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High replicability of newly discovered 
social-behavioural findings is achievable

John Protzko    1,2 , Jon Krosnick3, Leif Nelson4, Brian A. Nosek5,6, Jordan Axt    7, 
Matt Berent8, Nicholas Buttrick9, Matthew DeBell    3, Charles R. Ebersole6, 
Sebastian Lundmark    10, Bo MacInnis3, Michael O’Donnell    11, 
Hannah Perfecto    12, James E. Pustejovsky    13, Scott S. Roeder14, 
Jan Walleczek15 & Jonathan W. Schooler1

Failures to replicate evidence of new discoveries have forced scientists 
to ask whether this unreliability is due to suboptimal implementation 
of methods or whether presumptively optimal methods are not, in 
fact, optimal. This paper reports an investigation by four coordinated 
laboratories of the prospective replicability of 16 novel experimental 
findings using rigour-enhancing practices: confirmatory tests, large sample 
sizes, preregistration and methodological transparency. In contrast to past 
systematic replication efforts that reported replication rates averaging 50%, 
replication attempts here produced the expected effects with significance 
testing (P < 0.05) in 86% of attempts, slightly exceeding the maximum 
expected replicability based on observed effect sizes and sample sizes. 
When one lab attempted to replicate an effect discovered by another lab, 
the effect size in the replications was 97% that in the original study. This 
high replication rate justifies confidence in rigour-enhancing methods to 
increase the replicability of new discoveries.

Science progressively learns about the world through the discovery of 
replicable findings1,2. Efforts to systematically replicate studies across 
various scientific fields have reported seemingly disappointing replica-
tion rates ranging from 30% to 70%, with effect sizes (ESs) about half 
the size of the original findings3–13. This has been a cause for concern 
among many—but not all14,15.

Seemingly low replicability can be the consequence of false posi-
tives or exaggerated ESs among the original studies, resulting from 
low statistical power, measurement problems, errors, P-hacking and 
regression to the mean due to selective reporting favouring original 
positive results15,16. Low replicability can also be the consequence of 

false negatives or suppressed ESs among replication studies, resulting 
from sampling error, low statistical power, heterogeneity of the phe-
nomena, different analytic strategies, questionable research practices 
and/or lack of fidelity to the original protocols17–22. Finally, failures to 
replicate or declining ESs can be the consequence of unknown or unar-
ticulated moderating influences and boundary conditions that differ 
between the original and replication studies, indicating shortcomings 
in the theoretical and methodological specifications23.

Collectively, these factors comprise likely explanations for why 
replications are less successful and produce weaker ESs over time24–26. 
In this Article, we report the results of a prospective replication study 
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the methodology. Regardless of the outcome of the self-confirmatory 
test, in the replication phase, all four labs conducted independent 
preregistered replications using the written methodology and any 
specialized study materials shared by the discovering lab (for example, 
videos constructed for delivering interventions). Ordinarily, we would 
promote strong communication between labs to maximize sharing of 
tacit knowledge about the methodology, but in this case, to maintain 
the independence of each replication, we opted to discourage com-
munication with the discovering lab outside of the documented pro-
tocols except for critical methodology clarifications (Supplementary 
Information section 2). The replicating labs used equally large sample 
sizes (all N ≳ 1,500), and each lab used a different sample provider.

Preregistration, reporting all outcomes, large sample sizes, trans-
parent archiving, sharing of materials and commitment to high-fidelity 
replication procedures should minimize irreplicability or declining ESs 
stemming from questionable research practices, selective reporting, 
low-powered research or poorly implemented replication procedures. 
Such optimizing might promote higher replicability than previously 
reported in the literature. If—despite these rigour-enhancing prac-
tices—low replicability rates or declining effects are observed, such 
rates or declines could be intrinsic to social-behavioural scientific 
investigation24,25,27–30.

examining whether low replicability and declining effects are inevitable 
when using proposed rigour-enhancing practices.

Four laboratories conducting discovery-oriented social- 
behavioural research participated in a prospective replication study 
(Supplementary Information section 1). Over five years, the labs con-
ducted their typical research, examining topics covering psychol-
ogy, marketing, advertising, political science, communication, and 
judgement and decision-making (Table 1). Each lab engaged in pilot 
testing of new effects based on their laboratory’s business-as-usual 
practices. These practices could involve collecting data with different 
sample providers and with any sample size the lab saw fit. All pilots 
were required to have their materials, procedure, hypotheses, analysis 
plan and exclusions preregistered prior to data collection. Ostensible 
discoveries were then nominated for confirmation and replication by 
the discovering labs. The main criterion for moving from piloting and 
exploration into the confirmation and replication protocol was that the 
lab believed they had discovered a new effect that was statistically dis-
tinguishable from zero during the piloting phase. Each of the four labs 
submitted four new candidate discoveries for a self-confirmatory test 
and four replications, for a total of 16 confirmatory tests and 64 replica-
tions. In the self-confirmatory test, the discovering lab conducted a pre-
registered study with a large sample (N ≳ 1,500) and shared a report of 

