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Empirical Article

Scientific findings, in psychology and beyond, are rapidly 
becoming more open and accessible. As part of this open-
science movement, preprints—that is, scientific manu-
scripts preceding formal peer review and publication—have 
gained popularity, and their number is growing exponen-
tially (see Fig. 1). This development has been accelerated 
by the COVID-19 crisis, during which researchers aim to 
rapidly disseminate their findings instead of going through 
the traditional peer-review process (Kwon, 2020; Polka 
et al., 2021; Rahal & Heycke, 2020). Moreover, this devel-
opment was facilitated by an increasing availability of 
preprint servers in general (e.g., OSF Preprints) but also 
for specific disciplines (e.g., PsyArXiv for psychological 
research).

The fact that preprints are typically not peer reviewed 
does not seem to be a significant barrier to their success. 
One reason for this may be that the peer-review process 
has several drawbacks. First, the peer-review process is 
time-consuming and contributes to a substantial delay 
between the discovery and the publication of research 
findings (Cooke et al., 2016; Huisman & Smits, 2017). 
Second, peer reviewers are humans, and thus their judg-
ments can be biased and influenced by factors other 
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Abstract
A growing number of psychological research findings are initially published as preprints. Preprints are not peer reviewed 
and thus did not undergo the established scientific quality-control process. Many researchers hence worry that these 
preprints reach nonscientists, such as practitioners, journalists, and policymakers, who might be unable to differentiate 
them from the peer-reviewed literature. Across five studies in Germany and the United States, we investigated whether 
this concern is warranted and whether this problem can be solved by providing nonscientists with a brief explanation 
of preprints and the peer-review process. Studies 1 and 2 showed that without an explanation, nonscientists perceive 
research findings published as preprints as equally credible as findings published as peer-reviewed articles. However, an 
explanation of the peer-review process reduces the credibility of preprints (Studies 3 and 4). In Study 5, we developed and 
tested a shortened version of this explanation, which we recommend adding to preprints. This explanation again allowed 
nonscientists to differentiate between preprints and the peer-reviewed literature. In sum, our research demonstrates that 
even a short explanation of the concept of preprints and their lack of peer review allows nonscientists who evaluate 
scientific findings to adjust their credibility perception accordingly. This would allow harvesting the benefits of preprints, 
such as faster and more accessible science communication, while reducing concerns about public overconfidence in the 
presented findings.
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than scientific quality (Helmer et al., 2017; Jukola, 2017; 
Okike et  al., 2016). Finally, peer review may further 
hinder scientific progress because some reviewers 
oppose unconventional theories, methods, and prac-
tices, such as publishing nonsignificant findings or 
failed replications (Eisenhart, 2002; Elson et al., 2020; 
French, 2012; Olson et  al., 2002). For these reasons, 
some scholars even argue that peer review is a deeply 
flawed process and should be abolished (Heesen & 
Bright, 2021; Smith, 2006).

Nevertheless, peer review is currently the established 
standard quality-control process for scientific publica-
tions (e.g., Elson et al., 2020; Nosek & Bar-Anan, 2012). 
Indeed, there is empirical evidence that peer-reviewed 
manuscripts have a higher quality of reporting compared 
with their non-peer-reviewed version (Carneiro et  al., 
2019; Cobo et al., 2011; Goodman et al., 1994). More-
over, various studies have shown that peer reviewers 
usually detect some errors in manuscripts (Godlee et al., 
1998; Okike et al., 2016; Schroter et al., 2004). Hence, 
researchers across disciplines consider peer review as a 
guiding principle on which work they read and cite. For 
example, a large international survey found that scien-
tists considered peer review as the most significant factor 
for determining the quality and trustworthiness of 
research (Tenopir et  al., 2016), and most scientists 
emphasize that it is important that preprints are ulti-
mately submitted to a peer-reviewed journal (Soderberg 
et al., 2020).

However, preprints are not available only to scientists 
(who, in general, can be assumed to know that preprints 
are not peer reviewed). Instead, because preprints typi-
cally are published in open access, they are also openly 
available to the general public, who might not be aware 
that preprints are usually not peer reviewed. In fact, 
especially during the COVID-19 crisis, many preprints 
became part of the public discourse through traditional 
and social media (Fraser et al., 2021). For example, a 
now-retracted preprint that described an “uncanny simi-
larity” between SARS-CoV-2 and HIV spurred discussion 
on social media on whether SARS-CoV-2 is a genetically 
engineered bioweapon (Koerber, 2021), which later 
became one of the leading coronavirus-related conspir-
acy theories (Imhoff & Lamberty, 2020). Presumably 
because of this incident, the preprint server bioRxiv, who 
provided this questionable preprint, added a warning to 
their website that preprints are preliminary, non-peer-
reviewed reports (Forster, 2020). In another example, a 
preprint on the SARS-CoV-2 viral load in children was 
disparaged on the title page of the largest German news-
paper (Niggemeier, 2020). The newspaper, however, 
ignored that the work was a preprint and heavily criti-
cized some preliminary analyses. This public debate over 
a preprint might have damaged trust in science in Germany 
(Lindner, 2020), which could have had serious conse-
quences for the adherence and adoption of recom-
mended protective behaviors (Dohle et al., 2020). These 
examples illustrate what many researchers fear: members 
of the general public treating non-peer-reviewed pre-
prints as established evidence, leading to ill-advised 
decisions and potentially damaging public trust in sci-
ence (Fox, 2018; Heimstädt, 2020; Rahal & Heycke, 2020; 
Sheldon, 2018).

