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Tackling dichotomania (p<0.05) and 
other statistical diseases in pursuit of 
better science
John Carlin
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• Dichotomania: 10 years since the ASA statement and Greenland et al…

• Statistical significance: what exactly is the problem?

• Progress on solving the problem?

• Potential strategies connecting to “other statistical diseases”

Ten years after …

… the American Statistical Association released a statement recommending 
against the dichotomous interpretation of p-values, what has changed and 
what still needs to change?
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Ten years since…

1. P-values can indicate how incompatible the data are with a specified statistical model
2. P-values do not measure the probability that the studied hypothesis is true, or the 

probability that the data were produced by random chance alone
3. Scientific conclusions and business or policy decisions should not be based only on 

whether a P-value passes a specific threshold
4. Proper inference requires full reporting and transparency
5. A P-value, or statistical significance, does not measure the size of an effect or the 

importance of a result
6. By itself, a P-value does not provide a good measure of evidence regarding a model or 

hypothesis 5

• 4,357 citations! (Altmetric 28/07/26)
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Eight years since a landmark paper…
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https://www.nature.com/articles/d41586-019-00874-8

Seven years since…
Six years since my last talk on this topic…
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Krakow, Poland

[or the front room at home in Melbourne at 2am (COVID!!)]
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So, what exactly is the dichotomania (a/k/a significantitis) 
problem?

Results:

“There was no significant difference between the study groups in the mean (±SD) 
number of ventilator-free days (12.6±9.9 with simvastatin and 11.5±10.4 with 
placebo, P = 0.21)…”

Conclusions:

“Simvastatin therapy, although safe and associated with minimal adverse effects, 
did not improve clinical outcomes…”
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An example from the New England Journal of Medicine
“… did not improve clinical outcomes…”

Null hypothesis not rejected, leading to conclusion of “no effect”…

BUT WAIT:

“Sample-size assumptions […] a sample of 524 patients […] 
in order for the study to have 80% power, at a two-tailed significance level of 
0.05, to detect a mean between-group difference of 2.6 ventilator-free days…”

12
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“… did not improve clinical outcomes…”

Let’s look at the results again:

95% CI for mean difference: -0.6 to 2.8

The “alternative hypothesis” should not be rejected either!!!

0 2.61.1

95% CI for 
mean difference 

Effect size used 
for sample size

13

“… did not improve clinical outcomes…”

What should the reader take away from this paper?
• NOT: “the drug improves clinical outcomes” (so we should use it?)
• NOT: “the drug has no effect on clinical outcomes” (so we should forget 
about it?)

Clearly a false dichotomy!

• In fact, there was uncertain evidence for potential benefit

Consequences of dichotomising
• Confusion about what the trial results mean, because stakeholders expect 

something that can’t be provided (certainty?!)
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Another (extreme!) example

FIG. 2 Meta-analysis of the association between use of COX-2 inhibitors and atrial fibrillation as reported by Schmidt et 
al. and Chao et al.

Schmidt & Rothman (2014) “Mistaken inference caused by reliance on and misinterpretation of a significance test” 
Int.J.Cardiol. 
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“A unique finding of the 
present study was that the 
use of selective COX2 
inhibitors was not associated 
with AF risk, except in 
patients with chronic renal or 
pulmonary disease.”
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Anonymous correspondence with JAMA (2020)

Authors’ submitted manuscript reported primary result as: 
RR 1.05; 95% confidence interval 1.00 to 1.10

Editor’s response:

For the primary outcome, the P-value is presumably slightly above .05 […] 
To help make this clear, please carry the P-value, for the primary outcome 
only, out to 3 decimal places.

Final version:
RR 1.05; 95% confidence interval 0.999 to 1.098, p = 0.054

At editor’s insistence, this was reported as “did not meet statistical 
significance”
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Anonymous correspondence with Lancet (2017)

Copy Editor rounded results to one digit: 

However, they were less likely to be admitted to hospital with depressive 
mood disorder (IRR 0·7, 95% CI 0·7–0·8) … 

Author requested: “please restore second decimal place…”, 
editor responds:

A: thank you for your suggestions, I am happy to include these data to 2 
d.p.; however, I would like to point out that the addition to 2 d.p., strictly 
speaking, would not change the statistical significance of the reported data, 
as such these changes so late in the publication process begs the question of 
whether such accuracy is truly necessary.

