s =t

Case Weslern Reseyrve U
Dept Stalisies

i ol g T [ L U 8 YosT 300

Xs theve slatisTical infevence ?

The Bayesw@n-fvequenlist dergence. |

DAS Flaser
U Toronlo
Dq‘fﬂ Shalises

A Preambte

® (IR T s Bargtaan ?‘..Tn&qmm_ﬁ-rﬂt'f
C Does priac f]r.u'c. fnswe v

O

Su.mmﬂ.rt)

E;Hw Wen



B__P&’E’_gmbﬁe ‘
{) HLghm-E“.ﬂ‘E‘.Y"ﬂLﬂ EPL()‘SL{:E

Y~ Polssen (8) B 267 y°=27
Ts Theve a. (op %mt i ?
2 ToD cuank comnl
&= &} 'I*/'-* e lean 10p ¢
ES /L/L oy 2

. Abe el al., Phys. Rev. Lett. T3(2) 225 (1994).

Iraser, D.A.S., Reid, N. and Wong, A. (2004). Setting
confidence intervals for bounded parameters: a dilferent,

perspective. Physics Review D, 69, 033002.



2) Whal was donc P

- Focus on  confudence mnbnuals
-Seele proceduves Thal auvoid (0, 67 -

“[hgeﬂmﬂj Cthvenliveness G‘Pt{hﬂaELT(_{ J

5 ‘T /‘ 5£&E’—Qtﬂﬂ

)\ - 'J’ | &7‘"“f i e “:}ﬁ 8 f..,h_

'f 95%
& ”F’uﬁh Them gﬁ'-f‘tﬂ
63 - e e 2

I\ o — o ,_‘:':' l:_é

(47

= Push chqﬂaﬂce sels [ feft ... Agh ‘Pb‘rﬂElPEf
- Push CTla & WLC}}\T i AL@_JM@EQ@

’}c&_bﬁra&ﬁ{ﬂ dwlerl info re: L.@ 576l K l
- Dark days of Ala finlics | NoT add/c—;s'sect (A
- See Stof écz 13 Mandel lay n Discusrton o M.




/=3

3)What can be dene

Rﬁﬁ&'li'"d_f PL{DT. :
Proboabilily al dala L(e)
Proba_b Ll fﬂﬁ‘ of dala £ ) s

Lh

T&.H wihale E'Cc:wc_.}
“Forgel The. decision nf\tbr”; Jor /}ug lxy‘waam

See - Puaser, Rect,(Domg  Phys RevD 69 033002

BUT e ) e C‘enev/cz/c&‘( ; Cesmpudn
Aacnda A %
(an cde in wWide Cj’tﬂevaltfq . wnL&Em€95? o

Qﬁfﬁ\f&ﬁces Laler. . .



0.06

likelihood
0.04

0.02

0.0

0.8 1.0
b,
|

|
2
0.6
1

0.4

0.2

0 10 20 30 40

[ﬂ}ﬂj—? i /Cf(ﬂ@“ér?l

F1G. 2. The likelihood function (top) and p -value function ( bﬂt—
tom) for the Poisson model, with 5=6.7 and y°=27. For ,u,~—{} the:
upper and lower p-values are essentially 1. |

[ weww. wlslat. bronto. edee [dfvaser docemenls [22.4. pd{



{=D

4

4) More on ”_Qu_r Dean &{j*ité:\h enevgy mesécs

Publbccalon ne (KTC)P (Auar K was detaded ...

because  Bayswan heguenlist duoagveemenl

e —

NexL collidev [’M ... CosT many

: Phqsdusﬁs couldnt find . Stlslca! Infevence.”

(Iston 1"’5hiﬂg !
ﬁﬂ)m“ iﬂq 1
@ﬁf_g‘ht on duUy ?fa](f*_%mbm?

CC’.‘JFYIP lacency L

Star S 13 eumds O i
o Lt Tells @ pad plovey  Banlrupt |




B What (s Dagesan’ FieqwuanTLﬁt?

@ EOHIE’I_E:

5 Model:  fly58) [e }=y
gbaﬁ‘ 3 )
Sty ﬁ”xpfora@rg &mQJSeﬁ EDA | fﬂhm-,.

colexts | ED A WL C-B LG cl.fgt)r:;mmtcs

Medef based stalisles o{ core (nlerest !

i

Nex L cessue @ Statislecal Science Vol 19 “Hm.q

www. ktslel, fovonto. edu fodfvaser [ docements [ 212 page. pef



L2

Q@) Common  B-1 pptl
'FU:)‘;,G) t LJD

Tow addl “‘)?"LGY‘” T(8) ...

