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February 1998: The Lancet
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The Vaccine Story

Statistical Issues:

Small sample

No control group

It temporally linked three common conditions

Data were not collected systematically, and provided lots of
opportunity for selective interpretation

”Exposure identified by parents or doctor”
”Interval from exposure to first behavioral symptoms”
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The Vaccine Story

Child 4:
His medical records from the years before vaccination mentioned
‘developmental delay’, ‘general delay’, and ‘restricted vocabulary’.”

Child 8:
When she was referred to Wakefield by her physician Diana Jelley,
she wrote ”...both the hospital and members of the primary care
team had significant concerns about her development some months
before she had her MMR.”
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The Vaccine Story

Ethical Issues: (Brian Deer, The Sunday Times)

Two years before the Lancet paper was published, Wakefield
had been hired by a lawyer, Richard Barr, who hoped to raise
a speculative class action lawsuit against drug companies
which manufactured the triple shot

In June 1997, Wakefield had filed a patent on products,
including his own supposedly ”safer” single measles vaccine

Nearly all the children had been pre-selected through MMR
campaign groups, and at the time of their admission, most of
their parents were clients and contacts of the lawyer, Barr
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The Vaccine Story

Timeline

Oct 1988: The three-in-one MMR vaccine is introduced to the
UK after successful use in the US. Previously, single measles
and rubella vaccines were used, and there was no mumps
vaccine.

Feb 1998: The Lancet publishes Wakefield paper

2000-2002: vaccine controversy gains momentum with over
1000 media articles

March 2004: following news of undisclosed conflict of interest,
ten of Wakefield’s 12 coauthors retracted the paper’s
interpretation section, which claimed an association in time
between MMR, enterocolitis, and regressive developmental
disorders.
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The Vaccine Story

2006

MMR vaccination compliance: 85% (from 92% in 1998)
Incidence rates of measles in UK: 13 times higher than 1998
Incidence rates of mumps in UK: 37 times higher than 1998

Feb 2010: Lancet ”fully retracts the article from the published
record”

May 2010: Wakefield found guilty of professional misconduct
by General Medical Council, medical license is revoked
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Selective interpretation: The Vioxx Story

Vioxx (Rofecoxib)

nonsteroidal anti-inflammatory drug (NSAID) made by Merck

treatment for osteoarthritis and acute pain conditions

approved by the FDA in May 20, 1999

withdrawn from the market on Sept. 30, 2004
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The Vioxx Story

Background

ANSAIDS like aspirin and ibuprofen work by blocking COX-1
enzyme which helps produce pain and inflammation

COX-1 inhibitors can cause gastrointestinal damage and
decrease blood clotting

Vioxx was a COX-2 inhibitor, specific to inflamed tissue

COX-2 inhibitors were believed to be easier on the stomach
(this was the selling point)

The Vioxx Gastrointestinal Outcomes Research Study
(VIGOR)
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The Vioxx Story

Timeline

May 1999: The FDA approves Vioxx

March 2000: Merck gets results of the VIGOR trial

Nov. 23, 2000: The VIGOR results are published in NEJM

February 2001: FDA holds advisory meeting on the VIGOR
trials, publishes VIGOR data on web

Aug. 22, 2001: Cardiologists Debabrata Mukherjee et al
publish JAMA paper based on their own analysis of VIGOR
data at FDA web site. They cast serious doubt on the
hypothesis that naproxen protects the heart.
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The Vioxx Story

January 2002 to August 2004: Numerous epidemiological
studies point to Vioxx’s increased risk of cardiovascular
problems

September 2004: A colon-polyp prevention study, called
APPROVe, shows that the drug raises the risk of heart attacks
after 18 months. Merck withdraws Vioxx from market.

June 2006: The seventh trial against Merck begins. Merck
has won three and lost three.

November 2007: Merck announces $4.85 billion settlement
fund to end thousands of lawsuits
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Sampling Bias: The HRT Story

Hormone Replacement Therapy:

Since the 1940’s, when pharmaceutical companies had successfully
manufactured estrogen, estrogen was sold as a way to cure the
symptoms of menopause (hot flashes, night sweats, irritability,
osteoporosis, etc).

Ads targeted the menopausal woman as suffering from ‘estrogen
deficiency’, which can be cured by taking estrogen (“remain vital
beyond middle age”).

