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TABLE 2.1 Probability of Your Computer Crashing M Times

Outcome (number of crashes)

0 1 2 3 4
Probability distribution 0.80 0.10 0.06 0.03 0.01
Cumulative probability distribution 0.80 0.90 0.96 0.99 1.00

© 2007 Pearson Addison-Wesley. All rights reserved.
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FIGURE 2.2  Cumulative Distribution and Probability Density Functions of Commuting Time
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(a) Comulative distribution function of communng time

Probability density

Pr (Commuting time < 15) = 0.20

Pr(15 < Commuting time < 20) = 0.58

Pr {Commuting time > 20) = 0.22

10
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Commuting time (minutes)

(b) Probability density function of commuting time

Figure 2.2a shows the cumulative probability distribution (or ¢.d.f.) of commuting times. The probability that a com-
muting fime is less than 15 minutes is 0.20 (or 20%), and the probability that it is less than 20 minutes is 0.78 (78%).
Figure 2.2b shows the probability density function (or p.d.f.) of commuting times. Probabilities are given by areas
under the p.d.f. The probability that @ commuting fime is between 15 and 20 minutes is 0.58 {58%), and is given by
the area under the curve between 15 and 20 minutes,

© 2007 Pearson Addison-Wesley. All rights reserved.
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o [ Pr(X =x,Y =y)
o MERERX 3 x Dfiz LV, 2D, WHRERY ¥y Offiz & BHER
o BTOMARIZOWVTHERZE T & 1 (Table 2.2.)
o JiidorA Pr(X)
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o MM ADOME L TEITE,

i

Pr(Y =y)=> Pr(X=x,Y =y) (2.16)
i=1
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TABLE 2.2 Joint Distribution of Weather Conditions and Commuting Times

Rain (X = 0) No Rain (X = 1) Total
Long Commute (Y = 0) 0.15 0.07 0.22
Short Commute (Y = 1) 0.15 0.63 0.78
Total 0.30 0.70 1.00

© 2007 Pearson Addison-Wesley. All rights reserved.
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o SME ERER Pr(Y = y|X = x)

o MEEEH X DERMEATSIC L7 & EICHERER Y 3y Ofiz &£ 5
o TR X ODEBUEDBIS L 7% (Table 2.3.)

Pr(X=x,Y =y)
Pr(X = x)

Pr(Y =yl X =x) = (2.17)

o MRy S WIRRE, ik

k
ElYIX =x] = yiPr(Y = yi|X =x) (2.18)

i=1

var(Y[X = x) = 3 [y — E(YIX = )PPr(Y = yi|X =x)  (221)
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E[X + Y] = E[X] + E[Y] (2.28)
var(X + Y) = var[X] + var[ Y] + 2cov(X, Y) (2.36)
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FIGURE 2.5 The Normal Probability Density

The normal probability density function with
mean g and variance o2 is a bell-shaped curve,
centered at u. The area under the normal p.d.f.
between u — 1.960 and p + 1.960 is 0.95.
The normal distribution is denoted N (i, 2).

95%

I I
u —1.960 u U+ 1.960 Y
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o Vg pu, W o? DIEBIA % N(u,02) ERT

o K0, k1 DIEHSA N(,1) D2 L% & I TEEHEIERI i standard
normaly & KU Z TET. Z~ N(0,1)

o BHEIERIM DI Z o(x), BHEEEZ ¢(x) TR, ER cITHL
T, ®(c)=Pr(Z<c¢)

o IEHIARICHE ) HEREED 6, Z D% F\T Z OREEHE(R TR L T
L WHERZER 2 EH#/T 5 2 L% TBEYE(L standardize) &WES, 7o & 20F
X~ N(1,4) DL

X-1 1
S = (X1~ N
Pr(X < 2) = Pr (;(x ~1)< ;) S <;> (2.41)
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FIGURE 2.7  Daily Percentage Changes in the Dow Jones Industrial Average in the 1980s

During the 1980s, the Percent change
average percentage daily 10
change of “the Dow” index
was 0.05% and its standard
deviation was 1.16%. On
October 19, 1987—"Black
Monday” —the index fell
25.6%, or more than 22
standard deviations.

