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MC-4. MHOXEcCTBEHHAs NPOBEPKA FMNOTES.



[Mounck akcTpaceHcos

Joseph Rhine, 1950: nccnepoBaHusi BO3MOXHOCTU 3KCTPACEHCOPHOrO
Bocnpusitus. [NepBbifi 3Tan — NoOMCk 3KCTPACEHCOB.
VNcneiTyemomy npepnaraetcsa yragate uset 10 kapr.

Hy: ncnbityemblii BoiOupaeT oTseT Hayrag,.
Hy: uncnbiTyemblii MOXKeT NpefcKasbiBaTh LiBETA KapT.
Cratuctuka ¢t — 4MCNO KapT, LBETa KOTOPbIX yraAaHbi.
1 10
P(t>9|Ho)=11- 5 = 0.0107421875,
T.e. npn t = 9 nony4aem AocTuraemolii ypoBeHb 3Haqumoctun p ~ 0.01 —
MOXHO OTKNOHATL Ho.
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[Mounck akcTpaceHcos

Mpoueaypy orbopa npownu 1000 4enosek.
[eBsTb n3 Hnx yraganu uyseta 9 us 10 kapT, asoe — ueTta Bcex 10 kapT. Hu
OAVH B MOCNEAYIOWMNX IKCNEPUMEHTAX HE NOATBEPANA CBOUX CMOCOBHOCTENA.

BepositHocTb Toro, 4to n3 1000 4enosek xoTs Obl OAMH CnyHaiiHO yragaeT

1000
useta 9 unn 10 us 10 kapt: 1 — (1 —11- 110) ~ 0.9999796.
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MocraHoska 3apaun
@00

MaTemaTnyeckass popMyanpoBKa

BblbOpKa:

Hyneeasi runortesa:
aNibT€épHATUBA:
CTaTUCTNKa:

X" =(X1,...,Xn) ~ P e
Ho: Pew, we
H:: P ¢ w;

T(X™), T(X"™)~ F(x) npn P € w;
T(X™) o F(z) npn P ¢ w;

peanusauns Bblbopku:
peanu3aunsi CTaTUCTUKNA:
JOCTUraeMblii YpOBEHb 3HAYMMOCTH:

™ = (x1,...

t="T(z");
p (z™)— BeposiTHocTb npu Ho nony4unts
T (X™) =t unn ewé bonee aKCTPEMANBLHOE;

ax’ﬂ)’

p(a") =

t

P(T >t|Ho)

lmnoTesa orteepraercsa npu p (z") < @, @— ypOBeHb 3HAYNMOCTHU.
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MocraHoska 3apaun
oeo

[lpaBuno NnpoBepku runoTesbl

WW__.__Q

[Relect H, when
B

z

p-value = ot
R e

Lie 3
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MocraHoska 3apaun
[ele] J

HecnmmeTprnyHOCTbL 3a4a4uM NpoOBEPKM FMNOTE3bI

Ho BepHa Hy HeBepHa
Ho npuHumaetcs Hy BepHo npunsTa Owubka sTOpOro poga
Hy oteepraetcss | Ownbka nepsoro poga | Hp BepHO oTBeprHyTa

BeposiTHOCTb OwnbKkM NepBOro poga »ECTKO OrpaHMHMBAETCA Mo
BEJINHNHON:

p=P(T(X") > t|Hy) = P(p<alH) < a.

BeposiTHOCTb OWNBKM BTOPOro poga MUHUMU3MPYETCs NyTEM BbibOpa
[OCTAaTO4HO MOLHOIO KPUTEPUS.
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MocraHoska 3apaun
(]

MaTemaTunyeckas nocTtaHOBKa

pannbie: X = {X7', ..., X)), X[~ Pe Qy;
Hynesble runotessl:  Hi: Py € wi, w; € Qy;
aNbTepHaATNBbI: H{ P; gé Wi}
cratuctukn:  T; = T (X]"") nposepsier H; npotus H;;
peanusauyuu cratuctuk: t; =T (z]7);
AOCTUraemMble ypoBHM 3HaqdumocT:  p; =p (%), i=1,...,m;

M={1,2,...,m};

Mo = Mo (P) = {i: H; BepHa} —nHaekcol BepHbix runotes, |Mo| = mo;
R =R (P,«) = {i: H; oTBepruyTa} — MHAEKCbI OTBEPraembIx runoTes,
IR| = R;

V = |Mo N R|— 4uncno ownbok nepsoro poaa.

