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o FF%E (Problem Set) 1Z2BL X L7, #HYIDIZOA 198 (£)
4% 4 BE. Gradescope TODIRH T,

o SENS TALYSIaYeFT74AF7T7— (OH) DEEDZF T, B
B GEMNRIZFTICDWTIX Canvas ZHESEL T 72T LY,

o EEETERIZHDEITH?



r&{&f%& (Big Picture) ] DEH
BEMEEBVELELSS

Economic theory . o
Population distribution Sample

s s

‘ Parameters Estimands ‘ Estimators

S S N

Identification Statistical inference

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,
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o FERGIX. T4 LAEEFR (random processes) DIFFEZERILL
TC%@T?O

o SVALBBREDHICIIFENBBZTLELSHL?
o I UHRIF - RHEN?
o KEDHHZE|IEAICHEE - FABIIVKSH?

o TVALBRDER (RBUE) ZHEXRZEZH (random variable) &
EUEY,



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?



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,



Cumulative Distribution of Total Money Income for U.S. Households, 2015
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Average: $79,263 [ |

Saurce: U.S. Census, Current urvey, ialand i 2016 ©Political Calculations 2016

e 2016 . KEDHFDHWFDIIFAEN 5.6 FRILUTTLT .
o MRMIICIE : F(56,516) = 0.5



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



\

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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BBV RER MDA © Wi-Fi IEEDORKER
o IFIZPMF TY, CDF RESHDETH?

0.8

oo

Probability




B EREZH O | BENFE
o LI'FIXPDF TY, CDFIZESBEDEITH?
Probability density

0155
Pr (Commuting time < 15) = 0.20
0.12 -
Pr (15 < Commuting time < 20) = 0.58
0.09
0.06 |-
- Pr (Commuting time > 20) = 0.22
0.03 |- | 0.58
0.20 0.22
0.00 | | 1 ]
10 15 2() 25 30 35 40

Commuting time (minutes)
12



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

13



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))
mld X OFY (HifFE) T, CAIOVLTIIBIZFLERICEEL
£9,

X ~ Bernoulli(n) £REBINE T,
2MBZEH X ORfmId. BT OEHICHDFT,
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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

15



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
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

17



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"))
1lls Graph - Graph - m} X
File Edit Object Graph Tools Help
= T Errr O o B>
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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)

19



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,

20



2EEIFRDTHD
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o FhTcBIFLIFLIE. EENBRERZEHROTY (f : HEMS) ICHEK
ZRB5ET,

o X OF1Y (mean) /HAFHE (expectation) XiF. BERTEHAFITS
NIARIBEDZ LT,
o MHEEETHDISE !
E[X]=) p(x)x =x1Pr(X =x1)+ -+ +xx Pr(X = x)

xeX

BRIR : s Z AEHRDIB LI TD X ORIINGFSIE,

o EEEETHDBE | E[X] = [ ox F(x)xdx
EE D p(x) BEIRAEICH L TRVERZFOHBE. BfFELEEL
BVWIEHBHDFET,

o EELRER ! IFHERRFIIMFEHTI . B a,b ICHLT
E[a+ bX] = a+ bE[X]o

o CNIFLEBDERNSBRBICIATETEY,

23



FHDEE : HELA

o X ERAEAYAIONHLLET. E[X] B 5T ?

e EELD.

E[X]=Pr(X=1)x1+Pr(X=2)x24...4+Pr(X =6) x 6
o NEHRYAIORS, Pr(X=1)=..=Pr(X=6)=¢ TY,
o ChZzHATHL:

E[X] = %(1+...+6):3.5

24



X

988 (Variance) &, BHOLADD-EZAELFT :
o Var(X)=E[(X - E[X])?] =E[X?] - EX]? (&BI5B3NHHMD
xFIH?)

o X DIZ#E(RE (standard deviation) & Std(X) = /Var(X) TT,
SN 5D MBI XLZERLEY,
RREEROSE :

Var(a+ bX) =E[(a+ bX — E[a+ bX])?]
—=E[(a+bX —a— bE[X])?]
=b?E[(X — E[X])?]
=b?Var(X)

Chid Std(a+bX)=|b|-Std(X) THR_xZBHKLET,
o ERMICIZ. FREZ RILBIA St Y MEGICEZ D &, 1BEREIT
100 fZICH D £9,

