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Scientific discovery has become a boring nuisance: 96% of 
the scientific literature claims significant results

Chavalarias, Wallach, Li, Ioannidis, JAMA 2016



Discovery and/or replication: what value?

• Let R=pre-study odds for a research finding, 
BF=Bayes factor conferred by the discovery 
data, h=ratio of the weight of negative 
consequences from FP discovery claim versus 
the positive consequences from TP discovery. 

• Value of the discovery is proportional to TP –
(h * FP) or (TP/FP) – h=(R * BF) – h.

• R and h are rather field specific and cannot be 
modified (unless you change field).

• Focus must be on increasing BF
Ioannidis. Behavioral and Brain Sciences 2018, 41:e137



Many/most “discoveries” may have negative 
scientific value unless replicated

• Options for increasing BF: running larger 
studies and ensuring greater protection from 
biases. And, of course, replication. 

• To avoid negative values for the value of 
discovery, one needs BF>h/R. Often this is 
difficult in the absence of replication. 

• Most original discoveries come from small 
studies, where biases are common, BF is <5 
and R is very low. 

Ioannidis. Behavioral and Brain Sciences 2018, 41:e137



Reproducibility
Confusing terminology

• Reproducibility
• Replication

– Exact replication
– Conceptual replication

• Re-analysis
• Repeatability
• Corroboration
• Triangulation



Goodman, Fanelli, Ioannidis. Science Translational Medicine 2016



Different types of reproducibility

• Reproducibility of methods: the ability to 
understand or repeat as exactly as possible the 
experimental and computational procedures. 

• Reproducibility of results: the ability to produce 
corroborating results in a new study, having 
followed the same experimental methods.

• Reproducibility of inferences: the making of 
knowledge claims of similar strength from some 
study results. 



Differences across fields that affect what 
“reproducible research” means

• Degree of determinism
• Signal to measurement-error ratio
• Complexity of designs/measurement tools
• Closeness of fit between hypothesis and experimental 

design/data.
• Statistical/analytic methods to test hypotheses
• Typical heterogeneity of experimental results
• Culture of replication, transparency and cumulating 

knowledge
• Statistical criteria for truth claims
• Purposes to which findings will be put and consequences 

of false conclusions. 



A map of scientific research



Typical recipe of research practices: 
small data

• Small sample size studies
• Solo, siloed investigator, small team
• Cherry-picking of one/best hypothesis
• Post-hoc
• P<0.05 is enough
• No registration
• No data sharing
• No replication



Power in 130 economics topics (>10,000 studies with 
>70,000 effect estimates) 

Ioannidis, Stanly, Doucouliagos, The Economic Journal 2017



Typical recipe of research practices: 
big data

• Extremely large sample size (overpowered) 
studies

• Cherry-picking of one/best hypothesis
• Post-hoc
• Idiosyncratic statistical inference tools without 

consensus
• No registration
• Data sharing without understanding what is shared





What if I only read Nature and Science?

Camerer et al. Nature HB 2018



Candidate genes replicated through GWAS: 
replication rate = 1.2%

Ioannidis, Tarone, McLaughlin, Epidemiology 2011



Prinz et al., Nature Reviews Drug Discovery 2011

Failed replication in preclinical 
research



Replicated: only 6 of 53 
landmark studies for Amgen 
oncology drug target projects

• “The failure to win “the war on cancer” 
has been blamed on many factors, … But 
recently a new culprit has emerged: too 
many basic scientific discoveries… are 
wrong.”

Begley et al. Nature 2012









Ioannidis, PLoS Medicine 2014



Large-scale collaboration and 
adoption of replication culture



Registration

• Level 0: no registration
• Level 1: registration of dataset
• Level 2: registration of protocol
• Level 3: registration of analysis plan
• Level 4: registration of analysis plan and 

raw data
• Level 5: open live streaming





Research parasites and movie directors



Hardwicke, 
Ioannidis 2018





Transparency: can we 
trust the data?





Naudet et al, BMJ 2018

46% retrieval rate for raw data of 
randomized trials under full data 

sharing policy













Landscape in social sciences



Science, December 2, 2016



Transparency versus complexity 
in predictive modeling

Dzok and Ioannidis, Trends in Neuroscience 2019





Ioannidis, Fanelli, Dunne, Goodman, PLoS Biology 2015



Modeling a (mal)functional 
universe of science





Grimes, Bauch, 
Ioannidis. Royal 
Society Open 
Science, 2018



Re-engineering the reward system

Ioannidis and 
Khoury, JAMA 2014











Understand and align interests of stakeholders



Concluding comments
• Reproducibility is a central hallmark of research 

quality and of its potential to translate to useful 
applications

• The reproducibility of many disciplines of scientific 
investigation has substantial room for improvement. 

• There are many possible interventions that may 
improve the efficiency of research practices and the 
reproducibility of the evidence.

• Transparency, openness and sharing are likely to 
help, but details on “how to” can be important.

• The landscape of reproducibility is currently 
changing and may change more markedly in the next 
few years
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