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Ïîèñê ýêñòðàñåíñîâ

Joseph Rhine, 1950: èññëåäîâàíèÿ âîçìîæíîñòè ýêñòðàñåíñîðíîãî

âîñïðèÿòèÿ. Ïåðâûé ýòàï � ïîèñê ýêñòðàñåíñîâ.

Èñïûòóåìîìó ïðåäëàãàåòñÿ óãàäàòü öâåò 10 êàðò.

H0 : èñïûòóåìûé âûáèðàåò îòâåò íàóãàä.

H1 : èñïûòóåìûé ìîæåò ïðåäñêàçûâàòü öâåòà êàðò.

Ñòàòèñòèêà t � ÷èñëî êàðò, öâåòà êîòîðûõ óãàäàíû.

P (t ≥ 9 |H0 ) = 11 ·
1

2

10

= 0.0107421875,

ò. å. ïðè t = 9 ïîëó÷àåì äîñòèãàåìûé óðîâåíü çíà÷èìîñòè p ≈ 0.01 �

ìîæíî îòêëîíÿòü H0.
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Ïîèñê ýêñòðàñåíñîâ

Ïðîöåäóðó îòáîðà ïðîøëè 1000 ÷åëîâåê.

Äåâÿòü èç íèõ óãàäàëè öâåòà 9 èç 10 êàðò, äâîå � öâåòà âñåõ 10 êàðò. Íè

îäèí â ïîñëåäóþùèõ ýêñïåðèìåíòàõ íå ïîäòâåðäèë ñâîèõ ñïîñîáíîñòåé.

Âåðîÿòíîñòü òîãî, ÷òî èç 1000 ÷åëîâåê õîòÿ áû îäèí ñëó÷àéíî óãàäàåò

öâåòà 9 èëè 10 èç 10 êàðò: 1−
(

1− 11 · 1
2

10
)1000

≈ 0.9999796.
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Ìàòåìàòè÷åñêàÿ �îðìóëèðîâêà

âûáîðêà: Xn = (X1, . . . , Xn) ∼ P ∈ Ω;
íóëåâàÿ ãèïîòåçà: H0 : P ∈ ω, ω ∈ Ω;

àëüòåðíàòèâà: H1 : P /∈ ω;
ñòàòèñòèêà: T (Xn) , T (Xn) ∼ F (x) ïðè P ∈ ω;

T (Xn) 6∼ F (x) ïðè P /∈ ω;

ðåàëèçàöèÿ âûáîðêè: xn = (x1, . . . , xn) ;
ðåàëèçàöèÿ ñòàòèñòèêè: t = T (xn) ;

äîñòèãàåìûé óðîâåíü çíà÷èìîñòè: p (xn)� âåðîÿòíîñòü ïðè H0 ïîëó÷èòü

T (Xn) = t èëè åù¼ áîëåå ýêñòðåìàëüíîå;

p

t

�èïîòåçà îòâåðãàåòñÿ ïðè p (xn) ≤ α, α� óðîâåíü çíà÷èìîñòè.
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Ïðàâèëî ïðîâåðêè ãèïîòåçû
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Íåñèììåòðè÷íîñòü çàäà÷è ïðîâåðêè ãèïîòåçû

H0 âåðíà H0 íåâåðíà

H0 ïðèíèìàåòñÿ H0 âåðíî ïðèíÿòà Îøèáêà âòîðîãî ðîäà

H0 îòâåðãàåòñÿ Îøèáêà ïåðâîãî ðîäà H0 âåðíî îòâåðãíóòà

Âåðîÿòíîñòü îøèáêè ïåðâîãî ðîäà æ¼ñòêî îãðàíè÷èâàåòñÿ ìàëîé

âåëè÷èíîé:

p (xn) = P (T (Xn) ≤ t |H0 ) = P (p (xn) ≤ α |H0 ) ≤ α.

