ESLHZEITA B

LIy 2

——RRIBUGSH 1158 53 B

G2 HiR)

Domg Bayesian Data Analysis
A Tutorial with R and BUGS

’ [£] 298 K. =EH75 (John K Kruschke) 2

Doing Bayesian
Data Analysis

Y sisATEUY S3EC GeISOASE BTO, \&:
B i = =

G

Pk TV H b 4t

CHINA MACHINE PRESS



*\ -

S| U .BF 5ot f" J/aa
RAIBUGSRRAG-EIE DT B
2 EIR )

[E]AH K TEHT (John K. Kruschke) Z

LA T % WK #



BHBER%GE (CIP) #iE

DU SEit Itk . RFIBUGSEAF R MR 330/ (%) i iive
(Kruschke, J. K.) . — ZEIA. — b5t PR T Hiddt, 2015.5

4R 3L : Doing Bayesian Data Analysis: A Tutorial with R and BUGS

ISBN 978-7-111-50446-7

[.On--- T.OFR-- MORMEFE—FiIFFE—3%X N.00212.8
o B A B 4B CIPBEAZ T (2015) 2851235995

HUBR Tk s ikt (b E AR 22 8 HEBIAES 100037)
K. v ® TAEHRE: 9 ®

HERIT: k # OSEEH: T OF

AR T Hp I SE R ELRI A BRZA =] BN R

2015 4E 7 A% 1 hss 1 RENRI

184mm x 240mm - 45.5 Q3K - 1§ - 844 TF

FRUERS . ISBN 978-7-111-50446-7

FEH : 98.00 T
FLMGAAS, A ETT., F0T, BT, AR ERITHIES
L R 55 ™ £ iR 55

R4 E ek . (010 ) 88379833 #HL T. ‘B M : www.cmpbook.com

EHEMWFEHL . (010) 88379649 #Hl T B 1. weibo.com/cmpl952
HE MRS M : www.cmpedu.com

T T B P AR A BEAR £ 4 M. www.golden-book.com






Doing Bayesian Data Analysis
A Tutorial with R and BUGS

John K. Kruschke

Department of Psychological & Brain Sciences
Indiana University
Bloomington, IN



Dedicated to my mother, Marilyn A. Kruschke,
and to the memory of my father, Earl R. Kruschke,
who both brilliantly exemplified and taught sound reasoning,
And, in honor of my father,
who dedicated his first book to his children,
I also dedicate this book to mine:
Claire A. Kruschke and Loren D. Kruschke



81859

£2F

vi

N

TP ACT cveeeeeee e 1
1.1 Eﬁ:iﬁ% ............................................................................ 1
QI R o —— 2
B R 17 (R NG ———— 3
1.3.1 E}ﬁﬁﬁ .................................................................... 4
1.3.2 5500 7 B R B B A BRI T v veveveveesenesererenens 4
1.4 A R -ooreorosesensssonssosssanssssssnusinsnnsnsssresssnsussnsinssssasasss s 6
1.5 TR coverrersivorsmnimmmensinssssnsusssesennssnsensissnitnossnsshsssssssnsnssnsrssass 6
BilE: XTS8. SR, MHIENE R &4

BRATIAZ BRI -oooveeermererieee s 9
2.1 PRI G AT -vovreeenememmisseesne e 10
211 BB EAGRIRAE S e 12
2.2 BiFHEMTBIS A H AR oo 12
2.2.1 BEUE - 13
2.2.2 BAETRPU --eveeeeermememmesmmmmsmmmmsinimsesis s 13
2.2.3 BEF A weereererersmss s 13
2.3 RGGFRIEF - ovvevrerremm 14
2.3.1  BREEBITREURIZEEE oo 15
2.3.2 BIE R R AT oo 15
2.3.3  RERIEL - eeeeevereeeeeese s 16
2.3.4 ZREUABE]--oroereereremsersm s 17
2.3.5  GFEL cereeerere e 18
2.4 BRI e 20



Contents

CHAPTER 1

Part 1

CHAPTER 2

This Book's Organization: Read Me First! ...............
1.1 Real People Can Read This BoOK..........ccccvvevnnnnn.
1.2  PrerequiSites......cccoiiiiiiiiiiiiiiiiiiiii i eieeeeans
1.3 The Organization of This BOOK .............cccevvvenennn.
1.3.1 What Are the Essential Chapters?................

