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ERTLLREAE, SBoRESZ TIBE

1. EAE, BREG BROZSES (1999). LIRS THER
-k |3 577 20T, A AR,

2. David A. Freedman (2009). Statistical Models:
Theory and Practice (2nd ed). Cambridge
University Press/HL T MV H i At

FEL R 2

A2 i
KIEEHSHZ ST

http://staff.ustc.edu.cn/~ynyang/2023/books/x.pdf (x=1,2)

(K HEx=3,4,...)



RKTRXSHH:

D. A. Freedman (1938-2008): fH % HI K-8t ih2% 5K, fr& (Statistical
models: theory and practices) {E VB FTA Zibt £ B/ HE MR K

giit B4, ARE T 5.
o hKET S

Some books are correct. Some are clear. Some are useful. Some are
entertaining. Few are even two of these. This book is all four.

AL, Freedman®E 1) (Statistics) & ARG 1T okt 8838



TEeps A PEENERA Oy T H
Q ARZEZFPERRR (EWGE. =L,
FHERFID
Q FIHRBOAREBATHI (AT R Hlassed) o

BRI R R Lot (BRI ik
y=a+x'b +¢

a, b: FIHRE, KNS,

e: AMENIRE, y P ARPXRENE D, HxMar.

E(y|x) = a+x"b: e R HEL[E U R 2

R BENI A& y (WS, response) SBENLIA = x (H A= .

&



Skl HIEFEEWX) = a + x"biESHa, bIIA RS, 280

n . ] B (XY

EAER T UA LR, #lily = a+ bsin(x) + stWFR N2
MR, X HEIMERECOC TSR, T EREIEL M.

IH+F# I % (Regression to the mean)

BRI AR T HBARONGER, 0 L
RGRIRE B2 )L tlbases GEm ]

%) EBEHEURFE L WRRE 4

BB IANT MRS, B2 LRFH

f AR AT X A e P FE SR I
ression” (EHdsE4g) |



JF BATEHT. F/RET

(Francis Galton)

g8 B PG = R (1822 —1911), BB, T [E 4E 2 AWt
HA I 5 58 (polymath), 3k IR SC 3R 2.

Anthropologist, eugenicist, tropical explorer, geographer,
inventor, meteorologist, proto-geneticist, psychometrician,
and statistician.

A 5 FR A BR8] /AN 523 (private gentleman), 2257 1 AX
2RSS (BFE ST, RS, RS JUSR2E.):

Regression toward the mean ([E )Z), Correlation (18 % %
#7), Standard deviation (7= %), Galton board (& R #iR),
Eugenics (ff: £ %), Weather map (& % &), Fingerprint (3§
£7), Nature vs nurture (£ X 55 K) ...



IR BRIR

T KRB —E R, mRRRA—AEA AL,
t&4% # Al 4Democritus (460-370B. C. )

A5 & 2 [8] ) 9% 22 8 45 o< Bk (association) A1 A iR (causation) .
Q kBt AMSL, REWRR, BRI HXRH£ 0 .

Q FRRAR: LERRGERFMNF F IR ERNELTE 12
B . KWK AR, AT REEN “ KM, MUK

FH5S C(correlation) fEGETFHRRE MR, A
I8 A 4% X 43 < Bk (association) 5 856



Correlation does not imply causation

RIR =8, HKEA IR

PN AE IR (ANIRSL) AT e RN EATHRS 5 =138
BEAK, WRERE =1EAE, PAKXHAEA
BEAF R GRS

A B, y#E A < HAR 2RO A, y ok R BT/ TR 4%
Al & (confounder). Hz784LRS, x, y[REIBRFAR4L, MG, y
I ORI - XM R T ) SRR I AR x, y FRAE R R R &R

10



FERIFIE PRI RS e RV S e Y= IS e

SRANA] BOAH S T SPR N 2 AR 1% 18 (Simpson’s paradox) o

1. WE4-6% JLEN G Ex AR &y, FEREH x, yIE
FOS, IS RV =R ?

FwzBE S5xfF R, WEyfAxR, 2THHEER.
Ll h B Rz, x S5y ST
B1P(x,y) # P(x)P(y), 1BP(x,vy|z) = P(x|2)P(y|z)-

