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Abstract

The tutelage of our mentors as scientists included the analogy that writing a good
scientific paper was an exercise in storytelling that omitted unessential details that
did not move the story forward or that detracted from the overall message. However,
the advice to not get lost in the details had an important flaw. In science, it is the
many details of the data themselves and the methods used to generate and analyze
them that give conclusions their probative meaning. Facts may sometimes slow or
distract from the clarity, tidiness, intrigue, or flow of the narrative, but nevertheless
they are important for the assessment of what was done, the trustworthiness of the
science, and the meaning of the findings. Nevertheless, many critical elements and
facts about research studies may be omitted from the narrative and become hidden
from scholarly scrutiny. We describe a “baker’s dozen” shortfalls in which such ele-
ments that are pertinent to evaluating the validity of scientific studies are sometimes
hidden in reports of the work. Such shortfalls may be intentional or unintentional
or lie somewhere in between. Additionally, shortfalls may occur at the level of the
individual or an institution or of the entire system itself. We conclude by proposing
countermeasures to these shortfalls.

Keywords Epistemology - Philosophy of science - Rigor, reproducibility, and
transparency - Trustworthiness - Science communication

Etched in the stone edifice of the National Academy of Sciences’ Keck Center is a
quotation from Albert Einstein that reads, "The right to search for truth implies also
a duty; one must not conceal any part of what one has recognized to be true" (Fig. 1)
(“The Einstein Memorial” 2022). Einstein’s admonition regarding science contin-
ues to ring true despite shortcomings in his personal life. One might further add to
his admonition "...and one must do all one can to identify all of the truth." These
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Fig. 1 Quotation from Albert Einstein etched on the National Academy of Sciences Keck Center build-
ing

A

directives are embodied by scientists’ efforts to achieve rigor, reproducibility, and
transparency in science (Reproducibility & Replicability in Science, 2019). Science
thrives best in an environment that encourages curiosity and creativity while reward-
ing rigor and promoting peer and public trust in published research findings. Yet, it
is all too easy to fail to achieve full disclosure of critical data because some common
shortfalls exist in scientific practice (Allchin, 2012).

Some shortfalls in disclosure are deliberate actions by researchers that are
intended to convince rather than simply to inform (e.g., spinning the data to distract
the reader). Other shortfalls are unintentional (e.g., omissions due to cross-discipli-
nary ignorance), and still others fall into a gray area between these two extremes
(e.g., nondisclosure of proprietary elements in study). But the problem is more
complicated than simply a matter of individual intent. Science is a human endeavor
shaped by a specific social and scientific context and communicated within that
environment. Thus, it is not only individuals but also the actions of institutions and
systems—or all three—that may cause or enable the shortfalls to occur (Fig. 2).
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Fig.2 Scientists, with or without intention, engage in distraction and omission and hide elements of the
whole truth

The goal of this article is to contribute to an environment that encourages scientific
curiosity and creativity, and rewards scientific rigor and promotes peer and public trust
in published research. Information that would permit a relatively full evaluation of the
"truth" offered by any research paper is often compromised because key information is
intentionally or unintentionally concealed or omitted in scientific publications. Some
new and other previously reported examples in the literature of deliberate and uninten-
tional shortfalls that contribute to lapses in scientists’ duty to convey the whole truth
are described. They need correction to improve scientific rigor and communication of
the vital facts necessary to replicate scientific findings. The article concludes with some
steps to correct the shortfalls and a framework to raise awareness of these problems in
the future.
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Deliberate Shortfalls
“Spinning” the Data to Distract the Reader

“Spinning” involves the overstatement of efficacy and/or understatement of harm
(Yavchitz et al., 2016). Spinning is akin to a sleight-of-hand trick, drawing the
reader’s attention away from an aspect of a study or report that the authors wish
to downplay. It is prevalent in both the abstract and the main text. Boutron (2020)
cites the example of abstracts reporting some significant findings from a ran-
domized controlled trial but failing to include the nonsignificant results of the
study’s primary outcomes. The nonsignificant result is reported in the main body
of the text, but the abstract contains only a description of the often post-hoc, non-
primary, non-prespecified analysis of a secondary endpoint or subgroup. Spin
also includes not clearly describing study findings or drawing inaccurate conclu-
sions in the abstract.

