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W | ThCEE, WREG DR (1009). bt
TR A 55 77 40T B S AL

S % :I:S 2. David A. Freedman (2009). Statistical Models:
Theory and Practice (2nd ed). Cambridge
University Press/Hi Tl H Rt

N\

FEL R T et
http://staff.ustc.edu.cn/~ynyang/2022/books/x.pdf (x=1,2)

(KA x=3,4,...)



RKTRXZZHA:

D. A. Freedman (1938-2008): {05 F K 240157 2K, % (Statistical
models: theory and practices) E N 7TAHb F B/ HE MR f
guit AR, JER TR 51

B RET 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.

Y45, FreedmaniEE 1] (Statistics) se ARG 12064 B HLIE .



PRAE A YA EE) RS !

Q WA EZEMERRR (Mgt tHELbr.
FBHAWIFT
Q FARECR RN (NTERE. Plas>d) o

Sy BEFTRENLAZ S y (WM,  response) SEEHLIF & x (H AL &,
BRI R R SRR (B MEmi) Rix

y=a+Xx'y +e¢

a, v: BEIARE, KNS
e: IR, WINHAREPXIRRERTER 77



2t

a + X'y 2SRy AR L

Q TR G %0 Wi [ s ek xdyben i=Leon

1 x,'
Duﬁ%\ﬁ@%ﬁ=y=@w”%ﬂx=<m i>6=(
1 x,

R T AREI, XN R AR ORERAEB) -



IHTFI % (Regression to the mean)

e KT F0 AT B v ok AR IR B, W SR ACSRAR &, IS4 )L
TR S (R | (Bl S AR5, WIIRACE
REE AL T BB, (Ha AR S — 2, &Rl
X FR PSS IR AR N “ BlHregression”  (BEHISEZE)




G =N B B Y 0T e R 1 (1822 —1911), &L, A/RCHIEK R,
(Francis Galton) o [5] 24 Z2 F1) 0B HA B 1) 2% 28K (polymath) :

Anthropologist, eugenicist, tropical explorer, geographer,

inventor, meteorologist, proto-geneticist, psychometrician,
and statistician.

P il B RO R TRl /AME S (private gentleman), EE37. T AR
B RS (ARSI, AR A, UL

Regression toward the mean ([ J3), Correlation (18 % &
#%), Standard deviation (77 %), Galton board (& /R BUR),
Eugenics (11 4 %), Weather map (A % ), Fingerprint (3§
£0), Nature vs nurture (e X 5/5K) ...



RIS AR

P2THI—-NAEBHE, &R FEF— Dok F45.
5 T KB Democritus  (460-370B. C.)

A B 2 [A] 5% R A4 5= B (association) Al A H (causation) .

KRR FR LR RAERFAM FEEZER (KD KR
KIEAFEILER R MFEIK CRIED KR,

AR — PR ) O BE, (HSRBRFHFEAZE B E KR (Proverb:

Correlation does not imply causation )

MV T (R, LR, WD

Dy 55 DR A i 40 R (ORI, WLEAER, )
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TS Tl AR x 5y AOL, AT REREAR I .

FIRIEG T P RN M OCEL . A8 IR A ™
% [X 73 < BE (association) 5 #H 5% (correlation)

FHEZE/ Hx, y A R BRI ZEFR M 5Ex, y R R I F
BREE HaiE 22K 2 (confounding factor) .

€ )
\Z/
FHEFzRTIMEE. Mz, x, y#EZR4L,

EAER My, HYz25 €0, x, ygEA
A, Z W T,

R 2R~ IRERA TR ER R T, x5y,
SN x5y AT REAAAE IR R A .
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B AL 26 AP SL). (A — KB A 1% 1 15 AR b, yAH K,
EATERE B LIE R X EA A < (BAa KT 23805)
SEANEAT M S REHLIE 2 &, &, ZRPEAR G, R F AR A

X=z+¢ N
Lo Hz e, e M07,
y=z+e¢,

Mx 5y AL AHZg Ez i x, y CGRAF) oL,

SENER, A —FEER D ZFRE
x, y NS GHHZR) ZBEDVEANTHE 2 .

