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Leaders of the scientific community, nudged by the media ... are acknowledging that a culture of 

science focused on rewarding eye-catching and positive findings may have resulted in major 

bodies of knowledge that cannot be reproduced, argued Daniel Sarewitz, co-director of the 

Consortium for Science, Policy and Outcomes at Arizona State University in a 

2015 Nature editorial. 

Transparency is the new bandwagon—a stunning about face from well-established practices of 

flag waving for unconfirmed study finding and unverified supplements, treatments and drugs. 

Many scientists are analyzing and elucidating the problem and any scientist worth their salt is 

speaking out to decry a culture that has embraced temptation, pressure, unbridled ambition, 

bullying, and unwritten rules that tacitly approve taking shortcuts and shaping data sets--

practices that nourish a transposed ethic, do as I do, not as I say, and sanction those who do 

follow the traditional good-science guidelines for design, conduct, and reporting of results. 

But bandwagons and rallying cries of any kind can be effective strategies for diverting attention 

from the real business of soberly, systematically, rewriting unwritten rules that de facto govern 

expectations, rewards and sanctions, whatever the explicit norms. So the real issue is not whether 

there is a problem. Those who did not go along to get along did not get to the table; of course 

there was a problem. The real issue is how to reset the unwritten rules that influence adherence to 

the true scientific method. 

How Did We Get Here? 
Once upon a time biomedical science was a quiet profession. Of course well-educated science 

teachers encouraged students to investigate, experiment, enter the science fair and aim for 

prizes—and acceptance at medical school was a badge of pride and honor for any family. 

However by and large the general public’s connection with medical research was the family 

doctor’s prescriptions or recommended specialist treatment; those who developed the 

prescriptions and treatments operated largely out of sight. 

All that changed as influential forces realized they could whip illness into an obsession and then 

sell their medicines as antidotes. Get well by pill took off and quick-fix nutrition followed right 

behind. The ad strategies for supplements, drugs and junk food were indistinguishable. Even the 



voice-under warnings spelling out the side effects and risks of the remedy didn’t put a dent in the 

general public’s ebullient love affair with supplements and prescription drugs. Doctors and 

hospitals were invited to the parade. The language of clinical trials entered the vernacular. Drugs 

for cancer and other catastrophic illnesses made headlines, stars were born overnight and the 

exorbitant prices were evidence of American exceptionalism. Illness was simplified and 

everyone, it seemed, could make out like, as the saying goes, a bandit. 

Culturally, then, medicine had became a highly competitive consumer product industry with 

grants, reputations, and fortunes on the line. So, while the written rules of research were 

unchanged, the corpus of unwritten rules grew a new skin. Role Set theory tells us that 80% of 

actions are influenced by five to eight people who set the expectations, rewards and sanctions for 

our role. In the case of work, those include our managers, managers of our managers, colleagues, 

and customers. What was a scientist to do but rationalize or look the other way when role set 

expectations and rewards included cut corners, cherry pick data and tighten up development 

times? 

The can of worms opened in 2013. The Laura and John Arnold Foundation funded Brian Nosek 

and Jeffrey Spies, outspoken advocates of reproducibility, to expand and publicize the Open 

Science Framework, and soon after more than two dozen scientific journals set out submission 

guidelines that included transparency including sacrosanct full-disclosure data sets. Long-time 

malcontents started peeping over the horizon judging the lay of the land and tossing a tidbit of 

revelation about shortcuts and data skewing here and there. Many wrote papers describing the 

problem and over time the shaky foundation on which thousands had built follow-on funding 

revealed a very tall, very flimsy building that could not withstand any more inspection. 

Things came to a head when in 2014 Francis Collins, the NIH Director, gave it a push and the 

walls came tumbling down. Psychology experiments couldn't be replicated; cancer experiments 

couldn't be replicated. Figures flew. Ninety percent of studies can't be replicated/don't support 

the conclusions upon which scaffolds of further studies were built. Then the defenses: how can 

we replicate unless the conditions are identical? Then worse news: in one study, more than 50% 

of scientists admitted they couldn't replicate their own findings, but published anyway. 

 
 

The NIH: Writing the New Rules ... Period 

Role set theory says that, in any role, five to eight people 

influence your behavior. Prof. Dr. Hanno Würbel, Director 

of the University of Bern's Division of Animal Welfare, 

agrees. “Role models, not guidelines, nourish and sustain the 

lack of transparency that has created a crisis of confidence in 

research. As a young scientist, you do not plan to fish for 

data that confirms a premise and then publish irreproducible 

study results upon which others build new experiments. You 

go into a laboratory and watch what more senior people do; 

listen to the language; observe practices, learn about the 

importance to your colleagues and the institution—and 

career—of multiple high-profile publications. Young 

scientists do not set out to harm science; they just learn the 

unwritten rules.”  