Spinning often occurs in the mass media, even when the study results are
reported clearly and unambiguously. One recent example is of a Cochrane Review
on the use of masks and the spread of respiratory viruses, which became vic-
tim to partisan political disputes over COVID-19 control (Jefferson et al., 2011).
Multiple headlines such as the following appeared in media with a particu-
lar political leaning as proof that control of the epidemic had been mishandled:
“New Research Finds ‘Little to No’ Evidence Masks Effectively Lessened Covid
Spread” (Blaff, 2023). The reaction by the Cochrane Review editors was imme-
diate and laudable. The editor-in-chief took the unusual step of responding that
“Many commentators have claimed that a recently-updated Cochrane Review
shows that masks don’t work’, which is an inaccurate and misleading interpre-
tation” and taking responsibility for “misinterpretation” of findings because of
unclear wording in the abstract (Soares-Weiser, 2023).

Another example of an attempt at media spinning is a situation in which a drug
trial failed to achieve a statistically significant result but the findings were spun in
a report to the Food and Drug Administration. The chief executive officer of the
drug company claimed that statistically significant drug benefits had been shown
but failed to mention, as described by Mayo (2020), that those findings “referred
only to a subgroup he identified from ransacking the unblinded data.” The conse-
quence of spinning the data, be it by investigators or communicators, is that atten-
tion is focused on a secondary outcome rather than the primary outcome.

The primary solution to deceptive abstracts and articles is scientific integrity
on the part of the investigators. It is difficult to completely stamp out this prac-
tice if authors are committed to spinning their results, but a few methods may
help. Editors should reject spinning, particularly of headlines and abstracts, and
insist that investigators focus their reporting on the primary outcomes. Stand-
ardized reporting formats such as impact statements are growing in popularity,
but scientific journals could adopt procedures that also specify which elements
of a paper must be included in the abstract. Media and science correspondents
should devote the time and expertise needed to read and understand full papers
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before reporting on them, particularly those that have remarkable or questiona-
ble results. Finally, pre-registration may help. If the pre-registered outcomes are
required to be reported in abstracts or impact statements, even if a reader reads
only the abstract, the pre-registered findings will still be featured in the summary
of the research (Nosek et al., 2018).

Switching Outcomes

Outcome switching often involves intentionally omitting mention of prespecified
outcomes and reporting instead only the results with positive outcomes, even if
the reported outcome was not originally intended for inclusion in the publication
(indeed, the publication may not even mention the prespecified outcome). Retro-
spective reviews comparing reports to published study plans have revealed wide-
spread undisclosed outcome switching (Goldacre, 2016). A recent review of 67 clin-
ical trials published in the top five medical journals in 2021 (Cheng, 2022) showed
that an average of 5.3 outcomes were “silently added” to the reviewed studies and
that only 58.2% of the studies’ specified outcomes were reported. One recent high-
profile example is the controversial antibody drug for Alzheimer’s disease, Aduhelm
(aducanumab), which failed in one trial but gave some evidence of benefit in a dif-
ferent statistical analysis (Berg et al., 2022).

Important findings can result from secondary analysis of large datasets in which
the investigator examines many possible outcomes where a priori hypotheses are
proposed. In this case, it is important for researchers to report all the outcomes that
were examined, even if the focus has shifted over the course of the investigation,
so that readers can properly—and fully—contextualize the results. Also, Bonfer-
roni or other appropriate statistical tests to account for multiple comparisons should
be performed, and if they were not, that should be disclosed. The practice of “data
dredging” (Wasserstein & Lazar, 2016), where investigators search for any signifi-
cant result without a prespecified research question, can lead to misleading reports
because of the likelihood that statistically significant results can almost always be
found with large sample sizes and large numbers of comparisons (Ellis, 2010).

Another solution is for scientists who are reviewers and editors to require sub-
mission of a study’s original plans and take the time to compare original research
articles with their institutional review board approvals, clinical trial registrations
or published protocols, or grant applications. As is often required for clinical trials,
pre-registration—creating an a priori public record of a study’s plans for data collec-
tion and analysis—helps to prevent outcome switching (Brodeur et al., 2022).

Misuse of Statistical Tests and Failures to Fully Disclose Model Selection,
Sampling Procedures, and Adjustments for Multiple Comparisons

Any process that selects a subset of results for consideration, publication, commu-
nication, or inclusion potentially creates bias. The more “tortured” a model selec-
tion is, the more sample-dependent the results will be. The more sample-dependent
an article’s results are, the more likely that regression to the mean will prove any
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statistically significant findings to be statistical artifacts in replication studies, and
unlikely to be observed in the real world.