This concern about preprints, which has been 
described as the most frequent argument against them 
(Vazire, 2020), goes beyond COVID-19-related research 
and is highly relevant for all research findings of public 
interest. Indeed, media outlets and public-science com-
munication blogs also cover preprints on psychological 
topics such as climate change anxiety (Chow, 2021), 
personality (Adam, 2019), or even the trustworthiness of 
psychological research as a whole (Chivers, 2020). Pre-
prints in psychology may be especially likely to catch 
the public eye because they deal with questions related 
to human behavior and society. It thus seems likely that 
some nonscientists even directly seek out psychological 
preprints because they often address topics highly rel-
evant to their lives.

The central assumption underlying concerns about 
the public availability of preprints is that nonscientists 
fail to differentiate between preprints and peer-reviewed 
literature and thus treat them as equally credible sources. 
However, this assumption currently lacks empirical 
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Fig. 1. Development of the number of manuscripts published per year 
on two major preprint servers for psychology and the social sciences 
since 2017. Numbers were derived by searching for available preprints 
on Google Scholar and filtering for each year and server.
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evidence. Because preprints are often presented with no 
or very little accompanying information (e.g., simply 
stating that the results stem from a preprint), we believe 
that in such a situation, nonscientists will indeed fail to 
incorporate this information in their credibility judgment. 
This is because they lack the necessary background 
knowledge that preprints are not peer reviewed. We 
hypothesize that without an additional explanation of 
preprints and their lack of peer review, people will 
perceive research findings from preprints as equally 
credible compared with research findings from the peer-
reviewed literature (Hypothesis 1).

However, recent research suggests that even very brief 
explanations (e.g., warning labels) allow nonscientists 
to adjust their credibility ratings (Koch et al., 2021), even 
for complex scientific topics (Anvari & Lakens, 2018; 
Hendriks et al., 2020; Wingen et al., 2020). If such a brief 
explanation of preprints includes that they are not peer 
reviewed and thus did not undergo the established stan-
dard quality-control process for psychological publica-
tions, nonscientists might perceive preprints as less 
credible. Emphasizing increased quality control, for exam-
ple through consumer reviews or quality-management 
systems (Adena et al., 2019; Boiral, 2012; Resnick et al., 
2006; Silva & Topolinski, 2018), and highlighting adher-
ence to community norms and standards (Bachmann & 
Inkpen, 2011; Blanchard et  al., 2011; Wenegrat et  al., 
1996) are linked to increased credibility and trustworthi-
ness. We thus hypothesize that after receiving an explana-
tion of preprints and their lack of peer review, nonscientists 
would perceive preprints as less credible than peer-
reviewed articles (Hypothesis 2).

Overview of Studies

We conducted five experimental studies to test whether 
nonscientists perceive preprints as less credible than 
peer-reviewed literature and whether this depends on 
whether they receive an explanation of the peer-review 
process. We focused on preprints covering research find-
ings from psychology and the social sciences because 
they seem particularly likely to be comprehensible and 
interesting to the general public. In the pilot study, we 
explored whether preprints in psychology and the social 
sciences typically provide an explanation of preprints 
and the peer-review process. We coded 200 recent pre-
prints and examined whether they sufficiently explain 
their lack of peer review. Study 1 (German sample) and 
Study 2 (U.S. sample) tested whether nonscientists would 
be able to differentiate between peer-reviewed literature 
and preprints without an explanation of preprints and 
the peer-review process. Study 3 (within-subjects design) 
and Study 4 (between-subjects design) tested whether 
nonscientists would perceive preprints as less credible 

than peer-reviewed articles after receiving an explana-
tion of preprints and their lack of peer review. Finally, 
in Study 5, we developed a shortened version of this 
explanation and tested whether this very brief explana-
tion allowed nonscientists to differentiate between pre-
prints and peer-reviewed literature. We, moreover, 
cross-sectionally explored how this explanation may 
work (mediation) and whether the effect of this explana-
tion depends on education and familiarity with the pub-
lication process (moderation).

Preregistration

Studies 1 to 5 and the Supplemental Study 1 are prereg-
istered. All preregistration forms are shared on the OSF 
(https://osf.io/egkpb). The pilot study, which focused 
on coding existing data, was not preregistered.

Data, materials, and online resources

All materials, anonymized data sets, and analyses code 
are shared on the OSF. Statistical analyses were con-
ducted using R (Version 4.0.4; R Development Core 
Team, 2021), and for the main analyses, we relied on 
the packages effsize (Torchiano, 2020), lavaan (Rosseel, 
2012), psych (Revelle, 2021), pwr (Champely et  al., 
2018), yarrr (Phillips, 2017), and TOSTER (Lakens, 
2017). Details regarding our recruitment strategy and 
regarding one additional study (see Reporting section) 
are reported in the Supplemental Material available 
online.

Reporting

For each study, we report how we determined our sam-
ple size, all data exclusions, all manipulations, and all 
measures in the study.

The studies are numbered 1 through 5 for narrative 
style. Chronologically, the studies were run in the fol-
lowing order: 3, 4, 1, 5, 2. Coding for the pilot study was 
completed shortly after Study 3. We conducted one fur-
ther study before Study 5. We found that this study likely 
contains a high percentage of inattentive respondents 
(for details, see the Supplemental Material available 
online), which render the obtained null results largely 
uninterpretable. We thus refrain from discussing this 
study in the main text, but to increase transparency, we 
provide details about this study in the Supplemental 
Material available online and on the OSF. All analyses 
with a preregistered hypothesis were tested with one-
sided p values. In all studies in which we predicted the 
absence of an effect, we relied on equivalence tests with 
preregistered equivalence bounds. This is a commonly 
recommended frequentist method to provide evidence 



4 Wingen et al.

for the absence of a meaningful effect (Lakens, 2017; 
Lakens et al., 2018).