N -y W,

o
Joint (8,y) me)f(y;e) l ;

* )
rdt 81y’ ¢ 7(6) L(6) ‘[EP

Beyond 2€ prost P cew D

* Bﬂ.—l{%(ﬂ.ﬁ 'Pm.a_d,ga m
Tnformaicon ’\'ﬂ' oessing

Col luval SP{{,C F
Persuas wons, bf_ﬁﬂﬁg

Thomas Kuhn



) Add. a pvor W' (8) P

(Wheve dd LE come fvom?

) Obyeclive (Grub 5) ”Ccrrrtg?@miﬁ s 5 Prob model.
2) E) b) ec i ﬁ”(dt{ﬂ,uﬁtj —=> Stalcslieal

3)5 LLbJEEm,ﬁ — Qubjeﬂ'u:e
X: Does one want o add (C ]
No ::h’&foﬁzv”&f(,ue [

= 2

and Bayes Mmsef’{uh &ppeafed fo imdariance



4y +-0B SP&L?

Opevaldona dﬁ{[htﬂ@n heve....
W@Cfucﬂ’ﬁ%'i‘ fﬁ-fau"cvace ~ Rosed on Medef +Dalz onfby

Sopbt L
g B Ty
frequenlist %&i@mv‘\_ﬁ
Hodef + Dala Made 2.+ Vo lo.
(MD (T ) +Swb eclive preor
Decisho Thﬂﬂﬂj 1

Modet + Dala |
'j}—rOb)aciIu: pYov
—p thefaxtrgee |
\ Thhtc_fe: ave \usl {U‘ec[uﬁnﬁat snerl culs - ?
- Weght he blcelihecd. (Fisher | Guuss)

_ Weten & Peers (1963) and eanien
- T&s ot ME%LQVW 5 q’l‘e}rn@gﬂ

" ke ar ) \ Inke as E
%wchnﬁ.st | ”quasawn {

Kecloim the ‘F‘fﬁﬂﬂﬂﬁ%t fr,u’nfonj %




pLgs

$) hkols of subjeclive Prwrs 1n Townlo | Usk?

-~ Trstance peong invesTyaled by FwELce o {Licer
~ Smbj}:.tﬁ,uﬁ prior

otherwise known as  frof(l (ng Pure oubyeclive
' Bayes
T})[?Jmn..;.p.....h_..,___ m-{



2o

Funad sy foudped v oy puno)

- QYR TR S]] SR EUT U0 FNEY

e BB 200

A ST R Ak L uu._“._u..u

v ng o1 sunddet]En] oy e

FjEN 3
- prons
con Hrinellics wql FldsaE 1 ot
i nuEyn B 30100 2T 38 o
[ “Azapnod Iooang, heprasad pras
WL A CHIEER 3T Op Pnes aH
“UERLY
pariond ) For00 S TOT DR
TR Al ARA-JO-11E1T 200 PEY TERY
-ipa e fdons Apsd- 0T 218 RIEIRT
TE AT HETRIN0 LIRSt
) RLLOD T8Iy pel] TR L] TR
—gy @] 0 Ewmploade AEInoIg
UL POIRIPLTA 1EI mamaoad At
N1 YATRIE, (RS EEOUNoToLs
PHB paiigiuell’ SEsm alf In
TaqudTiEn ARy
g apdonod @ty yiea SIEIY srvoroaad
0 TLIY P0s PLE ST OLL ST 1M
2a0f oy poITnbaz sean AT asmzadg Al
—trwng i ST ALIE L QTOR) W] pAPTD
card miead oangn ised am o U0
-1 jred) 5 TR I SRS AT Y
R ST TR AR PITIOM 3T,
Amppe DlEs SRR I sread
QAf} IR 22X USLM00 JO SOUIEE
Areniagiiact B pRARIIT BARY PROM.
A1) R CPATAMDE USa0 81 PETT
oD TETIA oL

