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Covid-19 test calculator

How to interpret test results
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Online calculator

Link to Calculator

thebmj Interactive Covid-19 test calculator
How to interpret test results Adjust these values to

update graphic below
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https://www.bmj.com/content/369/bmj.m1808

Recap Are you recording?
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» Confidence intervals — approximate and exact; rela to testing; o Al A
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- pure significance tests; simple and composite@ T/\/ I’Lo

LT
» goodness-of-fit tests '—m
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« empirical cumulative distribution function C Z, 11{X®

« introduction to multiple testing
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1. Friday Feb 12

2. hypothesis vs significance testing <—
3. diagnostic testing &—

4. Benjamini-Hochberg method ¢

» February 25-26 Workshop

* Feb 22 3.00 pm EST Joshua Speagle
“Mapping the Milky Way in the Age of Gaia” Link

Data Science ARES

* Feb 251.00 pm EST Dylan Small
CANSSI National Seminar Series (Journal Club; Slack)
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HW 4 updated

Toronto Data Workshop on
Reproducibility
Atwo-day workshop focusing on reproducibility in data-centric analysis.

Thursday and Friday 25-26 February 2021. Free and hosted via Zoom. All
welcome! Register here.


https://rohanalexander.com/reproducibility
https://canssiontario.utoronto.ca/?mec-events=data-science-ares-paul_mcnicholas
http://www.canssi.ca/canssi-national-seminar-series/canssi-national-seminar-series-dylan-small-feb-25-2021/

Today Start Recording
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1. FrrcEy-Fet-r - Reading week: no office hours

. - : ‘ 10O — (2
2. hypothes.ls VS s.lgnlﬁcance testing oﬁ&ei Fm
3. diagnostic testing P
4. Benjamini-Hochberg method (QAM T b PbS
Toronto Data Workshop on
Reproducibility

» February 25-26 Workshop

Atwo-day workshop focusing on reproducibility in data-centric analysis.
Thursday and Friday 25-26 February 2021. Free and hosted via Zoom. All
welcome! Register here.

* Feb 22 3.00 pm EST Joshua Speagle
“Mapping the Milky Way in the Age of Gaia” Link
Data Science ARES

* Feb 251.00 pm EST Dylan Small
CANSSI National Seminar Series (Journal Club; Slack)
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Hypothesis tests and significance tests

« Hypothesis tests typically means: c (\/choﬁf"a"‘
* Ho, H4 - oL T E ﬁ
D
- critical/rejection regionR C X, — 34 Syw M Z

- levél opypower 1 - 3 F4 ews” f2 v
- conclusion: “reject Ho at level o” or “do not reject Ho at level o”’ X —2¢ t(=
* planning: maximize power for some relevant alternative ~=— n ? minimize type Il error
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Hypothesis tests and significance tests

- Hypothesis tests typically means: e ok /m’C 7
* Ho, H,
- critical/rejection region R C X,
* level o, power1— g3
- conclusion: “reject Ho at level " or “do not reject H, at level o
« planning: maximize power for some relevant alternative minimize type Il error

- Significance tests typically means: *~ )v—vvu NI

. Ho,

* test statistic T

- observed value t°%,

. p-value pobs = Pr(T > tobs; Ho) (‘ Cont

- alternative hypothesis often only implicit large T ppints tialternative

\,,wnj/ /(/W J’\'D

Mathematical Statistics Il February 10 2021 4



Hypothesis tests and significance tests

« Hypothesis tests typically means:
* Ho, H,
- critical/rejection region R C X,
* level o, power1— g3
- conclusion: “reject Ho at level " or “do not reject H, at level o
« planning: maximize power for some relevant alternative minimize type Il error

- Significance tests typically means:
* Ho,
test statistic T
observed value t°,
« p-value p° = Pr(T > t°%; H,)
alternative hypothesis often only implicit large T points to alternative
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Hypothesis tests and significance tests

