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Publication in peer-reviewed journals is an essential step in the
scientific process. However, publication is not simply the reporting
of facts arising from a straightforward analysis thereof. Authors
have broad latitude whenwriting their reports and may be tempted
to consciously or unconsciously “spin” their study findings. Spin
has been defined as a specific intentional or unintentional report-
ing that fails to faithfully reflect the nature and range of findings
and that could affect the impression the results produce in readers.
This article, based on a literature review, reports the various prac-
tices of spin from misreporting by “beautification” of methods to
misreporting by misinterpreting the results. It provides data on the
prevalence of some forms of spin in specific fields and the possible
effects of some types of spin on readers’ interpretation and re-
search dissemination. We also discuss why researchers would spin
their reports and possible ways to avoid it.

misinterpretation | bias | misreporting | misrepresentation | detrimental
research practice

Publication in peer-reviewed journals is an essential step in the
scientific process. It generates knowledge, influences future

experiments, and may impact clinical practice and public health.
Ethically, research results must be reported completely, trans-
parently, and accurately (1, 2). However, publication is not
simply the reporting of facts arising from a straightforward and
objective analysis of those facts (3). When writing a manuscript
reporting the results of an experiment, investigators usually have
broad latitude in the choice, representation, and interpretation
of the data. They may be tempted consciously or unconsciously
to shape the impression that the results will have on readers and
consequently “spin” their study results.
In this article, we will explain the concept of spin, explore why

and how investigators distort the results of their studies, and
describe the impact of spin in reports and possible ways to avoid
generating it. This article reflects our knowledge and opinion on
this topic and is informed by a literature review. Furthermore,
the scope of this study is limited to the occurrence of this phe-
nomenon exclusively within the field of biomedicine.

Methods
We systematically searched MEDLINE via PubMed for articles on spin with an
abstract.We searched the entire database,which beginswith 1966.Weused the
following search strategy: (distorted[Title] AND interpretation[Title]) OR (det-
rimental[Title] AND research[Title] AND practice[Title]) OR (questionable[Title]
ANDresearch[Title]ANDpractice[Title])OR (questionable[Title]ANDreporting[Title])
OR (misleading[Title] AND reporting[Title]) OR “misleading representation” [Title]
OR beautification[Title] ORmisrepresentation[Title] OR “interpretive bias” [Title] OR
(misrepresent[Title] OR misrepresentation[Title] OR misrepresentation[Title] OR
misrepresentations[Title] OR misrepresentative[Title] OR misrepresented[Title]
OR misrepresenting[Title] OR misrepresents[Title]) OR (overstate[Title] OR over-
stated[Title] OR overstated[Title] OR overstatement[Title] OR overstatements
[Title] OR overstates[Title] OR overstating[Title]) AND has abstract[text] (search
date May 23, 2017). We also searched Google Scholar for all articles citing key
articles in the field of biomedicine (4–6). One researcher screened all titles and
abstracts, retrieved the full text when appropriate, and extracted information

on the type of spin, the prevalence of spin, the factors associated with spin, the
impact of spin on readers’ interpretation of the results, and the possible ways
to reduce spin. We considered articles published in English or French, whatever
their study designs: systematic assessment, methodological systematic reviews,
consensus methods to develop classification of spin, randomized controlled
trials evaluating the impact of spin, and so forth. The search retrieved 592 ci-
tations, of which 49 were relevant. We relied not only on this literature search
but also on a personal collection of articles on spin that fulfill these eligibility
criteria. This search has some limitations, as only a single researcher screened
citations, abstracts, and full texts. We cannot rule out the possibility that we
missed some relevant reports.