Yucno sepubix H; | Yncno nesephbix H; | Bcero

Yucno npunsteix H; U T m—R
Yucno oteepruyTbix H; Vv S R
Bcero mo m — mgo m
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FWER
o

MuoromepHble 0606LLeHns ownbkn nepeoro poaa

Ipynnosas BeposTHOCTL ownbku nepsoro poga (familywise error rate):

FWER=P(V >1).

KoHTponb Hag rpynnoBoii BEpOSiITHOCTbIO OLWNDOKN HA YPOBHE (v O3HAYaeT

FWER=P(V>1)<a VP.

Kak atoro pobutsca?

MapameTpbl a1, ..., Qm — YPOBHN 3HAYMMOCTU, HA KOTOPbLIX HEObXoANMO
nposepsTb runotedsl Hy, ..., Hy,; 3agav4a — BbIbpaTb nx Tak, 4Tobbl
obecneunts FWER < a.
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Monpaska BoHdbepporn

Metog Boxdepponn:

QL =...=Qm =a/m.
Teopema
Ecnun runotessr H;, i =1,...,m, orBepratorcs npu p; < a/m, 10
FWER < a.

4

[okazarenbcTeo.

FWER=P(V>1)< <ﬂ{pz <a/m}> <ZP pi < a/m) <

O

4
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Monpaska BoHdbepporn

AnbTepHaTUBHBIA BuA — nepexon K MoandNLMPOBaHHBLIM JOCTUraeMbIM
YPOBHAM 3HAYUMOCTU:
pi = min (1, mp;) .
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Monpaska BoHdbepporn

Mpu yBennyenun m B pesynbTaTe npumMeHeHusi nonpasku boHdepporn
MOLLHOCTb CTATUCTUHECKON NpoLeaypbl Pe3KO YMEHbLUAETCA — LUAHChI
OTKJIOHUTb HEBEPHbIE FMMOTE3bl NAAAIOT.

Mpumep: kputepuin CTblofeHTa ANst He3aBUCUMbIX BbIGOpoK, X1 ~ N (u1,1),
X%l ~ N(/.LQ, 1), H(): EXM = EXQJ', Hli EXM # EXQJ', /Jl — /.LQ = 1 .

m n | MowHocTb

1 23 0.9

10 23 0.67
100 | 23 0.37
1000 | 23 0.16
1000 | 62 0.9

Ecnn npoeepsierca ogHospemenno 1000000 runotes, npn pasmepe Bbibopok
n = 10 mowHocTb 0.9 pocTuraeTcs Npu paccToAHUN MEXAY CPefHNMU
BbIDOPOK B NSITb CTAHAAPTHbBIX OTKAOHEHWU.
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FWER
oe

MogenbHbili 9kCNepuMEHT

n = 20, m = 200, mo = 150;

Xij NN(O,I), iZl,...,mo, j:].,...,n;
Xij~N@Q,1),i=mo+1,....m, 7=1,...,n;

Hii EX” = O7 H{ EX” # 0;

ISl NPOBEPKN NCMONb3YeM OfHOBLIOOPOUHbIA KpuTepuii CTbrogeHTa.

Bes nonpasok:

BepHbix H; | HesepHubix H; | Bcero

Mpunsateix H; 142 0 142
OTsepruyTtbix H; 8 50 58
Bcero 150 50 200
BoHdeppoHu:
BepHbix H; | HesepHbix H; | Bcero
MpunaTteix H; 150 27 177
OTsepruyTtbix H; 0 23 23

Bcero 150 50 200
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FWER
®0000000

Hucxopswme metoabl MHOXECTBEHHOV MPOBEPKU FMNOTES

CocTaBuM BapuauNOHHbBIA Psif AOCTUTAEMbIX YPOBHENR 3HAYNMOCTN:

P <pe) < - < Pim)s

H1y, He), ..., Hm) — COOTBETCTBYIOWME FMNOTESbI.
@ Ecnm p(1y > a1, npuHaTh BCe Hynesble runotesel Hyy, Hay, ..., Hiy)
W OCTaHOBUTLCS; NHaYe OTBEPrHyTb H (1) 1 NPOAOIKMTS.
Q Ecnn pa) > a2, NpuHATL BCe Hynesble runotessl H gy, Hs), ..., Hm)
W OCTaHOBUTLCS; UHaYe OTBEPrHyTb H () 1 NPOAOIKMUTS.
Q ...

