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OCHOBHbIE UCTOYHUKU O «MUPAX»

e A Dirty Dozen: Twelve P-Value Misconceptions
e Goodman S
e Seminars in Hematology, 2008:45(3)

 The ASA Statement on p-Values: Context, Process, and Purpose
* Wasserstein RL, Lazar NA
* The American Statistician, 2016:70(2)
* + Supplements

 Statistical Tests, P Values, Confidence Intervals, and Power: a Guide to Misinterpretations
* Greenland S, Senn SJ, Rothman KJ, Carlin JB, Poole C, Goodman SN, Altman DG
* European Journal of Epidemiology, 2016:31

e The 2017 ASA Symposium on Statistical Inference

» Statistical Inference in the 21st Century: A World Beyond p < 0.05
* The American Statistician, 2019:73(sup1)

e Scientists rise up against statistical significance (Retire statistical significance)
 Amrhein V, Greenland S, McShane B
* Nature, 2019:567(7748)



https://www.sciencedirect.com/science/article/abs/pii/S0037196308000620?via%3Dihub
https://doi.org/10.1080/00031305.2016.1154108
https://link.springer.com/article/10.1007/s10654-016-0149-3
https://ww2.amstat.org/meetings/ssi/2017/onlineprogram/Program.cfm
https://www.tandfonline.com/toc/utas20/73/sup1
https://www.nature.com/articles/d41586-019-00857-9
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[1naH nekuuu

e CTAaTUCTUYECKNI BbIBOA U cTaTUCTMYECKaa Moaerb

e [loBeputenbHble nHTepsanb! (AN)
e OnpepneneHve N HTeEpNpeTauns
e 3abnyxgeHnst otTHocuternobHo [

* p-3HAYEHUS
e OnpegeneHve U HTepNpeTauus
e 3a0nyXXaeHnst OTHOCUTENBLHO p-3HAYEHNN

e PexomeHgaunm no nHTepnpeTauum n NpeacTaBneHunto
pe3ynsLTaToB NCCNeAoBaHNN
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OrpaHun4yeHus

e LleneBas ayantopus — npexae BCero, «HeCTaTUCTUKN»
(uccriegoBaTenu U3 pasHblx 0b6acTen Hayku)

e /IHCTPYMEHTbLI CTAaTUCTUYECKOIO BbIBOAA (statistical inference)
B paMKax QopMKBEHTUCTCKON CTaTUCTUKU (frequentist
statistics)



..

°-e CTaTUCcTUYECKUN BbiBO
(statistical inference)

* OueHKa napameTpa pacnpeaeneHma cay4amHowm BesIMYMHbI Mo BbIOOPOYHbIM
HabAoAeHUAM C LUeNblo cAenaThb BbiBOA O 3HAYEHUM 3TOro NapameTpa B
reHepanbHOM COBOKYMHOCTU U/ NN NPOBEPUTH TMMOTE3Y O HEM

* [eHepanbHas coBokynHocTb — C (Hanpumep, B3pocable ¢ caxapHbiM AnabeTom)
* CnyyamHana BennymHa — Y (Hanpumep, CUCTOIMYECKOE apTepuanibHOe JaBneHue)

* NctnHHoe (B I'C) 3HauyeHMe napameTpa pacnpeaeneHmna — @ (Hanpumep, cpegHee
3HayeHue)

* dnemeHTbl (3a4a4m) CTaTUCTUYECKOTO BbIBOAA:
* OueHuBaHue
« TouyeyHas oLeHKa — O (Hanpumep, cpesHee 3HaueHve CAJl No AaHHbIM BbIGOPKK)
* NHTepBanbHaAa oueHKa — goBepuTtenbHbiv MHTepBan (ANU) (95% AN ana cpepgHero CAL)

* MpoBepKa rMnoTes B OTHOLUEHUN NHTEPECYIOLLLEro HAaC NapameTpa
* Hanpumep, HO: 8 = 140
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UacTtoTHasa (frequentist) cTaTUCTUKA

* B ocHOBe —naea o MHO20KpamHoM (becKkoHe4YHom) nosmopeHuu
aKcrnepumeHma

* IcTUHHOeE 3HavyeHue napameTpa O asnaeTca PUKCUPOBAHHbIM (He ABAseTCS
CNY4YaNHOMN BEIMYUHOMN) — HAM NPOCTO HEU3BECTHO ero 3Ha4YeHue

-

N

KakoBa
BEPOATHOCTb
BblNnageHusa opna
Anga AaHHOWU
MOHETKWN?

~

/

N—

-

N

MoobpackiBaem
MOHETKY MHOIO
(6eckoHe4YHO MHOro)
pa3

~

y

-

N

OueHnsaem gonto
nogbpackiBaHUN, B
KOTOPbIX BbINasn open

~

y

/

BbIBO/,
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OnepaumnoHanusauus

e VlccnegoBaTtenbCKnm BOMNPOC — Kakou NokasaTeslb HY>XXHO/ MOXHO
N3MEPUTb, KAKOW NapaMeTp ero pacnpeneneHnsa oueHUTb N Kakum obpasom
C €ro NoOMOLLLK OTBETUTb Ha MNOCTaBMNEHHLIN BOMPOC?

e CM. npumepsbl 13 Jlekuun 1:
e OueHKa 4YacToTbl CEMTUYECKMUX COCTOSTHUM
e BbIOOp TEMbI A4NA rpaHTOBOW 3asBKU
e 3arpy>eHHOCTb KOEK B OonbHULE

e OnepaunoHanusaunga MOXeT noapasymMmeBaTtb psg AoNyweHUW, Hanpumep:
e CypporaTtHas KOHeYyHast To4Ka CUITbHO KOPPENUPYET C XKeCTKOoW
e YCrnoBus aKCnepumMeHTa He MEHAIOTCSA OT HabnaeHUs K HabngeHUto



..

- CTaTucrmyeckas Moaerb — OCHOBA
1119 CTaTUCTUYECKOro BblBOAA

Mopaenb reHepauum AaHHbIX — MaTeMaTUYECKOe ONUcaHue B3auMOCBA3U
MEXAY 3HAYEHMAMU N3Yy4aeMOMN CAY4arHOM BEIMYUHBI U NnapameTpom uHTepeca — B I'C!

* [lapameTp nHTEpeca
* [lononHuTenbHble NapameTpbl (Hanpumep, ANa KoHpayHAepoB)
* [lpnmepsl:
« OueHKa cpeaHero 3HayeHuna—Y; = 0 + ¢;
* OueHKa pasHuubl B cpeaHux—Y; = us+ 60 - [TRT; = Bl + ;v Y; = uy,+ 6 - [TRT; =Bl + B - Z; + €;

HyneBasa runotesa o 3Ha4yeHUU napameTpa B [C (B cnyyae ee npoBepKun)

JCcTUMATOP AN5 OLUEHKM NapameTpa/ CTaTUCTUYECKUIA TeCT 419 NPOBEPKN TMNOTE3bI

JonyuweHuna — AnA Noay4eHUA OLEHKN «XOPOLUEero» Kavyectsa, KOHTpona ownbku | poaa:
0O NnapaMeTpax Mmogenun reHepaunn AaHHbIX
» [lonyuweHuns BbIbpaHHOro acTumaTtopa/ TecTa

* «HesBHble» aonyuweHus (oTHocuTenbHO oTbopa HabntoageHUN, Ha3HaYeHMs BO3AeNCTBUSA,
cbopa AaHHbIX, LeH3ypPUPOBaHMA U T.M.)
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JCcTMaTop

Crnocob oLeHKM NnapamMeTpa nHTepeca no BbIDOPOYHbIM
OAHHbIM B COOTBETCTBUU CO CTAaTUCTUYECKOWU MOAENbIO
(Hanpumep, PopmMyna angd pacyeta cpeaHero 3HavyeHus
nnu BblbopovHon aucnepcunmn, MHK ans oueHku
KoadopnLUMeHTOB NMHENHOU perpeccun, npoueaypa oLueHKN
INwnT.n.)
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.o Tpw pacnpeneneHund

Population Sample Sampling
pacnpeaeneHue pacnpeaeneHue pacnpezeneHue 6, nonyyeHHbIX Npu
CNY4aMHOM BENMYUHBLI B MPU3HaKa B BbiIbopKke — MHO20KPAMHOM 1o8mopeHuu
reHepasibHOM TOYeyHas oLeHKa 3KCriepumMeHma 8 UOEHMUYHbIX YCA08UAX
COBOKYMHOCTU —> napameTpa (0) (BbIBOPKM OAMHAKOBOro pasmepa u3
NCTUHHOE 3HaYyeHune OZlHOM reHepasibHOW COBOKYMHOCTU) —>
napameTpa (0) NHTEepBa/sibHas oUueHKa napameTpa /
NPOBEPKa rMnoTe3bl 0 3HaYEHUM
napameTpa
Population distribution Sample distribution Sampling distribution for &

Y~exp(1) (Hen3BecTHO) (Habntogaem) Boibopka 50 Hab.

104 (npegnonaraem) ) ~N( 6, o/ n)

0.8 o=1
= 06-

[¢)] 0.4

Density

0.2

0.0

6 8 U= 113 4 6

< B

f
0
A

®

10
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Tpw pacnpeneneHund

P

&

Population N
Ko,
\\

\ * Sample

v

v

A

Sample Statistics

Sample Statistics

Sample Statistics

Sample Statistics

Sampling

11


https://makemeanalyst.com/population-distribution-sample-distribution-and-sampling-distribution/
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oo Crartncrtnyeckasa MoAdernb U ee KOHTEKCT

UccnepoBaTenbCKumn

Bonpoc / runoresa Mopaenk reHepaunm AaHHbBIX

Hynesasa runotesa
(1 cooTBETCTBYIOLLME

Vi Sample

aonyLieHus)
‘ Sample
OnepaunoHanusauyus -
(n cooTBeTCTBYIOLLNE
Sample
aonyuleHns)

Sample

OT16op HabntogeHun (sampling from population
distribution)
HasHauyeHne Bo3gencTBus (assignment)
COop AaHHbIX, U3MEpPEHME NokasaTenen
(1 cooTBeTCTBYIOLLME A0ONYLLEHNS)

Sample Statistics

Sample Statistics

Sample Statistics

Sample Statistics

\

Sampling

distribution \

ToyeyHbIn acTUMaTop
(n cooTBeTCTBYIOLLNE
aonylieHuns)

UccnepgoBaTenbCcKumn
BbiBOA
(scientific inference)

/

OT160p pe3yneraTtoB Angd
penopTupoBaHusi/ nyonnkaumnm
[MpuHATHE peLueHnn
NHTepnpeTtaumsa
(n cooTBEeTCTBYIOLLME
aonyuieHuns)

CTaTMCTqutKMﬁ BbIBOA
(statistical inference)

A

NHTepBanbHbIM 3CTUMATOP
CraTnctunyeckmm Tect
(n cooTBETCTBYIOLLNE
aonyuieHus)
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Crartncrtnyeckasa MoAdernb U ee KOHTEKCT

— B

UccnepoBaTenbcKkun Cratuctuyeckum BbIBO[,
BOmMnpoc / runore3a (statistical inference)

——
*_ rINFERENB-

S

; ' - 5 " LET THE DATA
- 'I'IIEMSE[\IES SPEAK FOR

DATAL+ ASSUMPTIONS

13
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ASSUMPTIONS..

[lonylieHna: Benmkme n y>xacHble

* Cm. Jlekuuio 1

e Harrell FE. (2024) What Does a Statistical Method Assume?

« CuTyaumm, korga Mbl CHUTaeM, YTO B CTaTUCTUYECKOW nNpoLeaype/ actumaTope S VICI'IOJ'Ib3yeTC$I
gonyuieHue A

» Kak oueHuBaTb «KayecTtBO» S

* HesABHblEe gONYLLEHUS
 [1lpnmepbl gonyLeHnn onsa pasfnnyHbIX TECTOB (B TOM YMCIe HenapaMmeTpuiecknx) / mogenen n
BO3MOXHbIX NOCNeACTBUN UX HEBbINOMHEHMUS

* YacTo AonyweHnd, KOoTopble MOXXHO NpoBEPUTb CTATUCTUHECKMMU TECTAMM,
BOCMNPUHUMAIOTCA KaK CaMbl€ KPUTUYHbIE, XOTA HEABHbLIE 0ObI4YHO BaXXHEE

When you attempt an independent research project
after taking intro to statistics and getting a C-

poorly designed
methodology

assumptions

ANDLIMITED/SAMPLE SIZES. | DON'T
LIKE TO,TALK ABOIIT ITMUCH.

