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In recent years, scientists have paid increasing attention to reproduc-
ibility. For example, the Reproducibility Project, a large-scale replication
attempt of 100 studies published in top psychology journals found
that only 39% could be unambiguously reproduced. There is a grow-
ing consensus among scientists that the lack of reproducibility in psy-
chology and other fields stems from various methodological factors,
including low statistical power, researcher’s degrees of freedom, and
an emphasis on publishing surprising positive results. However, there
is a contentious debate about the extent to which failures to reproduce
certain results might also reflect contextual differences (often termed
“hiddenmoderators”) between the original research and the replication
attempt. Although psychologists have found extensive evidence that
contextual factors alter behavior, some have argued that context is
unlikely to influence the results of direct replications precisely because
these studies use the same methods as those used in the original re-
search. To help resolve this debate, we recoded the 100 original studies
from the Reproducibility Project on the extent to which the research
topic of each study was contextually sensitive. Results suggested that
the contextual sensitivity of the research topic was associated with
replication success, even after statistically adjusting for several method-
ological characteristics (e.g., statistical power, effect size). The associa-
tion between contextual sensitivity and replication success did not
differ across psychological subdisciplines. These results suggest that
researchers, replicators, and consumers should bemindful of contextual
factors that might influence a psychological process. We offer several
guidelines for dealing with contextual sensitivity in reproducibility.
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In recent years, scientists have paid increasing attention to re-
producibility. Unsuccessful attempts to replicate findings in

genetics (1), pharmacology (2), oncology (3), biology (4), and eco-
nomics (5) have given credence to previous speculation that most
published research findings are false (6). Indeed, since the launch of
the clinicaltrials.gov registry in 2000, which forced researchers to
preregister their methods and outcome measures, the percentage of
large heart-disease clinical trials reporting significant positive results
plummeted from 57% to a mere 8% (7). The costs of such irre-
producible preclinical research, estimated at $28 billion in the
United States (8), are staggering. In a similar vein, psychologists
have expressed growing concern regarding the reproducibility and
validity of psychological research (e.g., refs. 9–14). This emphasis on
reproducibility has produced a number of failures to replicate
prominent studies, leading professional societies and government
funding agencies such as the National Science Foundation to form
subcommittees promoting more robust research practices (15).
The Reproducibility Project in psychology has become a land-

mark in the scientific reproducibility movement. To help address
the issue of reproducibility in psychology, 270 researchers (Open
Science Collaboration, OSC) recently attempted to directly repli-
cate 100 studies published in top psychology journals (16). Although
the effect sizes in the original studies strongly predicted the effect
sizes observed in replication attempts, only 39% of psychology
studies were unambiguously replicated (i.e., were subjectively rated
as having replicated the original result). These findings have been
interpreted as a “bleak verdict” for the state of psychological re-
search (17). In turn, the results of the Reproducibility Project have
led some to question the value of using psychology research to
inform policy (e.g., ref. 18). This response corroborates recent

concerns that these methodological issues in the field of psychology
could weaken its credibility (19, 20).
Scientists have speculated that a lack of reproducibility in psy-

chology, as well as in other fields, is the result of a wide range of
questionable research practices, including a file-drawer problem (21,
22), low statistical power (23–25), researcher’s degrees of freedom
(26), presenting post hoc hypotheses as a priori hypotheses (27), and
prioritizing surprising results (28, 29). In an effort to enhance the
reproducibility of research, several scientific journals (e.g.,Nature and
Science) have offered explicit commentary and guidelines on these
practices (e.g., refs. 30, 31) and have implemented new procedures,
such as abolishing length restrictions on methods sections, requiring
authors to affirm experimental design standards, and scrutinizing
statistical analyses in consultation with statisticians. These changes
are designed to increase the reproducibility of scientific results.
Many scientists have also argued that the failure to reproduce