11



B2 T K2 Berkeley 70 KL 19735 W S A F AL A 20 A2 S B4 35% B E (KT 55
LR ICR 44% . RT7 O AE B AFAE MR (H 3 5] 58 R %
PR, ey Ko 2 B 2 L e BRI AT TR 3E — ] BB 138
KRR (P REAHIEARL 07 AN -

152xB%: 4/10 (5B) <1/2 (@
2FokHUE: 2/10 (B) <5/20 (&)
EIFHANFR: 4+2)/10+10) (B) > (1+5)/2+200 (&)

Al x=01; FEBUEN: y=01; FTHHREz R

x5z 9% LWAMIR TIRE2R .
yEzHR: 1RFKBMREE .

=T

1. Bickel, Hammel and O‘Connell (1975) Sex Bias in Graduate Admissions: Data From
Berkeley". Science. 187 (4175): 398-404.

2. Freedman,Pisani,Purves (2007) Statistics, Norton P17. %% books/3.pdf



BISCAHIR AR ARSI TR R 5 A MO, A —HK MR T K
fatax, YIS, IS KR LRSE R R ES A ok (Blzakors)
WEANEAT S LR 2R &), e, 26 AR O, AR ik 5 DR A5 A

X=2+¢ ‘
{ Y HAdz, e, e, 0T

y=2+¢,
o X, YA (FEFAET N TIREBD -
cov(x,y)=cov(z+¢,,2+¢,)=cov(z,z)=var(z) >0

o 25 B IR X, YR AHF AL (FE XK g N HR (245 )T Z TR KD -

cov(x,y|z)=cov(z+¢g,2+¢,|z)=cov(e, &, |2)=cov(eg,&,)=0

13



Bla. MR R e SR ? R T IE =R

1. WERM, HZE S 44 R BV N RE AR R B, B
PAYEAE 22 m] TS5 e

iR, EEARANARCEER, WIAZZREE. £EIRETHEE.

2. — I FTHLEE 1 20 I S B N3 FE T AL R A L e A
TRAHE, KIWESEIEMIS, PrelT iih e SEEE .

iR, RZEFXRAHREERMAFTER. TEEFE—1TEHRERTE
waE, EFPNREZRANSE. BEXALEE - MTHEE.

3. BRI Z M NRRDLEE, B LA 55 Al 3 2050 -

iR, HABAE, XM ETAREERRTHER,

14



HEWT R SRR ETR : 261433 [F] (Ceteris paribus)

R AR L AR, I T TR /AT
RSN, BEHLEERLG LT ik

e BRI CPRIZD FHATHI IR IR

o (RIS AR S, ORUERRAREE AR .
o JLE S S-EIEE AT IR A [F .

MAEEEE SFAFARI, RLE/ XS FEREA

| AR &
AL « 400mbLFRAE AT E 1.2 X 2 = 7.54K,

o JLEYEx-CEYyHIH, ERIETEF R
INERz—l: y=a+bx+cz+e¢

15



FERIFRE - FHNESSFAGIF @B ARSI R . a1~
WK (24D , FrafidE 2 BED « AR RSk,
BEyaR, RN TIRER, F&EER.

fmlz: SR NNz 1N

ANz (B £R): y=a+bx+e¢

Bz (L48): y=a+bx+cz+e¢

16



raticit: MESEHK

REAL AR (HARRE) MK E R N
FRRNT (RERXREFRN) . B 5UEF T XA ET
ERXEREREIFTHARERFARSE KL ERN.

WAL BFTEN RA R T HEZe, Reemshiss, TR
AAAHE AR AN TR MBI FHKRZ 5N (2 H K.