ASSIIME THE ASSIIMI'TI(IN



https://www.fharrell.com/post/assume/
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A

Toye4yHana oueHKa @

Best guess o 3HauyeHUH 6 B reHepabHOW COBOKYNHOCTU MO MMEIOLWMMCA JaHHbIM
BO3MOMKHbI pa3Hble 3CTUMATOPbI C Ppa3HbIMU CBOMCTBAMMU U AONYLLLEHUAMMU

CocroATenbHOCTb — Npu ygenuyeHuu obvema 8bI60pKU BEPOATHOCTb 6ONbLLINX
OTKNOHEeHuMn B ot B ctpemutca K 0

* HecocTosaTeNbHOCTb ¢— CUCTEMATUYECKUE OLLNOKMU (He pewaTCAa yBe/IM4HEHUEM Bb|60pKM)

HECMEI.U,EHHOCTb — ecnu 6bl mornu MHOZCOKpPAMHO noemopumse 3KCcriepumeHm e
UOeHMUYHbIX ycq108uUsXxX, TO cpedHee 3HA4YeHue us 9, NOoNy4eHHbIX B 3TUX
3KCnepumeHTax, 6110 6bl = 0

* Heobxoanmo ana gonyuweHuit o sampling distribution = oueHke N/ npoBepku runores

CoCcTOATENbHOCTb M HECMELLLEHHOCTb — 3TO HE CBOMCTBA 3HaYyeHuA 6,
NONYYEHHOTro B IAHHOM UCCNeA0BaHUMN, @ CBOMCTBA 3CTUMaTopa (KoTopbie MoryT
He BbINO/IHATLCA)

* [poBepUTb COCTOATENBHOCTb N HECMELLEHHOCTb OLLEHKN HEBO3MOXKHO — MOXKHO TONbKO ee
obecneunTb (He ToNbKO BbIBOPOM KOPPEKTHOrO 3CTUMATOpPa)
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VIHTepBanbHasa oLeHKa

* [loyemy HeaAOCTAaTOYHO TOYEYHOMU OLLIEHKN?

* BoibopouHbie aaHHblie BMmecTo C = Heobxoanmo yyectb sampling
variability (cteneHb Hawen HeyBepEeHHOCTU OTHOCUTE/IbHO TOYEYHOW
OLLeHKMU, CBA3aHHYIO C UCNO/Ib30BaHMEM BbIOOPOYHbIX AaHHbIX ANA
BbiBoaa o [C)

* NHTepBanbHaA oueHka — [N:

e Sampling distribution (pacnpeaenenune 9) — pPa3/In4yHble 3CTUMATOPbI
ANA cTaHaapTHOM owmnbKku (sampling standard deviation) n KBaHTUNEN
pacnpeaeneHus
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Uemy ooBepsaem
B JOBEPUTENTbHOM UHTEpPBAarsne?

* [Ipy MHOFOKPaATHOM MNOBTOPEHUU SKCNEPMMEHTA B UAEHTUYHbIX
YCNOBUSAX, C UCNONb30BAHUEM BblOpPaHHOW CTaTUCTUYECKOU MOAENMU
N BbIbpaHHOro acTumaTopa oxkuaaem, 4to B X% cnyvaes AU
HaKpoeT UCTUHHOE 3HaYeHUe napametpa ()

e = Hale goBepue — He K TOMy KOHKpeTHoMy /1M, KoTopbi Mbl
NOMYYMU MO HALUMM AAHHbIM, @ K MeToay oueHKn 1IN — K Tomy, 4to

OH CMOXXeT cob1oCcTU ycnosue 95% CONFIDENCE
INTERUALD
* MNpoBepuTb cobnoaeHue ycioBma % No AaHHbIM HEBO3MOMXHO — AN

MOXHO TONIbKO obecneyunTb ero BbiNOJHEHMNE (,CI,OI'IVLI.I,EHMH)

(=
WHY NOT 100%
CONFIDENCE?
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MIHTepBanbHagda oLeHKa — npumMep

: . . : JAY
Population distribution Sample distribution Sampling distribution for ©®
" | Y~exp(1) (Hen3BecTHO) (Ha:6mop,aeM) Bbl6opKa 50 Hab. (Npeanonaraem) b “N(0, ¢ In)
' : 0.6 1
o8\ | 0=1 : =12
| 204 (monywieHus) |
' 5 > .
' a & :
: 0.2 @] :
i T T 00 ' —L E
N |
6 8 08=1132 & 6 0
y 2

(oonyLwieHuns) l

< : . z N
Mbl 6bl XOTeNM HalTU TaKOM MHTepBan 3Ha4YeHui, 4yto 8 X% Sampling distribution for transf. ©

©
3KCNEePUMEHTAX C NAEHTUYHbIMU ycnoBuamu @ nonagana 6bl B 3TOT PSR
nutepsan (B a - 100% = 100% — X% cnyyaes AN «npomaxHeTca») a

>03
202 0.95
(]

AN ans 6 c yposHem gosepua (1 — a) - 100% no 1 BbibopKe:

0
~T(n-1)
n

~

| I |
g LA 0 | ta/2 |
O+t a, = 6-0
21T An
a/vn 18

B NpuMepe Ha aToM cnange 95% W ansa cpegHero: 0.79-1.
( Ane 95% O 0.79-1.47)
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«Xopollaga» MHTepBanbHaga oLeHKa

* ToyHoCTb — 4Yem yXe 1/, TemM TOUYHee oueHKa napameTpa, WwupuHa AN 3aBUCUT OT:
e YposHsa gosepua X%
* O6bema BbIOOPKHU
* Bapuauum AaHHbIX B BbibOpKe
* | BbiIbpaHHOro acTMMaTopa U BbIMOJIHEHUA €ro A0NYLLEHUN

e O6ecneueHune ypoBHa NOKpbITUA [N 3aaBN€HHOMY

* MpoBepuUTb cobnoaeHne 3TOro CBOMCTBA NO AaHHbIM HEBO3MOXHO — TOJIbKO
obecneunTb (gonyweHusn)
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MHTepnpeTtauna [N — npumep

@OEJEPAJIBHOE I'DCYJAPCTBEHHOE BIO/IZKETHOE YUPEXK/JEHHE
«IleHTp IKCHEePTH3LI H KOHTPOJIS Ka4eCTBAa MEJHIHHCKOMH MOMOIIH»
MuHHCTepCcTBA 31paBooxpanenus Poccuiickoii Perepanuu
(PI'BY (JIDKKMID» Muu3apasa Poccun»)

YTIBep:KIeHO IPHKa30M
OI'BY «I3KKMII» Muuzapara PoccuH

oT «29» nekabpa 2017 r. Ne 181-0x3

METOJUYECKHUE PEKOMEH/IAIIHUHA 11O ITPOBE/IEHHUIO
HEIIPSIMBIX CPABHEHUH JIEKAPCTBEHHBIX ITPEITIAPATOB

JdoBepuTenbHbIA HHTepBaJ ([IH) — HHTepBal 3HaYeHHH IIPH3HAKa, PACCYHTAHHBIH 711 KaKOIO-
au6o0 mapameTpa pacmpeerneHHs (HampHMep, CpeJHero) II0 BBIOOpKE H C OIpeaelIeHHOH
BEPOATHOCTBIO (HampuMmep, 95% — maa 95% JII1) BrIOYarOIIHH HCTHHHOE 3HA4YeHHE 3TOr0

IapamMeTpa BO BCeH IOy AnHH [5].

20



CratmcTtnyeckum
MeAULUMHC

e

KX

..............

Aobepumervnviii unmepbar (AV1) — unrepsaa 3HaueHum npu-
3HaKa, PaCCYUTAHHBIN AAS KAKOTO-AMbO napamerpa (Hampumep, cpea-
HEro 3HaYeHWsl MPU3HAKa) 1O BHIGOPKE M C ONMPEAGACHHOW BEpPOST-
HocThio (Hampumep, 959%,) BRAIOYArOIYMIT UCTUHHOE 3HAYEHME 3ITOTO

[TapamMeTpa BO BCEM ICHCPAABHOWM COBOKYIIHOCTM.

AVl BCErAa CBA3aH C KAKMM-AUDO YPOBHEM AOBEPUS, YBEPEHHO-
ctn. HanomumMm, 4TO BCE OLEHKM NapameTpoB IPH3HAKOB reHepaAb-
HOM COBOKYITHOCTH, NOAYYEHHbIE HA OCHOBE aHAAM3A AAHHBIX BbIOOp-
KM, HE SBASIOTCA abCOAIOTHO UCTUHHBIMW. OHM UCTUHHBI AMIUB C
HEKOTOPOW AOA€H BEPOSITHOCTM. TaK, ecam Mbl BbiOupaem AoBepu-
teabHbIt KO3dduyuent (AK; crenens yBepeHHOCTH, BHIpayKeHHas B
IPOLJEHTAX; BEPOATHOCTh TOTO, YTO AAHHBIM MHTEPBAA COACPIKUT MC-
TUHHOE 3HaueHue napamerpa) pasusm 95%, To 3to o3Hauyaer, uTO B
95 spibopkax u3 100, cAeAaHHBIX TaKMM K€ CIIOCOBOM M3 reHepaAb-
HOWM COBOKYITHOCTM ODBEKTOB MCCAGAOBAHMS, OLEHKA IapameTpa Ipu-
3HaKa OVAeT HaXOAMTBCA B paccyuTaHHOM Hamu AWU.

21
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Mwndo npo 111 Ne 1

* lcTnHHOE 3HaveHne napamMmeTpa ¢ 95% BEPOATHOCTbLIO rnonarso B
nony4veHHbIn 95% [

* Mbl Ha 95% yBepeHbI, YTO MOMyYeHHbIN Hamu 95% [ coaepXnt UCTUHHOE
3Ha4YeHue napameTpa

UYTto He Tak?

* IcTUHHOE 3HaveHne napameTpa PUKCUPOBaHO (HE ABNSETCA crlydanHou
BENMMYNHOMN), OHO HAM HEN3BECTHO = Nony4veHHbIn Hamun O nnbo HakpbIs
ero, nMbo HeT

* 95% — 3TO Halla YBEPEHHOCTb B TOM, YTO NP MHOMOKpaTHOM NMOBTOPEHUN
nccregoBaHus rno BelIbopkam aHarorm4Horo pasmepa mus Tom xe
reHepanbHOU COBOKYMNMHOCTMN, 95% nony4YeHHbIX Hamu 95% O oyayT
NOKpbIBaTb UCTUHHOE 3HAYEeHMe NapaMeTpa, ecrnu Bce AonyLleHus,
cAenaHHble B NPOLIeCCe OLEHKN 3TUX MHTEpPBAsioB, cobntogaroTcs
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AHTU-Mundo npo 1N Ne 1 — unntoctpaums 1

?QOP‘Q' ‘t“\'\f\k COG'CICQ"\C-Q. \r&emoﬂ-s
ore Like &rc}\QN::

- +H\e -bo.r%):t s Nixed &
the +voe valve wiaht
end VP NN +le \f\'\"tr\lo-ﬂ.

tvrue Con‘Q'\dQnCL

vo-lue inkecval.
@

But C‘P_o\\li coc\-C\&mcL 1 .r\-\—o;\)a.\s
oce waore Wk r'maa +08% ¢

—Hhe teoe vole ia fixed
2 +we inkeruad g
end 0 Orcond it

R e |
condance troe
1 rvolrvoll voluge

Murray E. (2019) Having confidence in confidence intervals
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https://medium.com/@EpiEllie/having-confidence-in-confidence-intervals-8f881712d837
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AHTU-Mund npo AN Ne 1 — unntocTtpauymsa 2

«[NoyyBcTBOBaTL» onpeneneHne AW:

* Seeing theory = T

In contrast to point estimators, confidence intervals estimate a parameter by specifying

L4 R < = D SVC h O I Og i St a range of possible values. Such an interval is associated with a confidence level, which

is the probability that the procedure used to generate the interval will produce an
interval containing the true parameter.

Choose a probability distribution to sample from.

e — - - T

'sample

Normal v
Choose a sample size (1) and confidence level (1 — a).
n=20
1—a=095 estimate

Start sampling to generate confidence intervals.

1.0+

0.5+

0.0 T T
Contains p Excludes n


https://seeing-theory.brown.edu/frequentist-inference/index.html#section2
https://rpsychologist.com/d3/ci/
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Mwndo npo L/ Ne 2

* [1p MHOroKpaTHOM NOBTOPEHUN UCCNeaoBaHNs B 95% NOBTOPOB OLEHKA
napameTtpa nonaget B 95% AW, koTopbI Mbl NONy4Ynnu B 4aHHOM
nccrieqoBaHuUn

YTto He Tak?