Definition of the Concept of Spin
Spin has become a standard concept in public relations and
politics in recent decades. It is “a form of propaganda, achieved
by providing a biased interpretation of an event or campaigning
to persuade public opinion in favor of or against some organi-
zation or public figure” (https://en.wikipedia.org/w/index.php?title=
Spin_(propaganda)&oldid=793952705). “Spin doctors” modify
the perception of an event to reduce any negative impact or to in-
crease any positive impact it might have on public opinion. For this
purpose, spin doctors could attempt to bury potentially negative in-
formation or selectively “cherry-pick” specific information or quotes.
The concept of spin can also be applied to scientific commu-

nications. Spin can also be defined as a specific reporting that
fails to faithfully reflect the nature and range of findings and that
could affect the impression that the results produce in readers, a
way to distort science reporting without actually lying (7). Spin
could be unconscious and unintentional. Reporting results in a
manuscript implies some choices about which data analyses are
reported, how data are reported, how they should be interpreted,
and what rhetoric is used. These choices, which can be legitimate
in some contexts, in another context can create an inaccurate
impression of the study results (3). It is almost impossible to
determine whether spin is the consequence of a lack of un-
derstanding of methodologic principles, a parroting of common
practices, a form of unconscious behavior, or an actual willing-
ness to mislead the reader. However, spin, when it occurs, often
favors the author’s vested interest (financial, intellectual, aca-
demic, and so forth) (3).
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Practices of Spin
There are several ways to spin a report (4, 6, 8–10). These dif-
ferent practices are usually interrelated, and the amount of spin
in published reports varies (Fig. 1). Specific classifications of spin
have been developed for different study designs and contexts
[randomized controlled trials with nonstatistically significant
results (4), observational studies evaluating an intervention (10),
diagnostic accuracy studies (8), systematic reviews (9)]. Here, we
report practices of spin organized under the following categories:
misreporting the methods, misreporting the results, misinterpre-
tation, and other types of spin. The classification of the practices
reported here represents our chosen approach, but several dif-
ferent approaches are possible. Future work based on systems to
inductively code and classify data such as spin would help provide
a rigorous and exhaustive analysis of spin that is generalizable
across manuscripts.

Misreporting the Methods. Authors could intentionally or un-
intentionally misrepresent the methods they used. This type of
spin will alter the readers’ critical appraisal of the study and
could impact the interpretation of evidence synthesis. It could
consist of changing objectives, reporting post hoc hypotheses as
if they were prespecified, switching outcomes and analysis, or
masking protocol deviations. Scientists could also engage in what
we characterize as “beautification” of the methods, when they
report the methods as if they were complying with the highest
standards when in fact they were not. For example, some studies
report “double-blind” methods, but the blinding is not credible
(11, 12), or report an intent-to-treat analysis, but some patients
are excluded from the analysis (13, 14). The term “randomized
controlled trial” (RCT) can also be used erroneously. A survey of
authors of 2,235 reports of RCTs published in Chinese medical
journals showed that only about 7% met the methodological
criteria for authentic randomization; 93% were falsely reported
as RCTs (15). Finally, authors could claim adherence to quality
standards such as reporting guidelines (e.g., the CONSORT

Statements), when in reality, the adherence of their reports to
these standards is far from perfect.

Misreporting Results. Misreporting of results is defined as an in-
complete or inadequate reporting of results in a way that could
mislead the reader. This type of spin particularly involves se-
lective reporting of statistically significant results, ignoring re-
sults that contradict or counterbalance the initial hypothesis, and
misleading display of results through choice of metrics and fig-
ures. Undesirable consequences include wasted time and re-
sources on misdirected research and ill-founded actions by
health providers misled by partial results.
Selective reporting of outcomes and analysis. Selective reporting of
outcomes and analysis is defined as the reporting of some out-
comes or analysis but not others, depending on the nature and
direction of the results. The literature contains evidence of re-
searchers favoring statistically significant results. A comparison
of outcomes reported in protocols of RCTs submitted to ethics
committees or registered in trial registries showed that scientists
selectively report statistically significant outcomes (16–18). An
automated text-mining analysis of P values reported in more
than 12 million MEDLINE abstracts over the course of 25 y
showed an increase in the reporting of P values in abstracts and a
strong clustering at P values of 0.05 and of 0.01 or lower, which
could suggest “P-value hacking” (19, 20). P-hacking, a detri-
mental practice, is defined as the misreporting of true effect sizes
in published reports after researchers perform several statistical
analyses and selectively choose to report or focus on those that
produce statistically significant results (20). Practices that can
lead to P-hacking include an interim analysis to decide whether
an experiment or a study should be stopped prematurely (21),
as well as post hoc excluding of outliers from the analysis, de-
ciding to combine or split groups, adjusting covariates, per-
forming subgroup analysis (22), or choosing the threshold for
dichotomizing continuous outcomes. Cherry-picking can be
particularly problematic in this era of massive observational
data (23).