1.3.2 Where's the Equivalent of Traditional Test
KoiD THiS BOOKR : vt swniss cusisin s snsisiassimson siniinss smomacein
1.4 Gimme Feedback (Be Polite) ...........ccevevveiinenennnn.n.
1.5 Acknowledgments.......cc.coviiniiiiiininiiiiiiiieieanennns

The Basics: Parameters, Probability,
Bayes’ Rule, and R

Introduction: Models We Believe In.........................
2.1 Models of Observations and Models of Beliefs........
2.1.1  Prior and Posterior Beliefs ..............ccceueennn.
2.2 Three Goals for Inference from Data......................
2.2.1 Estimation of Parameter Values ...................
2.2.2 Prediction of Data Values ............c.cccevvenannn.
2.2.3 Model COmpPAariSON.....c.cvueereineeneineneennenaanns
2.3 The R Programming Language ............cccceeeueunnennn
2.:3.1 QGettingand INStAIING R ..cssssnasssammimssmsnes
2.3.2 Invoking R and Using the Command Line ......
2.3.3 A Simple Example of R in Action..................
234 GettingHelpinR....ooovvviiiiiiiiiiiieceieen
2:3.5 Programming iN Rusesnssssismsss smpmsmsmssass
28  EXOYCISES ..mveuessopumpamsmssssms sy £l s s se s g



Lo AR R — 23
3.1 FiATTBREAEBYER A -+ verevrersmssmsersensmseminssissssnsssstasassinses 24
LR | R T 25
P RE ¢ W L R o, o VN W 25
R 3 b TR S L hor b R — 25
R 3l TR o o TR — 28
W hc gD I T R ——— 29
SR G 1 ——————————— 30
AR | DR L T m—— 30
TR L iy B 1 L B————— 31
B S )] dog.; e —————— 37
334 RBEEARBEHEB TR wreereererersermsssesssenisseens 39
3.3.5 BEBEREEX (HDI ), 40
U RS 05T § g T R R RO ———— 42
KT e S ——— 43
ST L T S P R A ——— 44
DGR ix . DTS ST 46
T Y - AR e R — 47
TR LRR T Zoetn e —————— a7
R TR R T v o OTPRCR S — 48
I 5 T B T —— 49
J['l[]—-l»%/z‘\it ................................................................ 51
P T TR Y R e — 52
T G 1 % LR V) | TR ——————— 53
IRWEE 305 31 TR 54
413 FRNIE TRIBIFIIE - ooverrrereeereresssssmsssiasassssisasns 56
R bl f Lo e ER— 56
ORI ¢ ] 15 SRR R———— 59
42D BBEE s R oromssimsomissmsmmesesssasssnssosesd 60
T ot ] e S R——————— 63
PRI 7 - |7 e AR A S ———— 63
B30 WEIRHI et v meivssnssssssaspassosonsssshssssssinessn 63
BB PR ewrsr oo erssrmrssmenicsismees ovelrm srssssssessssssralise 64
PR A R Niih e —— 67