* 95% — 3TO YacToTa NMOKPbITUS UCTUHHOIO 3HaYeHNs dosepumeribHbIMU
UHmMepeasnamu nNpu NoBTOpax, ecrnv Bce AonyLweHund, caenaHHbie B
npouecce OLIEHKN 3TUX NHTEpPBaANoB, cCObNoAatoTCs (K TOHEHHOW OLEHKE Npu
NOBTOpax He NMeET OTHOLLEHUSA)
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AHTU-Muno npo A Ne 2

* OBbIYHO BEPOATHOCTb MornagaHnsi TOMEYHOW OLIEHKU NMpu NoBTOpE B 95% [/
npegbliayLwero nccregoBaHma < 95%

* [lpmep: HecMelLeHHbIN 3CTUMATOpP, HopMaribHoe sampling
pacnpeneneHne, B AByxX He3aBUCUMbIX UCCedoBaHNAX ogUHaKoBagd
cTaHOapTHas owmnbka — BEPOATHOCTb TOro, YTO CpeHee 3Ha4YEHNE B
nccnenosaHuu 2 nonaget B 95% 1 n3 nccnenosanHusa 1 coctaBnseT 83%

A Guide to Misinterpretations
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AHTU-Mum npo I Ne 2 B gpetanax

YcnoBuaA: HeCcMeLLLeHHbIN 3CTUMaTop, HopmasibHoe sampling pacnpeaeneHnue, B
NIBYX HE3aBUCUMbIX UCCNEeA0BaHMAX OAUHAKOBas CTaHAapTHaA OLWKNOKa

1.
2.
3.

4,

5.

[ycTb §1 U §2 — TOYeYHble OUEeHKM NnapameTpa U3 nccneaoBaHmAa 1 v 2, COOTBETCTBEHHO
Mo ycnosuio: ; ~ N(6, se(él)), 0, ~ N(H,se(éz)), se(él) = Se(éz) =0
Ecam 0, nonano B 95% AU u3 uccneposanus 1, 7o |6; — 8,| < 1.96 - 6
2 =8, —0,~N(0,2- A2)=>"1 92 R

10,-6,] _ 1.96
3R =%

61—62| _ 196\ _ ., . 196\ _

45=P (222 < 22)=1-2-0(-=2) ~ 083
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Mudobl npo 1 Ne 1 n 2 — BbIBOALI

- [OW, nony4eHHbIn B JaHHOM UccrenoBaHnn, HUYEro He roeopuT oo
NCTUHHOM 3Ha4YeHN NapameTpa

- [W, nony4eHHbI B JAHHOM UCCNEeAOBaHUN, HE NO3BOMNSAET TOYHO
npenckasartb pesynbraThl OyayLimx nccnegoBaHnn

» Kak Bce-Takun KOppeKTHO nHTepnpetTupoBaTb [, obcyanm 4yTh ganbLie



..

= [lpoBepKa runortessbl

Hynesasa cratucruyeckasa runoresa HO
* ToyeyHaa UaM cocTaBHasn
* HeobaszaTtenbHo o paseHcTtse O (null Z nil)

AnbTepHaTMBHaA CTaTUCTUYECKaAA rmnoTtesa H1
* ToyeyHasa nam coctaBHas
* O4HOCTOPOHHAA UM ABYCTOPOHHAA

* He nccnepyetca npu nposepKe rmnotesbl — HYXXHA 419 NOHUMAHUA TOro, YTO MMEHHO CYUTATb
HeCornacoBaHHOCTbIO AaHHbIX ¢ HO / «3KCTpemManbHbIMU» 3HAYEHUAMM OLLEHKMN NapameTpa

HO nnbo BepHa, "Mbo HET — Ham NPOCTO 3TO HEN3BECTHO, HO Mbl UCXOAUM U3
NpPeanonoXKeHns o TOM, YTO OHa BEPHA

MpoBepKka HO nyTem oUEeHKM TOro, HaCKO/IbKO NONYYEHHbIe AaHHbIE COrNacytoTCa C HEN
* ! Mpu BbINONHEHUM AONYLLEHUI CTATUCTUYECKOU MOoaeNu
* Ec/nv cMNbHO He cornacytoTca, TO CoMHeBaemcs B Tom, 4to HO BepHa M oTBepraem ee

* [NTOHMMaHWeE TOro, KaK YCTPOeHa anbTepHaTMBa (OTKNOHEeHME OT HyNeBoM rmnoTesbl) B [C BaXKHO
npu Bbibope acTumaTopa/ Tecta Ana KoHTpons owmnbku Il poaa
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[1lpoBepka HO — nopAaaoK AENCTBUN

* dopmynupyem HO n H1

e 3a/1aeM 3apaHee BepOATHOCTb OWNBKK | poaa () — BepOATHOCTb OTKNOHUTD
HY/NEeBYIO rMNOTe3Y, KOraa OHa BepHa

e Bbibnpaem CcTaTUCTUYECKUIN TECT —> TECTOBAA CTaTUCTMKA (PYyHKUMA OT
BbIDOPOYHbIX AAHHbIX — «pPaccToAHME» ** OT AaHHbIX A0 TOro, YTO Ham
npeacKa3sbiBaeT CTaTUCTUYECKAA Mmoaenb npu sepHou HO*)

* [IpeanonoXeHma o pacnpeaeneHnm TeCToBoM CTaTUCTUKM npu BepHon HO n
cobnoaeHnn Bcex OCTasibHbIX AONYLLEHUIA CTAaTUCTUHECKOU Mmoaenm

* Echn 6bl MHOrOKpPaTHO NOBTOPANU SKCNEPUMEHT B UAEHTUYHbIX YC/IOBUAX NPU BEPHOM
HO* n B KaXKA0M U3 HUX OLEeHUBa/IN Bbl TECTOBYIO CTAaTUCTUKY, TO KaK BbIr1a4eno bl
pacnpegeneHue 3TUX 3Ha4YeHUM

e OueHuBaeM TECTOBYIO CTAaTUCTUKY MO BbIOBOPOYHbIM AaHHbIM

* - npn cobnogeHnn AoNyLLEHUN CTaTUCTUYECKON MOAENU
** - A Guide to Misinterpretations



—

[lpoBepka HO — cnocob 1

* HacKoNbKO 3HaYeHME TECTOBOM CTAaTUCTUKM NO BbIOOPKE «yKNaAbIBAETCA» B
pacnpeaeneHmne TeCToBOW CTaTUCTUKM Npu BepHon HO*?

e O6nacTb KPUTUYECKUX 3HAYEHUM TECTOBOW CTAaTUCTUKMU (KpUTUYECKasa 0b6nacTb) — npu
BepHon HO* nonyyeHme Kakoro-nmbo 3HavyeHus us aTom obnactmn asnseTcs
MaNOBEPOATHbIM (BEPOATHOCTb < ()

* Echm TecTtoBas CTaTUCTMKA Mo BbiIOOpKe nonagaeT B KPUTUYECKYH0 061acTb,
otBepraem HO Ha ypOBHE 3HAYMMOCTU

* B npotuBHom cny4vyae — He otBepraem HO

Test statistic distribution Test statistic distribution
HO: 8 = 6, under HO: T ~ T(49) under HO: T ~ T(49)

H1:9¢90
. é—go T
- 6/yn M
a = 0.05
n =50

T

. I I
t -2.01 0 2.01 -2.01 0 t

* - npu cobnogeHun
D,Ol_lyU.l,eHl/lﬁ CTaTUCTNYECKON t=-25 B Kputuueckas o6nacts t=1
Moagenum




—
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[TpoBepka HO — cnocoO 2

* KakoBa BEpPOATHOCTb MNONYYUTb 3HAYEHUE TECTOBOM CTAaTUCTUKU TaKOe XKe, KaK B
BbIOOpKe, unn bonee akcTpemanbHoe npu BepHon HO* — p-3HaveHune?

* Y710 3HaUUT «boNee sKCcTpemanbHoe», onpeaensdem 3apaHee (Ha ocHose H1)

* Echm p < a, otBepraem HO Ha ypoBHE 3HAYMMOCTU

* B npotnBHOM cnyyae — He otBepraem HO

* BbiBOA, aHanorm4yeH cnocoby 1

HO: 8 = 0,
H1:0 # 0,
6 -6,
o
a = 0.05
n =50

T

* - npu cobntogeHnn aonyLeHumn
CTaTUCTUYECKOW Moaenu

Test statistic distribution
under HO: T ~ T(49)

p=2%*0.0079 =0.0158

|
|t]-2.01

|
2.01 |t]

— o

t=-25

. p-value . Kputnueckas obnactb

Test statistic distribution
under HO: T ~ T(49)

p=2%*0.161=0.322

0.161

!

|
201 -t 0 1|
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.o p-3Ha4YeHune — onpeneneHmne

* BepoATHOCTb NONYYUTb 3HAYEHUE TECTOBOM CTAaTUCTUKM TaKOE XKe, KaK B BbIOOpKe
(t), nnn 6onee akcTpemanbHoe npu sepHon HO* (npu mHo2okpamHom
108MOPEHUU IKCIIepUMEHMa 8 UOEHMUYHbIX YCa08UAX); 3Ta BEPOATHOCTb
OLleHMBaeTCcA NO pacnpeaeeHnto TECTOBOM CTaTUCTUKK T

p = Pr(T = |t|; HO®) + Pr(T < —|t|; HO")

* MOCKO/IbKY TECTOBAsA CTaTUCTMKA 0BbIYHO paccunTbiBaeTcA No O, To p-3HauyeHue —
3TO BEPOATHOCTb MNOJIY4UTb 3HAYEHUE OLUEHKM NapamMeTpa TaKoe Ke, KakK B
BbIOOpPKe, unn bonee akctpemanbHoe npu sepHon HO* (mpu mHo2oKpamHom
M08MOPEHUU 3KCrepumMmeHma 8 UOEHMUYHbIX YC/108USAX); 3Ta BEPOATHOCTb

oueHuBaeTca no sampling distribution ans ©
p=Pr(0—0y=|0—6,|; HO*) + Pr(® — 8, < —|8 — 6,|; HO")

* - npu cobnogeHnm gonyLeHNn CTaTUCTUYECKOM MOAENN 1 TaKOW e BbIBOPOYHOM
AdPRERdthprBOaATCA ANA ABYCTOPOHHEN anbTepPHATUBHON

LA N"T"7/ "] 1
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Henb3s NpoCTOo Tak B3ATb
N 0aTb onpeaerneHne p-saHav4eHuio

* Aschwanden C. (2015). Not even scientists can easily explain p-values, video

Iain me “Ie Il_“alue nlease Doc: are you sexually active?

- "I know the definition of a p-value"

Doc: a simple no would have been fine

34


https://fivethirtyeight.com/features/not-even-scientists-can-easily-explain-p-values/
https://youtu.be/bz9nzc-jVEE?feature=shared
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p-3Ha4YeHue — nHTepnpetTaums

ASA Statement:

 CTeneHb HecornacoBaHHOCTU (incompatibility) mexagy wumerowmmmucs
AaHHbIMU N BbIOpaHHOW CTaTUCTUYECKOW Mopernblo (Bkroyaa HO u Bce
gonyLieHus)

* YUeMm meHbwe p-3Ha4YeHNE, TeM MeHbWwe CTaTUCTN4eCKad COracoBaHHOCTb
mMexagy AdaHHbiMK WU CTAaTUCTUHECKOUM  HyJieBoun  rmnote3on, ecjiu
BbIMOJIHAKOTCA BCE AONyLweHnA, NpnHATbIE MNP OLUEeHKE p-3Ha4YEeHUA

« HecornacoBaHHOCTb = COMHEHUs B HO uJsTu BbINONTHUMOCTW AONYLLEHUI

Berry DA. (2016) P-Values Are Not What They're Cracked Up to Be (supplement to
ASA statement):

« BaXkHOCTb «[JaHHbIX» B OMpPeaerieHnn CTEeneHn HecornacoBaHHOCTY
(MaHUNYNAUUK C JaHHBIMW 00 OLIEHKWN p-3HAYEeHUS)



https://www.tandfonline.com/doi/full/10.1080/00031305.2016.1154108#d1e385
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p-3Ha4YeHne — He TOJIbKO
ana nposepkn HO

*p — MEpa COrfiacoBaHHOCTU MeXay AaHHbIMU N BbiOPaHHOM
cTaTUCTUYecKon mogenbto (Bkovas HO u Bce JonyLLEeHNS)

= YKa3aHue NoJslydeHHOro p-3HavyeHus (Hanpumep, p = 0.023,
p = 0.789) BmecTO 3anucen Buga p < 0.05, p > 0.05 bonee
MHdOOPMAaTUBHO 1 NPeanoYTUTENBbHO



3HayeHue p — ITO PACCYUTAHHAS B XOAE CTATUCTUYECKOTO TeCTa
BEPOATHOCTH OIIMOOYHOTO OTKAOHEHUS HYAEBOW TUIioTe3nl 06 oTcyT-
CTBUM pasanumi. Apyroe onpepeseHue: 3HaYeHue p — 3ITO BEPOST-
HOCTD ITOAYYMTD AAHHBIE AaHAAM3UPYEMBIX BHIOOPOK B CAYYae CIIPABEA-
AMBOCTM HYAEBOW IMIIOTe3bl (B YAaCTHOCTM, B CAy4ae OTCYTCTBMUS pas-
AMYMIA TPYIIN). TPEThE ONPEACACHME: 3HAYEHME P — ITO BEPOAT-

o

HOCTh COPAREAAMBOCTY HYACROU TUIIOTE3R].