By 1975, Premarin had become the fifth leading prescription drug
in the United States
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The HRT Story

1985: Nurses Health Study showed that registered nurses who were
currently using estrogen had 70 percent lower risk of developing
coronary heart disease

1985: Framingham Heart Study showed that women who had
taken estrogen were 50 percent more likely to develop heart disease

Joshua Naranjo Why many scientific findings are wrong



Fraud
Selective interpretation

Sampling Bias
A survey of contradicted research outcomes

Modeling the probability that a research finding is true

Joshua Naranjo Why many scientific findings are wrong



Fraud
Selective interpretation

Sampling Bias
A survey of contradicted research outcomes

Modeling the probability that a research finding is true

The HRT Story: Nurses’ Health Study

A Prospective Study of Postmenopausal Estrogen Therapy and
Coronary Heart Disease - The Nurses’ Health Study
by Stampfer, et al. (NEJM 313:1044-9, October 24, 1985)

surveyed 32,317 postmenopausal female nurses, aged 30 to 55
years

4 years of follow-up

RR of CHD in those who had ever used hormones was 0.5
(0.3 and 0.8; P = 0.007)

RR of CHD in current users was 0.3 (0.2 and 0.6; P = 0.001)
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The HRT Story: Framingham Study

Postmenopausal Estrogen Use and Cardiovascular Morbidity in
Women over 50 – The Framingham Study
by Wilson et al (NEJM; 313:1038-1043, October 24, 1985)

surveyed 1234 postmenopausal women, aged 50 to 83 years

eight years of follow-up

50 per cent elevated risk of cardiovascular morbidity (P<0.01)
among those who had used hormones

more than a twofold risk for cerebrovascular disease (P<0.01)

Joshua Naranjo Why many scientific findings are wrong



Fraud
Selective interpretation

Sampling Bias
A survey of contradicted research outcomes

Modeling the probability that a research finding is true

The HRT Story

Since the Framingham study

1 involved older women (who were thus at greater risk)

2 had received higher doses of estrogen

3 had a smaller sample size (1234 vs 32,317)

4 were not replicated by other studies

the results were largely dismissed by the media and medical
community
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The HRT Story

Subsequent studies were conducted investigating the true effects of
HRT on CHD. Most supported Stampfer’s study that HRT was
protective against CHD. In Stampfer’s own words (International
Journal of Epidemiology, 1990), :

“Of 16 prospective studies, 15 found decreased relative
risks, in most instances, statistically significant. The
Framingham study alone observed an elevated risk, which
was not statistically significant when angina was omitted.
Overall, the bulk of the evidence strongly supports a
protective effect of estrogens that is unlikely to be
explained by confounding factors. ”
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The HRT Story

1992: Premarin was the number one prescribed drug in the United
States

Major medical professional organizations were recommending
long-term use of HRT. E.g., the American of College of Physicians
issued guidelines to practicing physicians recommending that “all
women. . . should consider preventive hormone therapy,” and that
10 to 20 years of therapy were recommended for “maximum
benefit”
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The HRT Story

Too good to be true?

Elizabeth Barrett-Connor (UCSD Div. of Epidemiology):
“I thought there were two or three very strong biases

1 women taking estrogen were better educated and wealthier

2 there was compliance bias – that is, people who are compliant
in clinical trials, even with a placebo, have less disease.

3 during the years spanned by both studies, the Physicians Desk
Reference suggested estrogen should not be prescribed to
women with heart disease, hypertension, or diabetes. So
women with heart risks were not receiving the drug.

i.e., “Healthy Cohort Effect”
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The HRT Story: 2002

In 1991, the NIH had a new director, cardiologist Bernadine Healy

She had an ambitious goal: a large, randomized, placebo-controlled
multi-endpoint clinical trial on women’s health covering

-heart disease, breast and colon cancer, bone fractures
-role of hormone therapy, diet, vitamins, calcium in prevention

The study was called the Women’s Health Initiative (WHI).
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The HRT Story: 2002

One arm of WHI:
16,608 healthy women aged 50-79 were recruited from 1993-1998
and randomly assigned to receive either a daily intake of Prempro
(estrogen-progesterone) or a placebo.