» overlap: sometimes (not recommended
obs p & H ( g ” ) j S(é 5 )‘lj G '{; - .
p°>s < 0.05 — “evidence against Hy .}) “reject Ho"

- overlap: p°bs is the smallest a-level }'9 1 = . Lt
at which the corresponding hypothesis test would reject HD) Deﬁnltlon 1011 in A0S
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)
obs “ H H ” w, ”
< 0.05 — “evidence against H reject H

- overlap: p°bs is the smallest a-level
at which the corresponding hypo

sis test would reject Ho Definition 10.11 in A0S
Mini-quiz - True or False? t Rice, Exercise 9.11.5

1. The significance level of a statistical test is equal to the probability th} the null hypothesis is true
== s
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)
p°bs < 0.05 — “evidence against Ho" “reject Ho"

- overlap: p°bs is the smallest a-level
at which the corresponding hypothesis test would reject H, Definition 1011 in A0S

Mini-quiz - True or False? Rice, Exercise 9.11.5

1. The significance level of a statistical test is equal to the probability the the null hypothesis is true
2. If the significance level of a test is decreased, the power would be expected to increase ? F
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)
p°bs < 0.05 — “evidence against Ho" “reject Ho"

- overlap: p°bs is the smallest a-level
at which the corresponding hypothesis test would reject H, Definition 1011 in A0S

Mini-quiz - True or False? Rice, Exercise 9.11.5

1. The significance level of a statistical test is equal to the probability the the null hypothesis is true
2. If the significance level of a test is decreased, the power would be expected to increase
3. If the test is rejected at level ¢, the probability that the null hypothesis is true equals a.
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)

p°bs < 0.05 — “evidence against Ho" “reject Ho"

- overlap: p° is the smallest a-level

at which the corresponding hypothesis test would reject H, Definition 1011 in A0S

Mini-quiz - True or False? Rice, Exercise 9.11.5

1. The significance level of a statistical test is equal to the probability the the null hypothesis is true
2. If the significance level of a test is decreased, the power would be expected to increase
3. If the test is rejected at level ¢, the probability that the null hypothesis is true equals a.

~> 4. The probability that the null hypothesis is falsely rejected is equal to the power of the test
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)
p°bs < 0.05 — “evidence against Ho" “reject Ho"

- overlap: p°bs is the smallest a-level
at which the corresponding hypothesis test would reject H, Definition 1011 in A0S

Mini-quiz - True or False? Rice, Exercise 9.11.5

The significance level of a statistical test is equal to the probability the the null hypothesis is true
If the significance level of a test is decreased, the power would be expected to increase

If the test is rejected at level o, the probability that the null hypothesis is true equals a.

The probability that the null hypothesis is falsely rejected is equal to the power of the test

A type | error occurs when the test statistic falls in the rejection region of the test
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)
p°bs < 0.05 — “evidence against Ho" “reject Ho"

- overlap: p°bs is the smallest a-level
at which the corresponding hypothesis test would reject H, Definition 1011 in A0S

Mini-quiz - True or False? Rice, Exercise 9.11.5

The significance level of a statistical test is equal to the probability the the null hypothesis is true
If the significance level of a test is decreased, the power would be expected to increase

If the test is rejected at level o, the probability that the null hypothesis is true equals a.

The probability that the null hypothesis is falsely rejected is equal to the power of the test

A type | error occurs when the test statistic falls in the rejection region of thetest -05

A type Il error is more serious than a type | error Convehm  if F-\ W%SL))
1% ‘ﬁ; Lm,\g;z o bwt l“’a

20 = pwlp. (9)
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Hypothesis tests and significance tests

- overlap: sometimes (not recommended)
p°bs < 0.05 — “evidence against Ho" “reject Ho"

- overlap: p°bs is the smallest a-level
at which the corresponding hypothesis test would reject H, Definition 1011 in A0S