Âåðîÿòíîñòü îøèáêè âòîðîãî ðîäà ìèíèìèçèðóåòñÿ ïóò¼ì âûáîðà

äîñòàòî÷íî ìîùíîãî êðèòåðèÿ.
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Ìàòåìàòè÷åñêàÿ ïîñòàíîâêà

äàííûå: X = {Xn1

1 , . . . , Xnm

m }, Xni

i ∼ Pi ∈ Ω;
íóëåâûå ãèïîòåçû: Hi : Pi ∈ ωi, ωi ∈ Ω;

àëüòåðíàòèâû: H ′

i : Pi /∈ ωi;
ñòàòèñòèêè: Ti = T (Xni

i ) ïðîâåðÿåò Hi ïðîòèâ H ′

i;
ðåàëèçàöèè ñòàòèñòèê : ti = T (xni

i ) ;
äîñòèãàåìûå óðîâíè çíà÷èìîñòè: pi = p (xni

i ) , i = 1, . . . ,m;

M = {1, 2, . . . ,m} ;
M0 = M0 (P ) = {i : Hi âåðíà}�èíäåêñû âåðíûõ ãèïîòåç, |M0| = m0;
R = R (P, α) = {i : Hi îòâåðãíóòà}�èíäåêñû îòâåðãàåìûõ ãèïîòåç,

|R| = R;
V = |M0 ∩R|�÷èñëî îøèáîê ïåðâîãî ðîäà.

×èñëî âåðíûõ Hi ×èñëî íåâåðíûõ Hi Âñåãî

×èñëî ïðèíÿòûõ Hi U T m−R

×èñëî îòâåðãíóòûõ Hi V S R

Âñåãî m0 m−m0 m
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Ìíîãîìåðíûå îáîáùåíèÿ îøèáêè ïåðâîãî ðîäà

�ðóïïîâàÿ âåðîÿòíîñòü îøèáêè ïåðâîãî ðîäà (familywise error rate):

FWER = P (V ≥ 1) .

Êîíòðîëü íàä ãðóïïîâîé âåðîÿòíîñòüþ îøèáêè íà óðîâíå α îçíà÷àåò

FWER = P (V ≥ 1) ≤ α ∀P.

Êàê ýòîãî äîáèòüñÿ?

Ïàðàìåòðû α1, . . . , αm � óðîâíè çíà÷èìîñòè, íà êîòîðûõ íåîáõîäèìî

ïðîâåðÿòü ãèïîòåçû H1, . . . ,Hm; çàäà÷à � âûáðàòü èõ òàê, ÷òîáû

îáåñïå÷èòü FWER ≤ α.
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Ïîïðàâêà Áîí�åððîíè

Ìåòîä Áîí�åððîíè:

α1 = . . . = αm = α/m.

Òåîðåìà

Åñëè ãèïîòåçû Hi, i = 1, . . . ,m, îòâåðãàþòñÿ ïðè pi ≤ α/m, òî
FWER ≤ α.

Äîêàçàòåëüñòâî.

FWER = P (V ≥ 1) ≤ P

(

m0
⋂

i=1

{pi ≤ α/m}

)

≤

m0
∑

i=1

P (pi ≤ α/m) ≤

≤

m0
∑

i=1

α/m =
m0

m
α ≤ α.
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Ïîïðàâêà Áîí�åððîíè

Àëüòåðíàòèâíûé âèä � ïåðåõîä ê ìîäè�èöèðîâàííûì äîñòèãàåìûì

óðîâíÿì çíà÷èìîñòè:

p̃i = min (1, mpi) .
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Ïîïðàâêà Áîí�åððîíè

Ïðè óâåëè÷åíèè m â ðåçóëüòàòå ïðèìåíåíèÿ ïîïðàâêè Áîí�åððîíè

ìîùíîñòü ñòàòèñòè÷åñêîé ïðîöåäóðû ðåçêî óìåíüøàåòñÿ � øàíñû

îòêëîíèòü íåâåðíûå ãèïîòåçû ïàäàþò.