results might reflect contextual differences—often termed “hidden
moderators”—between the original research and the replication
attempt (32–36). In fact, such suggestions precede the current
replication debate by decades. In 1981, social psychologist John
Touhey criticized a failed replication of his research based on the
“dubious ... assumption that experimental manipulations can be
studied apart from the cultural and historical contexts that define
their meanings” (p. 594 in ref. 37). Indeed, the insight that behavior
is a function of both the person and the environment—elegantly
captured by Lewin’s equation: B = f(P,E) (38)—has shaped the
direction of social psychological research for more than half a
century. During that time, psychologists and other social scientists
have paid considerable attention to the influence of context on the
individual (e.g., refs. 39–42) and have found extensive evidence that
contextual factors alter human behavior (43–46).
Understanding contextual influences on behavior is not usu-

ally considered an artifact or a nuisance variable but rather can
be a driving force behind scientific inquiry and discovery. As
statistician and political scientist Andrew Gelman recently

Significance

Scientific progress requires that findings can be reproduced by
other scientists. However, there is widespread debate in psy-
chology (and other fields) about how to interpret failed repli-
cations. Many have argued that contextual factors might
account for several of these failed replications. We analyzed
100 replication attempts in psychology and found that the
extent to which the research topic was likely to be contextually
sensitive (varying in time, culture, or location) was associated
with replication success. This relationship remained a signifi-
cant predictor of replication success even after adjusting for
characteristics of the original and replication studies that pre-
viously had been associated with replication success (e.g., ef-
fect size, statistical power). We offer recommendations for
psychologists and other scientists interested in reproducibility.

Author contributions: J.J.V.B., P.M.-S., W.J.B., and D.A.R. designed research, performed
research, analyzed data, and wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.

Data deposition: The data are available on the Open Science Framework.
1To whom correspondence should be addressed. Email: jay.vanbavel@nyu.edu.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1521897113/-/DCSupplemental.

6454–6459 | PNAS | June 7, 2016 | vol. 113 | no. 23 www.pnas.org/cgi/doi/10.1073/pnas.1521897113

http://clinicaltrials.gov
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.1521897113&domain=pdf
mailto:jay.vanbavel@nyu.edu
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1521897113/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1521897113/-/DCSupplemental
www.pnas.org/cgi/doi/10.1073/pnas.1521897113


suggested, “Once we realize that effects are contextually bound,
a next step is to study how they vary” (33). Indeed, the OSC
authors correctly note that “there is no such thing as exact
replication” in the field of psychology (47). Although the ideal
methods section should include enough detail to permit a direct
replication, this seemingly reasonable demand is rarely satisfied
in psychology, because human behavior is easily affected by
seemingly irrelevant factors (48).
The issue of hidden moderators is not limited to psychology.

For instance, many rodent studies are doomed to irreproducibility
because subtle environmental differences, such as food, bedding,
and light, can affect biological and chemical processes that de-
termine whether experimental treatments succeed or fail (49).
Likewise, Sir Isaac Newton alleged that his contemporaries were
unable to replicate his research on the color spectrum of light
because of bad prisms (50). After he directed his contemporaries
to better prisms (ones produced in London rather than in Italy),
they were able to reproduce his results. Thus the contextual dif-
ferences between the conditions in which initial and replication
studies are conducted appear to influence reproducibility across
scientific disciplines, ranging from psychology to biology to physics.
Although the notion that “context matters” is informally ac-

knowledged by most scientists, making this common sense as-
sumption explicit is important because the issue is fundamental to
most research (51). Indeed, the role of context is frequently over-
looked—and even dismissed—in the evaluation of replication re-
sults. Several scientists have argued that hidden moderators such as
context are unlikely to influence the results of direct replications,
precisely because the replication studies use the same methods used
in the original research (52, 53). Similarly, others have argued that
direct replications are the strongest (and possibly only) believable
evidence for the reliability of an effect (54, 55). This approach calls
into question the influence of hidden moderators.
This issue is especially contentious in psychology because rep-