RBEEER, WANEZTERBK:
Bz, x, y R A AL
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F12. TIARRieWie S ? R T IE R

. WERW, HizE S 44 W N IE AOm R BAR,
PAYEAE 2R Al TR Je i -

BiR, EEIRTNATFTCEER, WIEZREE. £EIRETHREE.

2. — IR FEHREE 1 24 B S BN 3 H il AL A 2 A L e A
LRAE, RIMEREIEMIS, PrelsT ik 5 8 E .

fik, RMERAAREEGMEAER. ZEEAFTFX - ITEHRBEXE
W, £2FPNAREAFILaE. BXRALEER - THEF,

3. HIERWIMEITZ M N RIRIUEBE, B At 55 Al S BU50% .
Hik. BEREE, LT RERRSHMER.
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TEWT A R B AT$e: 261433 [F] (Ceteris paribus)

AR LGl | HEWTERAONR A “ RIS , ROLEfRITIE Rk R,
WEBHNATIRE CER. K10 BT

TR R R AT ORISR AR
0 2% e _
DRI T PRS0, ARERR A B A

WEFEX R4 “ 2647 AR, ERAT RN
“ORPEAZR” —I, DURIE/ XS FFREA

A00m L FE AL S AT E 1.2 X 2 = 7.54°K
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rFiiit: M55k

ML E R R CERRE) MR E R E LW
FRBAT (EEXREFR) . RE5HEH T XA ET
X ERERHIFTIHRRLERF RN Z AL EHN

WL WEFON RASREC T TRE R3S, R aegahiegs, T AR
PEEARAAT R, 2.1, 2.2, WEHFAKREZE AN, ttaF
Ko

R BEHLECERIOR RIS R, LR . LA
R R I DR R B RO (ML, ST, 4
B 5 AHRIRE, KRS, FRETHL SCET R
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WL LA 7T (observational study) W EE#BIMEL, ANFETTil.
AR FERT B . R AR B 9R R e R A2 R R

WAL . K] JFokon, M5 ARl JFRoff, fTAR.

ERMEEAGE R IIT R () BEFEHIATE (v) o A AT REHTH. 2R
FT PR R B R A S T R S ECA BA R

anfr S TP ? lSe, FER—ZEg G BRI ORE.
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FEALALE

fill g

BEHLILA BRI (Randomized controlled experiment, Fisher 1920°s):
B RN R BUE AR CFRD |
PRI T 25 2 S50 TS A S A B R e RS

A A2 xR e 1 T B My (IR 2
FEHLACREE H, xHIIBUE AN BENL Y, AN AR R E &

R, Bl x 56 7E R0, SRR E 5 K2y 1
AR e oL (BhxS5eLiEL) -

T-H: BEHLR T @ —1 ) y: W

FERT B e P @/’

e: W GA G H
HH Sy A R
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i PR 5

25 7F 2 P ) s PR 56 (clinical trial)je i i WL MM LA
HALE . FTHIIERI AL E G, =l RIS AIF 5T 5%
ZENL T B FH AP E L2 (H RS T081) , M
H CRHFMEAEAREE)

xWTBUEA BT TR R EH S e, w5 N NEE
A0 8K, Fbhx SRrEEmy KT =R e TOL (e B4
e MRS EWNARIREER, PAYRIMES) .

WF L, WAHARARRR T x ARSI, EHERER A
([ A) o ERECP RN, an AT 257 R AEH N T
AR CRVFS% IR .

e R — BN EEid Y, A ATRATANEAN] (FESE
TR B ZHFER.
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13, MR A B I & 258 1) B s R AL ECE TN, AR IR H 1%
251 B35 H BE AL BCE T ANAE 5B (control), & I 545
B P A AR 7 9l iid >R B T8RN (1, o) FIN (wy,0%), FARKH, : 1, = 1,

TTHEEER gt e, BpfE p=0.002. %5it: 7£0.05/KF K244
AR ISR BEMER, MRS RETIHHGYER?

AfE. XML A lmRind . RAZYS G Nk Am
P, MIXMEFE AR S RWIEE A IS, WAarge SRk, FiEe. TR
FNRA K. g REEANRPFEA R Lhe b, TATRA D
B IR Rs FRAR ST

7+

 Control: ZEZitY+, control variable & “¥&#l| (HEZE) 7
e fEEBGRE HFcontrol HEAE “XFHEZH”
“CGRIG” 1B ST ? A TR, FEH TR
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ZH1:. FANRIEIT (Freedmansg—2)

Mammograph & — MOt B I & LR 1) 5. 09 1 K% Mammograph ]
ARNE,  1960'sTEANLIHAT T — A KBBEHLAEE A58 .