An example from latest issue of JAMA
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Dichotomania: why is it a problem? 
Claims of “significant”

• It is not clear what should follow from the claim (change of practice, 
adoption of intervention etc), but typically the only clear result is a “ticket” 
for publication i.e. for claims of importance to science or medicine, etc.

• Selective reporting is clearly incentivised
• Selective reporting of “significant” findings leads to publication of inflated 

estimates of effects

Claims of “non-significant”

• Common conflation of “not significant” with “no effect” is clearly wrong and 
a source of much confusion and potential downplaying of potentially 
important effects (both benefit and harm)

What do such claims even mean (logically), especially given that the threshold 
for “significance” (traditionally 0.05) is arbitrary? Will return to this…

19 20

Why the dichotomy?

• It goes back a long way… e.g. this famous (first in medicine?) 
randomised trial:

“Four of the 55 S patients (7%) and 14 of the 52 C patients (27%) died 
before the end of six months. The difference between the two series is 
statistically significant; the probability of it occurring by chance is less 
than one in a hundred.”

N.B. This is one of the classic misinterpretations!
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Why the dichotomy?

Complex historical/sociological origins in science broadly

• Strong (instinctive/intuitive?) appeal of a yes/no answer
• Shouldn’t statisticians know better?

• Appeal of “objectivity,” tied to quantification of knowledge
• Gigerenzer G, Marewski JN. Surrogate science: the idol of a universal method for scientific 

inference. J Management. 2015

In trials more specifically?

• Linked to regulatory decision-making
• Drug can proceed to next stage of approval if trial “succeeds”

• … but how many trials lead directly to an actual “decision”?
• And if a decision, how often is that driven purely by the statistical significance attached 

to the primary outcome comparison?
22

Looking more closely at the dichotomy

Early 20th century: Statistical inference became conflated with drawing a 
dichotomous conclusion…

• Neyman-Pearson theory of hypothesis testing appeared to fit the bill

BUT Neyman & Pearson (1933) explicitly stated that their theory of testing 
was not designed for drawing inferences from specific datasets!

“Without hoping to know whether each separate hypothesis is true or false, we may 
search for rules to govern our behaviour with regard to them, in following which 
we ensure that, in the long run of experience, we shall not often be wrong.”

In contrast, Fisher (1925) emphasised the P-value:
• “Index of surprise”: if small, “consider alternative explanations…”
• This was inference from the data…

23

Looking more closely at the dichotomy
Standard practice of null hypothesis significance testing mashes up 
Neyman-Pearson theory with Fisher and has no logical basis!

• Define a test statistic 𝑇 and calculate 𝑃 = Pr 𝑇 > 𝑡௢௕௦ | 𝐻଴

• If 𝑃 < 0.05 then declare that ‘statistical significance’ has been observed, 
implying that 𝐻଴ has been rejected/disproven 

• This is claiming a scientific inference from the P-value, i.e. drawing a 
conclusion given the data (not just engaging in “good long-run behaviour”)

IT DOESN’T MAKE SENSE!!

• Confusion about Type I/II error rates cf. actual “decision”

• Misinterpretation in both directions (“significant” and “non-significant”)
• Currency of publication, Type M error (winner’s curse), P-hacking, replicability

Goodman S (1999) “Toward evidence-based medical statistics. 1: The P value fallacy” Ann Int Med 24

Are trials different? Is there a special case for hypothesis 
tests in trials?

Stricter rules (prespecified primary comparison at prespecified alpha level, 
etc) enforce discipline re primary analysis, power, multiple comparisons etc
• But still fundamentally illogical and misleading

• Trial reports should not confuse the reporting of estimated effects with 
conclusions or decisions about recommended practices

Isn’t the machinery of Type I and Type II error control critical to maintaining 
trial quality?
• No! Individual trials never “determine” conclusions about whether a 
treatment effect is or is not zero

• This is a game that is maintained in order to provide a framework for 
determining sample size
• Increasingly in question as Bayesian analysis methods proliferate?

21 22
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Looking at the dichotomy: summary

P < .05 does NOT mean an effect is real

P > .05 does NOT mean there is no effect

(And numerous other common misunderstandings!)