Table 1 | Name, description and citation or online location of the self-confirmatory tests for the 16 discoveries included in 
this meta-analysis

Study name Description of central result Citation

Tumour People hold others responsible for their past good behaviour caused entirely by a brain 
tumour but not responsible for their past bad behaviour.

https://osf.io/4n8pf/

Minimal Groups People demonstrate less ingroup favouritism when they have been changed from one 
minimal group to another than when they have not changed group membership.

https://osf.io/adrbe/

Cookies People are seen as greedier when they take three of the same kind of (free) cookie than 
when they take three different (free) cookies.

https://osf.io/3vz4k/?view_only=da10896b68fe442
0bf6c65a3a7bd64f6

Label When a researcher uses a label to describe people who hold a certain opinion, he or 
she is interpreted as disagreeing with that opinion when a negative label is used and 
agreeing with that opinion when a positive label is used.

https://osf.io/xq5jb/?view_only=5305a812208d48b
ba3e546bfe38c6c24

Self-Control Someone who commits battery due to self-control failure is less likely to be found 
guilty if their failure was due to brain damage instead of genes for low self-control.

Ref. 44

Orientation People judge same-sex interactions as more indicative of the sexuality of men than that 
of women.

https://osf.io/s6qdv/

Referrals People think it is less appropriate to send product referrals when they are the sender 
of the referral than when they are merely judging the behaviour of someone else who 
sends the referral.

https://osf.io/v3thd/?view_only=1c32808a01ee4c8
c816480825ad5bebf

Ads Watching a short ad within a soap-opera episode increases one’s likelihood to 
recommend and promote the company in the ad.

https://osf.io/ngz5k/?view_only=8cf18a2babc1499e
98ef57dbb9926a80

FSD Forcing people to answer questions quickly makes them give more socially desirable 
answers.

Ref. 45

Prediction People make more complicated sets of predictions when asked to do so without having 
the opportunity to explore data.

https://osf.io/e2sf8/

Fairness People evaluate the fairness of punishments that can be expressed in multiple 
currencies (for example, time and money) on the basis of whichever currency is initially 
more salient, but they update their fairness judgements when the translation to the 
other currency is highlighted.

Ref. 46

Ostracism People who are ostracized by computers in an online ball-tossing game become less 
trusting towards people in general.

https://osf.io/58vz9/?view_only=312b6136155849a7
9f3416933a05789b

Misattribution People misattribute the feeling of a-ha! they feel while solving an anagram to the truth 
of the statement the anagram is embedded in.

Ref. 47

Redemption People who look different after committing a transgression seem more remorseful, 
trustworthy and deserving of a second chance than people who look the same as they 
did at the time of their transgression.

http://osf.io/6h5s2/

Worse People evaluate Team B more favourably when they are told that Team A is more 
qualified than Team B than when they are told that Team B is less qualified than Team A.

Ref. 48

Misreporting People will report not engaging in an activity if they learn that reporting they have 
engaged in the activity will result in several additional questions.

https://osf.io/3ud4s/?view_only=420da5b8113b42b
e8710cd7c4b4af14a
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Each of the 16 ostensible discoveries were obtained through pilot 
and exploratory research conducted independently in each laboratory. 
Not every pilot study the labs conducted was put forward for confir-
mation and replication. Like all exploratory research, labs sometimes 
found errors, did not find signals of potential effects or just lost inter-
est in pursuing it further. The labs introduced 4 provisional discover-
ies each, resulting in 16 self-confirmatory tests and 64 replications 
(3 independent and 1 self-replication for each), testing replicability 
and decline. All confirmatory tests, replications and analyses were 
preregistered both in the individual studies (Supplementary Informa-
tion section 3 and Supplementary Table 2) and for this meta-project 
(https://osf.io/6t9vm).

Results
Replicability rate
Self-confirmatory tests. Of the 16 discoveries put forward for replica-
tion, 81% (13/16) produced statistically significant results during the 
self-confirmation phase Effect Size (d̄ = 0.27; t(15) = 5.61; P < 0.001; 
95% confidence interval (CI), 0.17 to 0.37; estimated between-study 
heterogeneity s.d., 0.18). The average ES of the self-confirmatory tests 
was smaller than the estimated average ES of the published psychologi-
cal literature (d̄ = 0.43)31, even when considering only the 13 statisti-
cally significant findings (simple average d̄ = 0.32). No lab produced 
self-confirmatory tests with larger average ESs than the other labs 
(robust approximate Hotelling’s T2(6.01), 0.60; P = 0.64).

