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Introduction

Why this book exists

A clinician or researcher is asked every day how sure they are, and usually answers with a tone
of voice. This book treats confidence as something that should follow the strength of the
evidence, and teaches the difference between a hypothesis, a finding and a belief. It shows how
to put a confidence on a claim in plain words and say why, and why being wrong in public is a
normal event in science rather than a disgrace.

How to read it

Read Book 0 first, or at least the sections this book names as it goes. Then read this one in order.
The book asks you to build one thing: a dated written record of five beliefs you hold about your
own field, each with a confidence attached. Start it when the book tells you to and keep it; the
next book in this subject scores it.

Every section has the same shape. Definition states the idea exactly. In plain terms says it again
in everyday words. Illustration works through one real case, usually with a source you can open
yourself. Where this picture breaks says where the illustration stops being true. Must-know
points are what should change what you do. Then come exercises and, in most sections, a
graded practice set.

Do the exercises before you look anything up. The worked answers are in the appendix at the
back, under the same numbers. The references for each Part follow that Part. The glossary lists
every term of art in the plain words it was first given. The last pages list all 196 books in the
series and show where this one sits.

If you are new to this

Book 0, in particular percentages (A4), ratios (A5), what a probability is (D1), the two-way table
(D3), average and spread (D5), sampling (D6), random and systematic error (D7), reading a table
(F1), checking a reference (F3) and the shape of an argument (F4). The mathematics is arithmetic
with a calculator: turning a percentage into a fraction or odds and back, counting proportions in
a small table, and filling a two-way table in natural frequencies. No algebra, no formula for
Bayes' theorem and no statistics beyond a mean, a range and, in the section on calibration, Book
0's square-root law from sampling (D6), used to see how far chance moves a small tally of claims.
You need something you have taught or written, and a notebook or file you will keep for the five
dated beliefs.

On a first reading, read each section's definition, plain-terms explanation, illustration and must-
know points, and do the exercises. Worked derivations can be skimmed and revisited once the
idea feels familiar. Keep a calculator beside you: every worked answer can be followed with pen,
paper and a calculator. Anything beyond the stated prerequisites is explained where it first
appears, or marked as beyond this book. The Symbols used in this book page lists every sign
and Greek letter with how to read it and where it is first used.
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How to send feedback

If something is wrong, unclear, or could be better, please write to 
contact@drharshmaheshwari.com. Put the book number, the version and the section in the
subject line (for example: Book 10, v1.0, section C5). Say what the text says, what you think it
should say, and, if you can, the source.

Corrections are made in new versions. The version number and the date of the last update are on
the copyright page of every book, and the newest version of every book is at 
drharshmaheshwari.com.

WHERE THIS BOOK SITS

Book 10 of the series' 196 books (Book 0 and 195 rung books). Before it: Book 9, Scientific
writing, visualisation and public communication · Rung 1. After it: Book 11, Adjacent specialist
domains: recognise and route · Rung 1. The full list is at the back.
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Symbols used in this book

Every sign and Greek letter this book prints, how to read it aloud, what it means in this series, and the section
where it first appears. Each is also explained where it is first used.

Symbol Read as Meaning First in

SIGNS

⊕ a circled plus, GRADE's

'filled circle'

One level of certainty of

evidence reached in a

GRADE rating: ⊕⊕⊕⊕

is high, ⊕◯◯◯ very

low

7 · GRADE certainty: four

levels, where you start,

and moving down or up

◯ an empty circle (GRADE) A level of certainty of

evidence not reached in a

GRADE rating

7 · GRADE certainty: four

levels, where you start,

and moving down or up

− minus Subtraction, or a negative

number

9 · No evidence of an

effect is not evidence of

no effect

MARKS ON LETTERS

x², 10⁻³ superscript Small raised characters are

powers: x² = x × x, and

10⁻³ = 0.001

4 · Belief beyond the

evidence
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Before you start

This book uses the following Book 0 sections. Each is summarised where it is first needed; work
through Book 0 itself if a summary is not enough.

Book 0, A4 · Percentages, and the percentage of a percentage

Book 0, A5 · Ratios, rates and proportions

Book 0, D1 · What a probability is

Book 0, D3 · Conditional probability through the two-way table

Book 0, D5 · Average and spread, and why the average is not the person

Book 0, D6 · Sampling: how a part can tell you about a whole

Book 0, D7 · Random error and systematic error as different things

Book 0, F1 · Reading a table

Book 0, F3 · Checking a reference

Book 0, F4 · Argument: premise, inference, conclusion

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

9



Rung 1 — Introductory

1 · Three kinds of statement: a hypothesis, a finding and
a belief

DEFINITION.  A hypothesis is a proposed explanation, stated so that a study can be de-
signed to support or refute it.

A finding is what a particular study observed, stated with the people and setting it was ob-
served in and with the uncertainty that comes with it. It reports; it does not on its own
reach beyond the study.

A belief is a statement a person holds to be true, held with some strength, on whatever
grounds that person has.

The three are uses of a statement, not kinds of sentence.

Sherman Kent, writing in 1964 for intelligence analysts, sorted statements on a second axis, by
how close they come to what is known. The first kind states something known, as close to indis-
putable fact as one can come. The second is a judgement on evidence, which the evidence makes
likely but cannot make certain. The third is a judgement made almost without evidence. The two
sortings ask different questions and cross each other. [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13]

IN PLAIN TERMS.  Take one sentence: skipping breakfast makes people put on weight.

Offered to be tested, it is a hypothesis. Reporting what a study saw, in certain people, it is a find-
ing. Simply held true, it is a belief.

Illustration 1. This book follows one claim from start to finish: eating breakfast helps you keep
weight off, and skipping it puts weight on. Here it is three times. Sort each one before you read
on.

The first is made up for this section. A resident writes in her thesis protocol:

We propose that students who skip breakfast on most days gain more weight over one year than
students who eat it.

10



The second is real. Brown and colleagues’ 2013 paper “Belief beyond the evidence” is at https://
pmc.ncbi.nlm.nih.gov/articles/PMC3798081/. They pooled the observational studies of breakfast
and weight that four earlier reviews had gathered — studies that watch people as they are,
without changing anything. They took 88 estimates from 58 studies, done in 30 countries. Pool-
ing like this is a meta-analysis: a study that combines the results of earlier studies of the same
question into one answer. In their Results they write:

There is a clear association between breakfast omission and excess weight as summarized in our
cumulative meta-analysis (see RLPV below), and this association supports the PEBO but does not
show causation.

An association means the two things go together: excess weight is found more often among
people who skip breakfast. PEBO is their short name for the claim that eating breakfast protects
against obesity. A cumulative meta-analysis pools the estimates again each time a new year’s
studies are added, here year by year from 1994 to 2011. RLPV is their short name for “research
lacking probative value”: studies that cannot add to what is known, such as repeats of a question
already answered.

The third is a line Brown and colleagues quote from the Mayo Clinic. It sits in their table of pub-
lic statements, whose sources include health websites, a newspaper and the US Surgeon General:

In fact, skipping breakfast actually increases your risk of obesity.

Now sort them with three questions.

Hypothesis Finding Belief

What it does offers an explanation to be

tested

reports what one study saw states what someone holds true

Its grounds a reason to think it worth

testing

the study’s own data, in its own

people

whatever persuaded the person

A result

against it

is what the test is for is another finding to set beside

it

ought to change how strongly it

is held

The protocol sentence is a hypothesis. Its job is to be tested, and it is useful even if it turns out
wrong. Ask of it: what result would count against it?

Brown’s sentence is a finding. It is about an association, seen in the people those studies meas-
ured. Notice that it says so itself: “does not show causation”. Ask of it: who was studied, and what
exactly was seen?

The Mayo Clinic line is a belief. It reaches further than the finding: it says skipping breakfast in-
creases the risk, which is a claim about cause. As Brown and colleagues quote it, it names no
study. Its words “in fact” and “actually” dress it as a finding. Ask of it: what is it resting on?
Brown and colleagues’ own answer, in their abstract, is that this claim “is only presumed true”.
(An abstract is the short summary printed before a paper.)

RUNG 1 — INTRODUCTORY
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Figures quoted in this illustration are from [14].

WHERE THIS PICTURE BREAKS.  The three kinds are uses, not fixed labels. One person can believe
a claim and still test it as a hypothesis. And a hypothesis that passes many fair tests comes to be
held as a belief, on good grounds. The sorting tells you what a statement is doing, not whether it
is true.

Brown’s finding covers the studies they pooled, published up to 2011. This book has not checked
which countries those 30 were, so it says nothing here about Indian studies.

Illustration 2. Kent’s essay “Words of estimative probability” is at https://www.cia.gov/re-
sources/csi/static/Words-of-Estimative-Probability.pdf. It opens with an officer reporting a re-
connaissance photograph. Read his three statements and sort them by how much the officer ac-
tually knows.

Its longest runway is 10,000 feet.

It is almost certainly a military airfield.

It is possible that they will.

The last one answers whether the other side will lengthen the runways and make the field a
base.

Here is Kent’s own sorting. The first statement is, in his words, “as close as one can come to a
statement of indisputable fact”: the photograph shows it. The second is a judgement on evid-
ence. The aircraft on the field are all military, and the support buildings look like other military
bases. Kent says that evidence “makes the case, say, 90 percent of the way”. It “cannot justify a
flat assertion”, so the officer adds “almost certainly”. The third is a judgement made almost
without evidence. Kent calls it “an estimate of something that no man alive can know”: the other
side may not have decided yet.

Now carry Kent’s sorting to breakfast. Here are three sentences a presenter might say at a journ-
al club; the last one is made up.

“This paper pooled 88 estimates from 58 studies.” You can check it by opening the paper:
Kent’s first kind.

“In the countries these studies came from, people who skip breakfast more often have over-
weight.” Many studies support it. But it reaches beyond the people counted, so it is a judge-
ment on evidence, Kent’s second kind.

“Indian schoolchildren who skip breakfast today will have more obesity in 2040.” No study in
hand speaks to it: Kent’s third kind.

The two sortings ask different questions, so use both. The first asks what a statement is doing.
Kent’s asks how close it sits to what is known. A finding usually holds a first-kind part, what was

• 

• 

• 

RUNG 1 — INTRODUCTORY
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counted, and a second-kind part, what it means beyond the people counted. A belief can sit at
either of Kent’s last two kinds. The words a speaker chooses should show which.

Figures quoted in this illustration are from [15].

WHERE THIS PICTURE BREAKS.  Kent’s “indisputable fact” is the closest a statement comes, not a
guarantee. A photograph can be misread and a count can be wrong, as Book 0’s section on ran-
dom and systematic error showed. His 90 per cent is an example he gives to show a judgement
has a degree, not a measured figure. How to put such numbers on your own judgements comes
later in this book.

MUST KNOW POINTS FOR YOU.

A finding is what one study saw, in its own people, with its own uncertainty. When you
quote one, say whose it is and whom it was seen in, in the same sentence.

Before you agree or disagree with a claim, sort it: hypothesis, finding or belief. Then ask
the question that kind needs. For a hypothesis, what result would count against it. For a
finding, who was studied and what was seen. For a belief, what it rests on.

Watch for a belief dressed as a finding: “in fact”, “studies show”, “research proves”, with
no study named.

When a resident’s protocol says “this study will prove that…”, have her rewrite it as a hy-
pothesis: “we will test whether…”.

When a district health officer asks what is known, separate your sentences the way
Kent did. Say what was counted, what the evidence makes likely, and what is a guess.

Sorting a statement tells you what it is doing and what to ask next. It does not tell you
whether it is true.

COMMON MISREADING.  It is tempting to read the three as steps on one ladder of sureness. A hy-
pothesis is a guess, a belief is firmer, and a finding is proven. That reading is wrong.

They differ in what the statement is doing, not in how sure anyone is. A hypothesis can rest on
strong earlier evidence and still be a hypothesis, because it is offered to be tested. A finding is
limited to its study, however large. And a belief can be held very strongly on almost no evidence.
Brown and colleagues found the breakfast claim “only presumed true”, although health websites
stated it as fact. How sure to be is a separate question, and Kent’s sorting is a first step towards it.

EXERCISE 1  (retrieval). From memory: in one sentence each, what are a hypothesis, a finding
and a belief? Then name Kent’s three kinds of statement. Before you check, say how sure you
are.

EXERCISE 2  (critique). Sort each statement as a hypothesis, a finding or a belief. Then write
the one question you would ask of it next. All four are made up.

A newspaper health column: “Studies prove that children who skip breakfast develop
obesity.”

A thesis protocol: “We hypothesise that a school breakfast programme lowers the share of
children with overweight over two years, compared with schools without one.”

• 

• 

• 

• 

• 

• 

1. 

2. 
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A results section: “Of 412 students surveyed, 127 said they skipped breakfast on most days.”

A district health officer at a review meeting: “Breakfast skipping is surely behind the rise in
obesity in our district.”

EXERCISE 3  (teaching). For a first-year resident, ten minutes with a whiteboard. Her draft pro-
tocol says:

This study will prove that skipping breakfast causes obesity in medical students.

Tell her what kind of statement she has written, and help her rewrite it.

EXERCISE 4  (interpretation). In Kent’s airfield passage, the officer says the field is “almost cer-
tainly” military. Why does he not say “it is a military airfield”? And which of your own sen-
tences, in your last lecture or journal club, should have carried a word like his?

3. 

4. 

RUNG 1 — INTRODUCTORY
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2 · A hypothesis is testable: the prediction, and the
result that would count against it

DEFINITION.  A hypothesis is testable when a prediction follows from it: a statement of
the form “if the hypothesis is true, then this observable result will follow”, fixed before the
result is seen. It is falsifiable when some possible result would count against it.

A test the hypothesis survives supports it and does not prove it.

A claim can be held in three different stances, which do not imply one another. It is accep-
ted when it is taken as the best available description of what it describes. It is used when it
is taken as an adequate tool for a practical job. It is pursued when it is thought worth devel-
oping and testing further. [16, 17, 2, 2, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32]

IN PLAIN TERMS.  Turn it into an “if… then…” sentence: if this is true, then we should see
that. Then name, before you look, the result that would count against it.

If you cannot name such a result, the hypothesis can never be caught out, and so it tells you
nothing.

When the predicted result fails to show up in a fair test, that counts against the hypothesis.
When it does show up, that supports the hypothesis but does not prove it, because something
else could have produced the same result.

Illustration 1. Start with a hypothesis that cannot fail. It is made up for this section, but you will
have heard its shape. A colleague says:

Breakfast helps weight control, as long as it is the right breakfast eaten the right way.

Try to catch it out. Suppose a trial finds that people told to eat breakfast lose no more weight
than people told nothing. He answers that they ate the wrong breakfast. Suppose a survey finds
that breakfast eaters weigh more. He answers that they ate it the wrong way. Every result fits,
because “right” is decided after the result is in.

So ask him one question: what result would make you drop it? If he cannot say, his sentence is
not a hypothesis. It is a belief, and no study can touch it.

Now repair it. Fix in advance who, what, compared with what, measured how, and over how
long:

Adults trying to lose weight who are advised to eat breakfast lose more weight over 16 weeks than
adults given the same advice on healthy eating with nothing said about breakfast.

Write the prediction as an “if… then…” sentence:

RUNG 1 — INTRODUCTORY
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If this is true, then at 16 weeks the group advised to eat breakfast will, on average, have lost more
weight than the group told nothing about breakfast.

And name the result that would count against it: the two groups lose about the same, or the
group told nothing loses more. The hypothesis can now be caught out. That is what makes it
worth testing.

WHERE THIS PICTURE BREAKS.  The repaired hypothesis is testable, which does not make it true
or even likely. It also does not settle how big a difference would count as “more”, or how many
people a trial needs to see it. A test too small to see a real difference is not a fair test, and the
book returns to that.

Illustration 2. Here is a real hypothesis that was put to a test. Dhurandhar and colleagues’ 2014
trial is at https://pmc.ncbi.nlm.nih.gov/articles/PMC4095657/. It took adults with overweight or
obesity who were trying to lose weight, at five research centres in the United States and Den-
mark. Chance put 309 of them into three groups. One was advised to eat breakfast, one to skip it,
and a control group was given neither piece of advice. The trial ran for 16 weeks.

An earlier small trial had suggested that changing your usual breakfast habit, either way, helps
weight loss. So the authors state this hypothesis in their introduction:

[we] hypothesized that individuals who were advised to switch their usual breakfast eating habits
due to their group assignment would lose more weight than the control group.

Write it as a prediction yourself. If the hypothesis is true, then people told to switch lose more
weight than the control group. The result that counts against it: they lose about the same.

The abstract reports:

Treatment assignment did not have a significant effect on weight loss, and there was no interac-
tion between initial breakfast eating status and treatment.

“Not significant” is a statistical test’s verdict: roughly, no difference too large to put down to
chance. “Significant” means unlikely to be produced by chance alone, not large. The number be-
hind it comes in section 4.

The trial sorted people by habit before assigning them. Usual eaters ate breakfast four or more
times a week; usual skippers, three or fewer. Switchers were usual eaters told to skip and usual
skippers told to eat. “No interaction” means the advice’s effect on weight did not differ between
usual eaters and usual skippers.

Switchers lost a little more than the control group: 0.05 kg more among usual skippers, 0.18 kg
among usual eaters. But the authors’ test found no difference beyond what chance easily pro-
duces. The predicted result did not clearly appear.

Set it out as an argument, as Book 0, F4 taught:

RUNG 1 — INTRODUCTORY

16



The test that carries The test that does not

First premise if the hypothesis, then switchers lose more if the hypothesis, then switchers lose more

Second premise switchers did not lose clearly more switchers lost clearly more

Conclusion so the hypothesis is counted against so the hypothesis is true

The left column is what happened. The inference is valid. But the conclusion is only as good as
the first premise, and that premise quietly assumes a fair test: that people followed the advice,
and that the trial was long enough and large enough to see a difference. The authors name two
doubts themselves. Sixteen weeks “may not have been long enough” to see a very small effect.
And some usual skippers in the control group began eating breakfast on their own, which “may
have weakened our power to detect differences”. So the result counts against the hypothesis, in
adults like these, over 16 weeks. It does not abolish it.

The right column is the trap, and it is worth seeing although it did not happen. Had switchers
lost more, the hypothesis would have passed a test. It would not have been proved, because
something else could also predict that result. The next section lists what.

Figures quoted in this illustration are from [33].

WHERE THIS PICTURE BREAKS.  This trial tested advice about breakfast, in adults in the United
States and Denmark who were trying to lose weight, for 16 weeks. It did not test what breakfast
does in children, in India, or over years. Reading its result as “breakfast does not matter” goes
beyond it. How far a result like this one reaches is a question this book takes up later.

Illustration 3. Last, separate testing a claim from believing it. An open textbook by Barseghyan,
Overgaard and Rupik, Introduction to History and Philosophy of Science, names three stances
towards a claim. Its section 1.3 is at https://human.libretexts.org/Bookshelves/Philosophy/Philo-
sophy_of_Science/Introduc-
tion_to_History_and_Philosophy_of_Science_(Barseghyan_Overgaard_and_Rupik).

Stance What it means The question that shows it

Accepted taken as the best available description Is this our best account of how things are?

Used taken as an adequate tool for a practical job Does this work well enough for the task in hand?

Pursued thought worth developing and testing further Is this worth more work?

The textbook writes of a scientific community’s stances towards a theory. The same three fit one
person and one claim.

The book’s own example of use without acceptance is engineering. Physicists no longer accept
classical physics (Newton’s) as the best description of the world; general relativity replaced it.
Bridges are still built with its equations, because they are simpler and good enough for a bridge.
In its words, “It is possible to accept one theory but use another unaccepted theory in practice.”

Now picture a resident who chooses breakfast skipping and weight as her thesis question. She is
pursuing the hypothesis: she thinks it worth testing. She need not accept it, and she may
privately doubt it. The book is plain on this: “a pursued theory is not necessarily accepted or

RUNG 1 — INTRODUCTORY
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useful.” If her result counts against the hypothesis, she has not failed. She has done what pursu-
ing a hypothesis is for.

The stances can be combined in any way. The textbook says they “are not mutually exclusive”. So
when someone asks whether you believe your own hypothesis, answer the question they asked.
“I am testing it” is a stance. “I think it is the best account we have” is a different one.

WHERE THIS PICTURE BREAKS.  The three stances describe how a claim is held, not how good the
evidence for it is. Accepting a claim as the best available does not make it true. In the textbook’s
words, a fallibilist community, one that holds any accepted claim may turn out wrong, “only ac-
cepts theories as the best on the market, not as infallibly true”. The bridge example is the text-
book’s, from physics. In medicine, using a rule you do not accept needs the same honesty about
why it is good enough for the job.

MUST KNOW POINTS FOR YOU.

Write every hypothesis with its prediction, as “if this is true, then we will see that”.

“The result matched the prediction, so the hypothesis is proved” is the error. Write
“supports” or “is consistent with”, never “proves”.

When a claim is rescued after every result (“it was the wrong breakfast”), ask its owner
what result would make them drop it.

A result against the prediction counts against the hypothesis only as far as the test was
fair. Before you write “the trial disproved it”, check that people followed the advice.

Tell a resident that pursuing a thesis hypothesis does not oblige her to believe it.

When a committee asks whether you “believe in” a measure, say which stance you hold.

A testable hypothesis need not be testable by experiment. When no one can assign the
exposure, the thing whose effect is in question, test it by what it predicts you will ob-
serve.

COMMON MISREADING.  “Falsifiable” sounds like “probably false”, and “the hypothesis was
counted against” sounds like “the researcher failed”. Both readings are wrong.

A hypothesis is falsifiable when some possible result would count against it. That is the property
that makes a test worth running. It says nothing about whether the hypothesis is false. And a
result against a hypothesis is a finding like any other. Their trial counted against Dhurandhar
and colleagues’ hypothesis, and their report of that is what made the trial useful.

REPORTING IT.  We hypothesise that [exposure, the thing whose effect is in question] leads to
[outcome, what is measured to see the effect] in [people] over [time]. If this is true, then [the pre-
dicted result]. A result of [the result named in advance] would count against it.

EXERCISE 1  (retrieval). From memory: what makes a hypothesis testable, and why does a res-
ult that matches the prediction not prove it? Then name the three stances towards a claim, with
one line each.

Record your confidence as a percentage before turning to the answer.

• 

• 

• 

• 

• 

• 

• 
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EXERCISE 2  (critique). A newspaper health column, made up for this exercise, says:

Breakfast switches on your metabolism, so people who skip it gain weight. Some studies find that
skippers do not gain weight. That is because they make up for it with extra snacks later in the day.

Find the step that stops this claim from ever being caught out. Then rewrite the core claim as a
hypothesis with a prediction and a result that would count against it.

EXERCISE 3  (design). Take the main hypothesis of your own thesis, or of a study you would
like to do. Write it in one sentence. Write its prediction as “if… then…”. Write the result that
would count against it. Then write which stance you hold towards it today, accepted, used or
pursued, and one sentence on why.

EXERCISE 4  (teaching). For a journalist, three minutes. She asks: “So the breakfast trial proved
that breakfast makes no difference to weight?” Answer her, and give her one sentence she can
quote.
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3 · One finding, several explanations

DEFINITION.  An association is a finding that two things go together: one is found more of-
ten, or in larger amounts, where the other is present. An association observed in a study
has several rival explanations, any of which can produce it.

Chance: sampling variation (Book 0, D6) produced a pattern in the sample that is not
present in the population.

Bias: a systematic error (Book 0, D7) in how people were chosen or measured pushed the
result one way.

A third factor: something else is linked to both, and produces the association although
neither causes the other. Epidemiologists call it a confounder.

Reverse direction: the second thing causes the first, not the first the second.

The proposed cause: the first thing changes the second. [34, 2, 4, 35, 5, 36, 37, 38]

IN PLAIN TERMS.  Suppose a study finds that people who skip breakfast more often have over-
weight. Before you conclude that skipping breakfast puts weight on, ask what else could have
produced the same pattern.

Write all five down. Then cross off only the ones the evidence actually rules out. Whatever is left
is still a live explanation, however many studies found the pattern.

The breakfast studies repeated one kind of design. Brown and colleagues (2013) rated 88 abstracts, all of observational
studies. Of these abstracts, 76 reported a study that measured breakfast habits and weight at the same visit, 11 a study
that followed people over time and 1 a case-control study. Repeating a design makes chance a weaker explanation; it
leaves the third factor and the reverse direction where they were.
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ILLUSTRATION.  Brown and colleagues’ 2013 paper, at https://pmc.ncbi.nlm.nih.gov/articles/
PMC3798081/, collected public statements about breakfast. One is from a newspaper, the Daily
Mail:

Skipping breakfast to lose weight makes you fatter - and far more likely to raid the vending ma-
chine.

That is a claim about cause. Now look at what the evidence under it was. Brown and colleagues
pooled the studies of breakfast and weight, and found:

There is a clear association between breakfast omission and excess weight as summarized in our
cumulative meta-analysis […], and this association supports the PEBO but does not show causa-
tion.

PEBO, as the first section said, is their name for the claim that eating breakfast protects against
obesity.

Explanation The question to ask What these studies let you say

Chance Could sampling variation alone have made

it?

Hardly: it held in study after study

Bias Were people picked or measured in a way

that pushes one way?

Not settled by repeating the study; a bias the

studies share repeats with them

A third factor Does something else go with both

breakfast and weight?

Open

Reverse

direction

Could weight, or trying to lose it, change

breakfast habits?

Open: most studies measured both at one visit

The proposed

cause

Does skipping breakfast put weight on? Open, until the three above are dealt with

Chance first. Brown and colleagues added the studies year by year. Their pooled association was
already clear after the first year, from only 3 groups of people, and stayed clear every year to
2011. A pattern made by luck shrinks as more samples are pooled (Book 0, D6); this one did not.
So chance is a weak explanation.

Now the third factor. You can supply candidates yourself, as questions to check rather than facts:
a regular daily routine, or how much sleep a person gets.

Then reverse direction. Brown and colleagues had gathered 92 articles. 88 of them had an ab-
stract in English, and they rated those. This 88 is a different count from the 88 pooled estimates
of the first section; the match is chance. Of those 88 abstracts, 76 reported a cross-sectional study
and 11 a study that followed people over time. The last 1 reported a case-control study, which
starts from people with and without the condition and looks back.

A cross-sectional study measures both things at the same time: one visit, one count. It cannot
show which came first. So a person who has put on weight and starts skipping breakfast to lose it
would produce exactly the same pattern.
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Brown and colleagues write: “All identified studies were observational.” Repeating that design
study after study made chance a poor explanation. It did nothing to the third factor or the re-
verse direction, because every repeat carried the same weakness.

In a randomised controlled trial, chance decides who is told to eat breakfast and who is not, and
then the groups are compared. Chance spreads routines, sleep and everything else evenly
between the groups, apart from chance differences. And the advice comes before the weight
change, so the direction is fixed.

Randomising decides who gets which advice. It does nothing about how weight is measured or
who drops out, so bias can remain. Trials guard against it by keeping the people who weigh par-
ticipants unaware of their group.

Figures quoted in this illustration are from [14].

WHERE THIS PICTURE BREAKS.  The table is a checklist of rivals, not a ranking of how likely each
is.

And a randomised trial deals with the third factor and the reverse direction, but chance stays.
Any one trial can mislead by luck, which is one reason trials are repeated.

MUST KNOW POINTS FOR YOU.

Before you accept that one thing causes another, write down the five explanations:
chance, bias, a third factor, reverse direction and the proposed cause. Beside each,
write what rules it out. Accept the cause only when the other four have something writ-
ten beside them.

“Dozens of studies agree, so it must be causal” is the error. Repeating the same design
makes chance a weaker explanation and leaves every rival the design shares.

A cross-sectional survey measures both things at one visit, so it cannot tell you which
came first.

When a resident presents an association at journal club as a cause, stop the discussion
of mechanism. Ask her first to name one third factor and the reverse direction.

To a journalist, say “people who skip breakfast more often have overweight, but these
studies cannot tell us whether skipping breakfast is the reason”.

The list tells you which rivals are still open, not which is most likely. Do not treat the
one with most studies behind it as the winner.

COMMON MISREADING.  It is tempting to think a third factor or a reverse direction means the
study was done badly. It does not.

A survey can pick its people at random, measure them perfectly and count without a slip. Its as-
sociation can still come from a third factor. The rival lives in the world the study watched, not in
a mistake the researchers made. That is why Brown and colleagues could call the association
“clear” and, in the same sentence, say it “does not show causation”. Better measurement of the
same design does not remove the rival. A different design does.

• 

• 

• 

• 

• 

• 
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REPORTING IT.  Across many observational studies, people who skip breakfast more often have
overweight than people who eat it. These studies show that the two go together; they cannot
show that skipping breakfast is the cause.

EXERCISE 1  (retrieval). From memory: name the five explanations for an association. Which
one does repeating a study with the same design make weaker, and which ones does it leave
standing?

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A resident’s survey, made up for this exercise, reports:

We surveyed first-year medical students in one college. Those who usually slept after midnight
more often had overweight than those who slept earlier. We conclude that late sleep causes weight
gain in medical students.

List the rivals to her conclusion. For each, write one question you would ask her or one thing
you would check.

EXERCISE 3  (interpretation). Brown and colleagues write that the observational association
between skipping breakfast and excess weight “supports the PEBO but does not show causation”.
A randomised trial is then run. Which of the five explanations can such a trial remove, and
which can it not? Say why for each.

EXERCISE 4  (teaching). For a health secretary, one page. An official proposes a state campaign
telling adults to eat breakfast to prevent obesity. The note supporting it says “dozens of studies
show breakfast eaters weigh less”. Answer first: can the note’s evidence carry the campaign’s
message?
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4 · Belief beyond the evidence

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  A belief goes beyond its evidence when it is held or stated as a stronger kind
of claim than the evidence can carry.

Brown, Bohan Brown and Allison (2013) measured this in one literature: the claim that
skipping breakfast causes weight gain. They pooled 88 estimates from 58 observational
studies and found the association between skipping breakfast and overweight or obesity
firmly established. By 2011 the pooled P value, the number a statistical test prints beside a
comparison, was below 10-42. A P value that small means that if there were no association
at all, results like these would almost never turn up by chance. They also found few ran-
domised trials and no consistent evidence from them that breakfast affects weight. Their
conclusion was that the claim is “only presumed true”.

They named four ways the literature reported more than its evidence showed. Two are in
how authors described their own results: a biased reading of them, and causal language for
an observational finding. Two are in how authors cited other people’s work: misleading
citation of a trial’s result, and causal language for another study’s association. [3, 39, 40, 41,
5, 5, 42, 43, 44, 45, 46, 47, 48, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65]

IN PLAIN TERMS.  Suppose many studies find that people who skip breakfast more often
have overweight or obesity. That is an association: two things found together. It does not
show that skipping breakfast causes the weight.

Now suppose people repeat the claim as a cause. Brown and colleagues suggest, without having
tested it, that a claim met everywhere comes to feel proven. The evidence underneath has not
changed.

Brown and colleagues measured it for breakfast and weight in 2013. Then a trial tested advice
based on the claim and found no detectable effect of the advice on weight.

Your defence is two questions for any claim. What kind of statement is this? And what does it
rest on?
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Brown and colleagues (2013): how 42 abstracts of observational studies of breakfast and obesity worded their
conclusion. 11 made an unqualified causal claim, 10 a causal claim softened by “may” or “suggests”, and 21 kept to an
association. The authors judged causal language unwarranted for these designs, so between 26 and 50 per cent
claimed more than their studies could show.

Brown and colleagues (2013) on citations of Schlundt’s 1992 trial, which found no main effect of breakfast. Of 46
papers that cited it about breakfast and weight, 29 misread it, and 28 of those 29 leaned toward breakfast.

Illustration 1. Start with sentences you could meet in any health column. Brown and colleagues
collected them in 2013. Their article is at https://pmc.ncbi.nlm.nih.gov/articles/PMC3798081/.
Find Table 2. These three come from the Mayo Clinic, the Academy of Nutrition and Dietetics,
and the US Surgeon General.

In fact, skipping breakfast actually increases your risk of obesity.
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Want to trim your waist? Try eating breakfast!

Eating a healthy breakfast is a good way to start the day and may be important in achieving and
maintaining a healthy weight.

Put the two questions to each one. First, what kind of statement is it? The first two are stated as
facts. The third is softer: “may be important”. Second, what does each rest on? None of them
says. Each claims a cause, though: change what you eat in the morning, and your weight will
change.

Now look at what was underneath. Brown and colleagues gathered the studies that earlier re-
views had found. Search their Methods for “58 of 92”.

In total, 58 of 92 studies fit these criteria with a total of 88 independent OR estimates.

OR stands for odds ratio, one way of measuring how strongly two things go together. Independ-
ent means each estimate comes from a separate group of people, such as the men and the wo-
men of one study.

Every one of these studies was observational. The researchers watched what people already did
and measured their weight. Nobody was given breakfast or asked to skip it. The studies came
from 30 countries on 5 continents, and together they showed the association again and again.

Now search for “42 abstracts”. Brown and colleagues also rated the abstracts of the articles they
had gathered: 88 had one, and 42 of those drew a conclusion about breakfast and obesity.

of the 42 abstracts that included conclusions about breakfast and obesity, 11 abstracts made un-
qualified causal claims about breakfast consumption and obesity, whereas an additional 10 ab-
stracts used qualifiers to introduce uncertainty into the causal statements; 21 articles limited the
abstract conclusions to noncausal language

conclusion of the abstract abstracts

an unqualified causal claim 11

a causal claim softened by “may” or “suggests” 10

an association only 21

total 42

Work out the two shares the authors report as a range.

11 divided by 42 = 0.262, about 26 per cent
causal claims, flat or softened: 11 plus 10 = 21
21 divided by 42 = 0.5, which is 50 per cent
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So between 26 and 50 per cent of these abstracts claimed more than their designs could show.
Brown and colleagues judged causal language unwarranted for every one of these observational
studies. The lower figure counts only the flat causal claims. The upper one adds the softened
ones.

The trap is that the causal word sits in the abstract, where a reader who reads only the abstract
meets it. A reader who sees 21 abstracts saying “causes” or “may cause” counts 21 votes for a
cause. In fact, those 21 studies showed one association, measured many times.

A biased reading leans the conclusion towards the answer the authors favoured. Of the studies
with a result favouring breakfast, 65 per cent put it in the abstract’s conclusion. Of the studies
without one, only 39 per cent did.

Figures quoted in this illustration are from [14].

WHERE THIS PICTURE BREAKS.  The counts describe one literature, breakfast and obesity, in the
studies four earlier reviews had found, up to 2011. They show that causal language for an associ-
ation happened and how often it happened there. They are not a rate for nutrition research as a
whole, or for any Indian journal.

Two of the authors rated the abstracts separately and settled disagreements by discussion. The
authors call the softened claims a judgement, which is why they give a range, not one figure.

Illustration 2. The second kind of overstatement happens one step later, when a paper cites an-
other. Brown and colleagues followed the citations of one small trial, by Schlundt and colleagues
in 1992. It was one of very few trials on the question.

First find out what the trial found. Women on a 12-week weight-loss plan were told to eat break-
fast or to skip it. They were also split by whether they usually ate breakfast before the study.
Search Brown’s Table 3 for “Schlundt”.

Habitual breakfast eaters assigned to skip breakfast and habitual breakfast skippers assigned to
eat breakfast lost more weight than subjects who maintained their breakfast habits; no main effect
of breakfast on weight loss.

“No main effect” means this: eating breakfast, taken across everyone, did not change weight
loss. The women who changed their usual habit, in either direction, lost more. That hint was
weak. Brown reports its P value as below 0.06. The later trial’s authors give it as 0.06 and call it
“only suggestive of significance”. Either way, it was not shown to fall below the usual cut-off of
0.05.

Now see how others cited it. Search Brown’s Results for “only 17%”.

Of the PEBO-relevant citations, only 17% of articles cited the results accurately. Of the 29 articles
that misleadingly cited Schlundt et al (10), 28 articles mildly or explicitly cited Schlundt et al (10)
positively toward breakfast with only 1 article that cited Schlundt et al (10) negatively toward
breakfast
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(“PEBO” is the authors’ short name for the claim that eating breakfast protects against obesity.
“(10)” is the number of Schlundt’s paper in Brown’s reference list.) Of 46 papers that cited the tri-
al about breakfast and weight, only 17 per cent cited it accurately, and 29 misread it. The rest
cited it in other ways. All but one of those misreadings leaned the same way: towards breakfast.
A trial that found no main effect of breakfast was cited, again and again, as support for break-
fast.

This is the failure Book 0’s section on checking a reference (Book 0, F3) warned about: a citation
that opens and is real, and does not say what it was cited for. You catch it only by the fourth act
of that section, reading the passage.

Nor had anyone shown how breakfast could change weight. Brown and colleagues found “no
clearly and consistently shown physiologic mechanism” for the claim.

Now the test. Brown and colleagues found one registered trial of the claim in October 2012: a tri-
al whose plan was recorded in a public list of trials before it began. It was published in 2014 by
Dhurandhar and colleagues, with David Allison, one of Brown’s co-authors, among them (https://
pmc.ncbi.nlm.nih.gov/articles/PMC4095657/). Chance decided which advice each person got: eat
breakfast, skip it, or general advice on healthy eating alone. Search its abstract for “283 of the
309”.

A total of 283 of the 309 participants who were randomly assigned completed the intervention.
Treatment assignment did not have a significant effect on weight loss

The advice worked on behaviour. People reported following it on 93.6 per cent of days in the
breakfast group and 92.4 per cent in the skipping group. It made no detectable difference to
weight over 16 weeks. The authors offer two readings of the earlier hint. It may have been a
chance finding. Or Schlundt’s tighter weight-loss plan left people less free to make up later in the
day for what they did at breakfast.

Figures quoted in this illustration are from [14, 33].

WHERE THIS PICTURE BREAKS.  The trial tested advice, not breakfast itself. Its 309 adults had
overweight or obesity, were trying to lose weight, were recruited at sites in the United States and
Denmark, and were followed for 16 weeks. It says nothing directly about children, about Indian
adults, about longer periods, or about what kind of breakfast is eaten. And a trial that finds no
clear effect has not shown that there is none; a later section of this book reads this result with
care.

The citation counts cover one trial’s citations, found in two citation databases in May 2012.

MUST KNOW POINTS FOR YOU.

“Dozens of studies agree, so it must be true” is the error. Repeating a study of the same
kind makes chance a weaker explanation of the association. It does not turn it into evid-
ence of a cause.

• 
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Read the verb before you read the number. “Increases your risk”, “protects against”,
“leads to” and “helps you lose” all claim a cause. Over an observational finding, write
“people who skip breakfast more often have overweight or obesity” instead.

“May cause” is still a causal claim. It does not turn an association into evidence of a
cause.

When a slide or a paper cites a study for a claim, open the study and read what it found
before you repeat the claim.

When a causal claim turns out to rest only on observational studies, say so out loud:
“that is an association; nobody has shown the cause yet”.

Showing that a belief went beyond its evidence does not show that the belief is false.
Until Dhurandhar’s 2014 trial, the right answer was “we do not know”, not “it is a myth”.

Brown’s counts come from one question, breakfast and weight. They are not a rate for
nutrition research in general.

COMMON MISREADING.  “Brown and colleagues proved that breakfast does not matter for
weight.” They did not try to. They showed that the belief was stronger than its evidence: the as-
sociation was firmly established, and the cause was not. The trial that followed tested one thing:
advice to eat or skip breakfast, in adults trying to lose weight. Over 16 weeks the advice had no
detectable effect on weight. Replacing “breakfast helps you lose weight” with “breakfast is use-
less” swaps one belief beyond the evidence for another.

REPORTING IT.  Observational studies have repeatedly found that people who skip breakfast
more often have overweight or obesity. This is an association. One large trial gave adults trying
to lose weight advice to eat or skip breakfast. Over 16 weeks the advice made no detectable dif-
ference to weight (Dhurandhar et al., 2014).

EXERCISE 1  (retrieval). From memory: name the four ways Brown and colleagues found the
breakfast literature stating more than its evidence showed. Which two are about authors’ own
results, and which two about citing others?

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A slide in a postgraduate lecture reads (made up for this exercise):

Skipping breakfast causes weight gain (Schlundt 1992). Eating breakfast helps people keep weight
off: 78% of the National Weight Control Registry eat it daily (Wyatt 2002).

Brown and colleagues describe both studies. The registry study, by Wyatt and colleagues, is a
case series. A case series describes one group of people who share something, here weight lost
and kept off. It has no comparison group. So it can show only that two things occur together in
these people, not that they go together more than they do in others. Say what each cited study
found, what is wrong with how the slide uses it, and rewrite the slide.

EXERCISE 3  (interpretation). Brown and colleagues followed 72 papers that cited the registry
study by Wyatt and colleagues about breakfast and weight. By their count, 29 per cent of these
papers described breakfast and kept-off weight as “simply co-occurring”. Another 26 per cent

• 

• 

• 

• 

• 

• 
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called them “associated”. And 22 per cent linked them as cause and effect. The rest used softened
wording. What does each wording claim, and which is right for a case series?

EXERCISE 4  (teaching). For a journalist, three minutes, no jargon. She is writing a column for a
Sunday paper and asks: “Is it true that skipping breakfast makes you fat?” Give her one quotable
sentence, say how sure you are in plain words, and say why.
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5 · Two kinds of support for a causal claim: a difference
between groups, and a mechanism

DEFINITION.  A causal claim says that changing one thing, the exposure, changes another,
the outcome.

Evidence of a difference between groups compares groups that differ in the exposure and
asks whether the outcome differs between them. Other things equal, it is strongest when
chance decided which group each person joined. Howick, Glasziou and Aronson (2009) call
this direct evidence: evidence that an association between an exposure and an outcome is
causal and not spurious, that is, not produced by chance, bias or a third factor.

Mechanistic evidence is evidence for the chain of steps by which the exposure is said to
produce the outcome. Proposing a mechanism is not evidence that it operates.

A mechanism with no measured difference between groups is a hypothesis about the out-
come, however well each step is understood. Howick and colleagues hold that mechanistic
evidence should play a supporting role to direct evidence. They also name a third kind,
parallel evidence: other studies, replications and similar ones, that give similar results.

Their three kinds are a regrouping of the considerations Austin Bradford Hill listed in 1965 for
judging whether an association is causal. [66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 77, 78, 79, 37,
37, 80, 25, 81]

IN PLAIN TERMS.  There are two ways to show that one thing causes another.

The first is to compare. Take two groups that differ in the thing, and see whether the result dif-
fers. Let chance decide who goes into which group.

The second is to explain how. Lay out the steps by which the thing would act in the body, and
find evidence for each step.

Until someone compares groups and finds the difference, the story is a hypothesis.
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Dhurandhar and colleagues (2014), Table 1: mean starting weight in each arm. 90.8 kg with general advice, 89.6 kg told
to eat breakfast, 91.9 kg told to skip it. Chance made the groups, and they started out close: within 2.3 kg of each other.

Usual breakfast skippers in Dhurandhar and colleagues’ trial: adjusted mean weight change over 16 weeks. Told to eat
breakfast, they lost 0.15 kg more than those told to skip it.
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Usual breakfast eaters in the same trial. Here it went the other way: told to skip breakfast, they lost 0.12 kg more than
those told to eat it. The authors’ test of all three arms together found no difference larger than chance (P = 0.77).