Fig. 1. Practices of spin in published reports.
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Ignoring or understating results that contradict or counterbalance the
initial hypothesis. Authors may be tempted to consciously or un-
consciously mask or understate some troublesome results, such
as nonstatistically significant outcomes or statistically significant
harm. For example, the reporting and interpretation of the risk
of all-cause mortality in the DAPT (dual antiplatelet therapy)
study randomizing 9,961 patients to continue DAPT beyond 1 y
after stent placement or receive a placebo for 30 mo, raised some
concerns (24, 25).
Misreporting results and figures. The presentation of results can
affect their interpretation. For example, choosing to report the
results as either relative risk reduction or absolute risk reduction
can substantially impact readers’ interpretation and understanding,
particularly when the baseline risk is low. Similarly, reporting odds
ratios (ORs) instead of risk ratios (RRs) when the baseline risk is
high can easily be misinterpreted (26).
The graphical display of data is a very powerful tool for dis-

seminating and communicating the results of a study. Re-
searchers are continually working on the best way to represent
their data and be informative to the reader by using increasingly
innovative methods. Some figures, such as the CONSORT flow
diagram, were so informative that they are now required by most
journals. However, figures can be misleading. For example, a
break in the y axis, failure to represent the statistical uncertainty
with the confidence interval (CI), scaling the figure on the re-
sults, and extending survival curves to the right without repre-
senting the statistical uncertainty can create the false impression
that a treatment is beneficial. A study of 288 articles in the field
of neuroscience, displaying a total of 1,451 figures, showed that
important information was missing from 3D graphs; particularly,
uncertainty of reported effects was reported in only 20% of 3D
graphics, a practice bound to mislead the reader (27).
In the field of basic science, use of image-processing programs,

routinely used to improve the quality of images, can actually
shape the impression that results will make on readers. An as-
sessment of the images of 20,642 published articles in 40 journals
over the course of 20 y found that 3.8% of published articles
contained questionable images, and that the number was in-
creasing (28). Some modifications are obvious, such as the de-
letion or addition of a band from or to the visualization of a blot,
whereas others are subtler, such as adjusting the brightness and
contrast of a single band in a blot, cleaning up unwanted back-
ground of an image in a blot, splicing lanes together without
clearly indicating the splicing, enhancing a specific feature on a
micrograph by image processing, or adjusting the brightness of
only a specific part of an image (29). Drawing the line between
appropriate image manipulation and detrimental practice is
difficult. Editors have developed specific guidelines to encourage
transparency and avoid distortion in the manipulation of images.
They have estimated that about 20% of the accepted papers
contained at least one figure that did not comply with accepted
practices (29, 30). In addition, the publishing of images presumes
a choice of the images that will be presented in the articles from
among all images available. Obviously, this choice can be influ-
enced by the message the researcher wants to convey.

