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A little bit of genealogy… 
 
“It may be unfair to invoke bias and 
confounding to discredit observational studies 
as a source of evidence on harms“ 
 
 
 
 
Papanikolaou PN, Christidi GD, Ioannidis JPA (2006) Comparison of evidence 
on harms of medical interventions in randomized and nonrandomized 
studies. CMAJ, 174 (5): 635-641. 
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1. Integration of prior knowledge (theory, historical data, 

knowledge of same-class molecules; Price et al. 2014); 
2. High default prior for an undefined risk (Osimani 2013);  
3. Higher risk for false negatives than for false positives in 

the case of harm (Rudén and Hansson, 2008); 
4. Cumulative learning and the virtues of  probabilistic vs. 

categorical causal assessment (Osimani 2013);  
5. Risk-benefit balance and the precautionary principle 

(Rudén & Hansson, 2008; Osimani 2012, 2007); 
6. Impartiality (conflicting interests among parties) (Teira, 

2011); 
7. Causal structure (Thompson, 2011, Joffe, 2011); 

Efficacy vs. safety assesment  
why standards should not be the same 
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The Debated association between  
Paracetamol and Asthma 
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Paracetamol 

Reduced 
Gluthatione in 
the airways 

 
Alteration of 
antigen 
presentation and 
recognition  

Shift from Th1 (non-
allergic) to Th2 
(allergic) cytokine 
profile 

Lower ability to 
counteract 
oxidative stress  

Tissue injury 
Smooth muscle contraction 
Bronchia hyper-
responsiveness 
Release of pro-inflammatory 
mediators (leukotrienes) 
Impaired β-receptor 
function 
Stimulation of additional 
inflammatory cells 

 

Lower ability to 
scavenger 
paracetamol toxic 
metabolite:  
N-acetil-p-
benzoquinonemine 
(NAPQI) 

Acetaminophen 
toxic 
metabolite:  
N-acetil-p-
benzoquinonem
ine (NAPQI) 

Reduced immune 
response to and 
prolongation of 
rhinovirus 
infection  

Suppression 
of cyclo-
oxigenase 

 

ASTHMA 

Stimulation of 

TRPA1 

Airways 

inflammation 

 

Antipiretic 
effect 
Cytokine 
storm 
2Reduced 
IFN-γ and IL-2 

Promotion of 

prostaglandin 

E2 
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The Debated association between Paracetamol and Asthma 

Chang K.C., C.C. Leung, C.M. Tam, F.Y. Kong (2011) Acetaminophen and Asthma: Spurious Association?  
Am. J. Respir. Crit. Care Med, 183: 1570-1571. 

Beasley R.W., T.O. Clayton, J. Crane et al. (2008) ISAAC Phase Three Study Group. Association between  
acetaminophen use in infancy and childhood, and risk of asthma, rhinoconjunctivitis, and eczema in children  
aged 6–7 years: analysis from phase three of the ISAAC programme. Lancet, 372 (9643):1039–48. 
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The battlefield  

 EBM (evidence elitism)  
 Philosophers of Medicine (pluralism, causal 

ontology), and Social Epistemologists (higher 
order dimensions of evidence) 
 

 Formal Epistemology as neutral ground: 
• Incommensurability?  
• Faithfulness to scientific practice? 
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Elitism Pluralism 

 
 
 

Evidence Based Medicine: 
“Best Evidence”  
 
Keyword: reliability of inferential  
procedure in the long run 

Philosophers of Science and epidemiologists 
(Russo&Williamson, Worrall, Cartwright, 
Stegenga, Broadbent, Vandenbroucke,…): 
 

Keyword: justification of (inductive) 
inference  
 
concern for: 
1. Defeasible inferences  Principle of 

total evidence (non-monotonic 
reasoning vs. hypothetico-deductive 
paradigm); 

2. Relevance (external validity, 
extrapolation, prediction). 

Concern for control of error 
rate 

Evidence in Medicine: wrt individual pieces of evidence 
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Elitism Pluralism 

 
 
 

reliability of inferential  
procedure in the long run 
 
  
Consistency of replications  

 

Keyword: justification of (inductive) 
inference  
 
  
1. Coherence of heterogeneous evidence 

(different lines of evidence converging 
to the hypothesis);  
 

