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Moving to a world beyond p < 0.05:
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What Is a p value?

* The probability

* Of seeing a test statistic

o At least as extreme as the one you got
* Given the null hypothesis Is true
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History

e Arbuthnot (1710) “An
argument for divine
providence taken from the
constant regularity
observed in the births of
both sexes”

e Calculated a p value form
a binomial distribution
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History

 Laplace (1827)
measuring the
effect of the moon
on atmospheric
tides

e Calculated a p
value from a
Normal distribution
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History

* Poisson (1837)
modelling jury
verdicts (7/12 was
sufficient to convict)

e Calculated
confidence intervals
from Normal
distributions
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History

e Fisher (1922)
Introduced the term
“p-value”

Statistical Methods for
Research Workers
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e Describing the standard normal distribution:
“The value for which P=0.05, or 1 in 20, is 1.96
or nearly 2; it Is convenient to take this point as a
limit in judging whether a deviation ought to be
considered significant or not. Deviations
exceeding twice the standard deviation are thus
formally regarded as significant. Using this
criterion we should be led to follow up a false
iIndication only once In 22 trials, even if the
statistics were the only guide available.”
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“If one In twenty does not seem high enough
odds, we may, if we prefer it, draw the line at
one In fifty ... or one in a hundred .... Personally,
the writer prefers to set a low standard of
significance at the 5 per cent point, and ignore
entirely all results which fail to reach this level. A
scientific fact should be regarded as
experimentally established only if a properly
designed experiment rarely falls to give this level
of significance.”
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.and this i1s where we put the
non-significant results.
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History

* Neyman & Pearson (1933)
Introduced the concept of
hypothesis tests

 Neyman (1937) introduced
the term “confidence
Interval”
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Poking tun at p values [

0.001 ]
« Jokes about the 001 | ey SINFCANT
threshold 005 _
gggjﬂ‘ CALCULATTIONS,
T

HIGHLY SUGGESTIVE,
0.08 — SIGNFICANT AT THE
0.0% P<C.I0 LEVEL
001 HEY LDOK AT

>0.] —THIE NTERESTING
SUBGROUP ANALYSIS
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 teetering on the brink of significance
(p=0.06)

e not significant in the narrow sense of the
word (p=0.29)

 partial significance (p>0.09)
e significant at the .07 level
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JELLY BEANS

CAUSE ACNE!

SCIENTISTS!
INVESTIGATE!

WE FOUND NO
LINK BETWEEN
JELLY BEANS AND
ANE (p > 0.05),

» Jokes about multiple comparisons

THAT SETLES THAT,

T HEAR ITS ONLY
A CERTAIN COLOR
THAT CAUSES IT:

SCIEHTSTS‘
M l!mim.nFT
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WE FOUND NO WE UMD MO WE FounD MO WE. FouND MO WE FOUND NO

LMK, BETWEEN LinK, BETWEEN LK BETWEEM LMK, GETWJEEN LMK, GETWEEN

PURPLE JELLy BROWN JELY Pine. JELLY BWE TELy TEAL JELY

BEANS PRD ANE BEAKS AHD AHME BEANS AND AHME BEANS AND ACNE BEAMS AND ACNE

(p>005) (p>005) (p>0.05), (p>0.05) (P>005).

2, . ) 5 =
WE FOUND NO WE FOUND MO WE. FOUND NO WE FOUND NO WE FOUND NO
LMK, BETWEEN LMK, GETWEEN LI, BETWEEN LMK, GETWEEN LK, GETWEEN
SALMON JELLY RED JeLy TuRGUOISE JELLY MAGENTR JELLY YELLOW JELLY
BEANS PRID ACNE BEANS AND ANE BEANS AN ACHE BEANS PHD ANE BEANS AND AONE
(p>0.05) (P>0.05) (p>0.05) (Pp>0.05), (p>0.05)
/ !

i
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WE FOUND NO WE FOUND NO WE FOUND NO WE FOUND A WE FOUND NO
LINK, GETJEEN LIk, BETWEEN LINK, GETWEEN LINK, GETJEEN LMK GETWEEN
GREY JELLY TAN JELY Cvan JELLY GREEN JELLY MALVE JELY
BEANS AND ACHE BERNS FD AMNE BEANS AND ANE BEANS AND ACHE BEANS AHD ACNE
(p>0.05) (P>0.05), (p>0.05), (p<0.05) (p>005)
/ / / ey | /
WE FOUND MO WE FOUND MO WE FOUND NO WE FOUND MO WE FOUND NO
LINY, GETWEEN LINK, BETWEEN LINK, GETWEEN LINK, BETWEEN LMK BETWEEN
BeiGe JELy LA ey BLACK, JELY PERCH JELLY ORPHGE JELLY
BEANS ARD ACNE BERNS A AMNE BEANS AND ACNE BERNS PRD ACNE BEANS AND ACNE
(p>0.05) (P>0.05) (p>0.05) (p>0.05) (p>0.05)
/ / /
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e Jokes about the
terminology

Deadly Sins
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Can chocolate make you smarter? (And
thinner? And healthier?)