Model selection can be as innocent as plotting one’s data before beginning formal
analyses and then fitting the model to what one has seen in the results, a technique
that is sometimes explicitly recommended (Thorman, 2020; Weisberg, 2014). A
more insidious practice is “p-hacking”: running models that have no connection to
underlying theory until one finds a result one likes and publishing that result without
disclosing that the final model was selected over many contenders that did not sup-
port the researchers’ hypotheses.

If the selection process in any way involves selection based on more statistically
significant results, larger associations, larger estimates of effect, or any other aspect,
this can lead to bias. Many biases fall under this umbrella, including publication
bias, p-hacking, the bias resulting from the use of all-subsets regression or stepwise
regression methods, the bias resulting from prior visual graphic analysis of plots of
data to inform the model to be fit before fitting it, and others (Mayo, 2018). A related
phenomenon is HARKing (“hypothesizing after results are known”), in which inves-
tigators search for a significant outcome a posteriori and then present the outcome
as a priori in the research report (Kerr, 1998). Another common practice involves
carrying out an undisclosed number of multiple statistical significance tests with-
out adjusting the statistical significance levels to account for multiple comparisons.
The failure to do this without using or at least acknowledging that some methodolo-
gists would advocate using Bonferroni or other techniques is quite common in large
cohort studies (i.e., seemingly endless significance testing with the reporting of only
a few positive results). This concern extends to clinical trials with large numbers of
subpopulations in the sample. Regardless of whether the undisclosed model selec-
tion is small-scale or large-scale and regardless of whether it is intentional or inno-
cent, the result will be a biased effect or association estimation process (on average)
(Simmons et al., 2011).

All these misuses of statistical tests, undisclosed model selection, sampling pro-
cedures to favor intended results, and such other non-transparent practices are par-
ticularly problematic for confirmatory studies, while they may arguably be appropri-
ate for exploratory or hypothesis-generating studies if they are fully disclosed.

Plausible solutions to this issue include pre-analysis study plans, more informa-
tion about model selection in publications, and other actions mentioned earlier that
enhance transparency. A recent analysis suggested that filing pre-analysis study
plans (as opposed to mere pre-registration) is associated with reduced indicators of
p-hacking (Brodeur et al., 2022).

Overstating the Magnitude or Importance of the Results

The creation of false or misleading impressions is particularly easy when investi-
gators and readers are naive statistically. One example involves the reporting and
interpretation of effect size or magnitude of associations. Effect or association sizes
are often expressed in relative terms such as through odds ratios (Tajeu et al., 2012),
hazard ratios, risk ratios, and other relative measures. Even if they are technically
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correct, such measures may lead readers to have the impression of a large impact
when the absolute effect or difference may be trivial. Similarly, reliance on very
small p-values or narrow confidence intervals, or statements of statistical signifi-
cance despite minimal associations or effects, can obscure the true practical and
clinical relevance (Kline, 2013; McCloskey & Ziliak, 2010).

While individual investigators may incorrectly interpret such statistics, the news
media’s quest for novelty and sensationalism makes it particularly likely to depict
research results as dramatic. In the literature on obesity, which is frequently reported
on by the media, we report one such example (Tajeu et al., 2012). In 1999, the New
York Times (Verghese, 1999) and other major media outlets reported that Black and
female participants were “40 percent less likely” to be referred for cardiac testing
than White and male participants (Schwartz et al., 1999). In fact, as Schulman et al.
noted in the New England Journal of Medicine (Schulman et al., 1999), the odds
ratio of 0.60 was reported where the relative risk difference between White and
Black participants was only 7%.

The solution, as many methodologists and editors have suggested, is to supple-
ment p-value metrics with measures of effect size, relative effect size, and so on.
These are measures of the magnitude of an effect, whereas p-values are measures
of the probability of achieving or observing a test statistic of a given size or larger,
were the null hypothesis true. Thus, p-values characterize the strength of the evi-
dence, not the strength of an effect. In contrast, effect sizes do the latter. Effect size
measures include standardized mean differences, the percent of variance explained,
absolute risk differences, and especially useful, the common language effect size
indicator (Mastrich & Hernandez, 2021). When calculating these, it is amazing how
tiny those probabilities can be in their deviations from the null 50-50 probability
even when results have obtained statistical significance. Indeed, multiple CEOs and
other pharmaceutical company employees have faced criminal charges on the basis
of exaggerating the apparent efficacy of a drug from randomized controlled trials
(Lowe, 2023).

