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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 rigor-
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<.05) in 86% of attempts, slightly exceeding 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 of the original study. This high
replication rate justifies confidence in rigor enhancing methods to increase the replicability of
new discoveries.

Keywords: Psychology; Marketing; Political Science; Judgment & Decision-Making;
Metascience; Open Science; Reproducibility



Science progressively learns about the world through the discovery of replicable
findings®2. Efforts to systematically replicate studies across various scientific fields have
reported seemingly-disappointing replication rates ranging from 30% to 70%, with effect
size(ES)s about half the size of original findings®>*3. This has been a cause for concern among

many—abut not all*+°,

Seemingly low replicability can be the consequence of false positives 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 favoring original positive
results’>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 phenomena, different analytic strategies, questionable research practices, and/or lack of
fidelity to the original protocols’2. Finally, failures to replicate or declining ESs can be the
consequence of unknown or unarticulated moderating influences and boundary conditions that
differ between original and replication studies, indicating shortcomings in the theoretical and

methodological specifications.

Collectively, these factors comprise likely explanations for why replications are less
successful and produce weaker ESs over time?42®. Here, we report the results of a prospective
replication study examining whether low replicability and declining effects are inevitable when

using proposed rigor-enhancing practices.

Four laboratories conducting discovery-oriented social-behavioral research participated
in a prospective replication study. Over five years, the labs conducted their typical research,

examining topics covering psychology, marketing, advertising, political science, communication,



and judgment and decision-making (Table 1). Based on pilot experimentation, 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 replications. In the self-confirmatory test, the
discovering lab conducted a preregistered study with a large sample (N=1500) and shared a
report of the methodology. Regardless of the outcome of the self-confirmatory test, in the
replication phase, all labs conducted independent preregistered replications using the written
methodology and any specialized study materials shared by the discovering lab (e.g., 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 communication with the
discovering lab outside of the documented protocols except for critical methodology
clarifications (see Sl). The replicating labs used equally large sample sizes (N’s=1500) and each

lab used a different sample provider.

Preregistration, reporting all outcomes, large sample sizes, transparent archiving, and
sharing of materials, and commitment to high fidelity replication procedures should minimize
irreplicability or declining effect sizes 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
rigor-enhancing practices—Ilow replicability rates or declining effects are observed—such rates

and declines could be intrinsic to social-behavioral scientific investigation*®-3,

Each of the 16 ostensible discoveries were obtained through pilot and exploratory
research conducted independently in each laboratory. Labs, using their own criteria, decided

which ostensible discoveries to submit for a confirmatory test and replication. Labs introduced 4



provisional discoveries 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 in both the individual studies (see Table S2)

and for this meta-project (https://osf.io/6t9vm).

Results
Replicability Rate
Self-Confirmatory Tests

81% (13/16) of the self-confirmatory tests produced statistically-significant results
(d=0.265 (95%C1=0.165-0.37; with 0.18SD estimated between-study heterogeneity). The
average ES of the self-confirmatory tests was smaller than the estimated average ES of the
published psychological literature (d=0.43)%’, even when only considering the 13 statistically-
significant findings (d=0.32). No lab produced self-confirmatory tests with larger average ESs

than the other labs (robust Approximate Hotelling’s T2(6.01)=0.6, p=.638).
Replications

One way of assessing replicability is to examine whether each replication rejects the null
hypothesis at p<.05 in the expected direction®. Including all 16 self-confirmatory tests, 55/64
(86%) replications were successful. The average ES of the replications was d=0.26
(95%C1=0.19-0.33), similar to the ES observed in the self-confirmatory tests (d=0.265) yet
larger than replication ESs observed in prior attempts to systematically replicate the established

social-behavioral literature (d=0.155)%.


https://osf.io/6t9vm

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 d=0.319 (95%C1=0.305-0.333), similar to the ES

observed in the 13 self-confirmatory tests (d=0.324).

For the three statistically non-significant self-confirmatory tests, 8/12 (67%) of the

subsequent replications produced statistically-significant effects in the hypothesized direction:

1/4 for one (d=0.03, 95%CI1=-0.02-0.08); 3/4 for the second (d=0.09, 95%CI=0.04-0.14); and

4/4 for the third (d=0.15, 95%CI=0.1-0.2). These replication ESs were slightly larger than the ES

observed in the original self-confirmatory tests (d=0.01; Fig 1).
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Fig 1. Effect sizes and 95%CI from 16 new discoveries (yellow marks) in the social-behavioral
sciences with four replications each. Each lab is designated by a unique shape for observed effect
size; blue marks correspond to self-replications, green marks to independent replications.
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An alternate index of replicability examines the consistency of ESs generated by the
initial self-confirmatory test and its subsequent replications. Based on a multi-level meta-
analysis, little variation in ESs was observed beyond what would be expected by sampling
variation alone (7,,;:1i,=0.06, 95%C1=0.04-0.08). This indicates the self- and independent
replications would not have perfectly replicated the ES 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 (T etween=0.14,
95%CI=0.1-0.2). This suggests variation due to sampling and procedural differences across labs

was much smaller than the variation due to the phenomena being investigated’-®.

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=.83
95%CI=.52-.95). There was a small amount of heterogeneity across the independent replications
(Twitnin=0.05, 95%CI=0.03-0.08). This suggests conducting replications in new samples and
with independently implemented methods increased variability in the observed ESs, but did not

systematically reduce the observed ESs.

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. The observed
replication rate of 90% is slightly smaller than expected based on these power estimates.
Considering all self-confirmatory tests, including statistically non-significant ones, average
power across attempted replications was .80 with a median of .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 based on power estimates. Overall, replication rates were

consistent with power estimates calculated using the ESs observed in self-confirmatory tests.
Declines in Effect Sizes Across Replications

Within-study heterogeneity across replications was estimated to 0.06SD, 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 compared to one other lab, controlling for the average size of original effects
from each lab (robust Approximate Hotelling’s T2 (12.31)=3.51, p=.048). The multi-level

analyses lab used fixed effects.

When comparing the self-confirmatory tests to their self-replication attempts, no
evidence of declining effects appeared. No originating lab’s self-confirmatory test ES was
significantly different from its self-replication attempt (Fig 2). On average, self-replications were
the same size as the self-confirmatory tests (ditference=-0.002, p=.864, 95%CI=-0.03-0.03,
between-study heterogeneity 7=0). 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 self-confirmatory tests, on average (duifference=-0.006, p=.838, 95%CI=-
0.06-0.05). The discrepancies were heterogeneous across studies, with an estimated between-
study SD of £=0.09 (95%CI1=0.06-0.16). Based on this degree of heterogeneity, independent
replications of new discovery would be predicted to differ from the ES of the self-confirmatory

test by as much as 0.2SD (95% prediction interval=-0.2-.21).
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Fig 2. Difference in effect sizes (ES) between self- and independent replications for the 16
discoveries, compared with the self-confirmatory test effect size (0.0 on the x-axis). Independent
replication estimates are fixed-effect meta-analytic estimates of the three independent studies.
Meta-analytic estimates with prediction intervals in the bottom panel combine across all 16
discoveries.
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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. Whether the studies’ results were blinded did not moderate the results (b=-
0.01, p=.783 for differences between self-confirmatory tests and self-replications; b=0.07,
p=.206 for differences between self-confirmatory tests and independent replications). Finally,
when testing ESs sequentially over time, no evidence for a decline in ESs from the self-
confirmatory test through final replication was observed (b=-0.002, p=.701, 95%CI=-0.015-
0.010; Fig 3). These results did not significantly change when removing the fixed effect for each
lab (see Supplementary Information (Sl1)). In addition, the null was not rejected when

comparing the slope of change in ESs among ‘blind’ vs. ‘not blind’ studies (b=0.02, p=.104).
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Fig 3: Slope of effect size changes across replications, with the self-confirmatory test as the
intercept.

Discussion

This investigation is unique in exploring replicability. Rather than beginning with

published findings and attempting to replicate them in a retrospective replication investigation,

we implemented a prospective investigation®244. By discovering new experimental effects, we

were able to follow the entire process from discovery to a confirmatory test, and through a

sequence of replication attempts. By subjecting ostensible discoveries to large sample,

preregistered confirmatory tests (13/16; 81% supported at p<.05; d=0.265), the primary findings
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for replication were free from p-hacking or questionable research practices, unlikely to be

artifacts of low statistical power, and fully documented..

These 16 discoveries, four from each of four independent labs, were then subjected to
independent—sequential replication (55/64; 86% p<.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 expected to be any higher. The replication ESs were the same size on average as
self-confirmatory tests when conducted by the discovering labs, 97% the ES by independent
labs. Prior replication efforts in the social-behavioral sciences report replication success rates of
about 50% on average, producing ESs less than half of the originally reported ES** 2, The
present findings establish a benchmark that high replicability in the social-behavioral sciences is

achievable in both statistical inference and ES estimation.