Another arm of WHI:
10,739 women who had had a hysterectomy were randomly
assigned to receive either a daily intake of 0.625 mg Premarin
(estrogen-only) or a placebo
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The HRT Story: 2002

Results:

On May 31, 2002, after a mean of 5.2 years of follow-up, the data
and safety monitoring board recommended stopping the trial of
estrogen-progestin vs placebo. The test statistic for breast cancer
exceeded the stopping boundary, and the global index statistic
indicated ‘risks exceeding benefits’.

On February 2, 2004, the data and safety monitoring board
recommended stopping the trial of estrogen only vs placebo.
Estrogen alone does not appear to affect the risk of heart disease
or breast cancer, but it did increase the risk of stroke.
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The HRT Story: 2002

Risk findings for estrogen plus progestin (cases per 10,000 women):

Breast cancer: 26% increased risk (38 cases vs 30 on placebo)

Stroke: 41% increased risk (29 vs 21)

Heart attack: 29% increased risk (37 vs 30)

Blood clots (legs, lungs): Doubled rates (34 vs 16)

Colorectal Cancer: 37% less risk (10 vs 16)

Fractures: 37% fewer hip fractures (10 vs 15)
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The HRT Story: 2002

Risk findings for estrogen only (cases per 10,000 women):

Stroke: 39% increase in strokes (44 cases 32 on placebo)

Blood clot: 47% higher risk (21 vs 15)

Coronary heart disease: No significant difference (49 vs 54)

Colorectal cancer: No significant difference (17 vs 16)

Breast cancer: No significant difference (26 vs 33)

Bone fractures: 39% fewer hip fractures (11 vs 17)
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The HRT Story: 2017

September 12, 2017
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The HRT Story: 2017

”Previous WHI reports have focused on incident diagnoses such as
coronary heart disease, stroke, breast cancer, hip fracture, and
other major outcomes, all of which are serious but predominantly
nonfatal and led to fewer than half of the deaths.

In view of the complex balance of benefits and risks of hormone
therapy, the all-cause mortality outcome provides an important
summary measure, representing the net effect of hormone therapy
use for 5 to 7 years on life-threatening outcomes.”
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The HRT Story: 2017

Results: During the cumulative 18-year follow-up, 7489 deaths
occurred: 1088 deaths during the intervention phase and 6401
deaths during postintervention follow-up.

Pooled cohort: All-cause mortality was 27.1% in the hormone
therapy group vs 27.6% in the placebo group: HR was 0.99
(95% CI, 0.94-1.03)

CEE plus MPA: HR was 1.02 (95% CI, 0.96-1.08)

CEE alone: HR was 0.94 (95% CI, 0.88-1.01)
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The HRT Story: 2017

Treatment by age interaction
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The HRT Story: 2017

”Although these findings lend support to use of hormone therapy
for recently menopausal women with moderate-to-severe
symptoms, the attenuation of age differences with longer follow-up
would not support use of hormone therapy for reducing chronic
disease or mortality.”
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The HRT Story: 2017

Looking back: The HRT Story 1985

The Framingham Study

n=1234 postmenopausal women, aged 50 to 83 years

eight years of follow-up

The Nurses’ Health Study

n=32,317 postmenopausal female nurses, aged 30 to 55 years

4 years of follow-up
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Contradicted research outcomes

Questions:

1 How often do medical studies result in wrong findings?
2 What are the primary causes of wrong findings?

Statistical
Otherwise

Paper:
“Contradicted and Initially Stronger Effects in Highly Cited Clinical
Research”, by Ioannidis (2005)

”... looked at all original clinical research studies published in 3
major general clinical journals (NEJM, JAMA, Lancet) or
high-impact-factor specialty journals in 1990-2003 and cited more
than 1000 times in the literature.”
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Contradicted research outcomes

Results: Of 49 highly cited original clinical research studies, 45
claimed that the intervention was effective. Of these,

7 were contradicted by subsequent studies

7 found effects stronger than those of subsequent studies

20 found effect confirmed by subsequent studies

11 remained largely unchallenged

Conclusion: Contradiction and initially stronger effects are not
unusual in highly cited research of clinical interventions and their
outcomes.
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Contradicted research outcomes

Table 1: Contradicted research and current state of knowledge

Contradicted study Current state of knowledge

1. Nurses Health Etrogen/progestin do not

2. PEPI protect but increase CAD risk

in postmenopausal women.