 
Prof. Dr. Hanno Würbel 
 



Recognizing explicitly or intuitively the influence of role set, starting in 2014, the NIH set 

expectations for all those in any position to influence grant review, study design, process review, 

reporting, and publication. 

 

"Much of the early concern about lack of reproducibility in biomedical 

science centered on preclinical animal studies. It turns out, many 

investigators were not reporting some basic information such as sample 

size estimations, how animals were randomized to groups, whether 

studies were blinded, or even the sex of the animals,” Dr. Patricia 

Valdez, NIH Extramural Research Integrity Officer told me. “Splashy 

results received lots of attention, while little thought was given to the 

methods behind those results. The situation was made worse by a lack of 

training in experimental design and reporting, lack of transparency in 

publishing results, and the rush to publish caused by the current hyper-

competitive environment.”      

     Dr. Patricia Valdez 

“In 2014, Dr. Francis Collins, the NIH Director, announced that NIH 

was going to take action,” Dr. Valdez continued; “applicants would have to provide sufficient 

details so that reviewers could assess the rigor of the application. Furthermore, the NIH would 

create training resources to enhance reproducibility with a focus on good experimental design. 

Dr. Collins also noted that NIH cannot do this alone—a culture shift in the scientific community 

requires changes to publication practices and incentives as well.” 

So, the NIH has new requirements for grant applications, progress reporting, and training. The 

first page of Policy and Compliance for grant hopefuls is Rigor and Reproducibility, and this 

isn't just about goals. To illustrate the requirement for behavior change and part that language 

plays in letting people know that there are no uncertain terms, with the kind permission of the 

NIH, I'll reproduce their specific language. 

Notice the expectation that any research cited as support for the hypothesis must be shown to be 

rigorous. Notice that the NIH has provided for visual as well as verbal learners by presenting an 

easily-readable explicit image of the new grant guidelines (Figure 1). 



 
Figure 1: Infographic courtesy of Ms. Nichole Swan, Dr. Shana Spindler, and Dr. Yvette Pittman of the 

Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD). 

 
Here is important NIH language that aims to align norms and unwritten rules in favor of rigor 

and transparency. 

Training: Prevention—and No Uncertain Terms—are the Better Part of Cure 
Institutional training grant applications will be required to include within the training program 

plan a summary of the instruction planned for all pre-doctoral and postdoctoral trainees to ensure 

the knowledge and skills required to design and conduct rigorous, well-controlled experiments 

that consider all relevant biological variables, use authenticated biological and chemical 

resources, and apply appropriate statistical tests for data analyses. In addition, a separate 

attachment will be required to describe in more detail the instructional content and curricular 

content. 

Institutional career development applications (K12/KL2) will be required to include within the 

career development program plan a summary of the instruction planned for all scholars to ensure 

the knowledge and skills required to design and conduct rigorous, well-controlled experiments 

that consider all relevant biological variables, use authenticated biological and chemical 

resources, and apply appropriate statistical tests for data analyses. In addition, a separate 

attachment will be required to describe in more detail the instructional content and curricular 

content. 

Individual fellowship applications will be required to summarize in the research strategy section 

plans to ensure rigorous, well-controlled experiments that consider all relevant biological 

variables, use authenticated biological and chemical resources, and apply appropriate statistical 

tests for data analyses. In addition more detailed description of instruction in rigorous 

https://abm-website-assets.s3.amazonaws.com/alnmag.com/s3fs-public/embedded_image/2017/04/Figure 1 web_0.jpg


experimental design to ensure reproducibility will be required in the section on Institutional 

Environment and Commitment to Training. 

Advanced Notice of Coming Requirements for Formal Instruction in Rigorous 

Experimental Design and Transparency to Enhance Reproducibility: NIH and AHRQ 

Institutional Training Grants, Institutional Career Development Awards, and Individual 

Fellowships 

A Clearinghouse for Training Modules to Enhance Data Reproducibility 
To ensure there is no mistaking the requirements and no misunderstanding, following from this 

page NIH include four developed examples in detail along with readings, blog posts, and 

references. Here is one of the examples. 

Example #3 
Aim 2: Intensity signal data will be transformed into log values and then modeled by 

longitudinal methods (reference cited). Specifically, the composite difference in mean intensity 

signals over time between the bi-specific T cells vs. control groups is assumed to be 2.8 logs 

with a composite standard deviation of 2.2 logs. Furthermore, we will assume at least five 

repeated measurements per mouse after T cell infusion and a within-mouse intra-correlation 

coefficient equal to 0.50. Thus, a sample size of 10 mice per group will provide at least 80% 

power to detect the above difference between treated versus control group with a 5% significance 

level. Log-rank test will be used to compare the survival distribution between groups. 