Replications. One way of assessing replicability is to examine whether 
each replication rejects the null hypothesis at P < 0.05 in the expected 
direction6. Including all 16 self-confirmatory tests, 55/64 (86%) 

replications were successful. The average ES of the replications was 
d̄ = 0.26 (t(15) = 7.61; P < 0.001; 95% CI, 0.19 to 0.33), similar to the ES 
observed in the self-confirmatory tests (d̄ = 0.27; t(15) = 5.61; P < 0.001; 
95% CI, 0.17 to 0.37) yet larger than replication ESs observed in prior 
attempts to systematically replicate the established social-behavioural 
literature (d̄ = 0.16)32.

Focusing only on the 13 statistically significant self-confirmatory 
tests, 47/52 (90%) of the subsequent replications yielded statistically 
significant effects in the hypothesized direction. The average ES of the 
replications was d̄ = 0.32 , similar to the ES observed in the 13 self- 
confirmatory tests (d̄ = 0.32).

For the three statistically non-significant self-confirmatory tests, 
8/12 (67%) of the subsequent replications produced statistically sig-
nificant effects in the hypothesized direction: 1/4 for one (d = 0.03), 
3/4 for the second (d = 0.09) and 4/4 for the third (d = 0.15). These 
replication ESs were slightly larger than the ES observed in the original 
self-confirmatory tests (d̄ = 0.01; Fig. 1).

An alternative index of replicability examines the consistency of 
ESs generated by the initial self-confirmatory test and its subsequent 
replications (within-study heterogeneity; τ̂within). On the basis of a 
multilevel meta-analysis, little variation in ESs was observed beyond 
what would be expected by sampling variation alone (τ̂within = 0.06; 
profile likelihood 95% CI, 0.04 to 0.08; P < 0.001). This indicates that 
the self-replications and independent replications would not have 
perfectly replicated the ESs of the self-confirmatory tests, even if all 
samples were large enough to make sampling error negligible. The 
degree of variation was, however, smaller than the variation in ESs 
across the 16 discoveries (τ̂between = 0.14; profile likelihood 95% CI, 0.1 
to 0.2; P < 0.001). This suggests that the variation due to sampling and 

Labels (Lab 4) Ads (Lab 4) Ostracism (Lab 4) Misreporting (Lab 4)

Cookies (Lab 3) Referrals (Lab 3) Fairness (Lab 3) Worse (Lab 3)

Minimal Groups (Lab 2) Orientation (Lab 2) Prediction (Lab 2) Redemption (Lab 2)

Tumour (Lab 1) Self-control (Lab 1) FSD (Lab 1) Misattribution (Lab 1)

0 0.2 0.4 0.6 0 0.2 0.4 0.6 0 0.2 0.4 0.6 0 0.2 0.4 0.6

ES (standardized mean di�erence)

Confirmatory test Self-replication Independent replication

Fig. 1 | Effect size estimates and 95% CI from 16 new discoveries in the social-
behavioral sciences, with four replications each. ESs (shapes) and 95% CIs 
from 16 new discoveries (yellow) in the social-behavioural sciences with four 

replications each. Each lab is designated by a unique shape for the observed 
ES; blue marks correspond to self-replications, green marks to independent 
replications.
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procedural differences across labs was much smaller than the variation 
due to the phenomena being investigated7,8.

In an exploratory model, differences between self-confirmatory 
tests and self-replication ESs were found to be fully attributable to 
sampling error, and average ESs in independent replications strongly 
correlated with ESs from self-confirmatory tests and self-replications 
(r = 0.83; profile likelihood 95% CI, 0.52 to 0.95; P < 0.001). There was 
a small amount of heterogeneity across the independent replications 
( τ̂within = 0.05 ; 95% CI, 0.03 to 0.08; P < 0.001). This suggests that 
conducting replications in new samples and with independently imple-
mented methods increased variability in the observed ESs but did not 
systematically reduce the observed ESs.

On the basis of a power analysis of the 13 self-confirmatory tests 
with statistically significant results, the average replication power was 
0.96 with a median approaching 1 and an average power in replication 
studies of specific discoveries ranging from 0.62 to approaching 1. The 
observed replication rate of 90% is slightly smaller than expected on the 
basis of these power estimates. Considering all self-confirmatory tests 
(including statistically non-significant ones), the average power across 
attempted replications was 0.80 with a median of 0.99 and a range of 0 to 
approaching 1. The observed replication rate of 86% in the replications for 
all 16 discoveries was somewhat larger than expected on the basis of these 
power estimates. Overall, replication rates were consistent with power 
estimates calculated using the ESs observed in self-confirmatory tests.

Declines in ESs across replications
Within-study heterogeneity across replications was estimated to be 
s.d. = 0.06, suggesting little heterogeneity overall, despite 75% of the 
replications being conducted independently using different sample 
providers. There was modest evidence that one lab produced slightly 
smaller ESs in replications than did one other lab, controlling for the 
average size of effects in the initial self-confirmatory tests from each 
lab (robust approximate Hotelling’s T2(12.31), 3.51; P = 0.05).