Ïðèìåð: êðèòåðèé Ñòüþäåíòà äëÿ íåçàâèñèìûõ âûáîðîê,

Xn
1 ∼ N (µ1, 1) , X

n
2 ∼ N (µ2, 1) , H0 : µ1 = µ2, H1 : µ1 6= µ2, µ1 − µ2 = 1 :

m n Ìîùíîñòü

1 23 0.9

10 23 0.67

100 23 0.37

1000 23 0.16

1000 62 0.9

Åñëè ïðîâåðÿåòñÿ îäíîâðåìåííî 1000000 ãèïîòåç, ïðè ðàçìåðå âûáîðîê

n = 10 ìîùíîñòü 0.9 äîñòèãàåòñÿ ïðè ðàññòîÿíèè ìåæäó ñðåäíèìè

âûáîðîê â ïÿòü ñòàíäàðòíûõ îòêëîíåíèé.
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Ìîäåëüíûé ýêñïåðèìåíò

n = 20, m = 200, m0 = 150;
Xij ∼ N (0, 1) , i = 1, . . . ,m0, j = 1, . . . , n;
Xij ∼ N (1, 1) , i = m0 + 1, . . . ,m, j = 1, . . . , n;
Hi : EXij = 0, H ′

i : EXij 6= 0;
äëÿ ïðîâåðêè èñïîëüçóåì îäíîâûáîðî÷íûé êðèòåðèé Ñòüþäåíòà.

Áåç ïîïðàâîê:

Âåðíûõ Hi Íåâåðíûõ Hi Âñåãî

Ïðèíÿòûõ Hi 142 0 142

Îòâåðãíóòûõ Hi 8 50 58

Âñåãî 150 50 200

Áîí�åððîíè:

Âåðíûõ Hi Íåâåðíûõ Hi Âñåãî

Ïðèíÿòûõ Hi 150 27 177

Îòâåðãíóòûõ Hi 0 23 23

Âñåãî 150 50 200
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Íèñõîäÿùèå ìåòîäû ìíîæåñòâåííîé ïðîâåðêè ãèïîòåç

Ñîñòàâèì âàðèàöèîííûé ðÿä äîñòèãàåìûõ óðîâíåé çíà÷èìîñòè:

p(1) ≤ p(2) ≤ . . . ≤ p(m),

H(1),H(2), . . . ,H(m) � ñîîòâåòñòâóþùèå ãèïîòåçû.

1

Åñëè p(1) ≥ α1, ïðèíÿòü âñå íóëåâûå ãèïîòåçû H(1),H(2), . . . , H(m)

è îñòàíîâèòüñÿ; èíà÷å îòâåðãíóòü H(1) è ïðîäîëæèòü.

2

Åñëè p(2) ≥ α2, ïðèíÿòü âñå íóëåâûå ãèïîòåçû H(2),H(3), . . . , H(m)

è îñòàíîâèòüñÿ; èíà÷å îòâåðãíóòü H(2) è ïðîäîëæèòü.

3

. . .

Êàæäûé äîñòèãàåìûé óðîâåíü çíà÷èìîñòè p(i) ñðàâíèâàåòñÿ ñî ñâîèì

óðîâíåì çíà÷èìîñòè αi.
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Ìåòîä Õîëìà

Ìåòîä Õîëìà � íèñõîäÿùàÿ ïðîöåäóðà ñî ñëåäóþùèìè óðîâíÿìè

çíà÷èìîñòè:

α1 =
α

m
, α2 =

α

m− 1
, . . . , αi =

α

m− 1 + 1
, . . . , αm = α.

Ìåòîä îáåñïå÷èâàåò êîíòðîëü íàä FWER íà óðîâíå α ïðè ëþáûõ pi è Ti.

Àëüòåðíàòèâíûé âèä � ïåðåõîä ê ìîäè�èöèðîâàííûì äîñòèãàåìûì

óðîâíÿì çíà÷èìîñòè:

p̃(i) = min
(

1,max
(

(m− i+ 1) p(i), p̃(i−1)

))

.
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Ìåòîä Õîëìà

Ìåòîä Õîëìà ðàâíîìåðíî ìîùíåå ïîïðàâêè Áîí�åððîíè, ïîñêîëüêó âñå

åãî óðîâíè çíà÷èìîñòè αi íå ìåíüøå:
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Ìîäåëüíûé ýêñïåðèìåíò

Îòñîðòèðîâàííûå äîñòèãàåìûå óðîâíè çíà÷èìîñòè:
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Ìîäåëüíûé ýêñïåðèìåíò

