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r&{&f%& (Big Picture) ] DEH
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Identification Statistical inference
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o #tat (Statistics) : BEINIY U TILT—2I3. BODHBZHEE
DHBRREBIFHREESEELTWVWSH ?

o A (ldentification) : BEHDOBREAIRELIFHIZ. EODHBZE—
Tk e NSA—REESEELTVWSRD?

o CNSMADRRVICEWT. T—ANEDLSICER I3 D%
Zam 9 DDA LEFNVETT, ENHEREHEFATI,

2






PP o b %

. EERTBEREN

—_

- PP

N

. RERICET 35

w

- BRI SRR

N

- ARRIERE & R

ol



o FERGIX. T4 LAEEFR (random processes) DIFFEZERILL
7=b6DTY,
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o &R (Outcomes) tld. T4 LEIBIRICH T3 EWICHHBRY AR
BoZrTd (Fl:1E0OT1BITFOFERIZ TR & TE)),



FFEDEIE

o ¥58 (Outcomes) tld. T UA LBBREICEITZEWVICHHBA R
BoZrTd Bl:1E0O1VIRITOFERIEX TR ¢ TE)),

o X (Probability) ¥id. HIERVECSIALDBLIZIRAHD
TY (Thbb. BEZEDBELELTOREREE),



FFEDEIE

o ¥58 (Outcomes) tld. T UA LBBREICEITZEWVICHHBA R
BoZrTd Bl:1E0O1VIRITOFERIEX TR ¢ TE)),

o X (Probability) ¥id. HIERVECSIALDBLIZIRAHD
TY (Thbb. BEZEDBELELTOREREE),

o 1ZAZER] (Sample space) Kid. BT D SZ3ITRTORERDES
T,



FFEDEIE

o ¥58 (Outcomes) tld. T UA LBBREICEITZEWVICHHBA R
BoZrTd Bl:1E0O1VIRITOFERIEX TR ¢ TE)),

o X (Probability) ¥id. HIERVECSIALDBLIZIRAHD
TY (Thbhsb. BREZEDIRLILLTOREEE),

o 1ZAZER] (Sample space) Kid. BT D SZ3ITRTORERDES
T,

o ER (Event) i BAXEHDPHEETT, TOERIE. FFEh
BIEROEROMICHED FT,



FFEDEIE

o ¥58 (Outcomes) tld. T UA LBBREICEITZEWVICHHBA R
BoZrTd Bl:1E0O1VIRITOFERIEX TR ¢ TE)),

o X (Probability) ¥id. HIERVECSIALDBLIZIRAHD
TY (Thbb. BEZEDBELELTOREREE),

o 1ZAZER] (Sample space) Kid. BT D SZ3ITRTORERDES
T,

o ER (Event) i BAXEHDPHEETT, TOERIE. FFEh
BIEROEROMICHED FT,

Bl 2MORNEREIDA > =TITFET,



FFEDEIE

o ¥58 (Outcomes) tld. T UA LBBREICEITZEWVICHHBA R
BoZrTd Bl:1E0O1VIRITOFERIEX TR ¢ TE)),

o X (Probability) ¥id. HIERVECSIALDBLIZIRAHD
TY (Thbhsb. BREZEDIRLILLTOREEE),

o 1ZAZER] (Sample space) Kid. BT D SZ3ITRTORERDES
T,

o ER (Event) i BAXEHDPHEETT, TOERIE. FFEh
BIEROEROMICHED FT,

Bl 2MORNEREIDA > =TITFET,
o BT DS BHER (IEXZR) IXMTIH?



FFEDEIE

o ¥58 (Outcomes) tld. T UA LBBREICEITZEWVICHHBA R
BoZrTd Bl:1E0O1VIRITOFERIEX TR ¢ TE)),

o X (Probability) ¥id. HIERVECSIALDBLIZIRAHD
TY (Thbb. BEZEDBELELTOREREE),

o 1ZAZER] (Sample space) Kid. BT D SZ3ITRTORERDES
T,

o ER (Event) i BAXEHDPHEETT, TOERIE. FFEh
BIEROEROMICHED FT,

Bl 2MORNEREIDA > =TITFET,
o BT DS BHER (IEXZR) IXMTIH?
o VPHRCLH I1MDRICES (BR) BRIV STIH?