When comparing the self-confirmatory tests to their 
self-replication attempts, no significant evidence of declining effects 
appeared. No originating lab’s self-confirmatory test ES was signifi-
cantly different from its self-replication attempt (Fig. 2). On average, 
self-replications had the same ES as the self-confirmatory  
tests (ddifference = −0.00; t(15) = −0.15; P = 0.88; 95% CI, −0.03 to 0.03; 
between-study heterogeneity τ̂ = 0.00; profile likelihood 95% CI, 0.00 
to 0.06; P = 1.00). In three cases, however, there was a statistically 
significant difference between the ES in the self-confirmatory test and 
the average ES across independent replications. As both positive and 
negative discrepancies occurred, independent replication ESs  
were the same size as those of self-confirmatory tests, on average 
(ddifference = −0.01; t(15) = −0.21; P = 0.84; 95% CI, −0.06 to 0.05). The 
discrepancies were heterogeneous across studies, with an estimated 
between-study s.d. of τ̂ = 0.09 (profile likelihood 95% CI, 0.06 to 0.16; 
P < 0.001). On the basis of this degree of heterogeneity, independent 
replications of new discoveries would be predicted to differ from the 
ES of the self-confirmatory test by as much as s.d. = 0.2 (95% prediction 
interval, −0.20 to 0.21).

The results of half of the self-confirmatory tests and replications 
were blinded from data analysis until all replications were completed, 
to test whether awareness of outcomes influenced replication success 
and/or the potential declining of ESs over replications. Whether the 
studies’ results were blinded did not moderate the results (Unstand-
ardized Regression Coefficient, b = −0.01; t(14) = −0.26; P = 0.80; 95% 
CI, −0.07 to 0.06 for differences between self-confirmatory tests and 
self-replications; b = 0.07; t(14) = 1.34; P = 0.20; 95% CI, −0.04 to 0.19 
for differences between self-confirmatory tests and independent 
replications). Finally, when we tested ESs sequentially over time, no 
evidence for a decline in ESs from the self-confirmatory test through 
the final replication was observed (b = −0.002; t(73) = −0.38; P = 0.71; 
95% CI, −0.02 to 0.01; Fig. 3). These results did not significantly change 

when we removed the fixed effect for each lab (for all additional and  
robustness checks, see Supplementary Information section 4). In addi-
tion, the null was not rejected when we compared the slopes of change 
in ESs among ‘blind’ versus ‘not blind’ studies (b = 0.02; t(73) = 1.75; 
P = 0.10; 95% CI, −0.01 to 0.05).

An uninteresting reason for high replicability would be if the dis-
coveries, although novel, are obviously true. Trivial findings might be 
particularly easy to replicate. To assess this, we conducted two addi-
tional studies (Supplementary Information section 5; the protocol  
(no. 156-19-0689) was deemed exempt by the Office of Research on 
Human Subjects (Institutional Review Board) at the University of Cali-
fornia, Santa Barbara). In the first study, 72 researchers reviewed a 
synopsis of most of the research designs and predicted the direction 
of each finding. On average, raters correctly predicted the direction 
and significance of the self-confirmatory tests 42% of the time,  
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−0.4 −0.2 0 0.2 0.4
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Orientation
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Misreporting
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Replication ES − confirmation ES

95% prediction intervals
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Fig. 2 | Difference in effect size estimates between self- and independent 
replications for 16 new discoveries in the social-behavioural sciences, 
compared with initial confirmation study effect size estimates. Difference 
in ESs (shapes) between self-replications and independent replications for the 
16 discoveries, compared with the self-confirmatory test ES (0.0 on the x axis). 
The independent replication estimates are fixed-effects meta-analytic estimates 
of the three independent studies. The meta-analytic estimates with prediction 
intervals in the bottom panel combine across all 16 discoveries.
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incorrectly predicted null results 38% of the time and incorrectly  
predicted the direction of the findings 20% of the time. In the second 
study, 1,180 laypeople reviewed synopses of the research designs  
from this study, which showed high replicability, and from a prior  
study of published findings from the same fields with similar  
methodologies that showed low replicability6,8,9. The synopses were 
generated by independent researchers with experience in designs using 
synopses. On multiple preregistered criteria, the participants were no 
better at predicting the outcomes of the highly replicable discoveries 
presented here (meanpresent studies = 41% correct prediction) than at pre-
dicting the other less replicable findings from the prior investigation 
(meancomparison studies = 42%; ∆̂ = −1.65; 90% CI, −3.4 to 0.1; t(1,172) = −6.32; 
P < 0.001 for a preregistered equivalence test of the null hypothesis 
that the difference between present studies and comparison studies 
would exceed 5 percentage points, H0: Δ ≥ 5.00). Notably, the average 
accuracy rate of researchers in the first study was nearly identical to 
the average accuracy among laypeople in the second. Additionally, the 
accuracy of predictions for specific findings was significantly associ-
ated with the absolute magnitude of the average ESs from independent 
replications (b = 2.79; z = 2.95; P = 0.003; 95% CI, 0.94 to 4.66 for the 
findings in the present study; b = 0.66; z = 3.05; P = 0.002; 95% CI, 0.24 
to 1.09 for the comparison findings); absolute ES explained 35% of the 
variance in predictability rates. These findings indicate that the sample 
of discoveries used here were not of a prima facie different type of 
content that would yield high replication rates. Nor were the content 
or hypotheses more obvious or predictable than similar findings with 
low replication rates.