37
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MHTepnpeTauunsa p-3aHa4eHns — npumep (2)

CteHTOH I 1aHII

Meauko-6uonoru4yeckas

ATHGTHKA

ITeperon C aHITTHHACKOTO
IOKTOpa (GH3.-Mar. HayK
0. A. Tauumnoea

IO peJaKmHeH

H. E. By2HKamEHIH

u JI. B. CamoiinoBa

Tenepr BepHEMcA K Ipenapary M BBIYHCIHM 3HaUYCHHE KpHTE-
pHuA. EcIn oHO mpeBBImaeT KPHTHYECKOE 3HAUYEHHE, TO MBI MOXKEM
YIBEPKAATh CICAYIONEE, eciu Obl HY1e6aa sunomesa ovlia cnpa-
6€011U6a, MO 6EPOAMHOCHL NOTYHUMb HAbTI0OAeMble Pa3TudUuA bvlia
ovl mMenvue 3%. B mpHHATOH cHCTEMe 0003HAYEHHH 3TO 3aIIHCHIBa-
erca kak P < 0.05. Otcroma MBI 3aKII09aEM, UTO THIIOTE3a 00 OTCYT-
CTBHH BIHAHHA IIpENapara Ha TEMIIEPATypy BpAJ JIH CIpaBedIHBa,
TO €CTh Pa3IHYHA CTAaTHCTHYECKH 3HAYHMBI (IpH 5% ypoBHe 3Ha-
9HMOCTH). PasyMeeTca, 3TOT BBIBOZ IO CYTH CBOEH HOCHT BEPOAT-
HOCTHBIH XapakTep. He HCKIIOUEHO, UTO MBI OIIMOOYHO NPH3HAEM
HesddekTHBHBIH npenapar 3¢ GeKTHBHBIM, TO €CTh HaleM pasin-
9HA TaM, A€ HX HeT. OHAaKO MBI MOJKEM YTBEPAKIATh, YTO BEPOAT-
HOCTB NOJOOHOH OIMHOKH HE IPEBBIMAcT 5%.

HaxuM onpenenenue P.

P ecmb 6epoamnocimes mozo, 4mo SHA4eHue KPUMepUA OKAHCEMCA
He MeHbULe KPUMUYECKO20 SHAYEHUA NPU YCI06UU CNPAGedIusocmu

HY1€601l 2unomesbl 06 OMCYMCMEUU PAZTUYULL MEHCOY ZPYNNaviu.

OmnpeneneHne MOXHO COPMYIHPOBATH H II0-IPYTOMY.

P ecmb 6epoamnocmb ouUOOYHO OMEEPZHYMb HY1EE)YI0 2UNome-
3y 06 omcymemeuu paiuyuil.

Vhopomasn, MOXKHO CKa3aTb, YT0 P — 3510 6ePOAMHOCMb cnpaseo-
ausocmu Hy1e6otl zunomeswsl. 1acTo TOBOPAT TakKe, 4T0 P — 3T0 Be-

POATHOCTH OIIHOKH. B 00IIeM, H 3TO BEPHO, OJHAKO HECKOIBKO He-
TouHO. Jler10 B TOM, YTO CyHIECTBYET ABa poja ommook. Omuodka I
poaa — 3TO OIMHOOYHOE 3aKTIOUEHHE O CYIMIECTBOBAHHH Pa3INdHH,
KOTOPBIX B ACHCTBHTEIBHOCTH HET. BepOATHOCTh HMEHHO 3TOH Olle-
HuBaeT P. Bo3sMoXXHA H IPOTHEOIIONOKHAA OMMHOKA — IPHHATH He-
BEPHYIO HyJIEBYIO THIIOTE3y TO €CTh HE HAHTH AeHCTBHTEIBHO CyIIe-
CTBYIOIIEE pasaH4YHE. DTO rak HaspiaeMai omuoOka II poma. O Bepo-
ATHOCTH 3TOH OIMOKH P HHYEro He TOBOPHT, MBI OOCYAHM €€ B I1. 6.

38
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MHTepnpeTauuna p-sHadyeHusa — npumep (3)

MEDICAL
STATISTICS
MADE EASY

Michael Harris
General Practitioner and Lecturer in
General Practice, Bath, UK P value
and

Usually used to test a null bypothesis, the P value
Gordon Taylor . agh K
Senior Research Fellow in Medical Statistics, gives L he pr(-)ba bl]" Y (-)[ any (.)bserved dl[fﬁn’ences

Nnirsibriof DethiDagy. XX having happened by chance. See page 24.

Martin Dunitz

Taylor & Francis Group

LONDON AND NEW YORK
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= Mwndo npo p-value Ne 1

* p—3TO BEpPOATHOCTb TOro, 4to HO BepHa
* p—3TO BEPOATHOCTb TOrO, YTO Mbl COBEPLWIMM OLWINOKY, echn otBeprHem HO

Y10 He Tak?

* p OUEHMBAETCA NPM AonyweHun o Tom, y1o HO BepHa™ = oHO, no onpeaenexHuto,
He moXeT ObITb BEpOoATHOCTbLIO TOro, 4to HO BepHa

* p—NpPO COrMacoBaHHOCTb AaHHbIX 1 HO*

* HO nnbo BepHa, "mbo HeT — Ham 3TO HemnsBecTHO = ecamn HO BepHa, a Mmbl ee
OTBEPI/IN, TO Mbl TOYHO OWKNOAUCH, €C/IN HE BEPHA — TOYHO He ownbanch, HO B
Nntobom cnyvyae He 3Haem 06 aTOM

* p— He BePOATHOCTb OLIMOKMK, B OLLEHKE p HE UCMO/Ib3YEeTCA &, 8 CPABHEHUE C HEN
He AeNaeT p BEPOSATHOCTbIO OWMNOKK

A Dirty Dozen; ASA Statement

* - npu cobnogeHnn AoNyLLEHNN CTaTUCTUYECKON
Moaenu



. MCTOYHNK MHOTMX MUXDOB
o p n U — inverse probability

What's her job,

T
|

* B ngeane xorenu Okl NO p-3HAYEHUIO o S oS
- ohe's a statistician
(T.e. MO AaHHbLIM) cAenaTb BbIBOA O Sy
rmnotese, HoO MOXXeM caenaTb BbiBOA :

TOJTbKO O AAaHHbIX, X COOTBETCTBUU
The p-vaiue is the
HO probability that Ho Qmo. right?

. /@ *P-value 0OTBEYAET Ha BOMPOC, KOTOPH!

() A=F==  HUKTO He 3apdaBarn (Senn S.)
f ‘? ‘I

i = Yes honey, t /l's‘l':lose enoug
ISTH AVOIDAE andll BB

N

{

hat

Your foster parents are deat
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Mwndo npo p-value Ne 2

* p—3TO BEPOATHOCTb TOIO, YTO MNMOJ1YHEHHbIE
pe3yanaTb|/ BblABJ1IEHHbIE pa3n|/|L||/|;|/ OTKITOHEHUE OT

HO criyyaiHbl (ManeHbKoe p — OTKIOHEHUs oT HO 8 7
Hecny4anHbl)

g 5 ,J/"
TO HE TaK: ARE YOU SAYING A P VALUE

EXPRESSES THE PROBABILITY
 Ecnn HO BEPHA, TO BEPOATHOCTb TOIO, 4YTO Kakoe-nmobo THE RESULT WAS ACHIEVED AT RANDOM?

OTKITOHEHMe OT Hee OyaeT crny4varHbiM, paBHa 1

",

?‘!

* YTBEPXXOEHNE O TOM, YTO OOHapPYXEHHbIE OTKIMOHEHUS
CIly4auHbl, 3KBUBASIEHTHO YTBEPXOEHUIO O TOM, YTO BCE
O0NYLLEHUSA, MPUHSATBIE MPU OLEHKE p, KOPPEKTHBI, i AM |||||| I'M TIRED
BKNto4asd HO = p — 3T0 BEPOSATHOCTb, OLIlEHEHHAS U3 N 2 IT'S NOT.
O0NyLWEHNSI O TOM, YTO BCE OTKITOHEHUS Clly4YanHbl, a He
HaobOopOT (eLle oAVH MPUMEP inverse probability)

A Guide to Misinterpretations
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Mwndo npo p-value Ne 3

* p — 3TO BEPOATHOCTb MOMYYUTb JaHHbIE, aHanorn4Hble Hallen Bbioopke /
OLIeHKY NapaMeTpa, Kak no Hallen Bbibopke, ecnu HO BepHa

UTto He Tak?

* p — BEPOATHOCTb NONYYNUTb HE TONMBLKO TaKYH Xe OLEHKY napamMeTpa, Kak no
OaHHOU BbIDOPKE, HO U «Donee aKkCcTpemMarnbHble» OLIEHKK, NPy BEpPHOM HO 1
cobrnogeHun gonyLeHnm ctTaTUCTUYECKon Moaenu

« C TOMHOCTbIO 40 ONpeaeneHns Toro, YTo cYMTaeTcs «bornee akcTpemMarnbHbIM»

« «bonee akcTpemanbHbIE» OLEHKM — HeHabnogaemMble (Halle npeacTaBneHne o
TOM, KaKMMW OHW MO Bbl ObITb NPY NOBTOPEHUN UCCINEAOBAHUS, MPU BEPHOW
HO)

A Dirty Dozen
A Guide to Misinterpretations
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NOT SURE IF SIGNIFICANT

Mwnd npo p-value N2 4 smions OARY o
= e (g =

* p < a 03Hayaert, 4Yto HO He BepHa

* Yem meHblle p, Tem 6onblue y Hac A0Ka3aTenbCTB B NoaAb3y Toro, 4to HO He BepHa

Y70 He TaK?

* HO nnbo BepHa, AMBO HET — HAM 3TO HEM3BECTHO

* ManeHbKoe 3HaYeHMne p — 3HaK Toro, YTo AaHHble, C TOYKU 3peHna moaenu (npu
BbIMNO/IHEHUN ee aonyLeHun, B Tom Yncae HO), aBnatoTcs HeObbIYHbIMM

* 3710 MOXKeT bbITb pe3ynstratom Toro, 4to HO He BepHa, uaum Toro, 4Yto 6bin
HapYyLEeHbl KAKMEe-TO AONYLLEHNA NN ObITb Pe3y/IbTaTOM CAy4YalHOM OLWKNOKM

* MeHblwe p — 6onbwe comHeHuli B Tom, 4To HO BepHa (npu BbinonHEeHUN
NONYLWEHUN CTaTUCTUYECKOM Mmoaenm)

A Guide to Misinterpretations

44
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Mwndo npo p-value Ne 5
* p = a o3HayaeT, 4to HO BepHa/ Mbl moxkem npuHATL HO

YT1O He TaK?
* HO nnbo BepHa, MO0 HET — HAM 3TO HEN3BECTHO

* bosblLOEe 3HaYeHUe p — 3HaK TOro, YTO AaHHbIe, C TOYKU 3peHus
moaenu (npu BbINONHEHUM ee AonylueHui, B Tom Yymucne HO),
He ABNAOTCA HeObbIYHbIMMU

* 3TO MOXeET bbITb pe3ynbTaToM Kak Toro, 4to HO BepHa, Tak 1 TOro,
4yTO HbINIO CAENAHO KaKoe-TOo XeCcTKoe AoNnyLeHUe Nan MOLLHOCTb
6blna HeAOCTaTOYHOMN, TaK U BbITb pe3yNbTaTOM C/Iy4YanHOM
owmnbKmn

A Guide to Misinterpretations

How to
recognize
a stroke?

