetition of the results section rather than a critical engagement with
them. I would encourage the authors to engage more deeply here, as the study clearly
has much more to say. Doing so would further highlight why this study is important for
the answers it provides and the questions it can spur. Again, please see the comments
below for specific suggestions.

We can try to engage with some of the above-mentioned literature in more depth in
particular replication studies from other fields (some of which have appeared after our
preprint (e.g. Tyner et al., 2026) and with the risk of bias and transparency literature (e.g.
Serghiou et al., 2021). That said, we note once more that the article (and the Discussion
section) are already quite long, and that analyzing each of these articles in depth is likely to
be unfeasible.

Specific suggestions:

Page 1, abstract: "while t values for replications were positively correlated with
researcher predictions about replicability, and negatively correlated with the rate of
publications by the original article's last author" - I need to address the question: why t
values and not effect sizes, p values, or something else? Update after reading the study:
although the authors used others, they seem to place more emphasis on t values, which
is not well explained. Without a clear explanation, it just left me wonder why, given that
effect sizes would, in principle, be more information.

Our original plan was to use p values as a predictor (see protocol at https://osf.io/9rnuj     ), but
we later realized this was inadequate as it did not account for effect direction (i.e. significant
effects in the opposite direction as the original may yield low p values, but this should not
count as replication success). We thus switched to t values to be able to assign positive and
negative signs depending on effect size direction. We note that, as we are using non-
parametric Spearman coefficients (in which the module of t correlates negatively with the p
value), the two approaches are effectively equivalent when original and replication effects
have the same direction. This change was accounted for and justified in our list of protocol
deviations at https://osf.io/9hj7t     .

Effect size (in relative terms) is already being used in the second predictor in the analysis (i.e.
effect size decrease), as our idea was to use one significance-based predictor and one effect
size-based predictor, to match what was done for the replication rates). We feel that using
relative effects (e.g. response ratios) by themselves may not be as adequate, as for
experimental methods with large coefficients of variation and/or low sample sizes (especially
PCR ones), one can find large relative effects that are nevertheless far from statistical
significance. This also makes relative effects not very commensurable between methods.

We do believe there is a fair argument, however, to use standardized effect sizes as an
alternative to t values (i.e. difference measured in standard errors of the mean) to measure
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significance/evidence strength. As some replications ended up underpowered, low t values
may sometimes be due to insufficient statistical power/low sample size rather than
replication failures. Using standardized effect sizes is not devoid of pitfalls (e.g. they can be
quite variable when sample size is low), but it is worth doing as a robustness analysis.

That said, there are a few statistical issues to be decided on how to calculate this (e.g. whether
studies should be meta-analyzed using standardized mean differences rather than relative
ones for this purpose, or whether an analog of the standardized effect size should be
calculated for the log ratio of means). We would have to look more carefully into the multiple
possibilities to decide on the best approach (and we do accept suggestions!).

In the meantime, we note that running the prediction analysis using only experiments with
≥80% power yields a slightly higher correlation of t scores with researcher predictions (ρ =
0.49, p = 0.005), so we do not think that these underpowered experiments affect the trend too
much. If anything, they could be masking a higher correlation between researcher
predictions and replicability.

Page 2, paragraph 2: "reproducibility (defined here as reaching the same results when
analyzing a set of data)" - In my opinion, this definition is vague enough that it
encompasses not only reproducibility (same data, same methods) but also robustness
(same data, different methods), and I would therefore recommend providing a more
precise definition. The same applies to replicability (different data, same methods), since
the definition used does not highlight the importance of using the same methods, and
thus also encompasses generalisability (different data, different methods). Explicitly
clarifying these distinctions is particularly important as the field grows and the terms
become increasingly mixed up and confusing.

We agree that we should make the description more precise (e.g. “reaching the same results
when analyzing a set of data in the same way” for reproducibility and “finding similar results
with new data collected under similar conditions” for replicability). We will update these
definitions in the revised manuscript.

