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červen 2017



Lady tasting tea 3 / 31



Lady tasting tea 3 / 31



Lady tasting tea

Lady tasting tea 4 / 31



Lady tasting tea
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Muriel plně informovaná o designu experimentu
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Lady tasting tea 5 / 31



Lady tasting tea
Zadáńı
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4-polńı tabulka

1 2 3 4 5 6 7 8

chce:

vybere:
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plně definováno
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4-polńı tabulka

1 2 3 4 5 6 7 8

chce:

vybere:
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skutečnost

ti
p

la
d

y 3 1 4

1 3 4

4 4

Lady tasting tea 6 / 31



Lady tasting tea
bez chyby

1 2 3 4 5 6 7 8

4 0

0 4

4×

1 4 6 8

0×

Lady tasting tea 7 / 31



Lady tasting tea
bez chyby

1 2 3 4 5 6 7 8

4 0

0 4

4×

1 4 6 8

0×

Lady tasting tea 7 / 31



Lady tasting tea
bez chyby

1 2 3 4 5 6 7 8

4 0

0 4

4×

1 4 6 8

0×

právě 1 možnost jak vybrat bez chyby
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4× 4 = 16 možnost́ı, jak udělat 1 chybu
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vše špatně
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Pravděpodobnost náhodného správného výběru je 1/70,
tj. 0, 014 (1,4%).

p = 0, 014
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0 4

4 0

1

1 + 16 + 36 + 16 + 1 = 70
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vše špatně
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Hladina významnosti (p-value, p-level)

závěry o celé populaci děláme na základě výběru

Na základě 8 testovaćıch šálk̊u čaje s mlékem (výběr) děláme
zavěr o obecné schopnosti Muriel určit podle chuti zp̊usob
p̌ŕıpravy.

Hladina významnosti (p-value, p-level)

pravděpodobnost (riziko), s jakou v našem
výběru

”
namě̌ŕıme“ pozorovaný (nebo věťśı)

rozd́ıl (efekt), v p̌ŕıpadě, že v celé populaci
plat́ı nulová hypotéza (tj.

”
náhodou“)

H0 : Muriel nepozná rozd́ıl. . .

1Randall Munroe: XKCD
Hladina významnosti 11 / 31
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Hladina významnosti (p-value, p-level)
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Hladina významnosti
Historické souvislosti – pozdńı 20. léta

Ronald Fisher Egon Pearson Jerzy Neyman

Fisher: Neyman̊uv p̌ŕıstup dětský a hrozivý pro intelektuálńı
svobodu západu.1

Neyman: Fisherova práce hořśı než zbytečná.

1Nuzzo 2014.
Hladina významnosti Historické souvislosti 12 / 31



Chyba I. a II. druhu

závěry o celé populaci děláme na základě výběru

riziko chyby – riziko nesprávného zobecněńı vlastnost́ı výběru
na celou populaci
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Analýza kvantitativńıch dat (analýza četnost́ı)
Čty̌rpolńı tabulka

v biostatistice velmi časté

speciálńı p̌ŕıpad srovnáńı dvou dichotomických znak̊u

2 druhy léčby (A a B) a srovnáńı počtu vyléčených pacient̊u
srovnáńı p̌režit́ı dané nemoci s léčbou a bez léčby

lé
k
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B

vyléčeńı a b a + b

nevyléčeńı c d c + d

a + c b + d N

hypotéza o nezávislosti znak̊u

hypotéza o shodnosti struktury (homogenitě)
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lé
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lé
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Fisher̊uv test

4 0

0 4

3 1

1 3

2 2

2 2

1 3

3 1

0 4

4 0
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Fisher̊uv test
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Fragility index

Jak se změńı p p̌ri malé změně četnost́ı?

Jak stabilńı nebo naopak ǩrehká je dosažená hladina
pravděpodobnosti?

Co se stane, když do skupiny s nejmenš́ım počtem událost́ı
(úmrt́ı, vyléčeńı, recid́ıva, . . . ) jednu p̌ridáme a v p̌ŕıslušné
skupině bez události jednu ubereme.
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(úmrt́ı, vyléčeńı, recid́ıva, . . . ) jednu p̌ridáme a v p̌ŕıslušné
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Fragility index
Př́ıklad
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Fragility index
Definice
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Ke skupině s nejmenš́ım počtem událost́ı p̌ridáváme
(a z p̌ŕıslušné skupiny ub́ıráme) události, dokud p neńı ≥ 0, 05.
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léčba B c d c + d

a + c b + d N

p < 0, 05

u
d

á
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Fragility index
Studie

2

2Ridgeon et al. 2016; Walsh et al. 2014.
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Fragility index
Studie

NEJM, Lancet, JAMA,
AIM, BMJ

399 RCT

sample size:
682 (15 – 112 604)

events: 112 (8 – 5 142)

FI : 8 (0 – 808)

FI ≤ 3 (25%)

FI = 0 u 40 studíı (10%)

lost to follow-up > FI u 162 (53%) studíı
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Fragility index
Teoretické výpočty

2 ramenná studie, 6 a 7 p̌ŕıpadů (pacient̊u)
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. . . . . .

. . . 2 4 6

. . . 6 1 7

. . . . . . 16

0 6
1 5
2 4

...
5 1
6 0
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Fragility index
Teoretické výpočty

m = 6, n = 7

0 6

5 2



0 1 2 3 4 5 6 7
0 1.00 1.00 0.46 0.19 0.07 0.02 0.00 0.00
1 0.46 1.00 1.00 0.56 0.27 0.10 0.03 0.00
2 0.19 0.56 1.00 1.00 0.59 0.29 0.10 0.02
3 0.07 0.27 0.59 1.00 1.00 0.59 0.27 0.07
4 0.02 0.10 0.29 0.59 1.00 1.00 0.56 0.19
5 0.00 0.03 0.10 0.27 0.56 1.00 1.00 0.46
6 0.00 0.00 0.02 0.07 0.19 0.46 1.00 1.00
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Fragility index

v posledńı době populárńı metrika

hlasy po standardńım uváděńı u výsledk̊u RCTs
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v posledńı době populárńı metrika

hlasy po standardńım uváděńı u výsledk̊u RCTs

Proti
jen analýza četnost́ı

jen
”
2× 2“ studie

jen 1 : 1 randomizace

× konstatńı marginálńı součty

nejde
”
p̌ŕımo“ k hranici

významnosti
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Co s t́ım?
Feinstein̊uv p̌ŕıstup3 – unit fragility index
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Co s t́ım?
Feinstein̊uv p̌ŕıstup – unit fragility index

nepracuje s konceptem hladiny pravděpodobnosti

porovnává efekt (rozd́ıl pod́ıl̊u mezi skupinami) se změnou
pod́ılu p̌ri jednotkové změně četnosti

efekt: δ = 0, 40− 0, 25 = 0, 15

0, 15 ←→ 0, 6− 0, 4 = 0, 2

0, 15 ←→ 0, 402− 0, 4 = 0, 002

0, 15 ←→ 0, 45− 0, 4 = 0, 05
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