Ìîäè�èöèðîâàííûå äîñòèãàåìûå óðîâíè çíà÷èìîñòè, ìåòîä Áîí�åððîíè:

0 20 40 60 80 100 120 140 160 180 200
0

0,05

0,25
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1

i

p̃
(i
)

Âåðíûõ Hi Íåâåðíûõ Hi Âñåãî

Ïðèíÿòûõ Hi 150 27 177

Îòâåðãíóòûõ Hi 0 23 23

Âñåãî 150 50 200
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Ìîäåëüíûé ýêñïåðèìåíò

Ìîäè�èöèðîâàííûå äîñòèãàåìûå óðîâíè çíà÷èìîñòè, ìåòîä Õîëìà:

0 20 40 60 80 100 120 140 160 180 200
0

0,05

0,25

0,5

0,75

1

i

p̃
(i
)

Âåðíûõ Hi Íåâåðíûõ Hi Âñåãî

Ïðèíÿòûõ Hi 150 24 174

Îòâåðãíóòûõ Hi 0 26 26

Âñåãî 150 50 200
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Èäåè äëÿ äàëüíåéøèõ óëó÷øåíèé

Äîïîëíèòåëüíî îöåíèòü m0.

Ñäåëàòü äîïîëíèòåëüíûå ïðåäïîëîæåíèÿ:

î õàðàêòåðå çàâèñèìîñòè ìåæäó ñòàòèñòèêàìè;

î ñîâìåñòíîì ðàñïðåäåëåíèè ñòàòèñòèê.

Ó÷åñòü çàâèñèìîñòü ìåæäó ñòàòèñòèêàìè ñ ïîìîùüþ

ïåðåñòàíîâî÷íûõ ìåòîäîâ.
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Ïðåäâàðèòåëüíîå îöåíèâàíèå m0

Èç äîêàçàòåëüñòâà òåîðåìû 1 ñëåäóåò, ÷òî ìåòîä Áîí�åððîíè

êîíòðîëèðóåò FWER íà óðîâíå

m0

m
α.

Ïðèìåðû ìåòîäîâ îöåíêè m0:

ìåòîä Ñòîðè:

m̂0 = 2

m
∑

i=1

[pi ≥ 0.5] ;

ìåòîä íàèìåíüøåãî íàêëîíà Áåíäæàìèíè-Õîõáåðãà:

m̂0 = min

(

m,
1

Si0

+ 1

)

,

Si =
1− p(i)

m− i+ 1
, i = 1, . . . ,m,

i0 = min {i : Si < Si−1} .

Êàê ïðàâèëî, äîêàçàòåëüñòâ êîíòðîëÿ FWER äëÿ ïðîöåäóð

ñ ïðåäâàðèòåëüíîé îöåíêîé m0 íåò, íî íà ïðàêòèêå îíè ÷àñòî ðàáîòàþò

õîðîøî.
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Îäíîøàãîâûé ìåòîä Øèäàêà

Ìåòîä Øèäàêà:

α1 = α2 = . . . = αm = 1− (1− α)
1
m .

Ìåòîä îáåñïå÷èâàåò êîíòðîëü íàä FWER íà óðîâíå α ïðè óñëîâèè, ÷òî

ñòàòèñòèêè Ti íåçàâèñèìû èëè âûïîëíÿåòñÿ ñëåäóþùåå ñâîéñòâî:

P (T1 ≤ t1, . . . , Tm ≤ tm) ≥
m
∏

i=1

P (Ti ≤ ti) ∀t1, . . . , tm

(positive orthant dependene).

Àëüòåðíàòèâíûé âèä � ïåðåõîä ê ìîäè�èöèðîâàííûì äîñòèãàåìûì

óðîâíÿì çíà÷èìîñòè:

p̃i = 1− (1− pi)
m .
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Íèñõîäÿùàÿ ìîäè�èêàöèÿ

Íèñõîäÿùèé ìåòîä Øèäàêà (ìåòîä Øèäàêà-Õîëìà) � íèñõîäÿùàÿ

ïðîöåäóðà ñî ñëåäóþùèìè óðîâíÿìè çíà÷èìîñòè:

α1 = 1− (1− α)
1
m , . . . , αi = 1− (1− α)

1
m−i+1 , . . . , αm = α.