Page 2, paragraph 3: "All of these issues raise concerns about the replicability of
published results - something that has not been evaluated systematically in the country" -
I would suggest providing more information about why those factors may lead to
expected lower replicability, ideally with a couple of sentences supported by references.
As it stands, less experienced readers may not follow the argumentation and may
consider it speculative.

We would argue that the reader would be correct in this case: the argument is a bit
speculative. It does go in the direction of what is generally accepted within the field (i.e. that
publication pressure can lead to lower reproducibility for a range of factors), but we’re not
sure this connection has been demonstrated empirically, except for indirect evidence (such as
the lower reproducibility in papers stemming from top institutions and “trophy journals” in,
the higher frequency of positive results in US states with more researchers in Fanelli, 2010, or
the higher number of problematic images for highly productive researchers in some
countries in Fanelli et al., 2022. We could cite this evidence in the introduction and make the
speculated connection more explicit, perhaps adding modeling work as well (e.g. Ioannidis,
2005; Smaldino & McElreath, 2016) to explain why this could be the case. But essentially, our
opinion is that the connection remains a speculation.

Page 3, paragraph 2: "We then opened a public call for Brazilian labs that could replicate
experiments using these methods and models, advertised by email, social media and
lectures in conferences and institutions, to which 73 labs initially responded" - Since
recruiting is an important component of this study, I would recommend providing
additional details so the reader can better assess how comprehensive and unbiased the
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recruitment process was. AND Page 5, paragraph 2: Please provide more information
about this open call: how was it advertised, where, and when? This is needed so that the
reader can assess its comprehensiveness and potential biases. Even the link provided is
not specific enough to understand the process, as it only states: "Calls were open to
participants > 18 years old with current or previous experience in experimental research
in any field and were advertised via e-mails, lectures and social media."

We can offer a more detailed description of the recruitment process (e.g. number and
distribution of lectures, social media strategy used, etc.), although we would rather do this in
a supplementary document so as not to make the Methods section even lengthier. We note,
however, that we never aimed to recruit a “representative sample” of labs from the country:
we were busy enough trying to get enough labs for the project to happen, and aware that the
call would be inevitably biased by our own communication capabilities and personal
networks.

That said, the response rates for different regions of Brazil do generally match the
distribution of research labs and graduate programs within the country (with some
distortions likely caused by our personal networks, such as the large number of labs in Rio de
Janeiro state), and seem to indicate a rather wide dissemination of the call. One way to
visualize this would be to present the distribution of corresponding articles from the original
studies selected for the replication (or even from the whole sample of articles obtained for
experimental selection) along with the distribution of labs at different stages of the project in
Figure S3, which generally show similar patterns. This would actually lend support to our
statement that “the population of labs that performed replications was largely similar to the
one that produced the original results” in the discussion.

Page 3, paragraph 2: "Based on the expertise of respondents and a feasibility analysis by
the coordinating team, we selected 3 outcome assessment methods for replication" -
Since this choice determined what was ultimately studied and who could participate, I
would like to see more information to understand it: was it based on the most common
expertise among respondents? How was feasibility defined and estimated?

We tried to find the combination of methods that would maximize the number of labs that
would be included in the project. This is explicitly stated in our Methods Selection document
at https://osf.io/qxdjt     , but could be stated more explicitly in the paper as well.

Page 3, paragraph 3: How was the manual screening performed? Was it done by one or
more people? Was there double-screening to ensure reliability of the screening protocol?
Did the authors use a specific decision tree or tool? How were conflicts between observers
resolved? Were any other validation steps taken to ensure reliability? The same
comments apply to the data extraction (who, how many, validation, protocol, etc.).

We initially used single screening by three different reviewers (see
https://osf.io/6av7k/files/u5zdq      for criteria), as we were merely looking for a sample of
experiments; thus, comprehensive inclusion of all eligible studies was not a priority. After
this initial screening step, inclusions were confirmed in a consensus meeting with the three
reviewers involved.