Retraction of Studies for Political or Other Nonscientific Reasons

Another issue concerns retractions. The reasons for and processes for handling
retraction requests for published articles should be based on science and appropriate
scientific conduct. In fact, most retractions in biomedical and life-science journals
are due to deliberate research misconduct, rather than unintentional errors (Fang
et al., 2012). Criminal behavior such as the Nazi experiments constitute crimes
against humanity that are clearly illegal, immoral, and unethical, and such results
do not belong in the scientific literature. Those cases are not considered further here
but readers are referred to other sources for details (Berger, 1990; Weindling, 2014).
Retraction may sometimes be warranted for published papers that have danger-
ous implications, especially when the work has been demonstrated to be produced
under circumstances or in a manner that casts serious doubt on the credibility of the
study’s methods or conclusions. One notable example of this is Wakefield et al.’s
(1998) claim of a now-discredited purported causal link between measles, mumps,
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and rubella (MMR) vaccines and autism, which was eventually retracted by the Lan-
cet (Lancet 2010). With respect to these errors, if the work is found to be seriously
flawed and invalid after publication, retraction is justified because readers should
have confidence that research published in scientific journals is worthy of consid-
eration. If a study is weak and has flaws that cast some, but not total, doubt on its
validity, it may still inform subsequent scholarship and may merit comment, but not
require a full retraction. Even imperfect methods sometimes arrive at an answer that
has value in contributing to the scientific discovery process.

But retractions sometimes are requested for nonscientific motivations, such as
for topics that have political ramifications. The political reasons we refer to are not
those involving gross misconduct or “capital crimes.” We are referring specifically
to retractions involving concerns by researchers, advocates, or institutions of being
“politically incorrect” or controversial on nonscientific matters. If an article’s con-
clusions are valid, a retraction motivated by ideological concerns or disagreement
about the implications of the conclusions may lead to bias in the scientific literature.
Even if some articles are invalid on some scientific grounds, but identified for retrac-
tion only when they offend a particular partisan motivation, this can cause smaller
mean square error in the literature, but greater bias. This type of political retrac-
tion often occurs in situations in which ideological, political, or economic interests
intersect with the science involved, especially in studies that relate to the sometimes
competing or conflicting economic or political interests of multiple sovereign enti-
ties. One such example is the case of so-called golden rice in China. A randomized
controlled trial conducted in China showed a positive nutritional benefit of bioen-
gineered (genetically modified) rice (Tang et al., 2012a). After the study was pub-
lished, the Chinese government, Greenpeace, and other civil society groups objected
to the study because the genetically modified crops were fed to humans allegedly
without informed consent. Consents in fact were obtained from Chinese authori-
ties, but there was a question as to whether the approval obtained was from the cor-
rect Chinese regulatory body, of which there were several. The American univer-
sity sponsoring the study concluded in its investigation that “deviations from certain
approved protocols and standards occurred” (Dubock, 2014). The American Jour-
nal of Clinical Nutrition (AJCN), which had originally published the study, deter-
mined that the article no longer met the journal’s ethical standards and retracted it
(Tang et al., 2012b). The primary concern of Greenpeace was the broader impact
of the research—such as the potential economic ramifications of proprietary geneti-
cally modified crops on local Asian and African farmers (Charles, 2013)—rather
than the accuracy of the research, but the article was still withdrawn. More than
100 Nobel Laureates subsequently signed a letter decrying Greenpeace’s campaign
against golden rice (Laureates Letter, 2016; Nesathurai, 2021), but the study remains
retracted.

One solution is greater transparency and alacrity by editors in dealing with these
matters. In instances where a retraction is requested, journals have a responsibility to
be transparent about the origins of the request, the stated reasons for the request, the
process by which the request was evaluated, and the ultimate decision. The editors
of scientific journals should develop and publish guidelines and processes for how
retraction decisions will be handled, including potential reasons that papers would
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or would not be withdrawn from the scientific record, and then adhere to those
guidelines, even if they are unpopular with a particular constituency (Wilson, 2023).
One good example is the COPE retraction guidelines, which journals should strictly
implement (“Retraction guidelines” 2019).

