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In recent years, systematic efforts have revealed that a 
large number of published findings cannot be repli-
cated. Eighty-nine percent of “landmark” findings in 
preclinical cancer research (Begley & Ellis, 2012), 32% 
of highly cited clinical trials in medicine (Ioannidis, 
2005), and 60% of experiments published in top psy-
chology journals (Open Science Collaboration, 2015) 
have failed to produce similar results when repeated 
with new samples. Some failed replication studies find 
no effect at all; others find an effect that, though larger 
than zero, is much smaller than the effect reported in 
the original study (Ioannidis, 2008).

The prevalence of nonreplicable results poses two 
challenges to scientific progress. The first challenge is 
the widespread use of questionable research practices 
that increase the risk of nonreplicable findings ( John 
et  al., 2012). In response, reformers have promoted 
more rigorous and transparent practices, known as 
open-science reforms. Before a study begins, open-
science reforms include preregistration of hypotheses 
(Nosek et al., 2018); formal power analysis to determine 
the sample size required to detect an expected effect 
size (Turner et al., 2018); and, in some cases, submis-
sion of a registered report motivating the hypotheses 

and describing plans for data collection, research 
design, and analysis (Nosek & Lakens, 2014), which 
some journals will agree to either accept or reject 
before the results are known (Center for Open Science, 
2021). After a study is complete, open-science practices 
include sharing code, data, and other research materials 
in a publicly accessible repository (Alter & Gonzalez, 
2018).

The second challenge is how the influence of non-
replicated results can be tempered. New investigators 
need more than sound research practices. They also 
rely on the published literature to judge what is known 
and unknown, what warrants further investigation and 
what can be taken for granted. If a large fraction of 
published findings are not trustworthy, then new sci-
entists may be something like explorers setting off to 
survey the Kong Mountains or the coast of New South 
Greenland—discoveries claimed by early explorers and 
copied for decades from one map to another until later 
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explorers, after wasting time on futile expeditions, con-
vinced cartographers that there was nothing there 
(Brooke-Hitching, 2018).

How can we more quickly correct the map of knowl-
edge on which any research community must rely? A 
first step—and a key recommendation of open science 
reformers—is to encourage and publish more efforts to 
replicate influential studies (e.g., Ioannidis, 2012). Yet 
publishing replication studies promotes progress only 
if the results affect the credibility that future investiga-
tors ascribe to the original result. A single replication 
failure does not necessarily make the original finding 
false, but if replication studies carry some weight in the 
research community, then an unsuccessful replication 
attempt should reduce faith in the finding’s veracity 
or generalizability, whereas a successful replication 
attempt should bolster the original finding. At the very 
least, successful and failed replication attempts should 
be cited alongside the original finding, rewarding rep-
licators for their efforts and giving readers a sense of 
the weight of evidence.

Replication can play an important role in correcting 
or qualifying the scientific record, and there are epi-
sodes in science history when it played that role well. 
In physics, multiple replication failures (reported in 
Taubes, 1993) immediately followed two electrochem-
ists’ claim to have achieved “cold fusion” (Fleischmann 
& Pons, 1989), and annual citations of the original cold-
fusion article fell by 72% in the 3 years after publication 
(Fig. 1).1 In social psychology, citations of an article on 
the effects of “power posing” (Carney et al., 2010) fell 
by 42% after several replication studies and meta-
analyses failed to support the claim that the poses 
affected hormone levels or risk taking (Cesario et al., 
2017, summarizes an entire journal issue on power 
posing; see also Ranehill et  al., 2015; Simmons & 
Simonsohn, 2017). More broadly, repeated replication 
failures are causing some psychologists to question the 
soundness of the whole field of social priming (Chivers, 
2019).

Yet there are also instances in which replication fail-
ure appears to go almost unnoticed. In sociology, for 
example, a Dutch graduate student discovered data 
errors (Stojmenovska et  al., 2017) that almost com-
pletely invalidated the results of an article claiming that 
firms with more diverse boards were more profitable 
(Herring, 2009). Yet over the next 3 years, the original 
study received nearly 500 citations, whereas the report 
of the replication failure received just 11.