All participants who completed our studies were 
included in the analyses unless they met preregistered 
exclusion criteria or did not respond to our central depen-
dent variable (i.e., perceived credibility, not explicitly 
preregistered). Participants were blocked from participat-
ing in more than one study to avoid nonnaïveté (Chandler 
et al., 2015). Sample sizes were preregistered in Studies 
1 to 5; however, some deviations occurred because we 
recruited participants online and thus had limited control 
over the final sample size (for details regarding sample 
sizes and deviations, see the Supplemental Material avail-
able online). However, in no case was the final sample 
size determined based on the obtained results.

Ethical approval

All studies were conducted consistently with the Decla-
ration of Helsinki, and all are exempt from institutional 
review board approval by guidelines of the German 
Psychological Society (2018).

Pilot Study

Method

For the pilot study, we collected the information pre-
sented in the 303 most recent manuscripts (at the time 
of coding; June 2020) on two popular social science 
preprint servers, commonly used by psychological sci-
entists. These servers were PsyArXiv (https://psyarxiv 
.com) and the social and behavioral sciences section at 
OSF Preprints (https://osf.io/preprints). We first col-
lected general bibliographic information (authors, pub-
lication date, language, doi, whether the manuscript was 
a postprint). We excluded 63 manuscripts from our 
analyses because they appeared to be accepted versions 
of articles (postprints) and thus peer reviewed, thereby 
not meeting our definition of preprints. We furthermore 
excluded 33 non-English preprints and, finally, seven 

documents that were not preprints (e.g., supplemental 
materials, book chapter scans).

Given these necessary exclusions, the coders contin-
ued coding (by going back further in time and coding 
earlier preprints) until eventually 200 suitable manu-
scripts (100 from each server) were included. We coded 
whether the authors of the preprint (a) mentioned that 
it is a preprint, (b) mentioned that it is thus not peer 
reviewed, (c) explained that peer review serves as a 
quality-control process, (d) explained that peer review 
is the standard procedure for scientific publication, (e) 
and/or added another indication that the findings might 
be preliminary or less credible.

Results

The results showed that only 27.50% of the preprints 
explicitly stated that they were preprints. Even fewer 
preprints (15.50%) contained information that they had 
not undergone peer review yet. Finally, not a single pre-
print provided information explaining that peer review 
serves as a quality-control measure. Detailed results for 
each preprint server are presented in Table 1.

Study 1

In Study 1, we tested whether participants would evalu-
ate psychological research findings that were published 
as peer-reviewed articles as equally credible as research 
findings published as preprints.

Method

Participants and design. Participants were German 
university students recruited online in exchange for course 
credits and individuals recruited through postings in pub-
lic German social media groups for voluntary research 
participation. The study employed a between-subjects 
experimental design. We randomly assigned participants 
to one of two between-subjects conditions (preprint con-
dition, peer-review condition). Sample size considerations 

Table 1. Information About Peer Review in Recent Preprints on Two Major Preprint Servers

Number of preprints informing their readers that: OSF Preprints PsyArXiv Overall

They are a preprint (or similar) 30.00% 25.00% 27.50%
Are not peer reviewed (or similar) 13.00% 18.00% 15.50%a

Peer review is typically part of the scientific 
publication process

 1.00%  0.00% 0.50%

Peer review serves as a quality-control measure  0.00%  0.00% 0.00%
Their findings might be preliminary (or similar)  6.00%  0.00% 3.00%

aThe overall number includes nine publications mentioning that they are “under review” but not 11 
publications mentioning that they have been “submitted for publication” because we believe the latter 
does not clearly indicate to nonscientists that the work has not yet been peer reviewed.
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were made in relation to Study 4, which chronologically 
took place before Study 1; compared with Study 4, we 
aimed to double our sample size. The recruited sample 
was slightly larger and consisted of 277 participants (after 
excluding 35 participants who already took part in Study 
4, as preregistered), out of which 204 provided responses 
to all credibility ratings and were therefore included in the 
main analysis (74.5% female; age: M = 25.41 years, SD = 
7.09). Power analyses revealed that the sample size of 204 
had a 99.87% power to detect the effect observed in Study 
4 (d = 0.70, α = .05) and a 95% power to demonstrate in 
an equivalence test that an observed effect is considerably 
smaller than the effect observed in Study 4 (preregistered 
equivalence bound of d < 0.5 compared with d = 0.70 in 
Study 4).

Procedure. Participants were presented with five differ-
ent research findings (for an overview of research findings 
used as stimuli, see Table 2). The findings were described 
as being published either as a peer-reviewed journal article 
or as a preprint, depending on condition. For each research 
finding, participants indicated their perceived credibility 
(“How credible is this study result?”) on a 7-point scale 
(1 = not at all credible, 7 = very credible). Participants 
received no further information (e.g., an explanation of the 
peer-review process). In fact, all five findings (Gervais & 
Norenzayan, 2012; Hauser et al., 2014; Nishi et al., 2015; 
Shah et al., 2012; Wilson et al., 2014) were published in the 
peer-reviewed journals Nature or Science. Descriptions of 
these findings were adapted from prior work and were 
proved to be comprehensible to nonscientists (Hoogeveen 
et al., 2020). Findings covered various psychological and 
economic behavioral science topics, and participants 
judged the credibility of these five research findings. An 
average credibility score across all five ratings was com-
puted and served as the dependent variable.