Shortfalls in the Gray Area Between Intentional and Unintentional
Failure to Disclose that Not All Observations were Included

These failures include such practices as eliminating outliers, eliminating question-
able data points, or omitting data points with apparent measurement anomalies. By
altering a sample without full disclosure that they have done so, scientists inadvert-
ently fail to tell the whole truth. Today, such “polishing” of results is recognized as
inappropriate even though it is quite common (Bakker & Wicherts, 2014a, 2014b).
Even the scientific giants of the nineteenth century, before such standards were
widely agreed upon, succumbed to such practices. Pasteur’s notebooks revealed
that he had regularly altered data to support his preconceptions, leaving a discrep-
ancy between his private science and his published results (Altman, 1995; Russell,
1993). Gregor Mendel may have also engaged in undisclosed data manipulation in
his “Experiments on Plant Hybridization” (Pires & Branco, 2010). Ronald Fisher
concluded that “the data of most, if not all, of the experiments have been falsified so
as to agree closely with Mendel’s expectations.” Mendel may have done so “uncon-
sciously or have been deceived by some assistant who knew too well what was
expected” (Fisher, 1936). The solution to this error is to provide both the original
and the modified data in an appendix or supplementary material so that readers can
reconsider the removed data if they consider them important.

Nondisclosure of Proprietary Elements in Studies

Details of an intervention, of measurement tools, software code, or equipment may
be viewed by the authors as proprietary and may not be publicly accessible. The ben-
eficial effects of proprietary blends of bioactive ingredients such as those in many
dietary supplements are common in studies of rodents (N’ guessan et al., 2022) and
humans (Ormsbee et al., 2014). Because the blends are not fully described, replica-
bility, validity, and mechanisms are difficult to evaluate (Saldanha et al., 2023). In
discussing proprietary blends, we enter a domain fraught with values, customs, and
laws that differ across nations. When proprietary materials are used in experiments,
key portions of the publications can be suppressed. Indeed, in the extreme, results
themselves can be protected. In the worst-case scenario, such “stealth” research may
lead to fraud, as in the case of Theranos (Ioannidis, 2016). In the context of the pre-
sent discussion of open science, knowledge is not private but public, and we encour-
age the removal of barriers to sharing human knowledge. One solution is to disclose
the contents of proprietary blends to government authorities and adjust laws and
regulations to protect the owners in other ways.
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Hoarding of Data

Failure to share data also threatens reproducibility. Data sharing facilitates integrative
data analysis (Curran & Hussong, 2009), and the combining of diverse datasets yields
new insights that would be difficult to discover in a single study. Unfortunately, many
authors do not agree, and they are not forthcoming about data sharing. Even authors
who have pledged to provide data upon request refuse to share (ConscienHealth, 2023).
They do not reply to inquiries, impose unreasonably large fees for providing data,
blame restrictions imposed by a sponsor or funder, send raw data files without the nec-
essary codebooks, or rely on other excuses or strategies to avoid full disclosure.

Several solutions exist. First is to recognize that data sharing is foundational to the
ethics of open science. Scientific data are public information. However, it is costly, time
consuming and has been misused by some unscrupulous investigators as a cudgel to
attack those who disagree with them, and means must be found to overcome these hur-
dles. All science is supported to some extent by public funds, either directly or indi-
rectly, because all science is based on previous workers’ published projects, science
training received as the fruits of publicly supported education, and societal support
of scientific endeavors in many other forms. A second remedy is greater adoption of
open data, which is gradually becoming more common in large NIH-sponsored studies.
Open data allows subsequent independent analyses, which is useful on many fronts. A
directive from the White House Office of Science and Technology Policy indicates that
the US government will continue to address failure to provide requested data (Marcum
& Donohue, 2022). Scientific journals can help by prescribing open data policies and
upholding them as a precondition of publication.

Non-reporting of Null or Inconclusive Results

Publication bias is due to the false assumption that the published literature is represent-
ative of the results of all studies on a topic. Publication bias “occurs when the probabil-
ity of publishing a result of a study is influenced by the result obtained” (Brown et al.,
2017). Failure to consider the results of unpublished studies that have been completed
may lead to erroneous conclusions. Even studies that randomly “go missing” from the
record result in a loss of information (Brown et al., 2017; Wasserstein et al., 2019).
Solutions include wider application of methods to detect the existence of publication
bias, such as pre-registration of studies (Brodeur et al., 2022), and making the publica-
tion of null studies easier. Many journals will publish null findings, and preprint servers
such as bioRxiv allow authors to disseminate results regardless of their statistical sig-
nificance. Finally, scientists need to recognize that the publication of null results does
not diminish their professional stature.

Non-reporting of Failed or Unsuccessful Experiments
Errors of omission also involve neglecting to report study failures (Parkes, 2019).