25



HIE

#4538 (Covariance) &, 2 DOEHOBDFH LEEMZAELFT !

o Cov(X,Y)=E[(X—E[X])(Y - E[Y])] = E[XY] - E[X]E[Y]

o Cov(X,X)=E[(X—E[X])?] = Var(X) %3 LIEELTL R
LY,

e X & Y MM (correlation) & Corr(X,Y) = % T,

Cov(X,Y)>0lF. X BFHEDBFVWEEIC Y DFYELDELLRZER
PHZ3czBERLEFT (FHEK
o Corr(X,Y) I&. RELEEMEZRTEMUDOEL (BElIhi) R
ETTY,
e X & Y WMIIKRS. Cov(X,Y)= Corr(X,Y)=0 T,

o LHL. BIIHTLHEOIIBEFEA ! MIIMIIHEETOLD B
WELZTY,

26
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RS DAl

y y
70r 70
60F 60 -
:-
50F 501
40| 401
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20RO 201
10r 104
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(a) Correlation = +0.9
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(¢) Correlation = 0.0

L 1 | L I .
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x

(b) Correlation = —0.8
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RS DAl

y y
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60| P
i
501 50|
40k 40t
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-~ .
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0 . . . . | , 0 . , . . i i
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X X
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IR DT DE

o HATHEIIIRAZTY & E[aX + bY +c] = aE[X]+ bE[Y]+¢

o UL N2KkHy) T !
Var(aX + bY + ¢) = a®Var(X) +2abCov(X, Y) + b?Var(Y)

o HABUIMEA,TT : Cov(aX+c,bY +d) =ablov(X,Y)
BEY Cov(X +2,Y) = Cov(X, Y)+ Cov(Z,Y)

30



ST EHATHE

BEFTIE. BHICEKMTHAFFE (conditional expectations) |ZHEEEAD
HHFEY,
e X=xDEED Y OFHIATTH? (Bl: TV VKZICEZL
T ANDTHFRIFIE ?)
o (T EHATHBERISK (CEF) :
E[Y | X=x]=Y,cvyp(y | x) (BEEEDIHE)
E[Y | X =x]= [,eyyf(y|x)dy (EGEDIZE)
o X TFHES NS VALK CEFZ E[Y | X] LEL D HD ET,
o TRTD x IKHLT E[Y | X =x] = E[Y] THBLE. Y IE X ID
WTFEGHIT (mean independent) THREEWVE T,

o X THRMMIIBZ L. X DERIIERL LTHRAET 1 fl:
E[f(X) +e(X)Y[X = x] = f(x) + g(x)E[Y[X = x]a

31



(I S HFEDH
BEHERMEL LSRN (50 OIRFERSH (CEF)

n
3
°
™ )
°
) °
)
3
= [}
X2 N0
=1
5 [}
°
o ° °
°
0
wy
T T T T T T T
8 10 12 14 16 18 20

Years of schooling
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RAEERED;ER (LIE)
EBICEELRER | REPFHEDER (Law of Iterated Expectations,
LIE)

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

1) BEOTFHEREHET S,

2) WEDFHERZHET .

3) BthzhoFEgGRE (BRILTEAMIFTLT) F57 3,
BEFERICIE :

E[BR] = P(R)E[BR|K]+ P(B)E[HE|H]
= E[E[B &R

33



RAEHHEDER (LIE)

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

EIDDOHAFE p(y) ZAV. BLONBIDOEIFFEIX p(x) Z. RAEIDHA
FHEIE p(y | x) ZEBVWBAZEISTFRELTLSETLY,

34



PIIRIT ¢ AT

LEZBW3 . MU EREZEK IS czntt £ !

Corr(X,Y) o< E[(X — EIX])(Y — E[Y])]
= E[E[(X — E[X])(Y — E[Y]) [ X]]
= E[(X— E[X])E[Y — E[Y]]| X]]
= E[(X— E[X])(E[Y | X] = E[Y])]
=0 (E[Y | X]=E[Y] DL ZF)

BATYTHEDESICEHEINIHRERL TS IEET L,

BIIEDIEFEA | BEHELERDFIORETHELBHDET,

o bE53A. HII — FPMHII TY (B FERBITLBHDIEF
TA).