Misinterpretation.Misinterpretation refers to an interpretation of
the results that is not consistent with the actual results of the
study. In the Discussion section of a paper, authors may take a
strong position that relies more on their opinion than on the
study results. Interpretation of results is misleading when re-
searchers focus on a within-group comparison; when they ignore
regression to the mean and confounding; when they inappro-
priately posit causality (31); when they draw an inappropriate
inference from a composite outcome (32); or report P values as a
measure of an effect whereas, in reality, it is only a measure of
how likely it is that a result occurs by chance. A systematic
methodologic review of 51 RCTs assessing complex interventions

with statistically significant small effects showed that authors
exercised no caution in their interpretation of results in about
half of the reports (33). For example, in one study with RR =
0.95 (95% CI 0.93–0.97), the authors concluded that “Complex
interventions can help elderly people to live safely and in-
dependently, and could be tailored to meet individuals’ needs
and preferences” (34).
Inadequate interpretation of the P value as a measure of the

strength of a relationship occurs also in the field of genetics. For
example, the effect of a single gene is usually very small, with
RRs ranging from 1.1 to 1.4 (35), but a focus on the P value (low
if the sample size is high) could be misinterpreted as showing a
strong relationship. Furthermore, for diagnostic, prognostic, or
screening markers in epidemiologic studies, the limited magni-
tude of the OR considered meaningful (i.e., about or >70) is
rarely discussed (36). Nonstatistically significant results could
also be misinterpreted as demonstrating equivalence or safety
despite lack of power.
HARKing, or hypothesizing after results are known (37), or

JARKing, justifying after results are known (38), are also in-
appropriate practices. For example, in the DAPT study, the
authors proposed a post hoc explanation for the increased rate of
death in the experimental group based on a post hoc analysis to
mitigate the role of prolonged treatment on this increased risk of
mortality (25). Finally, authors can be tempted to extrapolate
their results beyond the data to a larger population, setting, or
intervention, and even provide recommendations for clinical
practice (39). One extrapolation is the projection of results from
an animal experiment to an application in humans.

Other Types of Spin. Rhetoric, defined as language designed to
have a persuasive or impressive effect, can be used by authors to
interest and convince the readers (5). Any author can exaggerate
the importance of the topic, unfairly dismiss previous work on it,
or use persuasive words to convince the reader of a specific point
of view (40, 41). Based on our and others’ experience (40, 41), a
typical article might declare that a certain disease is a “critical
public health priority” and that previous work on the topic
showed “inconsistent results” or had “methodologic flaws.” In
such cases, the discussion will inevitably claim that “this is the
first study showing” that the new research provides “strong”
evidence or “a clear answer”; the list of adjectives and amplifiers
is large. Some of these strategies are actually taught to early
career researchers. A retrospective analysis of positive and
negative words in abstracts indexed in PubMed from 1974 to
2014 showed an increase of 880% in positive words used over the
four decades (from 2% in 1974–1980 to 17.5% in 2014) (42).
There is also a website that features a collection of the rhetoric
used for nonstatistically significant results (https://mchankins.
wordpress.com/2013/04/21/still-not-significant-2).
Even the references cited in a manuscript can be selected

according to their results to convey a desired message. For ex-
ample, an analysis of the patterns of knowledge generation sur-
rounding the controversy between proponents and opponents of
a population-wide reduction in salt consumption showed that
reports were more likely to cite studies that had conclusions
similar to rather than different from those of the author doing
the citing (43).

Prevalence of Some Forms of Spin in Published Reports
Evidence of discrepancies between the study results and the
conclusions of published reports in specific fields has been
reported in case studies and in systematic assessments of cohorts
(31, 44, 45). A comparison of published findings and Food and
Drug Administration reviews of the underlying data revealed
publication bias (i.e., studies with nonstatistically significant re-
sults omitted from published piece) as well as spin in the con-
clusion (i.e., the conclusion was biased in favor of a beneficial
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effect of the experimental treatment despite nonstatistically sig-
nificant results) (46). A Delphi consensus survey of expert opinion
identified some types of spin (overinterpretation of significant
findings in small trials, elective reporting based on P values, and
selective reporting of outcomes in the abstract) found among the
questionable research practices most likely to occur (47).
Biomedical spin was first systematically investigated with a