435 TM-HHEMTAE H BTG BIRI R oo 68



CHAPTER 3

CHAPTER 4

What Is This Stuff Called Probability? .....................
3.1 The Set of All Possible Events ..............cccceevvvnenen..
3.1.1 Coin Flips: Why You Should Care..................
3.2 Probability: Outside or Inside the Head.................
3.2.1 Outside the Head: Long-Run Relative
FIequency....cccoveiiiiiii i
3.2.2 Inside the Head: Subjective Belief ................
3.2.3 Probabilities Assign Numbers to Possibilities .
3.3  Probability Distributions..........cccocvveieiiiiieinienanes
3.3.1 Discrete Distributions: Probability Mass ........
3.3.2 Continuous Distributions: Rendezvous with
151=30 k05 | o S RINLCTC 0 L T S
3.3.3 Mean and Variance of a Distribution .............
3.3.4 Variance as Uncertainty in Beliefs ................
3.3.6 Highest Density Interval (HDI).....................
3.4 Two-Way Distributions.............coceveiiiiiieennn.
3.4.1 Marginal Probability............cooviiiiinienennnn..
3.4.2 - Conditional PIobability ..c.iicoeersaeioovsi convssosns
3.4.3 Independence of Attributes ...............ceuvnnn.
38 REOUE . ... 3 i id s chondla cubesvts in esssanss v s wmaonss
35.1 RCodeforFigure 3.1........cvvvviviniininennnnnnn.
8.6.2 R Code for Figure 3.3 ... cxs csve sives v s cisan o i
3.8  EXBICISOS .ousvsvevs savnuns cusmsms sopas soweiin sasses sssieses s i £
BAYEE BULE.....ibi ittt diioifeicatiiambio ind Tamsi saccbn srims smcrs e
4.1  Bayes BUlS s idioidiats wsss et is nmmmsmn smmmnmm s s
4.1.1 Derived from Definitions of Conditional
Probabilify: iv: cir.ibidits 5t summTumige somms sunms srnion
4.1.2 Intuited from a Two-Way Discrete Table........
4.1.3 The Denominator as an Integral over
Continuous Values .. v suss misssiss srvs sves i
4.2 Applied to Models and Data..........cccoceevenininnnnnnnn.
4.2.1 Data Order Invariance ............c.ccvvvvvvenennnnn.
4.2.2 An Example with Coin Flipping ............... ...
4.3 The Three Goals of Inference .............ccocceevvnevnnnn..
4.3.1 Estimation of Parameter Values....................
4.3.2 Prediction of Data Values .............ccccceeeuvnnen.
4.3.3 Model COmpPariSOm......c.cvvuerineeieiianeeaneennns.
4.3.4 Why Bayesian Inference Can Be Difficult .......

4.3.5 Bayesian Reasoning in Everyday Life............

23

Contents ﬂ



S22

£5F

A4 RREG weveererrrmssmsssss sttt 69
441 B A1 B RAREG oreeemememessms 69
A5 B SJ oo 71
ATt Gl ERE R
T IC H A HE T B RS BB AT T e o i
5.1 AHSFISH A BIAUBRBREL ---oveeeeeememeresm e 78
5.2 TUEBAFAR AL --oeeeeeememmememeses s s 80
WREE | S ;0 e — 81
5.2.2 - JEBR TLIRANT «-vreereseeserersssecsmssimsssasmersssssussasssssssarans 84
5.3 HEMTHGSAS HAR «-oeeemeeeeermmms s 85
5.3.1  TICHBIBIAE T oo 85
5.3.2  FHPUBLIR ooeoerrermermermsrmmesmmin e 87
B5.3.3  REF AR oeeeeeeeee e 88
5.4  JAZE. WAL BT HEIT oo 90
B.5  RARJ D -ooeeeeerrarssmsssssisssis sttt 91
55.1 E 52 B(J R Rﬁg .............................................. e g 91
B.6 3] ceeeeeereree s 95
T IC H I HE BT AR A T e 101
6.1 O BUE B BT B LI UE U] -+ eeeeemereemrmeeeeseeeisens 102
6.2 LB BIRAL oo 102
6.2.1 BIBALIEIR T BB -oeeeereememeee e 104
B.3 [ oo 106
6.4 JFBBERMYTAM -—oomrmmmmmememmmmmmmmmsssssssessss s 107
6.5 ﬁﬂwg& ....................................................................... 108
B.6 AL oo 109
B.7  RARG - eeeeeerereremmsssssssns sttt 109
6.7.1 6.2 BREBETBHE RARTG e 109
6.8 gﬁ;;‘] ............................................................................. 112
= 5C Ho A9 HE W7 B Metropolis B - oeeeeeeeereeseseneennees 117
7.1 Metropolis ﬁ&mﬁimj% .......................................... 119
7.1.1 BB F TG Metropolis ZLpk oo 119