35



RNT R - ITHIREICOVTORE
BREARI ML X =[X,..., Xy Z2H/S @B CHBVTT,
o CHI—RTIE. TIHBIFEIC TFIRIBILI L. KFTREL
3
o ITHIHAFTRELEY (K F N 1THRE),

NT ML - TTHIOBRENGER (BB, $ITHHE) ICDWTIE. The
Matrix Cookbook MEZICHED £,

@ www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf

HfFEISSBERCCICERASINE T ) :
£ HXH X12” _ [E[Xn] E[XIZ]:|
Xo1 X E[X21] E[X20]
X1 . Var(Xl) COV(Xl,Xg)
o 5K m(M) _ {COV(XL)Q) o ] S5
X1 Yl . COV(Xl,Yl) COV(Xl,YQ) = —r
Cov ([XJ ; [Yz]) = [COV(XQ, Y1) COV(XQ,YQ):| DESICERTN
£9,

36
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RERICH T B A
o CNETICHEAREREZMRIE. BERRD (DR CHEANOER
H5) TSFECVK] OO ZERENICRIEHNTEFET,
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)
o FIMBME (ATE) ICEMEKAHZELET :
ATE = E[Y;(1) - Y;(0)]
o FMEAICOAAUIIFT D, ZBIDHTBLET, Chid
Di 1L (Yi(1), Y/(0)) EBHLE T, BETL &SN ?

38



P2 INIdor)::
o RERICKD. D; 1L (Y;(1),Y;(0)) BEEDI>TWVWET,
o E[Yi|D;=1] BV 5TL&SH?
N e’
WEBOFTY
E[Yi|D; =1] = E[Y;(1)|D; = 1] = E[Y;(1)]

RYDFESIIBENBRETIVICEDE, 2FBOFSIF (1) 4
UHICEDEFET,

o R#KIC. E[Y;|D; =0] = E[Y;(0)|D; =0] = E[Y;(0)] £ &b £,
o ChoDERZHAEDOES L !
E[Yi|Di =1] - E[Yi|D; = 0] = E[Yi(1) - Yi(0)] = 7

WEHOBTY HEEOSTY TELBEHMR

L7 > T, RERICHITRUNEE EWBEEBEOBFYDEIZEL ST
ATE D8RS hxd !

39



EHE(T FIESHRYE (Unconfoundedness) DT TDs%7

e _C T, D,' A (Y,(l), Y,'(O))‘X,' T%% t{ﬁﬁibi?o TCTCL/ X,' ‘1
BHRAGERISHEORI LT,

o CHIIHRMHFTZIERIBE. HB3VIIEA TN EHICED GER
(selection on observables) &M ENF T,

o ERMICIZ. FAMIIIBMELIE. RAL X; DEZFHOALDET
&, REMICKEBRIMMTONTVBDLRILIRRATHS L Z2EKL
£,

o THUF (BRMED) MIMHISEHNNEITH. IDFULERKETI, X;
ZBULIIES VA LEZFHETENS5TI,

o BERMTIIRIEEEZELSNZDTLLSH?
o BRISEER (Stratified experiment) :EL X; ZFOALDB TS VA L
tZ175%6,
o THHMLUERBER (Quasi-experiment)) / TESARER : RIL X; ZHO2ALD
BTld. D MREMICT VA LISRE->TWVWBR LEZBNBHS,

40



Bl :EBRET A DR

o Park et al (2021) (. FHARDIEZR (D) BT FDRE (V) IC
EX3RE=MRLE LT

o 5D D; X2 EEHMTIZHD £xEAD. HIZIF
D;=10#2ZH > 10H] DKSIC2ELLTERZLHTEFET,

o B D A (Yi(1),Y;(0) REEZBNBDTL&SH?
o SBRORBZBFICRTALIE. HOBE @EHRRLY) THE
B> TWBHREMDBED5TY.

o Park Bi3d. X; EZDHEFDBEDTRT—R L LIz &,
Di L (Yi(1), Yi(0)|X; THB L EBLTVET,
o BEDGRR/NZ—VEEMHLTNE. BEOEDE S FREMICS
SLTHBLWSEZTT,

o CNIBZIABRELLEVWETH?

41


https://www.nature.com/articles/s41562-020-00959-9

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.

42



(il

 KEDEIRE  (Selectivity) DYNZE

Dale and Krueger (2002) I&. #h7=b DB e BIF-FVWERFTL X LT !
BREORVWAZRICES L FBICEDELSBREZEXSH?