We investigated whether low replicability and declining ESs were an inevitable feature of
social-behavioral science—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
confirmatory 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-
significant evidence of declining effect sizes over replications, either when holding materials,
procedures, and sample source constant (except for sampling error) or when materials and

procedures and sample sources varied but were faithful to the original studies.
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An uninteresting reason for high replicability would be if the discoveries, although novel,
are obviously true. Trivial findings might be particularly easy to replicate. To assess this, we
conducted two additional studies (see Sl for additional details). In the first, 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, incorrectly predicted null results 38% of the time, and incorrectly predicted the
direction of the findings 20% of the time. In the second, 1,180 participants reviewed synopses of
the research designs from this study that showed high replicability and from a prior study of
published findings from the same fields with similar methodologies that showed low
replicability. The synopses were generated by independent researchers with experience in this
design. On multiple preregistered criteria, participants were no better at predicting the outcomes
of the highly replicable discoveries presented here (Mpresent studies = 40.7% correct prediction) than
at predicting the other less replicable findings from the prior investigation
(Mcomparison_studies=41.1%, A=-1.65, p<.001 for a pre-registered equivalence test of Ho:4 > 5.0).
Notably, the average accuracy rate of researchers in the first study was nearly identical to the
average accuracy among lay people in the second. Additionally, the accuracy of predictions for
specific findings was significantly associated with the absolute magnitude of the average ESs
from independent replications (b=2.79, z=2.95, p=-.003 for the findings in the present study;
b=0.66, z=3.05, p=.002 for the comparison findings); absolute ES explained 35% of the variance
in predictability rates. These findings indicate the sample of discoveries used here were not
biased towards yielding high replication rates and were neither more obvious or predictable than

similar findings with low replication rates.
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It is likely that we observed high replicability because of the rigor-enhancing
methodological standards adopted in both the original research leading to discovery and the rigor
in replication. 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 plans®®. Second,
once a discovery was submitted for a self-confirmatory test, we committed to reporting the
outcomes. This eliminated publication bias that is particularly pernicious when selective
reporting of study findings systematically ignores null results®*-, Third, all self-confirmatory
tests and replications were conducted with large sample sizes (Ns=1500), resulting in relatively
precise estimates. Fourth, each lab was part of the process of both discovering and replicating
findings. This may have motivated teams to be especially careful in both characterizing their
methods and in 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 and adherence to critical features of
original experimental methodologies. We expect that all of these features contributed to
improving replicability to varying degrees. Future investigations could manipulate these features

to learn more about their causal contribution to replicability.

Even when using rigor-enhancing processes, independent replications conducted by other
laboratories produced effect estimates that differed from self-confirmatory effect estimates by
larger margins than would be expected due to sampling error alone; producing both greater and
weaker effect sizes with a heterogeneity on the order of 0.2SD. The added heterogeneity may be

due to ambiguities or imprecise descriptions in the materials provided to replicating labs, or due
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to sample heterogeneities introduced by using varying sample providers. This finding highlights

the value of multi-lab replication processes even when original studies follow rigorous practices.

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

from similar findings when asking laypeople and a group of researchers to predict them.

The most obvious areas for further testing of the replicability ceiling include: more
complex experimental or observational designs, in-person behavioral 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-behavioral 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 case®*®'?, 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 (see SlI). Systematic
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investigation will be fruitful for understanding the boundary conditions for achieving high

replicability.

Low replicability or declining ESs in social-behavioral research are not inevitable. We
did not observe declining effects due to idiosyncrasies of different laboratory practices or
different sampling conditions. Whereas prior research demonstrates such declines can occur, the
present research demonstrates they do not necessarily occur. The encouraging evidence here
should empower scientists with confidence that what we believe to be rigor-enhancing practices
may indeed efficiently generate reliable insights. With the adoption of rigorous research
practices such as confirmatory testing, large samples, preregistration, strong documentation, and

fidelity of replication, high replicability is achievable—perhaps even likely.

Methods

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. Labs
were encouraged to investigate any aspect of social-behavioral science, with the requirements
that the discoveries submitted for self-confirmatory test and replication be novel, non-obvious,

and not involve deception.

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

session, and human subjects approval obtained from an Institutional Review Board.

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,
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and specification of the analysis model. Once a self-confirmatory test was preregistered, 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 effective 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 methods 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 1500
participants, and then the project coordinator initiated the replication process with the other labs.
Labs were assigned the order to conduct replications in a Latin square design to equate lab-

specific effects across the order of replications (see SI).

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 replication. When the replicating labs considered the instructions to be
ambiguous on a meaningful part of the design (71% of studies), replicating labs sought
clarifications about methodology from the discovering lab. Usually these were trivial

clarifications or confirmations, but not always (see Sl).

Replications were done sequentially following the same protocol as self-confirmatory
tests, including preregistration. Variation from the 1500 participants per study was due to

idiosyncrasies in how the panels and labs managed participant flow and application of
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preregistered exclusion criteria. In most cases, panels allowed more participants to complete the

guestionnaire.

The discovering labs could specify required exclusion criteria, such as attention checks.
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 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 coordinator to prevent

unintended communication of designs or results (SI).

Main Studies

Sixteen new discoveries of social-behavioral phenomena were submitted to self-
confirmatory test and replication, four from each of the participating laboratories. Table 1
catalogs the new discoveries with a brief name, one-sentence summary of the finding, and
citation to the research. Table S2 in the SI provides links to comprehensive information for each
self-confirmatory test and replication, including the preregistration with design and analysis plan,
research materials, data, analysis code, analysis output, and written reports of the methods and

results.

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
People hold others responsible for their past good behavior caused

Tumor entirely by a brain tumor but not responsible for their past bad https://osf.io/4n8pf/
behavior.

Minimal People demonstrate less ingroup favoritism when they’ve been https://osf.io/adrbe/
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Groups

Cookies

Label

Self-Control

Orientation

Referrals

Ads

FSD

Prediction

Fairness

Ostracism

Misattribution

changed from one minimal group to another compared to when
they have not changed group membership.

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

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

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.

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

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 behavior of someone else who sends the referral.

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

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

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

People evaluate the fairness of punishments that can be expressed
in multiple currencies (e.g., time and money) based on whichever
currency is initially more salient, but update their fairness
judgments when the translation to the other currency is
highlighted.

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

People misattribute the feeling of a-ha! they feel while solving an
anagram to the truth of the statement the anagram is embedded in.
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https://osf.io/ngz5k/?view_only=8cf18a2babc1499e98ef57dbb9926a80
https://osf.io/ngz5k/?view_only=8cf18a2babc1499e98ef57dbb9926a80
https://osf.io/e2sf8/
https://osf.io/58vz9/?view_only=312b6136155849a79f3416933a05789b
https://osf.io/58vz9/?view_only=312b6136155849a79f3416933a05789b
https://osf.io/58vz9/?view_only=312b6136155849a79f3416933a05789b
https://osf.io/58vz9/?view_only=312b6136155849a79f3416933a05789b

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.

Redemption

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

People will report not engaging in an activity if they learn that
Misreporting reporting they have engaged in the activity will result in several
additional questions.
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http://osf.io/6h5s2/

Ref. 37

https://osf.io/3ud4s/

?view only=420da
5b8113b42be8710c
d7c4b4aflda

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. 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’*°. Labs contracted

with different sample providers to provide participants (Stanford: Toluna, SSI, and Dynata;

UCSB: CriticalMix, Berkeley: Luth; University of Virginia: SoapBox Sample, 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 U.S. Census Bureau) in terms of

gender, age, education, ethnicity (Hispanic vs. 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 may still have differed in


http://osf.io/6h5s2/
https://osf.io/zm9nc/?view_only=1ad5d5efbd0742daa81aec677c484f60
https://osf.io/3ud4s/?view_only=420da5b8113b42be8710cd7c4b4af14a
https://osf.io/3ud4s/?view_only=420da5b8113b42be8710cd7c4b4af14a
https://osf.io/3ud4s/?view_only=420da5b8113b42be8710cd7c4b4af14a
https://osf.io/3ud4s/?view_only=420da5b8113b42be8710cd7c4b4af14a
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unknown ways on unmatched characteristics. 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
hypothesizing about moderation by demographic variables. For pilot and exploratory studies,

labs used whatever samples they wished (e.g., panel, mTurk, participants visiting the laboratory).

Blinding and sample splitting manipulations

Two planned manipulations of secondary interest were included to explore potential
reasons for variation in the replicability rate or its decline over time. One involved randomly
assigning participant recruitment for each data collection of 1500 participants into a first and
second wave of 750 to investigate declines in effect size 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 Sl).