VAS: Animal numbers are based on the requirement to perform each experiment (power and 

sample size calculations are described in the Research Strategy), which includes an independent 

experimental repeat. 

Querying the NIH site for pages on expectations concerning transparency, rigor and preparation 

of grant applications, you will also find Principles and Guidelines for Reporting Preclinical 

Research which includes these six requirements—one of which I've expanded though you can 

see all of them at the page. 

Rigorous Statistical Analysis 

Transparency in Reporting 
Journals should have no limit or generous limits on the length of methods sections (including 

online options), while at the same time encouraging efficient and clear presentation to ensure a 

thorough examination by reviewers. 

Journals should use a checklist during editorial processing to ensure the reporting of key 

methodological and analytical information to reviewers and readers. (A proposed set of key 

information is listed below). 

Core set of standards for rigorous reporting of study design (Adapted from Landis et al.) 
Include these reporting standards in Information for Authors or other public place. Require 

authors to fill out a checklist, ideally upon submission, to state where the required information is 

located in the manuscript. 

Standards 
Encourage the use of community-based standards (such as nomenclature standards and reporting 

standards like ARRIVE), where applicable. 



Replicates 
Require that investigators report how often each experiment was performed and whether the 

results were substantiated by repetition under a range of conditions. Sufficient information about 

sample collection must be provided to distinguish between independent biological data points 

and technical replicates. 

Statistics 
Require that statistics be fully reported in the paper, including the statistical test used, exact 

value of N, definition of center, dispersion and precision measures (e.g., mean, median, SD, 

SEM, confidence intervals) 

Randomization 
Require authors to state whether the samples were randomized and specify method of 

randomization, at a minimum for all animal experiments. 

Blinding 
Require authors to state whether experimenters were blind to group assignment and outcome 

assessment, at a minimum for all animal experiments. 

Sample Size Estimation 
Require authors to state whether an appropriate sample size was computed when the study was 

being designed and include the statistical method of computation. If no power analysis was used, 

include how the sample size was determined. 

Inclusion and Exclusion Criteria 
Require authors to clearly state the criteria that were used for exclusion of any data or subjects. 

Include any similar experimental results that were omitted from the reporting for any reason, 

especially if the results do not support the main findings of the study. Describe any outcomes or 

conditions that were measured or used and are not reported in the results section. 

Data and Material Sharing 

Consideration of Refutations and Endorsements 

Research Grants and Mentored Career Development Awards 
The updates to NIH research grant and career development award application instructions and 

review language focus on four key areas: 

1. The scientific premise for an application is the research that is used to form the basis for 

the proposed research question(s). NIH expects applicants to describe the general 

strengths and weaknesses of the prior research being cited by the applicant as crucial to 

support the application. It is expected that this consideration of general strengths and 

weaknesses could include attention to the rigor of the previous experimental designs, as 

well as the incorporation of relevant biological variables and authentication of key 

resources. 

 

2. Scientific rigor is the strict application of the scientific method to ensure robust and 

unbiased experimental design, methodology, analysis, interpretation, and reporting of 

results. This includes full transparency in reporting experimental details so that others 

may reproduce and extend the findings. 

 

3. Biological variables, such as sex, age, weight, and underlying health conditions, are often 

critical factors affecting health or disease. In particular, sex is a biological variable that is 



frequently ignored in animal study designs and analyses, leading to an incomplete 

understanding of potential sex-based differences in basic biological function, disease 

processes, and treatment response. 

 

4. NIH expects that sex as a biological variable will be factored into research designs, 

analyses, and reporting in vertebrate animal and human studies. Strong justification from 

the scientific literature, preliminary data, or other relevant considerations must be 

provided for applications proposing to study only one sex. 

 

Authentication of Key Biological and/or Chemical Resources 
Key biological and/or chemical resources include, but are not limited to, cell lines, specialty 

chemicals, antibodies, and other biologics. Key biological and/or chemical resources may or may 

not be generated with NIH funds and: 

 may differ from laboratory to laboratory or over time; 

 may have qualities and/or qualifications that could influence the research data; 

 are integral to the proposed research. 

The quality of resources used to conduct research is critical to the ability to reproduce the results. 

Each investigator will have to determine which resources used in their research fit these criteria 

and are therefore key to the proposed research. 

Reviews Still Need Clarification 
In candor, Dr. Valdez says, the first round of reviews under the new policy showed that 

reviewers needed further clarification of scientific premise and consideration of sex as a 

biological variable. In response, the NIH created additional resources, including FAQs, all 

currently available on the public website at grants.nih.gov/reproducibility/index.htm. 