-10

October 19, 1987
=25 - \

_30 | I | I I | I | I I
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Year
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A HE random sampling
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EXHETE sample statistics
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o HBIMfELIH U AHEMD S I 1, SBIHED A HDH L Th % &
&, ZNSBMAEIZF U 26 I2HE 9 identically distributed & > 9
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13RI IZ 5346 LTV 5 independently distributed & W29
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{ZEA 1Y sample average (mean)

o A IZHBMNED I TERIND

1 1<

o HEINMIXHERLI D 6, AT OMEREH, EADEbLIUX, RE
MABFELC T, EAEEIEDL S
o ARG DIWI%e, RO M EEZD I ENTES
o MHIAZMMDIELITV, 20RO EICEAYEEZEHE L7 & 20fEA
S DGR D 2 E
o EAFE DAL, BEADKE IITHRE

BIFFE—ER (BEBRBAFREFLE) X - MEtOERE 2012 £ 4 A 34 / 65



FEFID DR

BEME (Ya, Yo, -+, Yy) 2Yiid. ©, RHERIOVY L #% uy, 03 £ 55
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EV] = S EDYi = py (2.44)
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BIFFE—ER (BEBRBAFREFLE) X - MEtOERE 2012 £ 4 A 35 / 65



RAEFI DA EL

BBIME (Y1, Yo, -+, Yy) 2Yiid. T, RHERIOYY L 8% uy, 0% £ 55
o 7k ZIXBIMMERDS 2 D & E DAV DOMRHEIR var(Y1 + Ya2) = 20%,
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KEDERI Law of Large Numbers

g L DA IRT, Y I A R apd ik E L, BHED Lid. ThHhN
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THHD PN €

o TSI convergence in probabilitys & WO, BRI E DI HER
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I MBRREIE Central Limit Theorem

P ) — RGO T T, v P4 X 3o RE L, BAMEDS i.i.d.
ThNZ, ERAEYOSMHIZIERS A TEME NS

o /3 4ilUR convergence in distribution) & &5
o FEME(V X N7 BRI IE TWRARYIC ) BUEIERI DA ICHE D

Y-y Y —py

d
= — N(0,1
0’7 Uy/n (07 )

o RHEMD M IERL N7 & exact ICIERIIARICZ %
o RHEMDIE AR TH, WHLIYIZIE approximately/asymptotically
BRI ARIZHE D

@ ZHTHVLIEHWIZIE, n=100 £ 5WVIZ% S KW ELEPBA T (Fig.
2.9, 2.10)
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FIGURE 2.8  Sampling Distribution of the Sample Average

of n Bernoulli Random Variables
Probability Probability
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The distributions are the sampling distributions of Y, the sample average of n independent Bernoulli random
variables with p = Pr{Y, = 1) = 0.78 (the probobility of a short commute is 78%). The variance of the sam-
pling distribution of ¥ decreases as n gets larger, so the sampling distribution becomes more fightly concen-
trated around its mean u = 0,78 as the sample size n increases.
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FIGURE 2.9 Distribution of the Standardized Sample Average
of n Bernoulli Random Variables with p = 0.78
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The sampling distribufion of ¥ in Figure 2.8 is plotted here after standardizing Y, This centers the distribu-
tions in Figure 2.8 and magnifies the scale on the horizontol axis by a factor of V/n. When the sample size
is large, the sampling distributions are increasingly well opproximated by the normal distribution (the solid
line), as predicted by the central limit theorem. The normal distribution is scaled 5o that the height of the
distributions is approximately the same in all figures.
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FIGURE 2.10 Distribution of the Standardized Somple Average of n Draws from o Skewed Distribution
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The figures show the sompling distribution of the standardized sample average of n draws from the skewed
{asymmetric) population distribution shown in Figure 2.10a. When n is small {n = 5), the sampling distribu-
ticn, like the pepulation distribution, is skewed. But when n is large {n = 100}, the sampling distribution is well
opproximated by a slandard normal distribution (solid line), as predicted by the central fimit theorem. The nee-
mal distribution is scaled so that the height of the distribufions is approximately the same in all figures.
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FIGURE 3.1 Calculating a p-value

The p-value is the probability of drawing a
value of Y that differs from py by at least as
much as Y. In large samples, Y is distributed
N (yo,0% ) under the null hypothesis, so

(Y — pyol/oy is distributed N[O, 1). Thus the
p-value is the shaded standard normal tail
probability outside = |(Yo — pyo)/o5].

The p-value is the shaded area
in the graph

© 2007 Pearson Addison-Wesley. All rights reserved.