Data extraction was also done by a single individual, but the resulting data led to a protocol
that was later checked by two reviewers who had access to the paper and were explicitly
oriented to judge whether the protocol consisted in a valid replication. Thus, discrepancies
between what was in the paper and what was included in the protocol could potentially be
flagged at these stages (as they were in many cases). We do note, however, that this is likely
not as effective to prevent errors as having data extracted independently, as reviewers may
overlook mistakes more easily when comparing two documents rather than extracting data
anew. We did find that some errors in extraction slipped by, such as an MTT experiment
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where treatment concentration was inadvertently changed from mM to μM in a particular
protocol step; this was picked up and corrected by 2 out of the 3 labs, but not by the third one,
leading the latter replication to be invalidated.

Page 3, paragraph 3: As a non-expert, I would need more context about the expected
average cost of experiments in this field; otherwise, I cannot assess how representative
this sample is or whether potential biases may exist (e.g., cheaper experiments perhaps
being expected to be less replicable than more expensive ones). Could expected costs
also have affected the reduction in geographical coverage eventually observed in this
study (Figure S3)?

As stated in the manuscript, we initially capped experiments at a predicted cost of R$ 5.000
(around USD 1336 at that time), considering reagent cost alone (as equipment and labor was
provided by labs), as mentioned in the manuscript. Exclusion rates for that reason were 12/74
(16%) for MTT experiments, 36/132 (27%) for PCR ones and 4/40 (10%) for EPM ones. This is
stated at

This turned out to be an underestimation in many cases, especially as it did not account for
pilot experiments, need for repetition, etc; thus, many experiments ended up costing
considerably more than that ceiling. As we had included a contingency fund for those cases
which we expected would occur , we avoided removing experiments from the sample for this
reason as much as possible. Nevertheless, one elevated plus maze experiment ended up not
being replicated for cost reasons, as the necessary rat strain was provided by a single facility
in the country, meaning that a large number of rats would have to be acquired and
transported to all labs at a cost that we were not able to cover.

As these costs were covered by the coordinating team, we do not feel that this is likely to
underlie the reduction in geographical coverage. Other reasons related to lab structure could
have led to labs in less well-resourced regions to leave the project, but they probably has
nothing to do with the experiments selected.

That said, the cost cap does mean that the selection of experiments is not completely
representative of the literature, but is enriched in relatively cheap and simple experiments
which were able to perform (which was our next step for selecting the final sample of
experiments. Exclusion rates due to lack of lab expertise and/or infrastructure to perform the
experiment were 21/56 (37%) for MTT experiments, 67/89 (75%) for PCR ones and 7/34 (21%)
for EPM experiments.

We will try adding some of this information to the flowchart in Figure 1, as we agree it
provides more context on the representativeness of the selected experiments.

Page 6, paragraph 2: "(on a scale of 1 to 5)" - Could you clarify whether 1 means no
deviations and 5 means everything deviated? Is that how it was phrased to participants?
Was there a threshold used by the coordinating team to decide how many deviations
were acceptable? (I would briefly clarify all scales mentioned below to allow easier
interpretation throughout.)

The scale ranged from 1 (No relevant differences) to 5 (Very relevant differences that prevent
considering the study as a direct replication). This scale was used for both the lab and the
validation committee scores, and is described at https://osf.io/xgth2      (debriefing protocol)
and https://osf.io/e3fjg      (validation protocol).

For the validation committee, we did use a threshold (any score of 4 or a sum of scores of 10
or more among 3 evaluators) to decide what had to be discussed to decide on inclusion, as
mentioned on Page 7 of the Methods. For the labs, we used no threshold labs answered the
protocol deviation question as a scale, but the decision of whether to consider the study a
valid replication or not was not tied to this score.
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We can make both of these points (meaning of the scale and connection to lab’s decision to
consider the replication valid) clearer in the Methods section.