representative sample of two-arm parallel-group RCTs with
nonstatistically significant primary outcomes indexed in PubMed
in 2006 (4). In this study, spin was defined as “specific reporting
strategies, whatever their motive, to highlight that the experi-
mental treatment is beneficial, despite a statistically nonsignifi-
cant difference for the primary outcome, or to distract the reader
from statistically nonsignificant results” (4). The study showed a
high prevalence of spin particularly in the abstract’s conclusions,
which for more than half of the reports contained examples of
spin. Other methodological systematic reviews focusing on two-
arm parallel-group RCTs with nonstatistically significant primary
outcomes in specific medical fields found consistent results (48–
54). Spin has also been assessed in different study designs. One
study in the field of HIV assessed the interpretation of non-
inferiority trial results and showed spin in two-thirds of the studies
with inconclusive results (55). In diagnosis-accuracy studies, spin
was identified in one-third of the articles published in high-impact
factor journals (8), and in the field of molecular diagnostic tests,
more than half of the reports overinterpreted the clinical ap-
plicability of the findings (39). In observational studies evaluat-
ing an intervention, spin was identified in the abstract’s
conclusions in more than 80% of reports, the most frequent type
of spin being the use of causal language (10). To our knowledge,
no systematic assessment of spin in systematic reviews and meta-
analyses has been reported. However, a classification of spin was
developed that particularly allowed for the identification of the
most severe types of spin in such reports (9).
These methodological systematic reviews evaluated only a

specific body of literature in the field of life sciences and, more
specifically, biomedicine. To our knowledge, there are no data
on the prevalence of researchers using spin, but we suspect that it
is a quite common practice among researchers (56).

Impact of Spin
One important question is whether spin matters and can actually
impact readers’ interpretations of study results. Spin can affect
researchers, physicians, and even journalists who are dissemi-
nating the results, but also the general public, who might be more
vulnerable because they are less likely to disentangle the truth.
Patients who are desperately seeking a new treatment could
change their behavior after reading distorted reporting and in-
terpretations of research findings.
An RCT evaluated the impact of spin found in abstracts of

reports of cancer RCTs on researchers’ interpretation (57). A
sample was selected of 30 reports of RCTs with a nonstatistically
significant primary outcome that also had some kind of spin in
the abstract’s conclusions. All abstracts were rewritten to be
reported without spin. Overall, 300 corresponding authors and
investigators of RCTs were randomized to read either an ab-
stract with spin or one without spin and assess whether the ex-
perimental treatment would be beneficial to patients on a scale
of 0 (very unlikely) to 10 (very likely). After reading the abstract
with spin, readers were more likely to believe the treatment
would be beneficial to patients [mean difference 0.71 95% (95%
CI 0.07–1.35), P = 0.030]. The presence of spin in abstracts may
also affect the content of stories disseminated in news items. A
study assessing the diffusion of spin from published articles to
press releases and the news showed that spin in press releases
and the mass media was related to the presence of spin in the
abstracts of peer-reviewed reports of RCTs (58). Furthermore,
interpretation of RCTs based solely on press releases or media

coverage could distort the interpretation of research findings in a
way that favors the experimental treatment (58). This study
highlighted the significant role of researchers, editors, and peer-
reviewers in the dissemination of distorted research findings
(58). This distorted dissemination can have serious consequences.
A study comparing the number of citations of articles published in
the New England Journal of Medicine showed that the articles that
garnered media attention received 73% more citations than did
control articles (59). This issue is all the more significant because
media coverage can affect future research as well as clinical
practice. For example, a study entitled “Lithium delays pro-
gression of amyotrophic lateral sclerosis” (ALS), involving mice
and tested in a small sample of patients, concluded that “these
results offer a promising perspective for the treatment of human
patients affected by ALS” (60). This was rapidly followed by an
uptick in the use of this treatment by patients with ALS. Two
controversial articles on statins followed by great debate in the
media (61, 62) were associated with an 11% and 12% increase in
the likelihood of existing users stopping their treatment for pri-
mary and secondary prevention, respectively (63). Such effects
could result in more than 2,000 extra cardiovascular events
across the United Kingdom over a 10-y period.