3. Health Pros Vitamin E supplement

does not reduce CAD in men.

4. Nurses Health Vitamin E supplement

does not reduce CAD in women.
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Contradicted research outcomes

Table 1: Contradicted research and current state of knowledge

Contradicted study Current state of knowledge

5. CHAOS Vitamin E supplement

does not prevent coronary events

6. HA-1A Sepsis HA-1A did not improve

survival in gram-negative sepsis.

7. Rossaint et al Nitric oxide does not improve

(nitric oxide) survival in respiratory distress.
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Contradicted research outcomes

Table 2: Contradicted research designs

Contradicted Contradicted Contradicting

study study design study design

1. Nurses Health Cohort (n=48,470) RCT (n=16,608)

2. PEPI RCT (n=875) RCT (n=16,608)

3. Health Pros Cohort (n=39,910) RCT (n=6,996)

4. Nurses Health Cohort (n=87,245) RCT (n=2,545)

5. CHAOS RCT (n=2,002) RCT (n=9,541)

6. HA-1A Sepsis RCT (n=200) RCT (n=2,199)

7. Rossaint et al Case series (n=9) MA RCT (n=535)
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The Nitric Oxide study

The Nitric Oxide Study (Rossaint et al. 1993):
Consisted of 9 patients with severe ARDS (Adult Respiratory
Distress Syndrome). Concluded that inhalation of nitric oxide in
those with severe ARDS reduces pulmonary-artery pressure and
increases arterial oxygenation.

Contradicted by:

Nitric Oxide Inhalation for Acute Hypoxemic Respiratory Failure
(Sokol et al, 2009)
535 patients with acute hyperemic respiratory failure. Nitric oxide
had no effect on mortality rates.
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The Nitric Oxide study

Statistical explanation for contradiction:

Sample Size (n=9)

No Control Group

Placebo Effect
Regression Effect
All patients started with extremely low oxygenation

Heterogeneous Cohort
4 patients had pneumonia, 4 had trauma and lung contusion.
Some had kidney or liver failures.

Surrogate endpoint (oxygenation, not mortality)
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Common threats to correct outcomes

Threats to study reliability: (Are the results repeatable?)

Low sample size

Heterogeneous cohort (population variance)

Threats to study validity: (Does it do what is intended?)

Confounded effects (cohort vs RCT)
(e.g. the type of subjects who assigned themselves to estrogen
turns out to be heart healthier than thse who did not.)

Surrogate endpoint (Y) and surrogate markers (X)
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Common threats to correct outcomes

Kim and Prasad (2015) survey:

”...examined all cancer drug marketing approvals by the FDA from
2008 through 2012.”

54 approvals were made, with 36 drugs (67%) approved on
the basis of a surrogate end point, such as tumor response
rate or progression-free survival

With several years of follow-up, 31 (86%) of these have
unknown effects on overall survival or fail to show gains in
survival
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Modeling the probability that a research finding is true

Ioannidis (2005):
Let R=ratio of ”true” to ”false” relationships (this is field
specific). Then R = #T/#F .

The prior probability of any relationship being true (i.e. before the
study is conducted) is

P[T ] =
#T

#T + #F
=

#T/#F

(#T + #F )/#F
=

R

R + 1
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Modeling the probability that a research finding is true

Let α = P[Type I error] of each test in a study
Let 1− β = 1− P[Type II error] = power of each test in a study
Let c=number of relationships being tested in a study

Table : 2× 2 table of expected counts

Research Relationship

finding True False Total

Yes

No

Total c R
R+1 c 1

R+1 c
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Modeling the probability that a research finding is true

Let α = P[Type I error] of each test in a study
Let 1− β = 1− P[Type II error] = power of each test in a study
Let c=number of relationships being tested in a study

Table : 2× 2 table of expected counts

Research Relationship

finding True False Total

Yes c 1
R+1α

No c 1
R+1 (1− α)

Total c R
R+1 c 1

R+1 c

Joshua Naranjo Why many scientific findings are wrong



Fraud
Selective interpretation

Sampling Bias
A survey of contradicted research outcomes

Modeling the probability that a research finding is true

Modeling the probability that a research finding is true

Let α = P[Type I error] of each test in a study
Let 1− β = 1− P[Type II error] = power of each test in a study
Let c=number of relationships being tested in a study