Mini-quiz - True or False? Rice, Exercise 9.11.5

The significance level of a statistical test is equal to the probability the the null hypothesis is true
If the significance level of a test is decreased, the power would be expected to increase
If the test is rejected at level o, the probability that the null hypothesis is true equals a.
The probability that the null hypothesis is falsely rejected is equal to the power of the test
A type | error occurs when the test statistic falls in the rejection region of the test
6. Atype Il error is more serious than a type | error
—>7. The power of a test is determined by the null distribution of the test statistic r\/ ?AQV’
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Diagnostic testing Wikipedia

1. Hypothesis testing ( /Cg’t
Ho not rejected H, rejected &— ’(*vx”ggob }_
Ho true I~ V type 1errorX | ¢
truth
H, true | type 2 error ) "@ v 4
7
2. Diagnostic testing wany meLg link
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https://en.wikipedia.org/wiki/Receiver_operating_characteristic#Area_under_the_curve

Diagnostic testing and ROC
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Diagnostic testing AoS Table 10.2

2. Diagnostic testing

test negative

test positive

link

C19 neg
truth

C19 pos

N FP

FN P

3. Multiple testing

Ho not rejected H, rejected

Ho true
truth
H, true

\/_ F00§€ A\’SC.
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https://en.wikipedia.org/wiki/Receiver_operating_characteristic#Area_under_the_curve

Diagnostic testing
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Benjamini-Hochberg EH 15.2

- order the p-values p(yy, ..., Ppm)
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Benjamini-Hochberg EH 15.2

- order the p-values p(yy, ..., Ppm)
« find imax, the largest index for which

- L (. {
P(i)S%q Ré’é k‘én/)
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Benjamini-Hochberg EH 15.2

- order the p-values p(yy, ..., Ppm)
« find imax, the largest index for which

i
Py < mq

* Let BHq pe the rule that rejects Hy; for i < inax, NOt rejecting otherwise
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Benjamini-Hochberg

£ not-as)
- order the p-values p(yy, ..., Ppm) No frue Vo
« find imax, the largest index for which L[,a ot Q ﬁ‘
Py < %CI( 2w
. .. .. . \'
* Let BH, be the rule that rejects Hy; for i < imax, NOt rejecting otherwise E(-§>é ‘1/

« Theorem: If the p-values corresponding to valid null hypotheses are independent
of each other, then

FDR(BHq4) = m0q < q, where 7o = mg/m

—
o unknown but close to 1

/
&.g, A 'P/lbfé‘kd‘“f 1Lﬁuz m«d_s
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Benjamini-Hochberg

order the p-values p(yy, ..., pm)
find inax, the largest index for which

i
Py < Eq

Let BHq be the rule that rejects Ho; for i < imax, NOt rejecting otherwise
Theorem: If the p-values corresponding to valid null hypotheses are independent
of each other, then

FDR(BHq) = m0q < q, where 7o = mg/m

o unknown but close to 1

— I'

P < E@qa
m

1
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Benjamini-Hochberg
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Example AoS Ex.10.28

-

1 index 1. O()LOO 2.00000 3.00000 4.00000 5.00000 6.00000 7.0000

v ——

8.0000 9.0000 10.0000 (‘Owﬂ‘ao(
?C?) pval 0.00017 0.00448 0.00671 0.00907 0.01220 0.3362610.3934 0.5388 0.5813 0.98626/']7
cutl 0.00500 0.01000 0.01500 0.02000 0.02500 Q.03000/0.0350 0.0400 0.0450 0.0500€&—
(\Cth 0--01T464—0". 029 0.04398-0.0585b8 00 !‘Y:‘"T Q102 O—1 > 6 464
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Benjamini-Hochberg proof Efron; FZ 2006

Theorem: If the p-values corresponding to valid null hypotheses are independent of

each other, then X~ U(vo,)
FDR(BHq) = m0q < q, where 7o = mg/m Palxzs| Xe€)

Monographs

Large-Scale
Inference ‘
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Gelman'’s blog

link
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