• Statisticians should not perpetuate the practice of drawing 
(falsely) dichotomous conclusions 

26

Have things changed (longer term and recently)?

• Practice of major journals

• Trends more broadly in medical journals

Major journals set the tone: have they changed?
e.g. JAMA

• From guidelines to authors, “Statistical Methods and Data Presentation”

Avoid solely reporting the results of statistical hypothesis testing, such 
as P values, which fail to convey important quantitative information. For most 
studies, P values should follow the reporting of comparisons of absolute numbers 
or rates and measures of uncertainty (eg, 0.8%, 95% CI −0.2% to 1.8%; P = .13). 
P values should never be presented alone without the data that are being 
compared.

• OK, but what does “comparison of absolute numbers or rates” mean?! (etc.)

27

Major journals set the tone: have they changed?
e.g. JAMA
[guidelines cont.]

• “significance” mentioned four times:

Do not use inappropriate hedge terms such as marginal significance or trend 
toward significance for results that are not statistically significant.

State any a priori levels of significance and whether hypothesis tests were 1- or 
2-sided.

For secondary and subgroup analyses, there should be a description of how the 
potential for type I error due to multiple comparisons was handled, for example, 
by adjustment of the significance threshold.

• Overall message is confusing!
28
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Major journals: NEJM

https://www.nejm.org/author-center/new-manuscripts#statistical-reporting-guidelines

Under “1. General requirements and reporting style”

c. To prevent confusion, we recommend that authors draw a clear distinction 
between statistical significance and clinical (or other nonstatistical) 
significance. This can be achieved by reserving the adjective “significant” to 
mean “statistically significant.”

d. Significance tests should be accompanied by effect estimates with standard 
errors or confidence intervals.

OK, perhaps?? (assuming that significance declarations are meaningful!)

29

Major journals: NEJM

Under “2. Multiplicity considerations” they dig a big hole!

a. To enhance the reproducibility of study results, the Journal emphasizes the 
need to account for the multiplicity of hypothesis testing in the analysis and to 
control the probability of error. […]

b. For confirmatory analyses, such as those typically reported for end points in 
clinical trials, the SAP should prespecify a plan to control overall type I error 
(family-wise error rate). […]

d. When no method to adjust for multiplicity of inferences was prespecified in 
the protocol or SAP, reporting of secondary and exploratory end points should 
be limited to point estimates of effects with 95% confidence intervals. In such 
cases, the Methods section should state that the widths of the intervals have 
not been adjusted for multiplicity and that the intervals may not be used in 
place of hypothesis testing. The interpretation of these confidence intervals 
should avoid the language of definitive conclusions used to report statistically 
significant findings as assessed by formal hypothesis testing. 30

Major journals: BMJ

Under “Statistical issues”: 

“Please do not use the term 'negative' to describe studies that have not found 
statistically significant differences, perhaps because they were too small. 
There will always be some uncertainty, and we hope you will be as explicit as 
possible in reporting what you have found in your study. Using wording such as 
"our results are compatible with a decrease of this much or an increase of this 
much" or 'this study found no effect' is more accurate and helpful to readers 
than "there was no effect/no difference." ”

Muddled!!

• Overall, no clear progress in top journals 

• What about bigger picture?
31

Quantitative trends 
in practice

• 5 major medical journals (NEJM, JAMA, Lancet, BMJ, AnnIntMed)
7 epidemiology journals (AmJEpi, IJE, Epid, EurJEpi, JECH, JCE, AnnEpi)

• “CI-only” approach rose monotonically over time in all journals

• BUT “NHST” retained dominance in 4/5 medical journals though not epi journals

• “The reporting of CIs without explicitly interpreting them as statistical tests is 
becoming more common in abstracts, particularly in epidemiology journals. Although 
NHST is becoming less popular in abstracts of most epidemiology journals studied and 
some widely read medical journals, it is still very common in the abstracts of other 
widely read medical journals, especially in the hybrid form of ST and NHT in which p 
values are reported numerically along with declarations of the presence or absence 
of statistical significance.” 32
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medRiv

Main Outcomes and Measures Proportion of article reporting at least 1 P-value, at least 1 P-value less 
than thresholds (.05 and .005), distribution of P-values by magnitude and operator type.