Illustration 1. The section before this one showed that the breakfast claim rested on observa-
tional association. Its defenders also had a mechanism. Build it first, as an argument in the sense
of Book 0’s section on argument (Book 0, F4): a chain of links, the claim the conclusion.

step link

1 Eating breakfast makes you less hungry later in the day.

2 So you eat less at lunch and afterwards.

3 So you eat less over the whole day.

4 Eating less over days and weeks lowers weight.

conclusion Eating breakfast lowers weight.

It reads well. Every step sounds like physiology. Now test each link, because each is a claim that
needs its own evidence.

Brown and colleagues (2013) collected the short studies that measured these links. Their article
is at https://pmc.ncbi.nlm.nih.gov/articles/PMC3798081/. Search it for “subsequent eating occa-
sion”.

Although some studies showed a decreased energy intake at a subsequent eating occasion after eat-
ing compared with skipping breakfast, none of the studies showed a decrease in the sum of calories
consumed across the study period when breakfast was eaten rather than skipped (Table 4).

So step 2 had some support. Step 3 had none. In two of the studies in their Table 4, by Kral and
by Levitsky, total intake was higher when breakfast was eaten. In the second of Levitsky’s exper-
iments, people who skipped breakfast ate more at lunch, but not enough to make up the break-
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fast they had missed. Brown and colleagues sum it up: “there is currently no clearly and consist-
ently shown physiologic mechanism”.

Notice where the argument broke. Every link up to step 2 can hold and the conclusion still fail,
because the breakfast itself can add more than eating less at lunch saves. A mechanism argu-
ment is a chain, and it is only as strong as its weakest link.

Now notice what the chain could never do on its own. Even with every link supported, it would
tell you how breakfast might lower weight. It would not tell you that it does, or by how much, in
real people living their lives. Only a comparison of groups can tell you that.

WHERE THIS PICTURE BREAKS.  The studies of these links were short: in Brown’s Table 4, most
lasted one day and the longest two. A link that fails over one day might hold over months, or the
reverse. That is one reason a mechanism, however studied, cannot stand in for a measured dif-
ference in weight.

The four-step chain is this section’s own summary of the energy-intake mechanism Brown and
colleagues describe. Other mechanisms were proposed, such as effects of the time of day on
metabolism. Brown’s verdict covers those too.

Illustration 2. Now the other leg. Dhurandhar and colleagues (2014) compared groups whose
breakfast advice was decided by chance (https://pmc.ncbi.nlm.nih.gov/articles/PMC4095657/).
Start with why that matters.

In an observational study, breakfast eaters choose to eat breakfast. They may differ from skip-
pers in other ways that affect weight: sleep, work hours, activity, income. The trial’s authors say
this in their introduction:

observational evidence does not preclude the possibility that breakfast eaters tend to weigh less be-
cause of other weight-related factors associated with breakfast eating.

Set out the comparison as an argument too.

step premise

1 The groups differ in the exposure: here, the breakfast advice.

2 The groups are alike in everything else that affects the outcome.

3 The outcome differs between the groups by more than chance alone would give.

conclusion The exposure changed the outcome.

If all three premises are true, the conclusion follows. In an observational comparison, premise 2
is the one in doubt, for the reason the trial’s authors give.

When chance decides the group, those other factors are spread between the groups by chance,
not by choice. It uses the same tool as a random sample in Book 0’s section on sampling (Book 0,
D6): an actual chance process, not a person, decides. Check that it worked. Search the trial’s
Table 1 for “Weight (kg)”. The mean starting weights were 90.8 kg with general advice, 89.6 kg
with advice to eat breakfast and 91.9 kg with advice to skip it.
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91.9 minus 89.6 = 2.3

The three means lie within 2.3 kg of each other. The authors’ test of that gap gave P = 0.57: no dif-
ference beyond what chance gives. The groups started out close.

Now the result. Each person was told one of three things: general advice on healthy eating alone,
the same plus “eat breakfast”, or the same plus “skip breakfast”. The authors also split them by
their habit before the trial. Here are the mean weight changes over 16 weeks, in kg, for the 283
who completed it. A minus sign means weight went down. The authors adjusted each mean for
starting weight, age, sex, site and race.

habit before the trial general advice only told to eat breakfast told to skip breakfast

usually skipped breakfast -0.71 -0.76 -0.61

usually ate breakfast -0.53 -0.59 -0.71

Compare the two breakfast arms (the trial’s groups) within each row. Among those who usually
skipped breakfast, the group told to eat it lost a little more.

0.76 minus 0.61 = 0.15

Among those who usually ate breakfast, it went the other way: the group told to skip it lost a
little more.

0.71 minus 0.59 = 0.12

Differences of 0.15 kg and 0.12 kg, in opposite directions. In both rows, those told to switch their
habit lost a little more than the general-advice group, as the authors had predicted. But their test
of all three arms together found no difference in weight larger than chance would explain (P =
0.77). Nor did the advice act differently on usual skippers and usual eaters beyond chance (P =
0.70).

Here premise 3 was not met. So by 2014 both legs were weak for this claim. The mechanism’s key
link had not been shown. The one large comparison of groups made by chance found no detect-
able difference in weight.

Figures quoted in this illustration are from [33].

WHERE THIS PICTURE BREAKS.  Chance spreads other factors evenly on average, not in every tri-
al. A small trial can be unbalanced by bad luck, which is why the authors’ Table 1 is worth
checking, as you just did.

These are adjusted mean changes among completers, in adults with overweight or obesity trying
to lose weight, at five sites, one of them in Copenhagen, over 16 weeks. The trial did not report a
range of plausible values for the difference between arms, so read 0.15 and 0.12 kg as “small”, not
as the true size of any effect.
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Illustration 3. The opposite combination also happens: a strong difference between groups, with
the mechanism unknown. Howick and colleagues give the classic case. Search their article (ht-
tps://pmc.ncbi.nlm.nih.gov/articles/PMC2677430/) for “black box”.

For example, Doll and Hill’s famous study of the relation between the number of cigarettes smoked
and the incidence of lung cancer38 did not refer in any way to what happens between inhalation
of cigarette smoke and the development of tumours in the lung.

(The “38” run into the text is a reference number. Incidence means new cases in a period.) The
study compared groups that smoked different amounts. The death rate from lung cancer in
smokers was, as Howick and colleagues report it from Hill, “over 9 times the rate for non-
smokers”. Later studies, which Howick and colleagues also cite, found that the risk fell when
people stopped smoking: by half in those who stopped at age 50, and almost completely in those
who stopped at age 30. That is a difference between groups too, run the other way.

Howick and colleagues count this comparison as good evidence of a cause, with no account of
the steps inside the lung. That is the point of keeping the two legs apart. A missing mechanism
does not cancel a strong difference. A strong mechanism does not supply a missing one.

The Hill of Doll and Hill is Austin Bradford Hill. In 1965 he set out a list of considerations for
judging whether an association is a cause. Howick and colleagues regroup it into the kinds of
evidence in this section. The list itself is taught at the next rung, the next level of this subject.

Figures quoted in this illustration are from [82].

WHERE THIS PICTURE BREAKS.  Smokers chose to smoke, so this comparison was observational,
and a third factor could in principle have produced it. Howick and colleagues argue that a large
effect can have “swamped the combined effects of any plausible confounders”, and that dose-re-
sponse evidence is strongest “when the process is reversible”. A third factor would have to be
linked to both smoking and lung cancer, more strongly than smoking is linked to lung cancer. It
would also have to fall away when people stop. A small difference between self-chosen groups,
like the breakfast association, carries far less weight. Size and design both matter, and weighing
them is taken further in the next section.

MUST KNOW POINTS FOR YOU.

“There is a clear mechanism, so it must work” is the error. The chain can hold at every
link you tested and still fail at the outcome, because people can eat more later, as they
did at lunch in the second of Levitsky’s experiments. Breakfast did lower lunch intake
in some studies. No study showed lower intake over the whole day.

Was a difference in the outcome measured between groups that differ in the exposure,
and who decided who was in which group? Is there evidence for each step of how it
would work? Then say which leg is weak.

A study that measures one link, such as how much people eat at lunch, is not a study of
the outcome, weight.

• 

• 

• 
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Do not advise a patient to change what they do on a mechanism alone. Say it is a hypo-
thesis that has not been tested on weight.

“We know how it works” is not “we know it works”.

The two-leg check sorts evidence by kind. It does not weigh it.

When a resident cites Bradford Hill’s list as a checklist that proves a cause, stop them.
Hill himself offered his points as viewpoints to consider, and the list is taught at the
next rung. Here, ask only the two questions: is there a measured difference, and is there
a shown mechanism?

COMMON MISREADING.  “The breakfast trial found no effect, so the mechanism was wrong.” Not
necessarily. One link can be true, as the drop in lunch intake was in some studies. The outcome
can still stay the same, because intake elsewhere in the day does not fall to match. The trial
measured the outcome, not the links. A null comparison tells you the chain did not deliver a de-
tectable change in weight under those conditions. It does not tell you which link failed.

REPORTING IT.  The evidence that eating breakfast lowers weight is weak on both legs. The
large trial that assigned breakfast advice by chance found no clear difference in weight. And no
mechanism linking breakfast to a lower total daily intake has been consistently shown.

EXERCISE 1  (retrieval). From memory: what are the two kinds of support for a causal claim?
Which of the two can a claim not do without, if it is to be more than a hypothesis? And what is
the third kind that Howick and colleagues add?

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A slide in a postgraduate seminar on meal timing reads (made up for
this exercise):

Late dinners cause obesity. The body handles food differently at night, so calories eaten late are
more likely to be stored as fat.

You do not need to know whether the physiology is right. Say which leg of support the slide of-
fers, which it leaves out, and what the slide may honestly claim.

EXERCISE 3  (design). Take the late-dinner claim from the last exercise. Specify the comparison
that would test the difference-between-groups leg. Say who is compared, who decides which
group each person is in, what is measured, and for how long. Then name one way your design
could still mislead.

EXERCISE 4  (teaching). For a first-year resident, ten minutes with a whiteboard. He says:
“Breakfast reduces hunger at lunch, so of course it helps weight loss.” Use the breakfast evidence
to show him the two legs and where each one stood by 2014.

• 

• 

• 

• 
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6 · Why evidence comes in strengths

DEFINITION.  Evidence supports a conclusion by inductive reasoning: it goes from partic-
ular observations to a general conclusion. An inductive conclusion can be supported more
strongly or less strongly. No amount of evidence makes it certain, because what is known
can change with further information.

A body of evidence is all the studies that address one question for one outcome. How far a
body of evidence can be trusted is judged for each outcome separately.

Six features decide how far a body of evidence for one outcome can be trusted. The last five
are named by the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) Working Group, whose scheme is taught in the next section. In GRADE, design
sets where the rating starts; the other five can lower it.

feature the question to ask

design Were the groups made by chance (a randomised controlled trial) or observed as they came (an

observational study)?

risk of bias Do flaws in how the studies were run push the estimate one way, such as many people lost before

the end?

inconsisten

cy

Do the studies give widely different results that nobody can explain?

indirectness Do the studies answer a nearby question: other people, another version of the treatment, another

comparison, or a stand-in outcome?

imprecision Did the studies include few people or few events, so that the range of values the data allow is wide?

publication

bias

Are studies missing because their results were never published?

A surrogate outcome is a measurement that stands in for the outcome that matters to patients. A
confidence interval is the range of values the data still allow, at a stated level such as 95 per cent.

Some features can raise trust in observational evidence. Two are taught here. One is a large ef-
fect, which bias is unlikely to explain in full. The other is a dose-response gradient: more of the
exposure goes with more of the effect. GRADE adds a third, taught in the next section.

Expert opinion is not a kind of evidence. [83, 84, 85, 86, 75, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 105, 106, 107, 108, 109, 109, 109, 110, 111]

IN PLAIN TERMS.  A study shows you something that happened in some people. A conclusion
says it will happen in people in general. That step from some to all is never certain. So evidence
makes a conclusion stronger or weaker, never proven.

How strong? Take all the studies on one question, for one result you care about, and ask six
things.
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The name of the journal, the fame of the study and the seniority of the speaker are not on the
list.

Balshem and colleagues’ worked example: a number needed to treat of 6, with a 95 per cent confidence interval from 4
to 13. The upper end is 3.25 times the lower: one person helped in every 4 treated at one end, one in every 13 at the
other.

Illustration 1. Start with two beliefs that doctors held strongly and that turned out wrong. Both
are told by Guyatt and colleagues, in the first of a series of papers in the BMJ (the British Medical
Journal) explaining GRADE, in 2008.

For a decade, organisations told clinicians to encourage women past the menopause to take hor-
mone replacement therapy (HRT). The belief behind the advice was that HRT substantially
lowered the risk of heart and blood-vessel disease. Then randomised controlled trials (a way to
test a treatment in which chance decides who gets it, and then the groups are compared) were
done. They showed that HRT fails to reduce that risk and may even increase it.

Take the six questions to the evidence as it stood before the trials.

Design. The studies were observational. The women chose whether to take HRT. Whatever led a
woman to choose it could also affect her heart, which is the third factor of the section on one
finding with several explanations. That question fails.

Inconsistency. Guyatt and colleagues say the observational results were inconsistent. That ques-
tion fails too.

Their verdict: had the evidence been rated at the time, it would have been rated very low, the
lowest of GRADE’s four levels, taught in the next section. A strong belief stood on weak evidence,
and nobody had rated the evidence by a system like GRADE.

Now the second case. The United States Food and Drug Administration licensed two heart drugs,
encainide and flecainide. It did so because they reduced an irregular heart rhythm that is linked
with sudden death. Ask the directness question. What did the studies measure? The rhythm.
What mattered to patients? Death. The rhythm was a surrogate outcome. A later randomised tri-
al showed that the two drugs increase the risk of sudden death.

So the two failures broke on different questions: HRT on design and consistency, the heart drugs
on directness. Neither would have been caught by asking whether the studies were published in
good journals.
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WHERE THIS PICTURE BREAKS.  Both cases are read with hindsight, by authors who were arguing
for GRADE. The paper’s own competing-interests statement says all its authors help spread
GRADE and gain from its success. Weak evidence is not always wrong. Evidence that fails these
questions has not been shown false; it has not been shown true either. A belief can rest on weak
evidence and still turn out right.

Guyatt and colleagues also say that attention to the low quality of the evidence on the heart
drugs would have saved thousands of lives. That is their estimate, and they give no count.

Illustration 2. The six questions are not an arbitrary checklist. You can rebuild them yourself.
Balshem and colleagues, writing for the GRADE Working Group in 2011, set up the test.

Suppose you are told that a Cochrane review (a systematic review, a study of studies that collects
and combines the results already published on one question, in a planned and careful way) has a
result for people with long-lasting pain. A salicylate cream rubbed on the skin, against a dummy
cream, gives a number needed to treat of 6. The number needed to treat (NNT) is how many
people must be treated for one more of them to do well. Its 95 per cent confidence interval runs
from 4 to 13.

Before you read on, write down what you would want to know before you believe that 6.

Here are the questions Balshem and colleagues list. How many studies were pooled, and how
many patients? How wide is the range around the 6? Were the studies randomised? Did they have
flaws, such as no blinding or many people lost before the end? Blinding means that the people in
the study, or those measuring them, do not know who got which cream.

Then more. Were other studies done that the reviewers could not get? Did the trials give similar
results or very different ones? Was the outcome measured at a sensible time, or were the studies
too short? On what part of the body was the cream used?

The first questions, they say, belong to imprecision and risk of bias. The later ones belong to
publication bias, inconsistency and indirectness.

Now see why each belongs. Each is a way the 6 could be wrong. Chance could have produced it:
that is the width of the range. Look at how far apart the two ends are.

13 divided by 4 = 3.25

At one end, one person in 4 is helped who would not otherwise be. At the other end it is one in
13, about a third as many. Bias in how the studies were run could have produced it: that is
design, which sets the start, and risk of bias. Studies that found nothing may be missing: public-
ation bias. The studies may disagree: inconsistency. And the 6 may be the right answer to a dif-
ferent question: indirectness.

So the list is what you get when you ask, for one estimate, every way it could be wrong. Ask it of
every result you are about to repeat.

Figures quoted in this illustration are from [112].

WHERE THIS PICTURE BREAKS.  Balshem and colleagues say the five named categories cover
“nearly all” the issues, and that they were narrowed to five by discussion and agreement among
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GRADE’s members. So the list was agreed, not proved complete. The rebuilding shows why each
question belongs. It does not show that nothing else could ever matter.

The example is theirs, told as “suppose you are told”. Treat the 6 and its range as a worked ex-
ample, not as a finding about salicylate creams.

MUST KNOW POINTS FOR YOU.

“Strong evidence” belongs to a body of evidence for one outcome. When someone calls
evidence strong, ask: for which outcome, and which of the six questions does it pass?

Before you put a finding on a slide or into your thesis, answer the six questions in one
line each. They are design, risk of bias, inconsistency, indirectness, imprecision and
publication bias (missing studies).

A surrogate outcome can move the right way while the outcome that matters moves the
wrong way. Ask what was measured before you ask how much it changed.

Do not say that evidence “proves” a claim, and correct a trainee who does. Say how
strongly, and why.

One set of studies can give strong evidence on one outcome and weak evidence on an-
other. So say which outcome you mean whenever you say how strong the evidence is.

Ask the indirectness question of every such body of evidence: were these the people,
the food and the setting you are talking about? Say so in the sentence when they were
not.

The six questions tell you how far an estimate can be trusted. They do not tell you
whether to act on it, which also needs the harms, the costs and what people value.

COMMON MISREADING.  “I have twenty years of experience with these patients, and that is my
evidence.” Balshem and colleagues take this case apart with an endocrinologist on a ward round.
He says patients feel better soon after he starts treatment, and that his patients whose blood sug-
ar is kept close to normal (tight control) have little of the eye, kidney and nerve damage that dia-
betes causes (complications).

The opinion he forms is not evidence at all. The experience behind it is evidence, but of the
weakest kind. It is an uncontrolled case series, and they rate it very low.

His memory may be wrong. He may forget the patients who did not improve. People may get
better on their own, or say what they think the doctor wants. Respect the experience and ask
what it rests on.

EXERCISE 1  (retrieval). From memory: name the six features that decide how far a body of
evidence can be trusted, with the question each one asks. Then name the two features that can
raise trust in observational evidence. Last, say in one sentence why no amount of evidence
makes a conclusion certain.

Record your confidence as a percentage before turning to the answer.

• 

• 

• 

• 

• 

• 

• 
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EXERCISE 2  (critique). A made-up slide from a postgraduate lecture reads:

Skipping breakfast causes obesity. Strong evidence: 20 studies agree, published in leading journals.

Find each thing wrong with the claim of strength. Then write what the slide would have to say
before you could judge it.

EXERCISE 3  (teaching). A journalist rings you about a new study reporting that people who eat
late at night gain more weight. She asks: “So is it proven?” You have three minutes and no jargon.
Give the answer you would say, ending in one sentence she can quote.
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7 · GRADE certainty: four levels, where you start, and
moving down or up

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  GRADE (Grading of Recommendations Assessment, Development and Eval-
uation) is a scheme for rating a body of evidence.

GRADE calls its rating the certainty of the evidence. Older texts, including GRADE’s own
2013 Handbook, call it the quality of evidence. In a systematic review, certainty is a judge-
ment of how sure one can be that an estimate of an effect is close to the true effect. It is
rated for each outcome, across all the studies that measured it.

GRADE has four levels.

level printed as GRADE’s meaning, in short

high ⊕⊕⊕⊕ very confident that the true effect lies close to the estimate

moderate ⊕⊕⊕◯ the true effect is likely to be close to the estimate, but may be substantially different

low ⊕⊕◯◯ the true effect may be substantially different from the estimate

very low ⊕◯◯◯ the true effect is likely to be substantially different from the estimate

This book counts each level by its filled circles: high 4, moderate 3, low 2, very low 1.

A body of randomised trials starts at high. A body of observational studies starts at low. An un-
controlled case series is observational, so it starts at low. With a newer bias tool, ROBINS-I (Risk
Of Bias In Non-randomised Studies of Interventions), non-randomised studies may start at high.
They are then generally rated down two levels for having no randomisation, so they land at low
as before.

Five reasons can lower the level: risk of bias, inconsistency, indirectness, imprecision and pub-
lication bias. A reason judged serious lowers it by one level; judged very serious, by two. Noth-
ing goes below very low. Publication bias is suspected, for example, when the evidence is a num-
ber of small studies, all paid for by industry: studies that find no effect are less often reported.

A risk ratio is the risk (the share of a group who have the outcome over a set time) in one group
divided by the risk in another; 1 means no difference. Three reasons can raise the level, mostly
for observational evidence; the first, a large effect, comes in two strengths:

reason to rate up
how

far

a large effect: a risk ratio above 2 or below 0.5 up 1

a very large effect: a risk ratio above 5 or below 0.2 up 2

a dose-response gradient up 1
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reason to rate up
how

far

all plausible bias works against the result: it would shrink an effect that was found, or would have made

one appear where none was found

up 1

If the estimate passes 2 but its confidence interval reaches appreciably below 2, Cochrane says
some would hesitate to rate up.

Two careful raters can end one level apart. So GRADE asks raters to explain every step down or
up in a footnote. [113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147]

IN PLAIN TERMS.  GRADE is a set of rules, agreed by a group of researchers, for saying how
much to trust the evidence on one question. It gives one of four labels: high, moderate, low or
very low.

You start from how the studies were done. If chance decided who got the treatment, start at
high. If the researchers only watched what people did, start at low.

Then you look for problems. Five kinds of problem can take any body of studies down. For
watched groups, a few things can take you up.

Each step is a judgement, so the rater writes down why.

Counting the steps for the two rows of the Handbook’s example table (Figure 14.1.b), with high as 4 and each step down
taking 1 away. Both rows start at high (4) and lose one level for risk of bias (3). Only the row for children over 5 loses a
second, for imprecision, and ends at low (2). Had the rows started at low, two steps would reach 0, below the floor of
very low (1); so both started at high, as randomised trials do.

RUNG 1 — INTRODUCTORY

44



Why only the row for children over 5 lost a step for imprecision. Each dot is a risk ratio and each line its 95 per cent
confidence interval, placed at the number of children in the row. Children under 5 (1474): 0.41, 0.29 to 0.55, wholly
below 1. Children over 5 (624): 0.81, 0.53 to 1.21, which holds 1, no difference. The axis is plain; on the ratio (logarithmic)
scale each interval sits about evenly around its dot. Numbers from the Cochrane Handbook’s example table, Figure
14.1.b.

Illustration 1. Start with a mistake you will hear at journal clubs. The presenter points at a table
of results and says: “These are randomised trials, so the evidence is high certainty.” The
presenter is made up; the table is real.

Open chapter 14 of the Cochrane Handbook for Systematic Reviews of Interventions, at https://
www.cochrane.org/authors/handbooks-and-manuals/handbook/current/chapter-14, and find
Figure 14.1.b. It is an example ‘Summary of findings’ table. It compares probiotics with no probi-
otics in children given antibiotics. The outcome is how many children get diarrhoea.

Read the column headed “Certainty of the evidence (GRADE)”. The row for children under 5 says
moderate, due to risk of bias. The row for children over 5 says low, due to risk of bias and impre-
cision. The footnotes give the reasons: a high loss to follow-up (many children not followed to
the end), then few events and a wide confidence interval. None says “very serious”, so each reas-
on cost one level.

Now count, with high as 4 and each step down taking 1 away.

children under 5: 4 minus 1 = 3, moderate
children over 5: 4 minus 1 minus 1 = 2, low

Check the start by trying the other one. If the rating had started at low, two steps down would
give this.

2 minus 1 minus 1 = 0

There is no level 0. The rating would stop at very low, not low. So both rows started at high, the
start GRADE gives to randomised trials.
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step reason considered children under 5 children over 5

0 start 4 4

1 risk of bias 3 3

2 imprecision 3 2

Now look at why the second row lost a step for imprecision. Its risk ratio is 0.81, from 624 chil-
dren in 4 studies. Its 95 per cent confidence interval (CI) runs from 0.53 to 1.21. That is from
about half the risk to about a fifth more risk, and 1, no difference for a ratio, sits inside it. The
first row’s risk ratio is 0.41, from 1474 children in 7 studies, with an interval from 0.29 to 0.55.
The whole of that range lies below 1.

So the presenter had the design right and the level wrong, for both rows. Randomised trials only
start at high. And one table gave the same outcome two levels, in two groups of children. Cer-
tainty belongs to each row, not to the review.

Figures quoted in this illustration are from [148].

WHERE THIS PICTURE BREAKS.  Counting back to the start works only when you know how many
levels each reason cost. A footnote that says “very serious” costs two, and a footnote can be silent
on it. When the footnotes do not say, you cannot work back.

The figure is an example the Handbook prints to show the format. Another review team, rating
the same studies, could land a level apart. The counts 4 to 1 are this book’s device for counting
steps. GRADE adds no scores.

Illustration 2. Now a rating that goes up. It comes from the GRADE Handbook, and the Cochrane
chapter repeats it.

A systematic review of observational studies covered 38 million patients. Death rates were high-
er in private for-profit hospitals than in private not-for-profit hospitals. The studies are observa-
tional, so the rating starts at low: 2.

Ask which way the plausible biases push. First, the patients in the not-for-profit hospitals were
probably sicker. Sicker patients die more, so that bias makes the not-for-profit hospitals look
worse. Second, well-insured patients bring money that can help a hospital’s other patients too.
For-profit hospitals probably admit more of them, so that bias favours the for-profit hospitals.

Both biases push against the result that was found. Remove them, and the gap in death rates
would most likely grow, not shrink. That is GRADE’s third reason to rate up.

2 plus 1 = 3

The Handbook says one might rate this evidence moderate rather than low.

Two rules come with rating up. Weigh every reason to rate down first: rating up should be rare
when any of them is serious. And use it for observational evidence. GRADE’s authors write that
they have not yet found a convincing case for rating up randomised trials.

Take the same question to any observational result you read. Which way would each bias push?
If every plausible one pushes against the finding, say so, and say that it raises your rating.

RUNG 1 — INTRODUCTORY

46



Figures quoted in this illustration are from [149].

WHERE THIS PICTURE BREAKS.  “All plausible biases push against the result” is a judgement
about direction, made by the raters. It is not a measurement. If one plausible bias pushes the
other way, this reason does not apply.

The Handbook’s words are “one might consider”, not “must”. A rater who doubted that the pa-
tients were sicker would leave the rating at low.

MUST KNOW POINTS FOR YOU.

“These are randomised trials, so the evidence is high certainty” is wrong. Trials only
start at high. Read the rating, never infer it from the design.

When you read a ‘Summary of findings’ table, read the certainty column and its foot-
notes before the size of the effect. Count back from the start: the footnotes should ac-
count for every step.

A large effect raises observational evidence by one level when the risk ratio is above 2
or below 0.5. Check the confidence interval as well as the estimate. If the interval
reaches appreciably below 2, Cochrane says some would hesitate to rate up.

“Non-randomised studies, starting at high” in a newer review is not a promotion. Such
studies may start at high, but they are generally rated down two levels for having no
randomisation. They usually land at low, as before.

When you rate evidence yourself, write the reason for every step, and expect to defend
each one.

Certainty says how sure we can be of an estimate. It does not say whether to act.

Teach “certainty” and “quality of evidence” as two names for one GRADE rating.

COMMON MISREADING.  “Low certainty means the treatment does not work.” Low certainty is
about how sure anyone can be of the estimate. GRADE’s meaning for low is that the true effect
may be substantially different from the estimate. It may be larger or smaller. A low rating on a
promising estimate says that the estimate cannot yet be trusted. It says nothing about which way
it will move.

REPORTING IT.  For diarrhoea in children over 5, the certainty of the evidence is low (GRADE).
The randomised trials start at high and are rated down one level for risk of bias and one for im-
precision.

EXERCISE 1  (retrieval). From memory: name GRADE’s four levels in order and give each one’s
meaning in a few words. Say where a body of randomised trials starts and where a body of ob-
servational studies starts. Name the five reasons to rate down and the three to rate up, and say
how many levels each can move the rating.

Record your confidence as a percentage before turning to the answer.

• 

• 

• 

• 

• 

• 

• 
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EXERCISE 2  (interpretation). The abstract of a made-up review reads:

Twelve randomised trials (3,400 adults) found that a meal-replacement programme lowered body
weight at 8 weeks. Certainty of the evidence: low. Downgraded for risk of bias and for indirect-
ness. All trials were in adults in high-income countries. None followed people beyond 8 weeks.

Count the steps from the start to the rating. Then write one sentence for a district health officer
that states the certainty in words and says why. Last, say what would have to change for the rat-
ing to rise.

EXERCISE 3  (teaching). For a first-year resident, ten minutes with a whiteboard. She has seen
“⊕⊕◯◯ low” in a review and asks what it means and how anyone arrives at it. Teach her.

PRACTICE.  Ten problems on this technique, easiest first. Work them on paper before turning
to the answers, which are in the appendix at the back under this section’s name.

1. A body of evidence starts at high. It is rated down for one serious reason and one very serious
reason, and for nothing else. Give the final level.

2. A body of evidence starts at low. Give the final level in each case.

It is rated up one level for a dose-response gradient, and nothing else moves it.

It is rated down one level for imprecision, and nothing else moves it.

It is rated down two levels for very serious risk of bias and one level for inconsistency.

3. Work backwards.

A body of randomised trials is rated low, and nothing rated it up. How many levels was it
rated down in all?

A body of observational studies is rated high, and nothing rated it down. How many levels
was it rated up in all?

A body of randomised trials is rated very low. What is the smallest number of reasons that
could have taken it there?

4. Metformin is a drug for diabetes. A related drug, phenformin, causes lactic acidosis, a build-
up of lactic acid in the blood. So metformin was suspected of the same harm. Very large observa-
tional studies found no link between metformin and lactic acidosis. Because of the suspicion,
clinicians were likely to be on the alert and to over-report the harm in patients on metformin.

Give the level this evidence starts at. Name the reason that could move it, and say which way.
Then give the level it ends at if nothing else moves it.

5. A meta-analysis of observational studies found that bicycle helmets lower the risk of head in-
jury in cyclists. The odds ratio was 0.31, with a 95 per cent confidence interval of 0.26 to 0.37. An
odds ratio is the odds of an outcome in one group divided by the odds in another. Odds are the
chance an outcome happens divided by the chance it does not.

1. 

2. 

3. 

1. 

2. 

3. 
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Decide whether the effect counts as large, very large or neither on GRADE’s thresholds, checking
the interval as well as the estimate. Then give the final level if nothing else moves the rating.

6. In Figure 14.1.b of the Cochrane Handbook, chapter 14, the outcome “duration of diarrhoea” is
rated low. Its footnotes report serious unexplained inconsistency and serious imprecision.

Work back to the starting level.

A second rater judges the imprecision very serious. Where does the row end?

Suppose the studies had been observational, with the same two serious reasons. Where
would the row end?

7. A colleague rates a body of observational studies. Find the step that broke.

start: 4 (high)
the studies disagree and nobody can explain why: serious inconsistency, down 1
4 minus 1 = 3
final: moderate

8. A systematic review of observational studies looked at the drug rofecoxib and cardiovascular
events (harms to the heart and blood vessels). A mg is a milligram, a thousandth of a gram. At
doses under 25 mg a day, the risk ratio was 1.33 (95 per cent CI 1.00 to 1.79). At doses above 25 mg
a day, it was 2.19 (95 per cent CI 1.64 to 2.91). Here is a worked rating. Find the step that broke.

start: observational studies, low = 2
higher dose: risk ratio 2.19, above 2, a large effect, up 1
2 plus 1 = 3
risk rises with the dose, a dose-response gradient, up 1
3 plus 1 = 4
final: high

9. A newspaper health column says: “A meta-analysis of 14 studies has shown that flavonoid tab-
lets shrink haemorrhoids (piles). A meta-analysis is the highest level of evidence, so the question
is settled.” The Cochrane Handbook describes the same 14 studies. They show what look like
large benefits. They took in only 1432 patients in all. The companies paying for them were
closely involved in most of them. Neither the column nor the Handbook says whether the stud-
ies were trials. Decide what to compute, compute it, and say what the claim does not establish.

10. On a ward round a senior colleague says: “I have put hundreds of patients with obesity on a
high-protein breakfast plan. Nearly all of them lose weight. The evidence is clear.” Decide what
to rate, rate it, and say what your rating does not establish.

1. 

2. 

3. 
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8 · Certainty of the evidence is not the strength of a
recommendation, and certainty has words

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  In the GRADE (Grading of Recommendations Assessment, Development and
Evaluation) approach of the previous section, the certainty of the evidence answers one
question about one outcome. How sure can we be that the estimate of the effect is close to
the true effect?

A recommendation answers a different question: what should be done? GRADE offers two
grades, strong and weak; some panels write “conditional” or “discretionary” for weak.

Certainty is one input to strength, and only one. Guyatt and colleagues (2008) list three
more: the balance between desirable and undesirable effects, the values and preferences of
the people affected, and whether the action is a wise use of resources. High certainty does
not by itself make a recommendation strong, and a strong recommendation can rest on
low or even very low certainty.

Each level of certainty also has its words. At high certainty the statement carries no hedge:
the treatment reduces, or increases, the outcome. At moderate certainty it adds “probably”
or “likely”. At low certainty it uses “may”, or opens with “The evidence suggests”. At very
low certainty it reads “The evidence is very uncertain about the effect of X on outcome”,
with the treatment in place of X.

The size has its own words: “large”; none for a moderate effect; “slightly” for a small effect that
matters; and “little to no difference” for one too small to matter. [150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166]

IN PLAIN TERMS.  Two different questions get asked about any treatment or programme. How
sure are we about what it does? And should we do it?

A strong recommendation says: do this, nearly everyone would choose it. A weak one says: most
people would choose it, but many would not, so decide with the person.

The two answers can point different ways.

Keep the word when you repeat a finding, and your listener hears how sure the evidence is.

Illustration 1. A slide in a postgraduate teaching session reads: “Strong recommendation means
high-quality evidence. Weak recommendation means low-quality evidence.” It looks tidy. Test it
against four cases that GRADE’s own authors use to teach.

Draw a grid of two rows and two columns. Across the top, write the certainty of the evidence:
high, or low. Down the side, write the strength of the recommendation: strong, or weak. Then
place each case in its cell.
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Case 1. A short course of steroid tablets in a flare of asthma. Guyatt and colleagues use it as the
plain case: large, rigorous trials show consistent benefits, with few side effects and little incon-
venience or cost. Clinicians can offer it to almost all their patients “with little or no hesitation”.
That is evidence GRADE would rate high: high certainty, strong recommendation. Here the slide
works.

Case 2. Warfarin, a medicine that slows blood clotting, after a first clot in a deep vein with no ob-
vious cause. Trials of high quality show that taking it long term lowers the chance of another
clot. It also raises the chance of bleeding, and it is a nuisance to take. Patients weigh these differ-
ently. So GRADE’s Handbook says the panel should give a weak recommendation, despite the
high-quality evidence. High certainty, weak recommendation.

Case 3. Antibiotics given fast in severe infection, or sepsis. No randomised trial has compared
giving them fast with giving them slowly. The evidence comes from observational studies and is
rated low. Yet the Handbook says a panel would very likely recommend fast antibiotics strongly,
because the benefits clearly outweigh the downsides in most patients. Low certainty, strong re-
commendation.

Case 4. Fever in a child with chickenpox: aspirin or paracetamol? Observational studies link as-
pirin to an illness called Reye’s syndrome, and that evidence is of low quality. But the two medi-
cines relieve fever and pain about equally well. Guyatt and colleagues say the low-quality evid-
ence does not stop a strong recommendation for paracetamol. Low certainty, strong recom-
mendation.

Now fill in the grid.

high certainty low certainty

strong recommendation case 1, steroids in asthma case 3, fast antibiotics; case 4, paracetamol

weak recommendation case 2, long-term warfarin

Two of the three filled cells break the slide. Ask what moved cases 2, 3 and 4. It was not the evid-
ence. Case 2 moved on harm, and on how differently patients value bleeding against a second
clot. Cases 3 and 4 moved on a clear balance: much to gain, little or nothing to lose.

Guyatt and colleagues list four things that set the strength of a recommendation. The certainty
of the evidence is one. The others are the balance of benefits against harms, the values and pref-
erences of the people affected, and whether the action is a wise use of resources. So rewrite the
slide: “Strength depends on certainty, on the balance of benefit and harm, on what people value,
and on cost. Certainty is one input of four.”

WHERE THIS PICTURE BREAKS.  These are teaching cases, chosen by GRADE’s authors in 2008 and
2013 to make the point. They may not be current clinical advice, so check a current guideline be-
fore you act on any of them.

The grid has only two levels of certainty. Real evidence also sits at moderate and very low, and a
panel’s reasons for a strength are a judgement it should publish. Two panels can grade the same
evidence differently.
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Illustration 2. Now use the words. Sievert and colleagues (2019) pooled the randomised trials
that compared eating breakfast with skipping it in adults. Their review is free to read at https://
pmc.ncbi.nlm.nih.gov/articles/PMC6352874/. Search its Results for “favouring participants who
skipped breakfast”. The difference in weight favoured those who skipped breakfast, by a mean of
0.44 kg. The trials followed people for seven weeks on average. Then find the heading “Quality of
evidence”. The authors judge its quality low, for risk of bias and short follow-up. They did not
use GRADE, so treat “low” as their own judgement, made on GRADE-like grounds. The word for
it is still “may”.

A newspaper health column could turn this into: “Breakfast makes you gain weight, a major re-
view proves.” Hold that sentence against the review. It has dropped the hedge, so it reads as high
certainty when the review’s authors judged the evidence low. And “proves” is a word no level of
certainty earns.

Write the sentence yourself, in three steps.

Take the certainty word. The evidence is low, so the word is “may”.

Decide the size. Is a 0.44 kg difference over a few weeks a small effect that matters, or too
small to matter? That is your judgement, and Cochrane’s statements differ for the two. If you
judge it small but important, write “eating breakfast may increase weight slightly”. If you
judge it too small to matter, write “eating breakfast may make little to no difference to
weight”. Either way, “may” carries the low certainty.

Say who and how long: adults in trials in high-income countries, over weeks, not years.

Here is one version: “In short trials of adults in high-income countries, eating breakfast may in-
crease weight slightly compared with skipping it.”

Notice what the sentence does not say. A district health officer who reads it may ask whether the
district’s nutrition talks should stop telling people to eat breakfast to control weight. That is a re-
commendation question. The review answers how sure we can be. The officer still needs the oth-
er three inputs: what else the advice does, what people value, and what it costs to change the
message.

Figures quoted in this illustration are from [167].

WHERE THIS PICTURE BREAKS.  The words carry the level only to a reader who knows the con-
vention. They are Cochrane’s suggested statements for a review’s conclusions. Other bodies use
other words, and a reader who has never met the convention may read “may” as “might or might
not”, with no sense of how sure. So in writing for readers outside the field, name the level as
well: “low-certainty evidence suggests”.

The breakfast trials were run in high-income countries. None was in India, so the sentence is not
a statement about Indian adults.

MUST KNOW POINTS FOR YOU.

“A strong recommendation means strong evidence” is the error.

Read every recommendation for two labels: its strength, and the certainty of the evid-
ence behind it. If a guideline prints only one, ask for the other.

1. 

2. 

3. 

• 

• 
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A weak, or conditional, recommendation does not mean weak evidence, and it does not
mean “optional”. In clinic it means you make the choice with the patient, and it takes
more time.

Drop the “may” from a low-certainty finding, on a slide or to a reporter, and you have
raised it to high without saying so.

A systematic review tells you how sure; it does not tell you what to do. You still need the
harms, the costs and what the people affected value.

When you adapt a guideline written for another country, do not copy its strength. The
certainty may carry over if the trials fit your people. The strength also rests on cost, on
what can be done, and on what people value. These can be different in an Indian dis-
trict.

In anything written for readers outside the field, name the level beside the word: “low-
certainty evidence suggests that …”.

COMMON MISREADING.  It is tempting to read the certainty word as a size: “may” for a small ef-
fect, no hedge for a big one. That reading is wrong. In Cochrane’s suggested statements the cer-
tainty word and the size word are separate parts of the sentence. A large effect known with mod-
erate certainty takes “probably” and “large”. A slight effect known with high certainty takes no
hedge and “slightly”. So read the sentence twice: once for how sure, once for how big.

REPORTING IT.  Randomised trials have compared eating breakfast with skipping it in adults in
high-income countries, over seven weeks on average. The difference in weight favoured skip-
ping breakfast, by a mean of 0.44 kg (Sievert and colleagues, 2019). The authors judged the qual-
ity of this evidence low, so eating breakfast may increase weight slightly compared with skip-
ping it.

EXERCISE 1  (retrieval). From memory: what word or phrase does each of the four levels of cer-
tainty put into a conclusion, in Cochrane’s suggested statements? And what four things set the
strength of a recommendation, in Guyatt and colleagues’ list?

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (interpretation). Each sentence below is the conclusion of a review, written to Co-
chrane’s convention. The treatments are left unnamed. Say what level of certainty each sentence
signals, and what it says about the size of the effect.

(a) Treatment A probably reduces hospital admissions.

(b) Treatment B reduces pain slightly.

(c) The evidence is very uncertain about the effect of treatment C on falls.

(d) Treatment D may result in little to no difference in weight.

• 

• 

• 

• 

• 
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EXERCISE 3  (critique). A resident ends a journal club on a systematic review with this slide.
The review rated the evidence for its main outcome as low certainty.

The review shows that the programme reduces readmissions. Every district should adopt it: this
should be a strong recommendation.

Find the faults, and rewrite the first sentence.

EXERCISE 4  (teaching). For a health secretary, one page. The secretary has read that a
guideline makes a strong recommendation based on low-certainty evidence, and asks whether
that is a mistake. Answer first.
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9 · No evidence of an effect is not evidence of no effect

DEFINITION.  A comparison that finds no clear difference between two groups has shown
an absence of evidence of a difference. It has not shown evidence that there is no differ-
ence. Altman and Bland (1995) call these “quite different statements”.

A study can miss a real difference because it is too small.

“Not significant”, as earlier sections used it, is a statistical test’s verdict that the difference
is not too large to put down to chance. The verdict does not say how large a difference the
data still allow.

The confidence interval does. It is the range of values the data still allow, at a stated level
(section 6). For a 95 per cent confidence interval, if the study were repeated many times, 95
per cent of such ranges would contain the true value.

Read a confidence interval for a difference against two marks. One is zero, no difference. (For a
ratio, such as a risk ratio, the no-difference mark is 1.) The other is the smallest difference that
matters: the smallest difference that would change what someone does, decided before the res-
ult is seen.

interval includes differences that matter interval holds only differences too small to

matter

interval excludes

zero

evidence of a difference that may matter, or

does

evidence of a real but unimportant

difference

interval includes

zero

absence of evidence: the study cannot tell evidence of little or no difference

Only the bottom-right case supports saying there is little or no difference. [168, 168, 169, 170, 171,
172, 53, 173, 174, 175, 176, 177, 178, 179]

IN PLAIN TERMS.  A study that finds no difference has not shown that there is no difference. It
may simply have been too small to see one.

Picture two groups whose true averages differ a little. Measure ten people in each, and chance
can swamp that small gap. Measure thousands, and the gap shows.

To learn more, look at the confidence interval: the range of differences the data still allow. If that
range runs from a real benefit to a real harm, the study cannot tell you which.