Aoty wdpnl sr End

item P

&g steuodsl plo o | Apsup, o

RIS ©F 10TF ST LRI T3 30
cndmmy aopod e Funuodag j0oJes)

|oAaT LoD A uode s 11, ‘suotd

IO s e sLIn AU T
Lopjeg) A7 aosTI Wi

EOuTs
SBUET 190130 PUE TESSy

U5 T8I BUTSTAGHIERG S

zousplaa oU) 'Maia fw y

< ERTE ST 0 10 DT e
ARy RAURL U FEUEUS BRI PuEl
I 0] s TETL] I CATEUIELIg

BDTID
LMOILMOD 5N] 11 A0UEza oD seazd
F1e Aopraisad pres 81 0 alEmE
i3 7 ATOOET] UTTRETUTRT) L] ASEa ¥0ug
aprse Bl 183y 2yl ST OSOOT,
JITITY] §BA
IR T IRAME S LR 1
Buiaf are sorpod st e asnn a1
adpnl a1l sofe o1 SRl S0UEPLas 22]]
faknaas e — mea ysad o e
goe10 Eunod E oq — paqygord g
[ apard &ty 377 o7 ey aelans 21
[SEL DIRE LIN0D SY) 'SIER (Uoel a1
nuIpE oA ere aapod soug
“Anped
128D usLa BUIILEEE] 0] 530
waalp pin pue fspne Swgoad pEm
-EI TR} PRETEIEN8T AJ[RLLIO] LD 0]m
raddy g0 unosy numug sy g
IR BEED AU R1081] 10U 1Ty AinE
DEETALd I IR CATRmLRaY
L)
-rpadag pang smetr poeng e Suanp
oETn e Junod e s a1 35nEaEg
Amo paddos ueaq per waokg 2y
TR} PAnSTR IadaT ST TRIN 1Y
Bl pRIEdnIT e paimyga
uaty pire Bumpaeeds raf paddos sem
TIMACLIE TP "TERA JBTIT T A0 T
LD
o) ueaoaag aded  siopdey
OIH0IOT, TATII0T 01 EULA0ATT 251D
BEGT RISTOADTIION © T $1004 11at])
NI SEUIPIET 5 AQ[Iof @8pr
LLLCLL B ST TO0T]
L) DU TR T L AL TS
o el Bupoamodlioan 81 20TaPLAD
Ay, Sy prEs sy e AT
; 1o
Jupueea donf oy sSulcp TTRssy
E0]] HU sEs lELs o wieD aug dn
youl pilz sluon 0 spusly §aEap
Hilp 200 0} 9sues SRl PIROs
AL s epun dajesp Sup
nraaTan v peornd 1snl pey ous zeo
176 DROTELTAT S UE DIRos AU,
“BTIIONY IR0 ST AR TR SUI0D (0
ATI02UIOS 107 A3eIng 01 BT A1)

. bhoy Firs gropy wuo 2a%h

SELELL] ([0 01 SR ) TSEIET |2 )
Pasal G S at] peddu)s Bulsgeus
eIl SUREYSECE R ool sreuyd
-1e0 A DUE 52100 WM | RIRSTTO S
L PRIETNG T $1T2AD JO TIGTET
5,0E0Y L IBUL PUNOL OE]E Sy
b iche e 9 2N
kg peonotun suod pes Ao aragws
T2 Arf1 U7 AS[R RIAIMATIIOS TIET
-85 ALRMEENIT A1 Papn| U0 3115
x Ol
-BSEY 920 AQ paguosap jusike
B[] 0] 11 PETIAMIR SARY PO S080T
WEWINT IO SAINELEE 150100 I Wi
W aABLaq 0] TIPSt T pUR
oo Busdi, 87001 WU pIp ATITRIES
n, ‘mEs 88pnl e | Ussamoil,
TEOTITIARAT
FUGESSY 1901 DEUDIRML A[RIRYR,
JELL [jOWS S EICE18D B SR ]
a:pi]) YEToUE a:ns pue SR e o
As0u 381 {ongs Adpnl s fApmiTg
L Hunriou (jEuns prmad oo
prpz ]l s pnosa [T 81 I eas
01, JEA0 181 VR IOO[ R] U0 peamo
Srq uoado a1 pEY Sis T8Il
L, BUNpon Jes pnos
I, 'pauado Afny =q Bwg etp BT
palspio pue Beg spanye anseid s
1037 PaACTTRE ANIp a1y R 81E 08
‘TIES 855 BUTION (915 DN 1,
*[ELT1 S]] BIUTIND 19T Ap1SaC
STRD A7) 10 PasE[d PR UT00IIO.
Aty 09T RIENOIT STMRIOD PaTTas
L[ PRI 315 05 0L Lo 28EN|
LIR] IRT[] TAOE SNOTNG $EM T,
JIBD A7 [0 0 BUTAT] sUTRD (AR
-md i T EATSYE E TLM STIT
Vi TT AT 200 Jo [ TE T[0T 1
100 3. URINE TR pottada o1 pIosos
ST I DUR 1E0S STL spun PG
arns SHOIP AT FEUL TR E L0ssy
T JO ANaRIaa UL pERl 01 Sy
AEUIPIORIES 0] Liaam SUg
"LEgE 0L
g L0AlIp 2001 ISP BT Loy pEy Sy
D AL UEYM BLLEY SE LRSEY Ja0]
1EY] puzE (pusyEas snotand =)
2] IAUROAL SI O] AENURL B 1118
TR RL|) IR S UL $2MAUTEI0N B
SMVUTE IR JUAI0UIT FEM LRI