Results The proportion of articles reporting P-values increased from 7.5% in 1990 to 18.3% in 2025 
for PubMed abstracts, and from 5.2% to 53.3% for PMC full-texts. The median number of P-values 
per article increased from 2 to 7 in PMC full-text articles, with upward trends observed in all 
databases. A high proportion of P-values remains clustered around .05 and .001 in all databases. 
The proportion of articles reporting at least one P-value ≤ .05 has remained in the range 94%-98% 
since 1998, while the proportion reporting at least one P-value≤ .005 has increased over time, 
reaching 57.0% for PubMed abstracts and 62.5% for PMC full-texts. The reporting of ‘exact’ P-values 
increased until 2015, but with no further increase in the last 10 years (PubMed abstracts: 17.6% in 
1990, 51.1% in 2015, 49.8% in 2025)

Conclusions and Relevance Our evaluation demonstrates the pervasive entrenchment of P-values, 
despite heavy debates and major changes in the content of the biomedical literature over time. 
More P-values are reported and papers using P-values almost always report some that are 
statistically significant. Readers should remain aware of the major issues surrounding P-value 
misuse and misinterpretation.

33

“Reporting of confidence intervals increased from 
0.5% (1975) to 29% (2021).”

BUT:

“Overall and within each calendar time period, 
significance language was the most common mode 
of statistical inference. Even in the most recent 
period, 2015–2021, significance language was used 
in 77% of all abstracts.”

[And, the most common effect measures were 
hazard ratio and odds ratio…]

34

• Latest in a series led by Andreas Stang 
looking at various areas of medical 
research (cancer, clinical pharmacology, 
cardiovascular)

• This one showed the strongest evidence for 
changes in practice

• Clear increase in reporting of CIs 
(although noting this may not be free of 
dichotomania, and also querying choice of 
effect measures)

35

Trends to (away from?) significance…

36
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“Trending to significance” highlights the nonsense of significance
[…]
borderline conventional significance (p=0.051)
borderline level of statistical significance (p=0.053)
borderline significant (p=0.09)
borderline significant trends (p=0.099)
close to a marginally significant level (p=0.06)
close to being significant (p=0.06)
close to being statistically significant (p=0.055)
close to borderline significance (p=0.072)
close to the boundary of significance (p=0.06)
close to the level of significance (p=0.07)
close to the limit of significance (p=0.17)
close to the margin of significance (p=0.055)
close to the margin of statistical significance (p=0.075)
closely approaches the brink of significance (p=0.07)
closely approaches the statistical significance (p=0.0669)
closely approximating significance (p>0.05)
closely not significant (p=0.06)
closely significant (p=0.058)
close-to-significant (p=0.09)
did not achieve conventional threshold levels of statistical significance (p=0.08)
did not exceed the conventional level of statistical significance (p<0.08)
did not quite achieve acceptable levels of statistical significance (p=0.054)
did not quite achieve significance (p=0.076)
did not quite achieve the conventional levels of significance (p=0.052)
did not quite achieve the threshold for statistical significance (p=0.08)
did not quite attain conventional levels of significance (p=0.07)
[…]

• If you believe statistical significance is a meaningful concept, i.e. we 
“reject” the null hypothesis if P < 0.05, then that’s what you should do, 
and the size of the P-value (whether close to 0.05 or not) doesn’t mean 
anything. If, on the other hand, you believe P can be interpreted 
meaningfully on a continuous scale, then that’s what you should do! 

• “Trend to significance” thinking highlights the “P value paradox” 
(Goodman 1999): incoherent combination of Neyman-Pearson hypothesis 
testing with Fisher’s “significance” testing.

• This commentary reflects difficulty of issues (persisting confusion around 
“hypotheses” and “decisions”, etc)

• BUT may be indicative of changes in the air?

• … although empirical data are (so far) less reassuring [as above] 38

39

Tackling dichotomania: 
change is occurring but (much) more is needed

• What needs to happen to reform standard practices with P-values and 
hypothesis testing

• Connections to broader issues in statistical practice

39
40

Tackling dichotomania

Greater effort needed to:

• Remove “statistical significance” from the lexicon (and beware coded 
versions, e.g. “no difference was found”)

• De-emphasise hypothesis testing as the primary statistical activity
• Emphasise interval estimation (“compatibility interval”?)
• … and perhaps more Bayesian inference

• Emphasise that inference in the face of random variation is uncertain, 
not dichotomous

• Remember all the other “hypotheses” (beyond the null) that may be of interest (leading 
back to estimation of effect)

• View/present results as incremental information about effect sizes, not “findings” of 
effects present or absent

40
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ASIDE: It’s not the P-value per se that’s the problem, 
it’s the dichotomisation as “significant/ non-signif.”