The reverse holds too. “There is no evidence that it harms” can mean nobody has looked.
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Nearly the same estimate, three different verdicts by zero alone. Each dot is a mean difference in weight, breakfast
minus no breakfast (kg), and each line its 95 per cent confidence interval, one row each; height only separates the
rows. All trials: 0.44, 0.07 to 0.82, 0.75 wide, clear of zero. Normal weight or overweight: 0.42, −0.01 to 0.85, 0.86 wide.
Overweight or obesity: 0.54, −0.03 to 1.11, 1.14 wide. The wider intervals reach across zero; the estimates barely move.
All three hold 0.5 kg, the smallest difference that matters chosen in this section’s example. Sievert and colleagues
(2019).

Illustration 1. Start with the breakfast trial, read in its authors’ own words. Dhurandhar and col-
leagues (2014) randomly assigned 309 adults who were trying to lose weight to advice to eat
breakfast, advice to skip it, or general advice alone, for 16 weeks. The paper is at https://
pmc.ncbi.nlm.nih.gov/articles/PMC4095657/.

Read the Conclusions of the abstract. The advice “had no discernable effect on weight loss”. Now
search the Discussion for “only suggest”. The same authors write that their findings “only sug-
gest that in a free-living less controlled setting, breakfast eating habits do not influence weight
loss”. The same sentence keeps open an effect in a more controlled clinical setting.

Put the two sentences side by side. The first says the trial could not see an effect. The second,
softened by “only suggest”, still says there is no effect. That second claim needs more evidence
than the first. It needs a confidence interval for the difference, narrow enough to rule out any
difference that would matter.

So look for one. Search the Results for “P = 0.77”: the advice had no effect on weight loss that the
test could detect. Now search the whole paper for “confidence interval”. The paper gives none
for the difference in weight between the groups.

What it does give is each group’s mean change in weight, which you met in the section on two
kinds of support. Among people who usually skipped breakfast, those told to eat it lost 0.15 kg
more than those told to skip it. Among people who usually ate breakfast, the gap was 0.12 kg the
other way. Those are the differences that were observed. They are not a confidence interval, so
they do not tell you how large a true difference the data still allow. The authors themselves note
that 16 weeks “may not have been long enough to detect an effect on body weight” if the change
in energy intake is very small.
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So here is what you may say: “In a 16-week trial of 309 adults trying to lose weight, advice to eat
or skip breakfast made no detectable difference to weight. The paper reports no confidence in-
terval for the difference, so it does not show that breakfast has no effect.”

Figures quoted in this illustration are from [33].

WHERE THIS PICTURE BREAKS.  The P value of 0.77 is from the 283 people who finished. The au-
thors also analysed all 309, estimating the missing weights from the data that were recorded
(multiple imputation), and found comparable results.

The trial tested advice, not breakfast itself, in adults trying to lose weight, at several sites, one of
them in Copenhagen. It says nothing about children, or about Indian adults.

Illustration 2. Now read confidence intervals for yourself. Sievert and colleagues (2019) pooled
the randomised trials of eating against skipping breakfast in adults (https://
pmc.ncbi.nlm.nih.gov/articles/PMC6352874/). The breakfast trial above is one of them. Their
pooled answer and two smaller answers are below. Each is the mean difference in weight, the
mean of the breakfast groups minus the mean of the skipping groups, in kg. A positive number
means the breakfast eaters ended heavier.

trials pooled mean difference, kg 95% confidence interval, kg

all trials of weight 0.44 0.07 to 0.82

trials in people with normal weight or overweight 0.42 −0.01 to 0.85

trials in people with overweight or obesity 0.54 −0.03 to 1.11

The two smaller answers group trials by the people they enrolled, so people with overweight ap-
pear in both.

The sign − (minus) marks a difference in favour of eating breakfast. So −0.01 means the breakfast
eaters ended 0.01 kg lighter.

First, decide your smallest difference that matters, before you read any interval. Suppose you
decide that 0.5 kg over a few weeks is the smallest gap that would change your advice. That is
your judgement, not the review’s, and another reader may set it elsewhere.

Now sort each row into the four cases.

All trials: 0.07 to 0.82. Zero is outside, so there is evidence of a difference, favouring skipping.
The interval holds values below 0.5 and above it, so the difference may or may not matter.

Normal weight or overweight: −0.01 to 0.85. Zero is inside, and so is 0.5 and more. This set of tri-
als cannot tell: absence of evidence.

Overweight or obesity: −0.03 to 1.11. The same case.

Here is the trap. Sort the rows only by whether zero is inside, and the table seems to say: a differ-
ence overall, and none in either group. A careless reader then writes: “Breakfast makes no differ-
ence to weight in people of normal weight or overweight, or in people with obesity.” Look at the
estimates: 0.42 and 0.54 kg, close to the pooled 0.44. The estimates barely moved. Each smaller
answer pools only some of the trials, so its interval is wider.
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all trials: 0.82 minus 0.07 = 0.75 kg wide
normal weight or overweight: 0.85 minus −0.01 = 0.86 kg wide
overweight or obesity: 1.11 minus −0.03 = 1.14 kg wide

Wider intervals reach across zero more easily. Sievert and colleagues report that the effect did
not differ between the two groups of trials. The article text does not print their test.

Notice too that the breakfast trial, which on its own detected no effect, is part of the pooled an-
swer that did find a difference. One trial’s absence of evidence did not settle the question.

Figures quoted in this illustration are from [167].

WHERE THIS PICTURE BREAKS.  The 0.5 kg is a choice made for this exercise, not a published
threshold. Move it and the sorting of the first row changes.

These intervals measure only the scatter of chance. They say nothing about bias in the trials,
which the review’s authors judged mostly of low quality, and they hold for adults in short trials
in high-income countries.

MUST KNOW POINTS FOR YOU.

“Not statistically significant, so no effect” is the error. Say “no clear difference”, and give
the estimate with its confidence interval.

Before you claim that something has little or no effect, fix the smallest difference that
matters, and then read the confidence interval.

Small trials that each miss a real effect can long delay its recognition. Altman and Bland
describe trials of a clot-dissolving treatment after a heart attack. Pooled together, they
showed that deaths fell by 22 per cent. Yet only five of the 24 trials had shown a signific-
ant effect on their own.

Significant in one group and not significant in another does not mean the effect differs
between the groups. Compare the estimates, not the verdicts.

Watch for one-sided reading: a wide interval called “promising” when the estimate fa-
vours the treatment, and “no effect” when it points to harm. Test your own conclusion
by reversing the direction of the result and asking whether you would still write it the
same way.

“There is no evidence that it harms” may mean nobody has looked.

A confidence interval measures only the scatter of chance. So “evidence of little or no
effect” also needs a study whose design you trust.

To a reporter, say “this trial could not detect a difference”, not “breakfast does not mat-
ter”.

COMMON MISREADING.  It is tempting to read a large P value as strong evidence of no effect. P =
0.77 is far above 0.05, so surely the answer is “no effect”? That reading is wrong. A P value, large
or small, does not tell you how big a difference the data still allow. Only the estimate and its con-
fidence interval do. Altman and Bland’s advice is to look for the size of the association, not just a

• 

• 

• 

• 

• 

• 

• 

• 
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P value. The breakfast trial printed P = 0.77 and no interval, so it cannot say how large an effect it
rules out.

REPORTING IT.  A 16-week trial randomly assigned 309 adults trying to lose weight to advice
about breakfast (Dhurandhar and colleagues, 2014). Advice to eat or to skip breakfast made no
detectable difference to weight. The trial reports no confidence interval for the difference, so it
does not show that breakfast has no effect on weight.

EXERCISE 1  (retrieval). From memory: what is the difference between “no evidence of an ef-
fect” and “evidence of no effect”? Then name the two marks you read a confidence interval
against, and the four cases they give.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (interpretation). Five comparisons, with made-up numbers. Each gives a 95 per
cent confidence interval for a difference between two groups. You have decided beforehand that
the smallest difference that matters is 2, in either direction. Sort each into one of the four cases.

(a) 0.5 to 4.5

(b) −3.0 to 5.0

(c) −0.8 to 1.2

(d) 0.3 to 1.1

(e) 2.5 to 6.0

EXERCISE 3  (critique). A journal club slide reads:

Breakfast trial (309 adults, 16 weeks, P = 0.77): breakfast has no effect on weight. So we should
stop telling patients that breakfast matters for weight.

Rewrite the first sentence so that it says what the trial showed, and say what is wrong with the
second.

EXERCISE 4  (teaching). For a journalist, three minutes. A reporter calls: “That big breakfast
trial found nothing. So breakfast doesn’t matter for weight, right?” Answer with one sentence
she can quote, and say how sure you are without becoming useless to her.
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10 · Confidence as a probability: putting a number on
how sure you are of one claim

DEFINITION.  In this book, a probability can also be a degree of belief: a number from 0 to
1 that states how strongly one person holds one claim to be true, given what that person
knows.

A degree of belief of 0 says the person is sure the claim is false. A degree of belief of 1 says
they are sure it is true. Between them, it obeys the same arithmetic as Book 0’s probability.
The degree of belief that the claim is false is its complement: 1 minus the degree of belief
that it is true.

The odds that a claim is true are the degree of belief, p, divided by its complement: p di-
vided by (1 minus p), as in Book 0. This book writes odds as two whole numbers joined by
“to”, with the claim’s side first. A degree of belief of 0.8 gives 0.8 divided by 0.2, which is 4,
written “4 to 1”. Odds “against” put the other side first: 4 to 1 for is 1 to 4 against. Odds of a
to b, with a and b standing for any two counts, turn back into a degree of belief as a divided
by (a plus b).

A degree of belief of 0.5 (odds of 1 to 1) states no lean either way. It is not a statement of
moderate confidence. [180, 181, 182, 183, 184, 185]

IN PLAIN TERMS.  Here you use the same kind of number for something else: how sure you are
that one claim is true.

Say it as a per cent. “I am 80 per cent sure.” Then you are 20 per cent sure it is false.

Fifty per cent means you lean neither way. It does not mean “fairly sure”.
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The same degree of belief as a probability and as odds: odds are p divided by (1 minus p). At 50 per cent the odds are 1
to 1, evens, the one point with no lean. At 40 per cent they are about 0.667 (2 to 3); at 60 per cent, 1.5 (3 to 2). At 20 per
cent, 0.25, or 1 to 4. At 75 per cent, 3 to 1; at 80 per cent, 4 to 1; at 90 per cent, 9 to 1. The odds climb faster and faster
as p nears 1: from 0.8 to 0.9 they more than double.

Illustration 1. This section stands on the first one in this book, where a belief is what a person
holds true, held with some strength. Here you put a number on that strength.

Start at a journal club. A colleague says: “Eating breakfast helps people lose weight. I am fairly
sure of it.” Ask her: “How sure? Give me a number.” She thinks, and says “80 per cent.”

Now try to read her number the way Book 0 reads a probability (Book 0, D1). There, 0.8 would
mean that a chance process, repeated many times, gives this outcome 8 times in 10. What is the
process here? The claim is either true or false. Nobody can rerun the world a thousand times and
count the worlds in which breakfast helps. So her 80 per cent is not a frequency. It is a fact about
her: how strongly she holds the claim, given what she has read.

That second use of the word is old. In 1847 De Morgan wrote, as the Stanford Encyclopedia of Philo-
sophy reports: “By degree of probability, we really mean, or ought to mean, degree of belief”. Its
entry on probability calls this the subjective reading, in which probabilities are “degrees of con-
fidence, or credences, or partial beliefs”. This book calls it a degree of belief, or your confidence
in a claim.

The arithmetic does not change. Write her number three ways, as Book 0 did for percentages
(Book 0, A4).

80 divided by 100 = 0.8

And 0.8 is 8 in 10, which is 4 in 5.

Next, the complement. If she is 0.8 sure the claim is true, she is 1 minus 0.8 sure it is false.

1 minus 0.8 = 0.2
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She is 20 per cent sure it is false. Say both halves out loud. “80 per cent sure it is true” sounds like
a firm view. “One chance in five that I am wrong” is the same number, and it is the half that a
listener forgets.

Now the odds. Book 0 defined them as p divided by (1 minus p), where p stands for the probabil-
ity. Here p is her degree of belief, 0.8.

0.8 divided by 0.2 = 4

The odds are 4. This book writes that as “4 to 1”: for every 4 chances that the claim is true, 1 that
it is false. The claim’s side always comes first.

Go back the other way. Odds of a to b, where a and b stand for any two counts, give a degree of
belief of a divided by (a plus b). Here a is 4 and b is 1, so 4 + 1 = 5 chances in all.

4 divided by 5 = 0.8

You are back at 80 per cent. Run that check every time you convert. It catches the commonest
slip, which is to swap the two sides.

WHERE THIS PICTURE BREAKS.  The number belongs to the person, not to the claim. A second
colleague who has read different papers may say 40 per cent about the same sentence, and
neither number is a mistake in arithmetic. The number also says nothing about how large any
effect of breakfast is. It is confidence that the claim is true, not a size of weight change.

Her 80 per cent cannot be shown right or wrong by this one claim. If breakfast turns out not to
help, she had said there was a 1 in 5 chance of that. A degree of belief is checked only across
many claims held at the same level, which a later section on calibration does.

Illustration 2. Here is a real case of one judgement written three ways, on purpose. Sherman
Kent sat on the US Board of National Estimates, which oversaw the government’s intelligence
forecasts. In a 1964 article he drafted a note addressed to the readers of those forecasts. Open his
article Words of Estimative Probability at https://www.cia.gov/resources/csi/static/Words-of-Estim-
ative-Probability.pdf and search for “Important note to consumers”.

when we say .such and such is unlikely” we mean that the chances of its NOT happening are in
our judgment about three to one. Another, and to you critically important, way of saying the
same thing is that the chances of its HAPPENING are about one in four.

(The stray full stop before “such” is in the printed copy.) In the example that follows, he writes
the same judgement as “around a 25-percent chance”.

Check that his three forms agree. “Three to one” that it does NOT happen puts the not-happening
side first. Turned round, with the happening side first, that is 1 to 3.

1 divided by (1 plus 3) = 0.25
0.25 times 100 = 25
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Odds of 1 to 3 that it happens give 0.25, which is 1 in 4, which is 25 per cent. Kent’s three forms
are one number.

Why did he write it three ways? Because a reader who hears “three to one” without its side can
take it either way round. One reading gives a 25 per cent chance of the event; the other gives 75
per cent. When you quote odds, say whose side comes first, or add “against”.

Now a trap that even careful writers fall into. A 2024 review by Hashim of how clinicians and pa-
tients read probability words lists formats it advises against, among them “odds (one in three)”.
By the definitions you are using, “one in three” is a chance, not odds.

1 divided by 3 is about 0.333
0.333 divided by (1 minus 0.333) = 0.5

A chance of 1 in 3 is odds of 1 to 2: one chance for, two against. “In” counts the whole; “to” sets
one side against the other. Read which word the writer used before you convert.

Figures quoted in this illustration are from [15, 186].

WHERE THIS PICTURE BREAKS.  Kent’s note fixes what his own team meant by “unlikely”. It does
not tell you what any other writer means by the word. How different readers turn such words
into numbers is the subject of the next section.

The 2024 review’s point is about which format patients understand, and it recommends “X in
100” for that reason. Its use of “odds” is loose; its advice may still be sound.

Illustration 3. Now the number that is easiest to misread. A district health officer asks you
whether a planned school nutrition talk will lower the share of children with overweight in her
district. You reply, “Fifty-fifty.” The case is made up.

Convert it first.

0.5 divided by (1 minus 0.5) = 1

Odds of 1 to 1, or “evens”. Fifty per cent is the one point at which you lean neither way. Move a
little either side and you have a lean.

0.6 divided by 0.4 = 1.5
0.4 divided by 0.6 is about 0.667

Sixty per cent is odds of 1.5 to 1, which is 3 to 2 in whole numbers. Forty per cent is 2 to 3.

So “fifty-fifty” is not “moderately sure”. A person who is fairly sure leans clearly one way, so any
number they have in mind is above 50. Fifty per cent is no lean at all, not a middling lean.

Now ask what you meant. There are two very different reasons to say 50. One is that you know a
great deal, and the evidence points both ways about equally. The other is that you know nothing
at all. The number is the same, and the officer cannot tell which you meant.

Bodies that write probabilities for a living keep the two apart. The guidance note for authors of
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) says its
phrase for a middle probability, “about as likely as not”, “should not be used to express a lack of
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knowledge”. If you mean “I don’t know”, say that, and say why: “I have seen no study of a talk
like this one.” A later section shows how to state your grounds beside your number.

WHERE THIS PICTURE BREAKS.  “Fifty-fifty” has a real use: two outcomes that the evidence shows
to be about equally likely. The point is not to avoid 50 per cent. It is to say whether it comes from
evidence or from its absence.

How far different people’s readings of words such as “fairly sure” spread is measured in the next
section.

MUST KNOW POINTS FOR YOU.

“Fifty per cent” is not “fairly sure”. It is the one point at which you lean neither way,
odds of 1 to 1.

Give the complement with the number: “80 per cent sure it is true, so a 1 in 5 chance I
am wrong.”

“1 in 4” and “1 to 4” are different numbers. The first is a 25 per cent chance; the second
is a 20 per cent chance.

Do not say 0 or 100 per cent about a claim that rests on evidence. Evidence never puts a
claim beyond correction.

One outcome cannot show a single degree of belief wrong. To learn whether your num-
bers mean anything, write them down and count how often claims held at each level
turn out true.

Your number describes you and what you have read, not the patient or the world. Two
honest colleagues can hold 80 and 40 per cent on the same claim.

COMMON MISREADING.  “A probability is how often something happens over many tries. So a
probability that this one claim is true means nothing.” That is Book 0’s frequency reading, and
for a one-off claim it has no long run to count.

The degree-of-belief reading is a second use of the same number. It is at least as old as De Mor-
gan’s remark of 1847, and it obeys the same arithmetic. Bodies such as the IPCC use it for a single
event. So say which you mean. “About 40 in 100 children like these” is a frequency. “I am 40 per
cent sure the scheme works” is a degree of belief.

REPORTING IT.  I am about 80 per cent confident that this claim is true, which is odds of about 4
to 1. That is my judgement on the evidence I have read, not a measured rate.

EXERCISE 1  (retrieval). From memory: say what a degree of belief is, and how it differs from
the probability defined in Book 0. Then write 80 per cent as a decimal, as a chance “in 5”, and as
odds. Last, say what a stated 50 per cent does and does not tell a listener.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A senior colleague speaks at a journal club. “Book 0 is right that a prob-
ability describes a group, not the one person in front of you. So when you say you are 70 per cent
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sure that this trial’s result will hold up, you are talking nonsense.” Find what is right in this, and
the specific flaw.

EXERCISE 3  (teaching). A first-year resident asks you a question on a ward round. “If I am 75
per cent sure of a diagnosis, what are the odds? And why does it matter which way round I say
them?” You have ten minutes and a whiteboard. Give your answer.

PRACTICE.  Eleven problems on this technique, easiest first. Work them on paper before turn-
ing to the answers, which are in the appendix at the back under this section’s name.

1. Write each degree of belief as a decimal. Then write it as a chance “in” a whole number, in
lowest terms. The four are 90 per cent, 25 per cent, 60 per cent and 5 per cent.

2. For each degree of belief that a claim is true, give the degree of belief that it is false: 0.85, 0.3,
0.5, 0.99.

3. Give the odds that the claim is true, in whole numbers with the claim’s side first, for each de-
gree of belief: 0.75, 0.2, 0.9, 0.6.

4. Each pair of odds is for a claim being true. Turn each into a degree of belief, as a per cent: 3 to
2, 1 to 9, 7 to 3, 1 to 1.

5. In 1951 Sherman Kent was asked what his board had meant by calling an attack “a serious pos-
sibility”. His answer was that “the odds were around 65 to 35 in favor of an attack.” Give his de-
gree of belief in an attack as a per cent. Give his degree of belief that there would be none. Then
give his odds in the smallest whole numbers.

6. A 2024 review proposes that clinicians use “unlikely” to mean a 20 per cent chance, written as
20 in 100. Give the chance that the event does not happen, the odds that it happens, and the odds
against it.

7. Kent asked the members of his board what odds they had had in mind for that “serious possib-
ility”. He wrote that “the low man was thinking of about 20 to 80, the high of 80 to 20.” Give each
member’s degree of belief as a per cent, and his odds in the smallest whole numbers. Then say
how many times larger the high member’s odds were than the low member’s.

8. Here is a worked answer. Find the step that broke, and say why it looks reasonable.

“I am 30 per cent sure the claim is false. So my odds that it is true are 3 to 7, and I am 30 per cent
sure it is true.”

0.3 divided by 0.7 is about 0.43, so 3 to 7

9. Here is a worked answer to “A patient information leaflet says the chance of a side effect is 1 in
4. What are the odds?” Find the step that broke.

1 in 4 means odds of 1 to 4
1 divided by (1 plus 4) = 0.2
so the chance of the side effect is 20 per cent
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10. A made-up meeting is discussing a new weight-management clinic. A consultant says:
“Whether it will cut referrals to the hospital is fifty-fifty, so it is a coin toss either way.” The ad-
ministrator concludes: “Then the evidence must be evenly balanced.” Decide what to compute,
compute it, and say what the statement does not establish.

11. A made-up newspaper health column says: “Experts put the odds at 3 to 1 that skipping
breakfast makes you gain weight. So skippers will put on three times as much weight.” Decide
what to compute, compute it, and say what the claim does not establish.
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11 · The same word read as different numbers

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  A verbal probability is a word or phrase that states a degree of belief
without a number: “likely”, “unlikely”, “possible”, “a serious possibility”. Different people
turn the same word into different numbers. The writer of a sentence and its reader may do
so too.

This is measured, not assumed. In an online experiment with 924 people, Wintle and col-
leagues (2019) asked readers for a range of numbers for each word. The spread between
readers was larger for “unlikely” than for “likely”. Readings also move with context, includ-
ing how severe the outcome would be.

The cost falls on the reader. A reader who acts on a word acts on the number they read into
it, which may not be the number the writer meant.

None of the studies here was done in India. [187, 188, 189, 190, 191, 192, 193, 194, 195]

IN PLAIN TERMS.  You say “unlikely”. In one study, doctors read that word as about 16 in 100,
and mothers as about 27 in 100. Neither side can see the gap from the word alone.

People agree on the order of the words: “likely” is more than “possible”. They do not agree on the
numbers.
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Four probability words, as read by 100 mothers and 50 doctors and medical students in one UK study (Shaw and Dear
1990, reported in Hashim 2024, Table 2): central estimates in per cent, the mothers’ along the bottom and the doctors’
up the side. On the diagonal line both groups would read a word alike. “Very likely” and “likely” sit above it: the doctors
read them higher, “likely” by 11 points. “Possible” and “unlikely” sit below: the doctors read them lower, by 16 and 11
points. Both groups keep the words in the same order.

How far readers’ best numbers for one word spread, in Wintle and colleagues’ online experiment (2019), across all four
groups, some of whom had been shown the standard’s numbers: the standard deviation of the best estimates, in
percentage points. The two negative words spread more, 21.1 for “very unlikely” and 20.7 for “unlikely”, than
“likely” (13.0) and “very likely” (12.9).
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One phrase, “a serious possibility”, signed by one board in 1951, held as three different degrees of belief that an attack
would come: 20 per cent for the lowest member, 65 for Kent and 80 for the highest. The words recorded none of this
spread. Kent (1964).

Illustration 1. The last section turned a degree of belief into a per cent and into odds. Here is
what happens when nobody writes the number down.

In March 1951 the US intelligence services issued a forecast, a National Intelligence Estimate, on
whether the Soviet Union and its allies would attack Yugoslavia that year. Its key sentence
ended: an attack “should be considered a serious possibility.” Sherman Kent, a member of the
board that oversaw its drafting, tells what happened next in Words of Estimative Probability (1964),
at https://www.cia.gov/resources/csi/static/Words-of-Estimative-Probability.pdf. Search for “seri-
ous possibility”.

A few days later, the chairman of a State Department planning staff asked him:

“By the way, what did you people mean by the expression `serious possibility’? What kind of odds
did you have in mind?”

Kent’s own answer was “the odds were around 65 to 35 in favor of an attack.” The chairman “was
somewhat jolted by this”. He and his colleagues “had read”serious possibility” to mean odds very
considerably lower.”

So Kent asked his fellow board members what odds they had held when they agreed to the
phrase.

each Board member had had somewhat different odds in mind and the low man was thinking of
about 20 to 80, the high of 80 to 20.

Turn those odds into degrees of belief, as in the last section.
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20 divided by (20 plus 80) = 0.2
65 divided by (65 plus 35) = 0.65
80 divided by (80 plus 20) = 0.8

The men who signed one sentence held anything from 20 to 80 per cent. The phrase did not re-
cord a disagreement that big. It hid it. And the readers of the sentence read a number lower than
Kent’s own.

Notice what went wrong. Nobody misused arithmetic. Each person turned the phrase into a
number in his own head, and nobody said his number out loud.

Figures quoted in this illustration are from [15].

WHERE THIS PICTURE BREAKS.  This is one phrase, one board and one planning staff, told by one
of the people involved. It shows that the spread can be very wide among experts who worked on
the text together. It does not show how wide it usually is. That needs the counted studies in the
next two illustrations.

“Serious possibility” is also an unusual phrase. Kent’s own diagnosis was that “possible” should
mark something whose odds cannot be estimated at all. Adding “serious” to it was, in his words,
the team’s “particular error”.

Illustration 2. Now the clinic. A 2024 systematic review by Hashim collected studies that asked
people to put a number on probability words. Open it at https://pmc.ncbi.nlm.nih.gov/articles/
PMC11067312/ and find Table 2.

One of the six studies, by Shaw and Dear in the UK in 1990, asked 100 mothers and 50 doctors and
medical students the same thing. Here are the central estimates the review reports for each
group, for four words. Read the table as Book 0 taught (Book 0, F1): one row is one word, and
each column is one group’s central number for it, in per cent.

word mothers (per cent) doctors and medical students (per cent)

very likely 86 91

likely 66 77

possible 62 46

unlikely 27 16

Work out each gap in percentage points, as in Book 0, A4.

91 minus 86 = 5
77 minus 66 = 11
62 minus 46 = 16
27 minus 16 = 11

The doctors put “very likely” and “likely” higher than the mothers did. They put “possible” and
“unlikely” lower. Both groups kept the four words in the same order.

Now picture it on a ward. The case is made up. You tell a mother that a complication after her
child’s minor operation is “unlikely”. You have in mind something like the doctors’ figure, 16 per
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cent. If she reads the word as the mothers in this study did, she hears 27 per cent. For “possible”,
the gap runs the other way, and she may hear more than you meant.

The review also prints a lower and an upper figure for each group, without saying how they were
made. For “likely” they were 49 and 83 for the mothers and 64 and 90 for the doctors, evenly
either side of the central figure.

Figures quoted in this illustration are from [186].

WHERE THIS PICTURE BREAKS.  Shaw and Dear’s is one small study from 1990, and the review
calls the quality of its six studies “generally low”. It does not tell you what a mother in an Indian
district hospital hears, in English or in any other language. No study in the review was done in
India.

The review itself reads the evidence more hopefully than this section does. It stresses that the or-
der of the words is stable, and proposes fixing a number to each of five words. That is a scale,
and scales are the subject of the next section.

Illustration 3. One board and one small study could be flukes. So look at a large count. Wintle
and colleagues reported an online experiment with 924 people in 2019. Open it at https://
pmc.ncbi.nlm.nih.gov/articles/PMC6469752/.

Each person read sentences taken from intelligence reports, each holding one word such as
“likely”. For each sentence they gave their lowest, best and highest number for the word. The
team compared each person’s range with the range that a US government standard fixes for that
word, Intelligence Community Directive 203 (ICD 203). The section after this one sets out that
standard. The score was the overlap: the stretch of numbers both ranges share, as a per cent of
the whole stretch the two cover together. Ranges that do not meet at all score below zero.

One group saw the sentences with no numbers anywhere. Search for “control group”.

Participants in the control group specified ranges with, on average, 32% overlap (29, 35) (95%
confidence interval) with the ranges specified in the guidelines.

On average, the readers’ ranges and the intended ranges overlapped by 32 per cent. Two ranges
that matched exactly would score 100.

Now search for “standard deviations”. The standard deviation is the typical distance from the av-
erage, as built in Book 0, D5. Here it measures how far people’s best numbers for one word
spread out, across all four groups, some of whom had been shown the standard’s numbers.

with the standard deviations for participants’ best estimates being: Very Unlikely (21.1), Unlikely
(20.7), for Likely (13.0), and for Very Likely (12.9).

The negative words spread more. Readers disagreed about “unlikely” more than about “likely”.

Last, the same word in two studies. Search for “mean best estimates”.
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Our participants’ mean best estimates of … 73 and 75 for Likely … were substantially more ex-
treme than those reported in Budescu et al.: … 54 for Likely

Budescu’s study used sentences from climate reports. Wintle’s 73 was with sentences from intel-
ligence reports, 75 with the word on its own. Many readers in both studies had been shown a
standard’s numbers. The average reading of “likely” was 54 in one and 73 to 75 in the other.

73 minus 54 = 19
75 minus 54 = 21

About 20 percentage points apart, for one word read in two studies. Wintle’s team offers several
reasons, including the different settings and the way the numbers were shown. They also report,
from earlier studies, that readings move with how severe the outcome is.

Figures quoted in this illustration are from [196].

WHERE THIS PICTURE BREAKS.  Wintle’s readers were members of the public who had signed up
to a research project, mostly in Australia. Only 2 per cent were in India. Their numbers describe
that group reading English sentences from intelligence reports. They are not a measure of how a
district health officer or a patient in India reads a medical report.

The 32 per cent is an average overlap with one particular standard. A different standard, with
different ranges for each word, would give a different score. What survives the change is the
finding that the same word carried very different numbers for different readers.

MUST KNOW POINTS FOR YOU.

Agreeing on a word is not agreeing on a number. Before you sign a jointly written sen-
tence that says “likely” or “a serious possibility”, ask each author for the number they
have in mind.

“A word is safer than a number because it does not over-commit” is the error. The word
still lands as a number, but the reader chooses it.

When you tell a family a complication is “unlikely”, they may hear a larger chance than
you mean. In one study, mothers read it as about 27 in 100, and doctors as 16. If the
number matters to their decision, say the number.

People agree on the order of the words far better than on their numbers.

Negative words spread most.

None of these studies was done in India, and none tested Hindi or any other Indian lan-
guage.

COMMON MISREADING.  “Only patients misread these words; doctors all mean the same thing
by ‘likely’.” The doctors and medical students in Shaw and Dear’s study gave lower and upper fig-
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ures of 64 and 90 per cent for “likely”. Kent’s board were experts who had worked on the very
sentence, and they spread from 20 to 80 per cent.

EXERCISE 1  (retrieval). From memory: what happened to the phrase “a serious possibility” in
1951, and what range of degrees of belief did Kent’s board hold? Then give one measured finding
about how readers turn probability words into numbers, and one thing readers do agree on.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (interpretation). The 2024 review’s Table 2 gives estimates for the word “possible”
from Shaw and Dear’s 1990 study. All are in per cent.

group lower central upper

mothers 45 62 79

doctors and medical students 27 46 65

Say what the rows show, and what they do not show.

EXERCISE 3  (critique). Here is a made-up line from a district report on a school screening pro-
gramme.

There is a serious possibility that the programme will reduce overweight among the children
screened.

The district health officer will use it to decide whether to fund a second year. Find the flaw. Then
rewrite the line so the officer reads what the writer meant.

EXERCISE 4  (teaching). A journalist asks you: “Doctors say a side effect is ‘unlikely’. Isn’t that
clear enough?” You have three minutes and no jargon. Give your answer, ending with one sen-
tence she can quote.
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12 · Calibrated scales: fixing what the words mean, and
putting the number beside the word

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  A calibrated scale of probability words is a published table that fixes, for
each word, the range of degrees of belief it stands for. It is not a fact about the words, and
two bodies can fix the same word differently.

Sherman Kent, of the US Board of National Estimates, set out a five-band chart (Kent 1964).
Each band is a centre with a margin, “give or take”, in per cent. The band runs from the
centre minus the margin to the centre plus the margin.

Kent’s word centre (%) give or take (%) band (%)

almost certain 93 6 87 to 99

probable 75 12 63 to 87

chances about even 50 10 40 to 60

probably not 30 10 20 to 40

almost certainly not 7 5 2 to 12

The Intergovernmental Panel on Climate Change (IPCC) gave the authors of its Fifth Assessment
Report a likelihood scale (Mastrandrea and colleagues, 2010, Table 1). Its ranges overlap by
design: each range above or below the middle one reaches to the end of the scale on its side. Its
note calls the boundaries “fuzzy”.

IPCC term likelihood of the outcome (%)

virtually certain 99 to 100

very likely 90 to 100

likely 66 to 100

about as likely as not 33 to 66

unlikely 0 to 33

very unlikely 0 to 10

exceptionally unlikely 0 to 1

The note allows three more terms in limited cases; this book uses the seven.

The IPCC keeps a second, separate scale, which it calls confidence. It has five words, from “very
low” to “very high”, and authors choose one from the evidence (“limited”, “medium” or “robust”)
and from how far the studies or experts agree (“low”, “medium” or “high”). The note says this
confidence should not be read as a probability. It is a judgement of the grounds, close to GRADE’s
certainty. It is not a degree of belief, which is what this book calls confidence.
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US Intelligence Community Directive 203 (ICD 203), signed in January 2015 and amended in
January 2022, fixes seven bands that run end to end, from 1 to 99 per cent. It gives no word for
below 1 or above 99. Each band starts where the one below it stops, so the bands share only their
end points.

ICD 203 word band (%)

almost certain 95 to 99

very likely 80 to 95

likely 55 to 80

roughly even chance 45 to 55

unlikely 20 to 45

very unlikely 5 to 20

almost no chance 1 to 5

ICD 203 also allows a second set of words for the same bands, such as “probable” or “probably”
for 55 to 80 per cent. It asks you not to mix the two sets.

ICD 203 also has a confidence level, such as “high confidence”: a judgement of the logic and evid-
ence behind an assessment, like the IPCC’s confidence. ICD 203 forbids putting a confidence
level and a likelihood in the same sentence.

A scale fixes a word only for a reader who sees it. [197, 198, 199, 200, 201, 202, 203, 204, 205, 206,
207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 189, 190,
226, 227, 228]

IN PLAIN TERMS.  A word like “likely” has no fixed number. So some bodies publish a table that
fixes one.

Different bodies fixed it differently. For the US intelligence services, “likely” means 55 to 80 per
cent. For the climate scientists of the IPCC, it means 66 to 100 per cent.

So pick one table, say which one, and put the number in brackets every time.
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Wintle’s experiment: how far 924 readers’ ranges overlapped ICD 203’s, by how the range was shown. A link to the
table gained 7 points over showing nothing, a mouse-over box 8, and the range in brackets beside the word 34: about
twice the overlap. Even in brackets, a third of the overlap was missing.

Illustration 1. The last section showed that readers turn one word into many numbers. A scale is
the fix that bodies have tried. Build three of them, then watch one number change its word.

Start with Kent’s chart. Open Words of Estimative Probability (1964), at https://www.cia.gov/re-
sources/csi/static/Words-of-Estimative-Probability.pdf, and find the chart under “An Odds
Table”. Each row gives a centre and a margin. The band is the centre minus the margin, up to the
centre plus the margin.

93 minus 6 = 87 and 93 plus 6 = 99
75 minus 12 = 63 and 75 plus 12 = 87
50 minus 10 = 40 and 50 plus 10 = 60
30 minus 10 = 20 and 30 plus 10 = 40
7 minus 5 = 2 and 7 plus 5 = 12

Look at what the chart leaves out. No word covers 12 to 20 per cent, 60 to 63, below 2 or above 99.
Kent fixed five words, not every number.

Now the IPCC scale, in Table 1 of the guidance note at https://www.ipcc.ch/site/assets/uploads/
2017/08/AR5_Uncertainty_Guidance_Note.pdf. Its “likely” runs from 66 to 100 per cent. Its “very
likely” runs from 90 to 100. So every number that is “very likely” is also “likely”. The writer is
meant to pick the narrower word when it fits.

Last, ICD 203, at https://www.dni.gov/files/documents/ICD/ICD-203.pdf. Search for “01-05%”. The
row of bands sits under the words. Its “likely” runs from 55 to 80 per cent, and “very likely”
starts where it stops.
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Now take one judgement. A colleague tells you she is 70 per cent sure that a new weight-manage-
ment clinic will cut the hospital’s referrals. The colleague is made up. Find the band that holds
70 on each scale.

scale band that holds 70 (%) word

Kent 63 to 87 probable

IPCC 66 to 100 likely

ICD 203 55 to 80 likely

So far the word travels well. Now she becomes less sure, and says 58 per cent.

scale band that holds 58 (%) word

Kent 40 to 60 chances about even

IPCC 33 to 66 about as likely as not

ICD 203 55 to 80 likely

Here is the trap. Suppose she wrote “likely” in a note that follows ICD 203. Someone copies that
word into a report written to the IPCC scale. The reader of that report now hears 66 per cent or
more. Her 58 per cent has been raised by the copying, and no number was ever written down to
show it.

The safe route between two scales always goes through the number. Turn the word back into its
number on the first scale. Then find that number’s word on the second.

For the clinic there is a fourth scale. Hashim’s 2024 review, which the last section met, proposes
five words for talking with patients, each with a number “per 100 cases”. It gives “likely” as 70 in
100, with a range of 60 to 80. That is one author’s proposal from the studies he reviewed. No body
has adopted it.

Figures quoted in this illustration are from [15, 229, 230, 186].

WHERE THIS PICTURE BREAKS.  The bands are conventions with soft edges. Kent writes “give or
take”, and the IPCC calls its boundaries fuzzy. ICD 203 does not say which word a number exactly
on a shared edge takes, such as 80. So the table above is a lookup, not a measurement. A judge-
ment of 81 per cent and one of 79 per cent are not really different kinds of thing.

None of the three scales was written for medicine. Kent and ICD 203 were written for intelli-
gence analysts, and the IPCC scale for climate assessments. Borrowing one for a district report is
a choice you make, and the reader can follow it only if you name it.

Illustration 2. The IPCC published its scale, and readers still misread it. Here is how badly, and
what fixed most of it.

Open Wintle and colleagues’ 2019 paper at https://pmc.ncbi.nlm.nih.gov/articles/PMC6469752/
and search for “1 in 8”. It reports an earlier online survey by Budescu and colleagues. Readers
met sentences from IPCC reports, with a link to the IPCC table. They clicked the link only 1 in 8
times. Now search for “18.5%”.
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They reported an improvement in mean percentage overlap with prescribed ranges in the IPCC
conversion table from 18.5% in their equivalent to our Table condition to 33.6% in their equival-
ent to our Brackets condition.

With the table a click away, readers’ ranges overlapped the IPCC’s by 18.5 per cent on average.
Even with the range in brackets, they reached only 33.6 per cent. Wintle’s team suggests the
overlapping bands may be part of the reason. Search for “not intuitive”.

E.g., is the range for ‘Likely’ supposed to mean 67–90%, or 67–100%? The latter is the intended
meaning, but this is not intuitive.

Readers expect each word to stop where the next begins.

Wintle’s own experiment used ICD 203, whose bands do stop where the next begins. Its 924 read-
ers were split into four groups. Each group saw the same sentences, shown in one way. Put the
four results side by side, in per cent of overlap with ICD 203’s ranges. Wintle’s overlap is the
shared part of the two ranges as a share of the whole stretch they cover together: 1 to 15 against 5
to 20 shares 10 points of 19, about 53 per cent.

how the range was shown average overlap (%)

not at all 32

a link to the full table 39

a small box that appears when the mouse is over the word 40

in brackets beside the word 66

Work out what each format gained over showing nothing, in percentage points.

39 minus 32 = 7
40 minus 32 = 8
66 minus 32 = 34
66 divided by 32 is about 2.06

The link and the box gained 7 and 8 points. The brackets gained 34, about twice the overlap of
showing nothing. The table existed in every case. What changed was whether the number sat
where the reader’s eye already was.

Now use it. Here is a made-up line from a district report.

It is likely that the school canteen scheme will reach its target this year.

Choose a scale, name it once, and bracket the range.
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We judge it “likely” (55 to 80 per cent, on the scale of US Intelligence Community Directive 203)
that the school canteen scheme will reach its target this year.

If you mean a single number, give that instead: “likely (about 70 per cent)”.

Figures quoted in this illustration are from [196].

WHERE THIS PICTURE BREAKS.  Wintle’s readers were members of the public, mostly in Aus-
tralia, reading sentences from intelligence reports online. The 66 per cent measures how far
their ranges overlapped ICD 203’s, not whether they then made better decisions. It is the best
evidence here that brackets help, and it was not measured on patients, doctors or officers in In-
dia.

Even with brackets, a third of the overlap was missing. The number beside the word narrows the
readings; it does not make every reader read the same.

MUST KNOW POINTS FOR YOU.

“A scale makes the word precise” is the error. A scale fixes a word only for a reader who
sees it. Put the range in brackets beside the word, every time.

Never move a probability word from one scale to another as it stands. Turn the word
back into its number, then find that number’s word on the new scale.

Name your scale the first time you use one of its words, and keep to that one scale
through the whole document.

“High confidence” in an IPCC report is not a probability. It judges the evidence and the
agreement behind a finding.

On the IPCC scale “likely” runs from 66 to 100 per cent, so it covers everything “very
likely” covers.

A scale fixes what your word means. It cannot make your judgement right.

The evidence that brackets help comes from members of the public, mostly in Aus-
tralia, reading intelligence sentences. Nobody has measured it in Indian clinics or dis-
trict offices.

COMMON MISREADING.  “Official reports use official words, so ‘likely’ means the same in all of
them.” It does not. Likely is 55 to 80 per cent in a report written to ICD 203. It is 66 to 100 per cent
in one written to the IPCC scale. A report that names no scale fixes nothing at all. Read the re-
port’s own scale, or its bracketed number, before you repeat its word.

REPORTING IT.  We judge it “likely” (55 to 80 per cent, on the scale of US Intelligence Com-
munity Directive 203) that the scheme will reach its target this year.

EXERCISE 1  (retrieval). From memory: what range does “likely” cover on the IPCC scale, and
on ICD 203? Which of the two scales has overlapping ranges? What did Wintle and colleagues

• 

• 

• 

• 

• 

• 

• 
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find when the range was printed in brackets beside the word? Last, give the three things to do
when you write a probability word.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). Here is a made-up sentence from the discussion of a thesis on a school
nutrition programme.

It is very likely, with high confidence, that the programme would work equally well in other dis-
tricts.

Find what is wrong with how it states its probability. Then rewrite it.

EXERCISE 3  (teaching). The health secretary of your state asks you for one page. Her depart-
ment’s reports use words like “likely” and “unlikely” with no numbers, and two districts have
read the same report in opposite ways. She wants a rule for all reports. Write the page, answer
first.

PRACTICE.  Ten problems on this technique, easiest first. Work them on paper before turning
to the answers, which are in the appendix at the back under this section’s name.

1. Each band is given as a centre, give or take a margin. Write each as a range from its lowest
number to its highest.

centre give or take

60 15

85 5

10 8

45 20

2. A scale has seven bands, in per cent.

letter band

A 1 to 5

B 5 to 20

C 20 to 45

D 45 to 55

E 55 to 80

F 80 to 95

G 95 to 99

Give the letter for each number: 12, 50, 72, 88, 97, 30.