EJAL TR PUTU O8] SR P G
UG UE SIULES FUM - U]
-op dreiongas psureSe e povao:
.Hmﬂ.m-uuﬂm.._ﬂ. G UOFISs 8 UB IR
T IR B — ALJEDIULEE] TR,
AnpEsuyDa B
TIC POSSTIISTD SEs 0HTRIE o1 TRl
109 PITLOT STI0 011 BT[] PaINSD a8
anfs ‘sunsesr SinBoap 1A mong
BN SR] LB I e
-imbow pur ‘pazife Lojpopy a8pn|
PR N
a9 PMAis AINJRIA ANIap
-1a2 BT 211 JEY] puE ‘Buraid e
-BI Af DATRAT] 0TI SEMm 11 35TIR0an B4
-E[[1 SEM UITRaS 817} JEL] PeNEm 'SIa
-IOIS UUD] TRAMBT £, UIRIP] "I
“Aeq adrgaed sdie; e apis
~LET LI U SE U ‘B3 8n mareas
ISYDUE Spsul B YIgss 9iddeg
atier(d pE[Ras U DRISAOISI SBM
O0ODOTE YII0M AUIRIE JO IR
-D1% B C1ED 1y Jo goiess Juanhasgns
B Runp pue — paaspgsip adpnl
A WB[3 B -— A[BINEIIS JUIATIR
107 AiQISUa)so SISO oM 8t fg
1002 27 1o ma paddms sem sH
120110 AEIEA-TRAT ]
-SRA00NS B OS[E 5T 21 'RINDG (OIS
IDCHSYT U0 A M IRTERa)
# 5B ol S W01 AABa|] TRDTPAETIT
un sEMCTODE 10 I8OOI00 1 jsa
-I® EI1] J0 ST 2] 18 QUE s1RnpRIE
ATsTasmip) WI0L E ST URM AR
@omsnl Sunannsqo o
Amizad se sadap]o Ems 107 SRt
- PEiNesnId 10 UOTTRS e
-TIT A 5T [RSETUIST] ATaT]M 3137 5350
-AI3G 970 2l Japum paarjdiastp
2q PO UIPssy 1T Aenusiog
LAENOLIS Adoa
SILEIULNETEDD P sHupuy € adpnd g
oe T, BUTAES TN SPIRpUELS
[euotssarond o1l A voTrednEaauT U
Tapae 03 approlsad Appmb poaow
DUy ST DASM DITTRID[0) 0a3E
peEped g peoldsapoa st Buny
-1 (rioei ey paindsip sy sARaE
O OLOUE,] URIL] JEITy 01

T adna wiod 3310d

UOTIURS IR ) ST [RSSIWSIP I
v ANt 1 naandiasm aa nmod AN



B

- BY CHRIETIE ELATCHFORD, TCROMTO

Twao Toronto police officeors have
| been branded Hars and a 25-year-
i old man pronounced aviclio af ri-
| clal profiling in what is believed o
| be the first “dibvng-while-hlack”
s B acquittal in Conadian history.
o In oa remaikable decision re-
| leased yoaterday, Wadam ustice

Geabe unat, Llail

Sp oot

- f":ira'umg while bﬂacﬁ:“

Anne Mooy of the Onrario Superi-
or Courl coneluded uneguivocally
ihal constahles (fienn Asselin and
Craig James “fabricated sipnificant
aspeely af their evidence,” and then
askid herself the rhetorvical ques
tiom thar legions of young black
man have asked aloud foryears.
Why had the police singled o
Kevin Khan one October Monday

247

Judge lashes police for racial profiling

abour noon and decsled to search
his can?