lication attempts inevitably differ from the original studies. For
instance, a recent critique of the Reproducibility Project alleged
that several replication studies differed significantly from the
original studies, undercutting any inferences about lack of re-
producibility in psychology (56). The allegation that low-fidelity
replication attempts undercut the validity of the Reproducibility
Project launched a debate about the role of contextual factors in
several replication failures, both in print (47) and in subsequent
online commentaries (e.g., refs. 57–59). According to a Bayesian
reanalysis of the Reproducibility Project, one pair of authors ar-
gued that “the apparent discrepancy between the original set of
results and the outcome of the Reproducibility Project can be
explained adequately by the combination of deleterious publica-
tion practices and weak standards of evidence, without recourse to
hypothetical hidden moderators” (60). However, this paper did
not directly code or analyze contextual sensitivity in any systematic
way. Despite the centrality of this issue for interpreting scientific
results in psychology and beyond, very little research has empiri-
cally examined the role of contextual sensitivity in reproducibility.
Among the few efforts to examine the relationship between

context and reproducibility in psychology, the results have been
mixed. One large-scale replication tested 13 effects (10 were
reproduced consistently, and one was reproduced weakly) across
36 international samples (61). They observed only small effects
of setting and a much stronger influence of the effects them-
selves (i.e., some effects are simply more robust than others,
regardless of setting).† The authors concluded that context (i.e.,
sample/setting) had “little systematic effect on the observed

results” (51). In contrast, a project examining the reproducibility
of 10 effects related to moral judgment (seven were reproduced
consistently and one was reproduced weakly) across 25 in-
ternational samples (62) found evidence that certain effects were
reproducible only within the culture in which they were originally
observed. In other words, context moderated replication success.
The relatively small number of replication attempts (along with

relatively idiosyncratic inclusion criteria‡) across these prior rep-
lication projects makes it difficult to draw strong conclusions
regarding the role of contextual sensitivity in reproducibility.
Furthermore, if the effects chosen for replication in these projects
were predominantly effects which are a priori unlikely to vary by
context, then it would come as no surprise that context does not
predict replication success. This paper addresses these issues di-
rectly by analyzing a large and diverse database of 100 replication
attempts and assessing the contextual sensitivity of each effect.

Methods
To help assess the relationship between context and replication success, we
coded and analyzed contextual sensitivity in the Reproducibility Project (16).
Three coders with graduate training in psychology (one postdoctoral coder
and two predoctoral students with experience in social, cognitive, and neuro-
science laboratories; their professional credentials are publicly available at
https://osf.io/cgur9/) rated the 100 original studies presented in the Reproduc-
ibility Project (16) on the extent to which the research topic in each study was
contextually sensitive. The raters were unaware of the results of replication at-
tempts. Before coding any studies, the coders practiced their rating scheme on
an independent set of four studies addressed in other replication efforts (63–66).
This practice ensured that each coder rated contextual sensitivity in a similar and
consistent fashion. Once consistency was established, the three coders moved on
to the 100 studies contained in the Reproducibility Project.

Twenty-five of these studies were randomly selected to be rated by all three
coders so that ameasure of interrater reliability could be computed. Each coder
also rated a distinct set of 25 randomly assigned studies independently,
bringing each coder’s total number of rated studies to 50. When rating a study,
the coder assessed how likely the effect reported in the abstract of the original
study was to vary by context—defined broadly as differing in time (e.g., pre-
vs. post-Recession), culture (e.g., individualistic vs. collectivistic culture), loca-
tion (e.g., rural vs. urban setting), or population (e.g., a racially diverse pop-
ulation vs. a predominantly White population). This coding scheme concerned
broad classes of macrolevel contextual influences that could reasonably be
expected to influence the reproducibility of psychological research.

Coders did not attempt to make explicit predictions about whether the
specific replication attempt in question would succeed, nor did they attempt to
make judgments about thequality of the original research.Moreover, coders did
not base their assessments of contextual sensitivity on the reputations of par-
ticular laboratories, researchers, or effects, nor did they assess objective in-
formation regarding subsequent replication attempts available in the literature.
Rather, coders were tasked solely with evaluating the likelihood that a given
effect might fluctuate if a direct replication was conducted outside the original
context in which it was obtained. In the few cases in which the original articles
did not contain abstracts (5 of 100 studies), coders inspected themethods section
of that study in the original article. In addition to the coders being largely blind
to methodological factors associated with reproducibility, we statistically ad-
justed for several of these factors in regression models reported below.