3. For each pair of ranges, give the numbers both share. Then say how many percentage points
wide that shared part is. The ranges are in per cent.
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first range second range

55 to 80 66 to 100

20 to 45 0 to 33

40 to 60 45 to 55

63 to 87 80 to 95

2 to 12 20 to 40

4. A colleague gives three degrees of belief: 70 per cent, 85 per cent and 58 per cent. For each,
give the word on Kent’s chart, on the IPCC likelihood scale and on ICD 203.

5. “Likely” is 55 to 80 per cent on ICD 203 and 66 to 100 per cent on the IPCC scale. Which degrees
of belief are “likely” on both? What share of ICD 203’s “likely” band does that shared part make
up, and what share of the IPCC’s?

6. In Wintle and colleagues’ experiment, about half the readers given the link or the box never
used it. Take only the readers who did use it. Their average overlap with ICD 203’s ranges was 44
per cent with the link to the table. With the box under the mouse it was 49. With nothing shown
it was 32, and with the range in brackets 66.

Give the link’s and the box’s gain over nothing for these readers, in percentage points. Compare
each with the gain from brackets. What does this say about brackets?

7. Here is a worked answer. Find the step that broke, and say why it looks reasonable.

An IPCC report calls a change “very likely”. A colleague needs it in the words of ICD 203.

IPCC “very likely” = ICD 203 “very likely”
ICD 203 “very likely” = 80 to 95 per cent
so the IPCC report means 80 to 95 per cent

8. Here is a worked answer. Find the step that broke.

A reviewer is 95 per cent sure of a finding and must use the IPCC scale.

IPCC “likely” starts at 66 and “very likely” starts at 90
so “likely” runs from 66 to 90
95 is above 90, so the finding cannot be called likely
so the only word left is “virtually certain”

9. A made-up district report says: “It is very likely that the school canteen scheme will halve sug-
ary drink sales this year.” It names no scale. Decide what to compute, compute it, and say what
the sentence does not establish.

10. A newspaper health column says: “A study of 924 people found that putting a number beside
words like ‘likely’ doubles how well people understand risk.” Decide what to compute, compute
it, and say what the claim does not establish.
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13 · Stating how confident you are, and saying why

DEFINITION.  A confidence statement says how sure you are of one claim, and why, in a
form that someone else can check. It has four parts.

part what it says

the claim one claim, worded so that it could later be found true or false: in whom, what, compared with

what, over what time

the confidence your degree of belief in the claim, as a word from a named scale with its number

the grounds the kind of evidence the belief rests on and, where the evidence has been rated, its certainty

what would

change it

a finding that could turn up and would move your number, and which way it would move it

The confidence belongs to the person who states it. Two people with the same grounds can state
different numbers. The grounds are what let a reader see why, and argue with the step from
grounds to number.

The certainty of the evidence, rated with GRADE (Grading of Recommendations Assessment, De-
velopment and Evaluation), belongs among them. It is not the confidence. GRADE gives no num-
ber for its levels, so the step from a level to a degree of belief is the writer’s judgement.

The Intergovernmental Panel on Climate Change (IPCC) and Intelligence Community Directive
203 (ICD 203) both use the word confidence for the strength of the grounds. This book calls that
the grounds, and keeps confidence for the degree of belief. The IPCC asks for a “traceable ac-
count”: a description of the evidence and agreement behind each finding.

A claim about an effect says what something does on average in a group of people: “probiotics
given with antibiotics lower the share of young children who get diarrhoea”. A claim about a
single event says what will happen once: “this child will not get diarrhoea”. Even an effect you
are very confident of leaves a single event uncertain, because people in a group do not all re-
spond alike. [180, 231, 232, 233, 234, 220, 134, 142, 235, 139, 236, 237, 202, 238, 239]

IN PLAIN TERMS.  The number is yours. Someone else could look at the same evidence and pick
another. That is why you give the reasons: they let the listener see how you got there.

The listener decides the form. A resident wants the reasons in full. A journalist wants one clear
sentence. A health secretary wants the answer first.
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Children under 5 on antibiotics in the trials behind the Cochrane example row (numbers from the Cochrane Handbook’s
example table): 22.3 in 100 got diarrhoea without probiotics and 8.9 in 100 with them, 13.4 fewer. You can be about 75
per cent sure of the effect on the group (the worked choice below) and still not promise one child anything: most stay
free either way (77.7 and 91.1 in 100), and some get it even with the probiotic.

Illustration 1. Here is a sentence from a journal club. The speaker is made up; the evidence be-
hind it is real.

Probiotics probably prevent diarrhoea in kids on antibiotics.

Ask four questions of it. Which claim, exactly? Which children, compared with what? How sure,
as a number, and on what scale? On what grounds? What would change the speaker’s mind? The
sentence answers none of them.

Worse, “probably” can be read two ways. It is Cochrane’s word for moderate certainty of the
evidence, from the section on certainty words. It is also an everyday word for a degree of belief.
And ICD 203 allows “probably” for its 55 to 80 per cent band. The listener cannot tell which the
speaker meant.

Now rebuild it. Go back to Figure 14.1.b in chapter 14 of the Cochrane Handbook, at https://
www.cochrane.org/authors/handbooks-and-manuals/handbook/current/chapter-14, the table
you met in the section on GRADE. Take the row for children under 5.

The claim. Write it so that a later study could show it false.
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In children under 5 who are given antibiotics, giving probiotics as well lowers the share who get
diarrhoea.

This claims a direction, a fall, and not a size. A claim about the size, “by about 13 in 100”, would
need more confidence in the estimate than a claim about its direction.

The grounds. Randomised trials, pooled in the table. Certainty moderate (GRADE), down one
level for risk of bias. Footnote b says why: many children were lost to follow-up.

The confidence. This is your judgement, and nothing in the table makes it for you. The whole
range of the risk ratio lies below 1, so the trials point one way. But many children were lost, and
the missing ones could change the picture. Say you settle on 75 per cent. On ICD 203 that is
“likely”, 55 to 80 per cent.

What would change it. A large trial in such children, with few lost, that found no difference
would lower your number. Another such trial that found the same fall would raise it.

Now write it, in two sentences so the certainty and the likelihood do not share one.

I judge it “likely” (about 75 per cent, ICD 203 scale) that, in children under 5 given antibiotics,
adding probiotics lowers the share who get diarrhoea. This rests on randomised trials rated mod-
erate certainty (GRADE), down for children lost to follow-up; a large trial with few losses and no
difference would lower my number.

Every part can now be checked. A colleague who reads the same table and says 60 per cent can
see exactly where you differ: in the step from the grounds to the number.

Figures quoted in this illustration are from [148].

WHERE THIS PICTURE BREAKS.  The 75 per cent is a worked choice, not the right answer. GRADE
gives no number for moderate certainty, and a careful reader of the same row could defend 65 or
85. The statement does not make your number correct. It makes it open to argument.

The table is an example in a handbook chapter, not a full review. Its row tells you about the chil-
dren in those trials, given those probiotics, followed for 10 days to 3 months. A claim about other
children or other products needs grounds of its own.

Illustration 2. Same row, a different question. On the children’s ward, a mother whose son is un-
der 5 and has just started antibiotics asks you: “If he takes the probiotic, will he be all right?” She
is made up.

Your 75 per cent does not answer her. It is your degree of belief that probiotics lower the share of
such children who get diarrhoea. She is asking about one event: her son.

Look at the table’s middle columns. Without probiotics, 22.3 in 100 such children got diarrhoea.
With them, 8.9 in 100. Work out how many stayed free of it.
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100 minus 22.3 = 77.7
100 minus 8.9 = 91.1
22.3 minus 8.9 = 13.4

So about 78 in 100 children like her son stayed free of diarrhoea without probiotics, and about 91
in 100 with them. The difference is about 13 children in 100. Those are the table’s estimates from
the trials: the risk in the control groups, and that risk with the pooled effect applied. They are
the best starting point for one child. A later section takes up how a frequency in a group be-
comes a degree of belief about one case.

Now answer her in four parts too.

Most children his age on antibiotics do not get diarrhoea. With the probiotic, about 9 in 100 do;
without it, about 22 in 100. The trials behind those numbers had problems, so the true numbers
could be somewhat different. If he gets loose stools anyway, it does not mean the probiotic failed.

The effect claim got a likelihood word. Her question got frequencies “in 100”, which she can pic-
ture. Both are honest. They answer different questions.

Figures quoted in this illustration are from [148].

WHERE THIS PICTURE BREAKS.  The frequencies come from the trials’ children. If her son differs
from them in a way that matters, such as being very ill or on a different antibiotic, the numbers
fit him less well. And they rest on moderate-certainty evidence, so they are estimates, not counts
from her hospital.

Some single events have no group to borrow from. Then the degree of belief rests on judgement
alone, and the grounds should say so.

Illustration 3. One statement, three readers. Take the under-5 row once more, and write it for
each of the three people this course keeps returning to.

A first-year resident, ten minutes and a whiteboard. Give all four parts, in full, and show the
step from grounds to number. Draw the table’s row. Show the risk ratio’s range lying wholly be-
low 1, and the footnote that cost one level. Say: “Moderate certainty, so I land at about 75 per
cent, ‘likely’ on ICD 203. You might land at 65. Tell me why, and we can argue about the step.”
Then say what would change it.

A journalist, three minutes, no jargon. Lead with the frequencies, then your confidence as
chances, then why it is not higher.

On the trials’ estimates, giving young children probiotics with their antibiotics cut diarrhoea from
about 22 in 100 children to about 9 in 100. I’d put the chance that the benefit is real at about 3 in
4. Not higher, because many children dropped out of the trials.

That last sentence sets how sure she should be. It tells her the evidence is decent, not settled,
and still gives her something to print.
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A health secretary, one page, answer first, no methods. She is asking a different question:
should the state do it? The section on recommendations showed that certainty of the evidence is
one input of four.

The same table has a row for side effects: 1.8 in 100 children without probiotics and 2.3 in 100
with them, rated low certainty, with Cochrane’s comment that there may be little or no differ-
ence.

Answer: it is likely (about 75 per cent, ICD 203 scale) that probiotics given with antibiotics reduce
diarrhoea in children under 5: about 13 fewer cases in every 100 children treated. The evidence is
moderate certainty (GRADE). Side effects: there may be little or no difference (low certainty). The
cost of the product is not in this evidence and is needed before deciding. A large trial with few chil-
dren lost would settle the benefit either way.

The order changed three times. The four parts did not. Drop the grounds for the journalist, and
she cannot tell your 3 in 4 from a guess. Drop the number for the secretary, and she cannot
weigh the benefit against a cost.

Figures quoted in this illustration are from [148].

WHERE THIS PICTURE BREAKS.  The three forms are trimmed to their readers, and trimming has
a floor. If a journalist’s space allows only one sentence, keep the number and one reason, and
drop the rest. If a secretary’s page cannot hold the grounds, give them in an attached note. A
statement that has lost its grounds has become a bare assertion.

The secretary’s page reports evidence. It is not a recommendation. A recommendation also
needs the cost, what can be delivered in her districts, and what families value.

MUST KNOW POINTS FOR YOU.

A number with no grounds cannot be argued with, and a word with no number cannot
be checked.

Keep the certainty of the evidence and your confidence in separate sentences, each
named. Write “moderate certainty (GRADE)” for the grounds and “likely (about 75 per
cent, ICD 203)” for the confidence.

“Moderate certainty means about 60 per cent” is the error. GRADE puts no number on
its levels. Choose the number, and show the step.

For one person, give the frequency in people like them, as a number in 100.

Before a meeting that will agree a judgement, write your own number down. The IPCC’s
guidance warns that groups tend to converge on one view and become overconfident in
it.

“What would change my mind” must name a finding that could actually turn up. “If new
evidence emerges” names nothing.

Change the order and the words for each reader, never the parts. Give a journalist
chances “in 100” and say plainly why your number is not higher.

• 

• 

• 
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COMMON MISREADING.  “Giving a number makes me sound more certain than saying ‘prob-
ably’.” It does the opposite. “75 per cent” says, out loud, that you think there is a 1 in 4 chance
you are wrong. “Probably” hides how unsure you are, and lets each listener choose their own
number for it. A number with its grounds is the most modest way to state a belief, because it can
be checked.

REPORTING IT.  I judge it “likely” (about 75 per cent, ICD 203 scale) that, in children under 5 giv-
en antibiotics, adding probiotics lowers the share who get diarrhoea. This rests on randomised
trials rated moderate certainty (GRADE), down for children lost to follow-up. A large trial with
few losses and no difference would lower my number.

EXERCISE 1  (retrieval). From memory: name the four parts of a confidence statement. Say
what the IPCC calls the written description of the grounds. Then say why your degree of belief in
an effect is not the chance that one patient will benefit.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). At a made-up district meeting on a community yoga programme, an of-
ficer says:

We are 100 per cent confident the yoga programme will reduce obesity in the district. Everyone in
the team agrees.

Find what is missing or wrong. Then rewrite the statement, leaving a blank wherever you would
need a fact the officer has not given.

EXERCISE 3  (teaching). A journalist rings you about the same Cochrane example table, the row
for children over 5. In those trials, diarrhoea went from about 11 in 100 children without probi-
otics to about 9 in 100 with them. The difference could be anywhere from about 5 fewer to about
2 more in 100. The certainty is low, for risk of bias and imprecision. She asks: “So do probiotics
work for older kids?” You have three minutes and no jargon. Give your answer, ending with one
sentence she can quote.
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14 · The base rate: how often claims like this one hold up

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  A base rate is how often claims of one kind have turned out true when they
were tested. The kind is the reference class: the group of past claims, alike in what matters,
among which you count the present claim. The evidence particular to that claim then
moves you from there.

A medical reversal is an established practice found by a later study to be no better than a
lesser or earlier standard of care.

Prasad and colleagues (2013) read every original article in the New England Journal of
Medicine (NEJM) from 2001 to 2010: 2044 articles, of which 1344 concerned a medical prac-
tice. Of these, 363 tested an established practice: 146 (40.2 per cent) reversed it, 138 upheld
it and 79 reached no clear answer.

Herrera-Perez and colleagues (2019) read the randomised trials of a medical practice in
three journals. Of 3017 such trials, 396 were reversals, 13 per cent of all the trials.

A rate measured in one class does not carry over to another. [240, 241, 242, 243, 244, 245, 246, 247,
248, 249, 250, 251, 252, 253, 254, 255, 256, 257]
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IN PLAIN TERMS.  Which claims count as “like it” is a choice, and the number changes with the
choice. Pick the group that matches your claim in what matters, and say which group you
picked.

One question, four answers. “How often is a medical practice reversed?” gives 40.2 per cent among tests of an
established practice in the New England Journal of Medicine, 2001 to 2010; 10.9 per cent among all its articles on a
practice; 13.1 per cent among randomised trials of any practice in three journals; and 24.1 per cent among those trials
that tested an established practice. Each is right for its own group. The base rate depends on the reference class you
choose.

What became of the 363 tests of an established practice in the New England Journal of Medicine, 2001 to 2010: 146
reversed it (about 40 per cent), 138 upheld it (about 38 per cent) and 79 gave no clear answer (about 22 per cent). The
three add back to 363. Of the 284 clear answers, about 49 per cent upheld the practice.
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Illustration 1. This section stands on the last one, where you put a number on how sure you are
of one claim. Here you find where that number should start.

Go back to the time before the 2014 trial’s result. “Eat breakfast to lose weight” was standard ad-
vice, as the first section of this book showed. A large trial of the advice was under way. Before its
result came out, how sure should you have been that it would support the advice?

Here is the tempting answer. The advice was everywhere, and there was a story of how it might
work. It felt like 90 per cent. Nothing in that feeling was counted.

Now count. Ask what kind of claim this was: an established practice, about to be tested again in
a large study. That group of past claims is the reference class. Prasad and colleagues counted it in
ten years of one journal, the New England Journal of Medicine (NEJM), from 2001 to 2010. Their
abstract is at https://pubmed.ncbi.nlm.nih.gov/23871230/. Search it for 363.

what the study found about the established practice articles

no better than a lesser or earlier standard: a reversal 146

upheld it 138

no clear answer 79

all tests of an established practice 363

Turn each count into a share of the 363, as Book 0 did with any proportion (Book 0, A5). Then
check that the three counts add back to the total.

146 divided by 363 is about 0.4022
138 divided by 363 is about 0.3802
79 divided by 363 is about 0.2176
146 plus 138 plus 79 = 363

About 40 per cent of these tests reversed the practice, 38 per cent upheld it, and 22 per cent
settled nothing. Now leave out the tests with no clear answer.

146 plus 138 = 284
138 divided by 284 is about 0.4859

Of the tests that gave a clear answer, about 49 per cent upheld the practice. That is close to evens:
odds of 138 to 146, or 69 to 73, that a clear answer would uphold it.

A test with no clear answer does not support the advice either, so count all 363: 138 of 363.
Among clear answers only it would be 49; say which you used.

So a fair starting confidence that the trial would support the advice was about 38 per cent, not
90. That number is a base rate: a frequency counted over a group of past claims, used as your de-
gree of belief in one new claim. A base rate is a share, not a rate in Book 0’s sense; the name is
the usual one. It is where you start, not where you finish. The advice also had evidence of its
own: studies that watched people and found that skippers more often had overweight. The next
section shows how evidence for one claim moves you from the base rate. It moves you from 38
per cent, not from 90.
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When the trial came out in 2014, it found that the advice made no detectable difference to
weight, as an earlier section described.

Figures quoted in this illustration are from [258].

WHERE THIS PICTURE BREAKS.  The class is a loose fit. Prasad’s articles are mostly drugs, proced-
ures and tests in one leading medical journal. The breakfast trial tested advice about eating, and
appeared in a nutrition journal. Nobody in the sources this book holds has counted how often
advice about food is reversed when it is tested.

The class is also chosen by someone else’s doubt. A practice is tested again mostly when
someone doubts it, and Prasad and colleagues write that “testing of standard of care is rarely
done”. So 40 per cent is a rate among practices doubted enough to be tested. For a practice
nobody has questioned, it may be too high a start.

Illustration 2. Here is the trap with base rates. Ask “how often is medicine wrong?” and you can
get any of several numbers. Each one is right for the group it counted. Work them out.

Prasad and colleagues give two. Their 146 reversals were out of 363 tests of an established prac-
tice. They were also out of all 1344 articles on any practice, old or new.

Herrera-Perez and colleagues read the randomised trials of a medical practice in three leading
journals (open their paper at https://pmc.ncbi.nlm.nih.gov/articles/PMC6559784/). They found
396 reversals among 3017 trials. They also say that 1373 of the 3017 tested a new practice, used
only inside research. A new practice cannot be a reversal, because a reversal is an established
practice found no better. So take those trials out.

146 divided by 363 is about 0.4022
146 divided by 1344 is about 0.1086
396 divided by 3017 is about 0.1313
3017 minus 1373 = 1644
396 divided by 1644 is about 0.2409

the group counted reversals out of share, %

tests of an established practice, NEJM 2001-2010 146 363 40.2

all articles on a practice, NEJM 2001-2010 146 1344 10.9

randomised trials of any practice, three journals 396 3017 13.1

randomised trials of an established practice, three journals 396 1644 24.1

The same question gives 10.9 per cent, 13.1, 24.1 or 40.2, from two careful studies. The 13 per
cent that Herrera-Perez and colleagues print (13.1 to one decimal) is right for its group. It is the
wrong base rate for a trial of an established practice, because almost half its denominator is tri-
als that could never have been reversals.

So choose the class the way you choose a denominator (Book 0, A5). Ask what your claim is, and
count only past claims of that kind. For “this established practice will hold up when a large trial
tests it”, the closest counts give a reversal rate of about 24 to 40 per cent.
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These counts include practices close to this course. Among Herrera-Perez’s examples is a weight-
loss programme with a wearable activity tracker added. After 24 months, the group without the
tracker had lost significantly more weight: 5.9 kg against 3.5 kg (difference 2.4 kg, 95 per cent in-
terval 1.0 to 3.7).

Figures quoted in this illustration are from [258, 259].

WHERE THIS PICTURE BREAKS.  The 24.1 per cent is this book’s arithmetic, not a number the au-
thors print. Here is where the 1644 trials went.

3017 minus 1373 = 1644
1229 plus 415 = 1644
415 minus 19 = 396

So the 1644 holds the 396 reversals, 19 trials first called reversals and then dropped after a search
of systematic reviews, and 1229 trials that upheld the practice or settled nothing. The 24.1 counts
the 19 as tests that did not reverse. The two studies also define their groups differently: Prasad
counted every design, while Herrera-Perez counted randomised trials only.

None of these classes was measured in India. Of Herrera-Perez’s 396 reversals, 92 per cent came
from studies in high-income countries. No source this book holds gives a reversal rate for prac-
tice in India.

MUST KNOW POINTS FOR YOU.

Before you judge one claim, name its reference class out loud. Then look for a count of
how often claims of that class held up. Start your confidence there.

Of 363 established practices tested again in one leading journal, 138 were upheld: about
38 per cent.

“Forty per cent of medicine is wrong” is the error. Quote the class with the number
every time.

A count of reversals by type is not a rate.

Check the denominator before you use a base rate. The 13 per cent of trials that were re-
versals counts trials of new practices, which could never be reversals.

These counts come from leading journals, and 92 per cent of Herrera-Perez’s reversal
trials were in high-income countries. When you start from them for a practice in an In-
dian district, say that you are borrowing the number, and from where.

A small class swings. Prefer the pooled count, and distrust a base rate built on a few
dozen claims.

A base rate is where you start, not where you end.

• 

• 

• 

• 

• 

• 

• 

• 
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COMMON MISREADING.  “A decade of research found that 40 per cent of medicine is wrong.” The
40.2 per cent is not a share of medicine. It is a share of the 363 established practices that
someone chose to test again and that one leading journal published.

Practices get tested again mostly when someone doubts them, and the authors say such testing
is rare. Of all 1344 articles on a practice in the same ten years, 146 were reversals: 10.9 per cent.
Neither number tells you what share of everyday practice would fail a test, because most of it
has never had one.

REPORTING IT.  Before this trial, my starting confidence that it would uphold the practice was
about 38 per cent. In one count, 138 of 363 tests of an established practice in a leading journal
upheld it, and 146 reversed it [ref]. That count comes from one leading American journal, and a
later count found most reversal trials were in high-income countries. I have adjusted from it for
the evidence below.

EXERCISE 1  (retrieval). From memory: say what a base rate is and what a reference class is.
Then give the count Prasad and colleagues found for tests of an established practice, and the
group it was counted in.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). At a district review meeting, an officer says: “This practice is in the na-
tional guidelines and every doctor here uses it. So I am 99 per cent sure it works.” Find the spe-
cific flaw, and say what you would ask for.

EXERCISE 3  (teaching). A journalist rings you: “Is it true that medicine keeps changing its
mind?” You have three minutes. Give one quotable sentence, a number with its group, and say
what the number does not show.

EXERCISE 4  (design). Pick one plan of your own. It might be a thesis finishing on time, a paper
accepted at the first journal you send it to, or a programme you are planning. Write down its ref-
erence class, where you would find a count for it, and what you would do if no count exists.

PRACTICE.  Ten problems on this technique, easiest first. Work them on paper before turning
to the answers, which are in the appendix at the back under this section’s name.

1. Of 48 tests, 14 gave result A, 20 gave result B and 14 gave result C. Give each as a per cent of the
48, to one decimal place. Check that the three counts add to 48.

2. In a class of 80 past claims, 20 held up when tested. Give the base rate as a per cent, the chance
that a claim of this class fails, and the odds that one holds up.

3. Of 50 tests, 18 reversed a practice, 22 upheld it and 10 gave no clear answer. Give the share re-
versed of all 50, and of the tests with a clear answer. Say which is larger, and why.

4. Prasad and colleagues counted the articles in the New England Journal of Medicine, 2001 to
2010, that tested an established practice. There were 363. 146 reversed it, 138 upheld it and 79
gave no clear answer. Give each as a per cent. Then give the odds, among the tests with a clear
answer, that a test upheld the practice.

5. Herrera-Perez and colleagues found 396 reversals among 3017 trials in three journals. Of the
3017, 1373 tested a new practice. Give the reversals as a share of all the trials. Then give them as
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a share of the trials of an old, established practice. Which share would you start from, for a trial
that tests an established practice?

6. Prasad and colleagues give their count year by year. In 2006, 12 of 20 tests of an established
practice reversed it. In 2001, 14 of 48 did. In 2009, 16 of 35 did. Over the whole decade, 146 of 363
did. A colleague takes 2006 alone as her base rate. Give all four as per cents and say which you
would use.

7. Here is a worked answer. Find the step that broke, and say why it looks reasonable.

“A large trial has just found a new drug better than the standard treatment. Prasad found that
40.2 per cent of practices are reversed. So I start at 59.8 per cent that this benefit will hold up.”

1 minus 0.402 = 0.598

8. Here is a worked answer. Find the step that broke.

“Herrera-Perez and colleagues found that 53 of their 396 reversals were vitamins, supplements or
food. So 13.4 per cent of supplement trials end in reversal.”

53 divided by 396 is about 0.1338

9. A newspaper column says: “Most medical advice is later overturned, a study of a decade of re-
search has found.” The study is Prasad and colleagues’ count in the New England Journal of
Medicine. Decide what to compute, compute it, and say what the claim does not establish.

10. A fellow resident plans a thesis that will test a new school nutrition programme in Raipur.
She says: “Prasad found that 756 of 981 new practices tested were better than the standard. So I
am 77 per cent sure my programme will work.” Decide what to compute, compute it, and say
what her number does not establish.
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15 · Updating: changing your confidence by as much as
the evidence warrants

DEFINITION.  Updating is changing your confidence in a claim when new evidence ar-
rives, by as much as that evidence warrants and no more.

How far one piece of evidence should move you depends on two rates: how often that evid-
ence turns up when the claim is true, and how often it turns up when the claim is false.
Weak evidence turns up about as often either way.

Work it in Book 0’s two-way table (Book 0, D3), filled with natural frequencies: whole
counts of imagined cases, out of 1,000. The columns sort the 1,000 by whether the claim is
true, using the base rate. The rows sort them by whether the evidence turns up, using its
two rates. Take the row of cases in which the evidence turned up. Your confidence after the
evidence is the count in that row where the claim is true, divided by the row’s total. When
the base rate is rare, such as 1 in 1,000, imagine 100,000 cases instead, so every count stays
whole. The figures here do.

For a diagnostic test, the base rate is the prevalence. The first rate is the sensitivity, and the
second is 1 minus the specificity.

A second piece of evidence starts from the confidence the first one left you with: not from the
base rate, and not from zero. [260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271]

IN PLAIN TERMS.  Start from the base rate. Imagine 1,000 cases like this one (100,000 if the claim
is rare).

Strong evidence moves you far. Weak evidence moves you a little.
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The same made-up test, run on 100,000 women from two starting points (illustration 3). From a start of 0.3 per cent, a
positive result is right for 270 women and a false alarm for 4,985: about 5.1 per cent. From a start of 5 per cent, it is right
for 4,500 and a false alarm for 4,750: about 48.6 per cent. Same test, same arithmetic; the start decides the end.

Morgan’s question worked on 100,000 people (illustration 1). The positive row holds 100 people with the disease and
4,995 false alarms: 100 of 5,095 is about 2 per cent. The practitioners’ median answer, 95 per cent, was the specificity.
The false alarms win because people without the disease outnumber those with it almost a thousand to one.
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Updating with made-up round numbers (illustration 2). From a start of 10 per cent, a positive weak Test B moves you
only to 14 per cent; a positive strong Test A moves you to 67. From 67, a second, weak result moves you a little either
way: to 75 if Test B is positive, to 57 if it is negative. It does not undo the strong one.

Illustration 1. This section stands on the last one, where the base rate gave you a place to start.
Here you move from it when evidence arrives. Start with a question that most practitioners got
wrong when it was put to them.

Morgan and colleagues put it to 553 practitioners in primary care in the United States. Their pa-
per is at https://pmc.ncbi.nlm.nih.gov/articles/PMC8022260/. Search it for “1 out of 1000”.

A test to detect a disease for which prevalence is 1 out of 1000 has a sensitivity of 100% and spe-
cificity of 95%. What is the chance that a person found to have a positive result actually has the
disease?

Write your own answer down before you read on.

The median answer was 95 per cent, and at least three in four answered 95 or more. The correct
answer is about 2 per cent. Here is how to see it without any formula.

Imagine people, not percentages. The disease is rare, so imagine 100,000 people rather than
1,000; then every count stays a whole person. One in 1,000 have the disease.

100000 divided by 1000 = 100
100000 minus 100 = 99900

So 100 people have the disease and 99,900 do not. These are the two columns of Book 0’s two-way
table (Book 0, D3). Now the rows. A sensitivity of 100 per cent means the test catches all 100
people with the disease. A specificity of 95 per cent means it clears 95 in 100 of the people
without it, so it wrongly flags the other 5 in 100.

RUNG 1 — INTRODUCTORY

97



100 times 1 = 100
99900 times 0.05 = 4995
99900 minus 4995 = 94905
100 plus 4995 = 5095

has the disease does not total

positive result 100 4,995 5,095

negative result 0 94,905 94,905

total 100 99,900 100,000

Now the question asked. Take the row of positive results, 5,095 people. Of them, 100 have the dis-
ease.

100 divided by 5095 is about 0.0196

About 2 per cent. Of every 51 people with a positive result, about 1 has the disease and about 50
are false alarms. The false alarms win because the people without the disease outnumber the
people with it by almost a thousand to one. Even a small false-alarm rate, applied to that many
people, swamps the few true cases.

Where did 95 per cent come from? It is the specificity, or 100 minus the false-alarm rate. It an-
swers a different question: of people without the disease, how many test negative? The answer
reached for a number in the question. It skipped the base rate.

Figures quoted in this illustration are from [272].

WHERE THIS PICTURE BREAKS.  Here the test’s two rates were given exactly. For a real test, they
are measured in some group, and carrying them to your patients is an assumption, as Book 0
warned. For a study’s finding about a claim, the two rates are rarely known at all. The next illus-
tration shows what to do with them when you have them.

The practitioners in this survey worked in the United States. Nobody has asked Indian doctors
this question in the sources this book holds.

Illustration 2. Now see how far a result should move you. The numbers in this illustration are
made up and round, so that the arithmetic shows. Your starting confidence that a patient has a
condition is 10 per cent. Two tests are on offer.

Test A turns positive in 90 of 100 people with the condition, and in 5 of 100 without it.

Test B turns positive in 60 of 100 people with the condition, and in 40 of 100 without it.

Imagine 1,000 patients like this one. At 10 per cent, 100 have the condition and 900 do not. Now
take each test’s two rates.

• 

• 
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100 times 0.9 = 90
900 times 0.05 = 45
90 divided by (90 plus 45) is about 0.6667
100 times 0.6 = 60
900 times 0.4 = 360
60 divided by (60 plus 360) is about 0.1429

A positive Test A moves you from 10 per cent to 67 per cent. A positive Test B moves you to 14 per
cent. The difference lies in how much more often each test turns positive with the condition
than without it.

90 divided by 5 = 18
60 divided by 40 = 1.5

Test A turns positive 18 times as often in people with the condition. Test B does so only 1.5 times
as often. That ratio is the strength of the evidence. Ask for both rates before you react to any res-
ult.

Now a second result. Suppose Test A came back positive, so you stand at 67 per cent. You do not
go back to 1,000 patients. You keep only the 135 with a positive Test A: 90 with the condition, 45
without. Then you run Test B on them.

90 times 0.6 = 54
45 times 0.4 = 18
54 divided by (54 plus 18) = 0.75
90 times 0.4 = 36
45 times 0.6 = 27
36 divided by (36 plus 27) is about 0.5714

A positive Test B moves you from 67 to 75 per cent. A negative Test B moves you down to 57 per
cent. The weak result moves you a little, either way. It does not undo the strong one. Updating is
not swinging to the newest result: the newest result counts for as much as its strength, and no
more.

Run it backwards too. At 67 per cent you hold 90 with the condition for 45 without, 2 to 1. To end
at 75 per cent you need 3 to 1.

90 divided by 45 = 2
100 minus 75 = 25
75 divided by 25 = 3
3 divided by 2 = 1.5

To turn 2 to 1 into 3 to 1, the second result must turn up 1.5 times as often with the condition as
without it. That is Test B.

WHERE THIS PICTURE BREAKS.  The second step treats Test B’s rates as the same among the 135
people as in everyone. That holds only if the two tests do not share a cause of error. Two results
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from the same sample, the same laboratory or the same flawed method are closer to one piece of
evidence than two. Updating twice on them moves you too far.

For a study about a claim, you seldom know the two rates. Then judge them, keep them round,
and say that they are judgements: the table works the same way, and a reader can change your
rates and redo it. Or judge in words whether the result would turn up far more often if the claim
were true, and move by a little or a lot. Do not print a precise rate you cannot back.

Illustration 3. Morgan and colleagues measured two faults in practitioners. They started too
high, and they moved too far. Here is the first fault in one of their four cases.

The scenario: a 45-year-old woman comes for an annual visit with no risk factors for breast can-
cer. The study’s expert panel put her chance of breast cancer before a mammogram at 0.2 to 0.3
per cent. The practitioners’ median starting estimate was 5 per cent. After a positive mammo-
gram, the panel’s range was 3 to 9 per cent; the practitioners’ median was 50 per cent.

To see what the starting point alone does, take one made-up test and run it from both starts. It
catches 90 of 100 cancers and wrongly flags 5 of 100 women without cancer. These round num-
bers are chosen for the arithmetic; they are not mammography’s measured figures. Imagine
100,000 women.

100000 times 0.003 = 300
300 times 0.9 = 270
100000 minus 300 = 99700
99700 times 0.05 = 4985
270 divided by (270 plus 4985) is about 0.0514
100000 times 0.05 = 5000
5000 times 0.9 = 4500
100000 minus 5000 = 95000
95000 times 0.05 = 4750
4500 divided by (4500 plus 4750) is about 0.4865

From a start of 0.3 per cent, a positive result takes you to about 5.1 per cent, inside the panel’s
range. From a start of 5 per cent, the same result takes you to about 48.6 per cent, close to the
practitioners’ 50. Same test, same arithmetic, and a tenfold difference at the end. It all came
from the start.

The paper found both faults. The overestimates were “mostly associated with overestimates of
pretest probability”, their name for the starting confidence. For a positive exercise stress test (a
heart tracing taken while the patient walks or runs on a treadmill) and a positive or negative
mammogram, their answers after the test were also far too high. For the positive results, the pa-
per’s own measure shows they moved too far. So write your starting number down before you
see the result, and say where it came from.

Figures quoted in this illustration are from [272].
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WHERE THIS PICTURE BREAKS.  The test here is made up, so the 5.1 and 48.6 per cent show the ef-
fect of the start, not what a real mammogram does. The panel’s ranges are its own judgement
from the literature, for one described patient. They are not a measured rate in any Indian clinic.

MUST KNOW POINTS FOR YOU.

“The test catches 90 in 100 cases, so a positive result means 90 per cent” is the error. Fill
in the two-way table before you say a number.

Morgan and colleagues asked 553 primary care practitioners in the United States about
a disease in 1 of 1,000 people. Their median answer for a positive result was 95 per cent.
The correct answer is about 2 per cent.

Write your starting confidence down before you see a result, and say where it came
from.

Evidence that turns up almost as often either way should barely move you, however
striking it looks.

A new result moves you from where you stood. It does not replace where you stood.

The table needs the evidence’s two rates. Do not print an exact number you cannot
back.

Two results that share a sample, a laboratory or a flaw are closer to one piece of evid-
ence than two.

Counts may teach this better than formulas (Morgan and colleagues suggest it; they did
not test it): “imagine 1,000 patients like her”.

COMMON MISREADING.  “Updating means going with the latest study.” That is swinging, not up-
dating. A new result moves you from where you stood, by as much as its strength allows. A weak
result against a well-founded view moves you a little. A strong result moves you far, but still
from your starting point.

The opposite error is holding the starting number fixed whatever comes in. Both errors skip the
same step. Ask how much more often this evidence turns up when the claim is true than when it
is false.

REPORTING IT.  Before this result I put the chance at about 10 per cent, from [the base rate and
its source]. This kind of result turns up about 90 times in 100 when the condition is present, and
5 times in 100 when it is not. So after a positive result I put it at about two in three, not at 100 per
cent.

EXERCISE 1  (retrieval). From memory: set out the steps for updating a confidence with a two-
way table out of 1,000. Then say what makes one piece of evidence strong and another weak.

Record your confidence as a percentage before turning to the answer.

• 

• 

• 

• 

• 

• 

• 

• 
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EXERCISE 2  (critique). A senior resident says at a journal club: “We used to think this practice
worked. A trial last month found no benefit, so now we know it does not. Science updates.” Find
what is right in this, and the specific flaw.

EXERCISE 3  (teaching). A first-year resident asks you: “If a test is 95 per cent specific, why can
most of its positive results be wrong?” You have ten minutes and a whiteboard. Give your an-
swer.

PRACTICE.  Ten problems on this technique, easiest first. Work them on paper before turning
to the answers, which are in the appendix at the back under this section’s name.

1. Out of 1,000 cases, the base rate is 20 per cent. The evidence turns up in 80 of 100 cases where
the claim is true and in 10 of 100 where it is false. Fill in the two-way table: claim true or false
across the top, evidence or no evidence down the side, with every total.

2. From the table of the last problem, give your confidence that the claim is true after the evid-
ence turns up, and after it does not.

3. Here is a two-way table of 1,000 cases.

claim true claim false

evidence present 45 95

evidence absent 5 855

Give the base rate. Give the share of true claims that show the evidence. Then give the share of
cases with the evidence in which the claim is true.

4. Morgan and colleagues set practitioners this question.

A test to detect a disease for which prevalence is 1 out of 1000 has a sensitivity of 100% and spe-
cificity of 95%.

What is the chance that a person with a positive result has the disease? And a person with a neg-
ative result? Work it out of 100,000 people. Then compare with the practitioners’ median an-
swers, 95 per cent and 5 per cent.

5. In Morgan and colleagues’ heart case, a 43-year-old woman has atypical chest pain and no risk
factors. Cardiac ischaemia is a reduced blood supply to the heart muscle. The study’s expert pan-
el put her chance of it at 1 to 4.4 per cent before an exercise stress test. The practitioners’ median
was 10 per cent.

Suppose the test turns positive in 70 of 100 people with ischaemia and in 30 of 100 without; these
are round numbers for the arithmetic. Work out of 1,000. Find the chance of ischaemia after a
positive test from a start of 4 per cent. Then find it from a start of 10 per cent. Compare with the
practitioners’ median after a positive test, 70 per cent, and the panel’s range, 2 to 11 per cent.

6. Your starting confidence in a claim is 30 per cent. A first piece of evidence turns up. It appears
in 80 of 100 cases where such a claim is true, and 20 of 100 where it is false. Then a second, separ-
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ate piece of evidence fails to turn up. It would have appeared in 60 of 100 true cases and 30 of 100
false ones. Work out of 1,000. Give your confidence after each step.

7. Here is a worked answer. Find the step that broke, and say why it looks reasonable.

“Two per cent of patients like this one have the condition. The test turns positive in 90 of 100
people with the condition and in 10 of 100 without it. She tested positive. The test catches 90 per
cent, so she is 90 per cent likely to have it.”

8. The question: “The base rate is 30 per cent. The test turns positive in 90 of 100 people with the
condition and in 10 of 100 without. What is the chance of the condition after a positive result?”
Here is a worked answer. Find the step that broke.

1000 times 0.3 = 300
300 times 0.9 = 270
1000 times 0.1 = 100
270 divided by (270 plus 100) is about 0.7297

9. On a ward round, a colleague talks about a 45-year-old woman. She has no risk factors and a
positive screening mammogram. He says: “The mammogram is positive, so it is certain she has
cancer.” Morgan and colleagues’ expert panel put the chance for such a woman at 0.2 to 0.3 per
cent before testing. After a positive result, they put it at 3 to 9 per cent. Decide what to compute,
compute it, and say what your answer does not establish.

10. At a journal club a colleague says: “I used to be about 30 per cent sure that skipping breakfast
causes weight gain. Then I read an observational study that found skippers more often had over-
weight. Now I am 90 per cent sure.” Decide what to compute, compute it, and say what your an-
swer does not establish.
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16 · Confidence is not accuracy: what being calibrated
means

DEFINITION.  A person is calibrated at a level of confidence when, of all the claims they
have stated at that level, the proportion that turn out true is about that level. Of all the
claims they gave 80 per cent, about 80 in 100 turn out true. Calibration is a property of
many claims checked over time, never of one claim, because one outcome cannot show a
single degree of belief wrong (section 10). The word has another use: a “calibrated
scale” (section 12) is a table that fixes each word’s numbers. That is a property of a scale;
this section’s sense is a property of a person.

Calibration is checked with a tally. Each claim is written before its outcome is known, with
its date and a degree of belief, on the side the person leans to. A claim held at 30 per cent is
written as its opposite held at 70 per cent, the complement (section 10), so every stated
level is 50 per cent or more. A claim at exactly 50 per cent leans neither way: it is written as
first phrased. When the outcomes are known, the claims are grouped by stated level. For
each level, the number of claims and the number that turned out true are counted, and the
second is divided by the first: the proportion true. That proportion is compared with the
level.

At a level above 50 per cent, a proportion true below the level is over-confidence: the per-
son was right less often than they said. A proportion true above the level is under-confid-
ence. At 50 per cent, any proportion true far from 50, high or low, is under-confidence: the
person had a lean and did not state it.

Confidence and accuracy are measured separately. How sure a person feels is evidence
about the person, not about the claim.

A tally is itself a sample, and chance moves it (Book 0, D6). Take a person calibrated at one level.
Over a number of claims at that level, their proportion true has a spread. To find it, divide the
square root of the level times (1 minus the level) by the square root of the number of claims. Ten
claims at 80 per cent scatter by about 13 percentage points, so they cannot tell 80 per cent from
70. [273, 274, 275, 276, 277, 278, 279, 280, 281]

IN PLAIN TERMS.  Every time you say “I am 80 per cent sure”, you take a reading. One reading
cannot be checked. So write them down, with the date, before you know the answer. Later, gath-
er all the claims you gave 80 per cent and count how many came true. If about 8 in 10 did, your
80 means what it says. If only 6 in 10 did, you are more sure than you have reason to be.

Feeling sure is not the same as being right.
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The made-up resident’s tally from illustration 1, below. Each point is one level she wrote, against the proportion of those
claims that turned out true. The straight line is perfect calibration: proportion true equals stated level. At 60 per cent she
sits near the line, at 62.5. At 90 per cent she is far below it, at 60. Her proportion true is about 60 per cent whatever
level she wrote.

How far chance alone moves the tally of a person calibrated at 80 per cent, against the number of claims at that level.
The spread is 0.4 divided by the square root of the number of claims. At 10 claims it is 12.65 percentage points, more
than the whole 10-point gap between 80 and 70 per cent. It comes down to 5 points, half that gap, only at 64 claims.
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Morgan’s pneumonia scenario (illustration 3), read as a tally of 100 patients like her. Before any test, the median
practitioner expected 80 to have pneumonia; the expert panel, from the published evidence, put it at 25 to 42. The
estimate was 38 to 55 percentage points too high.

Illustration 1. Here is the trap with feeling sure. A second-year resident says she is “usually
right” on ward rounds. She is made up for this section, and so are all her numbers. She means it,
and she may be right. But she cannot say how often, because she has never written anything
down.

