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Rigor & Reproducibility 
 
Introduction 
 
Rigor and reproducibility are concepts that are essential to research outcomes that can be trusted by 
scientists and members of the general public around the world. The definitions of these terms vary by 
subfield, but generally they refer to designing and carrying out research in unbiased ways and sharing 
the methods openly. According to the National Institutes of Health (NIH), rigor refers to “strict 
application of the scientific method” to make sure that experiments are not biased toward one 
outcome or another. Rigor needs to considered both in validity of the background literature that forms 
the basis for new studies, as well as in the design, methodology, analysis, interpretation, and 
reporting of new projects.  
 
Also according to NIH, reproducibility refers to whether or not an entire study can be duplicated with 
the same results. Similarly, replicability refers to whether or not a single experiment can be 
reproduced with the same results. These concepts apply to the same research team attempting to 
reproduce their own results, or different teams around the world attempting to reproduce the results 
reported by others. As a research community, we must agree to emphasize rigor and reproducibility 
both within and between research teams; if we don’t, then we cannot trust our own work or the work 
we read in journals or hear from others at conferences. Among the ways that we know we are 
emphasizing rigor and reproducibility is through transparency in reporting. We should always write 
and talk about the strategies we use to reduce bias, such as using valid controls and standards, 
randomly assigning subjects to treatment groups, “blinding” researchers to treatment groups if they 
are scoring or analyzing results, using several distinct methods to test the same hypothesis, recruiting 
other researchers or teams to reproduce our findings, and/or working together across institutions to 
collect data, analyze results, or interpret outcomes. It is our responsibility as researchers to take on 
these tasks. Several organizations provide guidelines to help researchers apply these concepts, such 
as the U.S.NIH (our focus in these assignments) and the National Centre for the Replacement 
Refinement & Reduction of Animals in Research in the United Kingdom. It’s good to get started with 
these concepts as early as possible in our research careers. 
 
Note that you can take action immediately to increase access and recognition for your research as 
you join the community of authors of peer-reviewed publications. The ORCID program provides an 
“Open Researcher and Contributor Identifier” (ORCID), which is a unique code assigned to individual 
researchers. Linking your ORCID with publications and other activities gets you recognized for your 
contributions, reduces risk that your work will be confused with someone else’s, and allows members 

https://grants.nih.gov/policy/reproducibility/index.htm
https://www.nc3rs.org.uk/arrive-guidelines
https://www.nc3rs.org.uk/arrive-guidelines
https://orcid.org/
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of the research community to find your work. Many NIH-funded programs require their participants to 
submit ORCIDs in order to register with XTrain, the NIH record of participants. Publications from 
grant-funded trainees must be submitted with an ORCID for each author.   
 
The PMCID initiative assigns unique identifiers to publications accepted into PubMed Central. Similar 
to an ORCID, this allows the publication to be recognized and distinguished from other work. This is 
required by the NIH for work that is supported by federal funds, peer-reviewed, and published in 
English after 2008. Some journals automatically deposit accepted articles into PubMed Center, but 
others do not. As a member of a team of authors, you can help investigate how to make sure your 
publication gets a PMCID, using helpful sites such as Edge for Scholars. All publications from grant-
funded trainees must be submitted on annual progress reports with PMCIDs. 
 
The three assignments that follow are designed to help you explore the concepts of Rigor and 
Reproducibility, align them with guidelines for researchers, and consider them in the context of case 
studies that represent common occurrences on research teams. Although not listed explicitly, you can 
also carve out time to create your ORCID.  

 
 
Learning objectives 

1. Define rigor and reproducibility, and list factors help or hinder reproducible research.  
2. List the Principles and Guidelines for Reporting Preclinical Research as framed by the National 

Institutes of Health (NIH), and evaluate their alignment with Guidelines for Authors who submit 
manuscripts to STEM journals, such as Cell. 

3. Recognize ORCID IDs and PMCIDs as mechanisms to enhance access to funded research.  

 

Assignments 1 – 3  

1. Carefully consider the Rigor and Reproducibility in STEM Research slides prepared by Dan 
Cox, PhD, Professor in Neuroscience at Georgia State University. Take notes to enhance your 
retention of these concepts. Seek specifically to define rigor and reproducibility from the 
information on the slides. Then explore the concept of a “Reproducibility Crisis” and factors 
that have contributed to this crisis. Finally, look for best practices we can employ to address 
the crisis. (Estimated just over 1 hr.) 

Take this quick QUIZ. 

https://www.ncbi.nlm.nih.gov/pmc/about/public-access-info/
https://edgeforscholars.org/get-your-pmcids-pdq/
https://mygsu-my.sharepoint.com/:b:/g/personal/kfrantz_gsu_edu/EZONeEfXYE9Os56B_pXoQYEBBkmpSTJhmuoBj8oUUt-N8g?e=Podr0r
https://mygsu-my.sharepoint.com/:w:/r/personal/kfrantz_gsu_edu/Documents/Summer%202020%20Workshop%20Materials/Ethics2R%26R/RigorReproQuiz.docx?d=w953b9a0cda114f5a8bd73b58bda13b24&csf=1&web=1&e=g3LhFi
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2. Watch this Sample Size Outliers Exclusion video from the NIH. Write 1-2 sentences in answer 
to each of the three questions below. Use a Word document to submit your answers to team 
leaders, but add questions to Part 3 to the same Word document before you submit. 
(Estimated under 1 hr.) 

a. Read more about important biological variables that must be considered during 
experimental design and data interpretations at this NIH FAQs page, under section 
II.B.1-7. Describe how this video demonstrates the importance of keeping good records 
in a lab notebook and reporting specific details on biological variables that could 
influence experimental results and their generalizability to human health concerns. 

b. Is it generally valid to exclude outcomes that fall outside the normal physiological range, 
as suggested by Jamal early in the video?  Would it be important to be clear in an 
experimental report that such exclusion criteria were used?  Why or why not? 

c. Did Dr. Fielding treat Robin fairly?  Justify your answer. 
 

3. Read about how representatives from the NIH worked together with major publishing 
companies to incorporate rigor and reproducibility into its Guidelines for Reporting Preclinical 
Research. The Nature Publishing Group and Science oversee more than 30 peer-reviewed 
basic science and preclinical science journals in a variety of biomedical and behavioral 
research fields. These companies do make money on the process of publishing research, but 
their leadership seeks to do so in an ethical way that supports rigorous and reproducible 
research. So, they have translated the NIH guidelines into their instructions for authors. Your 
assignment here is to align the sample Guide to Authors from Cell, a global leader in science 
journals, with the principles listed below. For each principle, find a quote from the Guide to 
Authors that ensures authors will follow the principle if they want their work published in Cell. 
Add these quotes to the Word document you started for Assignment 2 above.   
(Estimated 2 hr.) 

a. Rigorous statistical analysis 
b. Transparency in reporting study design – choose at least three of these concepts:   

• Standards 

• Replicates 

• Randomization 

• Blinding 

• Sample-size estimation 

• Inclusion and exclusion criteria 
c. Data and material sharing 

https://www.youtube.com/watch?v=Pc0h-GOcBLE
https://grants.nih.gov/faqs#/rigor-and-reproducibility.htm?anchor=question54415
https://www.nih.gov/research-training/rigor-reproducibility/principles-guidelines-reporting-preclinical-research
https://www.nih.gov/research-training/rigor-reproducibility/principles-guidelines-reporting-preclinical-research
https://marlin-prod.literatumonline.com/pb-assets/journals/research/cell/methods/Methods%20Guide.pdf