BISHNC D A (Yi(1), Yi(0) TFo BERS. BREDSVAZIC
BSHER. BrHrOFEALEMERDHZH5TT,

Dale & Krueger I&. X; Z TZDFEEHHBEL. S LIEXZEDE
Bl &L ZE. D 1L (Yi(1),Yi(0)|X; THB EERLF LT

AEMIC, ®S5IF TEDOKRZFICHBEL, ETICER LD 29D
niE. TOPHISECICERTEINIRENICS VA LTHD EHE
wLTWVET,

NZEEFELETH? COREDEND LS. EDO&LSHERD
EZZ26NFTH?
o BRRLIERZEDOHH S E T EBEINIT. REBE. 2. IROHE
BREDEWERMLTWADEH LNEEA,

43


https://academic.oup.com/qje/article-abstract/117/4/1491/1876022

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.

44



ST S IETREDFIA
o D; 1L (Yi(1),Yi(0))[X; TH B LET,
o EERDIFBELEKIC. TARTD x ICRHLTRDPEDILIEFT !
E[Yi|D; =1,X; = x] = E[Y;(1)|X; = x]
BLU
E[Yi|D; = 0,X; = x] = E[Y;(0)|X; = x]

o CNIIREFTRLET !

E[Yi|D;i = 1,X; =x] — E[Yj|D; = 0,X; = x] = E[Y;(1) — Yi(0)|X; = x]

X; =x DILEFTY Xj =x OXEEHTY Xj=x TD ATE

o E[Yi(1) = Y;(0)|X; =x] IZLIZLITRHM ST EHUEMR (CATE)
CIEEN. CATE(x) LEHNET,

45



FTSIFIGIEDFA (B E)
o RMIZTIERMBMEDT T, CATE(x) BT hd cERLE LT
o Tld. EEMH®D ATE = E[Yi(1) - Y;(0)] BHEATNZTL&LSIN?
o I3V ! RIEHAFHEDZER] (LIE) & :
E[E[Yi(1) - Yi(0)[Xi]] = E[Yi(1) — Yi(0)]

CATE(X;)

o RMiMZAER | CTTId. IARTD x [ICDVWTHMT ST HAFHEDE
TEITBLRELTVET,

o CHUTIE. 0<Pr(Di=1X;=x]) <1 EVWSEHHBETT,
EA—N—->v7 (overlap) ZHCHEIENET,

o ERMICIX. 21D ATE ZHBZ7=HICIF. TATD X; DEICEWV
THUEBECNBEOMADEFEETIVENHD XTI,
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BFEGICcOVWTER

o RERICEVWT., FIUENRNBFHOEL LTHSNZ %
mLELE:

E[YD; = 1] - E[Yi|D; = 0] = E[Y(1) - Y;(0)]

o FEMRIC. RMATETIERTBMEDTTIE. CATE IFRMHLTETHFHDEIC
Lo THAMETNE T,

o LHL. BRICIBEFLKOF—RIBRIBVESD. E[Y/|D; =1]
X E[Vi|D=0] REEEEHNZ - LI>TE A,

o Fh7=BIF. BIEINI-H O TILH S INSDHETR (estimands)
ICDOVWTERIBELHD 9,

o CCHSHETHIHROHETY ...
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 BETBEEEST v
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PR v

N

. RERICHBIT B v

w

- BRI SRR

N

. ARFIRTE & HEER
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HOTINDERE

o METHHREEL T B7DIC. BEEINIT—2DBEELSE
DESICHHINIDZRET IHVEDNHD XT,

o BAXMBT—X (A4 N OMIITR—%E73%H (iid) ICRESRRH
7 (representative) > FILZBHRIZLET 1 fl:
Y=Yy, Ya,.... Ya]
o JiT (Independent) : IANTD i #; ICDVWT Y, I Y, LI
o E—7%4%4% (ldentically distributed) : $ARTD i j ICDWVWT Y; &
Y; IFRIC SIS,
o XRHY (Representative) : Y; DHHH. BODHZBEFDRHL
ACTH3.

o iid MORRMNABT—RIINIMHBBLEEL LD T TH HRICIK
B LBEDIUBVWI L ZEHM I ZHEDNBD £
o FAILHBEDALZ—ICHIET 356, MITIRHD EHEA !
o MCLICELIMEZEITSHBE. A—2HTREB T A,
o Ta—IMFIL—I>ORTIR. RKRETIEIBO LA !
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BRI DHAFHE & 78K

BEY u=E[Y] . Y1 X N @D iid D ORRBH O TIL Y HhSEY
fcWwelExd,

o BALKMERIIERTHTT (4=1Y,V

o L RSVHALET—4 Y OERTY, Lih>T. ThBEIRE
THTHD. D (EEDTH)) ER5ET,

CNETICRARL I ZEL>T, | OHIFfHEL SHZEHTEXT !