“Beeause,” Tudpe Molioy wriols,
“hewas avoune blsckmale driving
an eEpELAve Molcaes,”
cnstable Assclin has sinece been
promoted o deteoidve, while M
Tames has left e loree.

Soe POLICE un page Al

Qccﬁuilia[

- R set-back {for subjeclive Bayes...



2-8

L{fﬁfﬁ: OwmE The ém{;‘/r‘n;/m%&cﬁue E)ﬁt,t.im '[

f

Fond s L. What medel with dala ,aa_gsf

ij.L can a,fwa_%{s add @ f,?_ﬁtqf . talen .

‘ | i = o i viist )
[ for personal, In dwidual rea_s.ons)

lo c]eI a Pﬁslinim %rrpcrgcmm{ neecs
6 make a deccsion, f needed,

but now fel's consder
Statisteal Infevence



3=

C {re?men list mfef(’,mcc_: With or WiThaul Brayes

Have : Model with Dala
Want: ‘Whal does (L Say oboul [hela "

o ? Do The analysis ... !
| g = W
( 38 o Preor { bb yeclive )

% cpnditional analysis (B paradigm)?

(1) Recenl Likeliheed ﬂ'\tm“ﬂ (RLT)

In wadgra Cj{i.ﬂ&l’fl[l,ﬁ.j« oy Model wiTh Dala ga_}gs:

- Rr any scalav inlerest (©L(e) qwes

e .

ae P LF) 3vdl RA

- For any veder (nlevest (L (6) ques
L () plw) 3rd 2nh

- For ang depavlive messuve £(yY) gukes
~value 3nd

Thalis: Just STLL% 1 in the CaW‘L?LL@" 1_
& Do we need.the ‘prior houle ?

www, wlslal Tavonte .ede [ ffynser [doccements [231, paf



AL

(2] DacsNEF(W{EQJ&::Z‘LU&V@E&M%) gwe Answer ?

(@) RLT giues condilional vesutls ... guren
keg cheractevislcs of dala ©

(b) Defautt (3:condilions on dala ... Woes L{e)
bm}.“?ﬂdw depends on full vicdel
. st "
8 It ‘shoula’ depend en L__OE&#‘!R[M el |
oo h N e |
Yy N8’

( Why avcrage over measuvemens Lhal haoenl been lakea’
(Why e “wenginaf * )

(©) With veclsr 'Fﬂ-tfama&,r“ wnd fherr"ughtf riee, one STl
ha s %{ﬁshalia[?ém pavadoxes (Dowid, Hone Fdek)
Need (® E:iwﬁc,t prioy [

Cox 185%

:Dl:s?amf:: peavch ]
(@) But then | RLT w availablel ... WIDELY
BTt o The compultn -

il%page.pd{
lll.\::o{{



D B Frclure -

By 19505
- Bug clawms of deciscon lheory

. b T few answers
3 .S’meéche thed by J(mmy Sa.vage
_ peststance To DLLbJ@C(EUf
— Protilin
Kecent: piling < gefault
5@;5&[&% chase sf rtﬂblé’c@fj
—-ﬂ””fj fo sheil —ctheell
jne ﬂ’@q&@mﬁst fou e

H/E/_qu:
Feost™ Ld@ff Aood 7_;13{::};"*%

Gues Likelihood £ ()
20 —odue. P (&)

60\ almost any [Nlefese %/6)
~Just COMP%E; o

and (f yaowe yust (uso éﬂi?j(?’@ﬁ_ﬁ_ﬁ/Pﬁdﬁﬁhg)

‘CQWL 0{1(} f‘f f’-.-',-ﬁ?_;&_huﬁf‘?.-/"ﬁr /iﬂ%gméffﬁgjﬁﬁ%]



And The ’Pﬁft:ﬁ_ﬁ offer....

~for hes PﬁrSﬂnif tae ... MB)P_cffue PVeoy ?

- fov his D{fttt&f‘ &9&.( dely ?
Hed belley velhinle. ..

and e pctenlist . | . ,améjécffue

~ Nol approprale fov him |

- Shotild woke aUadlably infevence malerat
Aike bhood L ()

-fD*Uf?-C‘-LQ_ {3()
ana el olhers wse ewbcbecﬂwﬁ LFM&{ musl