For the second manipulation, in 8 of the 16 new discoveries (2 from each team), all team
members were blind to results of the primary outcome variable from the self-confirmatory tests
and replications until all replications for that finding had been completed. For the other 8
discoveries, the data were analyzed and reported to the other teams as the results became
available. This was to determine whether explicitly blinding research findings would moderate

replicability rates.

Confirmatory Analysis

Meta-analysis
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In all analyses, meta-analytic models estimated with restricted maximum likelihood were
used, as implemented in the ‘metafor’ package for R®. For single-level models, Knapp-Hartung
corrections for standard errors were used. For multilevel models, cluster-robust variance
estimation with small-sample corrections were used to account for the limited number of
independent studies®. Preregistration of the overall analysis plan is available at

https://osf.io/6t9vm.

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

across replications of the same phenomena.
Confirmation vs. Self-Replication and Independent Replications

A random-effects meta-analysis was estimated to analyze 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 effect size, 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 differences in replicability success. Again a random-
effects meta-analysis was used to analyze differences between the self-confirmatory test and the
average effect size estimate in the three independent replications. Negative average differences

would be evidence of declining replication effect sizes in cross-lab replication. The random-


https://osf.io/6t9vm
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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
heterogeneity would indicate that effect sizes from self-confirmatory tests could not be exactly

replicated by independent labs.
Slope Across Replications

According to one theory, declines in effect sizes over time are caused by a study being
repeatedly run®. If accurate, the more studies run between the self-confirmatory test and the self-
replication, then the greater the decline. To examine temporal decline effects across all
replications, we aggregated effect size 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. Effect sizes were re-coded for this
analysis so that all effects were positive and a slope to non-significance or weakening effect size

would be negative in sign.
Data Availability

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, along with statistical code, can

be found at https://osf.io/bng5j/.



https://osf.io/bnq5j/
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The Four Participating Laboratories

The prospective replication project originated from a 2012 meeting about the observation
of declining effect sizes between original findings and subsequent investigations organized by
Jonathan Schooler at UC Santa Barbara and funded by the Fetzer Franklin Fund. The four
participating laboratories were UC Santa Barbara (PI: Jonathan Schooler, Department of
Psychology), Stanford University (PI: Jon Krosnick, Department of Communication), UC
Berkeley (PI: Leif Nelson, Marketing, Haas School of Business), and University of Virginia (PI:
Brian Nosek, Department of Psychology). Each laboratory had prior and subsequent experience
independent of this project conducting replications of others” work and having their own studies
replicated by others—sometimes successfully and sometimes unsuccessfully*®. This includes
some members of the present team failing to replicate prior findings from other members of the
present team*. Thus, the team was composed of replicators and original authors from prior
replication efforts that had experienced a diversity of replication failures and successes
concordant with the variability in observing replication success across the social-behavioral

sciences.

Additional Procedures
Video Instructions

For confirmation and replication studies: video instructions were put before each study.
These videos were short, produced by each individual lab, and merely welcomed participants to
the study. This was done to add greater individuality to the experiments and more closely

emulate a laboratory procedure in which an experimenter would greet participants.
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Blinding.

In the event that substantial decline in effect sizes was observed, we planned to compare
findings where the outcomes of prior investigations were known versus unknown. Before data
collection began in the confirmation stage, each study was designated as either ‘not blind’ or
‘blind’. Studies that were not blind proceeded as any study would. Studies that were ‘blind’ were
blinded to prevent the lab from interacting with, analyzing, or observing the dependent measure
in their study until all other laboratories had collected their replications. Thus, a ‘blind’ study
would be run, the data collected, but the primary DV untouched, not looked at, nor analyzed until
all other labs had replicated the work. For any blind study, all replications were also kept ‘blind’

until data collection was completed for the last replication.

Participants and the 750/750 split

To facilitate examination of unusual reasons for declining effects, had they been
observed, we planned to make comparisons within each data collection based on the first and
second half of the data collected. Because minimal decline was observed, this plan and analyses
are not emphasized in the main text. We retain a full description of this feature of the design here

for completeness.

All participants from each confirmation and replication were collected using the labs’
individual online sample provider, using the demographic criteria. Online sample providers were

given the following instructions:

Draw the sample to be sufficiently large to include more than enough participants
to achieve 1500 completed studies (and passing attention/quality control checks) within

two weeks of inviting all of those people to complete the survey. River sampling and
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routers were not allowed to be used to obtain participants, as they do not allow selection
of the entire potential sample and randomly splitting it in half before data collection

begins.

Furthermore, data collections involving a confirmation or replication phase study
were collected in two immediate waves of 750 respondents instead of collecting all 1500
participants simultaneously. Hence, after the full sample had been drawn, but before
participants were invited to take the study, the drawn sample was divided into two truly
random halves. This random assignment was done using random numbers obtained from
the Random.org random integer generator

(https://www.random.org/integers/?mode=advanced/).

Specifically, the online sample providers were instructed to download random
numbers from the generator in batches of 10,000, with each integer having a random
value between 1 and 10,000, using 1 column, decimal numeral system, and having
“Generate your own personal randomization right now” checked. One lab drew their own
numbers and supplied them to the sample provider; the other three labs instructed their
online sample provider to draw the numbers themselves. Each number drawn was
appended to one participant in the full sample, until all participants had been assigned
one number each. Participants who were assigned even random numbers were treated as
belonging to the sample that was first invited to complete the questionnaire and people

who were assigned odd random numbers were treated as belonging to the second sample.

Participants in the first sample were sorted in an ascending order according to the
random.org number assigned to each person. Participants in the second sample were

sorted in an ascending order according to the random.org number assigned to each
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person. Beginning with the first person in the sorted list of first sample participants,
enough participants were invited so that 750 completed studies, with participants passing
the attention/quality control check(s), was finished collecting within two weeks of the

first invitation sent.

After 750 participants from the first sample completed the questionnaire and
passed the attention/quality control check(s), the second sample was invited using the
same procedure to yield 750 completed interviews passing the attention/quality control
check(s) by the end of the 14th day after the data collection began. None of the
participants in the second sample were allowed to be invited before the first sample had

finished collecting and been closed for further collection.
Order of Replications

Labs were assigned the order to conduct replications in a Latin square design to equate

lab-specific effects across order of replications (see Table S1).

Table S1: Order of data collection, analysis, and blinding status. Yellow Highlighting
corresponds to replications whose results were blinded until the completion of all studies from
that cycle. The results of non-highlighted replications were analyzed and reported to the rest of
the team as soon as they were completed. The 1% or 2" 750 refers to which 750 was analyzed
first. Bold corresponds to self-replication.

Confirmatio  Replication  Replication  Replication  Replicatio

n 1 2 3 n4

Lab 1 Lab 4 Lab 2 Lab 3 Lab 1
Lab 1

15t 750 15t 750 2nd 750 2nd 750 15t 750

Lab 2 Lab 3 Lab 4 Lab 1 Lab 2
Lab 2

2nd 750 15t 750 2nd 750 2nd 750 15t 750

Lab 3 Lab 2 Lab 1 Lab 4 Lab 3
Lab 3

15t 750 2nd 750 15t 750 15t 750 2nd 750
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. Lab 4 Lab 1 Lab 3 Lab 2 Lab 4
Lab 4

2nd 750 2nd 750 15t 750 15t 750 2nd 750

Confirmatio  Replication  Replication  Replication  Replicatio

n 1 2 3 n4

Lab 1 Lab 3 Lab 4 Lab1l Lab 2
Lab 1

2nd 750 2nd 750 2nd 750 15t 750 15t 750

Lab 2 Lab1 Lab 3 Lab 2 Lab 4
Lab 2

15t 750 15t 750 15t 750 2nd 750 2nd 750

Lab 3 Lab 4 Lab 2 Lab 3 Lab 1
Lab 3 2nd 750 15t 750 15t 750 2nd 750 2nd 750

Lab 4 Lab 2 Lab 1 Lab 4 Lab 3
Lab 4

15t 750 2nd 750 2nd 750 15t 750 15t 750

Confirmatio  Replication  Replication  Replication  Replicatio

n 1 2 3 n4

. Lab 1 Lab 1 Lab 3 Lab 2 Lab 4
Lab 1
15t 750 2nd 750 15t 750 15t 750 2nd 750
Lab 2 Lab 2 Lab 1 Lab 4 Lab 3
Lab 2
2nd 750 15t 750 2nd 750 2nd 750 15t 750
Lab 3 Lab 3 Lab 4 Lab 1 Lab 2
Lab 3 15t 750 2nd 750 15t 750 15t 750 2nd 750
Lab 4 Lab 4 Lab 2 Lab 3 Lab 1
Lab 4
2nd 750 15t 750 2nd 750 2nd 750 15t 750

Confirmatio  Replication  Replication  Replication  Replicatio

n 1 2 3 n4

. Lab 1 Lab 2 Lab 1 Lab 4 Lab 3
Lab1
2nd 750 15t 750 15t 750 2nd 750 2nd 750
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; Lab 2 Lab 4 Lab 2 Lab 3 Lab 1
Lab 2
15t 750 2nd 750 2nd 750 15t 750 15t 750
Lab 3 Lab 1 Lab 3 Lab 2 Lab 4
Lab 3 2nd 750 1t 750 15t 750 2nd 750 2nd 750
Lab 4 Lab 3 Lab4 Lab 1 Lab 2
Lab 4
15t 750 2nd 750 2nd 750 15t 750 15t 750

Overview of Design

Meta-Study Design

The overall design involved four laboratories, each of which conducted four original
confirmatory studies on research topics of interest that came out of discovery-oriented research.
Each study involved a two-group, between-subjects manipulation. Multiple outcomes could be
assessed, but labs had to designate a single focal outcome. After a lab identified a finding during
the discovery phase that was interesting and eligible for inclusion, they conducted a confirmation
study using a new sample of participants. After completing the confirmation studies, each
original study was then replicated four times, once by each lab, with order of replications

assigned using a Latin square design.