Contextual sensitivity ratings were made on a five-point scale, with an-
chors at 1 (context is not at all likely to affect results), 3 (context is somewhat
likely to affect results), and 5 (context is very likely to affect results) (mean =
2.90, SD = 1.16). Reliability across raters was high: An intraclass correlation
test for consistency revealed an alpha of 0.86 for the subset of 25 studies
reviewed by all three coders [intraclass correlation coefficients (2,3)] (67). For
instance, context was expected to be largely irrelevant for research on visual
statistical learning (rated 1) (68) or for the action-based model of cognitive
dissonance (rated 2) (69), was expected to have some influence on research
concerning bilingualism and inhibitory control (rated 3) (70), and was
expected to have a significant impact on research on the ultimate sampling
dilemma (rated 4) (71) and on whether cues regarding diversity signal threat
or safety for African Americans (rated 5) (72).

†It is worth noting that Many Labs 1 (61) found considerable heterogeneity of effect sizes
for nearly half of their effects (6/13). Furthermore, they found sample (United States vs.
international) and setting (online vs. in-lab) differences for nearly one-third (10/32) of
their moderation tests, seven of which were among the largest effects (i.e., anchoring,
allowed–forbidden). As the authors note, one might expect such contextual differences
to arise for anchoring effects because of differences between the samples in knowledge
such as the height of Mt. Everest, the distance to New York City, or the population of
Chicago. Thus, context did indeed have a systematic effect on the observed results.

‡Twelve of the 13 studies presented by Many Labs 1 were selected for the project based
on criteria that included suitability for online presentation (e.g., to allow comparisons
between online and in-lab samples), study length, and study design (i.e., only simple,
two-condition designs were included, with the exception of one correlational study).
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Satisfied that contextual sensitivity ratings were consistent across raters, we
computed a simple average of those ratings for the subset of studies reviewed
by all three coders and assessed the degree towhich contextual sensitivity covaried
with replication success (Additional Analysis Details of Coder Variability). We then
compared the effect of contextual sensitivity on replication success relative to
other variables that have been invoked to explain replication success or failure
(materials, data, and further analysis details are available online at https://osf.io/
cgur9/). This procedure was a conservative test of the role of contextual sensitivity
in reproducibility because most replications were explicitly designed to be as
similar to the original research as possible. In many cases (80/100), the original
authors evaluated the appropriateness of themethods before data collection. We
also explicitly compared these replication attempts with those in which the au-
thors explicitly preregistered concerns about the methods before data collection.

All regression analyses reported belowwere conducted using either a binary
logistic regression model or linear regression models (see Multiple Regression
Parameters). We analyzed two models. In model 1, we included the contextual
sensitivity variable as well as four other variables that were found to predict
subjective replication success by the OSC (16): (i) the effect size of the original
study; (ii) whether the original result was surprising, as coded by Re-
producibility Project coordinators on a six-point scale in response to the
question “To what extent is the key effect a surprising or counterintuitive
outcome?” ranging from 1 (not at all surprising) to 6 (extremely surprising);
(iii) the power of the replication attempt; and (iv) whether the replication
result was surprising, coded by the replication team on a five-point scale in
response to the question “To what extent was the replication team surprised
by the replication results?” ranging from 1 (results were exactly as anticipated)
to 5 (results were extremely surprising) (Table S1). In model 2 we included
these five variables and two other variables that are widely believed to in-
fluence reproducibility: (i) the sample size of the original study and (ii) the
similarity of the replication as self-assessed by replication teams on a seven-
point scale in response to the question “Overall, how much did the replication
methodology resemble the original study?” ranging from 1 (not at all similar)
to 7 (essentially identical) (Table S2 and see Table S3 for full correlation matrix
of contextual variability with original and replication study characteristics).