So she starts. For three months, before each test result comes back, she writes one line in a note-
book: the date, the claim, and how sure she is as a per cent.

12 March. Bed 7’s urine culture will grow bacteria. 80%.

When the result comes back, she ticks the line or crosses it out.

Some lines lean the other way.

14 March. Bed 3’s chest X-ray will show pneumonia. 30%.

Before counting, she rewrites each of these on the side she leans to, using the complement from
the section on putting a number on one claim: “Bed 3’s chest X-ray will not show pneumonia.
70%.” Now every line is 50 per cent or more. A tick means she was right the way she leaned.

After three months she has 40 lines. She sorts them by the level she wrote, and counts.
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stated level (%) claims turned out true proportion true (%)

60 8 5 62.5

70 10 6 60

80 12 7 58.3

90 10 6 60

Work one row yourself. At 80 per cent she wrote 12 claims and 7 came true. Divide, then turn the
fraction into a per cent (Book 0, A4).

7 divided by 12 = 0.583333333
0.5833 times 100 = 58.33
58.33 minus 80 = -21.67

She was right 58.3 per cent of the time when she said 80: about 22 percentage points below.

Now read the whole table. The proportion true sits near 60 per cent at every level. When she
wrote 60, she was right about 6 times in 10. When she wrote 90, she was still right about 6 times
in 10. Her 90 told her nothing more than her 60.

Now the overall count, and the average level she stated.

5 plus 6 plus 7 plus 6 = 24
24 divided by 40 = 0.6
8 times 60 = 480
10 times 70 = 700
12 times 80 = 960
10 times 90 = 900
480 plus 700 plus 960 plus 900 = 3040
3040 divided by 40 = 76

“Usually right” was true: 24 of 40, or 60 per cent. But the levels she wrote averaged 76 per cent. At
her higher levels she is over-confident. Her feeling of being sure did not show her this. Only the
notebook did.

Keep one doubt for the next illustration. Ten or twelve claims at one level is a small tally. Is a gap
of 10 points at 70 per cent real?

WHERE THIS PICTURE BREAKS.  The resident and her 40 claims are made up. A real notebook is
rarely this tidy: some results never come back, and those lines can be neither ticked nor crossed.
Leave them out and say how many you left out.

Her claims are all about test results on one ward. A tally of one kind of claim tells her about that
kind only. It says nothing about how well calibrated she is about prognosis, or about which trial
will show an effect.

Illustration 2. Take the smallest case. Suppose you are calibrated at 80 per cent: over a long run,
8 in 10 of your 80 per cent claims come true. You write ten such claims. How many come true?

Not always 8. Seven is no surprise, nor is nine. Two things make ten claims a weak test.
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First, each claim is a big step. With ten claims, one claim moves the proportion true by 10 per-
centage points.

1 divided by 10 = 0.1

The whole gap between 80 and 70 per cent is one claim.

Second, chance scatters a tally the way it scatters the average of a sample. Book 0’s square-root
law gives the size (Book 0, D6). Score each claim 1 if it came true and 0 if it did not. The propor-
tion true is then the mean of those scores.

Find the spread of one score first. Over a long run at a calibrated 80 per cent, 8 in 10 scores are 1
and 2 in 10 are 0, so take ten scores in that ratio. Their mean is 0.8. Work out the standard devi-
ation as Book 0 did (Book 0, D5), dividing by the count, because these ten stand for the whole
long run.

1 minus 0.8 = 0.2
0 minus 0.8 = -0.8
0.2 times 0.2 = 0.04
-0.8 times -0.8 = 0.64
8 times 0.04 = 0.32
2 times 0.64 = 1.28
0.32 plus 1.28 = 1.6
1.6 divided by 10 = 0.16
0.4 times 0.4 = 0.16

The variance is 0.16, so the standard deviation is its square root, 0.4. Notice that 0.16 is 0.8 times
0.2: the level times (1 minus the level). The same steps at any level give the same pattern. At 90
per cent, nine scores of 1 and one of 0 give 0.09, which is 0.9 times 0.1, and a standard deviation
of 0.3.

Now the square-root law. The spread of the proportion true over a number of claims is the
spread of one score divided by the square root of the number of claims.

3.162 times 3.162 = 9.998
0.4 divided by 3.162 = 0.1265

That is 12.65 percentage points, about 13. So a calibrated 80 per cent person’s tally of ten claims
commonly lands anywhere from about 67 to 93 per cent. Seven out of ten is ordinary for them. It
is just as ordinary for a person whose true level is 70. Ten claims cannot tell the two apart.

How many could? Use a rough rule: the spread should be no more than half the gap you want to
see. Chance alone often moves a tally by one spread and seldom by two; exactly how seldom is
beyond this book. To see a 10-point gap, the spread must come down to 5 points, which is 0.05.
Use the spread at the level you stated, because the question is whether your tally fits that level.

0.4 divided by 0.05 = 8
8 times 8 = 64
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The square root of the number of claims must be 8, so the number of claims must be about 64, all
at that one level. That is many months of a notebook.

Go back to the resident. At 90 per cent she wrote 10 claims.

0.3 divided by 3.162 = 0.0949
30 divided by 9.49 = 3.16

The spread is about 9.5 points. Her gap there, 30 points, is more than three spreads. Chance
alone seldom does that: her 90 really is too high. Now her row at 70 per cent.

0.7 times 0.3 = 0.21
0.4583 times 0.4583 = 0.21
0.4583 divided by 3.162 = 0.1449

The spread is about 14.5 points, larger than her gap of 10. That row tells her nothing yet.

WHERE THIS PICTURE BREAKS.  The square-root law treats each claim as a separate chance, like a
member of a random sample. Claims that share a cause rise and fall together: ten predictions
about one trial, or ten culture results from one laboratory with one faulty method. Then the tally
scatters more than the rule says, and you need more claims than it says.

“Half the gap” is a rough rule for deciding whether to look harder, not a test. Scoring a whole list
of claims in one number is beyond this book.

Illustration 3. A related error can be measured in groups: estimates set against the published
evidence rather than against outcomes. It is not calibration as defined above, but it shows the
same direction of error. Morgan and colleagues (2021) gave written scenarios to 723 practitioners
at primary care clinics in eight US states, and 553 answered every question. Their paper is at ht-
tps://pmc.ncbi.nlm.nih.gov/articles/PMC8022260/.

One scenario describes a previously healthy 35-year-old woman who smokes. She has had five
days of fatigue and a productive cough, a temperature of 38.9 degrees Celsius, and fewer breath
sounds at the lower right of the chest. How likely is pneumonia, before any test? The median an-
swer was 80 per cent. An expert panel, working from the published evidence, put it at 25 to 42
per cent.

Read it as a tally. Of 100 patients like her, the median practitioner expects 80 to have pneumonia.
The evidence says 25 to 42.

80 minus 42 = 38
80 minus 25 = 55

The median estimate was 38 to 55 percentage points too high. Before testing, estimates were too
high in every scenario. The authors sum it up as 2 to 10 times the evidence, before and after test-
ing. One participant told them that estimating the probability of disease “isn’t how you do medi-
cine.”

That remark is the whole problem of this section. If you never write the number, nobody can
check it, including you.
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Figures quoted in this illustration are from [272].

WHERE THIS PICTURE BREAKS.  These were written scenarios, not the practitioners’ own pa-
tients. The evidence range was set by the study’s expert panel from the literature, and the au-
thors say the survey’s reliability was not assessed. More than half the respondents were resid-
ents, in US clinics. No study held for this book has measured how Indian clinicians’ estimates
compare with the evidence.

The study shows over-estimates of disease, in one direction, for one kind of claim. It does not
show that every clinician is over-confident about everything.

MUST KNOW POINTS FOR YOU.

“I am usually right, so my confidence is about right” is the error. Being right often and
being calibrated are different things.

Write the number before the answer is known, with the date, on the side you lean to. A
number remembered after the result is not a reading.

One overall proportion hides miscalibration. Tally level by level.

Before you act on your sense of how likely a diagnosis is, ask how common it is in pa-
tients like this one.

A small tally says little. Ten claims at 80 per cent scatter by about 13 percentage points
by chance alone, so they cannot tell 80 from 70. To see a gap of 10 points you need
roughly 64. Below that, report the counts and say they cannot yet tell.

Calibration is not the whole of good judgement. Someone who says 50 per cent on every
claim can be calibrated and tell you nothing.

When a trainee says “I knew it would be positive”, ask what number they wrote down
before the result. If they wrote none, the claim cannot be checked.

An expert in a committee says they are “90 per cent sure the programme will meet its
target”. Ask whether they have ever counted how often their 90s came true.

COMMON MISREADING.  “Being calibrated means being right.” It does not. A calibrated person is
wrong often, and by the amount they said. At 70 per cent, they are wrong about 3 times in 10.
When one of your 70 per cent claims turns out false, that is what calibration predicts, not a sign
that it failed.

The reverse error is as common. A person who is right 9 times in 10 can still be badly calibrated,
if they said 60 per cent each time. Calibration asks whether the numbers match the record. It
does not ask how often you were right.

REPORTING IT.  Between [first date] and [last date] I wrote [number] claims at [level] per cent,
and [count] turned out true ([proportion] per cent). With that many claims, chance alone moves

• 

• 

• 

• 

• 

• 

• 

• 
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the proportion by about [spread] percentage points. So the gap of [gap] points [does / does not
yet] show that I am over-confident at this level.

EXERCISE 1  (retrieval). From memory: say what it means to be calibrated at 80 per cent. De-
scribe the tally in four steps, including what you do with a claim stated at 30 per cent. Then say
why ten claims cannot show that you are over-confident at 80 per cent.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (interpretation). A colleague hands you her tally, made up for this exercise, and
asks what it shows.

stated level (%) claims turned out true

60 20 15

75 16 12

95 20 15

Say, level by level, what the tally does and does not show.

EXERCISE 3  (teaching). For a first-year resident, ten minutes with a whiteboard. She says:
“When I am sure, I am right. I can feel the difference.” Teach her the difference between confid-
ence and accuracy, and leave her with something to do.

EXERCISE 4  (design). Design the tally sheet you will use for your own dated claims. Say what
each column holds and the rule for claims under 50 per cent. Then say when you will tally, and
how many claims you need at a level before you act on it.

PRACTICE.  Ten problems on this technique, easiest first. Work them on paper before turning
to the answers, which are in the appendix at the back under this section’s name.

1. At one level, 20 claims were stated at 70 per cent and 13 turned out true. At another, 10 claims
were stated at 90 per cent and 7 turned out true. For each level, give the proportion true as a per
cent and the gap from the stated level in percentage points. Say whether each gap points to over-
confidence or under-confidence.

2. Here are four claims, each with its stated degree of belief. Claim A is at 30 per cent, B at 10 per
cent, C at 55 per cent and D at 50 per cent. A turned out false, B true, C true and D false. Rewrite
each claim on the side leaned to, give its level, and say whether the rewritten claim turned out
true.

3. For a person calibrated at 90 per cent, find the spread of the proportion true over 25 claims
and over 100 claims, in percentage points.

4. A 2021 survey gave US primary care practitioners a written case of a 35-year-old woman with
cough and fever. Before any test, the median answer from resident doctors put her chance of
pneumonia at 80 per cent. The expert panel’s range from the published evidence was 25 to 42 per
cent. For 50 patients like her, how many patients would the resident expect to have pneumonia,
and how many does the evidence range give? Give the gap in percentage points.

5. You keep a register: a dated list of your claims and their outcomes. It holds your claims at
journal club, and many of them are at 90 per cent. Roughly how many claims at that level do you
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need? The tally should be able to tell a true 90 per cent from a true 80 per cent. Give the answer
as a number of claims.

6. A colleague’s list of dated claims is made up for this problem. It has 10 claims at 50 per cent, of
which 8 turned out true. It has 10 claims at 90 per cent, of which 6 turned out true. She writes:
“20 claims, 14 true, 70 per cent. My average stated level was 70 per cent, so I am calibrated.”
Work out the tally level by level, give the spread at each level, and say what the tally shows.

7. Here is a worked answer. Find the step that broke, and say why it looks reasonable.

I wrote 10 claims at 30 per cent; 4 came true
4 divided by 10 = 0.4, which is 40 per cent
40 is above my 30, so at this level I am under-confident
so I can afford to be bolder with my low numbers: say 20 per cent instead of 30

8. Here is a worked answer. Find the step that broke.

I wrote 10 claims at 80 per cent; 7 came true
7 divided by 10 = 0.7, which is 70 per cent
70 minus 80 = -10, so I am over-confident by 10 points
from now on I will write 70 where I used to write 80

9. On a ward round, a senior colleague says: “When I tell a family I am 90 per cent sure, I am
right. In thirty years I can hardly remember being wrong.” Decide what to compute, compute it,
and say what your answer does not establish.

10. A newspaper health column says: “A study found doctors overestimate disease 2 to 10 times.
So when your doctor gives you a chance, halve it.” Decide what to compute, compute it, and say
what your answer does not establish.
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17 · Changing a stated position out loud

DEFINITION.  Changing a stated position out loud means telling the people who heard
your old position that you now hold a different one, and why. It takes four sentences, in this
order.

What I said, to whom, and when.

What new evidence has appeared since.

What I now think, how confident I am, and on what grounds.

What I will do differently.

Two rules go with them. First, say whether the old position was reasonable on the evidence of its
time, and name separately any part of it that was not reasonable even then. Second, move as far
as the new evidence warrants (section 15) and no further.

The four sentences are an argument laid out in time (Book 0, F4). Sentence 1 gives the old con-
clusion. Sentence 2 adds a premise the old argument did not have. Sentence 3 gives the new con-
clusion, with its grounds, so the listener can check the inference. Sentence 4 gives the action
that follows from it. A position changed in silence leaves the old conclusion with everyone who
heard it. [282, 283, 284, 285, 286, 3, 287, 53, 288, 289, 290, 291, 291]

IN PLAIN TERMS.  Suppose you taught something, and the evidence has since moved. Changing
your slides is not enough. The people you taught still carry the old version.

The made-up lecturer’s confidence that eating breakfast helps adults lose weight, as she would have written it at each
date. Her feeling in 2012 might have been 90 per cent, but a fair start was about 40: the 38 per cent of tested practices
that trials upheld, rounded. After the 2019 review, which pooled the 2014 trial with the others, about 25 per cent, which
is 75 per cent that it does not help. One update, dated, and neither end reaches 0 or 100.

1. 

2. 

3. 

4. 
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Illustration 1. Here is a case of the kind this book has followed from its early sections. A lecturer
in community medicine taught her postgraduate batch in 2012. She is made up for this section,
and so are her slides and her numbers. Her slide said:

Skipping breakfast leads to weight gain. Advise every patient who is trying to lose weight to eat
breakfast.

In 2019 she reads the review by Sievert and colleagues and decides the slide is wrong. Here are
three ways she could respond, all of them common. Read each and say what is wrong with it be-
fore you read on.

Version A. (She deletes the slide and says nothing.)

Version B. “I owe you an apology. I taught you nonsense about breakfast, and I should never have
done it.”

Version C. “As I always said, breakfast is no magic bullet. In fact the 2019 review shows that skip-
ping breakfast is better for weight loss.”

Version A leaves the old advice with every batch that heard it. They will repeat it to patients for
years.

Version B is self-abasement. It gives the batch no new fact, no new position and no reason. It also
calls the old view nonsense, which it was not.

Version C does two things wrong. “As I always said” rewrites what she said. “Skipping is better”
swings to a new claim that the evidence does not carry, as you will see below.

Now build the statement she should make, one sentence at a time.

What I said, and when. “In my nutrition lecture to the 2012 batch, I said that skipping break-
fast leads to weight gain. I told you to advise every patient trying to lose weight to eat break-
fast, and I said it as a fact.”

What new evidence has appeared. “Since then, two kinds of evidence have come out. In 2014,
a trial in the United States and Denmark randomly assigned 309 adults who were trying to
lose weight to advice to eat breakfast, advice to skip it, or general advice. Over 16 weeks the
advice changed what they ate in the morning and made no detectable difference to their
weight. In 2019, a review in the BMJ (British Medical Journal) pooled seven trials that meas-
ured weight, that one among them. People assigned to eat breakfast ended up 0.44 kg heavier
on average (95 per cent confidence interval 0.07 to 0.82 kg) than people assigned to skip it.
The trials were short, all in high-income countries, and the reviewers judged their quality
mostly low.”

1. 

2. 
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What I now think, how confident, and why. “I think it”likely” (about 75 per cent, on the ICD
203 scale) that eating breakfast does not help adults lose weight. ICD 203 is the US Intelli-
gence Community Directive 203; on it, “likely” runs from 55 to 80 per cent. My grounds are
trials that point the same way, but low-certainty ones: few, short, at risk of bias, and none
done in India.”

What I will do differently. “I have taken the advice off my slides. When a patient trying to lose
weight asks about breakfast, I now say that eating it or skipping it can follow what suits
them. I will look again when longer trials report.”

Then the first rule: was the old view reasonable? Partly. In 2012 many observational studies
agreed that people who skip breakfast more often have overweight or obesity. Public health au-
thorities were commonly recommending breakfast to reduce obesity, as the 2014 trial’s authors
put it, and no trial had yet reported: the one registered trial was published in 2014. Teaching that
association, and the advice that went with it, was reasonable on the evidence of its time. Teach-
ing it as a cause was not, even then, because observational studies show an association only.
Brown and colleagues’ review of those same studies, published in 2013, called the causal claim
“only presumed true” (the section on belief beyond the evidence). So she adds one sentence:

The studies I relied on showed an association, and I taught it as a cause. That part I should have
taught differently even in 2012.

Now the second rule: how far to move. The review’s 0.44 kg favours skipping. Does she now
teach “skip breakfast to lose weight”? No. The evidence is low certainty, the trials were a few
weeks long, and the 2014 trial found no detectable difference. Moving from “eat breakfast to lose
weight” to “skip breakfast to lose weight” swaps one belief beyond the evidence for another.
Low-certainty evidence earns “may not help”, not a new rule.

Put numbers on her path. Had she written down, at each date, how sure she was that eating
breakfast helps adults lose weight, her feeling in 2012 might have read 90 per cent. That is a feel-
ing, not a count. A fair start was about 40 per cent (38, rounded): the share of tested established
practices that trials upheld (section 14). The 2019 review pooled the 2014 trial with the others, so
she updates once, on the review. Updating on the trial as well would count it twice. After the re-
view, about 25 per cent (section 22): several trials point the same way, but at low certainty.
Twenty-five per cent that it helps is 75 per cent that it does not, which is her sentence 3. Each
step is dated, and neither end reaches 0 or 100.

Figures quoted in this illustration are from [33, 167, 230].

WHERE THIS PICTURE BREAKS.  The lecturer and her 75 per cent are made up. Another careful
reader could put the number at 70 or 80 on the same trials; what must not change is that she
states one, with its grounds.

All the trials behind the case were in high-income countries, mostly short, in adults. The case
says nothing about breakfast in Indian adults, in children, or about anything except weight. Her
new position is about weight loss only, and she should say so if asked about breakfast in general.

3. 

4. 
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Illustration 2. Researchers have written statements like these about their own published find-
ings. Rohrer and colleagues collected 13 of them, from psychologists, in the Loss-of-Confidence
Project (2021). Their paper is at https://pmc.ncbi.nlm.nih.gov/articles/PMC8564260/. Find the
statement by Raphael Silberzahn and Eric Uhlmann, and match four of its sentences to the four.

Sentence 1, what we said and when:

In 2013, we published an article providing evidence that the meaning of a person’s name might af-
fect the person’s career outcomes.

The article was about names that sound noble, such as Kaiser or König.

Sentence 2, what new evidence appeared:

A postpublication reanalysis by Uri Simonsohn using an expanded version of our data set identi-
fied a curvilinear name-frequency confound in the data

That is, another researcher, using more data, found a third factor (how common each name is)
that the authors’ analysis had not handled. Curvilinear: the link with name frequency bends
rather than runs straight, and the authors had allowed only for a straight one.

Sentence 3, what we now think:

Germans with noble and nonnoble names are equally well represented in managerial positions.

Sentence 4, what we did:

We subsequently coauthored a collaborative commentary (Silberzahn et al., 2014) reporting the
new results.

Now a sentence from another statement, by Christopher Chabris, about a 1992 study of chess
masters. He no longer thinks his experiment supports its claims, and he says how far he has
moved:

These claims may be true, but not because of our experiment.

That is the second rule in one line. He has not swung to “the claims are false”. He has withdrawn
his evidence for them, which is as far as his re-reading of his own analysis carries him. It is the
move from the section on absence of evidence, said about your own work.

Last, what a silent update costs. Rohrer and colleagues tell how a major German weekly newspa-
per, in January 2018, cited the 2013 name finding without question. The finding had been correc-
ted in 2014. When the journalist was told, she published her own correction within a month. The
authors had changed their position out loud, in print. It still took years to reach one reader who
had relied on the old version.
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Figures quoted in this illustration are from [292].

WHERE THIS PICTURE BREAKS.  Rohrer’s project took only statements in which the author owned
an error in their own study. Most of the 13 are about mistakes, not about new evidence from
elsewhere. The authors single out one, about pigeons choosing between rewards, as closest to
the usual picture: new experiments led to a revised conclusion. The breakfast lecturer’s case is
of that kind. The four sentences fit both, but sentence 2 differs. For an error, it says what you
found wrong; for new evidence, it says what appeared.

These are psychologists’ statements about published papers. A change of position in a lecture or
on a ward reaches a smaller audience, and the channel is different.

MUST KNOW POINTS FOR YOU.

“Changing my mind in public will make people trust me less” is the fear to set aside.
Change your position anyway, because the people you taught are acting on the old one.

Use the four sentences, in order. Say them to the people who heard the old position.

Changing your slides without saying so is a silent update. It protects the next batch and
leaves every earlier one with the old advice.

Move only as far as the new evidence carries you.

Say what was reasonable then, and what was not even then, as two separate sentences.
Do not abase yourself (“I taught you nonsense”), and do not rewrite your past (“as I al-
ways said”).

To a patient you advised, the four sentences fit in a minute: “Some years ago I told you
to eat breakfast to help your weight. Newer trials, though few and short, suggest it does
not help weight loss. So eat breakfast if it suits you, and skip it if it does not. The trials
so far suggest your weight will not hang on that choice.”

If the error is in your own published data or analysis, a sentence to the class is not
enough. The journal’s record needs correcting too, and a later section of this book sets
out how journals do that.

Your new position is a dated belief like the old one, held at a stated confidence. Do not
present it as final.

COMMON MISREADING.  “Changing my position means admitting I was wrong.” Not always. If
the old position was reasonable on the evidence of its time, changing it is updating: the evidence
moved, and you moved with it. Saying “I was wrong about that” is for a position that was not
supported even when you held it. A later section of this book is about saying it.

The two are often mixed in one case, as in the breakfast lecture. The association was fair to
teach; the causal claim was not. Say which part is which. Lumping them together either over-
apologises for the fair part or hides the unfair one.

• 
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REPORTING IT.  In [where] on [date], I said that [old position]. Since then, [new evidence, with
its size and its certainty]. I now think that [new position]; I am about [number] per cent sure
(“[word]” on the [named] scale), because [grounds]. From now on I will [action].

EXERCISE 1  (retrieval). From memory: give the four sentences of a change of position, in or-
der. Then give the two rules that go with them.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A senior resident posts this in the department’s WhatsApp group. It is
made up for this exercise.

Folks, ignore what I said about breakfast last year. Turns out skipping breakfast is better for
weight loss: a BMJ meta-analysis proved it. My bad!

Find what is wrong with it, and rewrite it.

EXERCISE 3  (teaching). A journalist rings you. “In 2012 you told our readers to eat breakfast to
lose weight. Were you wrong?” You have three minutes. Give one quotable sentence, and say
how sure the evidence lets you be.

EXERCISE 4  (design). Choose one thing you have taught, written or posted that the evidence
has since moved on. Write your four sentences for it, add the sentence on what was reasonable
then, and name who needs to hear it and where.
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18 · How science corrects its record: correction,
expression of concern, retraction, republication

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  A journal can change what it has already published with four instruments.
The International Committee of Medical Journal Editors (ICMJE), a group of medical journ-
al editors, sets them out in its Recommendations (updated January 2026), Sections III.A and
III.B. The Committee on Publication Ethics (COPE), a body that advises editors and publish-
ers, sets out the same tools in its Retraction Guidelines (version 3, August 2025).

ICMJE asks for a correction for “errors of fact that should have been recognized at the time
of publication”. The mistake was in the paper when it appeared. New evidence did not
show it up later. It is used when the error does not change the direction or implications of
the results, interpretations and conclusions. Citations should go to the most recent version.

An expression of concern is a notice an editor may publish while a question about a paper
is open: while an investigation runs, or while the editor lacks the information to decide.

A retraction is published when a paper’s findings and conclusions can no longer be relied
on. The cause may be honest error, a naive mistake or misconduct.

Retraction with republication, which COPE calls retraction with replacement, is used when an
honest error changes the results or conclusions substantially but the underlying study stands.
The original is retracted and a corrected version is published beside it, with an explanation.

None of the four is for a disagreement, or for evidence that has moved on since publication. The
decision is the editor’s. [293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308,
309, 310, 311, 312, 313, 314, 315, 316]

IN PLAIN TERMS.  A correction fixes an honest mistake that leaves the conclusion standing. A
retraction withdraws a paper whose findings cannot be relied on.

An expression of concern is a warning flag. Something may be wrong, and nobody knows yet.

Retraction with republication withdraws a paper whose honest mistake changed its result, and
publishes the fixed version beside it.

None of these is a punishment. A paper that newer evidence contradicts stays as it is. The newer
studies are the correction.

So before you cite a paper, look at its page for any of these notices. Then cite the latest version.
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A correction in action. Fang, Steen and Casadevall (2012) listed the 20 most-cited retracted articles with the reason for
each: 12 for fraud and 8 for error as first published. Their 2013 correction changed one row, giving 13 and 7. The counts
describe 20 papers chosen for their citations, not a rate.

Illustration 1. Start with a paper about retractions that was itself corrected. Fang, Steen and Cas-
adevall (2012) studied all 2,047 English-language articles PubMed listed as retracted on 3 May
2012. PubMed is the index of medical journals. The paper appeared in the Proceedings of the Na-
tional Academy of Sciences of the USA (PNAS). It is free to read at https://pmc.ncbi.nlm.nih.gov/
articles/PMC3479492/.

Find Table 3. It lists the 20 most-cited retracted articles, with the reason each was retracted.
Read the last row: Hwang, in Science, published 2005, retracted 2006, cited 234 times. The reason
given is “Error”.

Now count the reasons as printed. You get 12 rows that say “Fraud” and 8 that say “Error”.

Suppose you stop there and put “8 of the 20 most-cited retracted papers were retracted for error”
on a slide. You have quoted a number the authors themselves withdrew.

Here is how you would find out. Look up the paper’s record in Europe PMC, a free index of the
medical literature (https://europepmc.org/article/MED/23027971). Its list of comments and cor-
rections has an entry labelled “Erratum in”. It points to Proc Natl Acad Sci U S A. 2013 Jan
15;110(3):1137. That is the journal’s short name, the date of the issue, volume 110, issue 3, page
1137.

“Erratum” is an older word for a correction. Open it, at https://pmc.ncbi.nlm.nih.gov/articles/
PMC3549137/. The whole notice is two sentences and a table:

The authors note that Table 3 appeared incorrectly. The corrected table appears below.

In the corrected table, the last row is the same paper, with the same years and citations. Its reas-
on now reads “Fraud”. Count again.

reason for retraction as first published (2012) as corrected (2013)
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Fraud 12 13

Error 8 7

Now name the instrument. One entry in one table was wrong, the authors reported it, and the
notice replaces that table. The ICMJE Recommendations call for a correction for an error of fact,
as long as it does not change the direction of the conclusions. So a correction is the fitting tool,
not a retraction.

Last, which table do you quote? The Recommendations say that “the citation should be to the
most recent version”. So if you use Table 3, take it from the 2013 correction, and say so.

Figures quoted in this illustration are from [317].

WHERE THIS PICTURE BREAKS.  This correction was easy to judge: one cell in one table, reported
by the authors, with the notice saying exactly what changed. Many are harder. A correction can
change a number that the conclusion leans on. Then whether it “changes the direction or implic-
ations” of the conclusions is a judgement, and the editor makes it.

The counts of 12 and 13 describe 20 heavily cited papers chosen by citation count. They are not a
rate of fraud among retractions. The paper’s main counts, over all 2,047 articles, are the subject
of the next section.

Illustration 2. Now a retracted paper from the obesity literature, and a habit that keeps it alive.

Go back to Table 3 in Fang and colleagues’ paper and find Fukuhara. The paper appeared in Sci-
ence in 2005 and was retracted in 2007, for error. By June 2012 it had been cited 686 times. Now
search their Discussion for “visfatin”:

Many scientists continue to cite the article by Fukuhara et al. for its initial identification of visfat-
in as an adipocytokine, even though the article was retracted because of concerns about the cy-
tokine’s reported insulin mimetic properties

An adipocytokine is a signalling protein released by fat tissue. A cytokine is a signalling protein;
“insulin mimetic” means acting like insulin. The sentence before says both the web page and the
PDF of the article “are clearly marked as retracted”. So the label was there, and people cited the
paper anyway.

COPE’s Retraction Guidelines give two reasons this happens. Search them for “did not verify”:

the article was downloaded before it was retracted and the authors who cited it did not verify its
status, or the authors did not notice that it was retracted

Think of the PDFs in your thesis folder. Each one shows the paper as it was on the day you saved
it. A retraction published after that day is not on your copy.

So check each reference where it lives today. Open the article’s page on the journal’s site and its
record in PubMed or Europe PMC. Look for four things. “Retracted” in front of the title, or a “RE-
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TRACTED” stamp across the pages; COPE calls both best practice. A linked notice of retraction. A
linked expression of concern. A correction, which may be labelled “Erratum”.

If you find a retraction and still need the paper, for its history or its method, COPE allows it. You
cite it with the retraction: “Authors should not cite retracted papers without acknowledging the
retraction.”

Figures quoted in this illustration are from [317].

WHERE THIS PICTURE BREAKS.  The four checks find only what an editor has acted on and a data-
base has recorded. A paper can be wrong with no notice on it, and a notice can take years to ap-
pear. Fang and colleagues found that retractions for fraud took a mean of 46.8 months.

Fang’s Discussion does not say whether those who cite Fukuhara for visfatin’s discovery are
right to. It says only that they do, and that the retraction concerned another claim in the same
paper. COPE allows such a citation when the retraction is acknowledged.

MUST KNOW POINTS FOR YOU.

“It was retracted, so the authors cheated” is the error. Read the notice’s stated reason
before you say anything about the people.

Before you cite a paper in a thesis, a slide or a guideline, open its page and its database
record on the day you write. Look for a correction, an expression of concern or a retrac-
tion.

An expression of concern is not a verdict. Do not quote the paper as sound, and do not
call it fraud.

A clean status tells you that no editor has acted. It does not tell you the finding still
holds. To know whether a finding stands, read a current review, not the article’s page.

The tool follows from one question: does the error change what the paper concludes? If
not, a correction. If it does and the study is sound, retraction with republication. If the
findings cannot be relied on at all, retraction. If nobody knows yet, an expression of
concern.

If you confirm an error in your own published paper, write to the journal’s editor and
publisher. The editor then decides.

COMMON MISREADING.  “The paper has not been retracted, so it is sound.” A retraction marks
only what an editor has acted on. Fang and colleagues give an example from nutrition. Two
journals, The Lancet and the British Medical Journal, “expressed serious reservations” about the
Indo-Mediterranean Diet Heart Study. Its main author could not show the original records of eth-
ics review and consent. Yet in 2012 the papers had not been retracted.

A paper can also be wrong because better evidence came later, and that never earns a notice. No
notice means no editor has acted, nothing more.

• 

• 

• 

• 

• 

• 
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REPORTING IT.  The figures from Table 3 are taken from the authors’ 2013 correction (Proc Natl
Acad Sci USA 2013;110:1137), which replaced that table.

EXERCISE 1  (retrieval). From memory, name the four instruments a journal uses to change a
published paper, and say in one line when each is used. Then name the kind of problem that gets
none of them, and where it goes instead.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (interpretation). Five situations, all made up. For each, name the instrument the
ICMJE Recommendations and the COPE guidelines point to, or say that none applies.

(a) In a published survey from a district hospital, two column headings in Table 2 were swapped.
The text, the abstract and the conclusions use the right figures.

(b) A reader writes that an observational paper on breakfast used causal words. A later trial
found that advice about breakfast made no detectable difference to weight.

(c) A coding error swapped the two study groups. Corrected, the main difference points the other
way. The data and the design are sound.

(d) A university is investigating claims that images in a paper were altered. The investigation has
not finished.

(e) The investigation in (d) finds that the images were fabricated.

EXERCISE 3  (critique). A slide in a journal club on fat tissue reads (made up for this exercise):

Visfatin, a fat-tissue hormone, mimics insulin (Fukuhara et al., Science 2005).

Say what is wrong with the citation, and rewrite the slide so it can stand.

EXERCISE 4  (teaching). For a first-year resident, ten minutes, a whiteboard. She has found that
one number in a table of her published paper is wrong. She asks: “Will they retract it? Will
everyone think I cheated?” Answer her.
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19 · Being wrong in public is common, and owning it
costs less than hiding it

Checked against the sources as they stood on 2026-10-10.

DEFINITION.  Being publicly wrong is a measured, common event in medicine and sci-
ence. Four sets of measurements show its shape.

Established practices are often overturned. Of 363 articles that tested an established prac-
tice, 146 (40.2 per cent) found it no better than a lesser or earlier standard.

Retraction is rare, and most of it is for misconduct. Lu and colleagues (2013) found 0.14 re-
tractions for every 1,000 papers in biology and medicine journals in the Web of Science, a
large index of journals. Fang, Steen and Casadevall (2012) classified all 2,047 retracted bio-
medical and life-science articles in PubMed in May 2012. Error accounted for 21.3 per cent
of them. Misconduct accounted for 67.4 per cent: fraud or suspected fraud 43.4, duplicate
publication 14.2 and plagiarism 9.8 per cent.

Owning an error is associated with a smaller cost than leaving it to others. Where the au-
thors reported the error themselves, which was true of 21.9 per cent of retractions, their
earlier papers showed no statistically significant loss of citations.

Private doubt is common and seldom made public. In an online survey, 44 per cent of 316 re-
searchers said they had lost confidence in at least one of their own published findings (Rohrer
and colleagues, 2021). Most were recruited through psychology groups and mailing lists.

Each figure comes from particular journals, databases or volunteers, mostly in high-income
countries, and none was measured in India. [318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328,
329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342]

IN PLAIN TERMS.  Being wrong in public is normal in medicine. Take one leading journal over
ten years. About four in ten of its articles that tested an established practice found it no better
than a lesser or earlier standard.

Retraction, the formal withdrawal of a paper, is different. It is rare: about 0.14 papers in every
1,000 in biology and medicine. And most retractions are for misconduct, not for honest mis-
takes.

When authors report their own error, they seem to pay less for it.
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Why 2,047 biomedical and life-science articles in PubMed had been retracted, as classified by Fang, Steen and
Casadevall (2012): error 21.3 per cent; fraud or suspected fraud 43.4; duplicate publication 14.2; plagiarism 9.8; other or
unknown 11.3 (worked out as the remainder). Shares of retractions, not of all research: retractions were about 0.14 per
1,000 papers in biology and medicine.

What a retraction cost in citations, five or more years on (Lu and colleagues, 2013). The retracted paper lost most of its
yearly citations whether or not the authors had reported the error: 81.5 against 86.2 per cent. Each earlier paper by the
same authors lost 12.5 per cent after a retraction they had not reported, and showed no statistically significant loss after
one they had. An association: the errors people report may be milder ones.
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Why researchers in Rohrer and colleagues’ survey kept a loss of confidence in their own finding private. The
commonest reason, given by 68 per cent, was not being sure enough. Each person could give several reasons, so the
bars add to more than 100. The respondents were volunteers, not a representative sample.

Illustration 1. Start with a retraction notice that said “error”, and was wrong.

Open Fang, Steen and Casadevall (2012) at https://pmc.ncbi.nlm.nih.gov/articles/PMC3479492/.
In the Results, search for “FOXO1a”. A retraction notice in the Journal of Cell Biology, written by
the paper’s own authors, read as an honest correction:

a retraction notice published by the authors of a manuscript in the Journal of Cell Biology stated
that “In follow-up experiments . . . we have shown that the lack of FOXO1a expression reported in
figure 1 is not correct” (11). A subsequent report from the Office of Research Integrity states that
the first author committed “research misconduct

The Office of Research Integrity is the US government office that oversees misconduct allega-
tions in federally funded research. Fang and colleagues did not take notices at their word. They
checked them against such reports, the news and other public records. Search for “118 of 742”:

Use of these additional sources of information resulted in the reclassification of 118 of 742
(15.9%) retractions in an earlier study (4) from error to fraud.

Check the share.

118 divided by 742 = 0.159, which is 15.9 per cent

So 118 of the earlier study’s 742 retractions, about one in six of all of them, moved from error to
fraud.

Now read their own count, for all 2,047 retracted articles. Search the abstract for “21.3%”.

reason for retraction per cent of the 2,047 retractions

error 21.3
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fraud or suspected fraud 43.4

duplicate publication 14.2

plagiarism 9.8

other or unknown 11.3

The last row is not printed as a number. The paper says “miscellaneous reasons or unknown
causes accounted for the remainder”, so work it out.

43.4 plus 14.2 plus 9.8 = 67.4, the share for misconduct
21.3 plus 67.4 = 88.7
100 minus 88.7 = 11.3, the share for other or unknown reasons

The paper also says that where the reason is known, “three-quarters” were for misconduct.
Check that too. Leave out the other-or-unknown share and divide.

67.4 divided by 88.7 = 0.760, about three-quarters
21.3 divided by 88.7 = 0.240, about one-quarter

Two lessons sit in this table. A notice’s stated reason is where you start, not the verdict. And re-
traction for honest error is the smaller part of all retraction, which is why the word “retracted”
sounds like an accusation.

Figures quoted in this illustration are from [317, 343].

WHERE THIS PICTURE BREAKS.  These are shares of retractions, not of research. Lu and col-
leagues found about 0.14 retractions per 1,000 papers in biology and medicine. So 43.4 per cent
of retractions is a small fraction of all papers. Fang and colleagues add that “only a fraction of
fraudulent articles are retracted”, so it is also an undercount of fraud.

The 2,047 were English-language articles in PubMed up to May 2012. Retraction practice has
changed since; COPE’s 2025 guidelines, for instance, describe batch retractions of many papers
from paper mills, people or groups who repeatedly cheat the publishing process, for example to
publish fabricated research. Do not carry these shares to a later year or another database
without a newer count.

Illustration 2. Now the cost of owning an error. Lu, Jin, Uzzi and Jones (2013) asked what a re-
traction does to the citations of an author’s earlier papers, the ones nobody retracted. Their pa-
per is at https://pmc.ncbi.nlm.nih.gov/articles/PMC3818648/.

Read the method first. For each earlier paper they found papers in the same field and year that
had been cited in the same way before the retraction. Then they compared what happened after
it. They kept only authors with a single retraction: 667 retracted papers, 1,737 authors, 45,039
earlier papers.

Then they split the retractions in two. Across all 1,423 retractions in the database, 312 had been
reported by the authors themselves. Check the share.

312 divided by 1,423 = 0.219, which is 21.9 per cent
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The citation results below come from the 667 papers. Lu and colleagues do not say how many of
those were self-reported.

Now read two results side by side, from the Results section.

what lost citations, five or more years after

retraction

not reported by the

authors
reported by the authors

the retracted paper itself 81.5 per cent 86.2 per cent

each earlier paper by the same authors 12.5 per cent no statistically significant

loss

The retracted paper loses most of its citations either way. Reporting your own error does not
save the paper. The difference is in the earlier work. After a retraction the authors did not report,
each earlier paper lost 12.5 per cent of its yearly citations, five years on. After one they reported,
Lu and colleagues found no statistically significant loss.

Earlier papers are many. On average each author had 25.9 of them. Lu and colleagues also give
the loss as a count. Five or more years after a retraction the authors did not report, each earlier
paper lost about 0.208 citations a year. Multiply by 25.9 for a typical author’s total.

0.208 times 25.9 = 5.39 citations a year

Now say what this does not show. The authors were not assigned at random to report or to stay
silent. Lu and colleagues give two readings themselves. Self-reported errors “may reflect more
innocuous or explainable errors”. Or readers may reward people who correct their own mis-
takes. The study cannot tell these apart.

Figures quoted in this illustration are from [343].

WHERE THIS PICTURE BREAKS.  This is an association between self-reporting and later citations.
It is not a measured effect of choosing to self-report, because the errors people choose to report
may be milder ones.

Citations are one cost. The study did not measure jobs, grants or how colleagues treat you.

It covers retractions in the Web of Science from 2000 onwards, across all fields. It does not cover
corrections, which are smaller events, and it measured nothing in India.

Illustration 3. Last, the errors that never reach a journal. Rohrer and colleagues (2021) asked re-
searchers whether they had ever lost confidence in one of their own published findings. Their
paper is at https://pmc.ncbi.nlm.nih.gov/articles/PMC8564260/. Search for “316 scientists”.

Of 316 who answered, 44 per cent said yes, at least once. Another 14 per cent were not sure. Each
was then asked about the one case they felt most responsible for. In 17 per cent of those cases,
the loss of confidence was a matter of public record.

Then read why the rest stayed silent. Each reason could be given alongside others.

reason given for not making it public per cent

not sure enough about the loss of confidence 68
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reason given for not making it public per cent

the finding had not attracted much attention 46

worry about hurting co-authors’ feelings 33

no suitable place to publish it 25

unsure how best to say it 25

worry about how it would be seen 24

Look at the first row. Two in three waited to be sure. But a loss of confidence is a change in how
sure you are, and it can be said as one: “I am now much less sure of this than I was, and here is
why.” Waiting to be sure that you were wrong holds your doubt to a standard the original finding
never met.

Figures quoted in this illustration are from [292].

WHERE THIS PICTURE BREAKS.  The authors warn that “our respondents do not constitute a rep-
resentative sample of researchers”. They answered a link posted in online groups, 37 per cent
from psychology departments, nearly all in Europe or the United States. People who care about
self-correction may have been more likely to answer. Read 44 per cent as “common among these
volunteers”, not as a rate for medicine or for India.

MUST KNOW POINTS FOR YOU.

Tell trainees that being overturned is ordinary.

“Owning a mistake will finish my career” is the fear. One large study points the other
way. When authors reported the error themselves, their earlier papers showed no stat-
istically significant loss of citations. The study prints no interval in its text. When they
had not, each earlier paper lost 12.5 per cent of its citations a year, five years on. The
two groups were not made by chance: the errors people report may be milder.

A retraction notice may give the wrong reason.

You do not need to be sure you were wrong before you say your confidence has
dropped. Say how sure you now are, and why, in the words the section on stating con-
fidence taught.

These numbers come from high-income-country journals (92 per cent of Herrera-
Perez’s reversals were tested in high-income populations), English-language databases
and a volunteer survey. None was measured in India. Use them to show that being
wrong is common, not to put a figure on how often Indian research is wrong.

A reversal and a retraction are different events with different denominators. Never set
the two side by side as if they measured the same thing.