Sample Splits

Each confirmation study and replication study was conducted using a target sample of at
least 1500 participants, split into two halves. When inviting participants to take part in each
survey, participants were randomly assigned to be invited to be a part of the first 750 half sample

or the second 750 half sample. Sampling firms frequently collected more data than necessary to
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meet the 1500 participant target. Some of this was due to how they managed participant
invitations and tracking, and some of this was a function of oversampling so that there would

still be 1500 participants after applying exclusion rules for failing attention checks.

Data Analysis

Confirmation studies that were not ‘blind’ were analyzed, and a results section was
distributed to the other labs within one week of data collection finishing. To match this amount
of time among ‘blind’ studies, one week was artificially imposed as a delay after one lab ran

their study and the next lab launched their replication.

Blinding

As part of the a priori design to assess unusual reasons for declining effects, had they
been observed, each initial confirmation study and each replication study was assigned to either
a) analyze the first half-sample and then the second half-sample or b) analyze the second half-
sample and then the first half-sample. Confirmation studies were randomly assigned to order of
observation, blocking by lab. Replication studies were randomly assigned to order of
observation, blocking by study within labs. If observer effects cause the decline effect, then
whichever 750 was analyzed first should yield larger effect sizes than the 750 that was analyzed

second.

Confirmation studies and all of their replications were assigned to be either blind or not
blind (two per wave, all labs having two blind studies throughout the project). Blinded studies
had all data and replications collected before the dependent variable was observed. Thus, there
may be an effect of knowing the results of a study or its confirmation that would influence other

labs in their data collection, programming, or analysis efforts. If blinded studies showed
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systematically different effect sizes or different changes in effect size over replications, we
would have evidence for causal effects of interacting with data on subsequent replication efforts.
For confirmation vs. self-replication tests, we predicted larger declines in non-blinded studies
than in blinded studies. This was tested by including a binary term for whether the study was
blinded [blind = 1, normal = 0] into the meta-regression. For the change in effect size across
750/750 splits, we predicted blind studies would show a flatter slope than the decline seen in
non-blind studies. This was tested by including a binary term for whether the study was blinded

[blind = 1, normal = 0] into the meta-regression.

Interactions between laboratories

By default, labs were discouraged from interacting with each other about replication
designs and implementation to maximize independence of tests. Originators of each discovery
wrote a complete methods section and provided specialized materials (e.g., videos) if any. The
project manager received final methods and circulated them on the planned schedule to the
replication labs. If replication labs needed to seek clarification from the originating lab to
conduct the replication study, the interaction was limited to clarification of the key question and
replication labs returned to designing their replication study independently. Table S3 summarizes

the interactions that occurred between laboratories.

Table S3: Instances of replicating labs requesting additional information from the originating lab
to run a direct replication of the study. Columns indicate which school requested the additional
information.

UCSB UVA Berkeley Stanford

Study Name Replication Replication  Replication Replication

Additional Info
Tumor Given: Clarified
‘reverse coded’



Minimal Groups

Cookies

Label

Self-control

Orientation

Referrals

Ads

Fast Social
Desirability
(FSD)

Prediction

Fairness

Ostracism

Misattribution

Redemption

Worse

Misreporting

Additional Info

Given: Javascript

help on Safari

.gsf shared

Helped Stanford
design materials

and ran a pilot for

them.

Additional Info
Requested

Additional Info
Requested

Additional Info
Requested

Additional Info
requested

Additional info
requested

.qsf shared

Additional Info
Given

Additional Info
Given: Clarified
randomization

Additional Info
Given

.gsf shared
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Overall, for 14 of the 48 (29%) independent replications there was no interaction between

the originating lab and the replication lab beyond sharing the methods section and key materials.

Confirmatory Analyses
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Effect Sizes

All study results were transformed into a Cohen’s d effect size metric, as all studies
involved two between-subjects conditions. In the majority of cases this involved computing the
effect size from the means and standard deviations. In cases where regression was used
conditioning on other variables, or outcomes were dichotomous, effect sizes were calculated
using alternate formulae to produce an equivalent Cohen’s d. This included transforming an
unstandardized regression coefficient using ns and the SD of the dependent variable for
regression outcomes. Binary outcomes were analyzed with a probit regression and the marginal

predicted probabilities and standard errors were used to construct the d®~.
Coding of Replicability Rate

Studies were coded as 1 if they produced a statistically significant result in the direction
expected by theory and 0 if they did not reach statistical significance [no study showed

statistically significant effects in the opposite direction].
Lab-specific Variation

We then tested two hypotheses, pertaining to the originating lab effects and the
replication lab effects. First, we tested the hypothesis ai = a2 = a3 = a4 to examine whether
average effect sizes of the confirmation studies differ across labs where qi is a fixed effect for
each lab. Second, we examined whether average effect sizes vary depending on the lab
conducting the replication study by testing the hypothesis y1 =y2 = y3 = y4 (where y; is a fixed
effect for each lab). This was done using likelihood ratio tests (i.e., using model-based methods,
rather than robust variance estimation) because of their greater power. We also conducted

corresponding tests based on robust variance estimation methods (i.e., robust Approximate
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Hotelling’s T? tests) as sensitivity analyses. As a further sensitivity analysis, we re-estimated the
model after removing the time variable (0 = confirmatory test/intercept, 1-4 for 1st, 2nd, 3rd, and
4th replication), the blinding indicator, and their interaction, as well as simplifying the random
effects structure to a study-specific intercept; we then repeated the above hypothesis tests under

the reduced model.
Confirmation versus Self-Replication

We calculated differences in standardized effect sizes, pooling effect size estimates
across the two half-samples from each replication, subtracting the confirmation effect size from
the self-replication effect size. This way, a negative value corresponds to a decline in effect size.
This analysis was done using a random effects meta-analysis with robust standard errors on the
difference in the self-replication effect size from the confirmation effect size. We included meta-
regression fixed effects for the number of replications run by other teams in between the

confirmation and self-replication.
750/750 splits

Confirmatory tests and replication studies had 1,500 or more participants each who were
themselves assigned to serve as part of either the first or second set of 750 participants. The
750/750 split was included to investigate the stability of effects over time when all other factors
are held constant. Companies were instructed to draw from their panels enough participants so
that 1500 completed surveys passing attention and/or quality checks could be obtained. These
participants were then randomly assigned by the companies to be invited to take each

confirmation and replication as part of the 1% or 2" 750 participants. However, based on some
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characteristics of observed recruiting during data collection, we are not confident that all of the

panels effectively implemented this design with random assignment.

This analysis looked at the difference in effect size between the set of participants
randomly assigned to be in the 1 750 group versus the effect size of if they had been randomly
assigned to be in the 2" 750 group. We dummy coded the data to which half group participants
were in [1% half = 1, 2" half = 0]. To examine the effect of analyzing one half of the results
before the other, labs were randomly assigned to analyze the 1% 750 first or second before
aggregating the data into a complete N = 1500. Thus, we include a dummy variable in the meta-
regression for whether the 1% 750 was analyzed first or second [1% = 1, 2" = 0]. Although we did
not predict an interaction between these two dummy variables, we included it anyway as an
exploratory analysis. This model also included a random effect for each study and experiment

nested within study.

As a specification check, we also estimated these effects using differences in effect sizes
between sample halves. The main advantage of modeling the differences in effect sizes is that it
requires weaker assumptions than fitting a model for the joint distribution of the effect size
estimates. Thus, we subtracted the effect size from the 1% 750 group from the 2" 750 group, so
negative values of the variable would represent a decline in the magnitude of effect size from 1%
to 2" groups. In this model, the random effects terms now capture study-level and experiment-
level variation in the time-based decline effects and variation in the analysis order effects, rather

than variation in the original effect size estimates.