Table : 2× 2 table of expected counts

Research Relationship

finding True False Total

Yes c R
R+1 (1− β) c 1

R+1α

No c R
R+1β c 1

R+1 (1− α)

Total c R
R+1 c 1

R+1 c
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Modeling the probability that a research finding is true

Let α = P[Type I error] of each test in a study
Let 1− β = 1− P[Type II error] = power of each test in a study
Let c=number of relationships being tested in a study

Table : 2× 2 table of expected counts

Research Relationship

finding True False Total

Yes c R
R+1 (1− β) c 1

R+1α
c(R(1−β)+α)

R+1

No c R
R+1β c 1

R+1 (1− α) c(Rβ+1−α)
R+1

Total c R
R+1 c 1

R+1 c
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Modeling the probability that a research finding is true

After a research finding has been claimed based on statistical
significance, the post-study probability that the relationship is true
is

PPV =
R(1− β)

R(1− β) + α

where PPV stands for positive predictive value.
A research finding is more likely true than false if

R(1− β) > α
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Multiple studies:
Suppose there are n independent studies targeting the same
questions. The question-wise Type I and Type II error rates are

β∗ = P[0 significant findings|True] = β · β · · ·β = βn

α∗ = P[≥ 1 sig|False] = 1− p[0 sig|False] = 1− (1− α)n

Finding True False Total

Yes c R
R+1 (1− β∗) c 1

R+1α
∗ c(R(1−β∗)+α∗)

R+1

No c R
R+1β

∗ c 1
R+1 (1− α∗) c(Rβ∗+1−α∗)

R+1

Total c R
R+1 c 1

R+1 c
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Bias:
Let u be the proportion of explored analyses that would not have
been research findings but end up reported as such because of bias.
(E.g. p-hacking, selective exclusion of subjects, selective reporting.)

Finding True False Total

Yes c R
R+1 (1− β∗)+c R

R+1β
∗u c 1

R+1α
∗+c 1−α∗

R+1 u

No c R
R+1β

∗ (1− u) c 1−α∗

R+1 (1− u)

Total c R
R+1 c 1

R+1 c
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PPV =
(1− β∗)R + uβ∗R

R + α∗ − β∗R + u − uα∗ + uβ∗R

is a function of

pre-study probability R

α and β

number of teams n

bias u
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Corollary 1: The smaller the sample sizes conducted in a
scientific field, the less likely the research findings are to be
true.
Small sample size means smaller power. The PPV for a true
research finding decreases as power decreases.

Corollary 2: The smaller the effect sizes in a scientific field,
the less likely the research findings are to be true.
Small effect sizes mean smaller power.
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Corollary 3: The greater the number and the lesser the
selection of tested relationships, the less likely the research
findings are to be true.
Fields like genetics that use microarrays and other high-throughput
discovery-oriented research, have lower R and correspondingly
lower PPV.
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Corollary 4: The greater the flexibility in designs, definitions,
outcomes, and analytical methods in a scientific field, the
less likely the research findings are to be true.
Flexibility increases the potential for transforming what would be
negative results into positive results, hence increasing u.
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Corollary 5: The greater the financial interests and
prejudices in a scientific field, the less likely the research
findings are to be true.
Conflicts of interest are very common in biomedical research, and
increase the potential for bias u. Prejudice may not necessarily
have financial roots. Findings that may or may not refute global
warming, or evolution, or efficacy of vaccines, may be censored by
self, or colleagues, or the peer-review process.
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Corollary 6: The hotter a scientific field (with more teams
involved), the less likely the research findings are to be true.
This may explain why we occasionally see major excitement,
inevitably followed by disappointment, in fields like cancer studies
or genetics.
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Suppose that
α = .05, β = .20,
u = .10 rate of no-findings reported as findings
n = 10 teams conducting research,

R 1:100 1:10 1:5 1:2 1:1 2:1 5:1

PPV .02 .16 .27 .48 .65 .79 .90

where R =ratio of true to false relationships
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Suppose that
α = .05, β = .20,
u = .10 rate of no-findings reported as findings

R 1:100 1:10 1:5 1:2 1:1 2:1 5:1

n = 10 .02 .16 .27 .48 .65 .79 .90

PPV n = 20 .01 .11 .20 .38 .55 .71 .86

n = 40 .01 .09 .16 .32 .49 .65 .83
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