COMMON MISREADING.  “Two-thirds of retracted papers involve misconduct, so most research
cannot be trusted.” The 67.4 per cent is a share of retractions. And retractions are rare: about
0.14 in every 1,000 papers in biology and medicine. Fang and colleagues say that papers retrac-
ted for fraud are “a very small percentage of the scientific literature”. They also say only some
fraudulent papers are ever retracted, so the true share is larger than the count. Still, neither

• 
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• 
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point makes most research false. The common way to be wrong is the other one: honest work
that later evidence overturns.

EXERCISE 1  (retrieval). From memory: what share of 363 tests of an established practice in one
journal reversed it? Of 2,047 retracted articles, roughly what share was retracted for error, and
what share for misconduct? What did Lu and colleagues find about the earlier papers of authors
who reported their own error?

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (interpretation). A colleague reads Lu and colleagues’ table of results and says: “So
if I report my own error, my retracted paper will keep its citations.” Use the two rows of the table
in this section to say what the study shows and what it does not.

EXERCISE 3  (critique). A newspaper health column reads (made up for this exercise):

Two-thirds of medical papers that get withdrawn turn out to be fraud. And 40 per cent of what
doctors do is later found to be useless. You cannot trust medical research.

Find each step that does not follow from the studies behind these figures.

EXERCISE 4  (teaching). For a health secretary, one page, answer first. After a news story on re-
tracted papers, she asks: “Should the department stop relying on published research?”
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20 · Saying “I was wrong about that”

DEFINITION.  Saying “I was wrong about that” is a procedure of five steps.

Find. List the confident claims you have made in public. For each, say what kind of statement
it was and what it rested on. Then check it against a recent systematic review of the question,
and that review’s certainty of evidence.

Sort. Decide which of three things happened. The evidence moved: your claim fitted what
was known when you made it, and later work changed the picture. You overstated: the evid-
ence of the time did not carry the claim. Or you made an error of fact or analysis in your own
work.

Choose the instrument. Correct the claim where its audience met it. A confirmed error in
your own published work goes to the journal’s editor, who decides between a correction, a re-
traction with republication and a retraction.

Say it, in the four sentences of the section on changing a stated position out loud. What I said,
to whom, and when. What new evidence has appeared since. What I now think, how confid-
ent I am, and on what grounds. What I will do differently.

Date it and keep it, so that you, and anyone who asks, can see when you changed your mind
and why.

In 2021 Rohrer and colleagues found no standard protocol for what to do when you lose confid-
ence in your own finding; these steps are this book’s. [2, 344, 345, 294, 295, 310, 346, 310, 347, 348,
349, 337, 350, 351, 3, 53, 352, 353, 354, 355, 356, 357, 330]

IN PLAIN TERMS.  Sooner or later something you taught or published will turn out to be wrong.

When it does, put the correction where people met the claim. Tell the same class. Change the
slides.

This is not an apology for honest work, and it is not a confession of cheating. It is how science
stays right.

1. 

2. 

3. 

4. 

5. 
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The made-up waist survey: the numbers are invented. The published 18.5 per cent (62 of 335) sits 1.5 percentage
points above the earlier survey’s 17.0 per cent: a rise. The corrected 15.5 per cent (62 of 400) sits 1.5 points below it: a
fall. The same error leaves “a large share” standing and reverses “the share has gone up”.

Illustration 1. Here is a slide from a postgraduate lecture on obesity, given in 2016. The slide is
made up for this section. The studies named after it are real.

Breakfast skipping causes weight gain. Advise every patient to eat breakfast.

Find. You search your old lecture files for “breakfast” and this slide comes up. Put the two ques-
tions from the section on belief beyond the evidence. What kind of statement is it? A cause,
stated as fact. What did it rest on? Observational studies, which show only that people who skip
breakfast more often have overweight or obesity.

Now check it against a systematic review. Sievert and colleagues (2019) pooled the randomised
trials. Their paper is at https://pmc.ncbi.nlm.nih.gov/articles/PMC6352874/. They found a small
difference in weight that favoured the people who skipped breakfast: a mean difference of 0.44
kg, with a 95 per cent confidence interval of 0.07 to 0.82 kg. They also wrote that the trials were
short and “the quality of the included studies was mostly low”. So the review does not support
the slide.

Sort. Here is the trap. It is tempting to say “the evidence changed”. Check the dates. In 2013,
Brown and colleagues had already called the causal claim “only presumed true”. In 2014 a trial of
309 adults had found that advice to eat or skip breakfast made no detectable difference to weight
over 16 weeks. By 2016 the slide went beyond the evidence of its own time. The honest sort is “I
overstated”, with later evidence on top. The same slide shown in 2012, before both, would sort
differently: the advice fitted the evidence of its time and the evidence moved, though the causal
wording went too far even then (the section on changing a stated position).

Choose the instrument. The claim was taught, so correct it to the people who were taught it. Say
it at the next session of the same course. Ask whoever runs the course to pass a note to the batch
that heard it. Then change the slide.
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Say it. One version, in its four sentences. Its confidence uses this book’s scale for the breakfast
claim, Intelligence Community Directive 203 (ICD 203):

In my 2016 lecture on obesity, I said that skipping breakfast causes weight gain, and that
every patient should be told to eat breakfast.

That rested on observational studies, and it went further than the evidence even then: a 2014
trial found that advice to eat or skip breakfast made no detectable difference to weight over 16
weeks. Since then, a 2019 review of trials found a small difference of 0.44 kg in favour of skip-
ping, from short trials of mostly low quality.

I now think it “unlikely” (about 25 per cent, on the ICD 203 scale) that eating breakfast helps
adults lose weight; my grounds are the 2019 review’s trials, short and mostly of low quality.

I have changed the slide, and for advice about meals I will cite trials, not associations.

Notice what is missing. There is no apology for teaching, and no claim that you always knew.
Sentence 2 says plainly that the claim went too far. Sentence 3 gives a word, its scale and a num-
ber, so a listener knows how sure you now are. On ICD 203, “unlikely” runs from 20 to 45 per
cent.

Date it. Write one line in the notebook where you keep such changes:

10 October 2026. Corrected the breakfast claim in my 2016 obesity lecture. Told the current course;
note sent to the 2016 batch; slide changed. Now “unlikely” (ICD 203), about 25 per cent.

Figures quoted in this illustration are from [167, 33, 230].

WHERE THIS PICTURE BREAKS.  The confidence in sentence 3 is one reader’s judgement from this
evidence, not a number any study gives. Another careful reader might put it at 30 or 35. What the
procedure requires is that a word, its scale and a number are stated, with the grounds beside
them.

All the trials behind this case were in high-income countries; Sievert and colleagues’ review was
limited to them. Sentence 3 is about adults like those trial participants. It says nothing about
children, or about settings where a missed meal means too little food.

Correcting a talk is easier than correcting a paper. Nobody keeps a public record of your old lec-
ture, so the correction reaches only the people you can still reach.

Illustration 2. Now an error in your own published paper. The paper and its numbers are made
up.

Your paper reported that 62 of 335 women screened at an urban health centre had a waist above
the clinic’s cut-off. Reusing the data for a new project, you find a filter in your analysis that
wrongly left out 65 women who were measured. None of the 65 was above the cut-off. So the
right count is 62 of 400.

1. 

2. 

3. 

4. 
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335 plus 65 = 400
62 divided by 335 = 0.185, which is 18.5 per cent (published)
62 divided by 400 = 0.155, which is 15.5 per cent (correct)

Sort. This is an error in your own analysis. It is not evidence moving on.

Choose the instrument. The question that decides it: does the error change what the paper con-
cludes? Take two versions of the paper.

In the first, the conclusion is that a large share of women at the centre had a waist above the cut-
off, and that the centre should measure waists routinely. At 15.5 per cent instead of 18.5, that still
stands. The tool is a correction.

In the second, the main claim is a rise. An earlier survey at the same centre had found 17.0 per
cent, and the paper concluded that the share had gone up. Compare both figures with it.

18.5 minus 17.0 = 1.5 percentage points: a rise (published)
15.5 minus 17.0 = minus 1.5 percentage points: a fall (correct)

The direction of the main result has flipped, though the study itself is sound. That is the case the
International Committee of Medical Journal Editors (ICMJE) describes for retraction with repub-
lication.

In both versions, the editor decides, not you. The Committee on Publication Ethics (COPE) asks
you to raise a confirmed error with the editor and publisher, and to give “sufficient explanation
and documentation” so that the editor can judge it.

Say it. Write to the editor. Give the citation of your article. Say which figure is wrong, how you
found the error, and what the right figure is. Say whether the conclusion changes, and which in-
strument you think fits. Attach the corrected analysis.

Keep the notice you hope for as short as the real one you met in the section on correcting the re-
cord: Fang and colleagues’ 2013 correction was two sentences and a table.

Date it. Note when you found the error and when you wrote to the journal.

WHERE THIS PICTURE BREAKS.  Real errors rarely sort this cleanly. An error may change a sec-
ondary result and leave the main one standing, or shift a number the conclusion leans on
without reversing it. Then whether it “changes the conclusion” is a judgement. Say in your letter
what you think and why, and leave the decision to the editor.

Some errors are not honest. If you suspect that data were altered or made up, by anyone, this is
no longer a matter for four sentences. COPE says misconduct “should also be raised with the in-
stitution”.

MUST KNOW POINTS FOR YOU.

Look for your own errors before someone else finds them. Once a year, search your
slides, lecture notes, papers and posts for your confident claims.

Do not write “the evidence has changed” when the evidence of the time already failed
to carry your claim. Check the dates of the studies against the date of your claim.

• 

• 
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“Saying I was wrong is admitting I am careless” is the error. ICMJE calls honest errors “a
part of science and publishing”.

Put the correction where the claim’s audience met it: the same class, the same ward, the
same journal.

Ask the deciding question of a published error: does it change what the paper con-
cludes? If not, ask the editor for a correction. If it flips or substantially changes the res-
ult of a sound study, ask for retraction with republication.

This procedure covers honest error and changed evidence. It stops working the mo-
ment you suspect that data were altered or invented, by you or by a co-author. Then the
matter goes to the journal and to the institution, and four sentences are the wrong tool.

Before you write to an editor, read that journal’s own policy on corrections and retrac-
tions, and follow it where it differs from these steps.

COMMON MISREADING.  “Saying I was wrong means saying the claim is false.” It means saying
the claim was not supported as strongly as you said. Christopher Chabris, withdrawing confid-
ence in his own 1992 experiment, put it exactly: “These claims may be true, but not because of
our experiment.” You met the line in the section on changing a stated position. Your new posi-
tion can be “we do not know”, stated with its confidence and its grounds. It does not have to be
the opposite of the old one.

REPORTING IT.  In my 2016 lecture I said that skipping breakfast causes weight gain. That went
beyond the evidence even then. Trials in adults in high-income countries, one published before
that lecture, did not find that eating breakfast helped weight loss. The trials were mostly of low
quality. So I have withdrawn the slide.

EXERCISE 1  (retrieval). From memory: name the five steps for saying “I was wrong about that”.
Then name the three things that can have happened to a claim, and the four sentences of the
statement itself.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (design). Do it once, for real. Find one claim you have published or taught that
current evidence no longer supports, or never did. Sort it. Choose the instrument. Write the four

• 

• 

• 

• 

• 

RUNG 1 — INTRODUCTORY

135



sentences, with a confidence word from a named scale and its number. Write the dated line.
Then deliver it: say it to the audience, or send the letter.

EXERCISE 3  (critique). Two attempts to correct the same lecture claim about breakfast. Both
are made up. Say what is wrong with each, and say which of the four sentences each one leaves
out.

I am ashamed to say that everything I taught about breakfast was rubbish. I should never
have been allowed to teach it. Please ignore my lectures.

As research in this area has evolved, guidance on breakfast and weight has been updated in
line with emerging evidence.

EXERCISE 4  (teaching). For a first-year resident, ten minutes. He realises a slide he presented
at a departmental seminar last year cited a study that has since been retracted. He asks: “If I cor-
rect it now, won’t the faculty think less of me?” Answer him.

1. 

1. 

RUNG 1 — INTRODUCTORY

136



21 · The dated belief register: what you believe, how sure
you are, and when you said it

DEFINITION.  A dated belief register is a written list of claims one person holds, one
numbered line for each, kept so that each claim can be checked later against what
happened. Each line records six things.

Its number, and the date it was written.

The claim, worded so that someone else could later judge it true or false: about what, in
whom, measured how, and by when.

The person’s confidence, as a word from one named scale with the number beside it.

The grounds: the kind of evidence the confidence rests on, and, where it has been rated, its
certainty; where it has not, how directly it bears on the claim.

What would change the person’s mind: a result or event named in advance.

A date to review the line.

A line is never edited once written. The register is only added to. A changed belief is a new dated
line that names the line it revises, and the old line stays as it was. When a claim can be judged,
its outcome is also added as a new dated line. [180, 231, 358, 359, 355]

IN PLAIN TERMS.  A belief you never wrote down cannot be checked.

So keep a register. On each line write the date and the claim. Write how sure you are, as a word
and a number. Write why, and what would make you change your mind. Write when you will
look at it again.

Then never change a line. If your view changes, write a new line with a new date, and say which
old line it replaces.

1. 

2. 

3. 

4. 

5. 

6. 
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The made-up resident’s confidence in her line 1 claim, then in line 3, which revises it. The number moved from 60 to 70
per cent; both sit inside ICD 203’s “likely” band, 55 to 80 per cent, so the word stayed “likely”. Only the number shows
how far the new count moved her. Both numbers are her judgements.

Illustration 1. Start with the way most of us keep beliefs. Here is a line from a resident’s journal-
club notebook. It is made up for this section.

Reversals - probably rare. Most of what we teach is solid.

Try to check it in ten years. You cannot. It has no date, so you cannot tell what she had read
when she wrote it. “Rare” names no count and no time. “Probably” is a word with no scale, and
the section on how one word is read as different numbers showed that readers turn such words
into very different numbers. It gives no grounds, so you cannot tell whether she had looked at a
count. Nothing in it could turn out false.

Now write it as a register line. Take the parts in order.

The claim. Make it something a stranger could judge. “Reversals are rare” cannot be judged. Pick
something countable, with a date. Here is one: “At least one practice in my current postgraduate
(PG) lecture slides will be reversed by a published randomised trial by 10 October 2036.” Use
Prasad and colleagues’ meaning of a reversal, so the word is fixed: an established practice found
to be no better than a lesser treatment.

The grounds. The section on base rates gave you a count. In one journal’s decade, 2001-2010, 146
of 363 tests of an established practice reversed it.

146 divided by 363 is about 0.402
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That is about 40 per cent of the tests. Write its limits beside it. It is one journal, and most of its
practices were drugs and procedures. And it is a rate per test, not a rate per practice that you
teach. So it is the nearest reference class, not a close one.

The word and the number. Pick one scale for the whole register and name it. This resident uses
the seven bands of Intelligence Community Directive 203 (ICD 203), the US intelligence standard
of the section on calibrated scales. Its bands meet but do not overlap; avoid a number on a
band’s edge. On that scale “likely” runs from 55 to 80 per cent. She judges 60 per cent, so she
writes “likely”. That is a judgement, not a calculation. Many practices in her slides could be re-
versed, which pushes her above 40. But each needs a trial published within ten years, which
pulls her down. She settles on 60. She writes the claim on the side she leans to, so the number is
50 per cent or more, because that is how the section on calibration counts claims.

What would change her mind. Name it now, before anything happens. Here it is a finding that
every practice in her slides has already been tested in a randomised trial and held up.

The review date. One year on, to look again, and the claim’s own date, 10 October 2036, to close
it.

Here is the line, with a second one she wrote the same week.

n

o

.

dat

e

claim confi

denc

e

(ICD

203)

grounds and their certainty what would

change my

mind

review

1 20

26

-10

-12

At least one practice in my

current PG lecture slides will be

reversed by a published

randomised trial by 2036-10-10

“likely

” (60

%)

One journal’s decade: 146 of

363 tests of an established

practice reversed it. A

measured rate, but for a

different class of practice

Finding that

every practice

in my slides

has been

tested and held

up

2027-1

0-12;

closes

2036-1

0-10

2 20

26

-10

-14

If I write “unlikely” with no

number in a patient leaflet, more

than half of the next 20 patients

I ask will read it as a larger

chance than the 25% I mean

“likely

” (65

%)

One UK study: mothers read

“unlikely” as 27%, doctors

as 16%. Indirect for my

patients, none studied in

India

Patients

reading

“unlikely” as

doctors do

2027-0

1-31

(review

and

close)

Read across line 2. The claim names who, what and by when. Its grounds are one study in anoth-
er country, so they are weak, and the line says so.

Figures quoted in this illustration are from [258, 230, 186].

WHERE THIS PICTURE BREAKS.  Both lines are made up, and so are the resident’s numbers, 60
and 65 per cent. They are judgements, not measurements. The counts in their grounds are real:
Prasad and colleagues’ for line 1, and Shaw and Dear’s, as Hashim reports them, for line 2.

Line 1 borrows a rate from one American journal’s trials of mostly drugs and procedures. It does
not tell you how often a lecture on nutrition will be overturned.

Illustration 2. A week later the resident reads Herrera-Perez and colleagues. Across more than
3,000 randomised trials in three journals, they found 396 reversals. Their count is of all trials,
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not only tests of an established practice, so it is no rate to set beside her 40 per cent. What it adds
is breadth. Reversals turn up across three journals, so it is more likely that some practice in her
slides is among them. She moves up a little.

The tempting move is to cross out “60%” and write “70%”. Do not. Then the register would say
she believed 70 per cent on 12 October, which is false. Instead she adds a line.

n

o.

date claim confide

nce

(ICD

203)

grounds and their certainty what

would

change

my mind

review

3 202

6-10

-20

Revises

line 1.

Same

claim

“likely” (

70%)

As line 1, and: 396 reversals among more than

3,000 trials in three journals. Reversals are not

one journal’s quirk; still mostly drugs and

procedures

As line 1 2027-10-1

2; closes

2036-10-1

0

Notice what the number did that the word could not. The word stayed “likely”. The number
moved from 60 to 70, and it shows by how much the new evidence moved her.

Now suppose it is 31 January 2027, and line 2 can be judged. She adds the outcome as line 4, with
its date: true or false, and how many of the 20 patients read “unlikely” as more than 25 per cent.
Line 2 stays as written. The pair of lines is what the tally of stated confidence against outcome
counts.

Figures quoted in this illustration are from [259].

WHERE THIS PICTURE BREAKS.  The move from 60 to 70 per cent is her judgement of how much a
second count should move her. The register records the judgement. It does not show that the
judgement was right.

A line about an event, like line 2, closes on its date. A line about an effect, such as “this diet
lowers weight”, may never close cleanly. Judge it at its review date against the best review then
available, and say in the outcome line which review you used.

MUST KNOW POINTS FOR YOU.

Write the date and the number on every line, before you know the outcome.

Never edit a line. If your view changes, add a new dated line that names the line it re-
vises.

Word each claim so that a stranger could judge it: about what, in whom, measured how,
by when. If no result could make the line false, it is not yet a claim.

Use one named scale for the whole register, and write the number beside the word.

Write what would change your mind before anything happens. Written later, it bends to
fit what did happen.

Before a committee or a departmental meeting discusses a question, write your own
line first.

Five lines cannot tell you whether you are well calibrated.

• 

• 

• 

• 

• 

• 

• 
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A register shows what you believed and when. It does not show that you were right, or
that your grounds were sound.

When you ask residents to keep a register, review the closed lines together without
blame.

COMMON MISREADING.  “A register is a list of my opinions, so I can tidy it as my opinions
change.” That reading turns the register into a summary of what you think now. A summary is
useful, but it cannot be checked.

The register’s whole value is that its old lines are untouched. They are the only record of what
you believed before you knew the outcome. Tidy a line, and you have destroyed the one thing
the tally of stated confidence against outcome (the section on calibration) needs.

REPORTING IT.  On [date] I recorded that [claim, with who, what and by when] was
“[word]” ([number] per cent, on the [named] scale). My grounds were [kind of evidence and its
certainty]. I said I would change my mind if [result or event], and I will review it on [date].

EXERCISE 1  (retrieval). From memory, list what goes on one line of a dated belief register, in
order. Then state the one rule about changing a line, and why it exists.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A colleague shows you the first line of her register. It is made up for this
exercise.

2026-10-15. Intermittent fasting probably works. Very confident. Review: sometime next year.

Name every fault, and rewrite the line in register form. Leave a marked gap for anything you
would have to look up.

EXERCISE 3  (teaching). For a first-year resident, ten minutes with a whiteboard. She says:
“Why write my beliefs down? I know what I think.” Explain what a register does that her
memory cannot.

EXERCISE 4  (build). This book’s build: a written record of five current beliefs about your own
field, with confidence levels, dated.

Choose five beliefs you would state to a resident, a district health officer or a reporter. In-
clude at least two that will close on a date you name.

Word each as a claim someone else could judge: what, in whom, measured how, by when.

Choose one scale and name it at the top of the page. For each line, write the word and the
number.

For each, write the grounds: the kind of evidence and its certainty, from a source you have
opened. Say so where the evidence is from people unlike yours.

For each, write what would change your mind, and a review date.

Date the page. Then do not edit it. Add lines.

• 

• 
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EXERCISE 5  (design). You are asked to start registers for the six residents in your department.
Design how they will be kept and reviewed for two years, so that the lines can later be counted.
Say where the lines live, who can change what, and when they are reviewed.
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22 · Worked journey: One claim, from a belief to a dated
line: “eating breakfast helps you lose weight”

DEFINITION.  In this book, a claim’s journey is the order of work that takes one claim from
the moment you meet it to a dated line in your register, and to saying so out loud.

Sort it: hypothesis, finding or belief. Read its verb for a causal claim.

Find what it rests on, and list the explanations of that evidence besides the one claimed.

Ask the two questions of a causal claim: is there a measured difference between groups, and
is there a shown mechanism? Say which leg is weak.

Before reading the trials, set a starting confidence from the base rate of claims like it, and say
how well the reference class fits.

Read each trial for what it found and what it could not show.

Read the body of trials for its estimate and its certainty, and put the certainty into its words.

Update the starting confidence on that evidence, once, with a two-way table in natural fre-
quencies (whole counts out of 1,000, as the section on updating taught).

Write a confidence statement in its four parts: the claim, a word from a named scale with its
number, the grounds and their certainty, and what would change your mind.

Enter it as a dated line in your register.

If you taught or published the old view, change it out loud.

Say what the case does not show. [360, 3, 4, 77, 357, 287, 361, 53, 54, 362, 352, 363, 179, 364, 365,
366, 43, 367, 368, 369, 355]

IN PLAIN TERMS.  Each earlier section taught one tool. Real work uses them one after another,
on one claim.

The claim is one you have heard on a ward round and in a newspaper column: eating breakfast
helps you lose weight.

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
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Confidence that eating breakfast helps adults lose weight: 40 per cent from the base rate, 25 per cent after the trials, or
31 per cent if the trials are read as weaker evidence. The shaded band is “unlikely” on the ICD 203 scale, 20 to 45 per
cent. All three are judgements, not measurements.

This book’s GRADE-style reading of the review’s certainty, in filled circles. Randomised trials start at 4, high. One step
down for risk of bias, one for indirectness (trials of a few weeks, a claim about losing weight): 2, low. The authors did
not use GRADE.
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The update in natural frequencies, out of 1,000 claims like this one. In the row of claims whose trials come out like
these, 40 are true and 120 false: 40 of 160, 25 per cent. Read the trials as weaker, so that 90 false claims give such
trials, and it is 40 of 130, about 31 per cent. Behind the counts are judged chances of such trials: 10 in 100 if the claim is
true; 20 in 100 if it is false, or 15 in 100 on the weaker reading. They are judgements, not measured rates.

Illustration 1. Suppose a colleague’s postgraduate (PG) lecture slide on obesity prevention says,
in bold, “Never skip breakfast: eating breakfast helps you lose weight.” The slide is made up. The
claim is not; Brown and colleagues found it recommended by popular health figures, on health
websites and even by the United States Surgeon General.

Sort it. It names no study and no people, so it is not a finding. Nobody is offering it to be tested,
so it is not a hypothesis. It is a belief, stated in the voice of a finding. Now read the verb. “Helps
you lose” says that eating breakfast changes weight: it is a causal claim.

What it rests on. Brown and colleagues pooled the observational studies, which watch people as
they are. The association is firm: people who skip breakfast more often have overweight or
obesity. In Brown’s words, “this association supports the PEBO but does not show causation”.
Write the five explanations beside it, as the section on one finding with several explanations
taught. Repetition makes chance a weak explanation. Bias, a third factor and the reverse direc-
tion are not, because every one of those studies shares the same design. Only the proposed cause
is the claim.

The two legs. Ask the two questions of a causal claim. Was a difference in weight measured
between groups formed by chance? Brown found very few trials and no consistent effect. Is
there a shown mechanism? Brown again: “there is currently no clearly and consistently shown
physiologic mechanism to explain the PEBO”. Both legs are weak. In 2013 the claim was, in their
phrase, “only presumed true”.

Start from the base rate. Before you read the trials, ask how often claims of this kind hold up.
Advice to eat breakfast was an established practice, recommended for weight. The nearest meas-
ured class is established practices tested in trials. Prasad and colleagues read one journal’s dec-
ade of them.
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146 divided by 363 is about 0.402
138 divided by 363 = 0.3801652893
138 divided by (146 plus 138) = 0.4859154930

Of 363 tests of an established practice, 146 reversed it and 138 upheld it; the rest gave no clear an-
swer. A claim counts as true, for this purpose, if a trial would uphold it. A test that settled noth-
ing did not uphold it, so count it against, as the section on base rates did: about 38 per cent. On
clear answers only it would be 49; write which you used. For the table, round it: about 40 per
cent (38, rounded), odds of 2 to 3.

Two cautions go beside that number. The class is a poor fit: one American journal, and mostly
drugs and procedures, not food. And think before you move up for the observational studies.
They show an association, not a cause, so they would move you little at most. Judge, too, that
most practices in Prasad’s count already had support of this kind when they were tested; moving
up for it could count it twice. This journey leaves the start at 40 per cent and says so.

Figures quoted in this illustration are from [258].

WHERE THIS PICTURE BREAKS.  The 40 per cent is a starting point taken from a different class of
claims. A reader who moves up for the observational studies, to 50 per cent say, will end some-
where else after the same trials. Write down which start you used, and why, so that a reader can
redo the work with another.

Illustration 2. The trial. Now read the first large trial. Dhurandhar and colleagues randomly as-
signed 309 adults with overweight or obesity who were trying to lose weight, in the United States
and Denmark. One group was advised to eat breakfast, one to skip it, and one got general advice
only. Over 16 weeks the advice changed what people said they ate at breakfast. It made no de-
tectable difference to weight.

Read that without overreach, as the section on no evidence of an effect taught. The paper gives
no confidence interval for the difference between the groups. So it does not show that breakfast
has no effect on weight. It shows that this advice, in these adults, over 16 weeks, did not produce
a difference the trial could detect.

The body of trials. Then read a 2019 review that pooled the trials then published. Sievert and
colleagues (2019) found seven randomised trials of breakfast and weight, with 486 people, all in
high-income countries. Pooled, those assigned to eat breakfast ended slightly heavier. The mean
difference was 0.44 kg, favouring skipping, with a 95 per cent confidence interval of 0.07 to 0.82
kg. The interval excludes zero, and it holds only differences of under 1 kg. Follow-up averaged
seven weeks.

Now rate the certainty, as GRADE does. Randomised trials start at high, four filled circles. The
authors judged the quality of the body of evidence low. They gave two reasons: every trial was at
high or unclear risk of bias in at least one respect, and every trial was short. Take the first as risk
of bias. Take the second as indirectness: Cochrane’s handbook calls trials indirect when they an-
swer “a restricted version of the main review question”. The claim is about losing weight that
lasts; trials of a few weeks answer a restricted version.

4 minus 1 minus 1 = 2
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Two filled circles is low. The authors did not use GRADE; these steps are this book’s reading of
the two reasons they gave. Put low certainty into its words, as the section on certainty words
taught: low takes “may”. Eating breakfast may not help adults lose weight.

Figures quoted in this illustration are from [33, 167].

WHERE THIS PICTURE BREAKS.  The step count is a reading of the authors’ two reasons, not their
own GRADE table. The authors reported some inconsistency across the trials’ results; a rater
who counted it as serious would rate it very low. It is hard to see a case for rating it higher.

The 0.44 kg is an average over short trials. It is not a forecast of what one person will gain over a
year by eating breakfast.

Illustration 3. Update, once. You started at about 40 per cent (38, rounded). Now move by as
much as the trials warrant, with a two-way table in natural frequencies, as the section on updat-
ing taught: whole counts of 1,000 imagined claims like this one.

First, a trap. The 2014 trial is one of the seven trials Sievert pooled. Update on the review only. If
you update on the trial and then again on the review, you count the same adults twice.

Fill the table from three numbers. Two of them are judgements, and you must say so.

Of 1,000 claims like this, 400 are true. That is the starting 40 per cent. These are the two
columns.

If the claim were true, how often would a body of trials like this come out favouring skipping,
with an interval that excludes zero? Seldom. Judge 10 in 100.

If the claim were false, how often? More often, but far from always, because short trials with
a high risk of bias can miss or blur a difference. Judge 20 in 100. These two rates give the
rows.

400 times 0.10 = 40
600 times 0.20 = 120
40 plus 120 = 160
40 divided by 160 = 0.25

the claim is true the claim is false total

trials come out like these 40 120 160

trials do not 360 480 840

total 400 600 1,000

Take the row of claims whose trials come out like these: 160. Of them, 40 are true. Your confid-
ence moves from 40 to 25 per cent. A result like this turns up twice as often among false claims
as among true ones, 20 in 100 against 10 in 100. That is why it counts against the claim. It is low-
certainty evidence, so you judged it only twice as common, and it moves you some way, not all
the way.

Now test how much hangs on your judgement. Suppose you read the trials as weaker still, so that
a result like this would turn up only 15 times in 100 if the claim were false.

• 

• 

• 
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600 times 0.15 = 90
40 plus 90 = 130
40 divided by 130 = 0.3076923077

Then you move only from 40 to about 31 per cent. Weak evidence moves you a little. Both an-
swers say the claim is less likely than not. Neither says it is settled.

WHERE THIS PICTURE BREAKS.  The 10 in 100, 20 in 100 and 15 in 100 are judgements, not meas-
ured rates. No study has counted how often bodies of trials like this one come out this way for
true and for false claims. The table makes the judgements visible so another reader can change
them and redo the arithmetic.

A body of trials is not a laboratory test with a known catch rate. The table borrows the form of
Book 0’s two-way table, and its numbers are only as good as the judgements put into it.

Illustration 4. The confidence statement. Choose one scale and name it. The register of the sec-
tion before this one uses ICD 203, whose bands meet but do not overlap. On it, “unlikely” runs
from 20 to 45 per cent, and 25 per cent falls inside. Now write the four parts, as the section on
stating confidence taught, with the grounds in a sentence of their own.

I think it “unlikely” (about 25 per cent, on the ICD 203 scale) that eating breakfast helps adults
lose weight. Randomised trials have compared eating breakfast with skipping it in adults in high-
income countries, over seven weeks on average. The difference in weight favoured skipping break-
fast, by a mean of 0.44 kg (Sievert and colleagues, 2019). The authors judged the quality of this
evidence low. A well-run trial of a year or more, ideally in Indian adults, in which those advised
to eat breakfast lost clearly more weight would change my mind.

Give the complement too: about a 3 in 4 chance that breakfast does not help, odds of 3 to 1
against.

The register. Enter it as a new line in your own register; here it is your first. The tally that will
one day count these lines takes each claim on the side you lean to, so turn the claim round. A 25
per cent chance that breakfast helps is a 75 per cent chance that it does not. On ICD 203, “likely”
runs from 55 to 80 per cent, so 75 per cent is “likely”.
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Out loud. Your colleague taught the old view, in bold, to a room of residents, last year. First sort
it, as the section on saying “I was wrong” taught: check the dates. The 2014 trial and the 2019 re-
view were both out before her lecture, so the evidence did not move after she spoke. She over-
stated. The right instrument is a sentence to the same class, not a letter to a journal, because the
claim was made in a lecture. She has read your working and adopts it. At the next lecture she
says the four sentences of the section on changing a stated position:

In my lecture on obesity prevention last year, I told you that eating breakfast helps you lose
weight, and I said it as a fact. That went beyond the evidence even then: trials published in 2014
and 2019 did not find that adults assigned to eat breakfast lost more weight; over a few weeks they
ended slightly heavier, at low certainty. I now think it “unlikely”, about 25 per cent on the ICD
203 scale, that breakfast helps weight loss; the evidence is low certainty, short and from high-in-
come countries. I have changed the slide, and from now on I will not give breakfast as weight-loss
advice.

She adds two sentences on what was reasonable and what was not. The association is real, re-
peated in many studies, and public health authorities commonly recommended breakfast.
Teaching it as a cause was never supported by those studies, and teaching it as fact after the tri-
als was not reasonable. That is not an apology for honest work. It is “I was wrong about that”,
said with its reasons.

What the case does not show. Say these in the same breath as the conclusion.

It is about adults. Sievert’s review left out children and adolescents.

It is about high-income countries. The weight trials were from the UK and the US, and the
2014 trial also had a site in Denmark; none was from India. The authors themselves call for
studies in low- and middle-income countries, where undernutrition and obesity can sit side
by side.

It is about the short term: seven weeks on average, 16 weeks at the longest. It says nothing
about a year.

It is about weight. It says nothing about the other reasons people eat or skip breakfast.

It does not show that breakfast causes weight gain. The 0.44 kg is small, and its certainty is
low.

The 25 per cent is a judgement, built from a borrowed base rate and two judged numbers. It
is not a measurement.

Figures quoted in this illustration are from [230, 167].

WHERE THIS PICTURE BREAKS.  The lecture, the slide and the register line are made up; the trials
and their numbers are real. A lecturer who taught the old view in a paper, not a lecture, needs a
different instrument, chosen as the section on saying “I was wrong” set out.

The confidence word fits ICD 203, and the weaker reading of 31 per cent gets the same word. The
word hides the difference between the two readings; the number shows it. Write both, and name
the scale every time.
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MUST KNOW POINTS FOR YOU.

Work in order.

Set your starting confidence before you read the trials.

Count each piece of evidence once.

Never write “breakfast does not matter for weight” or “skipping breakfast makes you
thinner”.

Mark every judgement in your working as a judgement.

No trial in this review was done in India, and none lasted longer than 16 weeks.

If you taught the old view, say so to the same audience, in the four sentences.

The journey gives you a defensible number, not a true one.

COMMON MISREADING.  “So the journey proved that breakfast does not help weight loss.” It did
not. It moved one person’s confidence from 40 to 25 per cent, on low-certainty evidence from
short trials in high-income countries. That is a statement about how sure to be, with its grounds.
Three in four is not 100 per cent. A long, well-run trial could still move the number back up, and
the line says so.

REPORTING IT.  I think it “unlikely” (about 25 per cent, on the ICD 203 scale) that eating break-
fast helps adults lose weight. Randomised trials have compared eating breakfast with skipping it
in adults in high-income countries, over seven weeks on average. The difference in weight fa-
voured skipping breakfast, by a mean of 0.44 kg (Sievert and colleagues, 2019). The authors
judged the quality of this evidence low, so eating breakfast may increase weight slightly com-
pared with skipping it. A good trial of a year or more could change my mind, if those told to eat
breakfast lost clearly more weight.

EXERCISE 1  (retrieval). From memory, list the steps of a claim’s journey in order, from first
hearing the claim to what the case does not show. For each step, name the one question you ask.

Record your confidence as a percentage before turning to the answer.

EXERCISE 2  (critique). A newspaper health column reads: “New research proves skipping
breakfast is the secret to weight loss.” The column cites Sievert and colleagues’ 2019 review.
Name what the column gets wrong, using the steps of the journey, and write one sentence it
could have printed.

EXERCISE 3  (teaching). For a journalist, three minutes. She asks: “Should people skip breakfast
to lose weight?” Give her one quotable sentence, and tell her how sure you are without becoming
useless to her.

EXERCISE 4  (design). Take a claim you have heard stated with confidence in your own depart-
ment, such as on a ward round or in a lecture. Run it through the eleven steps on one sheet. End
with a register line, and, if you have taught the claim, the four sentences you will say.
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Appendix · Worked answers

1 · Three kinds of statement: a hypothesis, a finding and a belief

EXERCISE 1.  A hypothesis is a proposed explanation, stated so that a study can be designed to support or refute
it. A finding is what a particular study observed, in its own people and setting, with its uncertainty. A belief is what a
person holds to be true, held with some strength, on whatever grounds they have.

Kent’s three kinds. First, a statement of something known, as close to indisputable fact as one can come. Second, a
judgement on evidence, which the evidence makes likely but cannot make certain. Third, a judgement made almost
without evidence.

EXERCISE 2.

A belief, dressed as a finding. “Studies prove” names no study, and no study can prove. Ask:
which studies, in which children, and did they show that skipping caused the weight, or only
that the two go together?

A hypothesis. It is offered to be tested, and it names what to compare. Ask: what result would
count against it? For example, no difference in the share with overweight between the two
groups of schools.

A finding: a count from one survey, in its own students. In Kent’s terms it is close to his first
kind. Ask: who were the 412, and how were they chosen?

A belief. “Surely” carries the strength; nothing in the sentence carries grounds. Ask: what is
it resting on? Then ask what else has changed in the district at the same time.

EXERCISE 3.  Draw three columns: hypothesis, finding, belief. Ask her which column her sentence belongs in.

It is written as a finding, before there are any data. That makes it a belief: it states the answer and gives no grounds.
“Prove” makes it worse, because no study proves anything. A study supports or counts against.

Rewrite it with her as a hypothesis, something to test:

We will test whether students who skip breakfast on most days have a higher share with over-
weight than students who eat it.

Then ask her for the result that would count against it. Write that under the hypothesis.

Last, tell her what her sentence may become if the study goes well: a finding, about her students, with its uncer-
tainty. Whether it can ever show cause depends on the design. The book comes to that, and she does not need it yet.

1. 

2. 

3. 

4. 
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EXERCISE 4.  Because the evidence is circumstantial. The aircraft are military and the buildings look like other
bases, which makes the case, in Kent’s words, “say, 90 percent of the way”. It “cannot justify a flat assertion”. The
qualifier tells the listener the statement is a judgement, not a count.

For your own sentences, look for any claim that reached beyond what was counted. A typical one says what a treat-
ment does, built from studies that only watched people. Each of those was a judgement on evidence. Spoken flat, it
sounded like a fact.

2 · A hypothesis is testable: the prediction, and the result that would
count against it

EXERCISE 1.  A hypothesis is testable when a prediction follows from it: “if it is true, then this result”. Some pos-
sible result, named in advance, must count against it.

A matching result does not prove it because the argument “if the hypothesis, then the result; the result; so the hypo-
thesis” does not carry. Other explanations can predict the same result.

Accepted: taken as the best available description. Used: taken as an adequate tool for a practical job. Pursued:
thought worth developing and testing further.

EXERCISE 2.  The second sentence is the escape. Whatever a study finds, the claim survives: if skippers gain
weight, breakfast was the cause; if they do not, snacks hid the cause. No result is allowed to count against it, so it pre-
dicts nothing.

Here is a testable version. The snacks become part of the test rather than an excuse.

Adults told to skip breakfast gain more weight over 16 weeks than adults told to eat it, whatever
they eat later in the day.

Prediction: if this is true, then at 16 weeks the group told to skip has gained more weight, on average, than the group
told to eat. Result that would count against it: the groups change by about the same, or the group told to eat breakfast
gains more.

“Switches on your metabolism” is a proposed mechanism, a different claim. It needs its own test.

EXERCISE 3.  Check your four lines this way.

The hypothesis names who, what, compared with what, and over how long.

The prediction is something you could see in your data, not a feeling.

The result against it is specific enough that you would recognise it in your tables. “No differ-
ence” needs a definition: no difference in what, measured how.

Your stance is almost certainly “pursued”. If you wrote “accepted”, ask what you will do with
a result against it. If the honest answer is “explain it away”, rewrite the stance.

EXERCISE 4.  No. The trial tested a clear prediction and the prediction failed. Adults trying to lose weight who
were told to switch their breakfast habit did not lose clearly more weight than those who were not. That counts
against the idea that breakfast advice helps weight loss, in adults like these, over 16 weeks.

It did not prove that breakfast never matters. The trial was in the United States and Denmark, in adults, for 16 weeks.
The authors themselves say a very small effect could need longer to show.

Quotable sentence:

• 

• 

• 

• 
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In a 16-week trial, advice to eat or skip breakfast made no clear difference to weight loss in adults
trying to lose weight.

3 · One finding, several explanations

EXERCISE 1.  Chance, bias, a third factor, reverse direction and the proposed cause.

Repeating the same design makes chance weaker, because a pattern made by luck would come and go. It leaves
standing every rival the design shares. For observational studies these are usually a third factor, reverse direction
and any bias they have in common.

EXERCISE 2.

Chance: how many students were surveyed? A small survey can show a pattern by luck. Has
anyone else found the same?

Bias: how were students chosen, and was weight measured or self-reported? A convenience
sample, or weights that some groups under-report, can push the result one way.

A third factor: what goes with both late sleep and weight? Candidates to check include late-
night eating, screen time, hostel life and exam stress. Each is a question, not a fact.

Reverse direction: the survey measured both at one visit. Could weight, or something linked
to it, affect sleep timing?

The proposed cause: late sleep putting weight on. It stays possible.

The conclusion should read “late sleep was associated with overweight in these students”. A claim about cause needs
a design in which the order of events is known. It also needs the third factors made even between the groups.

EXERCISE 3.  A third factor: largely removed. Chance decides who is told to eat breakfast, so routines, sleep and
everything else end up spread between the groups, apart from chance differences.

Reverse direction: removed. The advice comes first and the weight change after it.

Chance: not removed. Any one trial can mislead by luck, so a single trial’s result is still a finding, and trials are re-
peated.

Bias: not removed by randomisation on its own. If weight is measured badly, or many people drop out of one group,
the trial can still be pushed one way.

The proposed cause: that is what the trial is testing.

EXERCISE 4.  Answer: no, not as worded. The studies show that people who skip breakfast more often have over-
weight. They do not show that changing breakfast changes weight, which is what the campaign would claim.

Why: every one of those studies watched people as they were. Something else that goes with eating breakfast, such
as a regular routine, could explain the pattern. Or weight could change breakfast habits rather than the reverse.
More studies of the same kind do not settle either.

What would settle it: trials in which people are assigned, by chance, to advice to eat breakfast or not, and their
weight is followed.

What to ask the note’s authors: which trials, in which people, and what they found.

• 

• 

• 

• 
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4 · Belief beyond the evidence

EXERCISE 1.  About their own results:

A biased reading of their own results.

Causal language to describe their own observational finding.

About other people’s work:

Citing another study’s result in a misleading way.

Causal language when citing another study’s association.

EXERCISE 2.  First citation. Schlundt and colleagues ran a 12-week trial in women on a weight-loss plan. It found
no main effect of breakfast on weight loss. Women who changed their usual habit, either way, lost more, and that
hint was weak (P < 0.06). The slide cites a trial for something it did not find. Brown counted this exact error: 29 of 46
papers citing the trial about weight misread it, 28 of them towards breakfast.