Results

In line with our preregistration, we computed an average 
credibility score across all five credibility ratings. As 
predicted, without a brief explanation, participants 

considered research findings published as preprints (M = 
4.09, SD = 0.80) to be equally credible compared with 
findings published as peer-reviewed journal articles (M = 
4.24, SD = 0.88), t(202) = 1.25, p = .211, d = 0.18, 95% 
confidence interval [CI] = [–0.10, 0.46]. This finding is 
presented in Figure 2. A preregistered equivalence test, 
a test that provides support for the absence of a mean-
ingful effect, showed that the observed effect size, which 
is conventionally considered very small, was equivalent 
with an interval containing only small to medium effects 
(d < 0.5), t(202) = 2.29, p = .012. Descriptive statistics 
for the perceived credibility across studies and condi-
tions throughout this article are presented in Table 3.

Study 2

In Study 2, we aimed to replicate the findings from Study 
1 in a different population using an even larger sample 

Table 2. Overview of Research Findings Used as Stimuli in Studies 1, 2, 4, and 5

Authors Short description

Gervais and Norenzayan (2012) Analytical thinking promotes religious disbelief.
Hauser et al. (2014) When making collective decisions, people share more 

common resources for future generations.
Nishi et al. (2015) Financial inequality between group members remains 

when people are informed about each member’s wealth.
Shah et al. (2012) Poverty drains people’s attention.
Wilson et al. (2014) People dislike doing nothing and prefer an engaged mind.
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size (N = 466; U.S. sample) and a stricter preregistered 
criterion of what constitutes a negligible difference (d < 
0.3). The design was identical to Study 1 except that 
Study 2 also included a basic text-comprehension check 
that had to be answered correctly to ensure that partici-
pants were aware that the five research findings were 
published as preprints or peer-reviewed journal articles, 
respectively.

Method

Participants and design. Participants were U.S.-based 
individuals recruited on the Amazon Mechanical Turk 
(MTurk) platform in exchange for $0.50. The target sample 
size was set to 578, which allowed us to detect group dif-
ferences of d = 0.30 (1 – β = 0.95, α = .05) and, moreover, 
provided sufficient power for an equivalence tests (1 – β = 
0.95, equivalence bounds of d = 0.3). To increase data qual-
ity, we opted to exclude participants who failed a basic 
text-comprehension check (see below). This decision was 
based on previous research raising concerns about MTurk 
workers not reading study materials or even being bots 
(Chmielewski & Kucker, 2020). To compensate for poten-
tial exclusions, we recruited 753 participants, of which 476 
passed the preregistered comprehension check. Finally, 466 
participants answered all credibility items and were there-
fore included in the main analysis (42.15% female; age:  

M = 37.00 years, SD = 11.97). Despite this reduced sample 
size, a sensitivity analysis revealed that the final sample size 
had an 80% power (with α = .05) to detect an effect of d = 
0.26 and a 95% power to detect d = 0.33.

Procedure. For the text-comprehension check, partici-
pants had to answer how the research findings were pub-
lished and were presented with eight options (e.g., “as 
textbooks,” “as preprints”). If participants answered the 
text-understanding question incorrectly, they were asked 
to carefully read the text again. If they failed the text-
understanding question again, they were excluded from 
our analyses. We also added a few exploratory questions 
about whether participants perceived the research find-
ings as strictly quality controlled, whether they believed 
that the researchers adhered to the standard publication 
procedure, and participants’ education and familiarity with 
the publication process (to ensure comparability with 
Study 5). Apart from this, the procedure and design were 
identical to Study 1.

Results

We computed an average credibility score across all five 
credibility ratings. As predicted and in line with Study 
1, participants rated research findings from preprints 
(M = 4.58, SD = 1.00) as equally credible as research 

Table 3. Perceived Credibility of Research Findings Depending on Source and Explanation Across All Studies 
Presented in This Article

Study M SD t valuea df p valueb

Cohen’s d [95% 
confidence 

interval]

Study 1 (without explanation)  
 Peer-reviewed article 4.24 0.88  
 Preprint 4.09 0.80 1.25 202 .211 0.18 [–0.10, 0.46]
Study 2 (without explanation)  
 Peer-reviewed article 4.73 1.11  
 Preprint 4.58 1.00 1.50 464 .136 0.14 [–0.04, 0.32]
Study 3 (with explanation)  
 Peer-reviewed article 5.63 1.34  
 Preprint 4.00 0.93 10.06  51 < .001 (one-sided) dz = 1.39
Study 4 (with explanation)  
 Peer-reviewed article 4.15 0.65  
 Preprint 3.67 0.72 3.74 111 < .001 (one-sided) 0.70 [0.32, 1.09]
Study 5 (with explanation)  
 Peer-reviewed article 4.65 1.00  
 Limited information 4.42 1.15 2.02 379 .044 0.21 [0.01, 0.41]
 Authors’ explanation 4.39 1.07 2.31 359 .010 (one-sided) 0.25 [0.04, 0.45]
 External explanation 4.31 1.02 3.25 379 < .001 (one-sided) 0.33 [0.13, 0.54]

aThe t-tests results refer to the comparison of the respective condition with the peer-review condition in each study. These are t 
tests for dependent samples in Study 3 and for independent samples in the other studies.
bOne-sided p values are reported for directional hypotheses.
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results from peer-reviewed journal articles (M = 4.73, 
SD = 1.11), t(464) = 1.50, p = .136, d = 0.14, 95% CI = 
[–0.04, 0.32]. This finding is presented in Figure 3. An 
equivalence test showed that this observed effect size, 
which is conventionally considered very small, was 
equivalent with an interval containing only small effects 
(d < 0.3), t(464) = 1.741, p = .041.