• If we no longer use P-values to declare “significance”, what use are they?
• Need to pay closer attention to what they actually mean…

• Valid interpretation is not easy: it seems very natural to try and convert 
the “probability” involved into a statement of uncertainty about the 
test/null hypothesis (“inversion fallacy”)

• Rafi & Greenland (2020) revive a proposal to assist with this by using an 
equivalence between P-values and so-called S-values…

42

Rafi & Greenland (2020)

• P-value as measure of compatibility of data with test hypothesis (and 
assumptions)

• Also need to consider compatibility with other hypotheses

• NO SHARP THRESHOLDS (“significance”)

• Propose S-value as alternative, safer measure of compatibility or 
“surprise”

• Analogy with coin toss: how much “surprise” information is there in 
seeing n heads in a row?

43

“S-values” (Rafi & Greenland, 2020)

S for surprise, not significance!

1 Head 50-50

2 Heads (1/2)2 = 0.25

3 Heads (1/2)3 = 0.125

4 Heads (1/2)4 = 0.063

5 Heads (1/2)5 = 0.031

…

10 Heads (1/2)10 = 0.001

P = 0.05 is as surprising (under 
the test hypothesis) as getting 
between 4 and 5 Heads when 
tossing a fair coin

Connections with other misuses and misinterpretations of 
statistical methods

• Ritual (or at least habitual) application of techniques 

• Regression rules the world
• I see a binary outcome, therefore I fit a logistic regression…

• Methods producing answers in search of questions

• Overarching solution to all of these problems is to go back to the 
question(s)…

• If we recommend “estimation not testing”, are we clear about what we 
are estimating, beyond a statistically defined “effect”?

44
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The scourge of multivariable regression
• Review shows many applications of regression methods are poorly framed:

• “adjustment” for covariates without clear causal intent
• “Type 2 fallacy”: interpretation of multiple coefficients in single model
• “exploratory” use of regression to identify “risk factors” (no clear research question)
• “prognostic factor” studies claiming to identify “independent effects”

45

Statistics in 
Medicine 
(2025)
with 
accompanying 
commentaries 
and authors’ 
rejoinder

A grand unifying solution!

First, clarity of purpose: research question either descriptive, predictive or 
causal

• Trials are always asking a causal question

From type of question flows desired endpoint of analysis: what is the 
estimand? (the quantity in the infinite target population that represents the 
answer to the question)

• Fits with recent emphasis on estimands in trials: specify the target quantity before the 
analysis plan!

• N.B. Is it really of interest to ask the question “is the causal effect of treatment X positive 
(‘non-null’)?”?

Once estimand is clear, assess whether data can (in principle) provide a valid 
estimate (measurement issues, adherence, missing data, etc), then specify 
method for estimation

46

A grand unifying solution!

• Proposed “roadmap” for answering questions has no place for testing 
hypotheses

• Instead, sharp focus on estimating a quantity of meaningful interest

• This approach helps to facilitate the “estimation not testing” mantra, by 
clarifying the estimand(s)

• No longer focusing on parameters in statistical models as the “effects of interest”
• Models will be useful but need to be deliberately constructed with full articulation of 

assumptions that link parameters to estimand(s) of interest

See Carlin & Moreno-Betancur, Stat Med (2025) for more

47

A final word on the null hypothesis

“Statisticians classically asked the wrong question—
and were willing to answer with a lie. They asked 
‘Are the effects of A and B different?’ and they were 
willing to answer ‘no.’

All we know about the world teaches us that the 
effects of A and B are always different—in some 
decimal place—for any A and B. Thus asking ‘are the 
effects different?’ is foolish.”

John W. Tukey, “The Philosophy of Multiple Comparisons”, Statistical 
Science (1991)

It’s time to take this great statistician’s 
thoughts seriously!

48

http://xkcd.com/892/
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