Second citation. In the registry, 78 per cent reported eating breakfast every day. With no comparison group, that
shows only that breakfast and kept-off weight occur together in these people. It is not even an association, because
nobody without weight loss was measured. “Causes” and “helps people keep weight off” read a cause into a descrip-
tion.

A fair slide:

Many observational studies find that people who skip breakfast more often have overweight or
obesity. This is an association. In one trial (Schlundt 1992), breakfast had no main effect on
weight loss.

EXERCISE 3.  “Co-occurring” claims only that both are present in the same people. That is all a case series with
no comparison group can show, so it is the right wording.

“Associated” claims that the two go together more than they would by chance. That needs a comparison: people
without the kept-off weight loss, to see whether they eat breakfast less often. The registry has none.

A causal statement claims that breakfast helped keep the weight off. That needs a comparison in which something
other than the people’s own habits decided who ate breakfast.

So only 29 per cent of these 72 papers matched the study’s design. Brown counts the “associated” and causal word-
ings together, 48 per cent of the citations, as claiming more than was warranted.

EXERCISE 4.  A quotable sentence: “People who skip breakfast tend to weigh more. But when a trial told people
to eat or skip it, the advice made no clear difference to how much weight they lost.”

How sure, in words: fairly sure that the link seen in surveys is real; not convinced that breakfast itself changes
weight.

Why: the link comes from many observational studies. They watch what people already do. They cannot tell whether
breakfast, or something else about people who eat it, is behind the link. The largest single trial, in adults in the
United States and Denmark trying to lose weight, found no detectable effect of the advice over 16 weeks. A 2019 re-
view of the trials, which a later section reads, points the same way.

What would change your mind: longer trials, in other groups, showing a difference.

Leave out “myth”. The evidence says the cause is unproven, not that it is disproved.

1. 
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5 · Two kinds of support for a causal claim: a difference between groups,
and a mechanism

EXERCISE 1.  The first is a difference between groups. Compare groups that differ in the exposure, and see
whether the outcome differs. It is best when chance decided the groups.

The second is a mechanism. Find evidence for each step of how the exposure leads to the outcome.

A claim cannot do without the first. With a mechanism alone, however good, it stays a hypothesis.

The third kind is parallel evidence: other studies that find the same thing.

EXERCISE 2.  The slide offers a mechanism. Its chain runs from eating late, to a change in how the body handles
food at night, to more fat stored, to weight. Each link is a claim that needs its own evidence, and the slide gives none
for any of them.

It leaves out any difference between groups. Do people who eat dinner late gain more weight than people who eat
early? If they do, ask how that was found. In an observational comparison, late eaters may differ in sleep, shift work
or income. In a trial, chance decides the timing.

An honest slide: “Eating late may change how the body handles food. Whether it changes weight has to be shown by
comparing groups. That is a hypothesis to test, not yet a finding.”

EXERCISE 3.  One sound design. Adults who agree to take part are split by a chance process, such as sealed
numbered envelopes, into two groups. One group is asked to finish dinner by an early set time, the other to eat it late,
with no other change to advice. Weight is measured at the start and after several months, by staff who do not know
the group.

Chance deciding the group is the point: it spreads sleep, work hours and habits between the groups by chance, not
by choice.

Ways it could still mislead (any one):

People may not follow the timing. Record whether they did.

People may eat more or less overall when told to change the timing. Then a difference in
weight could come from the amount, not the timing.

A short trial may miss a slow effect. The breakfast trial’s own authors named its 16 weeks as a
limit.

A small trial can be unbalanced by bad luck. Check the groups’ starting values.

EXERCISE 4.  Draw two columns: “difference between groups” and “mechanism”.

Under mechanism, write his chain: breakfast, less hunger, less at lunch, less over the day, lower weight. Then mark
the links. Less at lunch: some short studies support it. Less over the whole day: none of the studies Brown and col-
leagues collected showed it, and two found more. The chain breaks at that link.

Under difference between groups, write two lines. Observational studies: breakfast skippers more often have over-
weight or obesity, but skippers may differ in other ways. The 2014 trial, where chance decided the advice: no detect-
able difference in weight over 16 weeks.

Then ask him which leg is weak. Both. His sentence is a hypothesis, and a fair one to test. It is not something to tell
patients as fact.

• 

• 
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6 · Why evidence comes in strengths

EXERCISE 1.  Design: were the groups made by chance, or watched as they came?

Risk of bias: do flaws in how the studies were run tilt the answer?

Inconsistency: do the studies disagree, with no reason found?

Indirectness: do they answer a nearby question? Other people, another form of the treatment, another comparison,
or a stand-in outcome all count.

Imprecision: were there few people or few events, so the range is wide?

Publication bias: are studies missing because nobody published them?

The two that can raise trust: a large effect, and an effect that grows with the dose.

No amount makes a conclusion certain. Evidence goes from some cases to a general claim, and new facts can always
change what we know.

EXERCISE 2.  “Published in leading journals” says nothing about strength. Strength belongs to the body of evid-
ence for one outcome.

“20 studies agree” answers only the inconsistency question. Twenty studies with the same design can share the same
weakness. If they are observational, the people chose whether to skip breakfast. Whatever led them to skip it could
also affect their weight, so agreement does not remove the third factor.

“Causes” is a claim about cause, and observational studies alone cannot carry it far.

“Obesity” is the outcome, but measured how, in whom, and over what time? That is the indirectness question.

The slide is silent on the rest: risk of bias, imprecision, and whether studies that found nothing went unpublished.

Before you could judge it, the slide would need five things. The design of the studies. The outcome and how it was
measured. The people studied, and where. The size of the effect, with its range. The main flaws. Then a word for how
strong the evidence is, with the reason.

EXERCISE 3.  No study proves a thing like this. A study shows what happened in some people; the claim is about
people in general, and that step is never certain. The useful question is how strong the evidence is.

Then ask her what the study was. Did the researchers decide who ate late, by chance, and compare the groups? Or
did they watch people who already ate late? If they watched, the people who eat late may differ in other ways, such as
their work hours or their sleep. Those could explain the weight.

How many people, and how big was the difference? Is it one study, or do others agree? Who were they, and where? A
result from one country’s night-shift workers may not hold for students in Raipur.

The sentence to quote: “One study is a clue, not proof. How far to trust it depends on how it was done, and on wheth-
er other studies find the same.”

Until you have read the study, that is all you can honestly say.

7 · GRADE certainty: four levels, where you start, and moving down or up

EXERCISE 1.  High: the true effect lies close to the estimate. Moderate: it is likely to be close, but may be far off.
Low: it may be far off. Very low: it is likely to be far off.

Randomised trials start at high; observational studies start at low.

Down: risk of bias, inconsistency, indirectness, imprecision, publication bias. Each moves the rating down one level
if serious and two if very serious. Usually the total is three at most, and nothing goes below very low.
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Up, mostly for observational evidence, there are three reasons. A large effect gives one level, and a very large effect
two. A dose-response gradient gives one. All plausible bias working against the result gives one.

EXERCISE 2.  Randomised trials start at high. Two reasons, each costing one level:

4 minus 1 minus 1 = 2

That is low, as the abstract says.

A sentence for the officer: “The trials suggest the programme lowers weight over 8 weeks, but we are not very sure of
it. The true effect may be quite different. The trials had flaws, and they were all in adults in rich countries, followed
for only 8 weeks.”

The rating would rise if trials with fewer flaws were done. It would also rise if trials followed people for longer, in
people like those the officer serves. Each would remove a step down. The rating cannot rise for these trials by rating
up: GRADE has not found a convincing case for rating up randomised trials.

EXERCISE 3.  Draw a ladder of four rungs: high, moderate, low, very low. Write the circles beside them: four
filled for high, down to one for very low. Tell her the circles count rungs, nothing more.

Draw two starting points: randomised trials at the top rung, observational studies at the second from the bottom.
Ask her why. Chance made the groups in a trial, so a third factor is less likely to explain the result.

Draw five arrows down: risk of bias, inconsistency, indirectness, imprecision, publication bias. One rung for a seri-
ous problem, two for a very serious one. Nothing below the bottom rung.

Draw three short arrows up, beside the observational start only: a large effect, a dose-response gradient, and bias
that all pushes against the result.

Then her table: “⊕⊕◯◯ low” from trials means two rungs were lost. Send her to the footnotes to find which two.
Finish with what low means: the true effect may be substantially different from the estimate, larger or smaller.

1. A serious reason costs one level; a very serious reason costs two.

4 minus 1 minus 2 = 1

Level 1 is very low.

2.

part (a): 2 plus 1 = 3
part (b): 2 minus 1 = 1
part (c): 2 minus 2 minus 1 = -1

Part (a) ends at moderate and part (b) at very low. In part (c) the count falls below 1, but nothing goes below very
low, so the rating stops at very low.

3.

part (a): 4 minus 2 = 2
part (b): 4 minus 2 = 2
part (c): 4 minus 1 = 3

In part (a), two levels down: two serious reasons, or one very serious one.

In part (b), two levels up: a very large effect alone, or two one-level reasons together.

In part (c), three levels down. One reason can cost at most two levels, so one reason is not enough. Two reasons can
do it: one very serious (two levels) and one serious (one level).
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4. The studies are observational, so the rating starts at low.

Over-reporting would make a link appear where there is none. Every plausible bias here would have produced a link,
and still none was found. That is GRADE’s third reason to rate up: all plausible bias works against the result.

2 plus 1 = 3

Moderate. The Cochrane chapter calls this “moderate, or even high certainty” evidence against a causal link at typic-
al doses. It does not show that metformin is safe at every dose, or for every other harm.

5. Compare each number with the thresholds: below 0.5 for large, below 0.2 for very large.

value below 0.5? below 0.2?

estimate 0.31 yes no

lower end 0.26 yes no

upper end 0.37 yes no

The whole interval lies below 0.5, so the effect is large even at the end nearest no effect. No part of it reaches below
0.2, so it is not very large. Rate up one level.

2 plus 1 = 3

Moderate, for the outcome head injury. The Cochrane chapter reaches the same rating. One caution: the GRADE
Handbook writes these thresholds for risk ratios and says they cannot always be applied to an odds ratio. It suggests
converting an odds ratio to a risk ratio first. Cochrane applies them here directly.

6.

part (a): 2 plus 1 plus 1 = 4
part (b): 4 minus 1 minus 2 = 1
part (c): 2 minus 1 minus 1 = 0

In part (a), adding back the two one-level steps gives 4: the rating started at high, the start for randomised trials.

In part (b), very low. One rater’s “serious” against another’s “very serious” is the difference of a level, which is why
GRADE asks for the reason in a footnote.

In part (c), the count falls below 1, so the row would stop at very low, not low.

7. The start broke. Observational studies start at low, not high.

2 minus 1 = 1

The rating is very low.

Why the wrong start looks reasonable: with the newer ROBINS-I tool, non-randomised studies may start at high. But
they are then generally rated down two levels for having no randomisation, and the colleague left that out.

4 minus 2 minus 1 = 1

Either way, the evidence ends at very low.

8. The step up for a large effect is the one that breaks. It needs the absence of plausible confounders. The Cochrane
chapter discusses this very case and says that residual confounding, a third factor the studies could not fully re-
move, is likely here. A second reason: the estimate, 2.19, is above 2, but the interval runs down to 1.64, appreciably
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below 2. There, the chapter says, some would hesitate to rate up. And GRADE says to rate up only rarely when a seri-
ous limitation is present.

The step for the gradient holds: the risk ratio rises from 1.33 to 2.19 as the dose rises.

2 plus 1 = 3

A rater who takes the gradient alone ends at moderate. A rater who also takes the large effect must defend it against
the interval.

Why the wrong answer looks reasonable: 2.19 really is above 2, and the rule is often quoted without its caution about
the interval.

9. Find the average size of a study.

1432 divided by 14 is about 102.3

About 100 patients a study: many small studies, most with heavy sponsor involvement. The Cochrane chapter gives
this as the typical picture that may raise a suspicion of publication bias. Small studies that found nothing may never
have been published.

So a rater may lower the rating one level for suspected publication bias. If the studies were trials, the best this evid-
ence could then reach is moderate, before the other four reasons are even checked.

4 minus 1 = 3

A strong suspicion could cost two levels: low.

What the claim does not establish. “Meta-analysis” names a way of pooling studies, not a level of certainty, and pool-
ing cannot bring back studies that were never published. The suspicion is a suspicion: it does not prove that unpub-
lished studies exist. And nothing here says how large the benefit really is.

10. Rate the experience, not the opinion. Every patient got the plan, and there is no comparison group. That is an un-
controlled case series, an observational design, so it starts at low.

Then risk of bias. With no comparison, weight could have changed for other reasons. Memory may keep the patients
who did well and lose those who did not come back. Rate down one level.

2 minus 1 = 1

Very low. Balshem and colleagues rate a clinician’s report of his own experience the same way.

“Hundreds” does not help. A larger case series is still a case series: more patients shrink the chance error, not the
bias.

What the rating does not establish. Very low certainty does not show that the plan fails. It shows that this experience
cannot tell whether it works. A trial that compared the plan with usual care could.

APPENDIX · WORKED ANSWERS

189



8 · Certainty of the evidence is not the strength of a recommendation, and
certainty has words

EXERCISE 1.  High certainty: no hedge, a plain verb such as “reduces”. Moderate: “probably” or “likely”. Low:
“may”, or “The evidence suggests”. Very low: “The evidence is very uncertain about the effect of X on outcome”.

Four things set the strength of a recommendation. The first is the certainty of the evidence. The second is the bal-
ance of good effects against bad ones. The third is what the people affected value. The fourth is whether the action is
a wise use of money and staff.

EXERCISE 2.  (a) Moderate certainty: the word is “probably”. The size is not marked as large or slight, so it is a
moderate effect in Cochrane’s terms.

(b) High certainty: there is no hedge. The size is small but important: “slightly”.

(c) Very low certainty. At this level the sentence makes no claim about size at all.

(d) Low certainty: the word is “may”. The size is trivial or none: “little to no difference”. Note that (b) is more certain
than (a), although its effect is smaller.

EXERCISE 3.  There are three faults.

First, the verb. “Reduces”, with no hedge, is the wording for high certainty. The review rated the evidence low, so the
sentence should say “may reduce”.

Second, the jump from review to recommendation. A systematic review rates certainty. It does not recommend; Co-
chrane asks review authors not to.

Third, the strength. Low certainty alone does not decide that a recommendation is weak, and the slide gives no other
reason why it should be strong. A strong recommendation on low certainty needs a clear balance, with much to gain
and little to lose. The slide says nothing about harms, about what people value, or about the cost to a district.

Rewritten: “Low-certainty evidence suggests that the programme may reduce readmissions.”

EXERCISE 4.  Answer: not necessarily. It can be the right call, and the guideline should say why.

Certainty and strength answer different questions. Certainty says how sure we are of what the action does. Strength
says how confident the panel is that the good outweighs the bad, for the people it is meant for. Strength also depends
on harms, on what people value and on cost.

A strong recommendation on low certainty is reasonable when the balance is clear even with the uncertainty.
GRADE’s own example is giving antibiotics fast in severe infection. No trial has tested it, yet the benefit so clearly
outweighs the downside that panels would very likely recommend it strongly.

So ask the guideline two things. Which input made the recommendation strong? And does that input hold in our
state: the same harms, the same costs, the same capacity to deliver?

9 · No evidence of an effect is not evidence of no effect

EXERCISE 1.  “No evidence of an effect” means the study did not find a clear difference. It may have been too
small to see one. “Evidence of no effect” means the data rule out any difference that would matter. They are different
statements.

The two marks are zero, no difference, and the smallest difference that matters, fixed before you see the result.

Then the four cases.

Zero is outside, and big differences are inside: a difference that may matter, or does.• 
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Zero is outside, and only small differences are inside: a real difference, too small to matter.

Zero is inside, and big differences are inside too: the study cannot tell.

Zero is inside, and only small differences are inside: little or no difference.

EXERCISE 2.  (a) Zero is outside, and the interval reaches past 2. Evidence of a difference, which may matter: the
true value could be under 2 or over it.

(b) Zero is inside, and the interval reaches past 2 on one side and past −2 on the other. Absence of evidence: the data
allow a real benefit, a real harm or nothing.

(c) Zero is inside, and the whole interval lies between −2 and 2. Evidence of little or no difference. This is the only one
of the five that supports that statement.

(d) Zero is outside, but the whole interval lies below 2. A real difference, too small to matter.

(e) Zero is outside, and the whole interval lies above 2. Evidence of a difference that matters.

EXERCISE 3.  The trial found no detectable difference in weight between the advice groups. With P = 0.77 and no
confidence interval reported for the difference, it cannot show that there is no effect. Rewritten: “In a 16-week trial of
309 adults trying to lose weight, advice to eat or skip breakfast made no detectable difference to weight.”

The second sentence jumps from one trial to a recommendation. One trial’s absence of evidence is not enough. The
pooled trials found a small difference that favoured skipping. Their authors judged the trials mostly of low quality,
so the better summary is that eating breakfast may not help weight loss. And what to tell patients is a recommenda-
tion, which also weighs harms, what people value and cost, as the previous section showed.

EXERCISE 4.  Quotable sentence: “That trial could not detect an effect of breakfast advice on weight over 16
weeks. That is not the same as showing breakfast has no effect.”

Then the rest. The trial was large for its field, and it found no sign that telling adults to eat breakfast helps them lose
weight over 16 weeks. It reported no confidence interval for the difference, so it cannot rule out a small effect. When
the randomised trials are pooled, the difference slightly favours skipping, but those trials were short and mostly of
low quality. So: breakfast advice may not help weight loss, and nobody should promise that it does. Whether to eat
breakfast for other reasons is a different question.

10 · Confidence as a probability: putting a number on how sure you are of
one claim

EXERCISE 1.  A degree of belief is a number from 0 to 1. It says how strongly one person holds one claim to be
true, given what they know. Book 0’s probability is a long-run frequency: how often an outcome turns up when a
chance process is repeated many times. A one-off claim has no long run, so a number on it is a degree of belief. Both
obey the same arithmetic.

80 per cent is 0.8, a chance of 4 in 5, and odds of 4 to 1 (0.8 divided by 0.2 = 4).

A stated 50 per cent says the speaker leans neither way: odds of 1 to 1. It does not say they are fairly sure. Nor does it
say whether the 50 comes from evidence that points both ways, or from no evidence at all.

EXERCISE 2.  What is right: Book 0’s frequency reading describes a group or a repeated process. Read that way, a
probability says nothing about one person, and a one-off claim such as “this trial’s result will hold up” has no long
run to count.

The flaw: the colleague assumes the frequency reading is the only one. “70 per cent sure” uses the other reading, a
degree of belief. It describes how strongly the speaker believes, given what they know. It is not a rate in a group of
people. The Stanford Encyclopedia of Philosophy calls this the subjective reading, in which probabilities are “degrees of
confidence”. The arithmetic is the same. Being 70 per cent sure it holds is being 30 per cent sure it does not, odds of 7
to 3.

• 

• 

• 
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The useful reply is to say which reading you meant. Then add that the number is a commitment. It can be checked
across many such claims, though not by this one trial alone.

EXERCISE 3.  Write the three forms on the board.

75 divided by 100 = 0.75
1 minus 0.75 = 0.25
0.75 divided by 0.25 = 3

You are 75 per cent sure it is this diagnosis, so 25 per cent sure it is not. That is a chance of 3 in 4, and odds of 3 to 1
that it is this diagnosis. Check by going back: 3 divided by (3 plus 1) is 0.75.

Now turn the odds round: 1 to 3 that it is this diagnosis, or “3 to 1 against”. If you say “3 to 1” to a colleague without
saying which side, they may hear 25 per cent where you meant 75. So say the side first: “3 to 1 that it is this”, or say
“75 per cent” instead.

Last, say what the 75 per cent is. It is your degree of belief, given what you have found so far. It is not a rate measured
in patients like this one, and it should move when the next test comes back.

1.

90 divided by 100 = 0.9
25 divided by 100 = 0.25
60 divided by 100 = 0.6
5 divided by 100 = 0.05

0.9 is 9 in 10. 0.25 is 1 in 4. 0.6 is 3 in 5. 0.05 is 1 in 20.

2.

1 minus 0.85 = 0.15
1 minus 0.3 = 0.7
1 minus 0.5 = 0.5
1 minus 0.99 = 0.01

3.

0.75 divided by 0.25 = 3
0.2 divided by 0.8 = 0.25
0.9 divided by 0.1 = 9
0.6 divided by 0.4 = 1.5

0.75 is 3 to 1.

0.2 is 0.25 to 1, which is 1 to 4.

0.9 is 9 to 1.

0.6 is 1.5 to 1, which is 3 to 2.

4. Add the two sides to get all the chances, then divide the claim’s side by that total.

3 divided by (3 plus 2) = 0.6
1 divided by (1 plus 9) = 0.1
7 divided by (7 plus 3) = 0.7
1 divided by (1 plus 1) = 0.5
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60 per cent, 10 per cent, 70 per cent and 50 per cent.

5. His side comes first: 65 for an attack, 35 against.

65 divided by (65 plus 35) = 0.65
1 minus 0.65 = 0.35
65 divided by 5 = 13
35 divided by 5 = 7

He was 65 per cent sure there would be an attack and 35 per cent sure there would not. In the smallest whole num-
bers his odds were 13 to 7 for an attack. Because his two sides add to 100, each side is already a per cent.

6.

20 divided by 100 = 0.2
1 minus 0.2 = 0.8
0.2 divided by 0.8 = 0.25

The event fails to happen with a chance of 0.8, or 80 in 100. The odds that it happens are 0.25 to 1, which is 1 to 4. The
odds against it are 4 to 1.

The 20 per cent is the review’s proposed meaning for the word, not a measured rate of any event.

7.

20 divided by (20 plus 80) = 0.2
80 divided by (80 plus 20) = 0.8
20 divided by 80 = 0.25
80 divided by 20 = 4
4 divided by 0.25 = 16

The low member was 20 per cent sure of an attack, odds of 1 to 4. The high member was 80 per cent sure, odds of 4 to
1. The high member’s odds were 16 times the low member’s.

In per cent, the gap looks like 60 points. In odds, it is a factor of 16. Both describe the same two men, who had agreed
on one phrase.

8. The first step broke. The 30 per cent was for “false”, and the writer used it as the degree of belief that the claim is
true. Take the complement first.

1 minus 0.3 = 0.7
0.7 divided by 0.3 is about 2.33
7 divided by (7 plus 3) = 0.7

The writer is 70 per cent sure the claim is true. The odds that it is true are 7 to 3, not 3 to 7.

Why it looks reasonable: the division is correct, and 3 to 7 does go with 30 per cent. It just belongs to the other side of
the claim. Naming the side before each number prevents it.

9. The first line broke. “1 in 4” is already a chance, not odds. It counts 1 out of all 4.

1 divided by 4 = 0.25
0.25 divided by (1 minus 0.25) is about 0.333

The chance is 25 per cent, and the odds are 1 to 3: one for, three against. The worked answer turned a 25 per cent
chance into 20 per cent by reading “in” as “to”.
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Why it looks reasonable: both forms use the same two numbers, and even a published review lists “odds (one in
three)” among its formats. Read the joining word before you convert.

10. Compute the odds.

0.5 divided by (1 minus 0.5) = 1

Fifty-fifty is odds of 1 to 1. The consultant leans neither way.

What it does not establish. It does not say the evidence is evenly balanced. A 50 can come from many studies point-
ing both ways, or from no studies at all, and the number looks the same. The IPCC’s guidance for its authors says its
middle phrase “should not be used to express a lack of knowledge” for exactly this reason. Ask the consultant: “Is
that because the studies disagree, or because there are none?” It also says nothing about how large a fall in referrals
might be, if there is one.

11. Turn the odds into a degree of belief.

3 divided by (3 plus 1) = 0.75
1 minus 0.75 = 0.25

Odds of 3 to 1 are a degree of belief of 75 per cent that the claim is true. That leaves 25 per cent that it is false.

What it does not establish. First, the “three” in the odds is not a size of effect. Odds of 3 to 1 say how sure the experts
are that skipping causes some weight gain. They say nothing about how much; “three times as much weight” mis-
reads a confidence as a quantity. Second, it is a degree of belief, so ask whose: which experts, and on what evidence?
Third, 75 per cent also means a 1 in 4 chance, on the experts’ own number, that skipping breakfast causes no gain at
all.

11 · The same word read as different numbers

EXERCISE 1.  A US intelligence estimate called an attack on Yugoslavia “a serious possibility”. Kent meant odds
of about 65 to 35 for an attack; the reader who asked him had taken the phrase to mean much lower odds. The board
members who agreed on the phrase had held a wide range of odds. They ran from about 20 to 80 to about 80 to 20:
from 20 to 80 per cent.

One measured finding will do. Wintle and colleagues tested 924 people. Readers shown no numbers gave ranges that
overlapped the intended ranges by only 32 per cent on average. Another: readers disagreed more about “unlikely”
than about “likely”.

What readers agree on: the order of the words. “Very likely” is above “likely”, above “possible”, above “unlikely”.

EXERCISE 2.  What they show: the two groups read “possible” differently. The mothers’ central figure is 62 per
cent and the doctors’ is 46, a gap of 16 percentage points (62 minus 46). The lower and upper figures sit 34 points
apart for the mothers (79 minus 45) and 38 for the doctors (65 minus 27). For the mothers, “possible” sat above an
even chance; for the doctors, just below it.

What they do not show. They do not show what any one mother or doctor meant. They do not show how people read
the word now, or in India, or in another language. Nor do they show whether the gap changed anyone’s decision. It is
one small UK study from 1990, in a review its author calls generally low in quality. It also does not tell you what “pos-
sible” should mean. That is a matter of fixing a scale, which is the next section’s subject.
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EXERCISE 3.  The flaw: “serious possibility” carries no number. Kent’s board agreed on that very phrase while
holding anything from 20 to 80 per cent. The planning staff who read it took it as lower odds than the writer meant.
The officer will fund or not fund on a number she has chosen herself.

The rewrite asks the writer for the number and puts it in. Suppose the writer’s degree of belief is 30 per cent. Then:
“We judge the chance at about 30 per cent, roughly 1 in 3, that the programme will reduce overweight among the
children screened.” The writer should also say why, which later sections teach. If the writer has no evidence either
way, the rewrite says so in words rather than in a phrase that sounds like a judgement.

EXERCISE 4.  It is clear about direction. It is not clear about size. Ask people to put a number on “unlikely” and
different people give very different answers. In one British study, mothers read it as about 27 in 100, and doctors as
about 16 in 100. In a large online study, people disagreed more about “unlikely” than about “likely”. Everyone agrees
that “unlikely” is less than “likely”; they do not agree on how much less.

So when a decision depends on it, ask for the number: “How many in 100 people like me get this side effect?”

The sentence to quote: “‘Unlikely’ tells you the side effect is less likely than not; only a number tells you how un-
likely.”

12 · Calibrated scales: fixing what the words mean, and putting the
number beside the word

EXERCISE 1.  “Likely” is 66 to 100 per cent on the IPCC scale and 55 to 80 per cent on ICD 203. The IPCC’s ranges
overlap; ICD 203’s run end to end.

With the range in brackets, readers’ ranges overlapped the intended ones by 66 per cent on average, against 32 per
cent with no range shown. A link to the table or a box under the mouse did little better than nothing.

Choose one scale. Name it the first time. Print the range, or your own number, in brackets beside the word every
time.

EXERCISE 2.  Three faults.

First, no scale is named. “Very likely” is 80 to 95 per cent on ICD 203 and 90 to 100 per cent on the IPCC scale. Kent’s
chart has no “very likely” at all. The reader has to guess.

Second, “with high confidence” mixes two scales in one sentence. On the IPCC’s terms, high confidence is a judge-
ment of the evidence and agreement, not a probability. ICD 203 forbids putting a confidence level and a likelihood in
the same sentence, “to avoid confusion”.

Third, the sentence gives no number the reader can hold the writer to.

A rewrite with one scale and the grounds in their own sentence:

We judge it “likely” (55 to 80 per cent, on the scale of US Intelligence Community Directive 203)
that the programme would work as well in other districts. We studied one district, so this rests on
our judgement of how alike the districts are, not on a test in them.

The writer may have meant a different number. The point of the rewrite is that the number is now on the page,
where an examiner can ask about it.

EXERCISE 3.  Answer: adopt one published word scale for all department reports, and print the number in
brackets beside every probability word.

Why. A word like “likely” carries no fixed number. Readers turn it into very different numbers, which is how two dis-
tricts read one report two ways. Published scales fix this on paper, but readers seldom look up a table. In a large on-
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line experiment, printing the range beside the word roughly doubled the overlap of readers’ ranges with the inten-
ded ones. It was 66 per cent against 32. Showing the table one click away barely helped.

Which scale. Two published scales are easy to borrow and they disagree. The US intelligence directive, ICD 203, has
seven bands that do not overlap: “likely” is 55 to 80 per cent. The climate panel’s scale (IPCC) has overlapping bands:
“likely” is 66 to 100. Either can work. ICD 203 is easier, because each number has one word.

What it costs. One page of instructions, and a line in each report naming the scale. No new staff.

What it does not do. It does not make the department’s judgements more accurate. It makes them readable, and so
open to checking later.

1. The band runs from the centre minus the margin to the centre plus the margin.

60 minus 15 = 45 and 60 plus 15 = 75
85 minus 5 = 80 and 85 plus 5 = 90
10 minus 8 = 2 and 10 plus 8 = 18
45 minus 20 = 25 and 45 plus 20 = 65

45 to 75; 80 to 90; 2 to 18; 25 to 65.

2. Find the band whose lowest number is at or below the value and whose highest is above it.

number band letter

12 5 to 20 B

50 45 to 55 D

72 55 to 80 E

88 80 to 95 F

97 95 to 99 G

30 20 to 45 C

3. The shared part starts at the larger of the two lowest numbers and stops at the smaller of the two highest. If the
start is above the stop, the ranges share nothing.

55 to 80 and 66 to 100: from 66 to 80, and 80 minus 66 = 14
20 to 45 and 0 to 33: from 20 to 33, and 33 minus 20 = 13
40 to 60 and 45 to 55: from 45 to 55, and 55 minus 45 = 10
63 to 87 and 80 to 95: from 80 to 87, and 87 minus 80 = 7
2 to 12 and 20 to 40: start 20, stop 12, nothing shared

4. Kent’s bands are 2 to 12, 20 to 40, 40 to 60, 63 to 87 and 87 to 99. ICD 203’s are 1 to 5, 5 to 20, 20 to 45, 45 to 55, 55 to 80,
80 to 95 and 95 to 99. On the IPCC scale, give the narrowest range that holds the number.

belief (%) Kent IPCC ICD 203

70 probable (63 to 87) likely (66 to 100) likely (55 to 80)

85 probable (63 to 87) likely (66 to 100) very likely (80 to 95)

58 chances about even (40 to 60) about as likely as not (33 to 66) likely (55 to 80)

85 per cent is not “very likely” on the IPCC scale, which starts at 90. Only 70 per cent gets the same kind of word on
all three.
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5.

shared part: from 66 to 80
80 minus 66 = 14
width of ICD 203’s band: 80 minus 55 = 25
width of the IPCC’s band: 100 minus 66 = 34
14 divided by 25 = 0.56
14 divided by 34 is about 0.41

Only 66 to 80 per cent is “likely” on both. That is 56 per cent of ICD 203’s band and 41 per cent of the IPCC’s. A reader
who knows only ICD 203 will misread most of the IPCC’s “likely” (80 to 100 is 20 of its 34 points). One who knows only
the IPCC will misread 55 to 66, nearly half of ICD 203’s.

This is not Wintle’s overlap, which divides by the whole stretch: 14 divided by 45 is about 0.31.

6.

44 minus 32 = 12
49 minus 32 = 17
66 minus 32 = 34
12 divided by 34 is about 0.35
17 divided by 34 = 0.5

Readers who used the link or the box gained 12 and 17 points. That is a third to a half of the 34 points from brackets.
So the brackets’ lead is not only that some readers never clicked: even readers who looked did less well.

7. The first line broke. It matched the word, not the number. On the IPCC scale “very likely” is 90 to 100 per cent. Find
where that range falls on ICD 203.

90 to 95 falls in ICD 203’s “very likely”, 80 to 95
95 to 99 falls in ICD 203’s “almost certain”, 95 to 99
99 to 100 has no word on ICD 203

So no single ICD 203 word fits. Write the number: “90 to 100 per cent (IPCC: very likely)”. The answer as given lowers
the claim, letting in 80 to 90 per cent, which the IPCC authors had ruled out.

Why it looks reasonable: the two scales use the same words, so a word looks like a fixed thing that can be carried
across.

8. The second line broke. On the IPCC scale the ranges overlap. “Likely” runs from 66 to 100, and “very likely” from
90 to 100. So 95 is both “likely” and “very likely”.

It is not “virtually certain”, which needs 99 to 100.

95 is at or above 90, so it is very likely
95 is below 99, so it is not virtually certain

The right word is “very likely (90 to 100 per cent)”, the narrowest of the seven main terms that holds 95.

Why it looks reasonable: on Kent’s chart and on ICD 203 each word stops where the next begins. Wintle’s team notes
that readers expect the same of the IPCC scale.

9. Compute the range of numbers a reader could take from “very likely”, scale by scale.
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ICD 203 “very likely”: 80 to 95
IPCC “very likely”: 90 to 100
Hashim’s proposal “very likely”: 80 to 95
lowest reading: 80, highest reading: 100
100 minus 80 = 20

Kent’s chart has no “very likely”. It lists “highly likely” under “almost certain”, 87 to 99. So a reader could take any-
thing from 80 to 100 per cent, a spread of 20 percentage points. The report gives no way to say which.

What the sentence does not establish. It gives no grounds: no study, no past result, nothing to judge the “very likely”
by. Even with a scale named, the number would be the writer’s judgement, not a measured chance. And “halve” is a
separate claim about size. A scheme can very likely cut sales by some amount and still be unlikely to halve them.

A fair rewrite asks the writer for a number and a scale, and for the grounds in a second sentence.

10. Find the “doubles”. Wintle’s average overlap was 66 per cent with the range in brackets and 32 per cent with none.
The paper also measured how often readers’ best single number fell inside the intended range. It was 59 per cent
with none and 82 per cent with brackets.

66 divided by 32 is about 2.06
82 divided by 59 is about 1.39

On the overlap measure the gain is about two times. On the best-number measure it is about 1.4 times. “Doubles”
holds for one of the two measures the paper used.

What the claim does not establish. The study measured how far readers’ ranges matched one scale’s ranges, ICD
203’s. That is not how well they understood a risk, or whether they made better decisions. The readers were mem-
bers of the public, mostly in Australia, reading sentences from intelligence reports. The result says nothing yet about
patients reading a consent form in India. And “putting a number beside the word” meant the scale’s range, not any
number.

13 · Stating how confident you are, and saying why

EXERCISE 1.  The claim, worded so it could be shown false. The confidence, as a word from a named scale with
its number. The grounds: the kind of evidence and, where rated, its certainty. What would change it: a finding that
could turn up, and which way it would move the number.

The IPCC calls the description of the grounds a traceable account.

A claim about an effect is about the average in a group. One patient may or may not have the outcome whatever the
average does, because people in a group respond differently. For one patient, start from the frequency in people like
them.

EXERCISE 2.  The claim is loose. Reduce obesity in whom, by how much, compared with what, by when? As
written, almost any result could be read as success.

The confidence is 100 per cent, which says no study could change it. Nothing that rests on evidence earns that, and
no scale is named.

There are no grounds. “Everyone agrees” is not evidence about yoga and weight. A team that agrees may only have
converged on one view in the room.

Nothing is said about what would change their minds.

A rewrite, with blanks for what is not known:
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We judge it ____ (about ____ per cent, ICD 203 scale) that adults who join the programme will
have a lower average weight after 12 months than similar adults who do not. Our grounds are
____ (the kind of study, and its certainty if rated). A trial in our district that found no difference
at 12 months would lower our number.

If the team has no study at all to put in the blank, the honest number is low, and the honest grounds sentence says
“none yet”.

EXERCISE 3.  Start with what the trials saw: a small drop, from about 11 children in 100 to about 9. Then the
range: the true effect could be a drop of about 5 in 100, or a rise of about 2. So the trials cannot tell a small benefit
from none, or even from slight harm. Then why: few children had diarrhoea, and the trials had flaws, so the evid-
ence is weak.

Give your number, and say it is yours. For example: “I’d put it at a bit better than even, perhaps 6 in 10, that it helps at
all” (about 60 per cent; “likely” on ICD 203 would start at 55). Someone could reasonably say evens. What would
change it: a bigger, better trial in older children.

The sentence to quote: “For older children the trials are too small and too flawed to say; probiotics might help a little,
or not at all.”

Well judged: the evidence is weak, and the sentence says so without becoming useless to her.

14 · The base rate: how often claims like this one hold up

EXERCISE 1.  A base rate is how often claims of one kind have turned out true when they were tested. The refer-
ence class is the group of past claims, alike in what matters, that you count the present claim among. The base rate of
that class is your starting confidence.

In the New England Journal of Medicine from 2001 to 2010, 363 articles tested an established practice. Of these, 146
(40.2 per cent) reversed it. Another 138 upheld it, and 79 gave no clear answer. The group is practices tested again
and published in one leading journal, not medicine as a whole.

EXERCISE 2.  The flaw: the confidence comes from how established the practice is, and being established is not
evidence that it works. Established practices that were tested again were often found no better: 146 of 363 such tests
in one leading journal reversed the practice. From that class, a fairer start is about 38 to 49 per cent that a tested
practice holds up, not 99. Which end depends on whether you count the tests that settled nothing.

What to ask for: has this practice been tested against a lesser or earlier standard, in a trial? If yes, what did the trial
find? If no, say that its standing rests on use, not on a test. Do not call the practice wrong either: the base rate is only
where judgement starts.

EXERCISE 3.  The quotable sentence: “When doctors test a treatment they already use, it often turns out no bet-
ter than the simpler option. In one leading journal, it was about four times in ten.”

Then the number with its group. In one leading journal, 363 articles over ten years tested a treatment doctors
already used. In 146 of them, it did no better than the simpler or older option.

What it does not show: that four in ten of all treatments are wrong. A treatment is tested again mostly when someone
doubts it, and such tests are rare. So the honest summary is this. Being in use is no guarantee. And when medicine
finds its own errors, the system is working.

EXERCISE 4.  A worked example, for “my paper will be accepted at the first journal I send it to”.

The reference class: papers of this kind (an observational study from one Indian college) sent to journals of this
standing. Where to find a count: the journal’s own published acceptance rate, if it gives one; or your own depart-
ment’s record, counted from its last ten submissions.
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If no count exists, say so. Then use the nearest count you can find, and name its group. “The journal says it accepts
about one in five. I have no figure for papers like mine.” Then write your starting confidence beside the plan, dated,
so you can check it later. Do not let the plan’s appeal set the number.

1.

14 divided by 48 is about 0.2917
20 divided by 48 is about 0.4167
14 plus 20 plus 14 = 48

A is 29.2 per cent, B 41.7 per cent and C 29.2 per cent. The per cents add to 100.1, not 100, because each was rounded.
Check the counts, which add exactly.

2.

20 divided by 80 = 0.25
1 minus 0.25 = 0.75
0.25 divided by 0.75 = 0.3333

The base rate is 25 per cent. A claim of this class fails with a chance of 75 per cent, or 3 in 4. The odds that it holds up
are 1 to 3.

3.

18 divided by 50 = 0.36
18 plus 22 = 40
18 divided by 40 = 0.45

36 per cent of all tests reversed the practice, and 45 per cent of the tests with a clear answer. The second is larger be-
cause its denominator is smaller: the 10 unclear tests are left out. Say which you used.

4.

146 divided by 363 is about 0.4022
138 divided by 363 is about 0.3802
79 divided by 363 is about 0.2176
146 plus 138 = 284
138 divided by 284 is about 0.4859

40.2 per cent reversed, 38.0 per cent upheld, 21.8 per cent unclear. Among the 284 clear answers, the odds of “upheld”
are 138 to 146, which is 69 to 73: a little worse than evens. As a starting confidence, that is about 49 per cent that a
clear answer upholds the practice.

The paper itself prints the 79 as 27.3 per cent in one place, 21.8 in another and 21.7 in a third. Work it out from the
counts.

5.

396 divided by 3017 is about 0.1313
3017 minus 1373 = 1644
396 divided by 1644 is about 0.2409

13.1 per cent of all the trials, 24.1 per cent of the trials of an established practice. Use 24.1. The 13.1 per cent counts
trials of new practices, and by definition a new practice cannot be reversed. The authors print 13 per cent; the 24.1 is
your own arithmetic from their counts, so say so when you quote it.
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6.

12 divided by 20 = 0.6
14 divided by 48 is about 0.2917
16 divided by 35 is about 0.4571
146 divided by 363 is about 0.4022

60.0, 29.2, 45.7 and 40.2 per cent. Single years run from about 29 to 60 per cent, because each rests on a few dozen
tests. Use the decade’s 40.2 per cent, which pools 363. The authors also found no trend across the decade, so pooling
the years is fair.

7. The class broke. The 40.2 per cent is a share of tests of an established practice. This claim is a new drug’s first pos-
itive trial, a different kind of claim. The 40.2 per cent is also a share of tests, not of all practices.

A closer class appears in the same paper, in the authors’ own report of an earlier review. Of 45 highly cited studies
that claimed a benefit, 7 were later contradicted.

7 divided by 45 is about 0.1556
1 minus 0.1556 = 0.8444

About 16 per cent were contradicted. So at most 84 per cent held up. That is a ceiling, not an estimate: studies that
were weakened but not contradicted are inside the 84.

Why it looks reasonable: both numbers are about medical findings being overturned, and the subtraction is right.
Only the group is wrong.

8. The second sentence broke. 53 divided by 396 is the share of the reversals that were supplements: about 13 per
cent of the reversals. It is not the share of supplement trials that were reversals. That needs the number of supple-
ment trials as its denominator, and the paper does not print it. With the counts given, no base rate for supplement
trials can be worked out.

Why it looks reasonable: the division is right, and 13.4 per cent sits close to the study’s headline 13 per cent. The two
numbers answer different questions. Before you use any share, say what it is a share of.

9. Compute the reversal share in each group the study gives.

146 divided by 363 is about 0.4022
146 divided by 1344 is about 0.1086

Even in the narrowest group, tests of an established practice, 40.2 per cent were reversed. That is under half, so
“most” is wrong on the study’s own numbers. Of all the articles on a practice, 10.9 per cent were reversals.

What the claim does not establish. The study counted practices tested again and published in one leading journal. It
did not count “medical advice” in general, and most practice is never tested again. And “not reversed” is not “up-
held”: 79 of the 363 tests gave no clear answer.

10. Check her arithmetic first.

756 divided by 981 is about 0.7706

77.1 per cent: her arithmetic is right.

What it does not establish. The class does not match her claim. The 981 were new practices that one leading journal,
the New England Journal of Medicine, chose to publish. A thesis programme in a district school is not in that group,
and no source this book holds counts her group.
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So she has no measured base rate. What she can say: “No count exists for programmes like mine. The nearest one I
know, from new practices published in one leading journal, is about 77 per cent. I take my start to be lower, because
my class is less filtered.” Saying the class out loud is the part that matters.

15 · Updating: changing your confidence by as much as the evidence
warrants

EXERCISE 1.  Start from the base rate: of 1,000 cases, that many have the claim true, the rest false. Split each
column by how often the evidence turns up in it: the first rate for the true column, the second for the false column.
Take the row where the evidence turned up. Divide the count with the claim true by the row total. That is your new
confidence.