Even when a replication failure receives more atten-
tion, the original finding often continues to exert outsized 
influence. A University of Massachusetts graduate student 
discovered errors (Herndon et al., 2014) invalidating the 
claim, published by two Harvard professors in a top 

economic journal, that national debt exceeding 90% of 
gross domestic product (GDP) reduced economic growth 
to practically zero (Reinhart & Rogoff, 2010). Because the 
original claim had been used to support austerity poli-
cies during the Great Recession of 2008, the replication 
failure received national and international media cover-
age (e.g., Colbert, 2013; Krugman, 2013). Within 2 years 
of the replication failure, citations of the original article 
ceased to grow, yet the original article continued to be 
cited approximately 400 times per year, and one of its 
authors became Chief Economist of the World Bank. The 
replication failure was cited only one third as often.

Likewise, in education research, a Princeton assistant 
professor published findings (Rothstein, 2007b), first 
discovered while he was a graduate student at Berkeley, 
showing that the estimated effect of school competition 
on test scores, published by a Harvard associate profes-
sor in a top economics journal (Hoxby, 2000), was hard 
to reproduce and sensitive to changes in operational 
definition. The exchange that followed (Hoxby, 2007; 
Rothstein, 2007a), even before it was published in an 
academic journal, received coverage in The Wall Street 

Journal (Hilsenrath, 2005). Afterward, citations of the 
original article did decline somewhat, but more than a 
decade later, the original article continues to be cited 
60 to 80 times per year, whereas the replication failure 
is cited only one quarter as often.

In this article, we investigate the impact of replica-
tion studies in psychology. Taking citations as a mea-
sure of the credibility and importance that the research 
community ascribes to a published article, we ask the 
following questions: What is the effect of replication 
failure on citations? Do psychology studies that were 
not replicable see their citations fall relative to similar 
studies that were successfully replicated?

Citation counts, by themselves, are an imperfect mea-
sure of credibility. After a replication failure, authors may 
continue to cite an article for various reasons. Authors 
may still believe the article’s findings, they may believe 
the article contributes evidence on one side of a point 
that has become debatable, or they may believe the 
article represents a cautionary tale on the perils of ques-
tionable research practices and nonreplicable results. 
Although we cannot interpret the nuanced meaning of 
citations without reading every citation in context, a 
simple first-level question is whether the replication 
attempt is cited alongside the original article or the arti-
cle continues to be cited as though no replication attempt 
took place.

This leads to our other questions: After a replication 
attempt, how often do articles that cite the original 
research also cite the replication attempt? Is the answer 
different for research was not replicated successfully 
than for research that was replicated successfully?
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All questions were preregistered at OSF in January 
2020. Since then, another article has been published on 
the relationship between replicability and citations, but 
that article focused on whether nonreplicated findings 
were cited more than replicated ones (Serra-Garcia & 

Gneezy, 2021). Our article focuses on different ques-
tions, estimating the effect of replication failure on cita-
tions and developing recommendations for increasing 
the influence of replications in correcting the scientific 
record.
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Fig. 1. Number of citations of five influential articles before and after replication failure.
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Method

Data

Replication studies. Starting in November 2011, the 
Open Science Collaboration (OSC) invited independent 
investigators to try to replicate 100 studies originally pub-
lished in 2008 by three selective psychology journals. 
Replicators followed a standard protocol that involved 
consultation with the original authors. Replication sam-
ple sizes were chosen to have 80% power to detect the 
original effect at a significance level of p = .05 or better 
(Open Science Collaboration, 2012).

In 2015, the OSC published the results of the 100 
replication studies in a widely cited article (Open Sci-
ence Collaboration, 2015). At the same time, the OSC 
published supplementary materials at OSF, including 
written reports, data, and code for each of the 100 rep-
lication studies, as well as a data set containing the 
results of each original study and the results of the 
replication study (Open Science Collaboration, 2016). 
We used Version 7 of the data summarizing the replica-
tion results (Open Science Collaboration, 2016) and cor-
rected two minor errors as we conducted our analysis.