Page 6, paragraph 4: How were long-text answers (e.g., justifications) reviewed? Was this
done manually by one or more members of the coordinating team, or using any text
interpretation tool? What steps were taken to ensure the interpretation of these answers
was as objective as possible?

For the initial analysis of justifications, one reviewer read all answers and flagged those that
seemed to concern reproducibility of the methods (e.g. “we replicated the protocol exactly as
planned”) rather than results reproducibility (e.g. “effects went in the opposite direction”).
We then revised these answers among the whole coordinating team to decide whether we
should contact the lab asking them to revise them. We can add this information to the
Methods section.

For classifications of the justification into categories (i.e. Table S7), justifications were
classified by two independent reviewers based on categories created after an initial
inspection of the data, and discrepancies were resolved by consensus. We can add this
information to the table legend.

Page 8, paragraph 1: "If issues were found, the lab and coordinating team reviewed
them via email until the sources of errors were identified and corrected (see
https://osf.io/58vsx      for details)." - Could you please provide information about how
often these disagreements arose and briefly explain their causes? I am struggling to
understand why these discrepancies occurred and how frequently. Without more detail,
the error rate presented in the next paragraph is a little concerning.

After we extracted data from the lab spreadsheets and summarized the results by code, labs
received the results by e-mail and were asked to fill in a form on whether the results were in
agreement with what they had found (see details at https://osf.io/nfr6y     ). Discrepancies in
results at least 1 experiment were noted by 36% of the 53 (out of 56) labs that responded.
Many of these stemmed from the coordinating team misunderstanding issues such as group
identity or experimental unit identification in the spreadsheet. Others had to do with
different ways to perform calculations (e.g. relative gene expression or % time spent in open
arms). In some cases, simple errors in data transcription or typos caused the discrepancy.

We were also surprised (and concerned) by the number of experiments in which we later
found data errors that were not detected by this process (e.g. 18% of total). Our best
understanding of this is that not every lab checked the results with the necessary care, as
some errors were quite obvious, as in experiments in which sample size was different, or in
which group labels were reversed. Ultimately, agreeing with a form that says “did you find
any discrepancies?” may have been performed as a box-ticking exercise with little attention,
and was probably not the ideal way to check data which led us to start reviewing results in
live meetings afterwards. This is discussed in more detail in our challenges article (Amaral et
al., 2026)

Page 8, paragraph 4: Please provide the version of any package or software used
throughout, and make sure to cite R appropriately (R Core Team XXX).

R 4.5.1 was used for the analysis. We can add this information (which was present in the data
repository in the R session info.txt file) and provide the R reference in the manuscript as well.

In addition, did the authors calculate the log ratio of means (ROM/lnRR) using escalc()? If
so, please report this.

If not, I would recommend doing so, as escalc() implements recommended small-sample
adjustments that produce slightly different values compared to a simple manual
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calculation of log(mean1/mean2).

Yes, we did use the escalc() function for this calculation (for both the replications and the
original effect sizes). We can mention this in the manuscript.

Page 10, paragraph 1: "Coefficients of variation from the original study were compared
to the mean coefficient of variation of its replications using Wilcoxon's signed rank test" -
I wonder how these CVs were calculated - whether simply as SD/mean or using escalc()
from the R package metafor, which includes a correction for small-sample size. This may
affect the fairness of the comparison, particularly since CVs from original studies are
expected to be slightly overestimated given their smaller sample sizes relative to the
replications.

We calculated the coefficients of variation as the pooled SD divided by the mean of both
group means. The reviewer is correct about the possibility of small-sample effects in this case
(which we were not aware of). We will thus look into the possibility of implementing this via
the escalc () function in the analysis of the revised manuscript.

We also acknowledge that this could be a source of bias in the comparisons between original
and replication CVs (albeit likely a minor one). That said, we note that sample sizes are not
always larger in the replication for some experiments with large original effects, power
calculations sometimes yielded lower sample sizes in the individual replication, albeit
infrequently. On average, though, replication sample sizes were indeed larger.