Ìåòîä îáåñïå÷èâàåò êîíòðîëü íàä FWER íà óðîâíå α ïðè óñëîâèè, ÷òî

ñòàòèñòèêè Ti íåçàâèñèìû èëè äëÿ íèõ âûïîëíÿåòñÿ ñâîéñòâî positive

orthant dependene.

Àëüòåðíàòèâíûé âèä � ïåðåõîä ê ìîäè�èöèðîâàííûì äîñòèãàåìûì

óðîâíÿì çíà÷èìîñòè:

p̃(i) = max
(

1−
(

1− p(i)
)(m−i+1)

, p̃(i−1)

)

.
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Çàâèñèìîñòü ìåæäó ñòàòèñòèêàìè

Íå ó÷èòûâàÿ õàðàêòåð çàâèñèìîñòè ìåæäó ñòàòèñòèêàìè, íåëüçÿ

ïîñòðîèòü êîíòðîëèðóþùóþ FWER ïðîöåäóðó ìîùíåå, ÷åì ìåòîä

Õîëìà.

Åñëè ñòàòèñòèêè íåçàâèñèìû, íåëüçÿ ïîñòðîèòü êîíòðîëèðóþùóþ

FWER ïðîöåäóðó ìîùíåå, ÷åì ìåòîä Øèäàêà-Õîëìà.

×åì ñèëüíåå ñâÿçü ìåæäó ñòàòèñòèêàìè, òåì ìåíüøå íóæíî

ìîäèöè�èðîâàòü óðîâíè çíà÷èìîñòè.

Äëÿ ïîñòðîåíèÿ ìîùíîé ïðîöåäóðû ìíîæåñòâåííîé ïðîâåðêè ãèïîòåç

íåîáõîäèìî ó÷åñòü ñòðóêòóðó çàâèñèìîñòè ñòàòèñòèê.
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Ïàðàìåòðè÷åñêèå ìåòîäû

Åñëè ñîâìåñòíîå íóëåâîå ðàñïðåäåëåíèå ñòàòèñòèê T1, . . . , Tm èçâåñòíî,

êîíñòàíòû αi ìîãóò áûòü òàê, ÷òî êîíòðîëü íàä FWER áóäåò òî÷íûì

(FWER = α).

Ïðèìåðû: HSD Òüþêè äëÿ ïîïàðíûõ ñðàâíåíèé íîðìàëüíî

ðàñïðåäåë¼ííûõ âûáîðîê äðóã ñ äðóãîì; êðèòåðèé Äàííåòà äëÿ ñðàâíåíèÿ

ñðåäíèõ m íîðìàëüíî ðàñïðåäåë¼ííûõ âûáîðîê ñî ñðåäíèì êîíòðîëüíîé

âûáîðêè.
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Ïåðåñòàíîâî÷íûå ìåòîäû

Íåÿâíî ó÷åñòü çàâèñèìîñòè ìåæäó ñòàòèñòèêàìè ìîæíî ïðè ïîìîùè

ïåðåñòàíîâî÷íûõ ìåòîäîâ. Ïîäðîáíåå:

Westfall, P., Troendle, J. (2008). Multiple testing with minimal

assumptions. Biometrial Journal, 50(5), 745�755 è äðóãèå ðàáîòû

Westfall, P.

Bretz, F., Hothorn, T., Westfall, P. (2010). Multiple Comparisons Using R.

Boa Raton: Chapman and Hall/CRC. (�àçäåë 5.1)

Ìåòîäû îáåñïå÷èâàåò êîíòðîëü íàä FWER íà óðîâíå α ïðè óñëîâèè

âûïîëíåíèÿ ñâîéñòâà subset pivotality:

P

(

⋂

i∈M∗

{Ti ≥ t∗}

∣

∣

∣

∣

∣

⋂

i∈M∗

Hi

)

= P

(

⋂

i∈M∗

{Ti ≥ t∗}

∣

∣

∣

∣

∣

⋂

i∈M

Hi

)

∀M∗ ∈ M

(íóëåâîå ðàñïðåäåëåíèå ëþáîãî ïîäìíîæåñòâà ñòàòèñòèê Ti íå çàâèñèò îò

òîãî, âåðíû èëè íåâåðíû ñîîòâåòñòâóþùèå îñòàâøèìñÿ ñòàòèñòèêàì

ãèïîòåçû).
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Ìíîãîìåðíûå îáîáùåíèÿ îøèáêè ïåðâîãî ðîäà

Îæèäàåìàÿ äîëÿ ëîæíûõ îòêëîíåíèé ãèïîòåç (false disovery rate):

FDR = E

(

V

R
[R > 0]

)

.