Slope Across Replications
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The third test looked at the change in effect size over time as replications accumulate for
a given study. We further examined whether the change in effect size over time was moderated
by whether the study (confirmation and replications) was blinded. If observer effects are the
cause, we would expect the slope of the effect sizes to be moderated by whether a study was
blind, with change being stronger in non-blind studies and blinded studies showing little or no

change.

Thus, for a given study, coding the confirmation as 0 for the y-intercept and each
replication in order as 1, 2, 3, and 4; fitting an individual-level growth curve to the change in
effect size across replications for a given study would return a slope. Negative slopes would
indicate a decline in effect sizes across replications, positive slopes would indicate an incline in

effect sizes across replications, and a flat slope would indicate a stable effect.

We then tested the aggregate of these slopes for the 16 high-powered studies. As the
order in which the replications were run was randomized via a Latin square design, if one lab
consistently showed weaker effect sizes than the other labs, that effect would be spread out

across replication orders, neutralizing any statistical leverage on the slope.

In this meta-regression model, we also included a dummy variable for whether the study
was blinded. The prediction from this test was that blind studies would show a weaker or no
decline in effect sizes while normal studies would show stronger decline®. The model also
includes random effects for each confirmation or replication attempt of each study. The random

effects were allowed to covary within study according to an auto-regressive structure.

Pre-registered Analyses of Declining Effect Sizes
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We had three main analyses to test the replicability of new findings as well as testing
declining effects. The first was that effect sizes would decline within laboratories between
confirmatory study and self-replication. The second analysis concerns the 750/750 randomized

splits. The third is the nature of effect sizes across laboratories and replications.
General estimation methods

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)!!. Hypothesis tests were
based on Satterthwaite-type small-sample corrections to account for the limited number of

independent studies.
Studies
The complete list of studies can be found in Table S2.

Table S2. Links to materials documenting all 16 confirmatory tests and replications, including
data collection materials, data, analysis syntax, output, and report of findings, and discovery-
oriented research, if any. Preregistration documents describe design and analysis plans. Order of
Replication 1-4 matches the order the replications were run in (see Table S1).

Study Name Confirmatory  Replication1 Replication2  Replication3  Replication 4

Test
Tumor Project: Project: Project: Project: Project:
https://osf.io/4n  https://osf.io/5 https://osf.io/8d  https://osf.io/u8 https://osf.io/u
8pf/ ypsg/?view_o  e3f/ ha9/?view_only tck4/
nly=2870c6f1 =680c20470a90
8edada4c8d6c 4cd8831182f7a

769366ebf33d 1595f6f


https://osf.io/4n8pf/
https://osf.io/4n8pf/
https://osf.io/4n8pf/
https://osf.io/4n8pf/
https://osf.io/5ypsq/
https://osf.io/5ypsq/
https://osf.io/5ypsq/?view_only=2870c6f18eda4a4c8d6c769366ebf33d
https://osf.io/5ypsq/?view_only=2870c6f18eda4a4c8d6c769366ebf33d
https://osf.io/5ypsq/?view_only=2870c6f18eda4a4c8d6c769366ebf33d
https://osf.io/5ypsq/?view_only=2870c6f18eda4a4c8d6c769366ebf33d
https://osf.io/5ypsq/?view_only=2870c6f18eda4a4c8d6c769366ebf33d
https://osf.io/8de3f/
https://osf.io/8de3f/
https://osf.io/8de3f/
https://osf.io/8de3f/
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/u8hq9/?view_only=680c20470a904cd8831182f7a1595f6f
https://osf.io/utck4/
https://osf.io/utck4/
https://osf.io/utck4/
https://osf.io/utck4/

Minimal
Groups

Cookies

Label

Prereg:

https://osf.io/zm

8re

Project:
https://osf.io/y8

Prereg:

https://osf.io/z
9kuz

Project:
https://osf.ioly

Prereg:
https://osf.io/k6
2nh

Project:
https://osf.io/8k

Prereg:
https://osf.i0/58
n4b

Project:
https://osf.io/jr9
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Prereg:

https://osf.ioly
agxp

Project:
https://osf.io/k

adg/

Prereg:
https://osf.io/tx]

9e

Project:
https://osf.io/8x

7ubv/?view o

c59/?view only

nly=31be66b5

=b8a9beddealc

25544598b7c

4d899739503eb

029e273bb45

6c516f5

2a

Prereg:

https://osf.io/k
S5paf

Project:
https://osf.io/5

Prereg:
https://osf.io/hw
dsm

Project:
https://osf.io/2n

pc/

Prereg:
https://osf.io/sd

zZwab/

Prereg:
https://osf.io/u

zhs

Project:
https://osf.io/dc

ytk9

Project:
https://osf.io/3

dwc/

Prereg:
https://osf.io/74

h2gw/

Prereg:
https://osf.io/7

tf3/

Prereg:
https://osf.io/v9

4xm/

Prereg:
https://osf.io/tn

vu2

2xqgd

658

kw9

vz4k/?view o
nly=dal10896b
68fe4420bf6c
65a3a7bd64f6

Prereqg:

https://osf.io/v
mcy2

Project: Project: Project: Project: Project:
https://osf.io/f5z https://osf.io/a https://osf.io/lzm https://osf.io/lw  https://osf.iol/]j
dr/ 5w8d/ kn6/?view only n9af/ g64y/?view_o
=c77fbee4flbh2 nly=3421e6ac
4022837849912 51¢642b98c5d
dadbe60 cf9507cd27ea
Prereg: Prereg:
Prereg: Prereg: https://osf.io/7n  Prereg: https://osf.io/r

https://osf.io/dw

https://osf.io/z

3fm

yst7

9yq

https://osf.io/n4
2_fr

tdob


https://osf.io/zm87e
https://osf.io/zm87e
https://osf.io/zm87e
https://osf.io/zm87e
https://osf.io/z9kuz
https://osf.io/z9kuz
https://osf.io/z9kuz
https://osf.io/z9kuz
https://osf.io/k62nh
https://osf.io/k62nh
https://osf.io/k62nh
https://osf.io/k62nh
https://osf.io/58n4b
https://osf.io/58n4b
https://osf.io/58n4b
https://osf.io/58n4b
https://osf.io/yagxp
https://osf.io/yagxp
https://osf.io/yagxp
https://osf.io/yagxp
https://osf.io/y8adg/
https://osf.io/y8adg/
https://osf.io/y8adg/
https://osf.io/y8adg/
https://osf.io/txj9e
https://osf.io/txj9e
https://osf.io/txj9e
https://osf.io/txj9e
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/y7u5v/
https://osf.io/k5p4f
https://osf.io/k5p4f
https://osf.io/8kc59/
https://osf.io/8kc59/
https://osf.io/8kc59/?view_only=b8a9beddea0c4d899739503eb6c516f5
https://osf.io/8kc59/?view_only=b8a9beddea0c4d899739503eb6c516f5
https://osf.io/8kc59/?view_only=b8a9beddea0c4d899739503eb6c516f5
https://osf.io/8kc59/?view_only=b8a9beddea0c4d899739503eb6c516f5
https://osf.io/8kc59/?view_only=b8a9beddea0c4d899739503eb6c516f5
https://osf.io/hwd8m
https://osf.io/hwd8m
https://osf.io/hwd8m
https://osf.io/hwd8m
https://osf.io/jr9pc/
https://osf.io/jr9pc/
https://osf.io/jr9pc/
https://osf.io/jr9pc/
https://osf.io/sdzh5
https://osf.io/sdzh5
https://osf.io/sdzh5
https://osf.io/sdzh5
https://osf.io/kzwa6/
https://osf.io/kzwa6/
https://osf.io/kzwa6/
https://osf.io/kzwa6/
https://osf.io/uytk9
https://osf.io/uytk9
https://osf.io/uytk9
https://osf.io/uytk9
https://osf.io/8xdwc/
https://osf.io/8xdwc/
https://osf.io/8xdwc/
https://osf.io/8xdwc/
https://osf.io/74vu2
https://osf.io/74vu2
https://osf.io/74vu2
https://osf.io/74vu2
https://osf.io/5h2gw/
https://osf.io/5h2gw/
https://osf.io/5h2gw/
https://osf.io/5h2gw/
https://osf.io/72xgd
https://osf.io/72xgd
https://osf.io/72xgd
https://osf.io/72xgd
https://osf.io/2ntf3/
https://osf.io/2ntf3/
https://osf.io/2ntf3/
https://osf.io/2ntf3/
https://osf.io/v9658
https://osf.io/v9658
https://osf.io/v9658
https://osf.io/v9658
https://osf.io/dc4xm/
https://osf.io/dc4xm/
https://osf.io/dc4xm/
https://osf.io/dc4xm/
https://osf.io/tnkw9
https://osf.io/tnkw9
https://osf.io/tnkw9
https://osf.io/tnkw9
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/3vz4k/?view_only=da10896b68fe4420bf6c65a3a7bd64f6
https://osf.io/vmcy2
https://osf.io/vmcy2
https://osf.io/vmcy2
https://osf.io/vmcy2
https://osf.io/f5zdr/
https://osf.io/f5zdr/
https://osf.io/f5zdr/
https://osf.io/f5zdr/
https://osf.io/dw3fm
https://osf.io/dw3fm
https://osf.io/dw3fm
https://osf.io/dw3fm
https://osf.io/a5w8d/
https://osf.io/a5w8d/
https://osf.io/a5w8d/
https://osf.io/a5w8d/
https://osf.io/zyst7
https://osf.io/zyst7
https://osf.io/zyst7
https://osf.io/zyst7
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/zmkn6/?view_only=c77fbee4f1b240a2837849912dadbe60
https://osf.io/7n9yg
https://osf.io/7n9yg
https://osf.io/7n9yg
https://osf.io/7n9yg
https://osf.io/wn9af/
https://osf.io/wn9af/
https://osf.io/wn9af/
https://osf.io/wn9af/
https://osf.io/n42fr
https://osf.io/n42fr
https://osf.io/n42fr
https://osf.io/n42fr
https://osf.io/jq64y/?view_only=3421e6ac51c642b98c5dcf9507cd27ea
https://osf.io/jq64y/?view_only=3421e6ac51c642b98c5dcf9507cd27ea
https://osf.io/jq64y/?view_only=3421e6ac51c642b98c5dcf9507cd27ea
https://osf.io/jq64y/?view_only=3421e6ac51c642b98c5dcf9507cd27ea
https://osf.io/jq64y/?view_only=3421e6ac51c642b98c5dcf9507cd27ea
https://osf.io/rtd9b
https://osf.io/rtd9b
https://osf.io/rtd9b
https://osf.io/rtd9b