2. Relevance- Reliability trade-off (double 
inductive risk) – analogy/mechanisms 

Evidence in Medicine: wrt entire body of evidence 
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Elitism Pluralism 

 
 
 

Probabilistic dependency 
 
Mechanisms 
 
Dispositions 
 
… 
 
Plurality of levels of causation 
 
Bradford-Hill Criteria  
 

Evidence in Medicine: Causal Inference and Causal Ontology 

Δ 
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P(error) in the 
long run 

P (H) 

Hypothesis acceptance/rejection: 
high inductive risk  
control for error rate 

Evidence in Medicine: Statistical Schools  
(Frequentist vs. Bayesian approach) 

Defeasible inference: 
  all available evidence - also 
“higher order evidence”: evidence 
about the evidence 
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Andrew Gelman (2015) 

One direction for statistical analysis that 
appeals to me is Bayesian inference, an 
approach in which data are combined with 
prior information (in this case, the prior 
expectation that newly studied effects tend 
to be small, which leads us to downwardly 
adjust large estimated effects in light of the 
high probability that they could be coming 
largely from noise).  

(hyper-prior – hierarchical bayes) 
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Andrew Gelman (2015) 

… but these steps will not be easy because they 
move away from the usual statistical paradigm in 
which each scientific study stands alone. 

To resolve the replication crisis in science we may 
need to consider each individual study in the 
context of an implicit meta-analysis. And we 
need to move away from a simplistic 
deterministic model of science with its paradigm 
of testing and sharp decisions: accept/reject the 
null hypothesis and do/don’t publish the paper. 
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Andrew Gelman (2015) 

… but these steps will not be easy because they 
move away from the usual statistical paradigm in 
which each scientific study stands alone. 

To resolve the replication crisis in science we may 
need to consider each individual study in the 
context of an implicit meta-analysis. And we need 
to move away from a simplistic deterministic 
model of science with its paradigm of testing and 
sharp decisions: accept/reject the null hypothesis 
and do/don’t publish the paper. 
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A unificatory program 

Use Formal Epistemology as a Lingua Franca 
where insights coming from 
 
• Scientific methodology, 
• Philosophy of Science, 
• (Social) Epistemology, 
• Foundations of Statistics, 
 
can jointly contribute to explaining 
methodological dissent (and possibly solve it). 
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Motivation  

General: attenuate cross-talk between 
statistical schools or methodological positions; 

 

Particular: help with specific debates: e.g. 
EBM debate in medicine; “reproducibility 
crisis”; bias in research; ... 

 



Barbara Osimani PhilPharm [20] 

Methodological ®Evolution  

H  

E 

Relevance 

Financial  
Interests  

Reputation Regulatory 
Constraints 

Reliability 
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Outline 

1. Reliability in EBM; 
 

2. A formal framework for evidence amalgamation; 
 
1. Modelling the interplay of replication and reliability 

in hypothesis confirmation: the Bovens and 
Hartmann approach; 

 
4.   Our model: random error and indeterministic bias    
(joint work with Jürgen Landes); 
 
5.    Results, Discussion and Outlook 
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Roots of the EBM debate 

Reliability is at the heart of the EBM approach;  

 

however it is not defined and it is used at 
different stages of evidence evaluation;  

generally used to qualify evidence as such  

(origin of my concern for evidence of risk). 

 

Reliability vs. random error, confounding, design 
bias, publication bias, … 
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Reliability1 

Reliability as opposed to random error: the 
possibility that the significant result is due to 
chance 

 
It is a function of both significance level, probability of falsely rejecting the null (measure of 
“caution” in rejecting it) 

and power: the probability of correctly rejecting the null (measure of power of study to 
detect true effects when they are there) = 1 – β 

 

(where β = probability of falsely accepting the null).  
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Reliability2 (vs. Systematic Error): internal 
validity 

Reliability as opposed to systematic error: the possibility that 
the significant result is due to other causes than the one 
under test. 