Chocolate
Shortcuts

A new study claims chocolate can improve cognitive performance - joining
research that indicates it can prevent heart attacks and help you lose weight. But
dig a little deeper and all is not what it seems ...

Leo Benedictus Advertisement

Wednesday 9 March 2016
03.32 AEDT

0000

Shares @ Comments

3320 106

@ Save for later

Most popular in Australia

Immigration
department i




Australian
National

University

« BASP bans the
p-value
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Editorial

David Trafimow and Michael Marks

New Mexico State University

The Basic and Applied Secial Psychology (BASP) 2014
Editorial emphasized that the null hypothesis signifi-
cance testing procedure (NHSTP) is invahd, and thus
authors would be not required to perform it (Trafimow,
2014). However, to allow authors a grace period, the
Editorial stopped short of actually banning the NHSTP.
The purpose of the present Editorial is to announce that
the grace period is over. From now on, BASP is banning
the NHSTP.

With the banning of the NHSTP from BASP, what
are the implications for authors? The following are
anticipated questions and their corresponding answers.

Question 1. Will manuscripts with p-values be desk
rejected automatically?

Answer to Question 1. No. If manuscripts pass the
preliminary inspection, they will be sent out for review.
But prior to publication, authors will have to remove all
vestiges of the NHSTP (p-values, f-values, F-values,

a strong case for rejecting it, confidence intervals do not
provide a strong case for concluding that the population
parameter of interest is likely to be within the stated
interval. Therefore, confidence intervals also are banned
from BASP,

Bayesian procedures are more interesting. The usual
problem with Bayesian procedures is that they depend
on some sort of Laplacian assumption Lo generale num-
bers where none exist. The Laplacian assumption is that
when i a state of ignorance, the rescarcher should
assign an equal probability to each possibility. The
problems are well documented (Chihara, 1994; Fisher,
1973; Glymour, 1980; Popper, 1983; Suppes, 1994;
Trafimow, 2003, 2005, 2006). However, there have been
Bayesian proposals that at least somewhat circumvent
the Laplacian assumption, and there might even be cases
where there are strong grounds for assuming that the
numbers really are there (see Fisher, 1973, for an
example). Consequently, with respect to Bayesian pro-
cedures, we reserve the right to make case-by-case

about “si ant™  differences or lack
thereof, and so om).
Question 2, What ahout other types of inferential stat-

istics such as confidence intervals or Bayesian methods?
Answer to Question 2. Confidence intervals suffer
from an inverse inference problem that is not very difTer-
ent from that sufTered by the NHSTP. In the NHSTP,
the problem is in traversing the distance from the prob-
ability of the finding, given the null hypothesis, to the
probability of the null hypothesis, given the finding.
Regarding confidence intervals, the problem is that,
for example, a 95% confidence interval does not indicate
that the parameter of interest has a 95% probability
of being within the interval. Rather, it means merely
that if an infinite number of samples were taken and
d intervals d, 95% of the confidence
intervals would capture the population parameter.
Analogous to how the NHSTP fails to provide the prob-
ability of the null hypothesis, which is needed to provide

Correspondence should be sent to David Trafimow, Department of
Psychology, MSC 1452, New Mexico State University, P.O. Box
30001, Las Cruces, NM 88003-8001 E-mail: dirafimo@nmsu edu

jud and thus Bayesian procedures are neither
required nor banned from BASP.

Question 3. Are any inferential statistical procedures
required?

Answer to Question 3. No, because the state of the art
remains uncertain. However, BASP will require strong
descriptive statistics, including effect sizes. We also
encourage the presentation of frequency or distribu-
tional data when this is feasible. Finally, we encourage
the use of larger sample sizes than is typical in much psy-
chology research. because as the sample size increases,
descriptive statistics become increasingly stable and
sampling error is less of a problem. However, we will
stop short of requiring particular sample sizes, because
it is possible to imagine circumstances where more
typical sample sizes might be justifiable.

We conclude with one last thought. Some might view
the NHSTP ban as indicating that it will be easier to
publish in BASP, or that less rigorous manuscripts will
be acceptable. This is not so. On the contrary, we believe
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 ASA statement
of six principles

ASA Statement on Statistical Significance and P-Values

1. Introduction

Increased quantification of scientific research and a prolifera-
tion of large, complex datasets in recent years have expanded the
scope of applications of stalistical methods. This has created new
avenues for scientific progress, but it also brings concerns about
conclusions drawn from research data. The validity of scientific
conclusions, including their reproducibility, depends on more
than the statistical methods themselves. Appropriately chosen
techniques, properly conducted analyses and correct interpre
tation of statistical resuls also play a key role in ensuring that
conchsions are sound and that uncertainty surrounding them
is represented properly.