HIP (Health Insurance Plan) %97 £/ %4 700,000 3 72« H:H162,000 ™ w3 78
A40-64 1) 2z 1% G gk AL 20 A A BEZH (treatment) G néﬁ(control)

— . BiES I F4kfIMammographfF e, BAMES I —RIK IR
M. 13805 NIEZ S s

- SR RSin—KIR RS E, (B4 Mammographfii £ .

54 ER % (followup) J5 BB U0 R

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 1.3 837 27
Control 31,000 63 2.0 879 28

20



BAA LR H,: Mammograph LKL
B R B 3 B TV

K46 Screened ZH AN & ZH AL T Fp,, po A& 3 4H
I_.I; Eﬂ#g\_\!‘ Ho - P1 = P2

p, =23/20200=1.1/1000, n, =20200

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

p, =63/31000=2/2, n,=31000

Group Breast cancer All other
n 51 No. Ra No. R
5 =(23+63)/(20200 +31000) = 0.00168 size  No. Rae  No. Rae
Treatment
Screened 20,200 2@ 428 21
Refused 10,800 16 B 409 38
p1 p2 — 9431 Total 31,000 39 837 27
1/ 1/ 1 - : Control 31,000 63< 2.0 ) 879 28
\/( n, +1/n,)p(l-p)

plE=0.0157£0.05 Z E/KCT FRLA R R . X2 B i Eax?

21



BT R H E e B imt, FrblR RS2 & 1) Screened 2 /& Ab #
HIE—NEIMFEAR (ScreenedZH 2 YE =& M AT 7L 5048 )

HZ F, ScreenedH 5Refused 5 RG22 7
B AR RS m i N B ) T e a2 180 .

R 5 & & A AR E A (JER1%) . ControlHIZET: Fp, A HELL
Screened AL T Hp, B, #HE5 L,

“Hy: MammographTo” 5 “Hy': py = p" AEN
Ho AL ZAE T, AR p, 1 p, A— e A0 1A, X SEE N H 1% 1z

R B — A R R W . R B T LBt Screened ZH RN B8 ZH I AL T 1)
LR R,
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BT 1 7 i
Lt TreatmentZH (S FE 441 N ) A1 Control 2H..

p, =1.3/1000, p, = 2/1000,

A Group Breast cancer All other
p =39+ 63)/62000 = 0.00165 i No. Rae  No. Rate
Treatment
~ ~ Screened 20,200 23 1.1 428 21
_ pl B p2 _ _2 378 Refused 10,800 6 15 409 38
z = ~ ~ . Total 31,000 39 1.3 837 27
\/ (1 / n, +1 / n, ) p(l - p) Control 31,000 63 20 879 28

pvalue = 0.017, Ft LAMammographfi & i & 25 Hi R IE T2 %,

VE:  “Hy: Mammograph o3 ” AZES, HTBENIML, TreatmentZH il i
McControl B REGF T E X e ER (WATRISET-Z2AMHE)D , Frbl, W
A% H BT E 62000 M AU R B S, Hy © Hy's BER, #HXHy# &
Pzke s, WRH AR R SR AmEm, dhm— R R%

REWS LA IR LS E KT
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BIET: EEIHE]T B I AR A R I

a ~B(n,p), c~B(ny,p)),M3L; py=aln, p,=cln,
HO :pl :po E@Wﬁ#zliz-*‘/—\jgﬁ:
_ ﬁl_ﬁz qu N
z= S =(a+c)/(n +n,),
Jn +1/n,)p(1- p) p=tate)lm+m)
H, FIEEhz ~ N(O), plf = P(| Z* >| z||2), Z* ~ N(0,)).