EREH C RED ML (CDF)

o FERTHLIF. FUHLBBREZHETENLILDBOTY (FZamic
3. FAZE[METERSNIRRERE) .
o Bl I X ZRMNHIEIKET B,



RELH ¢ RREAFREIM (CDF)

o FERTHLIF. FUHLBBREZHETENLILDBOTY (FZamic
3. FAZE[METERSNIRRERE) .
o Bl I X ZRMNHIEIKET B,

o REMEDFEREHII. TDRENHEH (CDF) IC& > THEMT
BNEY,

F(x) = Pr(X <x)
Chid. X BB 3fE x UTFICHZIEERZRLET,



RELH ¢ RREAFREIM (CDF)

o FERTHLIF. FUHLBBREZHETENLILDBOTY (FZamic
3. FAZE[METERSNIRRERE) .
o Bl i X ZRMHUIEHKET B,

o REMEDFEREHII. TDRENHEH (CDF) IC& > THEMT
5NET,
F(x) = Pr(X <x)
Chid. X BB 3fE x UTFICHZIEERZRLET,

o AF IBE. TX1 OIS BERERORRE (THHEITVALTIE
BVWHIE) Z2RTICIE. Tx) OESBNIXFZEALET,
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e 2016 . KEDHFDHWFDIIFAEN 5.6 FRILUTTLT .
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HR— bk (Support)

o HERTH X OHYR—bF (X &KRED) &idk. X BED 53 EDES
T,
o X W1 EFMDSBEEAINTWA#AES, X={0,1,..,12} TT,
o X DFREHR 5. X=R>g GEIBIIC) T,



H7R— bk (Support)

o HERTH X OHYR—bF (X &KRED) &idk. X BED 53 EDES
T,
o X W1 EFMDSBEEAINTWA#AES, X={0,1,..,12} TT,
o X BFREHRS. X=R5o GEIMIZ) T,

o X DYR—FHER (F:{0,1}) &5, ED X SHHBBETHBLE
WE9,

o X OHR—FHESHE (Fl:R % [0,1]) B5. D X (FEHEOD
HBICRS EEWVWET (BEICIE CDF BB DATRERIZS) o
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o X BB DB, Y HR—FDBRELZIIHERY L THKREE[K
(PMF) ZzE&LEY :

p(x) = Pr(X =x)
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RERR BEREN

o X BB DB, Y HR—FDBRELZIIHERY L THKREE[K
(PMF) ZzE&LEY :

p(x) = Pr(X = x)
o BERRBYRESRETHD CDF IIRD&SICHEDFT -
F(x)= Y p(x)

x'<x

o BRUBELHOHAE. BEBEME (PDF) % f(x) = F(x) &
EHELEFI, ChIZCDFBRTHBILE2EMKRLET
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RERR BEREN

o X BB DB, Y HR—FDBRELZIIHERY L THKREE[K
(PMF) ZzE&LEY :

p(x) = Pr(X = x)
o BERRBYRESRETHD CDF IIRD&SICHEDFT -
F(x)= Y p(x)

x'<x

o BRUBELHOHAE. BEBEME (PDF) % f(x) = F(x) &
EHELEFI, ChIZCDFBRTHBILE2EMKRLET

o RECLDIR [ p(x) & f(x) DEAH PDF/PMF & L TEDNE T,
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B EREZH O | BENFE
o LI'FIXPDF TY, CDFIZESBEDEITH?
Probability density
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PDF/CDF m14¢&

o CDF F(x)=Pr(X < x) OEELM4E :
o FERD I x> X WHIFE F(x) > F(X)
o limys wF(x) =0 &V limy e F(x) =1 2T
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PDF/CDF m14¢&

o CDF F(x)=Pr(X < x) OEELM4E :
o FERD I x> X WHIFE F(x) > F(X)
o limys wF(x) =0 &V limy e F(x) =1 2T

o PDF f(x) = £ F(x) OXT ZM4H :
o B I TRTD xeXITHLT f(x)>0
o [iexf(x)dx=1 =&Y
o PMF DIBE © ¥, cxp(x) =1
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BERBEDE  ALX—19D% X € {0,1}
o il i KEZEDEE., 1N TR IZABZHESH (IF=—FH
CHEINFT)

14



NILX—159%H

BERBEDE  ALX—19D% X € {0,1}

o fil : REZEDEE., A1 2N IR ILBZIHhE5D (TF=—FH
CHHEIENET)
e PMF :
p(X):{l—n, x=0
T, X =

(f=f2L m<0,1])
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NILX—159%H

BERBEDE  ALX—19D% X € {0,1}
o il i KEZEDEE., 1N TR IZABZHESH (IF=—FH
CHEINFT)

e PMF :