Discussion
Rather than beginning with published findings and attempting to repli-
cate them in a retrospective replication investigation, we implemented 
a prospective investigation33. By discovering new experimental effects, 
we were able to apply a meta-scientific34 lens to the entire process from 
discovery to a confirmatory test, and through a sequence of replica-
tion attempts. By subjecting ostensible discoveries to large-sample, 
preregistered confirmatory tests (13/16; 81% supported at P < 0.05; 
d = 0.27), we ensured that the primary findings for replication were 
free from P-hacking and questionable research practices, unlikely to 
be artefacts of low statistical power, and fully documented. This was 
true not only of the original discoveries of new effects but also in their 
replications.

These 16 discoveries, four from each of four independent labs, 
were then subjected to independent sequential replication (55/64; 
86% supported at P < 0.05; d = 0.26). Considering replications of only 
the 13 statistically significant self-confirmatory tests, the observed 
replicability rate was 90%. Considering the power to detect ESs from 
all 16 self-confirmatory tests, the replication rate could not be any 
higher. The replication ESs were the same size on average as those of 
the self-confirmatory tests when conducted by the discovering labs 
and 97% the ESs found by independent labs. Prior replication efforts 
in the social-behavioural sciences report replication success rates of 
about 50% on average, producing ESs less than half of the originally 
reported ESs3–13,32. The present findings establish a benchmark showing 
that high replicability in the social-behavioural sciences is achievable in 
both statistical inference and ES estimation, when the original studies 
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Fig. 3 | Changes in effect size across replications, with initial confirmation study at the intercept. Slopes of ES changes across replications, with the self-
confirmatory test as the intercept.
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and replications are conducted using ostensibly best practices and 
replications are conducted with complete fidelity.

We investigated whether low replicability and declining ESs should 
be expected from the social-behavioural sciences because of the com-
plexity of the phenomena, hidden moderators18 and other factors that 
might be intrinsic to the phenomena being studied or to the replication 
process24,25. Instead, we found a high replicability rate. The present 
results are reassuring about the effectiveness of what we think of as 
best practices in scientific investigations. When novel findings were 
transparently subjected to preregistered, large-sample confirma-
tory tests—and when replications involved similar materials and were 
implemented with a commitment to faithfulness to testing the same 
hypothesis with fidelity to the original procedure—the observed rate 
of replication was high. Furthermore, we saw no statistically signifi-
cant evidence of declining ESs over replications, either when holding 
materials, procedures and sample source constant (except for sampling 
error) or when materials, procedures and sample sources varied but 
were faithful to the original studies.

We further showed, with one survey of scientists and one survey of 
the lay public, that our studies were not a priori more predictable than 
similar other studies with a known replication rate. Our high replication 
rate thus cannot be attributed to our studies being different in espe-
cially replicable topics, designs or hypotheses. It would also be possible 
to imagine that we observed higher replicability than other investiga-
tions because of the qualities of the researchers involved in this project, 
such as being better at imagining and discovering new, replicable 
phenomena. Although we could be motivated to believe this possibil-
ity, the principal investigators in this project all have direct experience 
with their own published findings failing to replicate. Also, in this and 
other research, the participating labs have established practices of 
making risky predictions, most of which fail to materialize into reliable 
phenomena. If there is an investigator influence on the observed find-
ings, we believe that it is aligned with our interpretation of the present 
evidence as being due to the adoption of rigour-enhancing practices 
as lab norms rather than individual exceptionality35.

It is likely that we observed high replicability because of the 
rigour-enhancing methodological standards adopted in both the 
original research leading to discovery and the replication stud-
ies. First, rather than using exploratory discoveries as the basis for 
claiming a finding, all discoveries were subjected to preregistered 
self-confirmatory tests. This eliminated inflation of false positives 
and ESs by pre-commitment to research designs and analysis plans36. 
Second, once a discovery was submitted for a self-confirmatory test, 
we committed to reporting the outcomes. This eliminated publica-
tion bias, which is particularly pernicious when selective reporting 
of study findings systematically ignores null results37–39. Third, all 
self-confirmatory tests and replications were conducted with large 
sample sizes (N ≳ 1,500), resulting in relatively precise estimates. 
Fourth, each lab was part of the process of both discovering and rep-
licating findings. This may have motivated teams to be especially 
careful in both characterizing their methods and carrying out their 
replications. Fifth, if there were essential specialized materials for 
the experimental design, the discovering lab made them available as 
supplementary materials. Sharing original materials should increase 
understanding of and adherence to critical features of original experi-
mental methodologies. We expect that all these features contributed 
to improving replicability to varying degrees. Future investigations 
could manipulate these features to learn more about their causal con-
tributions to replicability.