The OSC employed four different operational defini-
tions of replication success. Because we focused on 
how the research community perceived replication fail-
ure, our primary definition was the most subjective one, 
the replication’s team answer to the question: “Did your 
results replicate the original effect?” (yes/no). Results 
for three alternative definitions appear in the Supple-
mental Material available online.

In all, investigators attempted to replicate a total of 
100 studies from 98 articles—one study from each of 
96 articles, and two studies from each of two articles. 
After averaging results to the article level, we had a 
data set with 98 rows summarizing the replicability of 
studies from 98 articles. Thirty-nine studies were suc-
cessfully replicated, and 59 were not successfully rep-
licated (including the two articles in which two studies 
were selected for replication; in both of those, the rep-
lication attempts were unsuccessful).

Citation data. We counted citations for every year 
from 2008 (when the original articles were published) 
through 2020. For each article and year, the data included  
the number of articles that cited the original 2008 article 
(citations) and the number of articles that cited the origi-
nal 2008 article and also cited the 2015 OSC replication 
attempt (cocitations).

Citations and cocitations were collected by querying 
Google Scholar in April 2021. Citations were counted 
automatically using the scholar package (Version 0.2.0; 
Yu et al., 2021) for the R software environment (Version 

4.0.5; R Core Team, 2021) and the Octoparse web 
scraper (https://www.octoparse.com/). Cocitations 
were counted manually. Counts were collected inde-
pendently by different workers and then checked for 
consistency by the author.

In longitudinal data such as these, the econometric 
literature suggests two different models (Angrist & 
Pischke, 2009; Ding & Li, 2019) to estimate the causal 
effect of replication success or failure on citation counts.

Fixed-effects model. The first is a two-way fixed-effects 
regression:

   ln AfterFailure( ( ))E Y
it i t it

= + +α β γ . (1)

Here, ln( ( ))E Y
it

 is the log of the expected citations 
received by article i = 1, . . . , 98 in year t = 2008, . . . ,  
2020. AfterFailureit is a dummy variable coded 1 after 
2015 for studies that were not successfully replicated 
and 0 otherwise.2 The coefficient of AfterFailureit, γ, 
represents the effect of replication failure on the log of 
expected citations, and the transformation3 100 × 
(exp(y) – 1) reexpresses the effect as the percentage 
change in expected citations. αi, a fixed effect or 
dummy4 for each article, controls for all article charac-
teristics that had no change in effect on citations over 
time. βt, a fixed effect for each year, controls for time 
trends in citations that were similar across articles. We 
report robust standard errors clustered at the article 
level (Cameron & Miller, 2015).

Because the number of citations is a count variable, 
we modeled Yit with a negative binomial distribution with 
dispersion parameter k estimated from the data (Allison 
& Waterman, 2002). The fixed-effects model can also 
be specified as an ordinary linear regression that does 
not log the left side of Equation 1; we report results for 
the linear specification in the Supplemental Material.

Fixed-effects models return consistent estimates of 
the effect of replication failure if the parallel-trends 

assumption holds (Angrist & Pischke, 2009). The parallel-
trends assumption means that citations received by suc-
cessfully and unsuccessfully replicated studies (a) 
changed at similar rates until 2015 and (b) would have 
continued to change at similar rates after 2015 had there 
been no replication attempt. The first part of the parallel- 
trends assumption is testable; the second part is untest-
able but equivalent to assuming that replication success 
or failure is uncorrelated with unobserved variables that 
might affect citation counts after 2015 but not before. 
Note that the parallel-trends assumption does not 
require that successfully and unsuccessfully replicated 
studies be cited at similar levels; it means only that cita-
tions change at similar rates and would continue to do 
so if no replication were attempted.
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Lagged model. If the parallel-trends assumption is not 
met, a better model is a lagged dependent variable 
regre ssion:

   

ln ln

l

, ,Y Y
i t i t i

i

Failure

Failure

> <( ) = + ( ) +

+ ×

2015 2015α β γ

δ nn .Y e
it i<( ) +2015

 (2)