RN L E R 120



Part 2

CHAPTER 5

CHAPTER 6

CHAPTER 7

44 -RCode i i sl BRI EG hivd o v s 69
441 RCodeforFigure4.l......cccovvvviviniininniinnnns 69
4.5 B eFCIBE8 o L e I i sndn sdm st manns s A A s AR 71

All the Fundamentals Applied to
Inferring a Binomial Proportion

Inferring a Binomial Proportion via Exact

Mathematical ARalY SIS s v Cofiboni s sehpsmasrmmsys 77
5.1 The Likelihood Function: Bernoulli Distribution...... 78
5.2 A Description of Beliefs: The Beta Distribution....... 80
5.2.1 SpecifyingaBeta Prior.........ccccvvvvvviniinennnn. 81
bi2:2 . 'The PoRDBYIOY BOEA v sitahias rmsnsussnsmsss msssmmanie 84
5.3. ThreeInferential:Go8lS i i ssmassssmnsmsssamssssvinmass 85
5.3.1 Estimating the Binomial Proportion .............. 85
5.3.2 . Predicting DAt s did i heomissnse fhasnsms siossid wsarns 87
5:3.3 Model CoOMPATISON esimisnrsssmmmsin s e s 88
5.4 Summary: How to Do Bayesian Inference .............. 90
5D B EOAC...cconcirimrmemivenmmmmeansmensorsavas anissdb sosssns smasuen sa 91
55.1 RCodeforFigure5.2......cccccvnviiiiiiiinnnnanne. 91
B8 EXOTCISES cuiesiniiairinnmomnmmmnmnmmnnsmamnmanesss o bemsinsivnismivi i 95

Inferring a Binomial Proportion via Grid

ApPDroximation!. dlil. .. sl e i e 4 b v bobs cusan wes o caan 101
6.1 Bayes’ Rule for Discrete Values of 0 ...................... 102
6.2 Discretizing a Continuous Prior Density................. 102

6.2.1 Examples Using Discretized Priors ............... 104
6.3 Estimation: st Sl b a i . Rl s 106
6.4 Prediction of Subsequent Data.............cccccceenenennne. 107
6.5 Maodel CompPariSom it st sinav o g 108
6.6 SUMMATY iiihinisns i srmsamivsiomsss wisssens v 109
6.7 TRiGode i Aiat iR il il dbv et disa s e pananmammas sussnan 109

6.7.1 R Code for Figure 6.2 and the Like................ 109
0:8 | R CYCISO8 1t iniiiiintanin biimbamamel beRinenanbinoms srimmimmmmm o 112

Inferring a Binomial Proportion via the

Metropolis Algorithm ............coooveiiiiiiiiieeeee, 117
7.1 A Simple Case of the Metropolis Algorithm............ 119

7.1.1 A Politician Stumbles on the Metropolis
AIGOTIERING ¢ ii.ovm s50n pmsnis for i scgimms sismminssiarocaimmmininiainie s 119