(f=f2L m<0,1])

o i X OFg (HAFFE) TT. CHICDOVTRRBRIFEERICERL
£,
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NILX—159%H

BEELRBES T - RNILX—193%H X {0,1}
o Bl : KEZEDHE., A1 UH TR1 IIBRBZIHESH (14—
CHHEIENET)
e PMF :

(=72L m<0,1))

o 7|3 X OFY (HifH#E) TT., CHICOVTIFRIFLERICEEL
7,

e X ~ Bernoulli(r) £&REBINE T,
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NILX—159%H

BEELRBES T - RNILX—193%H X {0,1}
o Bl : KEZEDHE., A1 UH TR1 IIBRBZIHESH (14—
CHHEIENET)
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(=72L m<0,1))
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ERDTHC—HDH
BELEHNH | ERDH X R
o Bl : FINDFH GELIEYIC)

PDF : f(x) = \/;Texp< 10 ‘u)>(T'T-..LX€RG>O)

CCTulE X 0FY. o2 19T,

X ~N(u,0?) tREESNET,

ERAGHE X DERDHICHSIBS. EROEHK 2,6 ICHLT
aX+b HIERDWICKEWVE T,

Normal Distribution PDF
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IE7H & —80

BEELERSH  ERS%H XeR
o Bl : FYNDOXE GELIAIC)
e PDF : f(x)=

\/276 p( (X 'u)>(rt..7LLX€RG>O)

e _CT u & X o):Figs 2 ‘iﬁg&—t“?o
o X ~N(it,0?) LRESNETF,

o BALME : X ERPHBICKSHS. FEOEH a,b ICXHL T
aX+b HIERDHICKWVWET,

HoTH NERIDERES | —ED X < (a,b)
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() ::T‘U L'IX@:FiLJs 2 ‘iﬁg&—t“?o
o X ~N(i,02) LRESNET,
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o Bl : FYNDOXE GELIAIC)
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e __C u ‘i X o):Figs 2 ‘iﬁg&—t“?o
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EiliSpagis

BEFOEKEVEVDZ < IE. 2 DU EOBREHOERS?H (joint
distribution) D4FHICEAH->TWVWE T,
o il : FR1E (V) HBEKE (X) IXED&LSICHEHTIH?
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BEFOEKEVEVDZ < IE. 2 DU EOBREHOERS?H (joint
distribution) D$FHICEAH>TWLWE T,
o Bl : FR1E (Y) EBKE (X) XEDLSICHEFHTIH?
o B D CDF IIXRDELSICERESNET :
F(x,y)=Pr(X <x,Y <y)
ThEHDB, X<xhDY<y tBRBERTT,
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EiliSpagis

BEFOEKEVEVDZ < IE. 2 DU EOBREHOERS?H (joint
distribution) D4FHICEAH->TWVWE T,
o il : FR1E (V) HBEKE (X) IXED&LSICHEHTIH?

o FRSFHD CDF IFRDELSICERINET !
Flx,y)=Pr(X<x,Y <y)
THEDE, X<x DD Y<y LBRBZIEELETY,
o BEREL (X,Y) DIFE. FAEFPMF p(x,y)=Pr(X=x,Y =y) ZE&
LEY,

o JEME (X,Y) DIBAE. FBEPDF f(x,y) = ;2 F(x,y) ZE&EL
9,

BROBEREZHRZRSE. BLOEBROSHZED7S%HE (marginal
distribution) XMERC EDHBD X,

o AR LIE. FIZIE p(x) =L cyp(x,y) DL DS BEFRTHIENT
RN . ul 16



KL E D

FERDH AN mEHAEHLEZ T, HAIRKREHISEZ 5N
FOROERZHDOEZ M ET9% (conditional distribution) HE5N
£9,

o ERMICIZ. RHMAINT VX =x &IE. X=x THRIHTJIL—
TICBITB Y DBHEDI LT,

o ZMHEPMF p(y | x)=Pr(Y =y | X=x)= Pf(,;&w:i):x) - Pfg{;))
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KL E D

FERDH AN mEHAEHLEZ T, HAIRKREHISEZ 5N
FORDOEREHOEMH{FEZT 2% (conditional distribution) HE5N
£9,

o ERMICIZ. RHMAINT VX =x &IE. X=x THRIHTJIL—
TICBITB Y DBHEDI LT,

o ZMHHIZEPMF p(y [x)=Pr(Y=y|X=x)= Pr(};&vg:x) _ pé{;x))
o il : KEXRE%ZZMHr LI-FRIISD S,
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KL E D