Even when using rigour-enhancing processes, independent rep-
lications conducted by other laboratories produced effect sizes that  
differed from self-confirmatory effect sizes by larger margins than 
would be expected due to sampling error alone, producing both 
larger and smaller ESs with a heterogeneity on the order of s.d. = 0.2. 
The added heterogeneity may be due to ambiguities or imprecise 

descriptions in the materials provided to replicating labs, or due to 
sample heterogeneities introduced by using varying sample providers. 
This finding highlights the value of multi-lab replication processes even 
when the original studies follow rigorous practices.

An important question is the constraints on the generaliz-
ability of these findings to other research. Our 16 novel findings in 
social-behavioural sciences each involved two between-subject 
conditions that could be administered online. All samples for the 
self-confirmatory tests and replications were drawn from online pan-
els of American adults. These 16 findings do not characterize a repre-
sentative sample of any methodology or discipline, although they do 
represent common methodologies, samples and research questions 
from the social-behavioural sciences. Due to the limited number of 
participating labs, lab-level variation in the replicability of findings 
was incalculable; to the extent that labs vary in how they select poten-
tial replication targets, the replication rates observed in the present 
study may not generalize to a broader population of research groups, 
although—as discussed above—the discovered effects did not differ 
from similar findings when asking laypeople and a group of research-
ers to predict them.

The most obvious areas for further testing of the replicabil-
ity ceiling include more complex experimental or observational 
designs, in-person behavioural designs that have intricate staging 
or unusual protocols, sampling strategies that are more inclusive of 
the world’s population, more heterogeneous conditions including 
variations in procedure and time between investigations, and research 
domains beyond the social-behavioural sciences. It is possible that our 
computer-administered protocols are inherently more replicable, 
though prior replication efforts of similar methodologies suggest 
that this is not the case8,9,12, and our follow-up investigation found 
that the present findings were no more predictable a priori than other 
findings with similar methodologies that frequently failed to replicate 
(Supplementary Information section 5). Systematic investigation will 
be fruitful for understanding the boundary conditions for achieving 
high replicability.

Low replicability or declining ESs in social-behavioural research 
are not inevitable. We did not observe declining effects due to idi-
osyncrasies of different laboratory practices or different sampling 
conditions. Whereas prior research demonstrates that such declines 
can occur, the present research demonstrates that they do not neces-
sarily occur. The encouraging evidence here should empower scientists 
with confidence that what we believe to be rigour-enhancing practices 
may indeed efficiently generate reliable insights. With the adoption of 
rigorous research practices such as confirmatory testing, large sam-
ples, preregistration, strong documentation and fidelity of replication, 
high replicability is achievable—perhaps even likely.

Methods
All research complies with all relevant ethical regulations; all stud-
ies were approved by the local lab’s Institutional Review Board. The 
four participating labs conducted pilot and exploratory research in 
the social sciences pursuing their own typical practices and research 
interests independently of the other labs. The labs were encouraged to 
investigate any aspect of social-behavioural science, with the require-
ments that the discoveries submitted for self-confirmatory testing 
and replication be novel and non-obvious and not involve deception.

The labs submitted promising discoveries for self-confirmatory 
tests and replication if they met the following inclusion criteria: a 
two-group between-subjects manipulation with one focal dependent 
variable, with methods administered via computer online to adults 
within a single 20-minute study session.

Prior to conducting the self-confirmatory test, the discovering labs 
preregistered the study design and analysis plan, including materials, 
protocol, plans for data cleaning and exclusion, and specification of 
the analysis model. Once a self-confirmatory test was preregistered, 
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the lab wrote a methods section to share with the other labs. These 
methods sections had to include everything that the discovering lab 
believed would be required for an independent lab to conduct an effec-
tive replication. This was done to capture the naturalistic conditions 
when a researcher reads a methods section and conducts a replication 
based on it.

Following preregistration, no changes could be made to the meth-
ods or procedures, and all labs were committed to replicating the 
protocol regardless of the outcome of the self-confirmatory test. The 
discovering lab conducted its self-confirmatory test with about 1,500 
participants, and then the project coordinator initiated the replica-
tion process with the other labs. The labs were assigned the order to 
conduct replications in a Latin square design to equate lab-specific 
effects across the order of replications (Supplementary Information 
section 6).