Twisted mouth
-

45
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Mwndo npo p-value Ne 6
« YUem bonblLue p, TeM BorbLUe Yy HAac AoKasaTernbCTB B MoSib3y TOro, 4To HO
BepHa
YTO He Tak?
* p — M€epa corfiacoBaHHOCTU MeXay AaHHbIMWU U 3TOU HO*
« Hanbonee cornacytowascsa ¢ gaHHbIMy1 HO* — Ta, Ans kotopon p = 1

* CpaBHI/IBaFI P MeXady pa3HbIMU BapnaHTaMi HO*, MOXXeM aenaTtb BbiBO O
TOM, KaKad U3 HUX JniyvLlue corriacyetcd ¢ AaHHbIMUA

* Ho runoTtes (Mogenen), KoTopble nyyLle cornacyrTcsa ¢ AaHHbIMU, YeM Ta
HO*, KOTOPYIO Mbl MPOBEPASIN, MOXET ObITb MHOIO, NPY 3TOM MnAaearnbHas
COr1acoBaHHOCTb C KAKOW-NMBOO OOHOW rmMnoTe3omn (Mogernbio) He O3HaYaeT,
YTO BCE OCTallbHble rmnoTesbl (Moaenun) onpoBeprarTcs

A Guide to Misinterpretations

* - npu cobnogeHnm JonyLeHNin CTaTUCTUYECKOM MOAENN
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. [ — nHTepnpeTayud

» OueHKa 1L He npueasaHa K nposepke HO

* Y10, echn nposeputb HO: 8 = 6y npotmns H1: @ # Oy ana Bcex 3Ha4YeHun 6,
BHYTpU nony4vyeHHoro (1 — a) - 100% AN u ana Kaxkaon U3 HUX paccumTaTb p°?

= (1 —a) - 100% AN — 310 MHTepBan TakKUX 3HaYeHUI NnapameTpa, nposepka HO*
ANA KOTOpPbIX JacTp = «

1.004

0.80 1

=(1—a)-100% AN — 310 cnocob 0606WmTbL
pe3ynbTaTbl NPOBEPKU MMNOTE3 AN MHOXKECTBA .

3HAaYeHUN napameTpa S
& 0.404

0.20 1

* p— Mepa CorNMacoBaHHOCTU MeXAay AaHHbiMU 1 HO* 0051

—> 3HayeHuA napameTpa BHyTpu AN nydwe
COrnacytoTca ¢ AaHHbIMU, YEM 3HAYE€HUSA BHe ero™

A Guide to Misinterpretations

* - npu cobnogeHnm JonyLeHNin CTaTUCTUYECKOM MOAENN



o Mud npo O Ne 3

« 3Ha4YeHMEe NnapameTpa, paBHOE TOHYEYHON OLEHKE adhdoeKkTa, — Hanboriee
BEPOATHO, 3Ha4YeHUsa brnmxke K rpaHnyam I — meHee BEPOATHBDI

« 3Ha4yeHus 3a npegenamun [N onpoBeprHyTbl NONyYeHHbIMU AAaHHBIMU
UTto He Tak?

* IcTUHHOE 3HaveHne adhdoekTa PUKCUPOBAHO (HE ABNSETCS cryyYanHou
BENMYMHOMN), OHO UNK Nonarso B nonyveHHbln N, nnu HeT, a ecnu nonarno, To
HEN3BECTHO, B Kakon YacTtn I oHo HaxoauTtcs

« 3Ha4yeHUsa napameTpa BHyTpu 1N (1 3a ero npegenammn) otnnyaroTca gpyr ot
opyra no COBMeCTUMOCTU (COrnacoBaHHOCTU) C MNONYyYEeHHbIMW gaHHbIMU ™
(4em Onuke K Nosly4eHHoOM TO4EYHOU OLEHKE, TEM COrNnacoBaHHOCTb
bonbLue, Yem ganbLue OT Hee B 00e CTOPOHbI — TEM MEHbLLE)

A Guide to Misinterpretations

* - npu cobnogeHnn gonyLeHNn CTaTUCTUYECKOM MOAENN
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Ceasb mexay W n nposepkoun HO

». [N ans cpeaHero 3HadeHua 6 oueHnsaem, ucxoasa ux sampling
~ 6-6

. . . *. ~

distribution gna npeobpasosaHua OF: 5 T,_1

2. HO: 0 = 6y, H1: 0 # O,, t-TecT — pacnpeaeneHme TeCToBOM
6-0,
~ T, _
6 /yn n—1
* Echm B 1 n 2 ncnonblyertcsa ognHakoBoe npeobpasoBaHue 6 u
npeanoaaraeTca ogMHaAKOBOE pacnpeaeneHune ana Hero, Toraa cnocobbl
11 2 paayT TaKoOM e BbIBOA, NPU NPOBEpPKe rmnoTesbl, Kak 1 cnocob 3

(ayanbHOCTb Mmexay Tectom n 1N)

CTAaTUCTUKU T*:

* - npn cobnogeHnn AoNyLLEHU CTaTUCTUYECKON MOAENU



. .
.v.

[TpoBepka HO — criocob 3

* [loKpbIBaeT I paccyuTaHHbIM no Bbibopke (1 — a) - 100%
OWN nna 0 3HavyeHmne napameTpa U3 Hynesou runotesbl (0y)?

* Echun HeT, oTBepraem HO Ha ypoBHE 3HAYUMOCTU
* Echm pa, He otBepraem HO Ha ypoBHe 3HAYMMOCTU &



—

PacxoxgeHue mexay cnocobamu
1/2 n 3 npu npoBepke HO

* Bo3aMOXHO (test-Cl inconsistency), 0COBEHHO Anst AUCKPETHbLIX CNyYanHbIX
BENMUYnH

* [lpnmepbl 1 0ObACHEHUS:
* https://stats.stackexchange.com/a/169149
* Fay M. (2010). Two-sided Exact Tests and Matching Confidence Intervals for Discrete Data
e Harrell FE. (2024) The log-rank Test Assumes More Than the Cox Model
 Lin DY et al. (2016) On confidence intervals for the hazard ratio in randomized clinical trials

» Tect n 1N pelwlatot pasHble 3agadun/ oTBe4aroT Ha pa3Hble BOMNPOCHI,
NO3TOMY B HEKOTOPbIX ClNy4asax pacxoxaeHne mexay Humm B nposepke HO
— 970 OK

* HekoTOpble cTaTUCTUYECKME TECTbI HE UMEKOT COOTBETCTBYHOLLEN
npoLenypbl NoNy4vYeHnsa uHmepnpemupyemou oLueHKn apdekTa — ans
HeKoTopbIX (peakux) 3agay ato OK (npumep ¢ BLIDOPOM TEMATUKK
rpaHTOBOM 3asBkuK B Jlekuun 1)



https://stats.stackexchange.com/a/169149
https://journal.r-project.org/archive/2010/RJ-2010-008/index.html
https://www.fharrell.com/post/logrank/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5085885/

Inference — npumep (1)

April 18, 2017

Association Between Serotonergic Antidepressant Use
During Pregnancy and Autism Spectrum Disorder in
Children

Hilary K. Brown, PhD"2:3; Joel G. Ray, MD, MSc, FRCPC3%3; Andrew S. Wilton, MSc3; et al

> Author Affiliations | Article Information

JAMA. 2017;317(15):1544-1552. doi:10.1001/jama.2017.3415

Results There were 35 906 singleton births at a mean gestational age of 38.7 weeks (50.4% were male, mean maternal age
was 26.7 years, and mean duration of follow-up was 4.95 years). In the 2837 pregnancies (7.9%) exposed to antidepressants,
2.0% (95% Cl, 1.6%-2.6%) of children were diagnosed with autism spectrum disorder. The incidence of autism spectrum
disorder was 4.51 per 1000 person-years among children exposed to antidepressants vs 2.03 per 1000 person-years among
unexposed children (between-group difference, 2.48 [95% Cl, 2.33-2.62] per 1000 person-years; hazard ratio [HR], 2.16
[95% Cl, 1.64-2.86]; adjusted HR, 1.59 [95% Cl, 1.17-2.17]). After inverse probability of treatment weighting based on the
high-dimensional propensity score, the association was not significant (HR, 1.61 [95% Cl, 0.997-2.59]). The association was

also not significant when exposed children were compared with unexposed siblings (incidence of autism spectrum disorder
was 3.40 per 1000 person-years vs 2.05 per 1000 person-years, respectively; adjusted HR, 1.60 [95% Cl, 0.69-3.74]).

Conclusions and Relevance In children born to mothers receiving public drug coverage in Ontario, Canada, in utero
serotonergic antidepressant exposure compared with no exposure was not associated with autism spectrum disorder in the

child. Although a causal relationship cannot be ruled out, the previously observed association may be explained by other

factors.
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This matched case—control study revealed a null asso-
ciation between statin use and risk of glioma. While there
was a small suggestion that long-term use of statins (=90

prescriptions, or approximately 10-20 years of use) was
associated with protection from risk of glioma, the effect
estimates did not reach statistical significance.

Inference — npumep (2)

> Eur ) Epidemiol. 2016 Sep;31(9):947-52. doi: 10.1007/s10654-016-0145-7. Epub 2016 Apr 4.

Statin use and risk of glioma: population-based
case—control analysis

Corinna Seliger 1, Christoph Rudolf Meier 2 3 4, Claudia Becker 2, Susan Sara Jick 3,
Ulrich Bogdahn ?, Peter Hau °, Michael Fred Leitzmann ®

Affiliations + expand
PMID: 27041698 DOI: 10.1007/s10654-016-0145-7

Abstract

Statins have been reported to decrease the incidence of cancer, but the risk of glioma among statin
users has been investigated in only two prior observational studies, both of them suggesting a
modest protective effect of statins. We conducted a matched case-control study using data from the
UK-based Clinical Practice Research Datalink to analyse use of statins among 2469 cases with glioma
and 24,690 controls. We performed conditional logistic regression analysis to calculate relative risks,
estimated as odds ratios (ORs) with 95 % confidence intervals (Cls) adjusting for multiple confounding
factors. As compared with non-use of statins, use of statins was not associated with risk of glioma (OR

for 290 prescriptions=0.75; 95 % Cl 0.48-1.17). Our findings do not support previous sparse evidence

of a possible inverse association between statin use and glioma risk.

Two previous case—control studies [6, 7] investigated
the association between statin use and risk of glioma and
both studies reported an inverse relation between the two
(OR 0.72; 95 % CI 0.52-1.00 [6], OR 0.76; 95 % CI

0.59-0.98 [7]) that was of similar magnilude to the one

found in_our analysis.

We investigated total statin use in
relation to glioma risk (Table 2). As compared with no
prior use of statins, the adjusted OR for 2-9 prescriptions
was 1.01 (95 % CI 0.80-1.28), for 10-29 prescriptions it
was 1.00 (95 % CI 0.81-1.22), for 30-59 prescriptions it
was 1.11 (95 % CI 0.89-1.38), for 60-89 prescriptions it
was 1.10 (95 % CI1 0.80-1.52), and for =90 prescriptions it
was 0.75 (95 % Cl 0.48-1.17). When we removed the
terms for diabetes and CHF from the multivariate model,
the OR became slightly more pronounced (OR for =90 vs.
no prescriptions of statins = 0.67; 95 % CI 0.43-1.04).

When we examined the associations between individual
statins and risk of glioma (Table 2), the results were null
for any type of statin. When we investigated timing of
statin use, there was no relation between recent or past use
and risk of glioma, and there were also no meaningful
changes to the results when we stratified m
(<TO7260 years), or when we restricted cases Lo glioblas-
toma patients (data not shown).
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Inference — npunmep (3)

Annals of Internal Medicine

LATEST ISSUES |INTHECLINIC FORHOSPITALISTS JOURNALCLUB MULTIMEDIA SPECIALTY COLLECTIONS Ci

Letters | 1January 1993

Calculation Errors in Meta-Analysis

Authors: Andrea Messori, PharmD, Giovanna Scroccaro, PharmD, and Nello Martini, PharmD = AUTHOR, ARTICLE, & DISCLOSURE
INFORMATION

Publicatlon: Annals of Internal Medicine « Volume 118, Number 1 « https://doi.org/10.7326/0003-4819-118-1-199301010-00022

The recent paper by Hommes and colleagues (5) reports a
meta-analysis of six randomized trials comparing subcutaneous
heparin with continuous intravenous heparin for the initial
treatment of deep vein thrombosis. To recalculate the odds
ratio (with 95% CI), we used a computer program (Messori A.
Unpublished observations) developed at our institution that is
based on equations 7.18, 7.20, 7.21 (including the correction
for zero values), 7.22, and 7.23 (4). The result of our calcula-
tion was an odds ratio of 0.61 (95% CIl, 0.298 to 1.251; P >

Hommcs an

m Cl1) of the six individual studies, we ob(amcd
the same identical results as those reported in Table 2 of
Hommes' article.