7:1.2 A Random Walk wsssmsacsnmsesmmsrmmanisi 120

Contents



%8

7.1.3  BEALIEREBIRER oo 122
714 HH LR TEBALEETE oo, 125
7.1.5 Metropolis B3k AN A ALAVE F B -+ooereerereeeressseeens 126
7.2 Metropolis g&mﬁﬁﬂﬁ.% .......................................... 129
7.2.1 FSE . BUBFIYLEL weoeereeermermrerene s 131
7.2.2 ARiE. DRAJFEE - ZEHEEB e 132
7.3 ARG R R S A H AR e 132
731 oot 134
T.3.2 FU -oeeeereeererremresese e 136
7.3.3 HERILE . p(D) BB T ooeeemeermmseeme e 137
7.4 BUGS ﬂ@ MENIC ssst o bssissdiovabasinssosasunsssswmsasssssssuniassenios 139
7.4.1 F BUGS fEHFBE oo 140
7.4.2 fﬁ BUGS ﬁfﬁ“ ....................................................... 143
7.4.3 H BUGS iﬂfﬁ‘&ﬂﬂ:@i ......................................... 145
T.B BB e 145
7.6 RARFG - weeeeerereeereese e 146
7.6.1 {EH LB K Metropolis B R ARHG --voveeeeeees 146
TT BT oo 150
di F§ Gibbs FAEHEMTFAS TCHE M --veoeeveereerereeeees 155
8.1 BBl sel. PR
JE I +veveneee e 157
8.2 SN B TIAPAT - -ververveeeree e, 159
8.3 [HEME G TSI A A - eoveevereereeeresnmsneesnnneeenn, 163
8.4 ffiFl MCMC HEWT JG I AFAG -+-veveverereereremrmsemseiesnsininns 165
8.4.1 Metropolis s «oreeremrsenenrsrentisni 165
8.4.2  Gibbs HAE -+rere e 167
8.5 BUGS SZF -vvreerrvrressmmmrriiiiitiiiiiiiiit i 173
8.5.1 #£ BUGS HHAETKBULGIR AN AR ~wveveverereeremeeresnnnens 174
8.6 MEAEIREAMIEFRY rovrrerrrmerssii 175
8.7  BAHE 177
8.8 R AR eevreemesmsse st 178
8.8.1 M AEAkTIE RACHS (& 8.1 FIE] 8.2 ) rreeeeeeereenes 178
8.8.2 Metropolis fIAEM R ARFG ([ 8.3 ) wrerereererenennn: 181
8.8.3 BUGS AR R ARVHS ([ 8.6 )erereererseessmsnenunnnnn. 184
8.8.4 WS E H B RARHG oereermremrmeeieiiii, 186
8.9 BRI e 188



CHAPTER 8

7.2

7.3

7.4

7.5

7.6

7.7

7.1.3 General Properties of a Random Walk ........... 122
714 WhyWe Care.....cccevvvieeiniieinieieeneeieenennennss 125
7:1.58 55 Why Tt WOrKS G v ki bvvs et smaisns vnas smvss o 126
The Metropolis Algorithm More Generally ............. 129
7.2.1 “Burn-in,” Efficiency, and Convergence......... 131
7.2.2  Terminology: Markov Chain Monte Carlo....... 132
From the Sampled Posterior to the Three Goals ...... 132
7:3.1, ESHMAGION. cuous s vumas wonsumnn aom o sy snies soves 6 134
7.8.2  Pro@iGUion.. il il et st voves swess sneed sovis sos 136
7.3.3 Model Comparison: Estimation of p(D) .......... 137
MOM AN BUIGS £ i i i o oo e woamns snmmaime 139
7.4.1 Parameter Estimation with BUGS................. 140
7.4.2 BUGS for Prediction ........cccccveveiniinviniennnnn. 143
7.4.3 BUGS for Model Comparison ...........c.ceeuenn.. 145
CONCIUSION. ..« .cvviaihnname woimmeins me siimamsies s samamas smownss sonasas 145
R ICOAO & s vive osme wompblsn sttt st o o Smivssis saivesivs spomnss 146
7.6.1 R Code for a Home-Grown Metropolis

LAGOTIENI 2 10 Eats S vanes o swwes s smsenman. deas 146
EXCICISes .l iile s M S i il vopevodeonss suvmmn suswsen prsies 150