Results
The results confirmed that contextual sensitivity is associated with
reproducibility. Specifically, contextual sensitivity was negatively
correlated with the success of the replication attempt, r(98) = −0.23,
P = 0.024 (Table S4), such that the more contextually sensitive a
topic was rated, the less likely was the replication attempt to be
successful.§ We focused on the subjective binary rating of replica-
tion success as our key dependent variable of interest because it was
widely cited as the central index of reproducibility, including in
immediate news reports in Science (74) and Nature (75). Never-
theless, we reanalyzed the results with all measures of repro-
ducibility [e.g., confidence intervals (CI) and meta-analysis] and
found that the average correlation between contextual sensitivity
and reproducibility was virtually identical to the estimate we
found with the subjective binary rating (mean r = −0.22). As
such, the effect size estimate appeared to be relatively robust
across reproducibility indices (Table S4).
We then compared the effects of contextual sensitivity with

other research practices that have been invoked to explain re-
producibility. Multiple logistic regression analysis conducted for
model 1 indicated that contextual sensitivity remained a significant
predictor of replication success, B = −0.80, P = 0.015, even after
adjusting for characteristics of the original and replication studies
that previously were associated with replication success (5), in-
cluding: (i) the effect size of the original study, (ii) whether the
original result was surprising, (iii) the power of the replication
attempt, and (iv) whether the replication result was surprising.
Further, when these variables were entered in the first step of a
hierarchical regression, and contextual sensitivity was entered in
the second step, the model with contextual sensitivity was a sig-
nificantly better fit for the data, ΔR2 = 0.06, P = 0.008 (Table S1).
Thus, contextual sensitivity provides incremental predictive in-
formation about reproducibility.

Although the Reproducibility Project did not observe that
original sample size was a significant predictor of replication
success (5), several studies have suggested that sample size may
constitute a critical methodological influence on reproducibility
(23–25). In addition, a common critique of recent replication
attempts is that many such studies do not actually constitute
direct replications, and there may be a number of more obvious
moderators (e.g., using different materials) (56, 76). To assess
the role of these potential moderators, we entered these addi-
tional variables in a second regression model (model 2) and
observed that the effect of contextual sensitivity continued to be
significantly associated with replication success (P = 0.023), even
when adjusting for the sample size of the original study and the
similarity of the replication, in addition to the study characteristics
entered in model 1 (Fig. 1 and Table S2). This result suggests that
contextual sensitivity plays a key role in replication success, over
and above several other important methodological characteristics.
We also examined whether the relationship between contex-

tual sensitivity and reproducibility was specific to social psy-
chology studies.{ Although social psychology studies (mean =
3.58) were rated as much more contextually sensitive than cog-
nitive psychology studies (mean = 2.00), t(98) = −9.14, P < 0.001,
d = −1.85, we found no evidence of an interaction between
contextual sensitivity and subdiscipline on replication success
(P = 0.877). Furthermore, the effect size for contextual sensi-
tivity predicting replication success was nearly identical for social
psychology studies and cognitive psychology studies. (In a binary
logistic regression predicting replication success, we entered
contextual sensitivity, subdiscipline, and their interaction as
predictors. Simple effects analysis via dummy coding demon-
strated that the effect of contextual sensitivity was nearly iden-
tical in magnitude for social psychology studies [odds ratio
(OR) = 0.823] and cognitive psychology studies [OR = 0.892]) In
other words, contextual sensitivity appears to play an important
role in replication success across multiple areas of psychology,
and there is good reason to believe the effect of contextual
sensitivity applies to other scientific fields as well (80, 81).
To elaborate further on the role of contextual sensitivity in re-