Êîíòðîëü íàä îæèäàåìîé äîëåé ëîæíûõ îòêëîíåíèé íà óðîâíå α îçíà÷àåò

FDR = E

(

V

R
[R > 0]

)

≤ α ∀P.

Äëÿ ëþáîé ïðîöåäóðû ìíîæåñòâåííîé ïðîâåðêè ãèïîòåç FDR ≤ FWER.
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Ìåòîä Áåíäæàìèíè-Õîõáåðãà

Ìåòîä Áåíäæàìèíè-Õîõáåðãà � íèñõîäÿùàÿ ïðîöåäóðà ñî ñëåäóþùèìè

óðîâíÿìè çíà÷èìîñòè:

α1 =
α

m
, . . . , αi =

αi

m
, . . . , αm = α.

Ìåòîä îáåñïå÷èâàåò êîíòðîëü íàä FDR íà óðîâíå α ïðè óñëîâèè, ÷òî

ñòàòèñòèêè Ti íåçàâèñèìû èëè âûïîëíÿåòñÿ ñëåäóþùåå ñâîéñòâî:

P (X ∈ D |Ti = x ) íåóáûâàåò ïî x ∀i ∈ M0,

ãäå D � ïðîèçâîëüíîå âîçðàñòàþùåå ìíîæåñòâî, òî åñòü, òàêîå, ÷òî

èç x ∈ D è y ≥ x ñëåäóåò y ∈ D.

(PRDS on Ti, i ∈ M0 (positive regression dependeny on eah one from

a subset)).

Àëüòåðíàòèâíûé âèä � ïåðåõîä ê ìîäè�èöèðîâàííûì äîñòèãàåìûì

óðîâíÿì çíà÷èìîñòè:

p̃(i) = min
(

1,max
(mp(i)

i
, p̃(i−1)

))

.
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Ìîäåëüíûé ýêñïåðèìåíò
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Ìîäåëüíûé ýêñïåðèìåíò

Ìîäè�èöèðîâàííûå äîñòèãàåìûå óðîâíè çíà÷èìîñòè, íèñõîäÿùèé ìåòîä
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Ïîñòàíîâêà çàäà÷è FWER FDR Ïðèìåðû çàäà÷

Ìåòîä Áåíäæàìèíè-Èåêóòèåëè

Ìåòîä Áåíäæàìèíè-Èåêóòèåëè � íèñõîäÿùàÿ ïðîöåäóðà ñî ñëåäóþùèìè

óðîâíÿìè çíà÷èìîñòè:

α1 =
α

m
m
∑

i=1

1
i

, . . . , αi =
αi

m
m
∑

i=1

1
i

, . . . , αm =
α

m
∑

i=1

1
i

.

Ìåòîä îáåñïå÷èâàåò êîíòðîëü íàä FDR íà óðîâíå

m0

m
α ≤ α ïðè ëþáûõ pi

è Ti.

Àëüòåðíàòèâíûé âèä � ïåðåõîä ê ìîäè�èöèðîâàííûì äîñòèãàåìûì

óðîâíÿì çíà÷èìîñòè:

p̃(i) = min









1,max









mp(i)
m
∑

i=1

1
i

i
, p̃(i−1)

















.
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Ìîäåëüíûé ýêñïåðèìåíò

Ìîäè�èöèðîâàííûå äîñòèãàåìûå óðîâíè çíà÷èìîñòè, ìåòîä Õîëìà:

0 20 40 60 80 100 120 140 160 180 200
0

0,05

0,25

0,5

0,75

1

i

p̃
(i
)

Âåðíûõ Hi Íåâåðíûõ Hi Âñåãî

Ïðèíÿòûõ Hi 150 24 174

Îòâåðãíóòûõ Hi 0 26 26

Âñåãî 150 50 200

ÏÑ-5. Ìíîæåñòâåííàÿ ïðîâåðêà ãèïîòåç.