Many who do experimental research know that sometimes, one cannot even carry
out the experiment that was originally planned. In a world of limited time and
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resources, many researchers understandably prioritize writing a paper on new, flashy
results or another grant proposal over a complete report on a failed study, especially
when understanding the root cause of an important failure would take additional
time, resources, or inquiry. For example, in a recent project, some of us commis-
sioned an expert transgenic mouse group to use an existing transgenic mouse line in
which the sex chromosomes were tagged with a green fluorescent protein transgene,
which would allow us to sort blastocysts or embryos by sex. Although the investi-
gators in the laboratory said they could do this for us and we paid them to do so,
the mice could not be bred in sufficient numbers to execute the originally planned
project. We did not publish the resulting failure, even though the report might have
helped other investigators. Publication ethos today supports publishing null results
but is largely silent on whether failed studies should be published, although they are
also important. Journal editors, justifiably seeking to publish studies with positive
results that will raise their journal’s profile, are often uninterested in taking up space
communicating to future investigators about failed experiments. One solution lies in
part in the development and use of preprint repositories such as bioRxiv that may
allow such data to become part of the scientific record. Scientists must keep in mind
that dissemination of both successful and unsuccessful studies is of value to science
and can contribute to future investigations. Also, it may be helpful to develop stand-
ards for what should be said and communicated about failed studies.

Unintentional Errors
Omissions Due to Cross-Disciplinary Ignorance

An error of cross-disciplinary ignorance or “error of interdisciplinarity” (Radlicz,
2018); is one that occurs when investigators are working on a project involv-
ing knowledge from two or more relatively disparate scientific disciplines. One or
all of the investigators may have such limited knowledge of one of the disciplines
involved that they are not even aware of their ignorance. Important details that affect
the study’s results fail to be noticed because one investigator (the right hand) does
not know what the other (the left hand) is doing. Consider, for example, laboratory
investigators using mouse models who work with statisticians. If the laboratory
investigators fail to tell the statisticians that the animals were group-housed, the data
analysis may fail to account for group or cage effects. The statisticians know too lit-
tle about animal husbandry and cage effects to ask whether the animals were group-
housed. Thus, the cage effects are unreported and missing from statistical analy-
ses, imperiling the veracity of the results (Chusyd et al., 2022). Investigators must
choose collaborators with complementary expertise covering all relevant aspects of
the study, and they must also foster close communication among them as they col-
laboratively plan and execute the research. Statisticians should be brought into such
projects before and not after key decisions are made to ensure that the design will
answer the questions and that the analyses are appropriate (Hand, 1994).

It is also all too common that researchers use measurements and methods that
they or their readers only superficially understand. Modern measurement methods
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are infinitely more complex than those in previous generations, putting more dis-
tance between the researcher and the data than ever before. Is including such infor-
mation in a report a scientific responsibility and a necessary step to achieve Ein-
stein’s ideal? Or, is it more than any investigator should reasonably be obligated to
report, particularly given space limitations in journals and time limitations for pres-
entations? The answer in part is whether the effects are large enough to skew or dis-
tort the results in significant ways. For example, consider collaborations of investi-
gators on studies of senescent cells, GPS coordinates, mitochondrial measurements,
or socioeconomic status. Members of the research team on studies of senescent cells
often lack a full understanding of how these variables are measured and fail to men-
tion important details affecting the results. For example, dual-energy X-ray absorp-
tiometry (DEXA) is common in medical research but very few investigators know,
or report, which algorithm the DEXA machine uses to produce body fat estimates or
which phantoms were used to calibrate the machine, although such details can affect
results (Prado & Heymsfield, 2014).

Errors due to cross-disciplinary ignorance of critical issues that affect the valid-
ity or interpretation of an interdisciplinary study also have implications for the peer
review process. A panel of double-blind reviewers who are all geneticists or statisti-
cians may not catch the animal cage-housing issue, but a panel consisting of both
geneticists and statisticians working independently as reviewers in double-blind situ-
ations may also miss the issue. Engaging reviewers with overlapping domains of
expertise and devising ways to locate errors of interdisciplinarity prior to dissemina-
tion will also help correct this problem.

Inappropriate Randomization

Randomization is a gold standard for establishing causal inference (Shadish et al.,
2002), but many non-statisticians do not appear to fully appreciate what it means
to properly randomize observations to treatment conditions (Vorland et al., 2021).
Investigators are often confused about what constitutes randomization, how to match
the type of randomization to the research context, and how to describe randomiza-
tion in research reports (Reinhart, 2015; Vorland et al., 2021). One common error
is failure to disclose cluster randomization. More rarely, the error is that individual
randomization is incorrectly described as cluster randomization, or non-randomiza-
tion is described as randomization. These missteps can invalidate study results. The
long-term solution is for scientists across disciplines to improve research training
vis-a-vis randomization. Over the short term, this error can be avoided by involving
statisticians or other randomization experts not only in data analysis but also early in
the design phase (Box, 1976; Brown et al., 2018).