1
ElnLY

Ela] =

1
:NZHWZH

Var(ft) = Var ( Z Y) 2 Z Var(Y;) = 6?/N

(=12 L o2
o I (1) H: i} 13(‘$)1E’Cb‘5% CZRLTVWETY  F9EIE u TY,

o X (2) Ik i DRMBH U TIUHAZX N LEBISHPTZLET
LTVET (—HMISEVESRTT),
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EEAHE CIRATY

TIFRISOHREICEITB3FRE —HMEDI T alL—2a !

1llz Graph - Graph - o X

File Edit Object Graph Tools Help
YR KO 0>,

Population mean —

|
I
“ I
g1 |
/| Do-file Editor - Lecture2 Sample mean — }
File Edit View Project Tools - }
BISTELN Y LY X Al S |
|
1 summ incwage |
2 local incwage mean=r (mean) . |
3 matrix samp_means=J(50,1,.) EEq |
4 eforval i=1/50 { g |
5 preserve (=] |
€ bsample 100 I
7 qui summ incwage = !
8 matrix samp means[ i',1]=r (mean) S !
9 restore |
10 by I
11 preserve = |
12 clear 1 |
13 svmat samp_means I
14 hist samp_meansl, xline( incwage mean') !

< T T T - T T

30000 40000 60000 70000

5
‘Wage and salary income




BERMEOIalL—2aY

TIFRISOHREICEITB3FRE —HMEDI T alL—2a !

1llz Graph - Graph - o X

File Edit Object Graph Tools Help
YR KO 0>,

Population mean —

|
I
“ I
g1 I
/| Do-file Editor - Lecture2 }
File Edit View Project Tools - }
BISTELN Y LY X Al S |
|
1 summ incwage }
2 local incwage mean=r (mean) . |
3 matrix samp_means=J(50,1,.) EEq I
4 eforval i=1/50 { g |
5 preserve (=] |
€ bsample 100 I
7 qui summ incwage = !
8 matrix samp means[ i',1]=r (mean) S [
9 restore !
10 by I
11 preserve = |
12 clear 1 |
13 svmat samp_means I
14 hist samp_meansl, xline( incwage mean') !

< T T T - T T

30000 40000 60000 70000

5
‘Wage and salary income




EEAHE CIRATY

TIFRISOHREICEITB3FRE —HMEDI T alL—2a !

1llz Graph - Graph - o X

File Edit Object Graph Tools Help
YR KO 0>,

Population mean —

|
I
“ I
g1 I
/| Do-file Editor - Lecture2 }
File Edit View Project Tools - }
BISTELN Y LY X Al S |
|
1 summ incwage |
2 local incwage mean=r (mean) . |
3 matrix samp_means=J(50,1,.) EEq I
4 eforval i=1/50 { g |
5 preserve (=] |
€ bsample 100 I
7 qui summ incwage = !
8 matrix samp means[ i',1]=r (mean) S |
9 restore !
10 by I
11 preserve = |
12 clear 1 |
13 svmat samp_means I
14 hist samp_meansl, xline( incwage mean') !

< T T T - T T

30000 40000 60000 70000

5
‘Wage and salary income




EEAHE CIRATY

THEFRFIOREICE T3 RMREIEE—HIED T al—>3 2!

glls Graph - Graph - [m} X
File Edit Object Graph Tools Help
EEaDP K s o0 o0 >,

:

Kernel density estimate

v
8
g
S
S

- Do-file Editor - Lecture2
File Edit View Project Tools 2

IEd2df e \DoaEF3 B0, g

1 i S

sumn incwage by

2 local incwage mean=r (mean) RN

3 matrix samp_means=J(50,1,.) 22

4 oforval i=1/50 { g

5 preserve a8

6 bsample 100 S

7 qui sunm incwage S

8 matrix samp means['i',1)=r(mean)

9 restore =
10 ) S
11 preserve S
12 clear
13 svmat samp_means
14 hist samp_meansl, xline( incwage mean') o4

T T T T
40000 50000 60000 70000
‘Wage and salary income
kernel = epanechnikov, bandwidth = 3.0e+03
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EEAHE CIRATY

FHRBOHEICE T3 RFEEC—HMEDI I aL—2a>!