I also have concerns about using the mean CV of all replications and comparing it to a
single CV value, as this ignores the uncertainty around that mean.

This is indeed the case; that said, the CV of the original effect also has random error relative
to the true population CV and in that case, there is no way to estimate the uncertainty, as we
have a single measure of that parameter. So there is probably no way around ignoring
uncertainty in this case.

We also note that we are looking for evidence of systematic CV inflation across all
experiments (rather than for a statistically robust comparison between the CVs of any
individual replication). For the sake of measuring this systematic inflation, the use of multiple
experiments does allow us to estimate variability at the experiment level which should
incorporate the lower-level variability between individual replications if this is not included
in the model. Thus, we do not feel that our procedure introduced a systematic bias in the
analysis at the experiment-level (although one could argue that it may lead to less precision).

An additional check could involve calculating the log coefficient of variation ratio (lnCVR;
Nakagawa et al. 2015, Methods in Ecology and Evolution; implemented in escalc())
between the original CV and each replication CV, and running a random-effects (or
multilevel) meta-analysis that accounts for shared-control non-independence. I believe
this would provide a more robust approach, as it does not ignore the uncertainty around
the mean CV of the replications - uncertainty that, if neglected, is expected to increase
the likelihood of false positive findings. This concern would also apply to the subsequent
analysis on absolute means.

We thank the reviewer for this suggestion, which indeed seems like an option in this case. We
will look into this possibility, although we cannot guarantee at the moment that we will
implement it, as we were not previously familiar with the method and will have to study it in
more detail.

Page 10, paragraph 2: The change in geographical distribution shown in Figure S3
appears rather striking, with western states disappearing step by step. Should the reader
be concerned about the eventual geographical representability of the sample?
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Yes, but there are likely different reasons for that. Labs leaving after being included may
have been due to those in less privileged regions of Brazil (e.g. the northern and western
regions of Brazil, generally speaking) having more difficulty in persisting in the project. That
said, most of the “disappearance” happens between registration and inclusion which usually
has to do with the labs not working with the methods that were ultimately included in the
project. We also note that most of the states that lose representation were those that had a
single lab to begin with, which may make the visual pattern more striking than the actual
trend (as states in the South/Southeast also lose labs, but don’t disappear from the map).

We note again that we never planned to achieve geographical representativeness when
recruiting the labs on the contrary, we were aiming to maximize the number of available labs
to run the project. That said, we do agree that for the sake of examining whether the
population of labs is similar to the one that generated the original experiments (a claim that
we do make in the discussion), this representativeness is important to assess. Once more, to
allow the reader to evaluate this, we plan to add an additional map to Figure S3 to describe
the Brazilian states where the original experiments came from (based on corresponding
author affiliations) in which a similar bias towards the South and Southeast Region can be
observed.

Page 15, Figure 3A: I wonder whether adding 95% CIs calculated from the sampling
variance of each ratio would improve interpretation and help readers appreciate the real
differences between the dots (i.e., means) - along the lines of a forest plot.

We agree that this would be useful information, and can experiment with the possibility, but
our feeling is that the figure will likely become too noisy in cases where the 95% CIs overlap
(which are quite frequent). If this is indeed the case, an option to allow the reader to examine
this would be better to add an explicit link to the forest plots for each individual experiment
(https://osf.io/sx9gv     ) in the figure legend.

Page 17, section "Predictors of replication success": It is unclear to me how the decision
was made about which results from Figure 4 to present in the text. Intuitively, given that
correlations were calculated for both t values and lnRR (and other metrics), I would have
expected that whenever a result is highlighted in the text, the authors also report how it
changes depending on the metric used - for example, the interesting result regarding the
5-year number of publications, whose correlation is notably lower when using lnRR
(−0.31 vs. −0.18). Presenting this nuance in the text would reduce the risk of inadvertently
giving the impression of cherry-picking.