FERDH AN mEHAEHLEZ T, HAIRKREHISEZ 5N
FORDOEREHOEMH{FEZT 2% (conditional distribution) HE5N
£9,

o ERMICIZ. RHMAINT VX =x &IE. X=x THRIHTJIL—
TICBITB Y DBHEDI LT,

o ZMHHIZEPMF p(y [x)=Pr(Y=y|X=x)= Pr(};&vg:x) _ pé{;x))
o il : KEXRE%ZZMHr LI-FRIISD S,

CHNIFEBICRTI ADFEIRXE XX T
p(y | x)=p(x|y)

~—

ply

(x

~—

jel
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BRERCERDM (BiT)
RPFERE R LI ERORMA S

1 twoway (kdensity incwage if educ<10)

HERK

(kdensity incwage if educ>=10),

2 xtitle ("Wage and salary income™) ytitle("Density") ///
3 legend (label (1 "No college") label (2 "College"))
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JRITIE

o CHOOA—RATEERBMALBZDHIMIIY (independence) T,

o ERMICIZ. MIMtLIF. X DEZFH>TH Y DEICOVTHLS
IEBEVNEVNSZETT,

o FEHMICIZ. TATD (y,x) ICH L TERHEM S M AL HmE—
HIBmE. X &Y IIMIITHS (XLILY) LEVWET:

ply | x)=p(y)
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o COOA—RATEERMBALBZDHIHIIY (independence) T,

o ERMICIZ. MIMtLIF. X DEZFH>TH Y DEICOVTHLS
IEBEVNEVNSZETT,

o FEHMICIZ. TATD (y,x) ICH L TERHEM S M AL HmE—
HIBmE. X &Y IIMIITHS (XLILY) LEVWET:

ply | x)=p(y)

o Bl : DB UALICEIDHTONTMETHBIERS.
D 1 (Y(1),Y(0)) T3,

19



JRITIE

o COOA—RATEERMBALBZDHIHIIY (independence) T,

o ERMICIZ. MIMtLIF. X DEZFH>TH Y DEICOVTHLS
IEBEVNEVNSZETT,

o FEHMICIZ. TATD (y,x) ICH L TERHEM S M AL HmE—
HIBmE. X &Y IIMIITHS (XLILY) LEVWET:

p(y | x)=p(y)
o Bl : DB UALICEIDHTONTMETHBIERS.

D1 (Y(1),Y(0)) T,
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JRITIE

o CHOOA—RATEERBMALBZDHIMIIY (independence) T,

o ERMICIZ. MIMtLIF. X DEZFH>TH Y DEICOVTHLS
IEBEVNEVNSZETT,

o FEHMICIZ. TATD (y,x) ICH L TERHEM S M AL HmE—
93538, X & Y IFHITHS (X1LY) LEVWET !

ply | x)=p(y)
o il : DHASUALICEIDHTOENTNETHZES.

D 1 (Y(1),Y(0)) T,
o BEEFIvY ChIIDLULY ZEKRLETH?

o RMEMIIMIMEERICESRBINET, WHEZSNETTX %
HMoTH YV ICODLWTOBEHRMEZLBWES. VY UL X|W EE
F- 3 B

ply | x,w) = p(y|lw)
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EEEIERDH

EERZETENT | TEEIERDH XcRK
o EHYRI ML p e RX . EEERDEEDEITY £ c RK xRKX |
FOTNFTA=REEINET,

o FR I RANE LT, XY FMILRITHIIKFTRELE I,
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EEEIERDH

EERZETENT | TEEIERDH XcRK
o EHYRI ML p e RX . EEERDEEDEITY £ c RK xRKX |
FOTNFTA=REEINET,

o FE [ EAJE LT, R MIRITHIEAFTRELE T,
ZLOERAMELHBD ETH. SSTRVLKODMBEALET, (X,Y)
PEEEERPH/ICKS T !

o X X Y ORABAHBIFERDHICEDET,

o X|Y BLUV Y | X OFRFAETHHOHIERDHICHED XS,

o FEDIFMES aX +bY +c DIERDHICHVWET,
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o Fh7cBIFLIFLIE. BENGHEREROTT (f @ #FFRF) ICEK
ZRB5ET,
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o FhTcBIFLIFLIE. EENBRERZEHROTY (f : HEMS) ICHEK
ZRB5ET,

o X OF1Y (mean) /HAFHE (expectation) XiF. BERTEHAFITS
NIARIBEDZ LT,
o MHEEETHDISE !
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RAEHHEDER (LIE)

FEBICEELFER | RIEMHFMEDED (Law of Iterated Expectations,
LIE)

D SImHEL & S50 KEDRADFGHEREZABLILVWELET, LIE
IC&NE UTOFIETHETEEY !