Study 3

Studies 1 and 2 found that without an explanation, non-
scientists rated research findings from preprints as equally 
credible as research findings from peer-reviewed journal 
articles. Study 3 tested whether nonscientists truly believe 
that the two types are equally credible or whether they 
start to differentiate once they get an explanation of 
preprints and the peer-review process and can directly 
compare these two options. Study 3 straightforwardly 
tested this by employing a within-subjects design in 
which participants rated research findings in general.

Method

Participants and design. Participants were recruited 
through postings in public German social media groups for 
voluntary research participation. The targeted sample size 
was set to 45, based on an a priori power analysis for 
95% power (one-sided α of .05) to detect a moderate 
effect of dz = 0.5 that would be typical for similar social-
psychological research. The recruited sample was slightly 
larger, as is often the case in online studies, and consisted 
of 65 participants. Of these participants, 52 responded to 

all credibility items and were therefore included in the main 
analysis (73.08% female; age: M = 30.83 years, SD = 9.71).

Procedure. This study employed a within-subjects design. 
Participants read a short, jargon-free description of the 
peer-review process, which highlighted that peer review 
serves as a quality-control process and that peer review cur-
rently is the standard procedure for scientific publication. 
They were also informed that some research findings are 
initially published before the peer-review process as pre-
prints to achieve rapid dissemination of results. The full 
description reads as follows (translation by authors):

Usually, scientific articles are subject to an extensive 
peer-review process. This means that other scientists 
anonymously review articles submitted to a scien-
tific journal. They then speak out for or against a 
publication and provide important suggestions for 
article improvement. This procedure is considered 
the gold standard of scientific journals. Only articles 
that receive positive reviews have a chance of being 
published. This procedure is intended to ensure that 
the articles are of particularly high quality. However, 
some articles are now published online as preprints 
without having been peer reviewed. This allows 
scientists to make their results available to the public 
very rapidly, whereas the time-consuming peer-
review process can take several months. Normally, 
peer review is then carried out after the article has 
been submitted to a scientific journal.

Afterward, participants reported the perceived credi-
bility of research findings published as peer-reviewed 
articles (“How credible are research findings that are 
published as journal articles [with peer review]?”) and as 
preprints (“How credible are research findings that are 
published as preprints [without peer review]?”) on a 
7-point rating scale (1 = not at all credible, 7 = very cred-
ible). Finally, participants indicated whether they had 
heard about preprints and peer-reviewed articles before 
the study, completed demographics, and were debriefed.

Results

As predicted, participants rated research findings from 
preprints (M = 4.00, SD = 0.93) as less credible than 
research results from peer-reviewed journal articles (M = 
5.63, SD = 1.34), t(51) = 10.06, one-sided p < .001 , dz = 
1.39 (see Fig. 4).

Study 4

Study 4 tested whether the finding of Study 3 generalizes 
to a more realistic situation in which participants do not 
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Fig. 3. Pirate plot showing perceived credibility as a function of 
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directly compare preprints and peer-reviewed articles 
with each other. Instead, participants judged specific 
research findings, and the design was largely identical 
(and thus directly comparable) to Studies 1 and 2.

Method

Participants and design. Participants were German 
university students recruited online in exchange for course 
credits. The study employed a between-subjects experi-
mental design. We randomly assigned participants to one 
of two between-subjects conditions (preprint condition, 
peer-review condition). The target sample size was set to 
102, based on an a priori power analysis for 80% power 
(one-sided α of .05) to detect a moderate effect of d = 0.5. 
The recruited sample consisted of 140 participants, of 
which 113 responded to all credibility items and were 
therefore included in the main analysis (76.11% female; 
age: M = 23.75 years, SD = 5.10).

Procedure. Participants read the same short descriptions 
of the peer-review process and preprints as in Study 3 and 
answered two exploratory text-comprehension questions. 
Participants judged the credibility of five research findings 
(the same research findings used in Studies 1 and 2). The 
findings were described as being published either as peer-
reviewed journal articles or as preprints. Ratings were 
made on a 7-point scale (1 = not at all credible, 7 = very 
credible). Participants also indicated whether they had 
heard about preprints and peer-reviewed articles before 
the study, received an exploratory open-entry question on 
how they made their credibility judgments, completed 
demographics, and were debriefed.

Results

In line with our preregistration, we computed an average 
credibility score across all five credibility ratings. As pre-
dicted, participants rated research findings from preprints 
(M = 3.67, SD = 0.72) as less credible than research find-
ings from peer-reviewed journal articles (M = 4.15,  
SD = 0.65), t(111) = 3.74, one-sided p < .001, d = 0.70, 95% 
CI = [0.32, 1.09]. This pattern is depicted in Figure 5.

Study 5

In Study 5, we developed a shortened version of the 
explanation used in Studies 3 and 4, which could be 
easily added to preprints. We tested whether this expla-
nation allows nonscientists to differentiate between pre-
prints and the peer-reviewed literature. We further tested 
whether it matters if this brief explanation is provided 
by the authors or by an external source but expected the 
explanation to be effective in both cases. Because most 
preprints are published in English, we tested this in an 
English-speaking population (N = 727; U.S. sample). We 
also aimed to explore the underlying mechanism of our 
explanation and tested preregistered mediators (per-
ceived quality control and perceived adherence to pub-
lication standards) and moderators (education and 
familiarity with the publication process).