Based on our recalculation of the overall odds ratio, we

concluded that subcutancous heparin i§ not more cffective than

intravenous heparin, exactly opposite to that of Hommes and

colleagues. This ggld have resulted from a calculation error or
because our technique differed from theirs., However, it wou
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Inference — npumep (4)

Original Investigation | Caring for the Critically Ill Patient
February 17, 2019

Effect of a Resuscitation Strategy Targeting
Peripheral Perfusion Status vs Serum
Lactate Levels on 28-Day Mortality Among
Patients With Septic Shock

The ANDROMEDA-SHOCK Randomized
Clinical Trial

Glenn Hernandez, MD, PhD'; Gustavo A. Ospina-Tascén, MD, PhD2; Lucas Petri Damiani, MSc3; et al

» Author Affiliations | Article Information

JAMA. 2019;321(7):654-664. doi:10.1001/jama.2019.0071

Design, Setting, and Participants Multicenter, randomized trial conducted at 28 intensive care
units in 5 countries. Four-hundred twenty-four patients with septic shock were included
between March 2017 and March 2018. The last date of follow-up was June 12, 2018.

Interventions Patients were randomized to a step-by-step resuscitation protocol aimed at
either normalizing capillary refill time (n=212) or normalizing or decreasing lactate levels at
rates greater than 20% per 2 hours (n=212), during an 8-hour intervention period.

Main Outcomes and Measures The primary outcome was all-cause mortality at 28 days.
Secondary outcomes were organ dysfunction at 72 hours after randomization, as assessed by
Sequential Organ Failure Assessment (SOFA) score (range, O [best] to 24 [worst]); death
within 90 days; mechanical ventilation-, renal replacement therapy-, and vasopressor-free
days within 28 days; intensive care unit and hospital length of stay.

Results Among 424 patients randomized (mean age, 63 years; 226 [53%] women), 416 (98%)
completed the trial. By day 28, 74 patients (34.9%) in the peripheral perfusion group and 92
patients (43.4%) in the lactate group had died (hazard ratio, 0.75 [95% Cl, 0.55 to 1.02]; P
=.06; risk difference, -8.5% [95% Cl, -18.2% to 1.2%]). Peripheral perfusion-targeted

resuscitation was associated with less organ dysfunction at 72 hours (mean SOFA score, 5.6
[SD, 4.3] vs 6.6 [SD, 4.7]; mean difference, -1.00 [95% Cl, -1.97 to —0.02]; P=.045). There
were no significant differences in the other 6 secondary outcomes. No protocol-related serious
adverse reactions were confirmed.

Conclusions and Relevance Among patients with septic shock, a resuscitation strategy
targeting normalization of capillary refill time, compared with a strategy targeting serum
lactate levels, did not reduce all-cause 28-day mortality. 55



https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.0071

Inference — npumep (5)

Objective To investigate the effectiveness of therapies for reducing pain and improving quality of life (QOL) in people with
fibromyalgia.

Data Sources Searches were performed in the MEDLINE, Cochrane, Embase, AMED, Psycinfo, and PEDro databases without
language or date restrictions on December 11, 2018, and updated on July 15, 2020.

Study Selection All published randomized or quasi-randomized clinical trials that investigated therapies for individuals with
fibromyalgia were screened for inclusion.

Data Extraction and Synthesis Two reviewers independently extracted data and assessed risk of bias using the O to 10
PEDro scale. Effect sizes for specific therapies were pooled using random-effects models. The quality of evidence was
assessed using the Grading of Recommendations Assessment (GRADE) approach.

Main Outcomes and Measures Pain intensity measured by the visual analog scale, numerical rating scales, and other valid
instruments and QOL measured by the Fibromyalgia Impact Questionnaire.

Results A total of 224 trials including 29 962 participants were included. High-quality evidence was found in favor of
cognitive behavioral therapy (weighted mean difference [WMD], -0.9; 95% Cl, -1.4 to —0.3) for pain in the short term and
was found in favor of central nervous system depressants (WMD, -1.2 [95% Cl, -1.6 to —0.8]) and antidepressants (WMD,
-0.5[95% Cl, -0.7 to —0.4]) for pain in the medium term. There was also high-quality evidence in favor of antidepressants
(WMD, -6.8 [95% Cl, —8.5 to —5.2]) for QOL in the short term and in favor of central nervous system depressants (WMD,
-8.7[95% Cl, -11.3 to -6.0]) and antidepressants (WMD, -3.5 [95% Cl, —4.5 to -2.5]) in the medium term. However, these
associations were small and did not exceed the minimum clinically important change (2 points on an 11-point scale for pain

and 14 points on a 101-point scale for QOL). Evidence for long-term outcomes of interventions was lacking.

Conclusions and Relevance This systematic review and meta-analysis suggests that most of the currently available therapies
for the management of fibromyalgia are not supported by high-quality evidence. Some therapies may reduce pain and

improve QOL in the short to medium term, although the effect size of the associations might not be clinically important to

patients.

October 26, 2020

Association of Therapies With Reduced Pain and
Improved Quality of Life in Patients With Fibromyalgia
A Systematic Review and Meta-analysis

Rodrigo Oliveira Mascarenhas, MSc'; Mateus Bastos Souza, BAppScz; Murilo Xavier Oliveira, PhD?; et al
» Author Affiliations | Article Information

JAMA Intern Med. 2021;181(1):104-112. doi:10.1001/jamainternmed.2020.5651
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o WHAT IFTOLD YOU

Mwnd npo p-value Ne 7 ! \

* p = 0.05 o3HauaeT, 4To 3pdeKT oTcyTcTBYET/ | \
rpynnbl conoctasumsl (nullism) | ""““'"““5"“3““““““"

* bonbluoe p CBUAETENLCTBYET O MAaNEHbKOM pa3smepe apdekTe

YT1O He TaK?

* Camo no cebe p-3HauyeHNe HNYEro He roBOPUT O pasmepe 3pdeKTa — HU Toro, . wesr

KOTOpbIM Mbl Habatogaem B Bbibopke (6 — Oy nnm 8/6,), Hn1 TOro, KOTOPbIN I i E
ecTb B reHepasibHoin coBokynHoctu (8 — 8y nnn 6/6,) S

* [lpn HebonbwoM o6 beme BbIDOPKU 1 BONbLLION BapnabenbHOCTU AQHHbIX B A

w ] 9 — 9
HEeW Aarke 60nblION pa3mep 3dPeKTa MOXKET OKA3aTbCA CTAaTUCTUYECKM T = "/\/7_10
o
HE3HaYMMbIM («CUTHAN YTOHET B LUYMEY)
ICH E9:
Concluding equivalence or non-inferiority based on observing a non-significant test result of
A Guide to Misinterpretations the null hypothesis that there is no difference between the investigational product and the

active comparator is inappropriate. 58
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OHO NOKa3biBaeT NNLB CaMble COKPOBEHHbIE N CaMble
be3paccynHble XXenaHna Halliere cepaua.

p < 0.05
*
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o O
oo IMNOT SAYING MY(EEFECT;

Mwndo npo p-value Ne 8

* p < 0.05 cBnpgetennpctesyeTt 06 06HapyKeHUM BaXKHOro adpPeKTa

* ManeHbKoe p cBuaeTenbCTByeT o 60nblom pasmepe addeKTe

YTO He TaK?
e Camo no cebe p-3Ha4YeHne HNUYEro He rOBOPUT 0 pasmepe 3pPeKTa

* [pn 6onbwom ob6beEME BbIOOPKK Aarke ManeHbKUM pasmep 3dpPeKkTa MoXKeT
OKa3aTbCA CTAaTUCTUYECKU 3HAYMMbIM (AaHHblE MOTYT ObITb HEOObIYHbI, C TOYKM
3peHUnA CTaTUCTUYECKON MOAENUN, HO NX HEOObIYHOCTb MOXKET He NPeACcTaBNATb
NPaKTUYECKOro (KNMHNYECKoro) nHTepeca)

* [lpn HebonbwoM o0bbeme BbIOOPKM CTaTUCTUHECKU 3HAUYMMbIN 3PDEKT MOXKET B
AENCTBUTENBHOCTM ObITb CUNBHO 3aBblWEeHHbIM (MO0 abCcoNOTHOW BENIMYMHE) NO
CPaBHEHUIO C UCTUHHbBIM («BbIBPOCY) - winner’s curse

A Guide to Misinterpretations; Benjamin et al. (2018) Redefine Statistical Significance
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.- Mwndo npo p-value Ne 8 —
PYCCKOSA3bl4HOE JOMONHEHNE

MO€ NINLLO, RoIAa ChbIluy

* p < 0.05 cBnpgetenpcteyeT 06 0O6HaPYKEHUM [OCTOBEPHDLIX PA3TNYNI
* p = 0.05 cBuaetenpcTsyeT 06 OTCYTCTBUM AOCTOBEPHbIX PA3/INYNI
Y10 He TaK?

* [loctoBepHoOe cobbiTe — 3TO CobbITUE C BEPOATHOCTbLIO 1

* p < 0.05, ctatucTnyeckaa 3Ha4YMMOCTb, CBUAETENbCTBYET O TOM, YTO AAHHbIE
cnabo cornacytorca ¢ HO*, HO HMYero He roBopUT 0 TOM, YTO 3pdeKT / pa3HULa
TOYHO ecTb B [C

* p = 0.05 cBugeTenbcTByeT 0 TOM, 4TO cornacytorca ¢ HO*, HO HM4Yero He roBOpuUT O
TOM, 4YTO 3dPeKT / pasHMLa TOYHO OTCYTCTBYET

3opuH H.A. (2011) «[10CTOBEPHOCTb» UK «CTaTtucTnieckas 3Ha4MMOCTb» 12 NeT CNycTd

* - npu cobnogeHnm gonyLeHNin CTaTUCTUYECKOM MOAENN

61
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Mwndo npo p-value Ne 9

* p < 0.05 — «obHapyKeHbl cBMAETENbCTBA/
[0Ka3aTe/IbCTBA CTaTUCTUYECKOMN 3HAYMMOCTM 3 PEeKTa»

* p = 0.05 — «cTaTUCTMUYECKM 3HAUUMBIN 3PPEKT He
OOHapyXeH»

YT1O He TaK?

e CTaTuctmyeckas 3Ha4MMOCTb — 3TO HE CBOMCTBO
n3yyaemoro adpdpekta unm IC, a xapakTepucTmKa
pe3ynbTaTa CTaTUCTUYECKOro Tecta, Mo3TOMy
«0OHApPYKUBATb» NN «A0KA3bIBATb» CTATUCTUYECKYIO
3HAYMMOCTb 3PPeKTa beccmbICNEHHO

Cochrane Handbook for Systematic Reviews of Interventions:
» Review authors should not describe results as ‘statistically significant’, ‘not statistically significant’ or ‘non-

significant’ or unduly rely on thresholds for P values, but report the confidence interval together with the

exact P value.

A Guide to Misinterpretations

OH YOU/FOUND A P-VALUE LESS

PLEASE TELL MEALLABOUT YOUR!

BREAKTHROUGH, ;... ot o

2
SIENI%ANT.

= 9
Wi

1 D0 NOT.THINK IT MEANS
WHAT YOU THINK IT
MEANS.
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o 4TO ecTb BOCNpOn3BOANMOCTb
pe3ynbraTtoB?

 YacTo noAd 3TMMm NOHNMaroT BOCINpon3BoAMMOCTb «CTaTUCTUYECKOU
SHAYNMOCTIN»

* Dance of the Cis (cM. aHTU-Mud npo [N Ne 1)

« Ha camom pgerne taHuytoT Bce! — p-value TOXE, 1 3TO MOXET ObITb pe3yrisTaToM
clly4YanHou Bapuaumm apdekToB Mexay nccriegoBaHUAMM (BrosiHe BO3MOXHO,
bonblLUEN, YEM HaLLE NpeacTaBrieHne o sampling distribution)

* If the alternative is correct and the actual power of two studies is 80%, the chance
that the studies will both show P < 0.05 will at best be only 0.80 - 0.80 = 64%;
furthermore, the chance that one study shows P < 0.05 and the other does not (and
thus will be misinterpreted as showing conflicting results) is 2 - 0.80 - 0.20 = 32%*

« «HeBocnpoun3BoanMMOoCTb» ycyrybnsaercs nyonmkaumoHHbIM CMELLEHUEM U
CMeLLEeHNEM PeNopPTUPOBaHMS

Supplements to ASA Statement; Supplements to A World beyond P < 0.05 ; Retire Statistical Significance
* - A Guide to Misinterpretations
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. Mwndo npo 111 Ne 4

* Ecnun 95% [/ nepecekatoTcd, pasnuuma mexay rpynnamm /
nccnenoBaHUAMN CTaTUCTUYECKM HE3HAYUMbI HA YPOBHE 3HAYMMOCTU
0.05

YTto He Tak?