Omission of Seemingly Inconsequential Details
This involves the unintentional or intentional omission of seemingly mundane

details that are salient and seriously adversely affect reproducibility. For example,
the sex or gender of a laboratory technician can affect the experimental outcome in
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mouse studies (Katsnelson, 2014), as does the amount of human handling (Batter-
ham et al. 2002; Tschop et al., 2004). Also, shaking rather than stirring a particular
mixture of particles suspended in a liquid may lead to different results (Reproduc-
ibility & Replicability in Science, 2019). A perspective on the neurobiology of food
intake reported that “pervasive and as yet unknown factor(s)” contributed to incon-
sistency in whether effects of insulin on food intake were reliably detected, even by
members of the investigator’s laboratory group with great expertise in the subject
(Woods & Begg, 2015).

Such details should be reported when they have large effects, but they are often
unknown, unexpected, not thought to be consequential, or in some cases impossible
to anticipate. For example, it may have seemed unnecessary and pedantic to report
whether a Planarian (worm) laboratory had a window; however, researchers found
that this detail was highly consequential: Planaria apparently need vitamin D, which
they can synthesize endogenously when exposed to sunlight (Lithgow et al., 2017).

One solution here is to identify and publicize the salient observations in repro-
ducibility-focused research. Methodologists, investigators, and the journals of pro-
fessional organizations should meticulously catalog and publicize factors that have
been shown to affect study results in different domains.

More Steps to take Going Forward

The shortcomings we identify and the countermeasures we propose involve struc-
tural changes impacting normative behavior of scientists and the institutions and
systems within which science takes place. Because such social and cultural change
related to complete disclosure in scientific reporting is a desirable and achievable
goal, diffusion theory suggests that individuals and institutions will be motivated to
adopt such innovations (Rogers, 2003). Furthermore, such change must be deliber-
ate and goal-directed and occur within bureaucracies (i.e., academic institutions and
publishing houses) (Waters & Waters, 2015). Finally, because of the complexity of
the shortfalls described herein, a myriad of interventions are needed to fully amelio-
rate incomplete scientific communication.

One step to take going forward that we wholeheartedly embrace involves the edu-
cation and training of future scientists on both ethics of scientific reporting and data
rigor. Such training could be integrated into formal degree requirements within aca-
demic units. Professional societies could also publish guidelines on such matters for
their members.

Identifying and Tracking Key Transparency Indicators in Publications:

Another initiative that can occur at the systems level includes practicing vigilance
across journals regarding scientific reporting. This paper is one attempt to confront
and deal with shortfalls in ensuring that scientific reports are valid and reproduc-
ible. Such attempts must involve further investigation of the most serious omissions
in publications and institutionalization of corrective actions by modifications in
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scientific norms of behavior. Systematic reviews of key shortfalls can and should
follow in the future. Future investigations should also systematize tracking of the
frequency of inappropriate omissions of relevant data and whether they are chang-
ing over time. These steps would help the scientific community assess which are the
most problematic omissions. Tracking would also reveal who might be able to cor-
rect them. One promising initiative is the open-source, automated system proposed
by Serghiou et al. (2021), which identifies five indicators of transparency: data shar-
ing, code sharing, conflicts of interest disclosures, funding disclosures, and protocol
registration.

Depending on the shortfall, it may be the individual investigator, academic insti-
tution, journal editorial board, funder, government, or a combination of these actors
who are best able to mitigate the problems discovered. The motivating and disposing
factors that facilitate obscuring critical facts in publications vary from the personal
to institutional to the entire publication system itself. Some are deliberate trans-
gressions involving biases or personal interests of individuals such as getting one’s
papers published, or satisfying political and economic interests. Other shortfalls by
individuals are unintentional, involving lack of awareness of the need for interdis-
ciplinarity or ignorance of best practices for study design and reporting. Still other
factors are institutional in nature, such as publication bias, or inherent in the current
system of scientific publishing, which relies for quality chiefly on voluntary nonpaid
reviewers and modestly paid editors who perform reviews as a minor part of their
“day jobs,” and much more richly rewarded publishing houses, for which publishing
is a business. All deserve attention.