Sharing study descriptions
After a lab identified an ostensible discovery for a self-confirmatory 
test, they distributed a description of the methodological details that 
they believed would be required for an independent lab to run a rep-
lication. When the replicating labs considered the instructions to be 
ambiguous on a meaningful part of the design (71% of studies), the 
replicating labs sought clarifications about methodology from the 
discovering lab. Usually these were trivial clarifications or confirma-
tions, but not always (Supplementary Information section 2).

Replications were done sequentially following the same protocol 
as the self-confirmatory tests, including preregistration. Variation 
from the 1,500 participants per study was due to idiosyncrasies in how 
the panels and labs managed participant flow and the application of 
preregistered exclusion criteria. In most cases, the panels allowed more 
participants to complete the questionnaire.

The discovering labs could specify required exclusion criteria, 
such as attention checks. The replicating labs could also choose to 
preregister and implement exclusions for attention checks following 
their own laboratory’s best practices. This was done to capture the 
natural way researchers conduct replications using their own view of 
best practices. To maintain the ecological validity of labs conducting 
research in their own style, and to maximize the independence of each 
replication, all sharing of materials was managed by a project coordi-
nator to prevent unintended communication of designs or results.

Main studies
Sixteen new discoveries of social-behavioural phenomena were submit-
ted to self-confirmatory testing and replication, four from each of the 
participating laboratories. Table 1 catalogues the new discoveries with 
a brief name, a one-sentence summary of the finding and a citation to 
the research. Supplementary Table 3 provides links to comprehensive 
information for each self-confirmatory test and replication, includ-
ing the preregistration with the design and analysis plan, research 
materials, data, analysis code, analysis output and written reports of 
the methods and results.

Participants. The population of interest for the self-confirmatory 
tests and replications was adults living in the United States who could 
read and write in English. The participants were members of panels 
that had been recruited through non-probability sampling methods 
to complete online questionnaires in return for small amounts of 
money or redeemable ‘points’40,41. Labs contracted with different sam-
ple providers to provide participants (Stanford University: Toluna, 
SSI and Dynata; University of California, Santa Barbara: CriticalMix; 
University of California, Berkeley: Luth; University of Virginia: Soap-
Box Sample and Lightspeed GMI). We used different sample providers 
to minimize potential overlap in sampling, although we cannot be 
sure that some participants are not part of multiple panels and also 
repeated our studies as part of different panels. These samples were 

taken from the providers’ online, opt-in, non-probability panels. The 
sample providers were instructed to provide American adults drawn 
in a stratified way with unequal probabilities of selection from the 
panels so that the people who completed each survey would resemble 
the nation’s adult population (according to the most recently available 
Current Population Survey, conducted by the US Census Bureau) in 
terms of gender, age, education, ethnicity (Hispanic versus not), race 
(allowing each respondent to select more than one race), region and 
income. This method produced samples designed to look similar to 
probability samples on the matched characteristics, but the samples 
may still have differed in unknown ways on unmatched characteristics. 
The sample providers may have varied in their success at achieving 
representativeness. A potential lack of adherence to that sampling 
plan was non-consequential for the conducted studies. For none of the 
discoveries were the findings presumed to be limited to a subsample 
of adults, although there may have been a priori or post facto hypoth-
esizing about moderation by demographic variables. For the pilot and 
exploratory studies, the labs used whatever samples they wished (for 
example, panel, MTurk or participants visiting the laboratory).

Blinding and sample-splitting manipulations. Two planned manipu-
lations of secondary interest were included to explore potential rea-
sons for variation in the replicability rate or its decline over time. One 
involved randomly assigning participant recruitment for each data 
collection of 1,500 participants into a first and second wave of 750 to 
investigate declines in ES across a single data collection. We assign less 
confidence to this manipulation, however, as not all panels may have 
consistently followed our strict protocols for this random assignment 
(see Supplementary Information section 7 for all additional procedures 
that the labs and sample providers were instructed to follow). The 
second manipulation randomly assigned 8 of the 16 new discoveries (2 
from each team) to blind the results of the primary outcome variable 
from the self-confirmatory tests and replications for all team members 
until all replications for that finding had been completed. For the other 
8 discoveries, the data were analysed and reported to the other teams as 
the results became available. This was to determine whether explicitly 
blinding research findings would moderate replicability rates and/or 
declining ESs across replications24,25.

Confirmatory analysis
Meta-analysis. In all analyses, meta-analytic models estimated with 
restricted maximum likelihood were used, as implemented in the 
metafor package (version 4.2-0) for R version 4.2.2 (ref. 42,43). For 
single-level models, Knapp–Hartung corrections for standard errors 
were used. For multilevel models, cluster-robust variance estimation 
with small-sample corrections was used to account for the limited 
number of independent studies40. Preregistration of the overall analysis 
plan is available at https://osf.io/6t9vm.

We summarized the overall distribution of effects using a mul-
tilevel meta-analysis model, including fixed effects to distinguish 
replications from self-confirmatory tests, with random effects for 
each unique discovery and each unique ES nested within discovery27. 
The study-level variance component describes heterogeneity in the 
phenomena investigated in different studies and labs. The ES-level 
variance component describes heterogeneity across replications of 
the same phenomena.