 [1ns cpaBHeHUs rpynn Heobxoaumo oueHnsatb [ / npoBepaTb HO Ans
napamMmeTpa, XapakTepusyrLlero pasnuymsa mexay rpynnammu
« Ecnn 95% [1/ He nepecekatoTcs, nonyyum p < 0.05 ans HO o paBeHcTBE pasHuubl 0*

* Ecnn 95% [1/ nokpbiBaeT TOMEYHYIO OLIEHKY NapamMeTpa AN rpynrbl CpaBHEHUS,
nony4ymm p > 0.05 gna HO o paBeHCTBe pasHuLbl 0*

A Guide to Misinterpretations

* - eCnu p oLeHMBaEeTCs U3 Tex XKe JonyLLeH, YTo n oba 95% [N



o o IFI,CAN'T FIND THE P-VRLUE

- Inference — BbiBOAbI (1)

o_0
* Hay4Hble BbIBOAbI (scientific inference) — BOT YTO BaXXHO AN
OTBEeTa Ha uccnegoBaTenbCKMn BONpocC

1N — 6onee nHopmaTUBHLI ANA inference, YeMm p:

* [1lo 1 MOXXHO CyOuUTbL O TOM, Kakue 3Ha4YeHuna pasmepa agpdekTa
Haunyywmnm obpasom cornacyrTcs ¢ gaHHbIMU* (compatibility
intervals)

« 1N copepxat B cebe nHdopmauumto 0 HeonpeaerneHHOCTH

« C I HEBO3MOXKHO O4OMYCTUTb OLLMBOKY «OTCYTCTBUE A0OKa3aTENbCTB
adpdoekTa = goKasaTenbCTBO OTCYTCTBUA adhdoeKkTa»

* 13 1IN MOXXHO nony4unThb OLIEHKY p, a No p paccumTatb [ — HeT
o [1ns1 BLIBOAOB MO pe3ynksraram uccriegoBaHmns Heooxoanmbl

ponyweHna o MCID — MUHUMarIbHOM KITMHUYECKU 3HAYMMOM
pa3mepe adhbdekTa (He TONbKO AN NPOBEPKU MMNOTESbI)

* - npu cobnogeHnn gonyLeHNin CTaTUCTUYECKOM MOAENN

A Dirty Dozen; A Guide to Misinterpretations; Retire Statistical Significance; Harrell FE Biostatistics for Biomedical Research
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Inference — pekomeHpauum (1)

e Copepxut nu AN npakmuyecku (KauHUYecKu) 3Ha4YMMble 3Ha4YeHUA ,

appeKTa — HEe3aBMCUMO OT TOFO, COAEPKUT IN 3HAYEHUE,
cooTBeTCTBYlOWEe oTcyTCcTBUIO adpdeKTa (nil)

* Ecnan TaKOBbIX B HEM HET, MOXHO caenartb BbiBOA4, YTO NOAYYEHHbIE

Pe3y/bTaTbl COrACyOTCA C OTCYTCTBMEM NPAKTUYECKU (KAMHUYECKN)

3Hauynumoro adpdekTa*

| ——

®
‘e
—/
CIM__

* Kakue NPakKTn4eCKne BblBOAbl MOXHO CAE/1aTb NPUN PAa3/TIMYHbIX

3HaYeHuAx napameTpa, nonaswmx B AN (ocobeHHO Npu ToYeyHOMU . 1
OUEeHKe napameTpa 1 rpaHuuax n) T ’6 ]
* Bce 3HayeHUA napameTpa BHYTpU AN AoCTaTOYHO XOpOLLO ®
COMNACYIOTCA C AAHHBIMM — BbIAENATL CPEAM HUX Kakoe-Imbo ogHO i Ia
(Hanpumep, nil, 3HaueHne 6, 13 HO naun ToueyHyo oueHky apdekrta 0)
He nmeeT CMbICNa
o —{—
5
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* - npu cobnogeHnm JonyLeHNin CTaTUCTUYECKOM MOAENN

: KIMMMHN4YeCKn 3Ha4ynMmble 3Ha4YEeHUA
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Inference — pekomeHpgauum (2)

« 3Ha4yeHus BHe [1/ Toxe cornacyroTcda ¢ AaHHbIMU — NPOCTO B MEHbLLEWN
CcTeneHun, YeM 3Ha4yeHnda BHYTpu Hero*. Kpome Toro, 3Ha4yeHuda sHe [1U,
6rin3kne K ero rpaHuLam, B NPakTUYECKOM CMbICIE Masio OTInYarTCs OT

3HayeHun BHyTpu 1N, nosaTomy HeBepHO roBOpuUTb 0 TOM, YTO [1U
BKNOYaeT BCe BO3MOXHbIe 3HaYeHus adpheKkTa

Retire Statistical Significance

* - npu cobnogeHnn JonyLeHNn CTaTUCTUYECKOM MOAENN
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Inference — npumep (1)

* RR=1.2,95% [11 0.97-1.48, p = 0.091

» «Pe3ynbrathbl Halero nccrnegoBaHns ykasbiBatoT Ha 20%-Hoe
yBenunyeHue pucka. Tem He meHee, pasHuLia PUCKOB,
BapbupyoLWLascs oT 3%-HOro CHMXKeHUs (HebornbLuas
oTpuuUaTenbHas B3auMOCBA3b) 40 48%-HOro yBennveHus e |
(cyLlecTBeHHasa NonoXuTternbHaa B3anMOCBA3b), TaKXKe BMNOSHe 1'/6 W | ] :
COBMEeCTMMa C HaWwnMun gaHHbIMUK, C Y4eTOM caenaHHbIX HaMu
npennonoXXeHnm»*

* Ecnn 661 95% OW Obin 661 1.01-1.52, BbIBOA CTpoUcs bbl
aHanorn4yHolM obpasom

[
 [lanbliue MOXHO 00CcyanTb, NOYEMY pPasHULA MOXET ObITb | 8 J
HEe3Ha4YnTENBbHON, a TaKKe TO, HACKOSTbKO MOSyYEHHbIE
pe3ynbTaTtbhl 1 BbIBOAbI 3aBUCAT OT OrpaHUYEHNN UCCreaoBaHns
Kakne BO3MOXHbl U30EPXKKM B CBS3U C TaKMMW BbIBOAAMW A1 6> 1: MCID

nauneHToB** (): AV
. KMMHN4YeCKN 3Ha4YnMMmble 3Ha4vYeHnd

* - Retire Statistical Significance

** - Amrhei et al. (2019). Inferential Statistics as Descriptive Statistics: There Is No Replication Crisis if We Don’t Expect Replication
ELwe npumepbl HTEpNpeTaumin (HenpaBubHbIX U NPaBUIbHbIX) — CM. Language for communicating frequentist results about
treatment effects (+ KOMMeHTapun)
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Inference — npumep (2)

* 95% Cl for the ratio of resolution rates for ivermectin vs. placebo extends from
0.87 to 1.32, which means that every rate ratio inside the interval has p > 0.05.
Thus, using the conventional 5% significance cutoff adopted in the paper, we
could say that the results are most compatible with or provide little evidence
against anything from a 13% lower to a 32% higher symptom-resolution rate
from the ivermectin treatment protocol used in the trial.

* To translate the statistics into qualitative clinical terms, we'd have to agree on
what percent improvement would be considered “clinically significant”.

* If that were 25% and we accepted the traditional 0.05 criterion for deciding how to report
this trial, then the results were indecisive: The P-value for a 25% improvement is 0.14, very ®
compatible with the data, while even 30% higher and a 10% lower recovery rate for
ivermectin also have p > 0.05 and thus are reasonably compatible with the data by the 0.05
convention.

Greenland et al. (2022). To curb research misreporting, replace significance and confidence by compatibility: A Preventive Medicine Golden
Jubilee article



https://www.sciencedirect.com/science/article/pii/S0091743522001761
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Inference — npumep (3)

* Linpoknn 1, BkntovaroLmm 3Ha4€HUs, COBMECTUMbIE KaK C
OTpULATENBbHbLIM, TaK U C MONMOXUTENbHbIM KITMHNYECKU
3Ha4YUMbIM 3O doeKTOM

* «JlaHHbIX HALLEro nccrnenoBaHmMsa oka3anocb HEAOCTATOYHO, YTOObI
caernartb Kakme-nmnbo YBEPEHHbIE BbIBOlbl O HAaCTOTE HEXEJlaTEJIbHbIX

SBITEHNI CO CTOPOHBI MOYEK NPY CpaBHEHNN NOynpodeHa ¢

napawueTamMosioM; A5 OTBETA Ha BOMNpoc 0 6be3onacHOCTM noynpodgeHa
HeobxoaMMbl JOMNONHUTENbHbIE JaHHbIE»*

0>0 :MCID

o [ | | | ] () AU
-5 0 5 : KMUHUYECKM 3HAYMMbIE
3HauYeHus

* - Greenland S. (2019). Valid P-Values Behave Exactly as They Should: Some Misleading Criticisms of P-Values and Their Resolution With
S-Values
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Inference — pekomeHpgauum (3)

* MO)XHO 3a4aBaTb (3apaHee) Apyrom yposeHb A0BEepUA, NTOMUMO
«obwenpuHatoro» 95%, Kak n BbiIbnpatb Apyroe 3HayeHue a, nommmo 0.05,
NPV NPOBEpPKE rmnoTesbl — B 3aBUCUMOCTU OT AOMEHHOW 061aCTU U
nccneayemoro sonpoca («ueHa ownbKku»)

e OueHKa cornacoBaHHOCTU 3aBUCUT OT KOPPEKTHOCTU A0NYLLEHUN
CTaTUCTUYECKON MoAenun, ncnonblyemon ansa oueHku N n p. Ha npaktuke atu
NPeAnoNoXKeHUaA, B Iydllem cydyae, CONpPoBOXKAATCA 3HAYNTENBHOM
HeonpeaeneHHOCTbo. OnNULIKTE 3TU A0NYLWEHUA KaK MOXHO 60s1ee NOHATHbIM
0b6pa3om 1 NnpoBepbTe Te, KOTOPblE MOXKHO (FrpadUnKKU, OLEHKA aNnbTEPHATUBHbIX
Mmoaenen, aHanams3 YyBCTBUTENbHOCTHM), @ 3aTeEM coO0bLUTE BCE pe3ynbraThl

QN 1 p HEBO3MOXHO UHTEPNPETUPOBATb KOPPEKTHbIM 06pa3zom H6e3 MHPopMaLUK O TOM,

KaKue rmnoTesbl NPOBEPANMCH U B KAKOM KOIMYECTBE, KaK JaHHble OblN NOyYeHbl U
npenobpaboTaHbl N KAaKMM 06pa3om OoTOMpannch pesynbTaTtbl 418 UTOTOBbIX BbIBOAOB

ASA Statement
Retire Statistical Significance
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Inference — pekomeHgauum (4)

Ml W
» C TOYKM 3peHNs ganbHENLLNX NCCnegoBaHNMN: AND YOU SHOULD FEEL BAII |

 Y3kun 1N, He cogepxallmn KNMHNYECKU 3HAYNMbIX pa3mepoB adppekta =

@ NonyyYeHHbIe pe3ynbTraThl COrnacyrTCA C OTCYTCTBUEM KITMHUYECKMU
3Ha4YMmoro adodpekta* = BO3MOXXHO, NMOBTOP HepaLMoHaneH
* LLinpokun 1IN, coBMecTUMbIN C KMTMHUYECKN 3HAYNMbIMU OTPULIATENBbHBbIMU
1

N NONMOXUTENbHBLIMU 3(PPEKTAMN = HE MOXEM caenaTtb YBepPeHHbIX
BbIBOOOB* = “get more data”

« 11, coBMeCTUMbIN C KITMHUYECKN 3HAYUMbIM MO3NTUBHBIM 3 dEKTOM* =
®®  “repeat the experiment”

* OcobeHHO Npu HEDOSbLLOM pasmMepe BbIDOPKM

A Dirty Dozen
Retire Statistical Significance

* - npu cobnogeHnn JonyLeHNn CTaTUCTUYECKOM
Moaenu

hmlothesw Wasgaccepted!
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Inference — BbIBOAbI (2)

[MpoBepka HO (NHST) 1 BbIBOA O cmamu4ecKkou
3HAYNMOCTU («NO3NTUBHOE» / «HEFATUBHOE»
nccrieqoBaHune) — He Ans HayYHbIX BbIBOAOB U NPUHATUSA
peLleHnn o nyonukauum / npoaormkeHns nccnegoBaHnn

* “It seems to me that statistics is often sold as a sort of alchemy that
transmutes randomness into certainty, an “uncertainty laundering” that
begins with data and concludes with success as measured by statistical
significance.”*

* “A label of statistical significance adds nothing to what is already
conveyed by the value of p; in fact, this dichotomization of p-values
makes matters worse.”, “As “statistical significance” is used less,
statistical thinking will be used more.”**

* “Misleading use of P-values is so easy and automated that, especially
when rewarded with publication and funding, it can become
addictive.”***

Retire Statistical Significance; Supplements to ASA Statement; Supplements to A World beyond P < 0.05;
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COMMENT | 20 March 2019

Scientists rise up against
statistical significance

Valentin Amrhein, Sander Greenland, Blake McShane and more than 800
signatories call for an end to hyped claims and the dismissal of possibly crucial
effects.