Here, Yi,t > 2015 and Yi,t < 2015 are the total citations received 
by article i in the years before and after the results of 
the OSC replication studies were published in 2015. 
Both citation counts are logged to linearize the relation-
ship. Failurei is a dummy variable indicating whether 
article i was unsuccessfully replicated in 2015. The 
coefficient γ represents the average effect of replication 
failure on the log of total citations after replication; 
because citations are logged, 100 × (exp(y) – 1) may 
also be interpreted as the percentage by which replica-
tion failure reduced total citations after replication. The 
model includes an interaction between Failurei and  
the log of lagged citations; this allows the slope of 
lagged citations to be different for articles that were 
successfully replicated than for articles that were unsuc-
cessfully replicated. The log of lagged citations was 
mean-centered to reduce the correlation between the 
interaction and the main effect of replication failure 
(Iacobucci et al., 2016).5 We report standard errors that 
are robust to heteroscedasticity in the random residual 
eit (Long & Ervin, 2000).

The fixed-effects and lagged models have a “bracket-
ing” relationship: They estimate upper and lower bounds 
on the causal effect of replication failure (Angrist & 

Pischke, 2009; Ding & Li, 2019). We preregistered the 
fixed-effects negative binomial model at OSF (https://
osf.io/um6fg/) and specified the other models later.

Results

Fixed-effects model

Figure 2 shows trends in the annual number of citations 
and cocitations per article. Both before and after the 
OSC replication study was published in 2015, replicable 
findings were cited about as often as nonreplicable find-
ings. Specifically, before the OSC replication study, there 
were on average 13.3 annual citations for each article 
with successfully replicated results and 14.6 annual cita-
tions for each article with unsuccessfully replicated 
results. The small difference was not statistically signifi-
cant (t = 0.55, p = .58).6 After the OSC replication study, 
there were on average 19.6 annual citations for each 
article with successfully replicated results and 19.9 
annual citations for each article with unsuccessfully rep-
licated results. Again, the small difference was not sta-
tistically significant (t = 0.05, p = .95).

According to our fixed-effects negative binomial 
model, replication failure reduced citations of the rep-
licated studies by approximately 9%, an effect that did 
not differ significantly from zero (p = .2, 95% confi-
dence interval [CI] = [21% reduction, 5% increase]).

After 2015, less than 3% of citations of the original 
studies cocited the OSC replication study. On average, 
there were only 0.4 annual cocitations for each article 
with successfully replicated results and 0.6 annual 
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cocitations for each article with unsuccessfully replicated 
results. The difference was not quite statistically signifi-
cant, t(91) = 1.8, p = .08.

These counts actually overstate the number of times 
that authors cited the OSC replication studies to qualify 
assertions about one of the original studies. In fact, 
among the 248 total cocitations, 111 came from two 
methodological articles about how to define replication 
or predict whether a result will be replicable (44 cocita-
tions in Dreber et al., 2015; 67 cocitations in van Aert 
& van Assen, 2018). These articles reanalyzed the OSC 
replication data without commenting on the substance 
of any of the replicated studies.

Remember that our fixed-effects regression assumes 
that citations of successfully and unsuccessfully repli-
cated studies were increasing at a similar rate (i.e., had 
“parallel trends”) before the OSC replication studies 
were published in 2015. Any violation of this assump-
tion appears to be mild. Between 2008 and 2014, annual 
citations increased by an average of 15.3 for articles 
that were successfully replicated and by 17.0 for articles 
that were not; the difference was small and not statisti-
cally significant, t = 0.45, p = .64. Still, power to reject 
parallel trends was limited, and the trends in Figure 1 
are not visually parallel. It is worth reestimating the 
effect using a lagged regression model that is more 
robust to nonparallel trends—as we do next.

Lagged model

Figure 3 is a scatterplot, using a log-log scale, of the 
number of citations each article received before 

replication against the number of citations it received 
afterward. The scatterplot includes regression lines fitted 
to logged citations, separately for articles that were suc-
cessfully or unsuccessfully replicated. The lines repre-
sent the lagged regression model in Equation 2.