 

 
 Evidence hierarchies aim at minimisation of confounding 
(and bias) 

 
1. Experimental vs. observational 

 
2. Controlled vs. uncontrolled design 

 
 
 this should guarantee that observed effect is due to the 
treatment and only to it. 
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A formal framework for evidence amalgamation 
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Landes, Osimani, Pöllinger (2017) Epistemology of Causal Inference in Pharmacology 
EJPS 
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Zooming in on the reliability node… 
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Reliability modeled exogeneously 
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Reliability of the Source and VET 

 

Bovens and Hartmann (2003): violation of VET 
based on a formalisation of reliability as fully 
reliable source opposed to a randomiser; 

 

Claveau (2013) models it by having sources as 
either fully reliable or fully biased. 
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Variety of Evidence Thesis 

Landes J. Osimani B. (forthcoming) Varieties of Error and Varieties of Evidence in  
Scientific Inference 
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Scenarios: 
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First Scenario 



Barbara Osimani PhilPharm [33] 



Barbara Osimani PhilPharm [34] 

For high values of ρ (the probability of the instrument 
being reliable),  
there is not much gain in confidence in using it again, and 
one may enjoy the benefits of independent tests. 
 
 
When    is low (the probability of the instrument delivering 
a positive report no matter what), we are working with an 
instrument which, if unreliable, has a low chance of 
delivering positive reports, hence concurring reports 
constitute a substantial gain in our confidence in its 
reliability (which in turns boosts hypothesis confirmation).   
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Second Scenario 
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Receiving a consistent positive report from the same instrument is 
more confirmatory than receiving two, when the probability of 
receiving a positive report from the instrument, if it is a randomiser, 
is high (high     ) and p and q are low.  
 
Why? 
 
If the probability of the consequence of the hypothesis obtaining is 
low (no matter what), and we receive two positive reports; from an 
instrument which, if it is a randomiser has a high probability of 
delivering positive reports (a sort of “yes-man”), then we become 
suspicious as to the trustworthiness of the instruments   
 
One report from the same instrument is more confirmatory than 
two. 
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Something analogous happens when ρ is low (that is the 
probability that the instrument is reliable is low, and 
therefore it is likely that it is a randomiser), and p and q are 
low.  
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In the second scenario ρ and     interact with the features 
of the indicator:  
 
The two clear cases are when: 
1) Both the instrument is reliable and the indicators are 

strong  look for varied evidence; 
2) Or both are weak  replicate 
 
When either the instrument(s) are unreliable and the 
indicator(s) are strong or vice versa, then there is a more 
complex interaction and the exact combination of 
parameter values is needed to predict the right information 
search strategy. 
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Third Scenario 
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In the third case, Bovens and Hartmann assume that the 
tested consequence is strongly related to the hypothesis: 
p=.9 and q=.1.   
In such case, the effect of two concurrent positive reports 
from a single instrument, rather than two, carries more 
confirmatory weight when both      and ρ are low:  
 
when the probability of the instrument delivering positive 
reports, if it is a randomiser, is low, and the probability of it 
being a randomiser is high, then two positive reports from 
the same instrument is more confirmatory than from two, 
in that they decrease the probability of it being a 
randomiser more than they do individually for the 
independent instruments.  
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When the line between the two phase spaces is plotted 
against the p-q plane (for fixed     and ρ at .5), then the VET 
fails for high values of q. 
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When q is high, a truth-tracking instrument is supposed to 
deliver mostly positive reports (since the consequence will 
hold no matter what); 
 
Hence, two consistent positive reports would increase the 
belief in the reliability of the instrument more than they 
would do for each independent instrument. 
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In general, in Bovens and Hartmann’s model,  
 
consistency of reports from the same instrument speaks 
against it being a randomiser, and therefore in favour of 
it being reliable 
 
 This runs against the intuition underpinning the “too-
good-to-be-good” heuristics.  
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Reliability, bias, and random error 
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Landes J. Osimani B. Varieties of Evidence and Varieties of Error (forthcoming) 

Our model (Landes-Osimani) 
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Landes J. Osimani B. (forthcoming) 

Our model (Landes-Osimani) 
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First Scenario 
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First scenario 

i.e. VET fails when:  
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VET fails  replicate 

VET holds 

  
Bottom graph focuses on the area where 
the random error ε is less than 10%. The 
VET fails in the narrow region between the 
diagonal, ε = γ (not pictured) and the lower 
curve. 