Self-control

Orientation

Referrals

Ads
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Results

SI Study 1: Predictability of Study Outcomes by Practicing Scientists

To gauge how predictable the results of the confirmation studies were for practicing

scientists in a range of fields, we conducted a survey of attendees to the Metascience 2019
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conference held September 5-8, 2019 at Stanford University. Email invitations were sent out on
September 4, 2019 to all who registered, said they would attend the conference, and provided
their email address (N = 494). Attendees had a wide range of research experience, from
undergraduates to tenured professors, in fields such as Psychology, Medicine, Philosophy,
Sociology, Communication, Political Science, Biology, Physics, Statistics, Economics. 68% of
the people who answered had a Ph.D. (27% in Psychology, 73% in a different field). Of those
who did not have a Ph.D., 41% were enrolled in a graduate program pursuing a Ph.D. in

psychology. The survey was approved by the Stanford University Institutional Review Board.

Participants were told: “Here are the descriptions of 15 experiments that were recently
run. Each study involved two between-subjects conditions with 750 participants in each
condition. After you read each description, you will predict the results that might be observed.”
Participants then read a brief description of 12 of the 16 experiments (descriptions of four of the
studies were not obtained before the survey invitations were sent). Each account described two
conditions (condition A and condition B) to which participants had been randomly assigned. One
or two sentences described what participants were asked to do in both experimental conditions.
The description of each study was submitted by the lab creating the study and modified by
experts in question wording and survey methodology for clarity and completeness. An example,
chosen because prediction rates for this study most closely matched the average prediction

success across all participants, is:

Condition A: Participants read about an individual being attacked by someone who had
low self-control because of a brain injury.

Condition B: Participants read about an individual being attacked by someone who had
low self-control because of his/her genes.

DV: Participants decided whether the attacker should be found guilty of assault and
battery.



o1

After reading such a description of each study, participants were asked: “Please indicate the
percent chance that each of these three possible outcomes will be the result of this study.” They
were given three options: that the dependent variable was higher in Condition A than Condition
B, that the dependent variable was higher in Condition B than in Condition A, and that the
dependent variable was not significantly different in the two conditions.These response options
were customized to each study. For the example problem described above, the response options

Were:

e Significantly more participants in Condition A indicated "guilty” than in
Condition B

e Significantly more participants in Condition B indicated "guilty"” than in
Condition A

e The number of participants in the two conditions who indicated "guilty"” was not
significantly different from one another

Participants were asked: “Please indicate the percent chance that each of these three possible
outcomes will be the result of this study. Please type numbers between zero percent and 100%,

and your three answers must add up to 100%.”

In addition to the 12 confirmatory test descriptions, three other descriptions were
provided, from pilot studies that had been run but yielded non-significant treatment effects.
These studies also involved two between-subjects conditions. Data collection ended two days
after the link was sent out and the results of the survey were incorporated into a presentation at
the conference. This survey was preregistered prior to data collection. Information about the

survey is at https://osf.io/3yhbe/, where all study descriptions can be found. Data collection was

stopped on September 8, 2019 before a presentation of the study on which this survey was based.

72 people completed the questionnaire, yielding a response rate of 14.6%.


https://osf.io/3yhbe/
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Results of the survey indicate the ‘surprisingness’ of the results of the studies in this
meta-analysis. Expert scientists were able to predict the correct response only 42% of the time.
Interestingly, participants incorrectly predicted individual studies producing a statistically
significant effect would not 38% of the time. And, 20% of the time, participants predicted

significant treatment effects in the opposite direction of what was actually observed.

Scientists' Prediction of the Results of Studies in the Meta-Analysis
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Fig S1: Percent of scientists surveyed and asked to predict the results of 12 of the studies in this
meta-analysis plus three foils. Bars on the right show participants who predicted the outcome
accurately. Bars on the left show participants who predicted there would be no significant
difference between the groups. Labels inside the bars are the absolute value of treatment effect
sizes from the Confirmatory tests. The Spearman correlation between prediction accuracy and
observed effect size was .104, p = .712).

S| Study 2: Predictability of Study Outcomes Compared with Similar Findings that

Showed Low Replicability

To gauge whether the results of the confirmation studies were unusually obvious, we

recruited respondents via Prolific and asked them to predict the findings of our confirmation
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studies that showed high replicability and the findings from a previous large-scale multi-lab
replication project in the social-behavioral sciences (referred to as the “comparison effects”)'*
that showed much lower replicability. If our highly replicable findings are likewise much easier
to predict than less replicable findings, then our findings may be unusually “trivial” in
comparison to other social-behavioral research. That could mean that our high replicability is
more a consequence of choosing obviously true findings rather than introduction of rigor-

enhancing practices.

Participants answered six prompts, three of which were sampled at random from among
the 16 effects identified in the confirmation studies and three of which were sampled at random

from among 20 comparison effects. For each prompt, we recorded:

=

the respondent’s prediction regarding the sign of the effect;

2. the respondent’s rating of their level of understanding from 1 ("Not at all well") to
5 ("Very well™);

3. the respondent’s confidence rating for their prediction, from 1 ("Not at all sure™)

to 5 ("Extremely sure™);

response time (in seconds) to the sign prediction item; and

The respondent's prediction regarding whether the effect would replicate (yes or

no).

o ks

Our primary aim was to test the equivalence between the rate of correct sign predictions
for effects in the present project and the rate of correct sign predictions for the comparison
effects. Specifically, we designed the study to the focal null hypothesis that the average
predictability of the confirmation study effects exceeds the average predictability of the
comparison effects by a threshold of 5 percentage points or greater, using the conventional alpha
level of .05. We tested our focal hypothesis by directly estimating predictability rates of each
effect, using the results to calculate the average predictability of both sets of effects, and then

testing whether the difference between the confirmation study effect and comparison effects is
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no more than 5 percentage points. For consistency with the (one-sided) equivalence test, we

reported 90% confidence intervals.

To determine an adequate sample size for the test, we used Monte Carlo simulation to
generate data under a normal ogive item response model and conservative assumptions about the
variation in participants’ prediction abilities and variation in the predictability of each set of
prompts. Based on these assumptions and a goal of 95% power if the two sets of studies had
identical predictability, we set a target sample size of N = 1200 respondents (after excluding any

ineligible respondents.

We planned to exclude respondents if they met any of the following criteria: a) reported
holding a Ph.D. in Psychology (N = 14), b) failed the Captcha item at the end of the survey (N =
0), ¢) indicated at the end of the survey that they did not provide serious responses (N = 13
agreeing with “I have just clicked through, please throw my data away.”), or d) had an average
level of understanding of 2.0 (“slightly”) or less (N = 16). Additionally, we excluded responses
to specific prompts if the respondent indicated the lowest level of understanding (“Not at all

well”). This resulted in exclusion of an additional 67 responses from 62 unique respondents.

The survey design and analysis plan was pre-registered prior to data collection beginning.
The preregistered analytic plan, survey materials, data, and complete results are available at

https://osf.io/43fn7/. Data collection on Prolific occurred on December 12, 2022.