Underpinning many published scientific condlusions is the
concept of “statistical significance,” typically assessed with an
index called the p-value. While the pvalue can be a use
ful statistical measure, it is commonly misused and misinter-
preted. This has led to some scientific journals discouraging
the use of p-values, and some scientists and statisticians recom
mending their abandonment, with some arguments essentially
unchanged since p-values were first introduced.

In this confext, the American Statistical Association (ASA)
believes that the scientific community could benefit from a for-
mal statement clarifying several widely agreed upon principles
underlying the proper use and interpretation of the p-value. The
issues touched on here affect not only research, but research
funding. journal practices, career advancement, scientific edu-
calion, public policy, journalism, and law. This slalemenl does
not seck to resolve all the issues relating to sound statistical prac-
tice, nor to settle foundational controversies. Rather, the state-
ment articulates in noniechnical terms a few select principles
that could improve the conduct or interpretation of quantita-
tive sclence, according to widespread consensus in the statistical
community.

2. What is a p-Value?

Informally, a p-value is the probability under a specified statisti-
cal model that a statistical summary of the data {e.g., the sample
mean difference between two compared groups ) would be equal
to or more extreme than its observed valise.

3. Principles

1. P-values can indicate how incompatible the data are
wilh a specilied statistical model.

A p-value provides one approach to summarizing

the incompatibility between a particular set of data and

a proposed model for the data. The most common
context is a model, constructed under a set of assump
tions, together with a so-called “null hypothesis™ Often
the mull hypothesis postulates the absence of an effect,
such as no difference belween iwo groups, or the absence
of a relationship between a factor and an outcome. The
smaller the p-value, the greater the statistical incompati-
bility of the data with the null hypothesis, if the underly
ing assumptions used to calculate the p-value hold. This
incompatibility can be interpreted as casting doubt on
or providing evidence against the null hypothesis or the
underlying assumptions.

. P-values do not measure (he probability that the stud

ied hypothesis is true, or the probability that the data
were produced by random chance alone.

Researchers often wish o turn a p-value inlo a state
ment about the truth of a null hypothesis, or about the
probability that random chance produced the observed
data. The p-value is neither. It is a statement about data
in relation to a specified hypothetical explanation, and is
not a statement about the explanation itself.

. Scientific conclusions and business or policy decisions

should not be based only on whether a p-value passes
aspecific threshold.

Practices thal reduce data analysis or scientific infer
ence to mechanical “bright-line” rules (such as "p <
0.05") for justifying scientific claims or conclusions can
lead o erroneous beliefs and poor decision making. A
conclusion does not immediately become “true” on one
side of the divide and “false” on the other. Researchers
should bring many conlextual factors into play to derive
scientific inferences, including the design of a study,
the quality of the measurements, the external evidence
for the phenomenon under study, and the validity of
assumptions that underlic the data analysis. Pragmatic
consideralions often require binary, “yes-no” decisions,
but this does not mean thal p-values alone can ensure
that a decision is correct or incorrect. The widespread
use of “statistical significance” (generally interpreted as
“p = 0.057) as a license for making a claim of a scientific
finding (or implied truth) leads to considerable distor-
tion of the scientific process.

. Proper inference requires full reporting and

transparency

P-values and related analyses should not be reported
selectively. Conducting multiple analyses of the data
and reporting only those with certain p-values (typi-
cally those passing a significance threshold) renders the
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* ASA editorial introducing 40+ papers

Taylor & Francis

Taylor B Frarecis Group

©

EDITORIAL

Moving to a World Beyond “p < 0.05"

Some of you exploring this special issue of The American Statis-
tician might be wondering if it's a scolding from pedantic statis-
ticians lecturing you about what nof to do with p-values, without
offering any real ideas of what to do about the very hard problem
of separating signal from noise in data and making decisions
under uncertainty. Fear not. In thisissue, thanks to 43 innovative
and thought-provoking papers from forward-looking statisti-
cians, help is on the way.

& OPEN ACCESS

W) Gheck for updates

special issue of The American Statistician. Authors were explic-
itly instructed to develop papers for the variety of audiences
interested in these topics. If you use statistics in research, busi-
ness, or policymaking but are not a statistician, these articles
were indeed written with YOU in mind. And if you are a
statistician, there is still much here for you as well.

The papers in this issue propose many new ideas, ideas that
in our determination as editors merited publication to enable
broader consideration and debale. The ideas in this editorial are
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« ATOM(IC)

e Accept uncertainty; be
* Thoughtful

 Open, and

 Modest

* Institutional Change
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Resources

* https://www.howresearchers.com/episode
s/episode-2/

e https://i2insights.org/2019/04/30/replacing-
p-values/



https://www.howresearchers.com/episodes/episode-2/
https://i2insights.org/2019/04/30/replacing-p-values/
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