The γ − ε-plane for fixed ρ = 0.5.  
                                                  

VET holds 
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More generally, what these results implicate is that: 
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VET fails for borderline cases: γ is close to ε  
 
we assume biased instruments to deliver false positives 
with a consistently higher probability than reliable ones.  
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Hence consistent positive evidence from the same 
instrument, even if increasing the suspicion of bias, 
would be more confirmatory with respect to the tested 
consequence (and to the hypothesis), than if it came 
from different instruments.  
 



Barbara Osimani PhilPharm [57] 

VET failure in scenario 1 for > 2 reports 
                                                  

Our model is robust to increasing amount of evidence. 
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Second Scenario 
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Also here VET fails for borderline cases:  
i.e. only for very large values of γ ≈ α (and hence 
small ε).  
 
For many reports and a very strong suspicion of bias, a 
large number of positive reports boosts the suspicion 
of bias further.  
 
Hence, the single report is eventually more 
confirmatory.  

Second scenario 
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Recall that for α = γ = 1 and ε = 0 we are back in a 
Bovens and Hartmann model for which the VET does 
fail (for certain parameter values of p, q, ρ) in the 
second scenario.  
 
The VET failure in our model can hence be understood 
as an ‘artifact’ of the Bovens and Hartmann model.  
 
For the largest part of the parameter space, the VET 
does hold in our second scenario.  

Second scenario 
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Scenario 2 (for N =2) 
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Scenario 2 (for N =10) 
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Third Scenario 
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Third scenario 
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For N=2, ρ =0.25, q=0.75 ,p=0.9,  α =0.975 we display the absolute difference 
between both posteriors. Vet holds under the blue curve and fails at the left of 
the green line – where ε is below the allowed value wrt to α.  

Scenario 3 (for N =2) 
                                                  



Barbara Osimani PhilPharm [66] 

By plotting the posteriors difference on the p-q plane 
within this narrower range of values for γ and ε, we 
obtain graphs which are strongly reminiscent of   
the figure depicting the VET failure in Scenario 3 in the 
Bovens and Hartmann model. 
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Zooming in for scenario 3 (for N=2) 
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Zooming in for scenario 3 (for N = 5) 
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Zooming in for scenario 3 (for N = 50) 
                                                  



Barbara Osimani PhilPharm [71] 

When q and p are both large, then one expects a truth-tracking 
instrument to deliver more positive reports then not, given that 
the consequence will tend to hold most of the times  
 
(more often when the hypothesis is true – p > q – but also when it 
is false – high q).  
 
Since multiple positive reports from the same instrument increase 
the belief in it being reliable, more than receiving such multiple 
reports does in increasing the same belief for different 
instruments delivering the reports (this depends on precise 
parameter values), the less varied setting is more confirmatory 
than the more varied one.  
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The point is that in our model the contrast to a reliable instrument 
is a biased one, whereas in Bovens and Hartmann, it is a 
randomiser; 
 
Furthermore, our reliable instrument is imperfectly so (it is 
affected by random error), whereas BH’s reliable instrument is 
prefectly reliable.  
 
When ε approaches 0 we get closer to instruments which are 
almost perfectly reliable; and if α < (1 − ε), then the unreliable 
instrument is delivering positive reports at a lower rate than the 
reliable one (it is no longer biased).  
 
Hence, the same line of reasoning for scenario three of Bovens 
and Hartmann applies with respect to area of the parameter space 
where both p and q are high.  
 



Barbara Osimani PhilPharm [73] 

i.  we verified the VET failure for a model which maintains the 
topological characteristics of Bovens and Hartmann’s but differs 
from it – and from from Claveau’s one – by incorporating both 
random error and undeterministic bias, as possible characteristics 
of the instrument, and by eliminating randomisers;   
ii.  we investigated the parameter space of VET failure for more 
than two consistent reports both in Bovens and Hartmann’s and in 
our model;   
iii.  we investigated the interaction between evidence topology 

Discussion 
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iv.  The theoretical upshot is that consistency provides very 
different confirmatory support depending not only on the assumed 
dependency relationshps among measurements; but also on the 
kind of errors we presume the instruments are affected by; 
 
v.  This is just a first step in analysing higher-order dimensions of 
evidence through the lenses of formal (Bayesian) epistemology); 
 
vi.  we are interested in discussing with you possible further lines 

Discussion 
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Thank you! 