Ïîñòàíîâêà çàäà÷è FWER FDR Ïðèìåðû çàäà÷

Ìîäåëüíûé ýêñïåðèìåíò
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Ìóòàöèè

Êîíòðîëü (100) Áîëüíûå (100) p

Ìóòàöèÿ 1 èç 100 8 èç 100 0.0349

Ôàìèëèÿ íà÷èíàåòñÿ ñ ãëàñíîé 36 èç 100 40 èç 100 0.6622

Áîí�åððîíè, Õîëì: p1 ñðàâíèâàåòñÿ ñ

0.05
2

= 0.025

Øèäàê: p1 ñðàâíèâàåòñÿ ñ 1− (1− 0.05)
1
2 ≈ 0.02532
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Ñðàâíåíèå àëãîðèòìîâ

AUC áàçîâîãî àëãîðèòìà C4.5 è òð¼õ åãî ìîäè�èêàöèé:

C4.5 C4.5+m C4.5+f C4.5+m+f

adult (sample) 0.763 (4) 0.768 (3) 0.771 (2) 0.798 (1)

breast aner 0.599 (1) 0.591 (2) 0.590 (3) 0.569 (4)

breast aner wisonsin 0.954 (4) 0.971 (1) 0.968 (2) 0.967 (3)

m 0.628 (4) 0.661 (1) 0.654 (3) 0.657 (2)

ionosphere 0.882 (4) 0.888 (2) 0.886 (3) 0.898 (1)

iris 0.936 (1) 0.931 (2.5) 0.916 (4) 0.931 (2.5)

liver disorders 0.661 (3) 0.668 (2) 0.609 (4) 0.685 (1)

lung aner 0.583 (2.5) 0.583 (2.5) 0.563 (4) 0.625 (1)

lymphography 0.775 (4) 0.838 (3) 0.866 (2) 0.875 (1)

mushroom 1.000 (2.5) 1.000 (2.5) 1.000 (2.5) 1.000 (2.5)

primary tumor 0.940 (4) 0.962 (2.5) 0.965 (1) 0.962 (2.5)

rheum 0.619 (3) 0.666 (2) 0.614 (4) 0.669 (1)

voting 0.972 (4) 0.981 (1) 0.975 (2) 0.975 (3)

wine 0.957 (3) 0.978 (1) 0.946 (4) 0.970 (2)

average rank 3.143 2.000 2.893 1.964
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Ñðàâíåíèå àëãîðèòìîâ

�èïîòåçà: ìîäè�èêàöèè àëãîðèòìîâ íå âëèÿþò íà AUC.

Êðèòåðèé Ôðèäìàíà: p = 0.0197

Ìåæäó êàêèìè âåðñèÿìè àëãîðèòìîâ åñòü îòëè÷èÿ?

Êðèòåðèé Íåìåíüè äëÿ ïîïàðíîãî ñðàâíåíèÿ âñåõ ñðåäíèõ: íè îäíîãî

çíà÷èìîãî îòëè÷èÿ.

Êàêèå ìîäè�èêàöèè îòëè÷àþòñÿ îò áàçîâîãî àëãîðèòìà?

Êðèòåðèé çíàêîâûõ ðàíãîâ Óèëêîêñîíà + êîíòðîëü FWER íà óðîâíå 0.05

ìåòîäîì Õîëìà: C4.5+m (p = 0.048) è C4.5+m+f (p = 0.048).

ÏÑ-5. Ìíîæåñòâåííàÿ ïðîâåðêà ãèïîòåç.



Ïîñòàíîâêà çàäà÷è FWER FDR Ïðèìåðû çàäà÷

SPM
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SPM
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Ïðèêëàäíàÿ ñòàòèñòèêà

5. Ìíîæåñòâåííàÿ ïðîâåðêà ãèïîòåç.

�ÿáåíêî Åâãåíèé

riabenko.e�gmail.om
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