Why Researchers Add Spin to Their Reports
Competitive Environment and Importance of Positive Findings. Sci-
entists are under pressure to publish, particularly in high-impact
factor journals. Publication metrics, such as the number of
publications, number of citations, journal impact factor, and
h-index are used to measure academic productivity and scien-
tists’ influence (64).
However, we have some evidence that editors, peer-reviewers,

and researchers are more interested in statistically significant
effects. An RCT comparing the assessment of two versions of a
well-designed RCT that differed only by the findings (positive vs.
negative primary endpoint) showed that peer-reviewers were
more likely to recommend the positive version of the manu-
script’s findings for publication. They were also more likely to
detect errors in and award a low score to the methods of the
negative version of the same manuscript, even though the Methods
sections in both versions were identical (65). In the field of basic
science, negative studies can be considered failures and useless.
This highly competitive “publish or perish” environment may

favor detrimental research practices (66); thus, spinning the study
results and a “spun” interpretation could be an easy way to confer
a more positive result and increase the interest of reviewers and
editors. A study of more than 4,600 articles published in all dis-
ciplines between 1990 and 2007 showed an increase in statistically
significant results by more than 22%, with 86% of articles
reporting a statistically significant result (67).

Lack of Guidelines to Interpret Results and Avoid Spin. To improve
transparency, authors are encouraged to report their studies
according to reporting guidelines, such as the ARRIVE (68) or
CONSORT 2010 (69) guidelines. There is some evidence that
editors’ endorsement and implementation of these guidelines
improves the completeness of reporting. However, no guidelines
on avoiding spin in published reports are either available for
public consumption or requested by editors. Furthermore, in
some quarters, adding spin may actually be considered usual
practice to “interest” the reader, and researchers may even be
trained to add spin, particularly in their grant proposals. The
Introduction and Discussion sections of papers are often used to
tell a story. Some researchers argue that the use of linguistic spin
and rhetoric is “an essential element of science communication”
and that “scientific papers stripped of spin will be science with-
out its buzz” (70).
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How Can We Reduce the Use of Spin?
Change the Perception of Spin from “Commonly Accepted Practice” to
“Seriously Detrimental Research Practice.” Editors, funders, institu-
tions, and researchers take very seriously such research misconduct
as data falsification or fabrication and plagiarism. They are de-
veloping specific guidelines and procedures to avoid these forms of
misconduct, although such malpractice is probably very rare. In
contrast, misrepresentation or distortion of research in published
reports is underrecognized, despite its possible impact on research,
clinical practice, and public health. Worse, these forms of mal-
practice may be considered acceptable by the scientific community.
A survey of researchers in psychology showed that more than 50%
admitted not reporting all measures and deciding to stop collecting
data after seeing the results. Overall, they did not regard these
practices as malpractice (71). Researchers should be specifically
trained to detect and avoid spin in published reports.

Require and Enforce Protocol Registration. To detect spin, essential
information in the protocol and statistical analysis plan, such as the
prespecified primary outcome and prespecified analysis, must be
accessible. Registration of the protocol before the conduct of the
experiment has been an important step forward in clinical research.
Access to the statistical analysis plan and raw data could also fa-
cilitate the detection and elimination of spin. However, there is a
general feeling among researchers, particularly in the field of basic
science, that prespecifying all methods and analysis in a protocol
and focusing the results interpretation and conclusion only on the
prespecified analyses would reduce creativity (72). Although we
must be open to new, unexpected results, we must be aware of the
risk of apophia (the tendency to see patterns in random data),
confirmation bias (the tendency to focus on evidence in line with
expectations), and hindsight bias (the tendency to see an event as
being predictable only after it has occurred) (73).