Kaxablii gocTuraembiii yposeHb 3Ha4MMOCTL P(;) CPaBHUBAETCA CO CBOMM
YPOBHEM 3HAYUMOCTMN ;.
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FWER
O®@000000

MeTtog Xonma

Metog Xonma — Hucxoaswas npouemypa Co CrefyoWwnmMm ypoBHSMU
3HAYUMOCTN:

a1 =

Metog obecneuunsaer koHTponb Hag FW ER Ha yposHe v npu ntobbix p; n T;.

ANbTepHATUBHbLIV BUA — NEpexoq K MoguduynpoBaHHbIM AOCTUIaeMbIM
YPOBHSAM 3HA4YUMOCTH:

D) = min (17 max ((m —i+ l)p(i),ﬁ(i_l))) .

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



FWER
O®@000000

MeTtog Xonma

Meton Xonma paBHOMEpPHO MoLlHee nonpaeku Bordepporu, nockonbky Bce

€ro ypoBHN 3HAYNMOCTN (¢; HE MEHbLUE!
T T T T

0 20 40 60 80 100 120 140 160 180 200
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FWER
[e]e] le]e]elele]

MogenbHbili 9kCNepuMEHT

OTCOpTI/IpOBaHHbIe AOCTNraemMble ypOBHN 3HAYNMOCTN!

1 T T T T T T
True hypotheses
® False hypotheses|
-
ozl / |
/f
..
£ osk ,
0,251 / ,
0,051 / |
0 e T— i i i i i i i
0 20 40 60 80 100 120 140 160 180 200
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FWER
[e]e] le]e]elele]

MogenbHbili 9kCNepuMEHT

MopaunduynposaHHble JOCTUIAEMbIE YPOBHM 3HA4YMMOCTH, MeToh BoHdeppoHu:
1 T T ' ’

0,75~ -
’.
S 051 . N
0,25/~ 14 .
'
0,05 j |
OO 20 4‘0 G‘O 8‘0 1(_‘)0 1‘20 11‘10 1!‘30 15‘30 200
BepHbix H; | HesepHubix H; | Bcero
Mpunsiteix H; 150 27 177
OTteepruyTtbix H; 0 23 23
Bcero 150 50 200
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FWER
[e]e] le]e]elele]

MogenbHbili 9kCNepuMEHT

MogunduunposaHHble OCTUraeMble YPOBHU 3HAYMMOCTH, MeTog Xoama:
1 T T

S o5 id .
0,25 : =
L4
4
0'027 —j I I I I I I I I ]
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | HesepHubix H; | Bcero

MpunaTteix H; 150 24 174

OTsepruyTtbix H; 0 26 26

Bcero 150 50 200
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FWER
[e]o]e] le]elele]

Npen pns panbHedwmnx ynydiueHnii

4 ﬂ,OI‘IO}'IHI/ITEJ]bHO OuUeHnTb Myo.
4 CAeﬂaTb AONOJIHUTENIbHbIE NPEANOSIOXKEHNA:

@ O xapakTepe 3aBWCMMOCTU MEXAY CTAaTUCTUKAMU;
@ O COBMECTHOM pacrnpefeneHnn CTaTuCTuk.

@ Y4yecTb 3aBMCMMOCTb Mexay CTaTUCTukamm C NnOMOLbHO
nepeCcTaHOBO4YHbIX METOAOB.

MHoXxecTeeHHas nposepka runoTes.



FWER
[e]o]e]e] lelele]

[NpepBapuTensHoe oueHnBaHUE My

N3 pokasatenbcTBa Teopembl 1 crnepyet, 4to mMetog BoHdeppoHu
kouTponupyet F'W ER Ha yposHe T2 q.

