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Definition of a P Value

The P value is the probability, under the as-
sumption of no effect (the null hypothesis H0),
of obtaining a result equal to or more extreme
than what was actually observed.

R.A. Fisher (1925)



A More Accessible Definition?

p-Wert: Dieser bezeichnet die Wahrschein-
lichkeit (probability) der Nullhypothese,
d.h. die Wahrscheinlichkeit, dass das
beobachtete Resultat durch Zufall zustande
kam. Wird in Dezimalbrüchen angegeben
(0,05 entspricht 5%).

Forschung mit Menschen: Ein Leitfaden für die Praxis (2009)
Herausgegeben von der Schweizerische Akademie

der Medizinischen Wissenschaften (SMAW)
Glossar



Another Attempt . . .

Die von uns heiss geliebten p-Werte drück-
en aus, wie wahrscheinlich ein rein zufälliges
Zustandekommen der Studienresultate aus
statistischer Sicht ist. Für diesen Typ-I- oder
“Alphafehler” werden in wissenschaftlichen
Studien in der Regel Wahrscheinlichkeiten
von 5% oder weniger akzeptiert. Somit dürfte
deswegen im Schnitt jedes 20. signifikante
statistische Analysenresultat nur zufällig zu-
stande kommen.

Gnädinger and Marty, 2007, 318-324, Schweiz Med Forum



A Mathematical View . . .

Die Wahrscheinlichkeit eines Fehlers 1. Art
ist mit dem Signifikanzniveau kontrolliert.
[. . .] Es gibt also ein [Signifikanz-]Niveau, wo
H0 “gerade noch” verworfen wird. Der p-Wert
ist das kleinste Signifikanzniveau wo H0 ver-
worfen wird.



Some Recent Headlines . . .

PLoS Medicine  |  www.plosmedicine.org 0696
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Published research fi ndings are 
sometimes refuted by subsequent 
evidence, with ensuing confusion 

and disappointment. Refutation and 
controversy is seen across the range of 
research designs, from clinical trials 
and traditional epidemiological studies 
[1–3] to the most modern molecular 
research [4,5]. There is increasing 
concern that in modern research, false 
fi ndings may be the majority or even 
the vast majority of published research 
claims [6–8]. However, this should 
not be surprising. It can be proven 
that most claimed research fi ndings 
are false. Here I will examine the key 

factors that infl uence this problem and 
some corollaries thereof. 

Modeling the Framework for False 
Positive Findings 

Several methodologists have 
pointed out [9–11] that the high 
rate of nonreplication (lack of 
confi rmation) of research discoveries 
is a consequence of the convenient, 
yet ill-founded strategy of claiming 
conclusive research fi ndings solely on 
the basis of a single study assessed by 
formal statistical signifi cance, 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 

should be interpreted based only on 
p-values. Research fi ndings are defi ned 
here as any relationship reaching 
formal statistical signifi cance, e.g., 
effective interventions, informative 
predictors, risk factors, or associations. 
“Negative” research is also very useful. 
“Negative” is actually a misnomer, and 
the misinterpretation is widespread. 
However, here we will target 
relationships that investigators claim 
exist, rather than null fi ndings. 

As has been shown previously, the 
probability that a research fi nding 
is indeed true depends on the prior 
probability of it being true (before 
doing the study), the statistical power 
of the study, and the level of statistical 
signifi cance [10,11]. Consider a 2 × 2 
table in which research fi ndings are 
compared against the gold standard 
of true relationships in a scientifi c 
fi eld. In a research fi eld both true and 
false hypotheses can be made about 
the presence of relationships. Let R 
be the ratio of the number of “true 
relationships” to “no relationships” 
among those tested in the fi eld. R 

is characteristic of the fi eld and can 
vary a lot depending on whether the 
fi eld targets highly likely relationships 
or searches for only one or a few 
true relationships among thousands 
and millions of hypotheses that may 
be postulated. Let us also consider, 
for computational simplicity, 
circumscribed fi elds where either there 
is only one true relationship (among 
many that can be hypothesized) or 
the power is similar to fi nd any of the 
several existing true relationships. The 
pre-study probability of a relationship 
being true is R⁄(R + 1). The probability 
of a study fi nding a true relationship 
refl ects the power 1 − β (one minus 
the Type II error rate). The probability 
of claiming a relationship when none 
truly exists refl ects the Type I error 
rate, α. Assuming that c relationships 
are being probed in the fi eld, the 
expected values of the 2 × 2 table are 
given in Table 1. After a research 
fi nding has been claimed based on 
achieving formal statistical signifi cance, 
the post-study probability that it is true 
is the positive predictive value, PPV. 
The PPV is also the complementary 
probability of what Wacholder et al. 
have called the false positive report 
probability [10]. According to the 2 
× 2 table, one gets PPV = (1 − β)R⁄(R 
− βR + α). A research fi nding is thus 
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Summary
There is increasing concern that most 

current published research fi ndings are 
false. The probability that a research claim 
is true may depend on study power and 
bias, the number of other studies on the 
same question, and, importantly, the ratio 
of true to no relationships among the 
relationships probed in each scientifi c 
fi eld. In this framework, a research fi nding 
is less likely to be true when the studies 
conducted in a fi eld are smaller; when 
effect sizes are smaller; when there is a 
greater number and lesser preselection 
of tested relationships; where there is 
greater fl exibility in designs, defi nitions, 
outcomes, and analytical modes; when 
there is greater fi nancial and other 
interest and prejudice; and when more 
teams are involved in a scientifi c fi eld 
in chase of statistical signifi cance. 
Simulations show that for most study 
designs and settings, it is more likely for 
a research claim to be false than true. 
Moreover, for many current scientifi c 
fi elds, claimed research fi ndings may 
often be simply accurate measures of the 
prevailing bias. In this essay, I discuss the 
implications of these problems for the 
conduct and interpretation of research.