We selected the highest correlation values for each continuous outcome (t score and lnRR)
and presented these separately in the text. This is a systematic way to perform the selection,
but is obviously subject to the “winner’s curse” effect. We agree that adding both metrics for
each predictor would be a fair way to keep this in perspective for the reader, but we would
have to think about how to do this without sounding too confusing (as results for the two
main outcomes are quite different).

We do note, however, that the outcomes are indeed different and are expected to vary
independently in some cases. For the correlation with replication probability predictions, for
example, the effects in opposite directions would likely be expected, as larger original effect
sizes will likely lead to larger probabilities to be assigned, but also to a higher possibility of
effect size decrease. This low correlation between outcomes is probably something that
should be pointed out and discussed in the revised manuscript.

Page 23, paragraph 1: (this comment should have come during the first % reported, but
only in the discussion I realized how important this would be for comparing estimates) I
wonder whether the authors should calculate 95% confidence intervals for all their
percentages (and those of Errington et al.) using the Wilson method via the function
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binom.confint() in R, which handles extreme proportions (0% or 100%) more gracefully.
This would ensure that uncertainty around these percentages is not neglected and would
aid interpretation when comparisons are made.

We had given this some thought when writing the manuscript – but ultimately opted not to
include confidence intervals for our replication percentages and to use the replication rates
as descriptive measures only (as done in other replication studies such as (Errington et al.,
2021).

Even though we aimed for our sample of original experiments to be as systematic as possible,
it is ultimately constrained by many factors (the choice of methods, the particular expertise of
the labs, etc.) thus, adding confidence intervals represents the uncertainty around the
replication rate of a very specific population of experiments, which is not directly
comparable to those included in other replication efforts in any case.

We will reconsider whether we should include confidence intervals for replication rates:
although doing this for every replication rate in Table 1 and Table 2 may end up being too
much information, it could probably be done at least for the replication rates of the main
analysis in the text. We note that calculating confidence intervals for percentages is
straightforward, requiring only the numbers that are in the table thus, any reader that wants
to estimate uncertainty for those rates should be able to do it easily.

We will also point out the uncertainty around the percentages mentioned in the discussion
when comparing our replication rates with those of other studies, which we agree is an
important issue to touch on.

In addition, in the next sentence, the authors are comparing correlation coefficients, at
least verbally, these could in principle be transformed into Pearson's r and assigned 95%
confidence intervals following meta-analytic workflows, which would better allow us to
assess whether these correlations are meaningfully larger or smaller, and help avoid
potentially misleading arguments.

Both correlations in that case are non-parametric (e.g. Spearman’s ρ), so they cannot be
directly transformed into Pearson’s r without making assumptions about the distribution
(which we would probably avoid doing given the very marked outlier in our own). We can
calculate a non-parametric confidence interval for our own correlation coefficient by
resampling, but we will have to investigate whether this can be done using the available data
from (Errington et al., 2021) (which is probably the case if effect sizes for all experiments
have been shared).

Page 24, paragraph 2: The following result is really interesting and I would love for the
authors to expand on it a little. There must be other meta-research studies that, despite
not studying replicability directly, have explored a similar predictor: "Other features of
the original article were generally uncorrelated with replication outcome, although large
rates of publications by the last author were associated with lower replicability,
suggesting that incentivizing publication volume may be counterproductive for the
reliability of results."

It is indeed interesting, and seems to confirm an intuition that has long been present in the
reproducibility field, but actually has little evidence to support it: if anything, there is
evidence in the opposite direction in psychology (Youyou et al., 2023), although they looked at
cumulative publication number, while we used number of publications in a fixed interval.

We can expand a bit further on that finding: that said, we do note that the correlation is
relatively weak and has a p value of 0.04. Thus, given the multiplicity of predictors would not
be that unlikely to occur by chance, even though it seems intuitive. Thus, even though the
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relationship seems intuitive, we think it should be considered tentative at best and would
refrain from discussing it in too much detail.