Inferring Two Binomial Proportions via

Gibbs SamDIIG ... cioi2 b im0 S bty botbie 357 s s v o 155
8.1 Prior, Likelihood, and Posterior for Two
PIODOTIIONIS o, cxmmmmanenn it s smmres Fosvises SEias CaEssas M 0 157
8.2 The Posterior via Exact Formal Analysis................ 159
8.3 The Posterior via Grid Approximation ................... 163
8.4 The Posterior via Markov Chain Monte Carlo ......... 165
84.1 Metropolis AIGOTItIN .. ceosis voues svsennss semen sonss 165
8.4.2 Gibbs Sampling........cccooeviiiiiiiiiiiiiiiaeaennnn. 167
8.5 Doing It With BUGS i . uvinbiimicnmsinsm i stinnve vesrin sanmnnn o 173
8.6.1 Sampling the Prior in BUGS.............cccenenenn.. 174
8.6 How Different Are the Underlying Biases?............. 175
8.7  ISUMMALY, conus e oy svenime. srens s Susyses &exes EyEos o 177
BB R OAE i E T e et smirsaren s s ot sk s 178
8.8.1 R Code for Grid Approximation (Figures 8.1
AN B.2) .. oo e o e i riminn emim simimaie ks e s 178
8.8.2 R Code for Metropolis Sampler (Figure 8.3)..... 181
8.8.3 R Code for BUGS Sampler (Figure 8.6) ........... 184
8.8.4 R Code for Plotting a Posterior Histogram ...... 186
8.9 EXOICISOS .ot ioibns bkiiod s mirvian bumaian i srv o wise s sriss w4 188

Contents .



Xiv

F9%

£10=E

E1E

P AL Y RS )] S 191
9.1 AN PR BRI e 192
9.1.1 FiFMKIEMBRSIAEH 1 196
9.2 AN AEFERBRBIRET e 200
9.2.1 WP IERBBNGIAG H 2o 203
9.2.2 WS EREHMAEBRSRAGETE e 206
9.2.3 BT B BRERIBLLE oo 212
9.2.4 RFITFLE: MHFEIATT oo, 217
9.25 BWHEERERETATEBEREL - 219
9.3 B AEFEBBRIET e 219
9.3.1  PUNLEET)J croererrrersosssensinsisineninsnsicnensesesasssessassenss 219
9.3.2 FEILLET) -oeeeerereereeeserse e 224
9.3.3 AMEMIZERTE Meta SpA -eoveeeeeeeeeseeeeneennn, 227
0.4 BEEE oo e 228
9.5 RARFT eeeeeemrreserssrmeents s 228
9.5.1 fBIAIT LR
ﬁﬁﬁﬁg ................................................................ 228
952 HWABELRH
ﬁﬁﬁﬁg ................................................................ 231
9.6  HET et 235
BRI R AR eooeeeeeeee e 241
101 BRI R - voeiinntanienmcssensssnssnssonsss 241
10.2 BUGS HI YRR HLASS oveovereeemesnmsnesnseeiei, 244
10.2.1  —AMEBBYPI T oo 244
10.2.2 HADEIEBIBLILHT o ovoerereereeerersereseenenennns 246
10.2.3 ZEfERFEAHERHY
5 4 B MCMC B
BB e 253
10.3 HERFIPRETUELES e 254
10.4 HRILERHSEHER
[ J -oeveeeermeneeeeenmsnesmses e 256
10.4.1 MCMC BRI B LS T covveeeereeeeenesnesnenns 257
10.4.2 AR oo 258
105 ZET oo s 259
R B PERTE ( NHST )reereerrrrreermnneesmnnnnennnn 265
11.1 BRI NHST: oo 267