Confirmation versus self-replication and independent replica-
tions. A random-effects meta-analysis was estimated to analyse the 
differences between the self-confirmatory test and the replication of 
the same discovery by the same lab. A negative average change would 
be evidence of declining replication ES, even when conducted by the 
same investigators.

Comparing self-confirmatory tests to replication results from 
other labs allows for assessment of the impact of between-lab 
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differences in replicability success. Again, a random-effects 
meta-analysis was used to analyse differences between the ES in 
the self-confirmatory test and the average ES estimate in the three 
independent replications. Negative average differences would be 
evidence of declining replication ESs in cross-lab replication. The 
random-effects model provides an estimate of heterogeneity in the 
differences between self-confirmatory tests and replications beyond 
what would be expected by sampling error alone. Positive heterogene-
ity would indicate that ESs from self-confirmatory tests could not be 
exactly replicated by independent labs.

Slope across replications. According to one theory, declines in ESs 
over time are caused by a study being repeatedly run25. If accurate, 
the more studies run between the self-confirmatory test and the 
self-replication, the greater the decline. To examine temporal decline 
effects across all replications, we aggregated ES estimates from each 
self-confirmatory test with each of the replications and conducted a 
meta-analytic growth curve. The model also included random effects for 
each self-confirmatory test or replication attempt of each study that were 
allowed to covary within study according to an auto-regressive structure. 
The ESs were recoded for this analysis so that all effects were positive and 
a slope to non-significance or weakening ES would be negative in sign.

Reporting summary
Further information on research design is available in the Nature  
Portfolio Reporting Summary linked to this article.

Data availability
The data for each of the individual studies can be found by following 
the OSF links presented in supplementary information (section 3 and 
Supplementary Table 2). The data for the overall analysis presented 
here can be found at https://osf.io/bnq5j/.

Code availability
The statistical code for each of the individual studies can be found 
by following the OSF links presented in supplementary information 
(section 3 and Supplementary Table 2). The statistical code for the 
overall analysis presented here can be found at https://osf.io/bnq5j/.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection All analyses were conducted using the R statistical computing environment (Version 4.2.1). All analyses used meta-analytic random effects 
models estimated using restricted maximum likelihood with the metafor package (Version 2.1.0). Standard errors and confidence intervals for 
all analyses were calculated using cluster-robust standard errors (CR2-type), clustering by study, using the clubSandwich package (Version 
0.3.5).

Data analysis All analyses were conducted using the R statistical computing environment (Version 4.2.1). All analyses used meta-analytic random effects 
models estimated using restricted maximum likelihood with the metafor package (Version 2.1.0). Standard errors and confidence intervals for 
all analyses were calculated using cluster-robust standard errors (CR2-type), clustering by study, using the clubSandwich package (Version 
0.3.5).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

Data for each of the individual studies can be found following the OSF links presented in Table S1 in the SI. Data for the overall analysis presented here can be found 
at https://osf.io/bnq5j/.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n/a, the data here is a meta-analysis and no effect sizes were reported broken down by sex or gender.

Reporting on race, ethnicity, or 
other socially relevant 
groupings

n/a

Population characteristics This is a meta-analysis of studies. The complete population of studies is included.

Recruitment Each study in this prospective meta-analysis was put forward for replication, and the confirmation and all replications are 
included in this meta-analysis.

Ethics oversight The individual studies in this meta-analysis were all approved by the IRBs at University of California, Santa Barbara, Stanford 
University, University of Virginia, and University of California, Berkeley. This current study is a meta-analysis and does not 
involve human subjects and is exempt. The prediction survey of lay participants was found exempt by the Office for Research 
on Human Subjects at the University of California, Santa Barbara.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description A prospective meta-analysis of quantitative effect sizes from new discoveries and their replications.

Research sample The sample here are effect sizes from prospective meta-analysis of new discoveries and replications by the four labs. There is no 
publication bias in this sample as the full population of studies is used.

Sampling strategy Each lab put forward a study for replication, and it was replicated by all labs. Each study was powered at N = 1,500 to be able to 
detect very small effect sizes. Based on a power analysis of the 13 self-confirmatory tests with statistically-significant results, the 
average replication power was 0.96 with a median approaching 1 and average power in replication studies of specific discoveries 
ranging from 0.62 to approaching 1.

Data collection All labs studies effect sizes were calculated by them and verified by one of the teams. All data was then put into a .csv file that was 
used for data analysis.

Timing Studies started 06/2016 and ended 07/2019, survey of participants occurred 12/2022

Data exclusions No study put forward was excluded.

Non-participation The survey of particpants was done on Prolific academic, non-participation is not possible to determine.

Randomization Order of studies and replications were randomized in a latin square design.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging
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