56 BENLECRWE U RIS MHA &, Heanim RS . FEAL
AF a6 e FHE T AR B dse s TR U (HZES 00 T, Eeandd
=UR, Fule 5 NARIEE, Ageads, ARETH. o
AW TE B

17



W5 MELH 5T (observational study) R BE#ESIAES, AHET-Tl.
DR TN R IR AR B 58 R0 B R R BRI A2 R

B Hxkon, T3 AF: HRoff, A=

WAV R (x) BEFERIAT W (v) o A AT REHTH. 2R
LT PR ER LA AN T O 3 B0 BIA R

anfl i 47 k5, FER kg R BEERITIRRA.

18



fill i e RS2 wm (JRRD BUEHINFEVL B CFID
R 12222 5 55 0T 700 RA B B W & 1 2 S

H A xR e 17 T B My (IR 2

IFIWaE SEE=gi Eﬂﬂyﬁﬁﬁﬁﬁl‘%ﬂﬁe N T HBRR BB
My, xifi2i 5 eMar -1X A F B R E]

T BEHLIR T @% y: W 5L

FEN R & PEx @/’

e: WIS RA G A
H B Sy A R

19



ZiFT KA B R 3R (clinical trial) /2 & L) BE ML ALY
il gs . AUUEM 29V E e, = I RISkt 70t
FEEHL I BCH I 25 sl 22 R (H AR Ex 308kl , X
B (BEMEAFAFEXE .

xHIBUEA B AN R E S ke, mEmMEANEE (K
42D 8K, Pl x SRrEEmy KT = e 0L (e B
T MRS EWNARIHREER, PLAYRIMNES) .

E L, WAHRARRR VxRN, EHLERER A
(A o PR RN, iR 2z 5 Hag H R T
FIAR CRVFS% R R .

e R — AR ERIdR, IBARMTINEN] (FESE
HEX ) RMHEFEH.

20



513, MR R B B 1 s 25 W) 1 i R AL RS TN, A AR IR %
29 i) BB R AL B T ANAE NS B (control), == 1ML & F8 .
(B VLT AL REAS 23 93] fid Sk T~ SAEN (1, 02) FIN (1, 02),  FARGEH, - 14, = 10,

THEMREA iS5t &, HpfE p=0.002. 45it: 7£0.057KF T 2544
M IRA R A B &R, RS RETHHAGWER?

Mg KRS TTIMA SIS . IR A5 52 W Nl AR
P, MIXAIEFRESPORIEE AR, Hlae 5. Fie. Tl
FNRA K. AR B EAWRAYIAR. Khr b, BATRA T
Bl “RER FHAR AT

7

e Control: 7EZilIH, control variable & “¥#] (BELZE) 7
i, EHERE Feontrol HIFAE “XfRE4H”
ORI R “SEIR” ? IEHTIRE, FEHTRIL

21



ZH1: ABREWNR (FreedmanzE—E)

11 T I s i ¥ Y R Y o

a -~ B(nl’ pl)’ C~ B(nm po)’zmj; pl - a/nl’ po :C/no’
HO: pl — po E‘]W\j‘ﬁzlgz'ﬁgﬁ:
_ f)l_ f)o Hih A=
7= . Hirp=(a+c)/(n +n)),
J@/n +1/n,) p@L- p) p=(a+c)/n,+n,)
H, Fifdz ~ N(0), pfl = P(| Z*[>| z||z), Z* ~ N(0,1).

ZI 5 AR A SR o2 <251 B SR K PearsonF i R 16

ib=n-a,d=n,—-c,m =a+c,m,=b+d,n=n,+n, =m, +m,,
PAB R FE /s PR T3 A
Pearson-K 7 it & (GF— kv e ):
_ n(ad —bc)?

nanmlmO
H, Nl X2 ~ 2.
AL X% =1z°

1 0

Hl a b n X?
H2 ¢ d n
it moom, n

22



Mammograph »& —Fh X6 BT & FLIRIE 7. N T i % Mammograph[f
AR, 1960'sTEAL)HEAT | — A KRB FEH LA 2 i iS5 .

HIP (Health Insurance Plan) =57 £RE5: A 700,000 Al 1« HiH162,0001N 33 7
A0-64 11 2L 3 73 9 AL 43 N AL FE2H (treatment) RIS HE 2H (control) :

— AR BIES I —FE4RFIMammographifi gy, HAMESIn— KR R
A, 1/38081E M NTE4 S hnim & .