1l: Graph - Graph - O X
File Edit Object Graph Tools Help
&= DR} O o 0>

I
=3 |
S
S |
1
|
[7] Do-file Editor - Lecture2 - [
File Edit View Project Tools S 1
UEES A » B =
1 summ incwage =
2 local incwage mean=r (mean) R
3 matrix samp_means=J(50,1,.) S
4 =forval i=1/50 (
5 preserve
‘ <
7 Ui summ incwage =
8 matrix samp_means[ 1',1]=r (mean) =1 |
9 restore 1
10 -} |
11 preserve !
12 clear !
13 svmat samp means g — T T
14 hist samp_meansl, xline( incwage mean') 40000 50000 60000 70000
‘Wage and salary income

N=100 ——— N=1,000




EIEAHE CARARTFY

FrH =LY,V B u=ElY] DRVHEETH3 2 DOEMH
o RMETH3 : E[i]=p

o YU TNHAXBKRELBRBICONTHHEDEOICIRT S :
limpy_se Var(it) =0

RETIE. f DHS—ODENTMEZRET . N BRIV E £D
SIS IERDFHBICRENE T,
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H|IEAME CIEXRTFEY
ST SEBEE u(x) = EY; | X = x] BB B BIBE. X — x B&MH
ELt Y DRHASERAFSLER SNET,

o THUE X BOBUME x EROBBRDBAICRLEETT,

o BIABHEEE (x) = - Lix—x Vi (TKEEL N, I3 X;=x THBH
HIED)

FIFECEHRDEHICKD ¢

E[ ()] = ELYi | X = x] = n(x)
Var(fi(x)) = Var(Yi| X; = x)/Nx

L7ch> T ChOBFRBEETHD. N, - oo EBNITEDEICADE
9,

o X; MEEREITRWVWIZEEWY. N, PRI BESBRVIBRIRZXES%BBT
L&D ? EhIIRIEL ..
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 BETBEEEST v
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. EBERME CIRARTY v
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IRERIEE - EA
o N BREFLBNIK. BEFEY 4 FBTFY u 1A ZeZRLE
L/TCO
o LHL. AL ZIFESWVWSEKTLLSH?
o T—ARDFFDIZEARTIGH 50,000 RKILFEE T EF. BFHH 55,000
RILTHBIELEZDDIFHZETLLSN? 70,000 RILABSEST
L&oD07?

o {REMETE (Hypothesis testing) &, Z® HGAL EWSEEREER
tT3DIC’IBET,

o FNIF. HLEDEN 55000 KJIL* 70,000 RKILFE-T=BEIC. X
FEHH 50,000 RILICKEZERDAEDIEEH 2D EHZIT<NET,
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RERIRTE DETE

O BFEYIGFEDNETHBZ L WS IRERHKEZIBELEFT © Ho: 1 = oo
o il 1 BFI9H 55,000 RILERS Hp: u = 55,000,

Q RERHIEMNELWVWE LIIHESIC, 4 D ug 5P eb IniFE
NBEE L THRESNIERZHELET, Nz pfE (p-value)
EHUFET,

Q pEMNETVGE. BERHRZEL (reject) LET, ThbE. IF
ERHMNELWE LTS, THIFE uo D SBiNT 0 DEREINI B
DIFEZZICKVWEWVWSZETT,

o —REIZ L FLMEIX a=0.05 TY,

QO COESICLTENTELEVIARTOD pp DEXEDH T, SFHEXM

(confidence interval, Cl) ZEL 9,

o a=005DHG. BRINEEREIE. T—XORBED 95% IC
BVWTEDME p Z2EHET
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BT 4 BERAHICR S 58 DRGRIRE