Buttressing Scientific Norms Involving Transparency

Trust in science occurs in part because of the reliance on norms that guide appropri-
ate behavior (Jamieson et al., 2019), although it is largely due to the institutions.
Violations of scientific norms are inextricably intertwined with insufficient attention
to presentation of all the necessary data in scientific reports. Shortcuts in reporting
of the data make it easier to violate scientific norms and/or make it more difficult
to hold violators responsible. Highlighting some of the potential reasons for failure
to tell the whole truth and offering possible mitigating actions at various levels (as
summarized in Table 1) may help scientists understand the need to develop agreed
upon norms to guide behavior and reduce the occurrence of infractions in this area
more clearly.

There are some encouraging signals that investigators are improving their
research transparency. For example, the proportion of published randomized con-
trolled trials in PubMed that were registered increased from 0.2% in 2002 to 61.1%
in 2017 and the proportion of registered studies in ClinicalTrials.gov increased from
0% in 2002 to 72.6% in 2016 (Lamberink et al., 2022). The same study also found
that while 25.4% of ClinicalTrials.gov studies in 2002 changed an outcome, in 2016
outcome switching had decreased to 5.2% of studies. The results of other reviews
were less encouraging. Another review of studies in the New England Journal of
Medicine, The Lancet, the Journal of the American Medical Association, British
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Medical Journal, and Annals of Internal Medicine found that, of 67 trials published
in 2015, only 76% of primary outcomes and 55% of secondary outcomes studied
were properly reported (Goldacre et al., 2019a, 2019b). A 2019 study by Golda-
cre et al. revealed that many researchers are still mistaken about best practices for
reporting randomized controlled trial results (Goldacre et al., 2019a, 2019b). Vor-
land et al. (2024) found that between 2011 and 2022, approximately 36% of trials
with published protocols did not publish their main results. While interest in rigor,
reproducibility, and transparency seems to be on the rise in the scientific zeitgeist
today, there remains much room for improvement.

The field would also benefit from generating and applying standard indicators of
adherence to more complete reporting in publications on a regular basis. Scientific
journals and professional organizations could generate standardized ways of meas-
uring how frequently those critical reporting shortfalls occur. That would go far to
allowing the field to best monitor itself. There are precedents for such tracking of
key indicators, including the unemployment rate year after year, the University of
Chicago’s National Opinion Research Center and The Pew Charitable Trusts sur-
veys on key behaviors, and the National Health and Nutrition Examination Survey
of the National Center for Health Statistics of the Centers for Disease Control and
Prevention annual reports of body mass indices based on yearly collection of weight
and height data.

This article’s strength is that it addresses a serious problem that needs more atten-
tion from the scientific community. But it also has several limitations. It was nei-
ther a systematic review nor an exhaustive list of all the possible ways in which
critical information that should be easily accessible is sometimes hidden or over-
looked (Hand, 2020). Deliberate shortfalls were listed first because they are willful
and most egregious violations of the spirit of the scientific method, but any such
ranking is highly subjective. No estimate of the harms done by the shortfalls was
available or provided. The shortfalls could also not be ordered by their current or
prior prevalence. No doubt there are many actions that might reduce the occurrence
of the shortfalls other than those listed. Another shortcoming is that we focused on
quantitative studies. While some shortfalls may be applicable to qualitative work,
not all are. Furthermore, shortfalls specific to qualitative research are beyond the
scope of this paper and the expertise of its authors. Future work might include a
description of qualitative shortfalls. Additionally, investigations into reasons for
quantitative shortfalls might incorporate either or both quantitative and qualitative
approaches in their methods, including mixed methods approaches. Finally, some
preliminary attempts have already been made to address some of the shortfalls we
cover. Some of the solutions we describe are already in place or are becoming uni-
versally accepted; however, others have yet to become a part of mainstream scien-
tific discourse. Improvements in truthfulness and transparency in science can lead to
increased trustworthiness of that science, and surely that is a worthwhile endeavor.

We hope that our perspective piece will provoke positive thought about how we
can continuously enhance the rigor of science. In doing so, we aim to affirm the
ethos of science and its commitments to self-criticism, self-correction, and ever
greater refinement in the rigor of its methods. We have highlighted a few areas that
may be on the horizon. As Carl Sagan (2011) famously said in The Demon-Haunted

@ Springer



Hidden: A Baker’s Dozen Ways in Which Research Reporting... Page190f24 48

World: Science as a Candle in the Dark, let us light the candle brightly and strive to
leave nothing hidden in the shadows.
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