Evidence is strong when it turns up far more often when the claim is true than when it is false. It is weak when it
turns up about as often either way. Strong evidence moves you far; weak evidence moves you a little.

EXERCISE 2.  What is right: a trial that finds no benefit is evidence, and confidence should move when it arrives.

The flaw: the resident swung to the latest result. Updating moves you from where you stood by as much as the trial’s
strength allows.

How strong is it? A large, well-run trial would seldom miss a real benefit, so its null result moves you a long way. A
small trial could miss a real benefit often, so it moves you a little. And “now we know it does not” claims more than
any single result can show. The fair sentence is: “This trial lowers my confidence that the practice works, from about
X per cent to about Y. A trial like it would usually have found a benefit if there were one.”

EXERCISE 3.  Draw a two-way table and fill it with people. Take a disease in 1 of 1,000, and imagine 100,000
people: 100 with the disease, 99,900 without. A test that catches all 100 and flags 5 in 100 of the others flags 4,995
healthy people.

99900 times 0.05 = 4995
100 divided by (100 plus 4995) is about 0.0196

Of 5,095 positive results, 100 are right: about 2 per cent. Specificity is about the people without the disease. When
those people outnumber the sick ones a thousand to one, even a small false-alarm rate makes most positive results
false.

Then the habit to keep: before you read a positive result, say the base rate out loud. When a result comes in, change
your view out loud too. “I started at 1 in 1,000. After this positive result I am at about 2 in 100, not 95.”

1.

1000 times 0.2 = 200
1000 minus 200 = 800
200 times 0.8 = 160
200 minus 160 = 40
800 times 0.1 = 80
800 minus 80 = 720
160 plus 80 = 240
40 plus 720 = 760

claim true claim false total

evidence turns up 160 80 240

no evidence 40 720 760
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claim true claim false total

total 200 800 1000

2. Divide by the row you are in.

160 divided by 240 is about 0.6667
40 divided by 760 is about 0.0526

After the evidence turns up, about 67 per cent. After it does not, about 5 per cent. You started at 20 per cent, so the
evidence moves you up a long way, and its absence moves you down.

3.

45 plus 5 = 50
50 divided by 1000 = 0.05
45 divided by 50 = 0.9
45 plus 95 = 140
45 divided by 140 is about 0.3214

The base rate is 5 per cent. The evidence shows in 90 per cent of true claims. But among cases with the evidence, the
claim is true in only 32 per cent. The same top count, 45, is divided by two different totals.

4.

100000 divided by 1000 = 100
100000 minus 100 = 99900
99900 times 0.05 = 4995
100 plus 4995 = 5095
100 divided by 5095 is about 0.0196
99900 minus 4995 = 94905
0 divided by 94905 = 0

After a positive result, about 2 per cent. After a negative result, 0. The test catches every case, so no one with the dis-
ease tests negative. The practitioners’ 95 per cent is the specificity. It answers another question. Their 5 per cent for a
negative result reuses the false-alarm rate. That rate is about people without the disease, not about the negatives.

5.

1000 times 0.04 = 40
40 times 0.7 = 28
1000 minus 40 = 960
960 times 0.3 = 288
28 divided by (28 plus 288) is about 0.0886
1000 times 0.1 = 100
100 times 0.7 = 70
1000 minus 100 = 900
900 times 0.3 = 270
70 divided by (70 plus 270) is about 0.2059

From 4 per cent, about 8.9 per cent: inside the panel’s range. From the practitioners’ own start of 10 per cent, about
20.6 per cent. Even their too-high start, updated correctly, gives about 21 per cent, not 70. So they made both errors:
they started too high, and they moved too far. The paper names the positive stress test as one of the results where the
move was much too large.
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6.

1000 times 0.3 = 300
300 times 0.8 = 240
1000 minus 300 = 700
700 times 0.2 = 140
240 divided by (240 plus 140) is about 0.6316
240 times 0.4 = 96
140 times 0.7 = 98
96 divided by (96 plus 98) is about 0.4948

After the first piece, about 63 per cent. For the second step keep only the 380 cases with the first piece of evidence.
The second piece fails to appear in 40 of 100 true cases and 70 of 100 false ones. You end at about 49 per cent: close to
evens. The second step started from 63 per cent, not from 30.

7. The last sentence broke. It skipped the base rate. It also took the chance of a positive result given the condition for
the chance of the condition given a positive result. Fill in the table.

1000 times 0.02 = 20
20 times 0.9 = 18
1000 minus 20 = 980
980 times 0.1 = 98
18 divided by (18 plus 98) is about 0.1552

About 16 per cent, not 90. Of 116 positive results, 98 are false alarms.

Why it looks reasonable: 90 per cent is a real property of the test, and it is printed right there. It answers “of people
with the condition, how many test positive?”, which is not the question.

8. The third line broke. The false-alarm rate, 10 in 100, applies only to people without the condition: 700 of the 1,000,
not all 1,000.

1000 minus 300 = 700
700 times 0.1 = 70
270 divided by (270 plus 70) is about 0.7941

About 79 per cent, not 73. Why the wrong answer looks reasonable: “10 in 100 positive” sounds like a rate for every-
one tested. Say which column each rate belongs to before you multiply.

9. Compute how far the positive result moved her chance, and where it left her.

3 divided by 0.3 = 10
9 divided by 0.2 = 45
1 minus 0.09 = 0.91

The positive result raised her chance roughly 10- to 45-fold. That is strong evidence. But from a start of 0.2 to 0.3 per
cent, it leaves her at 3 to 9 per cent. Even at the top of that range, the chance that she has no cancer is 91 per cent.
That is odds of about 10 to 1 against cancer.

What it does not establish. It does not establish that she is well: a 3 to 9 per cent chance calls for the next step of
work-up, not for reassurance. The ranges are the panel’s judgement for one described patient in the United States.
Strong evidence from a low start still ends low. “Certain” is wrong by a factor of more than ten.

10. Compute how strong the study would have to be to justify that move. Imagine 1,000 claims held at 30 per cent:
300 true, 700 false. To end at 90 per cent, the cases with such a finding must be 9 true for every 1 false.
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300 divided by 9 is about 33.33
33.33 divided by 700 = 0.0476

Suppose every true claim produced such a finding, all 300. Then the finding could turn up in at most about 33 of the
700 false claims: fewer than 5 in 100. Would an association like this turn up in fewer than 5 in 100 cases where skip-
ping does not cause weight gain? No. A third factor or the reverse direction, rivals named in section 3, would produce
the association in many of the 700 false claims. Such a finding turns up often when the causal claim is false, so it is
weak evidence for it. A small move up is warranted; 30 to 90 is not.

What this does not establish. It does not give a correct final number: nobody has measured how often such associ-
ations turn up when the causal claim is false. It shows only that the jump needs evidence far stronger than one ob-
servational study.

16 · Confidence is not accuracy: what being calibrated means

EXERCISE 1.  Calibrated at 80 per cent: of all the claims you stated at 80 per cent, about 80 in 100 turn out true.

The tally. Write each claim before its outcome is known, with the date and a per cent. Write it on the side you lean to,
so a claim at 30 per cent becomes its opposite at 70. When outcomes are known, group the claims by stated level. At
each level, divide the number true by the number of claims. Compare that proportion with the level. Below it is over-
confidence; above it is under-confidence.

Ten claims are too few because chance moves the tally. At 80 per cent the spread over ten claims is about 13 percent-
age points, more than the 10-point gap between 80 and 70. And one claim alone moves the proportion by 10 points.

EXERCISE 2.  Work out the proportion true and the spread at each level.

15 divided by 20 = 0.75
0.6 times 0.4 = 0.24
0.4899 times 0.4899 = 0.24
4.472 times 4.472 = 19.999
0.4899 divided by 4.472 = 0.1095
12 divided by 16 = 0.75
0.75 times 0.25 = 0.1875
0.433 times 0.433 = 0.1875
0.433 divided by 4 = 0.1083
0.95 times 0.05 = 0.0475
0.2179 times 0.2179 = 0.0475
0.2179 divided by 4.472 = 0.0487

Every level came out at 75 per cent true.

At 60 per cent, 75 per cent came true: 15 points above her level, about 1.4 spreads of 11 points. That hints at under-
confidence but does not show it.

At 75 per cent she matched her level exactly. That fits calibration, but with a spread of about 11 points, it would also
fit a true level of 65 or 85.

At 95 per cent, 75 per cent came true: 20 points below, with a spread of about 4.9 points, so about four spreads. That
row does show over-confidence. When she writes 95, she is right about 3 times in 4, which is the same as her other
levels.

What it does not show. It cannot say whether her claims at each level were of the same kind. Nor can it say whether
claims that share a cause made the counts scatter more than the spreads say.

APPENDIX · WORKED ANSWERS

205



EXERCISE 3.  Start with what she has right. Feelings of being sure are real, and they carry some information.
The question is how much, and nobody can answer it from the feeling.

Draw two columns on the board: “what I said” and “what happened”. Confidence lives in the first column, accuracy
in the second. A feeling is a reading in the first column only. To check it, you need the second column, filled in later,
line by line.

Then draw the made-up resident’s tally from this section: four levels, from 60 to 90 per cent, and about 6 in 10 true at
every one. Ask her what the 90s were worth. They were worth no more than the 60s, and the resident who wrote
them felt sure every time.

Give her the task. A notebook, starting today. One line per claim, before the result: date, claim, per cent, on the side
she leans to. Tick or cross when the answer comes. Tally in three months, level by level. Warn her that ten claims at a
level will not tell her much. She should look first at the row with the biggest gap and the most claims.

EXERCISE 4.  A workable sheet has six columns.

The date written.

The claim, in words that can later be checked as true or false.

The stated per cent.

The date the outcome is expected.

The outcome: true, false, or unknown.

The date it was settled.

Rules. Write every claim on the side you lean to, so every per cent is 50 or more. Never edit a line after the outcome is
known; a change of mind is a new dated line. Leave unknown outcomes out of the tally, and say how many you left
out.

When to tally. At fixed dates, for example every three months, not when a striking result reminds you.

How many before acting. Use the spread: the square root of the level times (1 minus the level), divided by the square
root of the count. Act on a row only when its gap is at least two spreads. As a guide, telling 80 from 70 needs about 64
claims at that level, and 90 from 80 about 36. Use a few levels only, such as 60, 70, 80 and 90, so each one fills faster.

1. Divide the true claims by all the claims, then compare with the level.

13 divided by 20 = 0.65
0.65 times 100 = 65
65 minus 70 = -5
7 divided by 10 = 0.7
0.7 times 100 = 70
70 minus 90 = -20

At 70 per cent: 65 per cent true, 5 points below. At 90 per cent: 70 per cent true, 20 points below. Both point to over-
confidence, because each proportion true is below its level.

2. A claim below 50 per cent is rewritten as its opposite, at the complement.

100 minus 30 = 70
100 minus 10 = 90

A becomes “not A” at 70 per cent. A was false, so “not A” was true.

B becomes “not B” at 90 per cent. B was true, so “not B” was false.

C stays as it is, at 55 per cent. It turned out true.

• 

• 

• 

• 

• 

• 
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D is at 50 per cent, which leans neither way. Either side gives 50, so keep it as written. It turned out false.

3. The spread of one score at 90 per cent is the square root of 0.9 times 0.1.

0.9 times 0.1 = 0.09
0.3 times 0.3 = 0.09
5 times 5 = 25
0.3 divided by 5 = 0.06
10 times 10 = 100
0.3 divided by 10 = 0.03

The spread of one score is 0.3. Over 25 claims the spread is 6 percentage points; over 100 claims it is 3. Four times as
many claims halve the spread.

4. Multiply the number of patients by each chance.

50 times 0.8 = 40
50 times 0.25 = 12.5
50 times 0.42 = 21
80 minus 42 = 38
80 minus 25 = 55

The resident expects 40 of the 50 patients to have pneumonia. The evidence range gives 12.5 to 21, so about 13 to 21
patients. The gap is 38 to 55 percentage points, every bit of it in the direction of too high.

The 80 is a median across residents answering a written scenario, not one resident’s tally of her own patients.

5. The gap you want to see is 10 points, so the spread must be at most 5 points, 0.05. The spread of one score at 90 per
cent is 0.3.

0.3 divided by 0.05 = 6
6 times 6 = 36

About 36 claims, all at 90 per cent. Fewer are needed than at 80 per cent (64), because scores near the top of the scale
scatter less.

6. First her overall figures, which are right as arithmetic.

8 plus 6 = 14
14 divided by 20 = 0.7
50 plus 90 = 140
140 divided by 2 = 70

Now each level, with its spread over 10 claims.

8 divided by 10 = 0.8
0.5 times 0.5 = 0.25
0.5 divided by 3.162 = 0.1581
6 divided by 10 = 0.6
0.3 divided by 3.162 = 0.0949

At 50 per cent, 80 per cent came true: 30 points above, about 15.8 points of spread, so nearly two spreads. At 90 per
cent, 60 per cent came true: 30 points below, with a spread of about 9.5 points, so more than three spreads.
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The tally shows a person who is under-confident at her low level and over-confident at her high one. Her levels point
the wrong way. The overall 70 against 70 hid both, because the two errors cancel in the average. The 90 row is the one
to act on first: its gap is several spreads.

7. The step that broke is the third. A claim at 30 per cent leans against itself. Rewrite each one on the side leaned to,
“not X” at 70 per cent, before reading the tally.

100 minus 30 = 70
10 minus 4 = 6
6 divided by 10 = 0.6
60 minus 70 = -10

The rewritten claims were stated at 70 per cent and 60 per cent came true. That points to over-confidence in the
writer’s lean, not under-confidence. The fix runs the other way: move towards 50 per cent, say 40 rather than 30, not
out to 20. With ten claims, though, a 10-point gap is less than one spread (about 14.5 points at 70 per cent), so the tally
cannot yet tell.

Why the wrong answer looks reasonable. “More came true than I said” sounds like under-confidence, and for claims
above 50 per cent it would be. Below 50, saying 30 per cent is a confident claim that the thing will not happen. Turn-
ing every claim to the side you lean to removes the trap.

8. The arithmetic in the first three lines is right. The step that broke is the fourth: it acts on a gap that ten claims can-
not show. Work out the spread at 80 per cent over ten claims.

0.8 times 0.2 = 0.16
0.4 times 0.4 = 0.16
0.4 divided by 3.162 = 0.1265

About 12.6 points. The gap of 10 points is less than one spread. Seven out of ten is ordinary for a person who is truly
calibrated at 80 per cent. The honest reading is “no sign yet either way”; keep writing and tally again near 64 claims.

Why the wrong answer looks reasonable. The tally does say 70, and acting on data feels responsible. But a proportion
from ten claims moves 10 points with a single claim. So the size of the tally decides, not the gap.

9. What to compute: what a calibrated 90 per cent would look like, and how many recorded claims it would take to
check.

100 times 0.1 = 10
0.3 divided by 0.05 = 6
6 times 6 = 36

A calibrated 90 per cent is wrong about 10 times in every 100. Thirty years of 90 per cent statements should hold
many wrong ones. To tell a true 90 from a true 80, he would need about 36 claims at 90 per cent. Each would have to
be written down before its outcome was known.

What this does not establish. It does not show he is over-confident. “Hardly remember being wrong” is memory, not
a tally, and people may remember what happened more than what did not. If he truly is almost never wrong, his 90s
are too low, which is under-confidence. The sentence cannot tell which, and neither can you, until the claims are
written down. Being right often, even if it is true, is not the same as being calibrated.

10. What to compute: the factor in two of the study’s scenarios before testing, and whether one rule such as halving
fits both. In the survey, the median estimate for pneumonia was 80 per cent against evidence of 25 to 42 per cent. For
cardiac ischaemia, reduced blood flow to the heart muscle, it was 10 per cent against 1 to 4.4 per cent.
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80 divided by 42 = 1.904761905
80 divided by 25 = 3.2
10 divided by 4.4 = 2.273
10 divided by 1 = 10
80 divided by 2 = 40
10 divided by 2 = 5

The factor is about 1.9 to 3.2 for pneumonia and 2.3 to 10 for cardiac ischaemia, so “2 to 10 times” fits these. Halving
gives 40 for pneumonia, inside the evidence range of 25 to 42, but 5 for cardiac ischaemia, still above the top of 4.4.
No single factor corrects both.

What this does not establish. The study used written scenarios with US practitioners, not your doctor and your ill-
ness. Its evidence ranges were set by a panel from the literature, and the survey’s reliability was not assessed. No
held study has measured Indian doctors this way. And a fixed correction cannot repair a number nobody has tallied.
What the study supports is narrower and still useful: ask your doctor how common the condition is in people like
you, before any test.

17 · Changing a stated position out loud

EXERCISE 1.

What I said, to whom, and when.

What new evidence has appeared since.

What I now think, how confident I am, and on what grounds.

What I will do differently.

The rules. Say whether the old position was reasonable on the evidence of its time, and name separately any part
that was not reasonable even then. And move only as far as the new evidence warrants, no further.

EXERCISE 2.  Sentence 1 is too vague. “What I said about breakfast last year” does not say what was said, where
or when, so a reader cannot tell which advice to drop.

Sentence 2 overstates. A meta-analysis of a few short trials, judged mostly low in quality by its own authors, does not
prove anything. “Proved” turns low-certainty evidence into a fact.

Sentence 3 swings too far. The review found people assigned to breakfast ended up 0.44 kg heavier, from low-cer-
tainty evidence. That supports “breakfast may not help weight loss”, not “skipping is better”.

“Turns out” also says the evidence changed after he spoke. It did not: the review came out in 2019, before last year’s
talk. He claimed more than the evidence carried even then, and a later section of this book is about saying so.

It gives no confidence and no grounds, and no action. “My bad” is harmless, but it is not a reason anyone can check.

A rewrite:

At the journal club on [date] last year, I said eating breakfast helps people lose weight, and that we
should advise it. That went beyond the evidence even then. A 2019 review had pooled seven trials.
People assigned to eat breakfast weighed slightly more, by 0.44 kg, than those assigned to skip it.
The trials were short, and their authors judged the quality mostly low.

1. 

2. 

3. 

4. 
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I think it “likely” (about 75 per cent, on the ICD 203 scale) that breakfast does not help weight
loss. The evidence is too weak to say that skipping it helps. I will stop advising breakfast for weight
loss and will check again when longer trials report.

EXERCISE 3.  The quotable sentences: “I advised breakfast for weight loss because many studies found that
people who eat breakfast weigh less. The trials done since then suggest that eating breakfast does not help people
lose weight, so I no longer advise it for that.”

Then the honest part. “Was I wrong? About the cause, yes: those studies showed a link, and I treated it as a cause.
About the link itself, no: it is still there.”

Then how sure. “The trials are few and short, and none was done in India. So I would put it this way: breakfast may
not help weight loss, and the evidence is too weak to say that skipping it helps. In numbers: about 75 per cent that it
does not help weight loss,”likely” on the ICD 203 scale. If longer trials show otherwise, I will say so again, in your pa-
per.”

Do not let the sentence become “breakfast is bad for you”. The trials measured weight, not health in general.

EXERCISE 4.  Check your draft five ways.

Sentence 1 names the place and the date, and quotes or closely states what you said, includ-
ing how sure you sounded.

Sentence 2 names the new evidence specifically enough to find: who, when, what kind of
study, what it found, and how strong it is.

Sentence 3 gives a confidence, as a number and a word from a named scale, with its grounds.
If your new confidence is low, it says so.

Sentence 4 names an action you will take and, if it applies, when you will look again.

Your sentence on the old view separates what was fair then from what was not.

Then the audience. The people who heard the old version are the ones who need the new one: the same batch, the
same group, the same readers. If what you changed is in a published paper, note it for the later section on how journ-
als correct the record.

18 · How science corrects its record: correction, expression of concern,
retraction, republication

EXERCISE 1.  A correction: an honest mistake of fact that does not change what the paper concludes.

An expression of concern: a question is open. An inquiry may be running, or the editor may not yet know enough to
decide.

A retraction: the findings can no longer be trusted. The cause may be an honest mistake or misconduct.

Retraction with republication (COPE calls it retraction with replacement): an honest mistake changes the result a lot,
but the study itself is sound. The original is withdrawn, and the fixed paper comes out with a note on what changed.

None of them is used for debate, or for evidence that has moved on. Those go to letters to the editor or to new papers.

• 

• 

• 

• 

• 
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EXERCISE 2.  (a) A correction. It is an honest error of fact, and it does not change the direction or implications of
the conclusions.

(b) None of the four. ICMJE says matters of debate and evolving science are not errors. A letter to the editor, or a new
publication, is the place for it. The section on belief beyond the evidence showed that causal words over an associ-
ation overstate. That is a fault in the writing. It is not an error of fact in the data.

(c) Retraction with republication. An honest error leads to a major change in the results, and the underlying study
appears valid. The corrected paper is published with an explanation, beside the retracted original.

(d) An expression of concern, if the editor judges one warranted. The question is open, and ICMJE allows one
“pending the outcomes of those procedures”.

(e) A retraction. The findings cannot be relied on. ICMJE says that if an investigation proves misconduct, the journal
publishes a retraction. The notice should say why. COPE adds that it should stay factual and not attack the people.

EXERCISE 3.  The paper was retracted in 2007. Fang and colleagues report that it was retracted “because of con-
cerns about the cytokine’s reported insulin mimetic properties”. That is exactly the claim the slide cites it for. So the
slide rests on the part of the paper that was withdrawn, and it does not say the paper was retracted. COPE: “Authors
should not cite retracted papers without acknowledging the retraction.”

A slide that can stand says what the record says:

Fukuhara et al. (Science 2005) reported visfatin as a product of fat tissue that mimics insulin. The
paper was retracted in 2007 over the insulin-like claim.

If the presenter wants a current claim about visfatin, they need a current source for it. A retracted paper cannot
carry it.

EXERCISE 4.  Start with the question that decides the tool. Does the wrong number change what the paper con-
cludes? Draw two boxes: “conclusion stands” and “conclusion changes”.

If the conclusion stands, the tool is a correction. ICMJE calls honest errors “a part of science and publishing”. The
journal publishes a short notice and a corrected version. Show her a real one: the 2013 correction to Fang and col-
leagues’ paper on retractions. It is two sentences and a table.

If the conclusion changes but the study is sound, the tool is retraction with republication. The corrected paper
comes out with an explanation. Retraction alone is for findings that cannot be relied on at all.

Then the fear. COPE says the purpose of retraction is to correct the literature, “not to punish the authors”. A correc-
tion is not a retraction in any case.

Then what to do this week. Confirm the error, and tell her co-authors. Write to the editor: what is wrong, how she
found it, the correct figure, and whether the conclusion changes. COPE says authors must raise a confirmed error.
The editor decides the tool, not her.

19 · Being wrong in public is common, and owning it costs less than hiding
it

EXERCISE 1.  146 of 363, about 40 per cent (New England Journal of Medicine, 2001-2010).

About a fifth (21.3 per cent) were for error. About two-thirds (67.4 per cent) were for misconduct: fraud or suspected
fraud, duplicate publication and plagiarism.

Their earlier papers showed no statistically significant loss of citations. When authors did not report the error, each
earlier paper lost 12.5 per cent of its citations a year, five years on. This is a link seen in the data, not proof that re-
porting protects you.
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EXERCISE 2.  The first row says the opposite. Five or more years on, the retracted paper itself lost 86.2 per cent
of its yearly citations when the authors reported the error. It lost 81.5 per cent when they did not. Reporting your
own error does not rescue the paper.

The second row is where the two differ. After an unreported retraction, each of the authors’ earlier papers lost 12.5
per cent of its yearly citations five years on. After a self-reported one there was no statistically significant loss.

What it does not show: that reporting causes the protection. Authors chose whether to report, and Lu and colleagues
say self-reported errors “may reflect more innocuous or explainable errors”. And it measures citations only, not jobs,
grants or reputation.

EXERCISE 3.  First sentence. Fang and colleagues found 67.4 per cent of 2,047 retractions attributed to miscon-
duct, which includes duplicate publication and plagiarism as well as fraud. Fraud or suspected fraud alone was 43.4
per cent. And these are shares of retractions, which are rare: about 0.14 per 1,000 papers in biology and medicine.

Second sentence. Prasad and colleagues looked at one journal over ten years. Of 363 articles that tested an estab-
lished practice, 146 found it no better than a lesser or earlier standard. That is a share of practices someone chose to
test, and tested practices may be the doubtful ones. It is not 40 per cent of “what doctors do”, and “no better than a
lesser standard” is not “useless” in every case.

Third sentence. The conclusion does not follow. The figures show that medicine finds and corrects its errors: the re-
versals were found mostly by trials, and the retractions by editors. A fair version: “Medical practice is often over-
turned by better trials, and a small number of papers are withdrawn, most of them for misconduct. That is how er-
rors get found.”

EXERCISE 4.  Answer first: No. Retraction is rare, and medicine’s usual way of being wrong is the one that re-
search itself corrects.

The numbers. About 0.14 papers in every 1,000 in biology and medicine journals are retracted (Lu and colleagues,
2013). Of retracted biomedical papers up to 2012, two-thirds were withdrawn for misconduct and a fifth for honest er-
ror (Fang and colleagues, 2012).

The commoner kind of wrong is different. Prasad and colleagues (2013) read ten years of one leading journal. About
four in ten of its articles that tested an established practice found it no better than a lesser or earlier standard. Most
of those reversals came from randomised trials.

What to do. Rely on reviews of many studies rather than single papers. Ask that each policy note says when its evid-
ence was last checked. Ask that it be checked again when a new review appears.

The limit. These counts come from journals and databases outside India. They show that errors are found and cor-
rected. They do not measure how often Indian research is wrong.

20 · Saying “I was wrong about that”

EXERCISE 1.  Five steps: find, sort, choose the instrument, say it, date it.

Three things that can have happened. The evidence moved after you spoke. You claimed more than the evidence of
the time could carry. Or you made a mistake in your own work.

Four sentences:

What I said, to whom, and when.

What new evidence has appeared since (or, for an overstatement or an error, what I now see).

What I now think, how confident I am, and on what grounds.

What I will do differently.

1. 

2. 

3. 

4. 
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EXERCISE 2.  Check your work against six tests.

The claim is your own and was public: a paper, thesis chapter, lecture, ward teaching, poster
or post. A claim you only thought does not count.

You checked it against a source newer than the claim, preferably a systematic review, and
you can name that source.

Your sort is honest. If studies that already undercut the claim were published before you
made it, you wrote “I overstated”, not “the evidence changed”.

The correction reaches the people who met the claim. A spoken claim goes back to the same
class or ward. An error in your published work goes to the editor. A published claim that
later evidence has overtaken gets a letter or a new paper.

Sentence 3 names a word, its scale and a number (“unlikely”, ICD 203, about 25 per cent), and
its grounds.

The dated line has the date you said it, not the date you wrote the draft.

The statement contains no apology for honest work and no claim that you always knew.

EXERCISE 3.  (a) The statement abases the speaker and gives the listener nothing to use. It does not say what ex-
actly was claimed or when (sentence 1). It names no evidence (sentence 2). “Rubbish” is not a new position with a
confidence (sentence 3). “Ignore my lectures” throws out every claim, right or wrong, instead of changing this one
(sentence 4). An honest error does not call for shame.

(b) The statement hides who was wrong. It has no “I”, no claim and no date (sentence 1). “Evolving research” names
no study (sentence 2) and quietly says the evidence changed, which for a 2016 slide was not the case. There is no new
position and no confidence (sentence 3), and nothing will be done differently (sentence 4).

A version that works is the four sentences in this section’s first illustration.

EXERCISE 4.  Start with what the faculty already saw. The slide is out there either way. The question is whether
the correction comes from him or from someone else.

Then the evidence about cost. Being wrong in public is common: in one leading journal over ten years, 146 of 363
tests of an established practice reversed it.

In Lu and colleagues’ study, when authors reported their own retraction, the loss of citations to their earlier work
disappeared. When others reported it, their earlier work lost citations. That is an association, and it is about papers,
not seminars. Rohrer and colleagues argue that admitting an error is not a reliable sign of being error-prone.

Then the procedure, on the whiteboard. Find: he has. Sort: he did not check the reference’s status (or it was retracted
after his talk; the dates will tell).

Instrument: the same audience, so a short note to the department, or two minutes at the next seminar. Then the four
sentences. What he said, and when. That the study was retracted, and why. What he now thinks, with a confidence.
That he now checks each reference’s status on the day he presents. Then date it.

End with the habit from the section on correcting the record: check a paper’s page on the day you cite it.

21 · The dated belief register: what you believe, how sure you are, and
when you said it

EXERCISE 1.

The number and the date.

• 

• 

• 

• 

• 

• 

1. 

APPENDIX · WORKED ANSWERS

213



The claim, worded so that someone else could judge it: what, in whom, measured how, by
when.

The confidence: a word from one named scale, with its number.

The grounds: the kind of evidence, and, where it has been rated, its certainty; where it has
not, how directly it bears on the claim.

What would change your mind, named in advance.

A review date.

The rule: a line is never edited. A changed view, or an outcome, is a new dated line that names the line it refers to. It
exists because the tally of stated confidence against outcome needs the level you held before you knew the outcome.
An edited line no longer shows that.

EXERCISE 2.  Five faults.

“Works” for what, in whom, over what time? Nobody could judge the claim true or false.

“Probably” and “very confident” are two words from no scale, and they may not agree. There
is no number.

No grounds: no kind of evidence and no certainty.

Nothing says what would change her mind.

“Sometime next year” is not a date.

A rewrite, with gaps marked:

n

o

.

dat

e

claim confide

nce

(ICD

203)

grounds and their

certainty

what would change

my mind

rev

iew

1 202

6-1

0-1

5

In adults with obesity, [a named

fasting schedule] produces more

weight loss at 12 months than [the

comparison]

[word]

([numb

er]%)

[kind of evidence,

and its certainty,

from a review she

has read]

[a named result, such

as a large trial at 12

months showing no

difference]

[a

dat

e]

The gaps are hers to fill from the evidence. Do not fill the grounds from memory.

EXERCISE 3.  Draw two columns: “what I thought then” and “what happened”.

Start with her own example. Ask her how sure she was, on her first day, of something she has since learned.
Whatever number she gives now is a number she gives knowing the answer. There is no way to show it was the num-
ber she held then. That is the gap the register closes.

Then show one line, with its date and number. Show a second line that revises it, and point out that the first line
stays. Explain the goal. After a few years she can count how often her “70 per cent” lines came true. That count is the
only way to learn whether her 70 means 70. Memory cannot give her that count, because it holds what she thinks
now, not what she wrote then.

EXERCISE 4.  Check your page against this list.

Every line has a number and a date, and the page names one scale.

Every claim could be judged true or false by a stranger. Read each aloud and ask: what result
would make this false? If you cannot say, rewrite it.

2. 

3. 

4. 

5. 

6. 

• 

• 

• 

• 

• 

• 
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Every confidence has a word and a number of 50 per cent or more, and the number falls in
that word’s band on your scale.

Every line’s grounds name a kind of evidence and its certainty. None says only “I have seen
it” or “everyone knows”.

At least one line has grounds you judge weak, and its number says so. A register of five cer-
tainties is a register that has not looked at its evidence.

At least two lines close on a date.

Nothing has been crossed out. Any change is a new dated line.

Your register meets the standard when all seven hold.

EXERCISE 5.  A workable design:

Where. One file or bound notebook per resident, with numbered lines. If it is a shared
spreadsheet, keep its version history switched on, so any edit to an old line can be seen.

Who changes what. Only the owner adds lines. Nobody, the owner included, edits an old
line. A revision or an outcome is a new line that names the old one.

One scale. The department picks one scale, names it at the top of every register, and keeps it
for the two years. Changing scales midway makes the old lines hard to count.

Reviews. Twice a year, each resident closes the lines whose date has passed and adds the out-
comes. At the review meeting, the group reads closed lines without blame.

Before discussions. At journal club, each resident writes a line before the discussion, as the
Intergovernmental Panel on Climate Change (IPCC) suggests its authors do.

Say what the design cannot do. Six residents over two years will close too few lines to tell one person’s 60 from their
70. That count needs years of lines and a scoring method beyond this book. The design makes the count possible
later.

22 · One claim, from a belief to a dated line: “eating breakfast helps you
lose weight”

EXERCISE 1.

Sort it: hypothesis, finding or belief? Is the verb causal?

What does it rest on, and what other explanations fit that evidence?

The two legs: is there a measured difference between groups made by chance, and a shown
mechanism? Which is weak?

Base rate: how often do claims of this kind hold up, and how well does the class fit?

Each trial: what did it find, and what could it not show?

The body of trials: what is the estimate, and what is its certainty, in words?

Update: how far should this evidence move me, counted once, in a two-way table?

The confidence statement: claim, word and number on a named scale, grounds and cer-
tainty, what would change my mind.

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1. 
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The register: a dated line, never edited.

Out loud: did I teach or publish the old view, and to whom do I say so?

What does it not show: people, place, time, outcome, cause?

EXERCISE 2.  Four faults.

“Proves”: evidence supports a claim more or less strongly; it never proves one. Here the cer-
tainty is low.

“Skipping breakfast is the secret to weight loss”: the trials compared eating breakfast with
skipping it. Those who ate it ended a mean of 0.44 kg heavier, with an interval of 0.07 to 0.82
kg. That does not show skipping causes weight loss of any useful size.

The few weeks behind it: the trials averaged seven weeks and none ran past 16. A column
read by people planning for a year is reading a few weeks of evidence.

It says nothing of who was studied: adults in the UK and the US (one trial also in Denmark),
none in India.

A sentence it could have printed:

Short trials in adults in rich countries did not find that eating breakfast helped people lose weight.
The evidence is weak, and none of the trials was done in India.

EXERCISE 3.  Correct the question gently. The trials compared eating breakfast with skipping it. Skippers ended
a little lighter over a few weeks, at low certainty, which is not evidence that skipping is a way to lose weight. Then
give her the sentence.

The trials suggest that eating breakfast does not help adults lose weight. But skipping it is not a
proven way to lose weight either.

Then how sure, in plain words: “I’d put it at about one in four that breakfast helps. The trials are short, a few weeks,
and none was done in India, so I hold that loosely.” If she asks what would change your mind, say: a well-run trial
lasting a year or more.

EXERCISE 4.  Judge your sheet by four tests.

Did you set the starting confidence before reading the trials, and say how well the reference
class fits?

Is every judgement marked as one, with its number, so another reader could change it and
redo the table?

Did you count each piece of evidence once? Check whether any trial you read is inside a re-
view you also used.

Does your “does not show” list name the people, the place, the time, the outcome and the
cause?

If your claim has no trials at all, steps 5 to 7 have nothing to work on. Then the line should say so. Give the starting
confidence from the base rate and its certainty. Put the trial that would settle it under “what would change my
mind”.

9. 

10. 

11. 
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Glossary

Every term of art this book teaches, in the plain words it gets where it is first used, and the section that teaches
it.

Term Plain words
Secti

on

absence of evidence (of a difference) a comparison that finds no clear difference between two

groups; it has not shown evidence that there is no

difference

9

accepted (stance towards a claim) taken as the best available description of what it

describes (Barseghyan et al.)

2

association a finding that two things go together: one is found more

often, or in larger amounts, where the other is present,

as excess weight is found more often among people

who skip breakfast

1, 3

base rate how often claims of one kind have turned out true when

they were tested; the evidence particular to a new claim

of that kind then moves you from there

14

belief a statement a person holds to be true, held with some

strength, on whatever grounds that person has

1

blinding the people in a study, or those measuring them, do not

know who got which treatment

6

body of evidence all the studies that address one question for one

outcome

6

calibrated (of a person's confidence) see calibration (2): of all the claims a person has stated

at one level, the proportion that turn out true is about

that level; of their 80 per cent claims, about 80 in 100

16

calibrated scale (of probability words) a published table that fixes, for each probability word,

the range of degrees of belief it stands for; two bodies

can fix the same word differently

12

calibration (1) measuring a machine against something already

known, so its readings mean something (Book 0); (2) of

a person: of all the claims they stated at one level of

confidence, about that proportion turn out true, checked

with a tally over many claims (Book 10, section 16)

16

case series a study that describes one group of people who share

something, such as weight lost and kept off, with no

comparison group

4

causal claim a claim that changing one thing, the exposure, changes

another, the outcome

5

certainty of the evidence (GRADE) GRADE's rating of how sure one can be that an estimate

of an effect is close to the true effect, for one outcome

across all the studies that measured it: high, moderate,

low or very low; older texts call it the quality of evidence

7
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Term Plain words
Secti

on

claim about an effect; claim about a single event what something does on average in a group of people,

against what will happen once

13

confidence (1) this book's word for a person's degree of belief that a

claim is true, stated as a word from a named scale with

its number; never GRADE's certainty, and not a

confidence interval (Book 10, section 10); (2) in the

IPCC's and ICD 203's usage, a judgement of the

evidence and agreement behind a finding, in words from

very low to very high; not a probability (Book 10, section

12)

10, 12

confidence statement how sure you are of one claim, and why, in a form

someone else can check, in four parts: the claim, the

confidence (a word from a named scale with its

number), the grounds with their certainty, and what

would change it

13

confounder a third factor: something linked to both things, which

produces the association although neither causes the

other

3

correction (1) subtracting a known systematic error, such as a zero

error, from the reading (VIM 2.53) (Book 0); (2) a notice

a journal publishes for an honest error that should have

been recognised at the time of publication and does not

change the direction or implications of the results;

citations go to the most recent version (Book 10, section

18)

18

dated belief register a written list of claims one person holds, one numbered,

dated line each, kept so each claim can be checked later

against what happened; each line gives the claim, the

confidence (word and number on one named scale), the

grounds and their certainty, what would change the

person's mind and a review date; only added to, never

edited

21

degree of belief a number from 0 to 1 that states how strongly one

person holds one claim to be true, given what that

person knows; it obeys the same arithmetic as a

probability

10

difference between groups (evidence of) compare groups that differ in the exposure and ask

whether the outcome differs between them; other things

equal, strongest when chance decided which group

each person joined (Howick's "direct evidence")

5

dose-response gradient more of the exposure goes with more of the effect 6

erratum an older word for a correction (2) 18

expression of concern a notice an editor may publish while a question about a

paper is open: while an investigation runs, or while the

editor lacks the information to decide

18

falsifiable some possible result would count against it 2
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Term Plain words
Secti

on

finding what a particular study observed, in its own people and

setting, with its uncertainty

1

GRADE Grading of Recommendations Assessment,

Development and Evaluation: the GRADE Working

Group's scheme for rating a body of evidence

6, 7

guideline (clinical practice) a document in which a group of experts says what

clinicians, patients or health services should do; not the

same as guideline (NMC)

8

hypothesis a proposed explanation, stated so that a study can be

designed to support or refute it

1

ICD 203 US Intelligence Community Directive 203 (2015,

amended 2022), whose seven likelihood bands run end

to end, from 1 to 99 per cent

12

imprecision few people or few events in the studies, so the range of

values the data allow is wide

6

inconsistency the studies give widely different results that nobody can

explain

6

indirectness the studies answer a nearby question: other people,

another version of the treatment, another comparison,

or a stand-in outcome

6

inductive reasoning reasoning from particular observations to a general

conclusion; it supports a conclusion more or less

strongly, never with certainty

6

judgement on evidence (Kent's second kind) a statement the evidence makes likely but cannot make

certain

1

likelihood scale (IPCC) the IPCC's seven terms for a probability, from

exceptionally unlikely (0 to 1 per cent) to virtually certain

(99 to 100), whose ranges overlap by design

12

loss of confidence (in one's own finding) a researcher no longer believing a result they published

(Rohrer et al.)

19

mechanistic evidence evidence for the chain of steps by which the exposure is

said to produce the outcome

5

medical reversal an established practice found by a later study to be no

better than a lesser or earlier standard of care

14

natural frequencies whole counts of imagined cases, out of 1,000, or out of

100,000 when the base rate is rare, so every count stays

whole

15

number needed to treat (NNT) how many people must be treated for one more of them

to do well

6

observational study a study that watches people as they are, without

changing anything: its groups are observed as they

came, not made by chance

1, 6
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Term Plain words
Secti

on

over-confidence (at a level) at a level above 50 per cent, the proportion of claims

that turn out true is below the level the person stated:

they were right less often than they said

16

parallel evidence other studies, replications and similar ones, that give

similar results (Howick et al.)

5

prediction a statement of the form "if the hypothesis is true, then

this observable result will follow", fixed before the result

is seen

2

probability (1) a number from 0 to 1 that states how often an

outcome would turn up if the same chance process

were repeated a great many times (Book 0); (2) a degree

of belief in one claim, which obeys the same arithmetic

(Book 10, section 10)

10

publication bias studies missing because their results were never

published

6

pursued (stance towards a claim) thought worth developing and testing further 2

rate down, rate up (GRADE) lower or raise a certainty rating by one or two levels, for

a reason stated in a footnote

7

recommendation (in a guideline) a statement of what should be done; it answers "what

should be done?", where the certainty of the evidence

answers "how sure can we be that the estimate of the

effect is close to the true effect?"

8

reference class the group of past claims, alike in what matters, among

which you count the present claim

14

retraction a notice published when a paper's findings and

conclusions can no longer be relied on; the cause may

be honest error, a naive mistake or misconduct

18

retraction with republication withdrawing a paper whose honest error changed its

result substantially, and publishing the corrected version

beside it (COPE: retraction with replacement)

18

reverse direction the second thing causes the first, not the first the

second

3

review date (of a register line) the date written on a line of the register for looking at it

again, or for judging it

21

risk of bias flaws in how the studies were run that push the estimate

one way

6

self-reported retraction a retraction in which the authors themselves reported

the error (Lu et al.)

19

silent update changing what you teach, such as your slides, without

saying so, which leaves the old position with everyone

who heard it; not the same as silent change (Book 6)

17

smallest difference that matters the smallest difference that would change what

someone does, decided before the result is seen

9
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Term Plain words
Secti

on

strength of a recommendation GRADE's grade for a recommendation, strong or weak,

set by four things: the certainty of the evidence, the

balance of desirable and undesirable effects, the values

and preferences of the people affected, and whether the

action is a wise use of resources

8

Summary of findings table the table in a Cochrane review that gives, for each

important outcome, the effect and its GRADE certainty,

with the reasons in footnotes

7

surrogate outcome a measurement that stands in for the outcome that

matters to patients

6

tally (of claims by confidence level) claims grouped by the level stated for them; at each

level, the number of claims, the number true, and the

proportion true

16

testable (hypothesis) a prediction follows from it: "if it is true, then this result" 2

traceable account the IPCC's name for a description of the evidence and

agreement behind each finding

13

under-confidence (at a level) the proportion of claims that turn out true is above the

level the person stated; at 50 per cent, any proportion

true far from 50, high or low

16

updating changing your confidence in a claim when new evidence

arrives, by as much as that evidence warrants and no

more

15

used (stance towards a claim) taken as an adequate tool for a practical job 2

values and preferences what the people affected value, and how they weigh the

good and bad effects of an action; one of the four things

that set the strength of a recommendation

8

verbal probability a word or phrase that states a degree of belief without a

number: "likely", "unlikely", "possible", "a serious

possibility"

11

weak recommendation most people would choose the action, but many would

not, so decide with the person; some panels write

"conditional" or "discretionary" for weak

8
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reader, how to change a position when the evidence changes, and why
saying "I was wrong about that" is part of the work.
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