We obtained a total of 1223 partial or complete responses to the survey. After applying
all exclusion criteria, the analytic sample included N = 1180 participants. About 55% of

respondents held a bachelor’s degree or higher degree; 1% were currently enrolled in a doctoral


https://osf.io/43fn7/
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program in Psychology. About 56% reported having taken a college or university course in

Psychology.
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Our primary outcome analysis examined whether respondents could correctly predict the
sign of the effect from a written description. The figure above depicts the percentage of correct
predictions by effect, ordered from most to least predictable. We estimated that the average
predictability of confirmation study effects differed from the predictability of the comparison
effects by -1.6 percentage points, 90% CI: [-3.4, 0.1]. Under the null of a 5 percentage point

difference, this result corresponds to p<.0001.
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As a secondary outcome, we repeated the analysis using directional confidence scores,
calculated by multiplying the self-reported confidence level (shifted by 1) by -1 if the
respondent’s prediction for sign of the effect was incorrect and +1 if the respondent’s prediction
was correct. Following the same analytic approach as for the primary outcome, we estimate that
the average directional confidence score of confirmation study effects differed from that of the
comparison effects by -0.04 points, 90% CI: [-0.12, 0.04]. Participants reported having a very
similar level of understanding for the confirmation study effects and the comparison effects.
Average response times to the confirmation study prompts were approximately 1 second longer
than response times to comparison prompts. In pre-planned sensitivity analyses, we found that all
results were robust to the exclusion of 410 item responses from N = 281 participants who rated
understanding the item “slightly” and to the exclusion of N = 14 respondents with a median

response time of 4 seconds or less.

One potential concern with this analysis is that the two sets of effects might have similar
levels of predictability because participants were inattentive or put little cognitive effort into
making predictions. If inattentiveness or low-effort responding were the explanation, we would
expect to see little variation across effects in the percentage of respondents who correctly predict
the true sign (i.e., all effects would be predicted at near-chance levels). We used an item response
theory (IRT) model to investigate this potential alternative explanation by fitting a 1-parameter,
normal ogive IRT model to the binary indicator for whether each participant correctly predicted
the sign of each effect. This model allows participants to vary in their predictive skill and effects
to vary in their predictability. Using REML estimation, we estimated between-participant
variance of 0.02 and between-effect variance of 0.37. The between-effect variance was

significantly different from null (y?(1) = 1200,p < .0001).
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If the effects vary in their degree of predictability, then one might expect that prompts
describing larger effect sizes would be more predictable. Using the pooled effect size estimates
from multi-lab replications of each finding, we examined whether the absolute magnitude of
effect sizes was associated with predictability within the confirmation study effects and the
comparison effects. Based on the 1-parameter normal ogive IRT model, clear associations were
evident for the confirmation study prompts (f = 2.80,p = .003) and comparison study prompts
(B = 0.66,p = .002). Absolute effect size magnitude explained approximately 35% of the

between-effect variance in predictability.

This evidence is consistent with our interpretation that the newly discovered findings in
this project that demonstrated high replicability are no more predictable or obvious in advance
than prior discoveries that demonstrated low replicability. We believe that the reason for higher
replicability is the adoption of rigor-enhancing practices to improve the likelihood of discovering
replicable findings, and conducting high-quality replications of those findings. A detailed report
of all analyses for this study is available included as an Appendix to the Sl and is at

https://osf.io/43fn7/.

Additional Results for the Study Described in the Main Text
Power

For all 16 confirmatory tests, the average power was 0.802, with a median of 0.993 and a
range of 0.000 to 1.000. The observed replication rate of 90% in the 64 replication attempts was
slightly larger than the expected positive result rate based on power estimates. This could occur
if some of the confirmatory tests underestimated their true effect sizes, as appeared to be the case

for two of the three confirmatory tests that showed null results but had statistically significant


https://osf.io/43fn7/
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treatment effects in the expected direction for most or all of the replication studies. Three of the
confirmatory tests produced evidence consistent with the null hypothesis. These were the
‘Prediction’ study (BF = 5.166), ‘Redemption’ (BF = 5.981), and ‘Misreporting’ (BF = 14.673;
Bayes Factors produced by using a naive prior and .707 scaling factor and are meant only for
exploratory purposes'?). Aggregating the self-confirmatory test with their own replications for
these studies suggests a small but reliable treatment effect in the expected direction for 2 of those

3 null confirmatory tests.
Alternate Metric of Replicability

A common metric to assess replicability is whether the 95%CI between an original study
and its replication overlap. This was used in the 100-study Reproducibility Project: Psychology?,
for example. Estimating the 95%CI of the self-confirmatory test ESs, 49/64 (77%) replications
ESs fell within those intervals, 15/16 (94%) self-replications, 34/48 (71%) independent
replications. Thus, using 95%CI overlap, treating the replication ESs as point estimates with no

sampling error, produced smaller replication success rates.

Testing whether effects decline
Confirmation Versus Self-Replication

A first test of unusual possible explanations for declining effect sizes is to compare the
effect size of a labs' confirmation studies versus the corresponding self-replications. To test this
within-effect decline, we analyzed differences between the self-confirmation study and the self-
replication of the same effect by the same lab. A negative average change would be evidence of

within-lab decline effects. We predicted that the more studies run between the confirmation
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study and the self-replication, the greater the decline. Finally, we would expect to see larger

declines in non-blinded studies than in blinded studies.
First, we calculated differences in standardized effect sizes, pooling effect size estimates

across the two half-samples from each replication, taking

1 1
dsjk = E(lejkjk + dZRjkjk) —5 (d1ojk + d2ojk)

with standard error given by

— 2 2 2 2
Osjk = E\/Umjkjk T Oorjpjk T Olojic T 920k
~ 1
Let Rjx = Rjx ——-Xj=1 Xi=1 Ry be the grand-mean centered number of the self-

replication. We estimated the parameters of the following meta-regression equation:

dsjk = Bo + BiRj + B2Bjk + uj + eji
where the sampling error term ejk is assumed to have known variance aszjk. Note that the random
effect ujk captures between-study variation in within-lab decline effects. In this model, So
represents the average within-study, within-lab difference between self-replication experiment
and confirmation experiment; 1 represents the average exposure effect, which is the difference
in within-study decline effects for self-replication studies conducted after one further intervening
replication; and /> represents the difference in within-study decline effects between blinded and
non-blinded studies. The hypothesis test for fo=0 used a. = .05. The tests of f1 and S were

treated as exploratory.

This analysis tested whether effect sizes declined in between a lab’s self-confirmation

and their own self-replication. This analysis holds all aspects of the lab constant. The only
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difference is the self-replication was run at a later time in a different group of participants drawn

from the same population, with between 0 and 3 replications run in between the two.

In no case was there a statistically significant difference between the magnitude of the
confirmation study effect size and the magnitude of the self-replication effect size. On average,
self-replication effect sizes were the same size as the confirmation study sizes (d =-0.003, p =

.864, 95%Cl = -0.035 to 0.030).
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Fig S4: Difference between a confirmation study and the self-replication in SD units. Error bars
represent 95%Cls.

There was also no effect of whether the studies were ‘blind’ (b =-0.009, p =.760, 95%ClI
=-0.074 to 0.055) nor the number of replications run in between the two (b =-0.008, p = .435,
95%CI =-0.030 to .015). As the primary DV is not the replication effect size but the difference
between self-confirmation and replications, all predictors are main effects, although the
coefficients can be interpreted as though they were interactions had a full model (with replication

ES as the DV and confirmation ES as a predictor) been run. Thus, when a lab replicated its own
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pre-registered study using the same pre-registered procedures, the two tests produced nearly

identical effect sizes.
Slope Across Replications

The third test of unusual possible reasons for declining effects looks at the change in
effect size over time as replications accumulate, and the interaction of such a decline with
blinding. If observer effects cause declines in effect sizes, then we would expect the slope of the
temporal decline to be greater in unblinded studies than in blinded studies, which might show

little or no decline.

To examine temporal decline, we first aggregated effect size estimates across the half-

samples from each confirmation study and each of the replication studies. Let d.;;; =

1 . 1 .
> (dlijk + dzijk)l with standard error a,;j, = > /O'fijk + azzijk. To formally test for time trends

across waves, we estimated the following meta-regression model based on the aggregated effect

size estimates:

daijk = ag + P1(1) + B2Bji + B3 (D) Bji + uyji + €4

where ax is a fixed effect for each lab, representing the average effect size in confirmation
studies originating from that lab, 1 is the average change in effect size for each successive
replication study, £ is the average difference in effect sizes between blinded studies and
unblinded studies, and 3 represents the difference in slopes between blinded and unblinded
studies (i.e., the interaction between the temporal decline and blinding). The model also includes
random effects for each confirmation or replication attempt of each study (uij« for i=0,...,4;

j=1,...,.4; k=1,...,4). The random effects are allowed to covary within study according to an auto-
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regressive structure, such that Var(uijx) = t2, Cov(Uijk, Uijk) = 2 p" !, and Cov(uijk, Uijk) = 0 when

j #j' or k#k'. The sampling error term ejjx is assumed to have known variance o2 ik

We tested the hypothesis 1 = 0 to examine temporal decline and f3 = 0 to examine
whether temporal declines are moderated by blinding. Hypothesis tests for f1 and /3 used test-

wise alpha levels of a = .025 to control the family-wise error rate.