producibility, we report the results of the original researchers who
did or did not express concerns about the design of the replication
study. The OSC asked original researchers to comment on the
replication plan and coded their responses as 1 = endorsement;
2 = concerns based on informed judgment/speculation; 3 = con-
cerns based on unpublished empirical evidence of the constraints
on the effect; 4 = concerns based on published empirical evidence
of the constraints on the effect; and 9 = no response. We compared
replications that were endorsed by the original authors (n = 69)
with replications for which the original authors had preregistered
concerns (n = 11). Eighteen original authors did not reply to
replicators’ requests for commentary, and two replication teams
did not attempt to contact original authors.
Of the 11 studies in which the original authors explicitly pre-

registered some sort of concern, the original results could be
reproduced successfully in only one (9%). This subset of 11
studies was rated higher on contextual sensitivity (mean = 3.73)
than studies in which the original researchers expected their
results to be replicated successfully or in which they did not make
a prediction about replication (mean = 2.80, P < 0.001). Although
there are numerous reasons an author may express concerns about

§A meta-analysis of 322 meta-analytic investigations of social psychological phenomena
observed that the average effect in social psychology had an effect size of r = 0.21 (73). It is
interesting that a similar effect of context holds even in this set of direct replication attempts.

{To our knowledge, the categorization of studies in the Reproducibility Project followed the
following process: A graduate student involved in the Reproducibility Project initially cat-
egorized all 100 studies according to subfield (e.g., social vs. cognitive psychology). Repli-
cation teams could then recode those categorizations (although it is not clear whether
recoding was done or, if so, which studies were recoded). Finally, Brian Nosek reviewed
the categorizations. These categorizations possess a high degree of face validity, but this
schememay have resulted in a handful of contentious assignments. For example, studies on
error-related negativity [specifically associated with performance in the Eriksen flanker task
(77)], the value heuristic [i.e., the propensity to judge the frequency of a class of objects
based on the objects’ subjective value (78)], and conceptual fluency (79) were all classified as
social psychology studies rather than as cognitive psychology studies.
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the replication design (47), these specific 11 studies appeared to
involve highly contextually sensitive topics. We suspect the authors
may have understood this characteristic of their research topic
when they expressed concerns. However, some people have
speculated that the original authors preregistered concern only
because they were aware that their studies were relatively weak
based on other factors affecting replication (e.g., small effect sizes,
underpowered designs) (59). The OSC authors also argued that
authors who were less confident of their study’s robustness may
have been less likely to endorse the replications (47).
To discern between these two competing alternatives, we ran a

binary logistic regression predicting whether authors would ex-
press concern about the replication attempt. Strikingly, we found
that when study characteristics associated with replication were
entered into the model along with the contextual sensitivity vari-
able, the only significant predictor of whether an author expressed
concern was contextual sensitivity, B = 1.30, P = 0.004. [All study
characteristics used in model 2 were input into the regression as
simultaneous predictors.] Thus, as the contextual sensitivity of
their effect increased, authors were 3.68 times more likely to ex-
press concern. Expressing concern was not correlated with the
other key study characteristics (Ps > 0.241). The results from this
relatively small sample of studies should be interpreted cautiously
until more data can be collected. However, they suggest that
original authors may be attuned to the potential problems with
replication designs and that these concerns do not appear to de-
rive from methodological weaknesses in the original studies.
The endorsement of the original authors also predicted repli-

cation success. Specifically, a Pearson’s χ2 confirmed that the
replication rate of the studies in which the original authors en-
dorsed the replication study (46%) was more than five times
higher than in the studies for which the original authors expressed
concerns (9%; χ2 = 4.01, P = 0.045). This result suggests that
author endorsement effectively predicts future replication success.
Moreover, when the 11 studies about which the original authors
expressed concerns were removed, the effect sizes in the remain-
ing original studies were highly correlated with the effect sizes
observed in the replication studies (Pearson’s r = 0.60).# As such,

there appears to be a strong correlation between the original
findings and results of the replication. Taken together, these re-
sults suggest that replication success is higher when the original
authors endorse the design of replication studies, and the impact
of endorsement appears to be most relevant when scientists are
trying to replicate contextually sensitive effects.