According to the lagged model in Equation 2, replica-
tion failure reduced expected citations by 5% on average—
a reduction that was not statistically significant (p = .53, 
95% CI = [20% reduction, 11% increase]). The interac-
tion between replication failure and the log of citations 
was small and nonsignificant (p = .09), as reflected by 
the trivial difference between the two regression lines 
in Figure 3.

Discussion

Open-science reformers have encouraged scholars to 
conduct more replication studies, hoping that the 
results will help science to correct itself. If replications 
carry substantial weight in the research community, 
then successful replication studies should bolster con-
fidence in the replicated findings, and failed replication 
studies should reduce confidence. The authors of  
replication studies should be recognized for their 
contribution.

Our results, though, suggest that many replication 
studies carry far less weight than advocates for scientific 
self-correction might hope. Although the OSC’s replica-
tion project has done a great deal to increase the rec-
ognition of the replication crisis in general, it has done 
far less to shape confidence in specific psychological 
findings. On average, we found that replication success 
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or failure had little or no impact on citations of the 
replicated studies. In the vast majority of cases, the 
original article continued to be cited approximately as 
much after the replication attempt as it was before, and 
more than 95% of articles citing the original study failed 
to acknowledge that a replication had even been 
attempted.

Our findings are limited to the 100 studies replicated 
by the OSC, and we should acknowledge that the pur-
pose of those replication studies was unusual. The goal 
of the OSC replication project was to estimate the 
reproducibility of psychological research in general—
not to call out specific findings that were or were not 
successfully replicated. Although the results of all 100 
replication studies were made publicly available, there 
was no effort to draw attention to individual results. If 
the OSC had called out individual findings that were 
or were not successfully replicated, it might have had 
more impact on the research community’s confidence 
in those findings. However, a project that promised to 
call out individual replication failures might have been 
received less collegially and attracted less cooperation 
from the authors of the replicated studies.

Outside of the OSC, though, it is not hard to find 
similar examples. In the introduction, we highlighted 
three highly cited articles that were unsuccessfully rep-
licated, yet afterward, the number of annual citations 
actually rose for one article (Herring, 2009), plateaued 
for another article (Reinhart & Rogoff, 2010), and 
declined at a rate of just 2% per year for the third article 
(Hoxby, 2007). Two of the replication failures received 
mass-media coverage yet were still cited only 20% to 
40% as often as the original finding (Herndon et al., 
2014; Rothstein, 2007b). The third replication failure 
was published more quietly, and cocited, like the OSC 
replication studies, only 2% as often as the original 
finding (Stojmenovska et al., 2017).

Remember: These were replication failures that suc-
ceeded in getting published. Unpublished “file drawer” 
replication studies presumably have even less impact.

Why do replication failures have so little impact on 
citations of the original results? In addition to any con-
firmation bias that afflicts citing researchers themselves, 
an automated kind of confirmation bias is built into the 
search engines that researchers use to query the schol-
arly literature. The documentation for Google Scholar 
(Google, 2021), for example, states that it “aims to rank 
documents the way researchers do, weighing the full 
text of each document, where it was published, who it 
was written by, as well as how often and how recently 
it has been cited in other scholarly literature” (para. 
3)—not whether the result was correct or has been 
replicated. Past citations receive the bulk of the weight 
in search engine rankings; past citations have a 0.9 

correlation with the rank ordering of search results 
returned by Google Scholar, Microsoft Academic, and 
Web of Science (Rovira et al., 2019). Scopus, by con-
trast, practically ignores citation histories and tries to 
return the most relevant results, whether they are 
widely cited or not (Rovira et al., 2019).