- X HZIn— RS, HA%ZMammographlii e .

54 FRIEF (followup) J5 B P8 0

Table 1. HIP data. Group sizes (rounded), deaths in 5 years of
followup, and death rates per 1000 women randomized.
Group Breast cancer All other
size No. Rate No. Rate
Treatment
Screened 20,200 23 1.1 428 21
Refused 10,800 16 15 409 38
Total 31,000 39 13 837 27
Control 31,000 63 20 879 28

23



BAFEERKH,: Mammograph7t 3%

G NIV IIREY

fa 56 Screened H TN FRA AL T Zp,, po e B AHE, Hy': pp = po

p, =23/20200=1.1/1000, n, =20200
p, =63/31000=2/2, n,=31000
p =(23+63)/(20200+31000) = 0.00168

f’l_ pz
J@/n +1/n,)pL- p)

=-2.431

Table 1. HIP data. Group sizes (rounded), deaths in 5 years of
followup, and death rates per 1000 women randomized.

Group Breast cancer All other
size No. Rate No. Rate
Treatment
Screened 20,200 PR 428 21
Refused 10,800 16 . 409 38
Total 31,000 39 837 27
Control 31,000 63 2.0 879 28

pfE = 0.015, 7E0.05%. & MEAKCE MR8 5l . X2 15 Ul B I & A 20 ?



BT H O e R GiEeimt, FrllR &R 520 & Screened 4 & AL FH
HE) N EIRMEEAR (Screened ZHZdE & W R E )

H5L b, Screenedd HRefusedlH R4 7 5
BB R R v N SE A ] TR 2 R

R A B A AEATER (JRARD , ControlZH BIAE T Zp, LA RELL
Screened L IMAET-Fp, B E ., #H5 <,

“Hy: Mammograph X" 5 “Hy": p; = " NEMN
Ho LT, AN Zp, F p, A — @B A, X SEE N H 138 11 2

K56 i) — AR R 2 . Rl B 0T Eb 8 Screened ZH A %) 8 2H AL T2 22 11
kR R .

25



IEFRI 85 (intention-to-treat analysis) :

Lt TreatmentZH (FFE 4411 N\ ) A1 Control 4.,

|@ =1.3/1000, p, = 2/1000,

G Breast All oth
= (39+63)/62000 = 0.00165 e No Rate  No. Rate
Treatment
A A Screened 20,200 23 1.1 428 21
_ pl o p2 _ _2 378 Refused 10,800 1615 409 38
- ~ ~~ ' Total 31,000 39 1.3 837 27
\/(1/ nl +1/ n2) p(l_ p) Control 31,000 63 2.0 879 28

pvalue = 0.017, fir LAMammographfii & e I 2 1 [ AL TR

¥: “Hy: Mammograph o34 ” ALK, HTBENIL, TreatmentZH i i
FiControld B M FEG THE X EeZE s BATTMISET -2 4815) , FrLh, o
A% H BT 62000 M FE X RAG A S, Hy © Hy's DUES, EFX0FH) &
Rizka s, tH2H AR RSN B2 Am B, B —ReE iR
e I i b 1 72 25 2 17K F)

IFF (FofR) B9EG < 1ERRRY | BUsERER,

26



19128 h 8, A ZEXHEE Bl (cholera)f& 4L J L F— T pT 40, ZHE U R 2 RZ
i —f . 185544838 4 John Snow A B MATHR FIEE (A
A FURE TG B 9 87 & B0 A L2 —Fhad i i 7K A% G 10

W18485F, WA T EEL. Snowdkil 75—l , fl2 W NEELHT
RPN RIC A 7 o IF R ILEE — i AT 56— AN AR B9 s Tl
XRWERL AT e R A 1R etk

A RIS E, — DA AE TE, 5. BTER
POKRGMITI T, e EE . XRUERL AT REL BT U KA 8 .

WI185AFMCFOER | E AL . SnowfEHI B EARIR 1w KA X, 1RZ 0

15|85 h £F Broad Street [t 7K 28 ffif .