Across replications, there was no consistent change in effect size (b =-0.002, p = .701,
95%CI =-0.015 to 0.01). These results do not change when removing the fixed effect for the lab

and were the same for ‘blind’ and ‘not blind’ studies (b = 0.02, p = 0.104).

Thus, preregistered and independent replications of preregistered novel findings produce
treatment estimates that are stable over replications. Studies that are ‘observed’ before being
replicated do not exhibit a statistically-significantly different slope of change at p = .05 (two-

tailed) than those that are kept blind.
Lab-specific variation.

In addition to testing decline, we also examined whether there is lab-specific variation in
effect sizes, including variation across originating labs as well as which lab conducted a given
replication. Questions about these sources of variation are ancillary to the tests of decline effects,
and so we examined them in a separate family of hypothesis tests. We estimated the parameters

of the following meta-regression equation:

duijk = @k + Vi T B (D + B2Bjie + B3 (DB + ugjie + (Duaji + ey

This model elaborates upon the previous model by including fixed effects Vi for the lab

conducting the replication experiment. In the event of non-convergence, we planned to re-
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estimate the model after constraining random effects variance components to zero as necessary

to achieve convergence, but this was not necessary.

We then tested two hypotheses pertaining to the originating lab effects and the replication
lab effects. First, we tested the hypothesis o1 = a2 = a3 = a4 to examine whether average effect
sizes of the confirmation studies differed across labs. Second, we examined whether average
effect sizes varied depending on the lab conducting the replication study by testing the
hypothesis y1 = y2 = y3 = y4. We tested these hypotheses using likelihood ratio tests (i.e., using
model-based methods, rather than robust variance estimation) because of their greater power. We
also conducted corresponding tests based on robust variance estimation methods (i.e., robust

Approximate Hotelling’s T? tests) as sensitivity analyses.

Likelihood Ratio Approx. Hotelling's T-squared

Effects Chi-square p-value F statistic Denominator d.f. p-value

Criginating lab effects 2.94 0.40061606 0.65 5.85 0.611535

Replication lab effects 20.18 0.00015557 5.18 12.26 0.015406

As a further sensitivity analysis, we re-estimated the model after removing the occasion
predictor, the blinding indicator, and their interaction, as well as simplifying the random effects

structure to a study-specific intercept, leaving:

duijic = Ak + Vi + Uojk + €ijik

We then repeated the above hypothesis tests under the reduced model.

Likelihood Ratio Approx. Hotelling's T-squared

Effects Chi-square p-value F statistic Denominator d.f. p-value
Originating lab effects 2.61 0.45556 0.70 6.01 0.586202

Replication lab effects 34.82 <0.000 3.87 12.31 0.036972
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750/750 Split Sample Halves

The final test of usual possible reasons for declining effects assessed time-based decline

within each experiment, observer effects, and their interaction. We made three predictions:

Time-based decline. Randomly assigning participants to two different half samples
allows for a test of the hypothesis that effect sizes of experiments decline over time, with the
main difference between the two samples being time of collection. That is, as participants were
randomly assigned to the first or second period of data collection, we can test for a causal, time-
based decline. We predicted effect sizes to be smaller in the second 750 participants than in the

first 750 participants.

Observer effects: analysis order. To test for observer effects, labs were assigned to
analyze the first 750 sample or the second 750 sample in a random order. The hypothesis that
observation would impact effect sizes leads to the prediction that the 750 that was analyzed first
would have a larger effect size than the 750 analyzed second. Including this analysis provides the

opportunity to fail to observe evidence for exotic interpretations of declining effect sizes.

Interaction. We included an interaction term in the model of both observer effect order

and data collection order.

Fig S6 below depicts the effect size estimates from the first and second half-samples of
each experiment (including the initial confirmation study and subsequent replications), with
separate plots for each of the originating labs. Each study is represented in a different color. If

decline occurred, the effect size estimates would tend to fall in the lower triangle of the plot.
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Fig S6: Effect size of the 1% 750 participants run vs. the effect size observed in the 2" 750
participants within each lab. Participants were randomly assigned to take the study as part of the

1%t or 2" 750, so this is exogenous temporal variation. Point estimates along the diagonal line
correspond to observing the same effect size in both groups of participants.

To formally test these predictions, we estimated the parameters of a meta-regression
equation that included terms for the sample half, the order of analysis, and their interaction. Let
Hhijk = %2 when h=2 and Hhijx = -¥2 when h=1. We estimated the parameters of the following
meta-regression equation using the data from both halves of the confirmation and replication

experiments from all 16 confirmatory tests:

dnijk = @i + B1Hpijk + B2Anijk + BsHpijkAniji + Ujk + Viji + €nijk

where ax is a fixed effect for each lab, representing the average effect size in studies originating

from that lab, g1 is the average change in effect size from first half to second half of the sample
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across experiments (the order of data collection effect), S is the average difference in effect sizes
between samples observed first and samples observed second (the order of observation effect),
and fs represents the difference between the change in effect sizes between experiments where
the first half was analyzed first and experiments where the first half was analyzed second (i.e.,
the interaction between the time effect and the observer effect). The equation also includes
random effects for each study (ujk, for j=1,...,4; k=1,...,4) and experiment nested within study
(Vijk, for i=0,...,4; j=1,...,4; k=1,...,4). The sampling error term enijx is assumed to have known
variance o k- We tested the hypothesis 1 = 0 to examine time-based decline, 52 = 0 to examine
observer effects, and f3 = 0 to examine the interaction. Hypothesis tests for 1 and > used test-
wise alpha levels of a = .025 to control the family-wise error rate. The test of f3 was treated as

exploratory.

As a specification check for the tests of time-based decline and observer effects, we also
estimated these effects using differences in effect sizes between sample halves. The main
advantage of modeling the differences in effect sizes is that it requires weaker assumptions than

fitting a model for the joint distribution of the effect size estimates.

For the test of time-based decline, let d-ij = daijk - diijk denote the decline in effect sizes

from the first half sample to the second half sample, with standard error calculated as o_;j, =

/leijk + 05, - Let Asij = (Azijk - Auiji), S0 that Asjj = 1 if the first half sample was analyzed

first and A.jjx = -1 if the first half-sample was analyzed second. We estimated the following

meta-analytic model:

d_ijk = B1 + B2A_ijk + Uik + Viji + ek
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where the sampling error term eijx is assumed to have known variance afl-jk. The meta-regression

coefficients have the same interpretation as in the previous model: £ is the average change in
effect size from the first half to the second half of the sample and £ is the average difference in
effect sizes between samples observed first and samples observed second. The random effects
terms ujx and vijk now capture study-level and experiment-level variation in the time-based

decline, rather than variation in the original effect size estimates.

For the test of observer effects, we used the same approach as above, but based on the

difference between effects observed first and those observed second. Let
daijk = 2(A1ijediije + Azijrdaiji)
with standard error given by ay;j, = /afijk + Gzzijk' We estimated the following meta-analytic

model:

daije = B2 + PrA-ijic + Wi + Vijie + €y
where the sampling error term eijjk is now assumed to have known variance ajl-jk. The
meta-regression coefficients have the same interpretation as in the original model: 4 is the
average difference in effect size from the half-sample analyzed first to the half-sample analyzed
second and p is the average change in effect size from the first half to the second half of the
sample. The random effects terms ujk and vijxk now capture study-level and experiment-level

variation in the observer order effects, rather than variation in the original effect size estimates.

The effect size did not differ depending on whether participants were in the 1% 750
participants or the 2" 750 participants (b = -0.004, p = .658, 95%CI = -0.023 to 0.015), the order
in which the data collected from those two groups were analyzed (b = 0.002, p =.789, 95%CI = -

0.016 to -0.021), or the interaction between the two (b = 0.006, p = .867, 95%CI = -0.065 to



0.077). These results were the same when using the difference score between the two 750s of
data collection and dropping the non-significant interaction term. Estimating the parameters of
the equation with the difference between the 1%t and 2" 750 as the DV showed the same null
result (b = 0.002, p =.791, 95%CI = -0.016 to 0.021). The magnitude of effect was the same
based on whether the 1% or 2" 750 was analyzed first (b = -0.003, p = .663, 95%CI = -0.023 to

0.015).
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