1) BEOFHEREHAET 3,
2) WEDFERZFAET B
3) BRENENDOFEERE (BRLUTEHMIFLT) F59 3,
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RIEEAFHEDER (LIE) ORI AR

E[Y]=E[E[Y [ X]]
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RAEHHEDER (LIE)

REHFHEDZER (LIE) OFXMARETIL
E[Y]=E[E[Y | X]]
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34



FIFIRIT ¢ EARRS

LEZBW3 . MU EREZEK IS czntt £ !
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KERICH T B85

o CNETICRAREREZRERIE. BERED (DR CHHEBDOHER
M) T5FECWVLK] OO ZEHFMICRIENTEXT,

o BIEMHER (potential outcomes) DEAEBVHLEFL LS ©
o Yi(1),Y(0) i A i HILEEZ-BE L B ED > TBEDRE
T9Y,
o INSZAVWTHAINZERZETIMELET ©
Yi=D;Yi(1)+(1-D;)Yi(0)
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Park et al. (2021) E#J

Human capital generally, and cognitive skills specifically, play
acrucial role in determining economic mobility and
macroeconomic growth. While elevated temperatures have
been shown to impair short-run cognitive performance, much
less is known about whether heat exposure affects the rate of
skill formation. We combine standardized achievement data
for 58 countries and 12,000 US school districts with detailed
weather and academic calendar information to show that the
rate of learning decreases with an increase in the number of
hot school days. These results provide evidence that climatic
differences may contribute to differences in educational
achievement both across countries and within countries by
socioeconomic status and that may have important
implications for the magnitude and functional form of climate
damages in coupled human-natural systems.
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Dale and Krueger (2002)

Abstract

Estimates of the effect of college selectivity on earnings may be
biased because elite colleges admit students, in part, based on
characteristics that are related to future earnings. We matched
students who applied to, and were accepted by, similar colleges to
try to eliminate this bias. Using the College and Beyond data set and
National Longitudinal Survey of the High School Class of 1972, we
find that students who attended more selective colleges earned
about the same as students of seemingly comparable ability who
attended less selective schools. Children from low-income families,
however, earned more if they attended selective colleges.
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o DED. pfHEld P(data|Hp) ICDWTIRRTE D P(Hy|data) TlEkH
hEEA.

o N1 XADFEEBICLNIE. P(Ho|Data) = P(Data|Hg) x P(Ho)/P(Data)
TY. ChZzERLTBICE. BEFRHNPELVLEVSEFIOER
P(Ho) ZERET DHENHBD F I,

e p<0.05H5 MNRELHZ) WOGEHTHD. p>0.05 85 HPRH
BV SITHD CBIRENHABE T,
o LML, 0.05 EWVWS LEIWMEIDERDEENEHDTT,
o pfEld. BERHOTTHREINET 2N EDEELLS LULWHE
TRTARI FSLELTRZZONETTY,
o TSIZ. BERHMNMETH>TH (BREHAPEITNE) pEHAEL
BB3ZebHNET,

68



DID THE SUN JUST EXPLODE?
(ITS NIGHT, S0 WERE NOT SURE,)

THIS NEUTRINO DETECTOR MEASURES
WHETHER THE SUN HAS GONE NOVA.
THEN, ITROWS TWO DICE. IF THEY
BOTH COME UP S, ITUES TO US.
OMHERWISE, ITTELLS THE TRUH.

LETS TRY.

DETECTOR! HAS THE

WA/GOVEMWQ7
/M)

Y

FREQUENTIST STATISTICIAN: BAYESIAN STATISTIOAN:

THE PROBABILITY OF THIS RESULT

HAPPENING BY CHANCE 15 3,=0027 BET YOU $50
SNCE p<0.05, T CONCLUDE T HASNT.
'IHP(I’F{ESUN HAS EXPLODED. )

Tas]
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09 March 2015 This story originally asserted that “The closer to zero the P value gets, the
greater the chance the null hypothesis is false.” P values do not give the probability that a null
hypothesis is false, they give the probability of obtaining data at least as extreme as those
observed, if the null hypothesis was true. It is by convention that smaller P values are
interpreted as stronger evidence that the null hypothesis is false. The text has been changed to
reflect this.
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