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Pre -

…Statisticians are the guardians of the truth in medical 
research…. they need to curb potential over-enthusiasm.

Stuart Pocock
[In a interview: 31-Jan-2013]
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Introduction

The abuse and misinterpretation of the p-value is on the 
center of the so-called replication crisis.

Here, our objective is to expose this controversial topic 
and to propose some tips for handling this problem.
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Introduction

Comparing the behavior of two or 
more populations with respect to 
a particular outcome is a common 
problem in many research fields. Although 
the usual approach is to perform a hypothesis test and 
compute its p-value, reporting an adequate measure for 
the size of the observed difference is always advisable
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The problem
We consider a standard problem in which we have two 
independent samples and want to know if the underlying 
populations behave equally respect one outcome of interest

Treatment A Treatment B

Outcome
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The problem

Mathematically, we have the test

H0:  θA= θB

H1:  θA≠ θB

Define a comparison criteria (θA= θB) and we get a p-value. 
Frequently, based on this p-value we get conclusions (the 
famous 0.05).
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The question: What is the p-value?

[the p-value] it simply as an informal way to judge whether evidence was 
significant in the old-fashioned sense: worthy of a second look.

Ronald Fisher, 1920
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The p-value is the probability of obtaining test results at least as 

extreme as the results actually observed, under the assumption 
that the null hypothesis is correct. [Wikipedia]

𝑃 θA− θB > ෝθA− ෝθB H0

https://en.wikipedia.org/wiki/Realization_(probability)
https://en.wikipedia.org/wiki/Null_hypothesis
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The question: What is the p-value?
So, what we have to do is to know (approximate) the 
distribution of the used statistics under the null and then, to 
compute the probability of having more extreme values than 
which we actually have obtained,



The replication crisis

“There is increasing concern that in modern research, false findings may be 

the majority or even the vast majority of published research”

“It can be proven that most claimed research findings are false”

“….. is a consequence of the convenient, yet ill-founded strategy of claiming 

conclusive research findings solely on the basis of a single study assessed by 

formal statistical significance, typically for a p-value less than 0.05. Research is 

not most appropriately represented and summarized by p-values, but, 

unfortunately, there is a widespread notion that medical research articles ….”
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The replication crisis

https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D42
QuXLucH3Q&amp;data=04%7C01%7CPablo.Martinez.Camblor%40dartmouth.edu%7C119cc0f8a1c346b132d208
d89d1e1f8e%7C995b093648d640e5a31ebf689ec9446f%7C0%7C0%7C637432099988011865%7CUnknown%7CT
WFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&amp;sdat
a=Fd8vCuviYXXm5LJxDl4adlXCI9OH6sRBckPNmpwLuVo%3D&amp;reserved=0

About this topic:

P values have always had critics. In their almost 
nine decades of existence, they have been likened 
to mosquitoes (annoying and impossible to swat 
away)
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https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D42QuXLucH3Q&amp;data=04%7C01%7CPablo.Martinez.Camblor%40dartmouth.edu%7C119cc0f8a1c346b132d208d89d1e1f8e%7C995b093648d640e5a31ebf689ec9446f%7C0%7C0%7C637432099988011865%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&amp;sdata=Fd8vCuviYXXm5LJxDl4adlXCI9OH6sRBckPNmpwLuVo%3D&amp;reserved=0


The D-value
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“Although concerns regarding the abuse of this concept [p-value] 

have been expressed in the past…”

“Recent discussions reached a culminating point when the journal 

Basic and Advanced Social Psychology published an editorial 

banning p-values”

The D-value

Even the ASA made a statement!
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Prof. Demidenko pointed out the dependency of the p-values 
on the sample sizes.

The D-value

Notice that, in a standard mean comparison problem, the 
usual p-values is, more ore less

𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 1 − Φ
\θA − θB|

ො𝜎 2
𝑛
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The D-value

The D-value just removes the sample size from the equation, 
and consider the direction

𝐷 − 𝑣𝑎𝑙𝑢𝑒 = Φ
θA − θB

ො𝜎 2

The D-value is not new and has been present in the statistical 
literature for a while (with different names).
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The D-value

It is the parametric estimation of the area under the ROC 
curve (under variance equality) that is, under the normality 
(and homoscedasticity) assumption,

where 𝑋𝐴 and 𝑋𝐵 represent the outcome under study in the 
populations under the treatment A and treatment B, 
respectively.
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The AUC [area under the ROC curve]

The D-value (also AUC) is an index commonly used in the 
binary classification context with continuous biomarkers 
(outcomes)
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Sensitivity: 

Probability that a subject with the studied characteristic 
is correctly classified.

Specificity: 

Probability that a subject without the studied 
characteristic is correctly classified.