Discussion
This paper provides evidence that contextual factors are associ-
ated with reproducibility, even after adjusting for other method-
ological variables reported or hypothesized to impact replication
success. Attempting a replication in a different time or place or
with a different sample can alter the results of what are otherwise
considered “direct replications.” The results suggest that many
variables in psychology and other social sciences cannot be fully
understood apart from the cultural and historical contexts that
define their meanings (37).
Our findings raise a number of questions about how the field

might move forward in the face of a failed replication. We submit
that failed replication attempts represent an opportunity to consider
new moderators, even ones that may have been obscure to the
original researchers, and to test these hypotheses formally (34).
According to William McGuire, “empirical confrontation is a dis-
covery process to make clear the meaning of the hypothesis, dis-
closing its hidden assumptions and thus clarifying circumstances
under which the hypothesis is true and those under which it is false”
(34). Indeed, many scientific discoveries can be traced to a failed
replication (32), and entire fields are built on the premise that cer-
tain phenomena are bound by cultural or other contextual factors.
Moreover, our results suggest that experts are able to identify

factors that will influence reproducibility and that original re-
searchers seem to be attuned to these factors when evaluating
replication designs. However, it is important to note that con-
textual sensitivity does not necessarily suggest a lack of robust-
ness or reproducibility. For instance, contextual variation is itself
incredibly robust in some areas of research (73). Furthermore,
contextual sensitivity is sufficient but not necessary for variation
in the likelihood of replication. A number of other methodo-
logical characteristics in a given study may be associated with a
failure to replicate (16). However even a large effect in a
methodologically sound study can fail to replicate if the context
is significantly different, and in many cases the direction of the
original effect can even be reversed in a new context.
Given these considerations, it may be more fruitful to empir-

ically and theoretically address failed replications than debate
whether or not the field is in the midst of a “replication crisis.”
At the same time, hidden moderators should not be blindly in-
voked as explanations for failed replications without a measure
of scrutiny. To forestall these concerns, we encourage authors to
share their research materials, to avoid making universal gen-
eralizations from limited data, to be as explicit as possible in
defining likely contextual boundaries on individual effects, and
to assess those boundaries across multiple studies (40, 82, 83).
Psychologists should also avoid making mechanistic claims, as
this approach necessitates that manipulating one variable always
and exclusively leads to a specific, deterministic change in an-
other, precluding the possibility of contextual influence (84).
Psychological variables almost never involve this form of de-
terministic causation, and suggesting otherwise may lead repli-
cators and the public to infer erroneously that a given effect is
mechanistic. By following these guidelines, scientists acknowl-
edge potential moderating factors, clarify their theoretical
framework, and provide a better roadmap for future research
(including replications).
We advocate that replicators work closely with original re-

searchers whenever possible, because doing so is likely to im-
prove the rate of reproducibility (see Additional Data Advocating
for Consultation with Original Authors), especially when the topic
is likely to be contextually sensitive. As Daniel Kahneman re-
cently suggested, “A good-faith effort to consult with the original
author should be viewed as essential to a valid replication ... .

Fig. 1. The magnitude (Wald Z) of variables previously associated with rep-
lication success (blue) and contextual sensitivity (red) when entered simulta-
neously into a multiple logistic regression (with subjective replication success
(yes or no) as the binary response variable). Contextual sensitivity, power of
replication, and surprisingness of replication finding (as rated by the replica-
tion team) remained significant predictors of replication success; *P < 0.05.