Mpumepsbr MeTofoB OLEHKN Mo:

o wmetog Cropu:

ﬁ%o()\)—ﬁ<1+2[pi>)\]>, Ae[0,1);

@ MeToa HaumeHbluero HakioHa Benpxamunn-Xoxbepra:

mofmin(m L—|—1)
’S,L )
1=pw) ,_
m—i+4+1’

i() :H’lln{l Sz < Si—l}-

Si: 1,...,m,

Kak npaBuno, fokasatenscts koHTponsa FW ER ans npoueayp
C NPeABapuUTENbHON OLEHKON Mo HET, HO HA MPaKTWUKE OHW 4acTo paboTatoT
XOPOLUO.
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FWER
[e]o]e]e]e] lele]

OgHowarosblii meTog, LLIngaka

Mertopg, LLungaka:

MeTton obecneuunsaer koHTpons Hag FW ER Ha ypoBHe v npu ycnosum, HTO
cTatuctukn 1; He3aBUCUMBbI NN BbINOJIHAETCSA CNeaytoLlee CBOWCTBO:

—:

P(Ti<t,....Tm <tw)>[[P(Ti<t:) Vti,... tm

i=1

(positive orthant dependence).

ANbTepHATMBHbLIV BUA — NEpexoq K MoguduynpoBaHHbIM AOCTUIaeMbIM
YPOBHSAM 3HA4YUMOCTH:

pi=1—(1-p)™.
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FWER
00000080

Hucxoasiwaa moandukaums

Hucxogsiwmii metog Lugaka (metog LLugaka-Xonma) — Hucxogsiwas
npoLeAypa CO CAEAYIOWNMN YPOBHAMMN 3HAYNMOCTK:

1 —1
ar=1—-(1-a)m,...,a;=1—(1—aQ)m T ..., am=a.
MeTton obecneuunsaer koHTpons Hag FW ER Ha ypoBHe v npu ycnosum, HTO

cTaTucTukn T; HE3aBUCMMbI WA A5 HUX BbINOJIHSETCSA CBOMCTBO positive
orthant dependence.

ANbTepHATUBHbLIV BUA — NEpexoq K MoguduynpoBaHHbIM AOCTUIaeMblM
YPOBHSIM 3HAYUMOCTH:

~ m—it1) -
(i) = max (1 — (1-pu)" ) »P@—l)) :

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



FWER
00000080

Hucxoasiwaa moandukaums

Ha npakTuke npu goctaToqHO BOMbLINX M HE CAULIKOM OTJNYAETCS OT METOAA
Xonma:

No correction
— Bonferroni

° Holm

[| —— Sidak

0.015—

0.01~

0.005—

0 20 40 60 80 100 120 140 160 180 200

MC-4. MHOXecTBEHHAsi NPOBEPKA rMnNOTE3.



FWER

0000000

MogenbHbili 9kCNepuMEHT

MopaunduunpoBaHHble JOCTUFAEMbIE YPOBHM

1

0,75

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.

3HA4YMMOCTKN, MeTog XosMma:

> -
z i
P d
j | | | | | | | | ]
20 40 60 80 190 120 140 160 180
BepHbix H; | HesepHbix H; | Bcero
MpunaTteix H; 150 24 174
OTsepruyTtbix H; 0 26 26
Bcero 150 50 200

200



FWER
0000000

MogenbHbili 9kCNepuMEHT

MoaunduunposaHHble JOCTUFAEMbIE YPOBHN 3HAYNMOCTN, HUCXOASAW AT METOZ

LLngaka:
1 T U T T T T T
0,75 -
£ 05F . n
-
0,25 . -
’
’.
0‘027 j | | | | | | | \ i
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | HesepHbix H; | Bcero
MpunaTteix H; 150 24 174
OTsepruyTtbix H; 0 26 26
Bcero 150 50 200
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FWER
@00

3aBucumocTb MeXay CTaTUCTukamm

@ He yunTbiBas xapakTep 3aBACMMOCTU MEXAY CTATUCTUKAMU, HEMNb3sI
nocTpouTb KoHTponupyowyto FW ER npoueaypy MOLiHEE, YeM METOA
Xonma.

