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A Taxonomy of How Science Can Go Wrong
 

Fabrication/
 
Falsification
 

Distortion/
 
Obfuscation?
 

“Eddington had needed 
to make significant 
corrections to some of 
the measurements, for 
various technical 
reasons, and in the end 
decided to leave some 
of the Sobral data out 
of the calculation 
entirely.” [1] 

Error
 

René Blondlot 
(1849-1930) 

“The rays were 
detected by a calcium 
sulfide thread that 
glowed slightly in the 
dark when the rays 
were refracted through 
a 60-degree angle 
prism of aluminum.” [2] 

Substandard 

Methods
 

“By the time the 
radiation treatments 
were stopped, over 
10,000 babies had 
died of thyroid cancer 
as a result of the 
treatments.” [3] 
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Factors that can Lead to Breaches 

in Reproducibility or Rigor
 

• Motivational 
– Insufficient Scientific Motivation (defined as the desire 

to pursue and communicate truth through scientific methods) 

– Competing Extra-Scientific Motivations 
 Individual & Institutional 

• Ignorance 
• Limited Resources 
• Cognitive Biases 



 

Competing Extra-Scientific 

Motivational Factors
 

Personal 
•	 Previous public statements 

– Willingness to revise opinions 
– Support of scientific community 

•	 Financial 
– Influence on statements of holder 
– Fear of ad hominem attacks 

•	 Career advancements 
•	 Personal aggrandizement 
•	 Unreasonable belief in 

validation by peer review 
process 

Institutional 
•	 Instead of quality of 

conduct, incentive systems 
often reward: 
–	 Quantity of publications 
–	 Exciting topics 
–	 First discoveries 

•	 Institutional circumstances 
require grant acquisition for 
career continuation or 
advancement and not just to 
conduct research 



Ignorance 

• Lack of or ineffective training 
• Errors of interdisciplinarity 

– We cannot ask about what we do not even 
know that we do not know 



Limited Resources 

•	 Time (e.g., for training, scrupulosity, collaboration)
 
•	 Money (e.g., for statistician, gold-standard methods)
 
•	 Opportunity (e.g., platform, infrastructure) 

–	 Difficult to communicate critical information to all 
stakeholders (e.g., to those who do not know to look) 

–	 Limits when people do look (e.g., expanding literature, 
inconsistent indexing, limited access to literature) 

–	 Even when knowledgeable and willing, infrastructure 
needed to implement changes may be lacking or defective 

–	 Platforms to overcome ‘market failures’ in labor capital 



Cognitive Biases
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Errors of Measurement 
Self-reported energy intake 
Self-reported weights 
Weights of unknown origin 

Errors of Design
Gratuitous replication 
Cluster randomized trials with no df 
Lack of blinding 
Lack of control for non-specific factors (failure to isolate the 

independent variable) 

Errors of Analysis
Inappropriate baseline testing in parallel groups RCTs 
Failure to appropriately manage missing data 
Cluster randomized trials without clustering taken into account 
Investigator df, data fiddling, and undisclosed multiple testing 

Errors of Reporting
Publication Bias 
Reporting Bias 
Citation Bias 

Errors of Interpretation
Causal language inappropriately used in observational studies 
Extrapolation error 
3500 kcal rule 
Conflating surrogate markers with outcomes of interest 
Not control-correcting in RCTs 
Conflating empirical evidence with tastes and moral values 
Ignoring statistical significance 

A Working Taxonomy 

We use the word ‘errors’ 
without implication as to 
intentionality or lack thereof. 

Nostra Culpa: We have 
committed some of these 
errors, too. 
Detailed references to examples and explanations 
are provided upon request. 



Errors of Design
 



Cluster Randomized Trials 

Less than Two Clusters Per Condition
 



Gratuitous Replication
 
Over-reliance on Observational Data
 

We often devote 
our journal 

pages, time, and 
resources to 
research that 

increases belief, 
instead of to 
research that 

increases 
knowledge. 

Brown AW, Bohan Brown MM, Allison DB. AJCN. 2013. 


Facilitates Mere 
Exposure Effect 
(a cognitive bias) 



Does Eating Breakfast Promote Weight Loss? 

6 RCTs say No
 



Regression to the Mean
 

•	 The observed one-year change in z-score 
of −0.183 for children with obesity is 
similar to purported “effect” sizes 
reported in some studies. 

•	 Without a proper control group, changes 
thought to be due to an intervention may 
be entirely due to RTM. Photo from: http://resource.nlm.nih.gov/101415748 

http://resource.nlm.nih.gov/101415748


Error in Measurement
 



  

Self-Reported 

Body Weight
 

Failure to take 

measurement as seriously 

as we do in other domains
 

http://www.cdc.gov/obesity/data/adult.html 

Le, A., Judd, S. E., Allison, D. B., Oza-Frank, R., 
Affuso, O., Safford, M. M., Howard, V. G., & Howard, 
G. (2014). The Geographic Distribution of Obesity in 

the US and the Potential Regional Differences in 
Misreporting of Obesity. Obesity, 22,(1), 300–306. 

http://www.cdc.gov/obesity/data/adult.html


Self-Reported Energy Intake
 
Just because a measurement method one has at hand is the best available, does not make it adequate. 