o BB —RX LT, i~N(u,c?/N) b2 o’ BB THZ55%
EXFL &S5,
o BECDT—RZEZBZDTLLIN?
o Vi N(u,0%) 5. Thht ) OEREBIRICED T,
o RETHRLIFTA, V, PERAHETHLTH., N BKREIFNIF 4 13
LIS ERBHBICREV T T,
o Ffoo N DBKRZFIHNIL o? ZIFEICHBELCHETESZLHRL
F7,
o IREEIRER Ho: = uo (Bl - FIIPRTZIE 55,000 FIL) ZRELWVL
LF¥d,
A .a_.uo = = ~
t= 93, RERHOFTT i~N(0,1) &BDFT,
° o/ IFIRIRERD T (0,1) &%
o T ORI BT (Vh,..., Yn) ORIEEFAEGRDE LI L E D%
HTY,
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BAEFY [ NERDHICKS HEDORRRE (FiF)
o IREARER Ho:pu =g DTFT. t~N(0,1) THBZr%ERLEFL
o 3 t>0 KL T, Pr(|E>1t) WK BTLESH?
Pr([t|>t)=1-Pr(|t| <t)=1-Pr(—t<t<t)=1—(d(t)—d(—t))

o IREEARER Ho: u = o I T3 plEEXRDESICERBLET .

p(H) =1 (&(1E) o~ [t) =1~ (o ('i/}“n) ¢ (1';%%'»

SE)

o EREMICIZ. plEIF. BERRHNELVEEICH B EDHINEFEK
TR |t PREINBEETT,
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pERBRDAS X b+
BEERIBOBEES (F190. FEREZ1)

0.4

0.34

0.24

0.14

0.04
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pEBERDOIS Xk

FUHLBEEEEIRELLIE (RERE)

0.4+

0.34

0.2+

0.14

0.04

ﬁ(X)ObS*NO

Vo2(x)/N
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pEEEDA SRk

p EDFE
Z[ ()% — o A (x)°% — po
| VORIN Vo ()N
0.4+
0.34
£
g 029
)
0.14
/2 p/2




WOIRE(RHZEHNTEH ?
o pEOHREBVHEL TS
1— (®(|2]) — (—I2]))

o ®(1.96) —d(—1.96) ~0.95 £HBLHHMONTWVET, Lih-
T. p<0.05 &B2DIE [t >1.96 DELE. DMOEDLEFIRESNF
To DED. S%BEKET |2 >1.96 BESEHLET,

o ChIE. ED&D% po ZEHL. EDEKS% uy ZFHLBHWVWI L
ZEM{TBEITLLOD?

o RDBAICEHLEHA :

| — o

c/vVN

o LIch>T. KM 1+1.960/VN h* 95% EHEXRI (Cl) L&D T,

o THUE. Ho: =g BELWEFIC Pr(uo € CI)=0.95 &3 M4E%
5%,

71 <1.96 = <1.96 = po €[1—1.966/V'N, 1+1.966 /v N|
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BKECREN

o REDHEIKEE (significance level) (F7zIxH1X) rid. BER
RAELWEEFICER>TEHNLTLES HOSD LORESNI-REER
TY9 (B IBEOBEROEESE),

o il : 5%IKEDIRTEIZ p<0.05 DEFICERNLET,

o RENEES (power) ki, IBERFIIMATH S L FICIEL < EH
TIEZHERTYT (1- FIEBDBEBRORER),
o MHNNIMIREADEMTY ., THHLE. ERICIE u=us THR L
ElC Hy:pn=po ZEHNTBHEETT,
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pIEDFEIRICEET %R
o SERERAMIZ p fEIE LIE LIE NRMREHE L VR CRRSNET

M CHIBELVWTLESD? LLWR !
o pfEId. REBREHAELVEIRELIIZEIC. BEINIT 2D

SNBEEEZRLTVET,
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,
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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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IERT—EDIZEIE?

o DELBIHMDIERBEREBDFIICOVT, REHREPHRD S A
BADDELT . IEHSALEEESDTLELIN?
o BLALDERIIERDFEICHVELA !
o X ZAEMAHLLLTH, BEFHHBRHMLZLEZXZNTL S
Sh? !
o FMIBTADBMEEEICTETLESLDOTLEID! 2 VWX,

o RIC. WAL FEIE (asymptotic) IBSHZHEHLE I, chickb., &

DTUD THRICKEV] BRICIE. Y, DERDHBICEDLELS TH,
EFkDHEERY — L2 BRATEBLIICBRDET,
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