L EC}'II/I CTaTUCTUKN HE3aBNCUMbI, HEJIb3S I'IOCTpOVITb KOHTpO}'II/IpyIOLU,yIO
FW ER npouepypy MolyHee, Yyem metoa LLngaka-Xonma.

9 Yem cunbHee CBS3b MeXAy CTaTUCTUKAMU, TEM MeHbLUE HYXKHO
mMoANLMdNPOBaTb YPOBHM 3HAYNMOCTH.

[nst nocTpoeHunsi MowHON npoueaypbl MHOXECTBEHHOW MPOBEPKM rMMNOTES
HeobX0[MMO yHecTb CTPYKTYpYy 3aBUCUMOCTU CTAaTUCTUK.

MHoXxecTeeHHas nposepka runoTes.



FWER

[TapameTpuyeckue metogbl

Ecnu coBmecTHOe HyneBoe pacnpepeneHue cratuctuk 11,. .., 7T, n3BecTHo,
KOHCTaHTbl (i MOTYT DbITb Tak, 4T0 KOHTponb Hag F'W ER Byaer To4HbIM
(FWER = a).

Mpumepsbi:

@ metog HSD Thtoku anst nonapHbiXx CPaBHEHWUN HOPMANBHO
pacnpenenéHHbix BbIBOPOK ApYr C ApYroMm;

9 kputepuii JaHHeTa ANns CpaBHEHUS CPEAHUX 1M HOPMAJSIbHO
pacnpenenéHHbix BbIGOPOK CO CPeaHNM KOHTPOLHOI BbIBOPKMU.
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FWER

[NlepecTaHOBOYHbBIE METOALI

HesiBHO y4ecTb 3aBUCMMOCTI MeXAY CTaTUCTUKAMU MOXHO NMpu MOMOLLN
nepecTaHoBO4HbIX MeTogoB. NoapobHee: Bretz, paspen 5.1.

MeTtoabl obecnednsaer koHTponb Hag F'W ER Ha ypoBHE o npm ycnosuun
BbINOJIHEHUS cBoiicTBa subset pivotality:

Pl (=t} () H)=P| ({L=t"}[)H | YM e M
i€eM* i€eM* i€eM* i1€EM

(HyneBoe pacnpegenerne noboro nogMHoxecTsa cratuctuk 75 He 3aBucuT oT
TOrO, BEPHbI UJIN HEBEPHbI COOTBETCTBYIOWME OCTABLUMMCS CTATUCTUKAM
runoTessl).
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FDR
o

MuoromepHble 0606LLeHns ownbkn nepeoro poaa

Oxupgaemas [0 N0XKHbIX OTKIOHeHuH runotes (false discovery rate):

FDR:E(%[R>O]>.

KOHTpONb Haf OXKMAAEMOiA foneli NOXKHbIX OTKJIOHEHU Ha YpOBHE v O3Ha4aeT

FDR:IE(%[R>O]) <a VP

Ons noboii npoueaypbl MHOXecCTBeHHOW nposepku runotes FDR < FW ER.

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



Bocxogsauime MeTogbl MHOXKECTBEHHOW MPOBEPKM FMNOTES

CocTaBuM BapnaunoOHHbI psif [OCTUAEMbIX YPOBHEN 3HAYMMOCTU:

P <pe) <o < Pim)s

H1y, H3), ..., Him) — COOTBETCTBYIOWME FMNOTESbI.

Q Ecnn pimy < aum, OTBEPrHyTH BCE Hynesble runotessl H 1y, H(g), ..., Hm)
W OCTaHOBUTLCS; NHaYe NPUHATL H ;) 1 NPOAOIKUTD.

Q Ecnv p(rm—1) < Qum—1, OTBEPrHYTb BCE HyNEBbl€ rMNOTe3bl
H1y, Hegy, ..., Him—1) 1 OCTaHOBNTHCS; nHa4e NpuHaTe Hy, 1) 0
NPOJO/IKUT.

Q ...

Kaxablii gocTuraembiii ypoeeHb 3Ha4MMOCTL P(;) CPaBHUBAETCA CO CBOMM
YPOBHEM 3HAYMMOCTMN ;.