“Updates to application instructions and review language to enhance reproducibility went in to 

effect just over a year ago,” Dr. Valdez continues. “In line with professional instructional 

practice, we’ve made these requirements available in print, in pictures, and in video. We also 

posted several training modules on the NIGMS Clearinghouse and plan to post more in the 

future. These can serve as training resources for institutions, though the NIH has not yet 

announced the formal requirement for training in rigor. 

“After a grant is awarded, investigators can’t simply forget about those rigorous plans they 

described in the application. The NIH Research Performance and Progress Report asks 

investigators to emphasize rigorous approaches taken in the past year and planned for the 

following year. If the Program Official is not satisfied with the level of rigor described in the 

progress report, they have the ability to control the purse strings until the investigators complies 

with requirements.” 

It looks like you can't find a safe NIH escape from rigor, reproducibility and transparency. Their 

explicit expectations and conditions for reward almost makes sanction unnecessary, as you won't 

get the grant, or keep it, if you don't hold to the new norms. 

 

Reason to be Optimistic? 
Today the wheels of science as marketing grind on but everyone knows they've slowed; that the 

tide has turned and the time has come to introduce new cultural norms; and to figure out how to 

enforce them. 

And that's where we are, with this article. Dozens of papers, some academic some popular 

journalism, rehearse the irreproducibility sorrows but you know those better than I do, and 



they're no longer news; what's uppermost now are views on root causes and solutions. So I have 

considered not the shoulds, oughts, and musts—neither the rationale nor the sadness—but rather 

what people are doing to change the cultural norms along with the unwritten rules that redefine 

expectations, rewards and sanctions. And that matters a lot. It matters not only because of the 

many research animals, patients, and hopes dashed selfishly; but equally importantly, because we 

risk a broad swing in public opinion so far from trust in science that they forget to celebrate the 

stunning achievements that have brought the potential for personalized medicine that much 

closer to reality. 

Despite the obvious need for patience, and understanding that time can be the enemy as well as 

the friend, Hanno Würbel is hopeful. “If all stakeholders would agree to reset the rules everyone 

would, in relief, adhere to the time-honored scientific method,” he told me. “Yes, today's 

incentives to produce high impact papers are likely to change very slowly. Nevertheless I believe 

that a right place to start is pre-registration. If scientists were required to pre-register study 

protocols as with clinical trials (even if initially hidden from reviewers), this would set strong 

incentives against detrimental practices such as p-hacking and selective reporting, and 

monitoring by an oversight body would ensure that the methods are consistent with the 

protocols. That, I believe, would be a big step forward.” 

SIDEBAR 

The Gaslight Effect 
In an essay published in the New York Times, Dr. Theodora Ross M.D., Ph.D. Professor of 

Internal Medicine and Cancer Biology at UT Southwestern Medical Center, spoke of a promising 

researcher's adulterated cell lines and the suspicion among colleagues and police that the young 

woman herself could be poisoning her results. Maybe, it was speculated, results were too slow in 

coming and she had to destroy the experiments in order to avoid disappointing herself or her 

superiors. Dr. Ross wondered whether she herself had two personalities and was doing the deed 

herself. 

  

“Before engaging the services of a detective and installing hidden cameras - which did reveal the 

true culprit - there were many suspects, including Heather herself," Dr Ross said,  "and many 

guesses. I suspected myself with a hidden second personality as much as I suspected anybody 

else—one starts to go batty in stressful situations—and I only removed myself from the list when 

I was out of town and an episode of tampering occurred. 

  

“Western blot lanes were switched, antibodies were mixed, and more. Because the details of the 

various tampering events were so complex, I finally did come around to think it could only be 

myself or Heather as the culprit; after all, nobody else could know so much about the work we 

were doing. This ‘explanation’ for why I finally did suspect us was removed from the piece due 

to space—and it was already reported in the prior Nature article. “I should add: When I saw the 

perpetrator on the camera I had the most interesting reaction: it took me twelve hours to convince 

myself the evidence was real. How interesting is that?” 

  

“As to culture,” Dr Ross says, “this is a never-ending issue of balance. How do we give scientists 

the freedom to breathe, to make mistakes and then to learn from them all while keeping the 

academic institutions fiscally stable? At this time, unless publications come out at a regular rate, 

grant funds dry up. One thing that many thoughtful people have discussed, to solve this, is the 

less-is-more idea: request that our scientists publish less, stay home in the lab and travel less, to 

mentor better by having fewer trainees to teach. That's where all the rules, written and unwritten, 

would have to change.” 

  



The gaslight effect is self-doubt concerning right and wrong, true or false, brought about by 

conflicting stressors. The term entered the psychology literature when such a perceptual 

distortion was successfully executed in the 1940s play and movie Gas Light. 

 
Helen Kelly is Contributing Editor for ALN Magazine. She is a seasoned freelance 
editor, writer and interviewer.  She is always delighted to hear from readers.  
HelenKellyLtd@aol.com 
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