The AUC
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The AUC

The AUC’s compute makes sense also for non-continuous 
biomarkers.
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The AUC

If we have k-different categories we would have that:
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The AUC

In the particular situation of K=2,

𝑅𝑅 =
𝑎(𝑏 + 𝑑)

𝑏(𝑎 + 𝑐)

𝑂𝑅 =
𝑎𝑑

𝑏𝑐

𝐴𝑈𝐶 =
𝑎 𝑏 + 𝑑 + 𝑑(𝑎 + 𝑐)

(𝑎 + 𝑐)(𝑏 + 𝑑)
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Example
Santos-Juanes et al. (2015) [Dermatology] published a study in which 
psoriasis (Ps) is related with multiple measurements of dyslipidemia 
(DL) which include levels of triglycerides (TGs), low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein (HDL) cholesterol and total 
cholesterol (TCh). In that work, in order to determine the association 
between DL and Ps, variables were categorized and then, the odd ratios 
(OR) were computed. Thresholds were selected to follow the guidelines. 
These cut-off points can be discussed. The use of AUCs to measure the 
association avoids the need of categorizing the variables. Figure 3 
depicts the observed effects by population subgroups for TCh and TGs.
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Example
So, we consider the association between TGs and TCh and the psoriasis 
status (yes/no) in different populational groups through the area under 
the ROC curve (D-value). We consider both parametric and 
non-parametric AUC estimators. Highlight that, the non-parametric 
estimator of the AUC is the traditional Mann-Whitney statistics. 
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Those effects were 
measured by using the 
AUC. Both parametric and 
non-parametric 
approaches were 
considered; however, in 
this case (661 cases vs. 661 
controls) differences 
between both methods 
were almost negligible. 

Example
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Survival models. The hazard ratio

Time-to-event data are the natural consequence of studying time-
dependent outcomes (dead, stroke, recurrence, etc.). 

A routine analysis consists of approximating the real survival curves 
(KM)  and reporting the hazard ratio from the proportional hazard 
(PH) Cox regression model. That is, assuming that

24



Survival models. The hazard ratio

𝑒𝛽𝑋 is the hazard ratio associated with the variable 
X and represents the ratio between the risk of 
having the event when the variable X changes in 
on unit.

Note: This interpretation is strongly dependent 
on the survival model previously exposed.
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Survival models. The hazard ratio

Also, under this model, we have that, 

with the variable Tx (x= 0,1) is the distribution of the 
time-to-event in the population X=x. 
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Survival models. The hazard ratio

That is, the AUC has also a close relationship 
with standard hazard ratios. Besides, this 
interpretation (as quotient of probabilities) is 
not dependent on the underlying model.
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What we can say till now….

 The simplification in the interpretation of the statistical 
result can lead to a kind of over-optimism responsible, 
in part, of the so-called replication crisis.

 To introduce measures of the observed difference helps 
to have a better picture of what we can learn/expect 
about our results/data.

 The AUC is an easy to interpret index with appealing 
properties and, in general, easy to estimate.
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Controversial points…

In the Demidenko’s paper….

3. THE D-VALUE: INDIVIDUAL VERSUS GROUP  COMPARISON

“the mean may not be representative of the distribution.”

“How to interpret the treatment effect measured as the difference 
between the placebo and drug groups? The question of interest is, 
how does the drug affect you?”
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https://www.youtube.com/watch?v=zzKGnuvX6IQ

Controversial points…

perhaps, but we have other problems

A                           B       C                            D
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P(A>B) = 1/3; P(B>C) = 5/6 
P(A>C) = 1/2; P(B>D) = 4/9 
P(A>D)= 2/3; P(C>D) = 1/3

Controversial points…

B better than A, A better than D. But D is better than B. With 
the means/medians, we do not have this problem! 

A=3           C= 3
B= 8/3      D= 10/3
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Controversial points…

“The D-value has a clear interpretation as the proportion of patients 
who get worse after the treatment.”

and he also writes….

Over the ensuing two years it [the 
Demidenko’s paper] became one 
of the most downloaded articles
in The American Statistician—
which is alarming in light of the 
fact that all the causal claims in 
the article are incorrect.
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What we can learn?
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1. Inferences Are Not About Hypotheses
2. Replication Studies Have a False-Negative Problem
3. Overconfidence Triggers Selection Bias
4. Don’t Blame the P-value

Variability of the P-value. The P-value is a random variable

5. Ban Statistical Tests?

Statistical testing (like alcohol) often gives the wrong impression that complex 
decisions can be oversimplified without negative consequences, for example, by 
making decisions solely because p was above or below some cutoff like 0.05.

6. Long Live No King
7. Empire of Diversity
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8. The Replacement for Hypothesis Tests

9. Anything Goes?

10. Abandon Statistical Inference?

We do not suggest to completely abandon inference from our
data to a larger population. But we say this inference must be scientific
rather than statistical, even if we use inferential statistics.

11. If We Are Researchers…

12. If We Are Science Writers and Journalists…

…..Bayesian approach



“…we should treat inferential statistics as highly unstable local descriptions of 

relations between assumptions and data, rather than as providing 
generalizable inferences about hypotheses or models…”

What we can learn?

“Rather than focusing our study reports on uncertain conclusions, we should 

thus focus on describing accurately how the study was conducted, what 

problems

occurred, what data were obtained, what analysis methods were used and 

why, and what output those methods produced.”
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…..Bayesian approach
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What we can learn?

“No single index should substitute for scientific 

reasoning” 
Ronald L. Wasserstein & Nicole A. Lazar 2016, 132

I think we should believe in Science [against crazy 

theories!]. But Science is doubt.



The Findings The paper

Take care with the communication

38



Questions?
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