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



MeTtoa BengxamuHu-Xoxbepra

Meton Bengxamunu-Xoxbepra — Bocxogswas npouegypa co Ciaefytowmmm
YPOBHAMN 3HAYUMOCTU!
o at
Al = — ooy O = —, ..., Oy = O
m m
Metog obecnedmnBaeTt kKoHTponb Hag FPDR Ha ypoBHe v npu ycnosuu, 4To
CTaTUCTUKN Tl He3aBUCUMbI 11N BbINOJIHAETCA cnepyrouiee CBOICTBO:

P(X € D|T; = x) neybeiBaer no z Vi € Mo,

rae D — nponsBoSibHOE BO3PaCTaOLLEE MHOXKECTBO, TO €CTb, TaKoe, 4TO
msx € Duny>axcnepyer y € D.

(PRDS on T;,i € My (positive regression dependency on each one from
a subset)).

AnbTepHaTuBHbIA BuA — NEPEXOA K MOANDUUNPOBAHHLIM A4OCTUIAaEMbIM
YPOBHAM 3HA4YMMOCTU:
140)

1

By = min (1, =2, 5 )

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



MeTtoa BengxamuHu-Xoxbepra

0.05
0.045— 1
0.04— .
0.035— 71
No correction
0.03 Bonferroni ]
5 Holm
0.025{ — Sidak
Benjamini-Hochberg
0.02—
0.015—
0.01~
0.005—
o i i ; i ;
0 20 40 60 80 100 120 140

4. MHOXECTBEHHAA NPOBEPKA run




MogenbHbili 9kCNepuMEHT

1 T T T T T T T
0,75 -
= os s N
0,25 : =
L4
P d
0'027 —j i i i i i i i i ]
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | HesepHbix H; | Bcero

MpunaTteix H; 150 24 174

OTsepruyTtbix H; 0 26 26

Bcero 150 50 200

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



MogenbHbili 9kCNepuMEHT

MoaunduunposaHHble JOCTUrAEMbIE YPOBHN 3HAYNMOCTN, HUCXOASAW AT METOZL
Bengxamunun-Xoxbepra:
1 T T

&
:E 0,5 f -
'-
-
0,251 /" ,
,
0,05~ : & ,
00 20 40 6‘0 8‘0 1‘30 1‘20 11‘10 1‘60 1;0 200
Bephbix H; | Hesepubix H; | Bcero
Mpunsateix H; 148 4 152
OTsepruyTtbix H; 2 46 48
Bcero 150 50 200

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



Metog BeHpxamunu-lVlekyTuenn
Metog Bengxamunu-lekytnenn — Bocxoasiwas npouesypa Co Creaytowumm

YPOBHAMU 3HAYUMOCTMN!
Qm =

S

3

INgEl RS
S

i

m

Metog obecneqnsaet koHTponb Hag F'DR na yposHe Z2a < o npu ntobbix p;

n Ti.
ANbTepHATUBHbLIV BUA — NEpexoq K MoguguynpoBaHHbIM AOCTUIaeMbIM

YPOBHSAM 3HA4YUMOCTH:

U 1

mpa) 2. 5
j=1

17 7~7 D I3
i Pii41)

]5(7;) = min

MC-4. MHOXECTBEHHAs NPOBEPKA FMNOTES.



Metog BeHpxamunu-lVlekyTuenn

0.05
0.045— 1
0.04— .
0,035 . .
No correction
0.031 Bonferroni i
5 Holm
— Sidak
0.025 Benjamini-Hochberg
Benjamini-Yekutieli
0.02 H
0.015—
0.01~
0.005—
0

4. MHOXECTBEHHAA NPOBEPKA run




MogenbHbili 9kCNepuMEHT

1 T T T T T T T
0,75 -
= os s N
0,25 : =
L4
P d
0'027 —j i i i i i i i i ]
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | HesepHbix H; | Bcero
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Kontpons (100) | Bonbheie (100) D
MyTayus 1 n3 100 8 n3 100 0.0349