Reporting Guidelines and New Processes of Reporting. The devel-
opment of reporting guidelines was a very important step toward
achieving complete, accurate, and transparent reporting. These
guidelines are endorsed by editors who require adherence to the
guidelines in their instructions to authors. These guidelines in-
dicate the minimum set of information that should be systemati-
cally reported by authors for specific studies. However, they do not
provide recommendations on how results should be interpreted,
how the conclusions should be reported, and how to avoid spin.
Nevertheless, summarizing the results of a study into a succinct
sentence in the conclusion is challenging and—inevitably—will not
capture every nuance of the methodology, data, or clinical rele-
vance of a study (74). We probably need to expand these guide-
lines to improve the presentation and interpretation of results.
Some editors have proposed initiatives that could reduce spin. For
example, the Annals of Internal Medicine requires the reporting of
a limitation in the abstract (75, 76). In 2016, the American Sta-
tistical Association released a statement on statistical significance
and the P value with six principles underlying the proper use and
interpretation of this statistical tool (77).
We should also question the current process in which the in-

terpretation of study results is reported by the researchers who
performed the experiment. Results may be more accurate with
the interpretation and conclusions reported by dispassionate
researchers who would offer inferences based only on the
Methods and Results sections. One approach would be based on
collective intelligence, with results interpreted by several re-
searchers—content experts, methodologists, statisticians—who

would confer with each other to provide the most consensual
interpretation of the study results.

Editors, Peer-Review, and Postpublication Monitoring/Feedback. In
theory, peer-reviewers and editors should determine whether the
conclusions match the results. However, a systematic assessment
of peer-reviewers’ reports showed that even when they identify
some spin in reports, only two-thirds of the spin is completely
deleted by the authors. Furthermore, some peer-reviewers are
actually requesting the addition of spin, and one study found that
they failed to even identify spin in the abstract’s conclusion in 76%
of the reports (78). We need to provide specific training and tools
to peer-reviewers and editors to facilitate the detection of spin. A
user’s guide to detect misleading claims in clinical research reports
(79) and tips for interpreting claims (6) are available, but should
be more widely used. Additionally, editors should be held clearly
accountable for the content of a published manuscript. Regular
monitoring of the content of research publications, which has been
successfully implemented for the detection of selective reporting
of outcomes, could be an effective method to change the practices
of researchers and editors alike (80).

Changing the Reward System and Developing Collaborative Research.
The current reward system for scientists, based mainly on the
number of publications and the journal impact factor, could be
aiding and abetting the misleading behavior (81). Some re-
searchers engaged in various aspects of biomedical science have
been working on the future of the research enterprise, tackling
its systemic flaws (82–84). They are particularly questioning the
expectation that this enterprise should continue expanding (83,
84). These researchers argue that the highly competitive envi-
ronment compresses the time dedicated to thinking and the
willingness to engage in high-risk projects (82–84). A 2-d work-
shop bringing together 30 senior researchers engaged in various
aspects of biomedical science proposed specific remedies to
improve the system and create a “sustainable” system in the
future (84). Others proposed replacing the current system with a
new system that would reward research that is productive, high-
quality, reproducible, shareable, and translatable (85). The use
of a badge to acknowledge open practices has been effective in
changing researchers’ behavior (86).
The use of new forms of research based on collective in-

telligence via the massive open laboratory could also be a way to
reduce the risk of spin. Such research imposes rigorous adher-
ence to scientific methods, with a clear statement of hypothesis
systematically preceding experiments; hence, cherry-picking
would be caught easily because the data and hypothesis are
open to all and fully searchable (87).

Conclusions
Spin in published reports is a significant detrimental research
practice (4, 57). However, the general scientific audience may
not be fully aware of this. For example, spin is frequently not
detected, even by readers with a high level of expertise and
awareness, such as peer-reviewers (78). We need to raise
awareness among the general scientific audience about the is-
sues related to the presence of spin in published reports. Our
proposals on ways to move forward should be food-for thought
for researchers, editors, and funders.
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