O Snow K HL X i) B9, K= 5Broad Streetf =%

O 7 4h, Broad Streett A RGIIR DRIy . Eoan— ARG, i)
TSR T2 200, M Hix) A 3Ok R4

PR AR, RIE I RE S UK R G K.

27



W Snow{t & EEHCE PR HOK 2 A]:

— Southwark &VauxhallA ] : JKIELEZZIE-J] NI, J5Yeii .,
— Lambeth’a®]: JKIELE B, V59 ™H,

B SnowltbH JIXANNAE P EGLIET R

Table 2. Death rate from cholera by source of water. Rate per
10,000 houses. London. Epidemic of 1854. Snow’s table IX.

No. of Houses ~ Cholera Deaths  Rate per 10,000

Southwark & Vauxhall 40.046 1,263 315
Lambeth 26.107 98 37
Rest of London 256.423 1,422 59

pfE=0, MEAFH LT RA REZEF . HEAIAGERF X2 KA
A2, OIS — ST, FATAN RIS & S AR H e R T 5L
PHHIETZANE (ELhn, Lambethf %/ 2 5 B I I BRI 26 1F)

28



B Snowit— TR K I

P2 R AEAR B St X (KT 38e 0 T, TR 17—, ELanfE
T P R P 2K T eI T A R 7]

PN m RS B GSSTTHIZE AR, P — BANRTE AN 22 7] KR
5. BFXIEAMKAR LRI : AT IHE BTN B
BN AN (XA

FITEL, BRI S, (HSLhn B2 — A RIBBENL Ll ! &
REENLAE, PSRRI ER T OKIRRDKBRANE 2 41, A eAR A 5
HAEGE TR A, B PR A AR A BV 7K 5 B AN A o

FEAT DA S KRR E L.
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LR, 55N (pauper) HIAELE BRI (poor-houses)
RUGF ((BAREESR ARG BE TAE) 8RB 4 I BUR BU5F (out-relief) .
JL[E G it 22K Yule (1899) W FT T BR ARG & B 238 2 AN 1 LB 1]

YuleWit5E 11871 F5 T X =I5 -
® Paup: 75 A &5 A BG4

® Out=N/D: Rt B AMAIRGE B N Beor NEz b, HiHN= # out-relief;
D=# inside poor-houses

30



Yuleyd: & 2224 N s (ZFEold) FIAN T M%EL (Pop) FIRERL 5 Paupf o5,
W5outF ok, & THKEE, FEINIET]

Bk AL ETIRR, BRAEREZAFRAMW N ERR:

D R AR R B L
//// B e SHEEBREER

old e B E S5Paup BRI HE
Pop K& ¢ 5 out, Old, PopHiidL,

LN N ERPERERY CErOld, Pop I AR TN LI H]D
Paup=a+bxOut+cxOld+dxPop + ¢

TN/

= A H'E 5PaupF
S REIBFR

31



HH1old, PopP I FAE A AE T HI T PO A, kAl P TT RE B Ay

A
Corrected.Paup=Paup—cxOld-d xPop=a+bxOut + error

RISy BROld,Pop Xt Pop 52, F-AIF 5TA% 1E 5 ¥ Corrected.Paup 5 Out
19 2. W RAAERf Hb>0, 54 FA 1A RIE KA.

He AR, outtin—HALFEL Paupt INb > FLAL,

WRBEALRARIERHE, B € 50ut,0ld,PopABSL (UG HFER &S
gﬁ%,ﬁggﬁﬂ%ﬁﬁgﬁﬁ?ﬁlﬂi) , Mo LRERBARERK

32



\ 3 )
5%/%\ > E_
PY
—“’ /
e 4
1y S
\ Ss
\ Sso
\ Zt;? ~
\\ I~ o ]3 \\\
! ~o ~o
' ~o

HiE | SRIGBIE B H 4 TR (#3K)

EIPEba g
(1) MEZEBHRPEFTFREER. HEETESE;
(2) FURKEAKCF 1R,
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