Method

Participants and design. Participants were U.S.-based 
individuals recruited on the Amazon MTurk platform in 
exchange for $0.50. We randomly assigned participants  
to one of four between-subjects conditions (peer-review 
condition, preprint: limited-information condition, pre-
print: authors’-explanation condition, preprint: external-
explanation condition). The target sample size was set to 
1,000, which allowed us to detect group differences of 
d = 0.29 (1 – β = 0.95, one-sided α of .05) and, moreover, 
provided sufficient power for an equivalence tests (1 – β = 
0.91, equivalence bounds of d = 0.3). We recruited 1,051 
participants, of which 739 passed the preregistered text-
comprehension check. For the text-comprehension check, 
participants had to answer how the research findings were 
published (see Study 2). If an additional explanation of 
peer review and preprints was given, they also indicated 
for three additional text-comprehension questions whether 
they were true or false (“Scientific articles are usually peer 
reviewed”; “As part of the peer-review process, indepen-
dent researchers evaluate the quality of the work”; and 
“Preprints have been peer reviewed”). If participants 
answered any of the questions incorrectly, they were 
asked to read the text carefully again. If they again failed 
any of the text-comprehension questions, they were excluded 
from our analyses. Finally, 727 participants responded to 
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all credibility items and were thus included in the main 
analyses (43.39% female; age: M = 39.24 years, SD = 
12.68). One participant did not respond to the remaining 
items, which reduced the sample size for secondary anal-
yses to 726. Despite this reduced sample size, a sensitivity 
analysis revealed that for all possible group comparisons, 
our sample had at least an 80% power (with α = .05) to 
detect an effect of d = 0.30 and a 95% power to detect  
d = 0.39.

Procedure. Participants learned that they would judge 
the credibility of five research findings and were randomly 
assigned to one of four conditions. In the peer-review 
condition, participants were informed that the findings 
went through a peer-review process and were published 
in a scientific journal. The preprint: limited-information 
condition stated that the findings were preprints, but in 
contrast to Studies 1 and 2, it was also added that preprints 
are not peer reviewed (without further information, how-
ever, what is meant by peer review). In the other two 
conditions, the research findings were presented as non-
peer-reviewed preprints, but participants received an 
additional explanation of preprints and the peer-review 
process. This additional explanation was allegedly either 
provided by the authors of the preprint (preprint: authors’-
explanation condition) or without any reference to the 
source in the introduction of the study (preprint: external-
explanation condition).

The explanation was drafted building on the informa-
tion provided in Studies 3 and 4 but incorporated further 
feedback from colleagues from various disciplines (anthro-
pology, biology, psychology, and sociology) and from 
nonscientists to ensure an interdisciplinary perspective 

and comprehensibility. The explanation highlighted two 
important aspects: that peer review serves as a quality-
control process and that peer review currently is the stan-
dard procedure for scientific publication. Compared with 
Studies 3 and 4, we aimed to keep this explanation as 
comprehensive as possible. This explanation read:

Scientific articles usually go through a peer-review 
process. This means that independent researchers 
evaluate the quality of the work, provide sugges-
tions, and speak for or against the publication. 
Please note that the present article has not (yet) 
undergone this standard procedure for scientific 
publications.

After judging the credibility of the research findings, 
participants were also asked about the perceived quality 
control of the research findings, the perceived adherence 
to scientific publication standards, their education, and 
their familiarity with the publication process. Credibility 
ratings were given on a 7-point rating scale (1 = not at 
all credible, 7 = very credible). Familiarity with the pub-
lication process (“I am familiar with the scientific pub-
lication process”), perceived quality control of the 
research findings (“The quality of the research findings 
has been strictly controlled”), and perceived adherence 
to scientific publication standards (“When publishing 
their findings, the researchers followed the standard pro-
cedure of the research community”) were measured on 
a 7-point scale (1 = strongly disagree, 7 = strongly agree).

Results

Main analyses. We again computed an average credi-
bility score across all five credibility ratings. As predicted, 
across both preprint-explanation conditions, participants 
reported lower credibility of research findings compared 
with the peer-review condition (M = 4.65, SD = 1.00). This 
was the case when participants received the explanation 
by the authors (M = 4.39, SD = 1.07), t(359) = 2.32, one-
sided p = .010, d = 0.25, 95% CI = [0.04, 0.45], and by an 
external source (M = 4.31, SD = 1.02), t(379) = 3.25, one-
sided p < .001, d = 0.33, 95% CI = [0.13, 0.54] (see Figure 
6). Unexpectedly, this was also the case when participants 
received only very limited information (M = 4.42, SD = 
1.15), t(379) = 2.02, p = .044, d = 0.21, 95% CI = [0.01, 
0.41]. The three preprint conditions did not significantly 
differ from each other (all ps > .317, all ds < .10), and the 
observed differences between these conditions were all 
equivalent with an interval containing only small effects  
(d < .3), all ps < .031 (see OSF analyses for details).