It can be proven that 
most claimed research 

fi ndings are false.

PLoS Medicine 2005, 696-701
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The Earth is Round (p < .05)

Cohan (1994), 997-1003, Am Psychologist



Fundamental Controversies

Ronald Fisher Jerzy Neyman
(1890-1962) (1894-1981)



A Brief History of the P Value

I Fisher suggested the P value as an informal measure of
statistical evidence.

I Neyman dismissed the P value as a measure of evidence and
proposed the formal hypothesis test framework based on error
rates.

I These two methods are incompatible but mistakenly regarded
as part of a single, coherent approach to statistical inference.



1. Is the P Value the Probability of the Null Hypothesis?

p-Wert: Dieser bezeichnet die Wahrschein-
lichkeit (probability) der Nullhypothese,
d.h. die Wahrscheinlichkeit, dass das
beobachtete Resultat durch Zufall zustande
kam. Wird in Dezimalbrüchen angegeben
(0,05 entspricht 5%).

“The P value is calculated on the assumption that
the null hypothesis is true. It cannot, therefore, be
a direct measure of the probability that the null
hypothesis is false.”



2. Is the P Value the Probability that the Observed Data
Occurred by Chance?

p-Wert: Dieser bezeichnet die Wahrschein-
lichkeit (probability) der Nullhypothese,
d.h. die Wahrscheinlichkeit, dass das
beobachtete Resultat durch Zufall zustande
kam. Wird in Dezimalbrüchen angegeben
(0,05 entspricht 5%).

“The p-value is not the probability that the ob-
served data occurred by chance, a circumlocution
that actually means the probability of the null hy-
pothesis.”



3. Is the P Value the Type-I Error Rate?

Die Wahrscheinlichkeit eines Fehlers 1. Art
ist mit dem Signifikanzniveau kontrolliert.
[. . .] Es gibt also ein [Signifikanz-]Niveau, wo
H0 “gerade noch” verworfen wird. Der p-Wert
ist das kleinste Signifikanzniveau wo H0 ver-
worfen wird.

“The interpretation of the P value as a form of post
hoc type I error rate (“observed type-I error”) cre-
ates the powerful illusion that an error rate (α) and
a measure of inferential strength (p) are identical.”



Back to Fisher . . .

“It is to be feared that the
principles of Neyman and
Pearson’s ’Theory of Test-
ing Hypotheses’ are liable
to mislead those who fol-
low them into much wasted
effort and disappointment,
and that its authors are not
inclined to warn students of
these dangers.”

Fisher (1959) Statistical Methods and Scientific Inference



4. Is the P Value the False Discovery Rate?

Die von uns heiss geliebten p-Werte drück-
en aus, wie wahrscheinlich ein rein zufälliges
Zustandekommen der Studienresultate aus
statistischer Sicht ist. Für diesen Typ-I- oder
“Alphafehler” werden in wissenschaftlichen
Studien in der Regel Wahrscheinlichkeiten
von 5% oder weniger akzeptiert. Somit dürfte
deswegen im Schnitt jedes 20. signifikante
statistische Analysenresultat nur zufällig zu-
stande kommen.



Epidemiology of Clinical Trials

I Suppose 200 trials are performed, but only 10% are of truly
effective treatments.

I Suppose each trial is carried out with a type I error of 5% and
a type II error of 20%.

Trial conclusion Treatment Total
truly ineffective truly effective

not significant 171 4 175
significant 9 16 25
Total 180 20 200

I 9/25 = 36% of trials with significant results are in fact of
truly ineffective treatments!

I In diagnostic testing terms, the positive predictive value is
only 64%.



Summary

The P value

I is not the probability of the null hypothesis.

I is not the probability that the observed data occurred by
chance,

I is not the probability that you will make a type-I error if you
reject the null hypothesis,

I is not the false discovery rate.
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Summary

The P value

I is not the probability of the null hypothesis,

I is not the probability that the observed data occurred by
chance,

I is not the probability that you will make a type-I error if you
reject the null hypothesis,

I is not the false discovery rate.

“In fact, the P value is almost nothing sensible you
can think of. I tell students to give up trying.”



Conclusion I

“The hypothesis test approach offered scientists a
Faustian bargain [i.e. a deal with the devil] – a
seemingly automatic way to limit the number of
mistaken conclusions in the long run, but only by
abandoning the ability to measure evidence and
assess truth from a single experiment.”



Conclusion II

“Since P values are not likely to soon disappear
from the pages of medical journals or from the
toolbox of statisticians, the challenge remains how
to use them and still properly convey the strength
of evidence provided by research data.”



What a Mess. Can These Men Help?

The Wolf: I’m Winston Wolfe. I solve problems.
Jimmie: Good, we got one.
The Wolf: So I heard. May I come in?
Jimmie: Uh, yeah, please do.



Calibration of P Values

I A calibration of P values to minimum posterior probability of
the null hypothesis is possible.

I A universal finding is that the evidence against a simple null
hypothesis is by far not as strong as the P value might
suggest.

I However, the acceptance of this calibration in clinical fields is
low due to

I complicated calculations,
I the need to specify a prior probability of the null hypothesis.



A Nomogram for P Values
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