•	 do not use self-reported energy intake as a measure of true energy intake 
•	 do use self-reported energy intake for energy adjustment of other self-reported 

dietary constituents to improve risk estimation in studies of diet-health associations 



Error in Analysis
 



Inappropriate Baseline Testing in 

Parallel-Arm RCTs
 



Incorrect Data or Calculations of 

Effect Sizes in Meta-Analysis
 

“The effect of treatment after 2 wk that was originally reported 
as statistically significant in the meta-analysis published turned 
out to be insignificant after the correction.” 



Errors of Reporting and 

Interpretation
 



 

Math Problems
 

From Kevin Hall: 

“I used the ‘rule of thumb’ 
equations relating excess 

body weight to excess 
energy intake … 

I came up with about 0.5 kg 
of excess weight … 

by increasing daily intake 
by 19 kcal/d from 7 to 12 

years [7].” 

The original investigators 
were off by a factor of 

about 9 

Original article retracted [6]
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Unreasonable Extrapolation
 

Headline
 Study Abstract 
“The health benefits of apple bioactive compounds have been 
extensively reported. However, only few studies have focused on 
bioactive compounds that are not absorbed and metabolised 
during gastrointestinal digestion and can induce changes in 
microbial populations of faeces. We have characterised Braeburn, 
Fuji, Gala, Golden Delicious, Granny Smith, McIntosh and Red 
Delicious cultivars and found significant differences for extractable 
phenolics (1.08-9.2mg/g) non-extractable proanthocyanidins 
(3.28 5.7mg/g), and dietary fibre (20.6 32.2%) among cultivars 
with Granny Smith having the highest contents. 

Granny Smith was used after in vitro 
digestion for fermentation of faeces 
from diet-induced obese mice. 
Results showed that relative abundances of Firmicutes, 
Bacteroidetes, Enterococcus, Enterobacteriaceae, Escherichia 
coli, and Bifidobacterium in apple cultured faeces tended to 
resemble the abundance in faeces from lean mice with increased 
trend in the production of butyric acid. These results suggest that 
apple non-digestible compounds might help to re-establish a 
disturbed microbiota balance in obesity.” 
Assessing non-digestible compounds in apple cultivars and their 
potential as modulators of obese faecal microbiota in vitro. Food 
Chem. 2014 Oct 15;161:208-15. 



“A new peer-reviewed study confirms we are 
delivering on our mission of reducing the prevalence 
of childhood obesity.” “an important means of 
supporting schools in reducing obesity.” [4] 

Ignoring Primary Results 

Headline Study Abstract
 

“Analyses showed no 
difference between Healthy 
School Program schools and 
control schools in 
overweight and obesity 
prevalence.” 

“Healthy School Program 
appears to be an important 
means of supporting schools 
in reducing obesity.” [5] 



Perpetuation of Spin
 

Spin: 
reporting 
strategies 
emphasizing 
the beneficial 
effect of the 
experimental 
treatment 

Spin 
perpetuates 
throughout 
reporting 



Idiopathic Errors
 



Growth in Height? 


Using approximations involving geometric means, we were able to show 

this would have required a growth in height of ~6 cm.
 



If every one of the roughly 7 billion persons on the planet each did their own RCT and in each of 
these RCTs tested 1,000 separate variables for baseline differences, and we used a Bonferroni 
correction to adjust for the (1000*7 billion) tests done, a p-value of 10-17 would still be significant 



Resisting the Self-Correcting Nature of Science
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Remedies for Insufficient 

Scientific Motivation
 

Articulate standards
 
• Current efforts 

– Trial registry 
– Reporting guidelines 
– Data-sharing 
– Professional societies 
– Transparency pledge 
– Workflow perspective 

Inculcate a spirit of 
science 

Value of a culture of 
Truthfulness 



Proposed Remedies for Competing
 
Extra-scientific Motivations and Cognitive 


Biases
 

•	 Disclosure is essential, but is an aid to trust, not an aid to 
trustworthiness. 

•	 The methods of science are themselves the solutions (e.g., 
blinding, use of formal statistics). 

•	 Meta-methods (e.g., study registration; raw data sharing; 
reporting guidelines) are essential to: 
–	 Ensure use of the methods of science 
–	 Make the methods, data, and results transparent 

•	 Altering incentive structure to reward quality of research 
conception and execution over to a greater extent and specific 
research to a lesser extent. 



Remedies for Ignorance
 

• Current efforts
 
–	 Training modules 
– Resource hubs 
– Workshops 

Education 

• Efforts for the future 
–	 Emphasize philosophy of 

science in graduate training 
–	 Full course on research 

reproducibility, rigor, and 
transparency 

–	 Methodologic training 
–	 Training in interdisciplinary 

collaboration 
–	 More statisticians needed 
–	 Regular ‘scoring’ of the 

literature. 



Remedies for Limited Resources
 

• Forego conducting an inadequate study 
• Triage studies for needed degree of rigor 

(do all studies merit being done rigorously?) 
• Crowdsourcing research 
• More funding (you knew that was coming) 
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Macro-level Issues
 

• To what extent do we need evidence for 
proposed solutions? 

• How do we assess cost/benefit analysis of 
implementing solutions? 
– Most suggested remedies are not currently 

supported by formal evidence 
– Like other realms of policy, we suggest they 

have sufficient face-validity to try, so long as 
their effectiveness and costs are adequately 
monitored and the state of evidence disclosed. 



Come visit us in Alabama 

and we can talk some more on the trail 


Cheaha Mountain 
Photo courtesy Rohan Dhurandhar 
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