Pammunna HamHaeTca 36 3 100 40 u3 100 0.6622
C rnacHoun

Bondepporu, Xonm: p1 cpaBHMBaeTcs ¢ % = 0.025

LLInpak: p1 cpaeHueaercs ¢ 1 — (1 —0.05)% = 0.02532
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Lee et al., Clinical judgment and statistics. Lessons from a simulated
randomized trial in coronary artery disease, 1980: 1073 nauwuenTa

C Mwemunyeckoii bonesHbo cepaua Obln NCKYCCTBEHHO pa3fdeneHbl Ha ABe
C}'Iy‘-laﬁHble rpynnbl, ne4eHne B ABYyX rpynnax npoxoamnno Oo4NHAKOBO.
WNccnepoBanack BbIXKMBAaeMOCTb MaLMEHTOB.

BaxkHbiMu chbakTOpamu, BANSIOWMMI HA BbIKMBAEMOCTb, SIBASIOTCS HUCIIO
nopaxeénubix aprepuii (ogHa, ABE, TPU) M TUN COKPALLEHNIT NEBOrO XKENYA0HKa
(HopManbHbIA, abHOPManbHbIA).

[ns opHoOli U3 WeCTn NOArpynn no 3TumM ypoBHsaM dakTopa bblin obHapyKeHb
3HAYMMbIE PA3NYNST MEXAY B BbIKMBAEMOCTU MaLMEHTOB NEPBOrO U BTOPOro
TMNOB.

MHoXxecTeeHHas nposepka runoTes.
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Ishitani, Lin, Caffeine consumption and the risk of breast cancer in a large
prospective cohort of women, 2008: aHanu3uposanacb CBs3b NoTpebneHus
KobenHa, Koe 1 Hasi U pucKa BOBHNKHOBEHUS paka rpyau, BCEro OKOJO
50 noprpynn. [MokasaHo, 4TO:

@ ynoTpebneHne 4eTbipéx u Honee Yawek KOde B AeHb CBS3AHO C
YBENMHEHNEM PUCKA 3/10KAa4ECTBEHHOrO paka rpyamn (p = 0.08);

@ noTpebneHne KoenHa CBSI3aHO C YBEINHEHNEM PUCKA BO3HUKHOBEHUS
3CTPOreH- N NPOrecTepoOH-HE3ABUCUMbIX Oonyxoneli u onyxoneil bonblie
2cm (p=0.02 n p=0.02);

@ notpebneHune Kope 6e3 KodpernHa CBA3aHO CO CHUXKEHWEM pUCKa paka
FPYAVN y KEHWMH B NOCTMEHONay3e, npuHumatowmnx ropmonsl (p = 0.02).

http://youtu.be/QysrgLXMPwA

http://xked.com/882/

MHoXxecTeeHHas nposepka runoTes.


http://youtu.be/QysrgLXMPwA
http://xkcd.com/882/
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Jlntepatypa

@ nonpouwe — Bretz;

nocnoxHee — Dickhaus;

nepecTaHoBO4Hble MeToAbl (permutation methods) — Westfall, 2008,
u Apyrue paboTbl 3TOro aBTOPa;

positive orthant dependence — Holland, 1987;

subset pivotality — Westfall, 2008;

PRDS — Benjamini, 2001;

SPM — Nichols, 2003.

¢ ¢

¢ ¢ ¢ ¢

Bretz F., Hothorn T., Westfall P. Multiple Comparisons Using R. — Boca Raton:
Chapman and Hall/CRC, 2010.

Dickhaus T. Simultaneous Statistical Inference With Applications in the Life Sciences.
— Heidelberg: Springer, 2014.

Westfall P., Troendle J. (2008). Multiple testing with minimal assumptions.
Biometrical Journal, 50(5), 745-755.

Holland B.S., Copenhaver M.D. (1987). An Improved Sequentially Rejective
Bonferroni Test Procedure. Biometrics, 43(2), 417-423.

Benjamini Y., Yekutieli D. (2001). The control of the false discovery rate in multiple
testing under dependency. Annals of Statistics, 29(4), 1165-1188.

Nichols T.E., Hayasaka, S. (2003). Controlling the familywise error rate in functional
neuroimaging: a comparative review. Statistical Methods in Medical Research, 12(5),
419-46.
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4. MHOXeCTBEHHast NpoOBepKa runoTes.
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