By Valentin Amrhein =, Sander Greenland & Blake McShane

;E

* - The Problems With P-Values are not Just With P-Values (Gelman A); ** - Moving to a World Beyond “p < 0.05.” (Wasserstein et al);

*** _ Fit-for-Purpose Inferential Methods: Abandoning/Changing P-values Versus Abandoning/Changing Research (loannidis JPA)
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0.10. Pe6Gposa

CratmcTtmyeckum
MeAULMHCKUX

S

3amevanue 2. Yacmo cmamucnmumecxu HesHaUMbIe pe3yAv-
. manwr necnpabedrubo paccmanipubaomcs uccaedobamersimu xax re-
Yyoaxa pabomwr, ¥mo noduepxubaemcs maxumu pacnpocnparHeHHvIMu
Bvipaxerusmu xax “ompuyamervrviii pesyasmanm’”, “ne ydarocw doc-
meey cmamucmusecxoil snawumocnu’ . Taxue uccaedobarus wacmo
He nybauxyromcs, «mo npubodum x Bo3nux+oBeniwo cucmemarmume-
cxott owabxu, 0bycaroBrenHotl npeurtyrecmBenrvim onybauxolaruem
nooxamervHvIx. pesyavmamol uccaedobarus, xoda onybruxolGan-
HoWMU OKa3LIBaroNca Auuew me uccaedobarnus, 6 xomopvix pesyrvma-
Mbl OKA3AAUC CINAMUCHTUHECKU SHALUMBIMUY, NLe. AL YaACTD OM
Bcex Bvmorrennvix uccaedobanuit no dannou npobreme. Bumecme ¢
MEM CINAMUCHUAECKIU HESHAMUMDIE DESYADINAIMDL AGATIONICA He Me-
nee Baxawwmu 6 xonmexcme obueHayHo20 npoyecca.

3ameuanue 1. K coxareruro, do nacmonuezo Bpemenu ovenv
wacmo Bmecmo mepmuna “cmamucmumecxu navumoii’ 6 ome-
ueCMBeHHbX NYOAUKAUUAX OUWUBOUHO UCNOABIYEMCA MEPMUH
“docmobepnvuil”, umerowuii 6 cmamucmuxe dpyzot CMvicA.
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oo Inference — BbIBOAbI (3)

* [lpoBepka HO (NHST) 1 BbIBO4 0 cmamu4ecKkou 3Ha4YMMOCTHU
(«no3nTnBHOE» / «HEraTUBHOE» UCCneaoBaHNeE) — npexae
BCEro, AnNg NpuUHATUSA peLleHnn (HanpumMep, o pernctpaumm
rpenapara) B yCrnoBUaX (KeCTKO) perynupyemou cpeabl

* HO gosrmkHa ObITb Hay4YHO 0O0CHOBaHa

* HO HeobsA3aTeNbHO AOMKHA ObITb O paBeHCTBE apdeKkTa HYrO.
[ MNoTe3bl 3KBUBANEHTHOCTU, HEMeHbLLEN 3 JEKTUBHOCTH,
NpeBOCX0ACTBA C Y4ETOM MUHMMASTbHOIO KIMHUYECKN 3HAYMMOro
adbdekTa boree nonesHsol

» Takke nonesHo oLUEeHUTb p (COBMECTUMOCTb AaHHbIX C¢) HO C
pasmepom adhdeKkTa, UCNOSIb30BaHHOM B arisTepHaTUBHOW rnMnoTese
NNaHNpoBaHUA

* a HeobA3aTeNbHO NPUHMMATL Ha «obwenpuHaTom» yposHe 0,05 — nyywe 3To Aenatb
(3apaHee) B 3aBMCMMOCTU OT AOMEHHOM 061aCTN U nccaeayemoro Bonpoca
* a dukcnpyetca 3apaHee (Nnpu a = 0.05 4yT0-"MbOO HE MOXKET BbITb CTaTUCTUYECKMU 3HAYUMbIM Ha
10%-HOM YPOBHE U/IN «MOYTU 3HAYUMbBIM»)
* p < 0.05—He eaUHCTBEHHbIN KPUTEPUIN ONA NPUHATUA PELLUEHUN

Help! | need a doctor! B}

»
&

i

- _ )
I havea ' p
A PHD in
Y statistics o
<7,

2

ASA Statement; A Guide to Misinterpretations; Retire Statistical Significance
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Retire statistical significance —

«ODLLEeCTBO eLle HE TOTOBO»
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COMMENT | 20 March 2019

Scientists rise up against statistical
significance

Valentin Amrhein, Sander Greenland, Blake McShane and more than 800 signatories call

for an end to hyped claims and the dismissal of possibly crucial effects.

By Valentin Amrhein &, Sander Greenland & Blake McShane

nature

Explore content v About the journal ¥  Publish with us v Subscribe

nature > editorials > article

EDITORIAL ’ 20 March 2019

BE) |¢’s time to talk about ditching

statistical significance

Looking beyond a much used and abused measure would make science harder,
but better.

Statistical significance is so deeply integrated into scientific practice and
evaluation that extricating it would be painful. Critics will counter that arbitrary

gatekeepers are better than unclear ones, and that the more useful argument is
over which results should count for (or against) evidence of effect. There are
reasonable viewpoints on all sides; Nature is not seeking to change how it considers

statistical analysis in evaluation of papers at this time, but we encourage readers to

share their views (see go.nature.com/correspondence).
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Abandon statistical significance —

«OOLLEeCTBO eLle HEe TOTOBO»

The American Statistician >
Volume 73, 2019 - Issue sup1: Statistical Inference in the 21st Century: A World Beyond p < 0.05

AMERICAN 5 5
STATISTICIAN Submit an article
@
430,704 Wusen [ » )
Views, Editorial
1,967 e € ”»
e Moving to a World Beyond “p < 0.05
Citations to date Ronald L. Wasserstein, Allen L. Schirm & Nicole A. Lazar
‘]’398 Pages 1-19 | Published online: 20 Mar 2019
Altmetric &6 Cite this article https://doi.org/10.1080/00031305.2019.1583913 (M Checkiorupdates

2. Don't Say “Statistically Significant”

The ASA Statement on P-Values and Statistical Significance
stopped just short of recommending that declarations of
“statistical significance” be abandoned. We take that step here.
We conclude, based on our review of the articles in this special
issue and the broader literature, that it is time to stop using
the term “statistically significant” entirely. Nor should variants
such as “significantly different,” “p < 0.05,” and “nonsignificant”
survive, whether expressed in words, by asterisks in a table, or
in some other way.

Mayo D.: “...it is just implausible to suggest that refraining from talk
about statistical significance will appreciably help overcome mechanical
decision-making in statistical practice, and lead to a greater engagement
with statistical thinking. Such an outcome will require, among other
things, the implementation of science education reforms that centre on
the conceptual foundations of statistical inference.”

September 2021
The ASA president’s task force statement on
statistical significance and replicability

Yoav Benjamini, Richard D. De Veaux, Bradley Efron, Scott Evans, Mark Glickman, Barry .
Graubard, Xuming He, Xiao-Li Meng, Nancy Reid, Stephen M. Stigler, Stephen B. Vardeman,
Christopher K. Wikle, Tommy Wright, Linda J. Young, Karen Kafadar

Author Affiliations +

Ann. Appl. Stat. 15(3): 1084-1085 (September 2021). DOI: 10.1214/21-AOAS1501 "'”QZ

Over the past decade, the sciences have experienced elevated concerns about replicabil-
ity of study results. An important aspect of replicability is the use of statistical methods for
framing conclusions. In 2019 the President of the American Statistical Association (ASA)
established a task force to address concerns that a 2019 editorial in The American Statisti-
cian (an ASA journal) might be mistakenly interpreted as official ASA policy. (The 2019
editorial recommended eliminating the use of “p < 0.05” and “statistically significant” in
statistical analysis.) This document is the statement of the task force, and the ASA invited
us to publicize it. Its purpose is two-fold: to clarify that the use of P-values and significance

testing, properly applied and interpreted, are important tools that should not be abandoned,

and to briefly set out some principles of sound statistical inference that may be useful to the
scientific community.

P-values are valid statistical measures that provide convenient conventions for communi-
cating the uncertainty inherent in quantitative results. Indeed, P-values and significance tests
are among the most studied and best understood statistical procedures in the statistics litera-
ture. They are important tools that have advanced science through their proper application.

Much of the controversy surrounding statistical significance can be dispelled through a
better appreciation of uncertainty, variability, multiplicity, and replicability. The following
general principles underlie the appropriate use of P-values and the reporting of statistical
significance and apply more broadly to good statistical practice.
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o O T CAN'T BELEVE SCHOOLS
( ) ARE STiLL TEACHING KIDS
ABOUT THE. NULL HYPOTHESIS.

~° O6OLwue pekomeHOaLmMV sl

DISPROVED IT MARS AGO.

* B npuoputeTe — Hay4HbIN BbIBOA, OTBET HA  _ O
nccriegoBaTenbCKNUM BOMPOC, CTaTUCTUYECKNU BbIBOA, — f%\( 7?

TOJIbKO UHCTPYMEHT

E ‘ \

« KayecTBO BbiBOAA 3aBMCUT OT OTBETCTBEHHOIO Noaxoaa K -
On3anHy nccnefnoBaHus, BbIDOpPY CTaTUCTUYECKOMN MOoLENN, CHOOSE YOUR OPPONENT
dpopmynnpoBKke gonyLieHnm -

* He oTka3biBaemMce OT p-3Ha4YeHUU — OTKa3blBaeMcs OT 1

Strong

HEKOPPEKTHbIX MHTEepNpeTaynn Vi
Respected Unrematka
* «Hutaem» n nHtepnpetmpyem N (KNMHNYECKM 3HAYNMbIE | f
3Ha4YeHnqa napameTpa?) Hard To Kill Easy To Defeat

* “Repeat” + “get more data” IFYOU GIVE MEA P VALUE [ voumwea ||

WITHOUT CONFADENCE INTERVALS
* [lpnaHaem, 4TO MHOrga cTaTUCTUKA

beccurbHa, B gene npespalleHns
garbage B KOH(ETKY — BO3MOXHO, BCerga

YOUR ASSUMPTION |

EARBAGE IN, GAREAGE OUT

w"
'3
X

78

lnlgﬁ;ml ll rl“n '0“



(.A.) 10 ATTIPEAA 19:00 MCK
e_o OHAAVH

PA3SPYLWWUTEAN CTATUCTUHECKNX MNODOB

MATBEW CAABEHKO | MU® N23:
HEHOPMAABHOE PACMPEAEAEHME TPEBYET HEHOPMAAbHbIX PELUEHUNI




Public Health
Hackathon'2025

bioinf.me/education/workshops/hardstat

Kazakhstan, Almaty
8 — 10 August 2025

® @ 5_ 30 AMNPEASA, OHAANH

(.v‘) PEFTMCTPALINA AO 3 AMPEAA

bioinf.institute/hack2025

OTKPbIT HABOP HA NHTEHCWB
NMPOABUHYTBIE PA3AEAbI BUOCTATUCTUKHA
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NHCTUTYT BUMoOUHpopMaTUKKN
B COUMANbHbIX CETAX

Paspywurenu ctatnctuueckmnx mudos: bioinf.me/stat_myths

YaT no 6uocTtatuctuke u R: https://t. me/chat _biostat R

Mo BceM BonpocaM: biostat@bioinf.me

Caut UHcTuryTa: bioinf.me

UnctutyT B VK: vk.com/bioinf

Tenerpam-kaHan NHctutyTa: t.me/bioinforussia

YaT npo o6pazoBaHune n kapbepy: t.me/bioinf_career

YouTube-kaHan: www.youtube.com/bioinforussia
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