Quality control and adherence to scientific publica-
tion standards. However, the three preprint explana-
tions differed regarding the perceived quality control of 
the research findings and the perceived adherence to 
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scientific publication standards. Participants who received 
an explanation reported lower perceived quality control 
of preprints compared with the limited information condi-
tion (M = 4.27, SD = 1.79). This was the case no matter 
whether participants received this explanation by the 
authors (M = 3.72, SD = 1.63), t(344) = 2.97, one-sided p = 
.002, d = 0.32, 95% CI = [0.11,0.53], or by an external 
source (M = 3. 81, SD = 1.71), t(363) = 2.51, one-sided p = 
.006, d = 0.26, 95% CI = [0.06, 0.47]. Likewise, after receiv-
ing an explanation, participants reported lower perceived 
adherence to scientific publication standards compared 
with the limited-information condition. This was again the 
case no matter whether participants received this explana-
tion by the authors (M = 3.83, SD = 1.72), t(344) = 3.15, 
one-sided p < .001, d = 0.34, 95% CI = [0.13,0.55], or by an 
external source (M = 3.95, SD = 1.79), t(363) = 2.50, one-
sided p = .007, d = 0.26, 95% CI = [0.05, 0.47].

Moderation analyses. In line with our preregistration, 
we also tested whether education or familiarity with the 
scientific publication process moderated the effect of our 
explanation on the perceived credibility of research find-
ings (compared with the peer-review condition). For these 
analyses, we merged the preprint: authors’-explanation 
condition and the preprint: external-explanation condition 
because they did not differ on any of the relevant vari-
ables. We conducted multiple linear regression analyses to 
test whether any of our potential moderator variables 
moderated the relationship between explanation (detailed 

explanation vs. peer review) and credibility. Indeed, whereas 
centered education did not significantly interact with our 
explanation (b = −0.22, SE = 0.14), t(539) = 1.58, p = .115, 
centered familiarity with the publication process was a 
significant moderator, which indicates that our explana-
tion was more effective for people who indicated a higher 
familiarity with the scientific publication process (b = 
−0.12, SE = 0.05), t(539) = 2.49, p = .013 (see Table 4).

Mediation analyses. Finally, we explored preregistered 
mediators of the effect of our explanation on credibility 
(compared with the peer-review condition). For these 
cross-sectional analyses, we again merged the authors’-
explanation condition and the external-explanation condi-
tion because they did not differ on any of the relevant 
variables. We investigated whether perceived quality con-
trol or perceived adherence to publication standards 
mediated the negative effect of explaining preprints on 
perceived credibility. To test this, we ran a parallel media-
tion model (see Fig. 7) with 10,000 bootstrap resamples 
using the R package lavaan (Rosseel, 2012). This model 
revealed that both perceived quality control (b = −0.23, 
95% CI = [−0.14, −0.33]) and perceived adherence to pub-
lication standards (b = −0.25, 95% CI = [−0.15, −0.35]) 
simultaneously mediated the effect.

Because this mediation model relied on cross- 
sectional data, these results should be considered with 
caution because the mediating variables were not experi-
mentally manipulated and may be biased (Bullock et al., 
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2010). An observed statistical mediation cannot con-
clusively prove actual mediation (Fiedler et  al., 2011) 
and should, rather, be seen as a tentative hint for 
mediation.

General Discussion

A central argument against preprints is that nonscientists 
might fail to differentiate them from the peer-reviewed 
literature (Fox, 2018; Vazire, 2020). Indeed, nonscientists 
from Germany (Study 1) and the United States (Study 2) 
perceived research findings published as preprints as 
equally credible as research findings published in peer-
reviewed journals. However, a brief explanation of the 
peer-review process combined with the information that 
preprints are not peer reviewed led nonscientists to per-
ceive identical research findings published as preprints 
as less credible than the peer-reviewed literature. This 
effect was observed for research findings in general 
(Study 3) and specific psychological research findings 
(Studies 4 and 5). Study 5 further suggested that even a 
very brief explanation, which could be added to all 

preprints, allowed nonscientists to differentiate them 
from the peer-reviewed literature. Note that this effect 
emerged independently of whether this explanation was 
allegedly provided by the preprints’ authors or by  
an external source, albeit the effect was descriptively 
smaller in the former situation. The explanation seemed 
to be especially effective for individuals who are rather 
familiar with the scientific publication system, and it 
seems to work by influencing whether nonscientists see 
preprints as quality controlled and as adhering to pub-
lication standards. In other words, when nonscientists 
are well informed about the source of information, they 
can adjust their credibility ratings accordingly.

In practice, however, most psychological preprints do 
not contain such an explanation. The pilot study, in which 
we coded recent preprints from two popular psychologi-
cal preprint servers, revealed that less than 30% of pre-
prints contained information that they are a preprint. Even 
fewer mentioned that they are not peer reviewed, and 
virtually none provided an explanation similar to the one 
used in our studies. Taking this current status quo into 
account, our findings suggest that nonscientists might 

Table 4. Multiple Linear Regression Predicting Perceived Credibility From 
Condition, Centered Familiarity With the Publication Process, and Their Interaction 
Term

Predictor B SE B t(539) p

Condition (0 = peer review, 1 = explanation) –0.22 0.09 2.46 .014
Familiarity (centered)  0.23 0.04 5.85 < .001
Condition × Familiarity (Centered) –0.12 0.05 2.49 .013

Quality Control

Explanation of
Preprints

Standards

.09∗ (−.15∗∗)

.33∗∗∗

.43∗∗∗−.27∗∗∗

−.37∗∗∗

Credibility

Fig. 7. Parallel mediation analyses involving perceived quality control and adherence to 
publication standards as dual, simultaneous mediators for the link between explanations 
(0 = peer-review condition, 1 = merged-explanation conditions) and perceived credibility. 
Values represent standardized path coefficients. The total effect is presented in parentheses. 
Asterisks indicate significance at the p < .05 level (*), at the p < .01 level (**), and at the 
p < .001 level (***).
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currently be unable to differentiate between preprints and 
the peer-reviewed literature.

