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Resources
• Amy Bradshaw, PhD (MUSC)-
“Data Management, Record 
Keeping and Reproducibility”,
MUSC Postdoctoral Retreat on the 
Responsible Conduct of Research.

• “Rigor and Reproducibility: 
Understanding What NIH 
Reviewers Want”, UNMC March 26, 
2019, Hanover Research

• https://ctsi.ucla.edu/funding/files/vie
w/docs/RigorandReproducibility_Ro
chester.pdf

• “Transparency and Reproducibility 
in Publishing”, Kaoru Sakabe, PhD, 
JBC/ ASBMB-
https://www.youtube.com/watch?v=
mJZM9IkqQL0

https://activerainstore.s3.amazonaws.com/image_store/uplo

ads/agents/homesfranklinma/files/36629417-You-Do-Not-

Have-to-Reinvent-the-Wheel-Stock-Vector.jpg

https://www.youtube.com/watch?v=mJZM9IkqQL0


Why should we care about rigor 
& reproducibility

Rigor = better experiments, stronger data 

Reproducibility= reputation

New NIH requirements 

– scientific premise

– authentication

http://imgc.allpostersimages.com/images/
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Modified from ASBMB



Rigor

Scientific premise: strict application of the 
scientific method to ensure robust & unbiased 
experimental design, methodology, analysis, 
interpretation, & reporting of results



Experimental 
design

Standards & controls (+/-) 

Sample size estimation 

Randomization & blinding  

Replicates (technical vs biological) variability 

Statistical methods planned ahead

Inclusion & exclusion criteria 

Subject retention & attrition 

Missing data handling 

Consideration of sex and other biological variables 

Credit: Amy Bradshaw



One Example: Hundreds (if not thousands) of 

genes are influenced by the circadian clock

Experimental outcomes can differ with the time of day the 

procedure was performed

Dr. Bradshaw’s slide



Common immunoblotting issues

• Antibody specificity

• Loading control issues

• Gapdh, actin, tubulin often not good 
housekeeping genes

• Change with conditions

• Easy to saturate

• Recommendation: use total membrane 
stain (has broader linear range)

• Splicing

Rule of thumb: Trust but verify



“It has recently become apparent that 

the anti-AC8 antibody, as well as 

some other key antibodies employed 

in the Letter are non-specific.” 



Common image issues
• Image quality

• Save as TIFF (300 ppi minimum)

• JPEG introduces artifacts, degrades data every 
time saved 

• Save raw file too

• Placeholders not removed in final draft

• Cherry picking

Rule of thumb: do not obscure, eliminate, or 

misrepresent, anything you do to one part do to all 

parts (contrast, brightness)

https://www.bing.com/images



Common statistical issues

• Not clarifying what test was used where

• Analyzing before all data collected

• Recording many variables & deciding which 
ones to report after analysis

• Deciding to include/ exclude outliers after 
analysis

• Not knowing difference between SD vs SEM 

Rule of thumb: Design experiments ahead of time & 

carry out study & analysis by plan



Data presentation- bar graphs 
vs scatter or box & whiskers

Weissgerber TL, PLoS Biol. 2015;13(4):e1002128. 

doi: 10.1371/journal.pbio.1002128. 



Methods & Figure legends

• Methods described with enough detail to 
replicate

• Research Resource Identifiers

• Figure legends stand on their own

• Title gives results summary or type of 
experiment done

• Methods included, n, statistics

• Define abbreviations



Reproducibility
• Ability of experiment to be repeated- intra & inter lab

• Full transparency best way to ensure reproducibility

• Sharing of raw data (Fig share)

• Archiving data

• Reproducibility = accuracy

https://www.bing.com/images



NIH Guidelines to increase 
reproducibility

Focus Area Details

Scientific Premise Why the study is important to do

Rigorous Experimental Design How I know it’s being done well

Consideration of relevant Biological
Variables

Are alternative explanations available 
due to lack of attention to details 

Authentication of Key Biological or 
Chemical Resources

How do I know the reagents used are 
what I think they are



Declaring intentions ahead of time 

Data collection & analysis plans, 
before experiments begin

https://www.preclinicaltrials.eu/

https://www.preclinicaltrials.eu/


Data management
Record keeping

• SOPs
• lab notebook (electronic)
• instrument printouts
• images
• computer analysis
• e-mails
• culture- lab meeting discussions, training

Analysis of primary data
• data selection
• statistical analyses
• calculations/ normalization
• graphs, tables, figures
• presentations

Modifed from Dr. Bradshaw’s slides



Dr. Ed Krug’s Sage Advice

• List all notebook & page numbers and 
electronic files (with locations) 
corresponding to any data used for a 
poster, manuscript or funding 
application

• Keep this listing in the shared working 
folder for the project with access by all 
involved 

Modifed from Dr. Bradshaw’s slides



Authentication

• Equipment maintained & calibrated

• Reagents validated

• Cell lines not contaminated

• Antibody specificity

• Mice genotyping 

• Assays qc’d



Arrive Guidelines

• 20 recommendations on how to report in vivo 
experiments

• Provide ethical statement

• Describe groups, steps to reduce bias, controls

• Detail species, strain, sex, developmental stage 
& weight 

• Define output measurements

• List all funding sources  

https://www.nc3rs.org.uk/arrive-guidelines



Statistical considerations in reporting cardiovascular 
research

Guidelines for authors and reviewers on antibody use in 
physiology studies

Guidelines for measuring cardiac physiology in mice

Guidelines for experimental models of myocardial 
ischemia and infarction

Recording sympathetic nerve activity in conscious 

humans and other mammals: guidelines and the road to 
standardization

AJP- Heart and Circulatory 

Physiology Guidelines
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