What this implies is that a “classic” article by well-
known authors, published in a top journal and cited 
hundreds of times, will typically rank well above a more 
recent and less-cited article, perhaps by a graduate 
student, that reports an unsuccessful replication of the 
classic result. Even as time passes, there is practically 
no way for a replication failure to get more citations 
than the original article. The original article has a head 
start, and it will be cited whenever the replication study 
is cited, although the reverse is not true. As a result, 
three of the four most popular search engines will tend 
to rank the original article higher—perhaps much 
higher—than any replication. The relative blindness of 
popular search engines to replication studies may be a 
kind of epistemological bug—a bug that affects not just 
the quality of search results but perhaps the progress 
of science itself.

Despite the recent surge of interest in replication 
studies, the rewards for would-be replicators remain 
uncertain. Although recent reforms may have assuaged 
fears that replication studies are unpublishable, even a 
published replication failure may have little effect on 
the influence of the original findings. The replication 
failure will almost never be cited more than the original 
study and will typically be cited much less. And even 
so, it may antagonize the authors of the replicated 
study.

Recommendations

What can the research community do to increase the 
influence of published replication studies and acceler-
ate the potential of science to self-correct? A straight-
forward reform would be to ensure that published 
articles cite replication studies alongside the original 
studies. Authors could be required to cite replication 
studies, and editorial staff and reviewers could check 
for overlooked replication studies when finalizing an 
accepted article for publication. This would improve 
science in two ways. First, it would force authors and 
readers to better acknowledge the weight of evidence 
on a given topic. Second, it would increase incentives 
to conduct replications by making it harder to ignore 
replication studies and increasing the number of times 
that they get cited.

It might be challenging to increase citations of rep-
lication studies if leading bibliographic search engines 
continue to give replication studies low rankings. In 
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the short run, authors and editors can increase their 
chances of finding replication studies by including key-
words such as “replication” or “reanalysis” in queries, 
although this would catch only the most self-conscious 
and literal replication studies, overlooking studies that 
resemble each other but do not use obvious keywords. 
In the longer run, search engines could be modified to 
identify replication studies by text mining, and authors 
of replication studies could use tags to make their con-
tributions more discoverable. Wider use of search 
engines such as Scopus, which aims to surface relevant 
results whether they are widely cited or not, might also 
lead researchers to a more balanced understanding of 
the literature, rather than relying on a single classic 
study that may not be replicable.

Third parties could maintain a searchable database 
of replication studies, much as Retraction Watch (http://
retractiondatabase.org/RetractionSearch.aspx?) and 
OpenRetractions.com maintain databases of retracted 
studies. Like replication studies, retractions are com-
monly overlooked, and retracted articles are too often 
cited as though the result were true (Bolland et  al., 
2022), but new automated tools to check bibliographies 
for retracted items are beginning to address the prob-
lem (Chawla, 2021; Oransky, 2019; Zotero, 2019). The 
development of similar tools to check for overlooked 
replication studies would be a step forward for the 
integrity and progress of science.
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Notes

1. According to Google Scholar, citations of the cold fusion 
article have rebounded slightly since 2005. This may be an arti-
fact of Google Scholar having better coverage in more recent 
years. The most recent citation rate of 40 citations in 2020 is 

well below the 250 citations that the study garnered in 1990 and 
dramatically below the thousands of citations that the article 
would receive today if the physics community believed that 
Fleischmann and Pons had truly discovered cold fusion.
2. More explicitly, AfterFailureit can be interpreted as an interac-
tion between a dummy variable that is 1 for years after 2015 and 
a dummy variable that is 1 for articles that were not successfully 
replicated. The first dummy variable drops out of Equation 1 
because it is collinear with the year fixed effects, and the sec-
ond dummy variable drops out because it is collinear with the 
article fixed effects. Only the interaction is left as an identifiable 
parameter (Puhani, 2012).
3. The transformation is approximately equal to 100γ if γ is 
small.
4. There are several ways to estimate fixed-effects models. We 
use dummy variables for each fixed effect, a simple approach 
that produces approximately consistent estimates in both linear 
and negative binomial regression models (Allison & Waterman, 
2002).
5. The correlation between Failurei and the interaction was .94 
before mean centering and less than .01 afterward.
6. All t tests use the Welch-Satterthwaite approximate degrees of 
freedom for unequal variances.
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