#The correlation between the effect sizes in the remaining original studies strongly pre-
dicted the effect sizes observed in replication attempts, and this correlation was nearly
identical when we include all 100 studies (Pearson’s r = 0.60). As such, this correlation
cannot be attributed to the removal of the 11 studies about which the authors expressed
concerns (although the correlation within these 11 studies is only r = 0.18). We report it
here for completeness.
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The hypothesis that guides this proposal is that authors will
generally be more sensitive than replicators to the possible ef-
fects of small discrepancies of procedure. Rules for replication
should therefore ensure a serious effort to involve the author in
planning the replicator’s research” (48). Our data appear to bear
out this suggestion: Original researchers seem capable of iden-
tifying issues in the design of replication studies, especially when
these topics are contextually sensitive, and the replications of
studies about which the researchers have such concerns are
highly unlikely to be successful. This sort of active dialogue be-
tween replicators and original researchers is also at the core of a
recently published “replication recipe” attempting to establish
standard criteria for a “convincingly close replication” (76).
Ultimately, original researchers and replicators should focus

squarely on psychological process. In many instances, the origi-
nal research materials may be poorly suited for eliciting the same
psychological process in a different time or place. When a re-
search topic appears highly sensitive to contextual factors, con-
ceptual replications offer an important alternative to direct
replications. In addition to assessing the generalizability of cer-
tain results, marked departures from the original materials may
be necessary to elicit the psychological process of interest. In this
way, conceptual replications can even improve the probability of
successful replication (however, see ref. 85 for falsifiability lim-
itations of conceptual replications).
We wholeheartedly agree that publication practices and meth-

odological improvements (e.g., increasing power, publishing non-
significant results) are necessary for improving reproducibility.
Indeed, our analyses support these claims: The variance explained
by contextual sensitivity is surpassed by the statistical power of the
replication attempt. Numerous other suggestions for improving
reproducibility have been proposed (e.g., refs. 62, 76, 86, 87). For
example, the replication recipe (76) offers a “five-ingredient”
approach to standardizing replication attempts that emphasizes
precision, power, transparency, and collaboration. However, our
findings suggest that these initiatives are no substitute for careful
attention to psychological process and the context in which the
original and replication research occurred.jj
Researchers, replicators, and consumers must be mindful of

contextual factors that might influence a psychological process and
seek to understand the boundaries of a given effect. After all, the
brain, behavior, and society are orderly in their complexity rather
than lawful in their simplicity (88, 89). It is precisely because of
this complexity that psychologists must grapple with contextual
moderators. Although context matters across the sciences (e.g.,
humidity levels in a laboratory unexpectedly influencing research

on the human genome), psychologists may be in a unique position
to address these issues and apply these lessons to issues of re-
producibility. By focusing on why some effects appear to exist
under certain conditions and not others, we can advance our un-
derstanding of the boundaries of our effects as well as enrich the
broader scientific discourse on reproducibility.
Our research represents one step in this direction. We found

that the contextual sensitivity of research topics in psychology
was associated with replication success, even after statistically
adjusting for several methodological characteristics. This analysis
focused on broad, macrolevel contextual influences—time, cul-
ture, location, and population—and, ultimately, collapsed across
these very different sources of variability. Future work should
test these (and other) factors separately and begin to develop a
more nuanced model of the influence of context on reproduc-
ibility. Moreover, the breadth of contextual sensitivity surveyed
in our analysis might represent an underestimation of a host of
local influences that may determine whether an effect is repli-
cated. These additional influences range from obvious but
sometimes overlooked factors, such as the race or gender of an
experimenter (90), temperature (91), and time of day (92), to the
more amorphous (e.g., how the demeanor of an experimenter
conducting a first-time test of a hypothesis she believes is cred-
ible may differ from that of an experimenter assessing whether a
study will replicate). Although it is difficult for any single re-
searcher to anticipate and specify every potential moderator,
that is the central enterprise of future research. The lesson here
is not that context is too hard to study but rather that context is
too important to ignore.
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jjOur results have important implications for journal editors hoping to enact explicit
replication recommendations for contributing authors. For example, in a recent edito-
rial, Psychological Science editor Steven Lindsay wrote, “Editors at Psychological Science
are on the lookout for this troubling trio: (a) low statistical power, (b) a surprising result,
and (c) a p value only slightly less than .05. In my view, Psychological Science should not
publish any single-experiment report with these three features because the results are of
questionable replicability.” (31). Although we side with the editor on this matter, con-
text may have as much predictive utility as any individual component of this
“troubling trio.”
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