10 it Pearson K 7 Gt it &G MR IR):

n(ad —bc)*
M oa b o SR i
Y J mn,m,m,
A2 g H, R X ~ 42
B BAE: X* =2,

Wwhb=n—-a,d=n,—c,m =a+c,my,=b+d,n=n+n,=m, +my PIFIEEE:
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xB2: ERAZE

19tttz i B, AN ZEXTEEL(cholerafG 4L JL-F— o T, 4HEE 2 Ui R ek
S — . 1855448 3k 2EJohn Snow R RE S FAT R FAE Gt
WD) FORE X5 83 M AP0 L A R sk FH 7K A G 150

W1848%F, WHUEK T ERL. Snowikih T2 —AwEl , NI NESLRAT
D TR M RGO 07 o IF EUR ISR — i NAF R 58— AN AR B9 5 Tl
R ERL ] e RAA1E Lt

IR IR A8, — DN RBRAE TER, 55— 18H. i
YOKRGMIGG T, MEEEA . XU GL AT RE S I T K AL G .

WI18SAEAC OB T L. SnowfEM & EARIR 1k KA X, 1R 295

|45 P £E Broad Street[) it /K 22 Fi i .

O Snow R I H EHLIX I 2%, K2 S5Broad Streetf <

O 551, Broad Street A BRI 7. Eoan— BRSNS, i)
LR T2 2R, i Hix) A B Ok R4

PR AR, ST Re S K R GA Ko
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W Snowdk BEEIIGHOA P ok A 7

— Southwark &VauxhallA ] : 7KIFALEZ=RE 3] NG, 75 Uvii .
— Lambeth A ®l: JKIEAE Biif, 154 H,

B Snow b 7 IX AN = FH T ) ERLAE T

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

plE=0, IR AR TR A LEZER . HEAIA R F X2 KA
Al FEA, BOMRKE— IR IT, A TARE R 5 i H e K T 80
HAET-HRAFE (L, Lambeth )2 2 1 BoA I BRI 644D«
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B Snowit— LA KL

A2 A AEAR BRI S S X ) HK R I, T IRAE 1, (A
BT PR P Al Re i AR 2 ]

P FIT S B S5STTHE R AR, P — A FIE A2 =] KR
ZE5 . HXRIEMBOKAR LRI AMOBTIEE. BT R B
TR, prabfr B4

FITEL, BRI F e, (HSLhn BIX2 — A RIBMBENL Ll | &
HEENLAE, PSR SR ER T KIERDKBEANE Z 51, A e AR A 5
?%%ﬁ%iiﬁﬁ(ﬁ%ﬁ),%u%i$%$ﬁﬂﬁﬁﬁ?mﬁ%

BT S . KA E L
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FE+htarmE], 5N (pauper) HIZEAEE BRI KL (poor-houses)
Rt (EE B SR AR ROE Bt TAE) » BiRost B A UM BU5F (out-relief)
T [F R 155K Yule (1899) #F 7% 1 B 4 RUGT A& & 238 2 AN 1 bl

Yulelll € 11871 5 T X &= 1 :
® Paup: 75 A5 A R ECA
® Out=N/D: R B /MAIREGE b N Kok Nz b, FEHIN= # out-relief;

D=# inside poor-houses

28



Yulel R B RIZHE N (Eold) MAHEZEL (Pop) BIEENE EPaupf ok,
WEoOutF R, e THHER, 7FEIIEH

B AL E TR R, ZEZEIFKRL N EER:

old " e: VLT SPaup
Pop GEHENHE, 5

Out,Old,Pop 37,

FENLUN R CRrold, Pop IMANBEAL Jin LE D
Paup=a+bxOut+cxOld+d xPop + &

| N/

R TH H'E 5Paupf
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HHold, Pop I A A AE TP T PO A, kAT RLE T R B Ay

A

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

I 55y BROld, Pop Xt Pop 52, FE-AIF 9TA% 1E J5 ¥ Corrected.Paup 5 Out
19 2. SRR ERf Hb>0, I5A AT KR L R

HEAREAZE, Outddin— "N T3 Pauptl b AN HAT

R RN IERR, B € 50ut,0ld,Pop AL (LLUIEARLE L intt &4
gzﬁi%a gg%ﬁ%&ﬁ%%ﬁﬁ?%%) , M4 EREERA B RK
IR = o
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CIPEba gl
(1) MEZLBHRHPIEHITFEEE. HEETESE;
(2) FIAREARFHITFM,