Page 25, paragraph 1: I believe the authors could explore if there is evidence for
"incorrect labeling of error bars (Cumming et al., 2007; Vaux, 2004)" by plotting log(SD)
vs log(mean) across all original studies, and exploring if large outliers (i.e., points largely
deviating from the positive regression) exist. That should provide some insights into
whether some values reported as SD in the original studies were indeed SE, which I am
assuming is what the authors of the study are referring to when they say "incorrect
labelling of error bars" here.

Yes, that is what we mean by “incorrect labeling of error bars” (as can be grasped from the
cited references).

We can perform this regression, which seems relatively straightforward to do. That said, we
note that another likely cause for outliers at least for cell line studies would be the use of
different (and eventually inadequate) experimental units (e.g. having error bars that
represent technical replicates of the same measurement rather than truly independent
experiments). We suspect that this may have an even greater effect in terms of causing error
bars not to express the same thing and the regression will not help in differentiating the two
causes.

We should also note that different types of experiments may be expected to have very
different SDs, so the regression is likely to have a lot of error associated with it. In particular,
it’s probably worth doing separate regressions for each method, to account for the likely
difference in CVs between animal and cell line experiments, for example. This could also help
tease apart the two causes above, as the experimental unit problem mentioned above will
likely only be observed for cell experiments.

Code: I could not engage with the data and code, but I would like to highlight that the
organisation and clarity of the GitHub repository is of high quality.

Thanks!

Reviewer #3 (Public review):

Summary:

The authors conducted a large-scale replication effort of lab-based biomedical
experiments with an emphasis on the country of origin and who conducted the
replication experiments. The authors aimed to understand this context in both the
outcomes produced, but also in the approach. Finally, the authors aimed to conduct
multi-lab replications to provide richer data from the replications. Overall, the authors
find replication rates that are like other large-scale replication efforts in the biomedical
space. The authors provide rich detail into the three experimental techniques that were
the focus of this effort, potential moderators of replication success, and challenges in
conducting replications and coordinating a large-scale crowd-sourced effort.

Strengths:

The paper is outstanding in being transparent and calibrated in how the results are
presented. While the authors were challenged by mundane aspects (e.g., difficulty with
logistics), unexpected aspects (e.g., COVID pandemic), and very insightful aspects unique
to conducting replications (e.g., experimental issues). The authors also provide variation
in how they present the results, including confirmatory, multiverse, and exploratory
analysis. A unique strength for this study is the rich in-depth insights about the process
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and interpretation of conducting replications, including predicting replication success in
the lab-based biomedical space.

We thank the reviewer for the compliments. Again, a more extensive list of insights can be
found in our challenges article (Amaral et al., 2026), which we will cite in the revised version.

Weaknesses:

The study has weaknesses that the authors acknowledge in their discussion, such as
lower number of replications than originally planned that limited the intended effort to
compare multiple experiments with multiple attempts against a single original
experiment. Another weakness is the limited discussion connecting these findings to the
Brazilian research ecosystem.

We acknowledge the missing replications as a weakness, and we hope we have made that
point clear in the discussion.

Concerning the Brazilian research ecosystem, we could try to explore this in more detail in
the introduction. In particular, we believe that a better understanding of the Brazilian
academic system, including its regional disparities and the general composition of its
workforce (which is largely composed of undergraduate and graduate students), can be
useful in interpreting some of the findings.

We can try to provide a bit more context at the end of the introduction (perhaps between the
last 2 paragraphs, which would also address a point made by Reviewer #1), and also in
different points of the discussion including those comparing replication rates with other
studies or discussing infrastructural difficulties, some of which may be specific to the
Brazilian context (such as difficulties in acquiring specific reagents or licenses). Still, we
reiterate that, due to the lack of studies with comparable samples in other regions, we cannot
tease apart the factors that are specific to Brazil from those affecting lab biology as a whole
from the data alone.
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