3-5



plEZFFT 2121F, AV DAL I
o MEARZ S, RHEMIADITH > T THEEAR A 1T
o KEFEARZ: o IEB A Cur Bl ag (DERBRE )
@ H:Y=puyogDbtT, Y 4N (,uy,mae,/n)

o BHE(LF UL N(0,1) DB S A bR pilIZRE D, RHEEMIH O
WIEAH

RHER DB 03 1353755 T2 D07

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 52 / 65



BAEHEEHID & E DFIEDRFRIRTE

ﬁ%ﬁ&%&i, Ho : V: Ky .0 O)%) &T,

- Y —pyo
Y ~N 2 = — 2 VU N0,1)=0
(MY,OaUY/n) O'Y/\/E ( ) )
7 BDT,
7—,uyo Va—/wo
-value = Pr ’ ’
’ ( oV || av/va
Va—,uvo
=20 - |———— 3.6
( Uﬁﬁ7> (3.6)

722U, —MUCIE R U AR,

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 53 / 65



RADE, RERERE, FERE

BEAITHL sample variance s3 @ RETHID A - —BEE &

1 < -
S%:n—lz(y"_yfim'%/ (3.7)
i=1

@ nTWE7% < n—1THRL T2 DIZHHEEMEIE degree of freedom correction
o —HMEDFFHIZIE 4 XRE— X ¥V b DL UL TE

IEAEESR 72 sample standard deviation sy = \/s3,

BEHERL S standard error @ A o) L HE R %0)3‘&

5y = SE(Y) = sy/v/n

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A



BAEHERAO & EDFIEDRFRIRTE

o ARG s3 3R B —FHEE R D 5, RADEHEREDD D ITEEAR
R 2 W5 &,
) (3.10)

o PEEUEAV X M7 A & 1T tfH t-statistic & PFEIEIL S

~79

Y —pvo

p-value =2¢ | — —
SE(Y)

vzl

Y —
tovalue = ——£Y0 94, g, 1) (3.11)
SE(Y)
- - 4 -
I, ~ tp 2 BB Z 9

W/m

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 55 / 65



t fREt= t-statistic

o RHEMZAMDIER DA THIUL, tfEHIFHBEE n— 1Dt BMWIHED 225,
ERED n TR L T exact I p fili% FHETTHE
@ 1z L, ZOFETEtIMmEMAVE
o HHEMIDANIEMIMHTH S EE Lot DA IFHEZ 0,
o MWET—FDID LX) BFMEliT EIFHEZIT W
o IEHINAH L t B DE VI, nDIRKEVIRDICB VT WD, MR
TE 5%
o n> 100 THIUX, WHLIEH DA ZMHAL TXWw

o HElY 7 itk o TX, t oG OFHBHIHEO LA S .

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 56 / 65



BHEIK#E significance level

HHNCHIE L7 AKRHEX D p AV S » & SRS Z AT 5, L) Fhi
EVLIFLIFRONTE L

o 72 ZIE, p<005THEATZLIRDTEIIL, [t7] > 1.96 TIHEKHZ
K

o ZDX) LARHERZHEKIEL KT, THEUKAES% T puy 1& py o EFEEHITIC
A EIT statistically significantly ¥72 2% ; &9

@ 2L, TOLIBFVHTRIERVD L BEDT, pfiz#HtiT s
ERBBV

o M HEKMEIX L, 5, 10%7% &, ARWAHR/KETIHFIES 2 /AL LT
{723

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE

2012 £ 4 A 57 / 65



{E#EXR confidence interval

o EADMMIIMERNZD T, RFEHDIEMREZHS Z L IXTER

o H BHER ({SIH/KYE confidence level) TEDEMNE TN X ) LES (B
FEAE A confidence set) Z DT 3

0 1Dy — AT, BEESV LR ETREZFEOELDEATH S L EIC
1Z{EFEIX [E] confidence interval & H > 9

o O5%ImfHlIE TIHEATE X D 1.96 x SE(Y) ML 3w & EHEAD S/
SNs) L)W EZAWT,

Y —1.96 x SE(Y) <Y <Y +1.96 x SE(Y)

% 95%(S X & ¥ 5.

