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Rigor and Reproducibility 
Some evidence suggests that we haven’t been doing 

so well at conducting experiments reproducibly. 
 

Bayer: Findings of 53/67 target validation studies 
in cardiovascular disease, women’s health, and 
oncology could not be reproduced using the 
published methods 



Rigor and Reproducibility 
Some evidence suggests that we haven’t been doing 

so well at conducting experiments reproducibly. 
 

Amgen: Findings of 47/53 “landmark” papers in 
cancer biology could not be reproduced using 
the published methods 



Rigor and Reproducibility 
Some evidence suggests that we haven’t been doing 

so well at conducting experiments reproducibly. 
 

Poll of 1500 scientists, published 
in Nature News & Comments, 25 
May 2016 



Rigor and Reproducibility 
Consequences to society 

• Slowed progress of science 
• Waste of resources 
• Erosion of public trust 



Rigor and Reproducibility 
Proposed reasons why: 

Not an RCR issue per se 
• It is unethical to conduct a poorly designed experiment 
• Data fabrication and falsification do lead to irreproducibility  
• These forms of misconduct are only a small fraction of the 

problem 
 

Culture of science 
• Increased emphasis on making provocative statements 
• Incentivizing publications in high-profile journals  
• Emphasizing innovation over replication and rigor 
• Publication bias 



Rigor and Reproducibility 
Proposed reasons why: 

Lack of transparency 
• Difficulty of accessing data 
• Failure to report basic elements of experimental design or 

key methodological details 
 

Failures of experimental design 
• Ignoring crucial experimental design elements  
• Poor training of researchers in experimental design 

 



igor and Reproducibility 
Supplements to NIGMS Predoctoral Training Grants 

• Provide exposure to tools, expertise, and experiences that 
support rigor and reproducibility. 

• Change the culture to support best practices in design and 
management.  

• Identify and disseminate effective tools to the broader 
scientific community.  
 
 

Formal training in the philosophy and methods of experimental 
design is fundamental to PhD training in the sciences. 
 

 
 



Why a Course in Experimental Design? 

Relationship to your training needs as PhD scientists 
Consider the following: 

• There are three types of RNA: mRNA, tRNA, rRNA 
• 90% of the human genome is junk.  It’s just there to prevent 

damage to, and act as scaffolding for, the important parts. 
 
This is a PhD degree 

• Facts will evolve, change, be disproven, etc.; to be a scientist, 
what you need to know and practice are the philosophy and 
methods of scientific experimentation 

• Adapt to changes in knowledge 
• Generate new knowledge in the most rigorous way 



Rigor and Reproducibility 
Behaviors related to rigorous experimental design 
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Most Recent VU Abstract 

Of those 14 students, 



Rigor and Reproducibility 
Behaviors related to rigorous experimental design 
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Data Management 

Use electronic record-
keeping 
Full study team can see: 



Rigor and Reproducibility 
Sources of knowledge in experimental design 
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Hypotheses and Research Questions 

Journal Clubs
Own Research
Other Classes
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Sources of knowledge in experimental design 
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Confounding Variables 

Journal Clubs

Own Research

Other Classes
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Sources of knowledge in experimental design 
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External Validity 
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Sources of knowledge in experimental design 
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Internal Validity 

Journal Clubs

Own Research

Other Classes



Rigor and Reproducibility 
Knowledge of experimental design 
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Philosophical Foundations of  Science 



Rigor and Reproducibility 
Knowledge of experimental design 
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Recognizing Forms of Experimental Control 



Rigor and Reproducibility 
Knowledge of experimental design 
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Sampling/Effect on Validity 



Rigor and Reproducibility 
Knowledge of experimental design 
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Properties of Measurements 



Rigor and Reproducibility 
Mix of didactic and practical elements 
 

Research 
Question or 
Hypothesis 

Truth in the 
World 

Design 
Study as 
Planned 

Conduct 
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Performed 

Predict 

Sound 
Conclusions 
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Study 

Conclude 
Findings of the 

Study 

Measure 

Adapted from Hulley et al. (2013). Designing Clinical Research. 
Philadelphia, PA: Lippincott, Williams, and Wilkins. 
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Specificity and Testability 
 

Falsifiability; Alternative vs. Null hypotheses 
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Research 
Question or 
Hypothesis 

Truth in the 
World 

Design 
Study as 
Planned 

Conduct 
Study as 

Performed 

Predict 

Sound 
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from the 
Study 

Conclude 
Findings of the 
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Measure 

Inclusion and exclusion criteria 
 

Sampling principles and practices 

External Validity 
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Research 
Question or 
Hypothesis 

Truth in the 
World 

Design 
Study as 
Planned 

Conduct 
Study as 
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Necessity and sufficiency 
 

Forms of experimental control 
 

Types of experimental designs 



Rigor and Reproducibility 

Data management 
 

Recording system validation 
and experimental control 
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Rigor and Reproducibility 

Properties of measurements 
 

Fundamentals of biostatistics 
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Rigor and Reproducibility 
Mix of didactic and practical elements 
 

Research 
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Adapted from Hulley et al. (2013). Designing Clinical Research. 
Philadelphia, PA: Lippincott, Williams, and Wilkins. 



Rigor and Reproducibility 
Coursework is needed that specifically teaches 

experimental design 
• Support objective of rigorous, reproducible science 
• Ethical requirement 
• Fundamental to PhD training 

 

Curriculum should assess, teach, and reinforce 
• Knowledge  
• Behavior 

 

Future plans 
• Expansion and validation of assessment instrument 
• Assess long-term outcomes 



Rigor and Reproducibility 
People 

• Joey Barnett, PhD 
• Jeff Blume , PhD 
• Abigail Brown , PhD 
• Roger Chalkley , DPhil 
• Larry Marnett, PhD 

 

Funding 
• T32 GM007628-38S1; Joey Barnett, PI 
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