Some scholars (e.g., Elmore, 2018) have pointed to 
the fact that the term “preprint” is a misnomer because 
there may never be a future print version in a scientific 
journal (e.g., if the preprint does not pass the peer-
review process). Nonscientists might, however, believe 
that preprints are in fact earlier versions of already pub-
lished and peer-reviewed articles. This discrepancy 
could explain why Study 5 found that simply stating that 
preprints have not yet passed peer review—something 
that many individuals are probably not aware of—
already reduced perceived credibility. The same study, 
however, also demonstrated that a more detailed expla-
nation led to a stronger differentiation between preprints 
and peer-reviewed literature regarding their perceived 
quality control and their perceived adherence to publica-
tion standards, which were relevant mediators. We thus 
recommend that future authors of preprints, but also 
preprint servers or science journalists covering preprints, 
should briefly explain the peer-review process and high-
light that preprints are not peer reviewed. Our research 
suggests that such an explanation might be especially 
effective if it includes elements that indicate that peer 
review serves as a quality-control process and that it is 
the standard procedure for scientific publication.

One important discussion point, however, is whether 
it is desirable that nonscientists differentiate between 
preprints and peer-reviewed literature in terms of cred-
ibility. Although the peer-review system leads to improve-
ments of a manuscript (Carneiro et  al., 2019; Godlee 
et al., 1998; Goodman et al., 1994; Schroter et al., 2004), 
it also has serious drawbacks (Heesen & Bright, 2021; 
Huisman & Smits, 2017; Jukola, 2017), and one might 
argue that preprints are not necessarily less credible than 
peer-reviewed articles. Regardless of whether peer-
reviewed articles are objectively more credible, we find 
that if provided with information about the differences 
between preprints and peer-reviewed articles, partici-
pants used this information to inform their credibility 
judgments. We, therefore, argue that this information 
should not be withheld. In contrast to more patronizing 
statements, such as the statement by BioRxiv (preprints 
“should not be regarded as conclusive, guide clinical 
practice/health-related behavior, or be reported in news 
media as established information”), our approach leaves 
it up to the reader to decide whether a preprint is less 
credible.

Even if one agrees that preprints are on average less 
credible than peer-reviewed articles, it could be argued 
that it is not desirable to reduce the perceived credibil-
ity of all preprints because some preprints may in fact 
be highly credible. However, because psychological 
research findings are often nonreplicable (Open Science 
Collaboration, 2015) and context sensitive (Van Bavel 
et al., 2016), we argue that it is better to err on the side 

of caution by increasing nonscientists’ vigilance toward 
preprints even if this may not always be necessary. This 
does not imply, of course, that nonscientists should rely 
solely on whether a manuscript is a preprint when evalu-
ating its content. In fact, recent work suggests that non-
scientists are also sensitive to other important aspects 
of scientific research, such as the strength of evidence 
(Hoogeveen et  al., 2020) or successful replications of 
the presented work (Hendriks et al., 2020).

It is also important to discuss the generality of our 
findings (Simons et al., 2017). First, because we repli-
cated our findings in rather different samples (U.S. 
MTurk users and German students), we expect our find-
ings to replicate also in more representative samples for 
these and other Western countries. Note, however, we 
found that our explanation was more effective for par-
ticipants who reported a high familiarity with the pub-
lication process. This might explain why we observed 
substantially larger effects in Germany: Because the Ger-
man samples mostly consisted of undergraduate stu-
dents, they might be more familiar with the publication 
process compared with the U.S. samples of Amazon 
MTurk users. Thus, familiarity with the publication pro-
cess might constrain the generality of our findings. From 
an applied perspective, it seems likely that nonscientists 
seeking out preprints might be rather familiar with the 
publication process (e.g., journalists), which means that 
our explanation would be rather effective in such a situ-
ation. However, it is also possible that this is a method-
ological artifact: Participants who read our materials 
more closely might consequently report a higher famil-
iarity with the publication process and being more 
strongly affected by the manipulation.

Moreover, it seems likely that the effectiveness of our 
explanation depends on participants’ general trust in 
science because our explanation highlights that preprints 
do not follow the established scientific publication pro-
cedure. If, however, participants’ trust in the established 
scientific knowledge is generally low, a deviation from 
established standards might not reduce trust but could 
even increase it. This could, for example, be the case 
for politically highly conservative participants, who are 
contemporarily characterized by relatively low trust in 
science (Gauchat, 2012).

Finally, it would also be vital to test whether our find-
ings generalize to other forms of non-peer-reviewed sci-
ence communication, such as blogs, podcasts, or popular 
science magazines. For example, during the COVID-19 
crisis, some scientists shared their findings through non-
peer-reviewed podcasts and even press conferences 
(Kupferschmidt, 2020). In such a situation, it might also 
be desirable to inform the public that the presented 
research findings have not been peer reviewed to avoid 
public overconfidence in the presented research. It, 
however, remains possible that the public already per-
ceives such publication formats as rather uncommon and 



Caution, Preprint! 13

thus less credible, which would leave no room for such 
an explanation to have an additional effect. This remains 
an interesting question for future research.

In sum, our work suggests that concerns about non-
scientists not differentiating between preprints and peer-
reviewed psychological literature are legitimate. 
However, we also suggest and test a solution: Preprint 
authors, preprint servers, and other relevant institutions 
can likely mitigate this problem by briefly explaining the 
concept of preprints and their lack of peer review. This 
would allow harvesting the benefits of preprints, such 
as faster and more accessible science communication, 
while reducing concerns about public overconfidence 
in the presented findings.
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