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A



R 2 BEROFIIDRE

2ODRL LZHEMOTH DD EDRE = EZ D, 20D ITN—T%ZNZF
WRAT mw TRT

0 2 ODRPHDAED dy TH % L\ ) Il 2 2T 5, BRI L W E
WIREZ S dy =0

Ho:ptm —pw =do vs. Hi:pm— phw # do (3.18)

o RFVP¥IDZE iy — py PHEERELTCY,, =Y, 2825, Z0ZzHTH
EZRITINIE I DA% 505 03H 553, hOMBRRER X b

o 2 . 2
V-5 N (umf"") Y (uw, "W)
Nm Ny

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 59 / 65



R 2 BEROFIIDRE

Yo 1357 2 RHEMD S OEERD S I NEAT I TH 2005, A
VLU THERZEREE A D ZEDBTE, IEROOWEZ -5 &,

2 2
Ym_ywi’N<Nm_,UW7o-m+UW)
Nm N

2 L o2 FRMED S, HEERE LTOBAN 2, 2 23
W |3

n + o (3.19)

BIFFE—ER (BEBRBAFREFLE)

B - St OERE

2012 £ 4 A 60 / 65



R 2 BEROFIIDRE

BHEAL L CHRIEHRIEZRKD2 L, Hoob kT

<, N(0,1) (3.20)

E25DT,

p-value = 2¢(—|[t|) (3.20)

p HANS T HUL, 2 DDRFIDAED dy TH 5 & v ) InfEKBUI BRI S 1 5.
B 75 2 BEEN V5 D 2 O SR [ b [ AR

Yo=Y £1.96 x SE(Ym — V) (3.21)

BIFFE—ER (BEBRBAFREFLE) X - MEtOERE 2012 £ 4 A 61 / 65



E SRR causal effect DHEE

o IPHAHIZ, bR

o MEMEXE D 24CHZB%  randomized controlled experiment

o BEAZ RHEND & /25 Hh T

o FZBATE treatment group & NHERE control group IZHEMEZAICHE] D 24T
o FERDEDY THH, DRIH

o MMM B BRI 2275 2 T7

o BUOK, DUMZIZ2CEL 2 AZH N TETRIRZHNS, Lvw)b
FTIE R, 20X ) %2 NIZFFHEL v

o MEAELI R EIRA THAELIC TBOK) 28104 T5% 2 & CHRIEEIR
DEHIITE 5

o HlkD A NEBBOKRNE I 2B DITHIE R PIARR 22 ER & 13 ?

o T—HIIHAMNAEE NS/ ONIDLDTIERY
o TIREZITECEHDEDH?

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 62 / 65



EIRSHR & R4 E HifFE

TBCHE, Ol D TR 70 &, TBOR ) D/KEEISRE RIS RS 2 oo 22
K2 &7 L T oA

TBOR ) 282 HEERCA L TRILTE % £ ¥, treatment effect 1

treatment effect = E[Y|X = 1] — E[Y|X = 0]

MBI RS e v ) faliEkEi e TEOBE) TRIETE S

o LBHAE - [RAE - HRAESTEFCII SIS LIF U ISEERBIROHEE ISV 50 5,
EFATIE?

BIFFE—E8 (BEBRBAFREFLE) X - BEtOERE 2012 £ 4 A 63 / 65



BB - IRAHEBRE - RELDE

WA 2 2 BBD A% 2 IR L2 D, 2 2K OBRZ2 e $
ZDITHEL T3S

AL W sxy © AP SRR I NS H, HHEBET 2 L —Ekz b

I - o P
SXy = zﬂ( ) ) — oxy (3 6)
rxy = XY P, corr(X,Y) (3.25)
SXSy

BIFFE—ER (BEBRBAFREFLE) X - MEtOERE 2012 £ 4 A 64 / 65



BB - IRAHEBRE - RELDE

o nfEADBHNEDIKIED DD DI 2K
o |rxy| <1 HSEK D 32D

o |rxy| =1 ThHiuR, BAKEDMIFER LIS, A ERD RS ey =1,
LHTDD R0 rey = =1, EFRRITE WV IZ EHEREDS 1128 <

o 2 ZBUTIERIL BRI H 5 & &, MBRED L ISES 2T —2A03H %

BIFFE—ER (BEBRBAFREFLE) X - MEtOERE 2012 £ 4 A 65 / 65



FIGURE 3.2 Scatterplot of Average Hourly Earnings vs. Age

Average Hourly earnings
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Each point in the plot represents the age and average earnings of one of the 200 workers in the sample. The colored
dot corresponds to a 40-year-old worker who earns $31.25 per hour. The data are for technicians in the information
industry from the March 2005 CPS.
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FIGURE 3.3  Scatterplots for Four Hypothetical Data Sets
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The scatterplots in Figures 3.3a and 3.3b show strong linear relationships between X and Y. In Figure 3.3c¢, Xis inde-
pendenf of Y and the two variables are uncorrelated. In Figure 3.3d, the two variables also are uncorrelated even
though they are related nonlinearly.
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