1711 EiNH‘J‘Iﬁm ..................................................... 267



CHAPTER 9

CHAPTER 10

CHAPTER 11

Bernoulli Likelihood with Hierarchical Prior............. 191
9.1 A Single Coin from a Single Mint .............c..cc.enenn. 192
9.1.1 Posterior via Grid Approximation.................. 196
9.2 Multiple Coins from a Single Mint......................... 200
9.2.1 Posterior via Grid Approximation................. 203
9.2.2 Posterior via Monte Carlo Sampling .............. 206
9.2.3  Outliers and Shrinkage of Individual
ESYIMATOS .5 s 55ums saismeimmen mnrmsisshminm sissimemminimsivses aims 212
9.24 Case Study: Therapeutic Touch.................... 217
9.2.5 Number of Coins and Flips per Coin.............. 219
9.3 Multiple Coins from Multiple Mints............c.c.eueee.. 219
9.3.1 Independent Mints .........ccccevvvuviierneninnnnnns 219
9.32  Dependent MINtS. .. cusmrsrmmssmrassimmsssnassnns 224
9.3.3 Individual Differences and Meta-Analysis ...... 227
04 SUMMIATY oirc chineron oo s massenassss ssemsss a8 A R g A 228
9.5 RECode! R il Gl L i afod s oniosini st 228
9.5.1 Code for Analysis of Therapeutic-Touch
BRPErH O . 2 T Lk e e e e wisis 228
9.5.2 Code for Analysis of
Filtration-Condensation Experiment ............. 231
9.6 EXOICIZOE caiet wsumunninmmss mmmes sam snmeam ssnuinsssimasiisnn b 235
Hierarchical Modeling and Model Comparison ........ 241
10.1 Model Comparison as Hierarchical Modeling.......... 241
10.2 Model Comparisonin BUGS ..........ccccevevieiininnnens 244
10.2.1 . ASimple BEXAMNDIC. . cnsierintsressiscsissmissmtnnm 244
10.2.2 A Realistic Example with “Pseudopriors” ...... 246

10.2.3 Some Practical Advice When Using
Transdimensional MCMC with

PSCUAODTIOLS o vansnzsssisss stapasssssarsmnmmaissssssing 253
10.3 Model Comparison and Nested Models ................. 254
10.4 Review of Hierarchical Framework for Model
COMPATIEONY: < ivims s msine sce o o i g pieares waris s wssows i s 256
10.4.1 Comparing Methods for MCMC Model
7517162191 [5) 1 o Rl L 257
1042 Summary and Caveats .i:.:.iweoercsrsmranvonrenens 258
10,5 EXCTCISOH i umimmusersss s onsss o i mas s s eaes s s 259
Null Hypothesis Significance Testing ...................... 265
11.1 NHST for the Biasof a Coin........ccceuvveveeenincnnnnnnn.. 267

11.1.1 When the Experimenter Intends to Fix N ....... 267

Contents



xvi § =

£128

11.1.2  [BSE 2 BITEHL oeeeeeeeses s 270
11.1.3  BTRITAG oeeerereeerese s 272
11,04 JUHFERARAT oeeeeerereses st 274
11.2 LTI BYFEIAZ B voeeerrrereme 274
11.2.1 NHST ﬁ.}.ﬁ .......................................................... 275
11.2.2  TLEFERA R -ooveeeeeeesmesmmsmsmsssss s 275
11.3 BEXHMBEEBEXE (HDI ). 977
11.3.1 NHST ﬁﬁzlﬁl ................................................... 277
11.3.2 )rluf% DL eeeeerenerseeeeermmmmmummneeeeeeeaseieaeaane 280
114 BB -woeeeereerrmssmsms s 281
11.4.1 SFERIEIRZERY NHST JBIE -oovereereeesreesemememmnnes 282
11.4.2 ME—B T HET BTG oo 284
11.4.3 T H-BFA M QAR I 2D J5 R oveveeeemsememsesmmsesminneenns 285
11.5  JEREBIRAE AR A ARG oo 286
11.5.1 migﬂégﬁﬁg ...................................................... 286
11.5.2 EZRHEBFI (JGHTAPUBELE )--oeeeeeermreemenees 287
118 BRI overeerrrermesesmmsosmss e 288
BRI G DL B e oo 295
12.1 BRI A T T s e eeereeree e 296
12.11 2¥HRBBREREE
AIETERIT o 297
12.1.2 ZRHFEERSE
AIAETEREIPIT cooereerree s 297
12.1.3 QQ%%{EB& (ROPE) ....................................... 301
12.2 FIAERI GBI BLEE T T oovvereerereeesesme s 303
12.2.1 WAER RIS REHR? oo 303
12.2.2 AREAZHRBEFIERRT oo 307
12.3 BRI ES AT ooveoeeerereermeeerer 310
12.3.1 JBEBBHE RN ERERZ D D7 oo 310
12.3.2 B cvevereerereesee 311
12,4 RARFD coreeeeereresemmeinis i 312
12.4.1 @ 12.5 H‘JR{QE‘} ................................................ 312

12.5 LI orrerreeremsereen s 314



