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Table 8.1. Galton’s 1885 cross-tabulation of 928 adult children born of 205 midparents, by their height
and their midparent’s height.

Height of ' Total  Total
the mid- Height of the adult child no.of  no. of
parent ‘ - adult mid-
ininches <61.7 622 632 642 652 66.2 67.2 68.2 69.2 702 71.2 722 73.2 >73.7 children parents Medians
>173.0 - B e 1 3 —_ 4 5 —_
72.5 — —_ —_= = - = = 1 2 1 2 7 2 4 19 6 72.2
71.5 —— —_— — — 1 3 4 3 5 10 4 9 2 2 43 11 69.9
70.5 1 — 1 —_ 1 1 3 12 18 14 7 4 3 3 68 22 69.5
69.5 — —_ 1 16 4 17 27 20 33 25 20 11 4 5 183 41 68.9
68.5 1 —_ 7 11 16 25 31 34 48 21 18 4 3 — 219 49 68.2
675  — 3 5 14 15 3% 38 28 38 19 11 4 — —_ 211 33 67.6
66.5 - 3 3 5 2 17 17 14 13 4 - - — — 78 20 67.2
65.5 1 —_ 9 L) 7 1 il 7 7 5 2 1 —_ — 66 12 66.7
64.5 1 1 4 4 1 5 5 — 2 - - = - — 23 5 65.8
<64.0 1 —_— 2 4 1 2 2 1 I - — — —_ —_ 14 1 —
Totals 5 7 32 59 48 117 138 120 167 99 64 41 17 14 928 205 —_—
Medians — — 663 678 679 67.7 679 683 685 69.0 690 700 — —_ —_ — —

Source: Galton (1886a), _ )

Note: All female heights were multiplied by .08 before tabulation. Galton added an explanatory footnote to the table: “In calculating the Medians, the entries
have been taken as referring to the middle of the squares in which they stand. The reason why the headings run 62.2, 63.2, &c., instead of 62.5, 63.5, &., is that
the observations are unequally distributed between 62 and 63, 63 and 64, &c., there being a strong bias in favour of integral inches. After careful consideration, I
concluded that the headings, as adopted, best satisfied the conditions. This inequality was not apparent in the case of the Mid-parents.” Galton republished these
data in 1889, where they are referred to as the R.F.F. Data (Record of Family Faculties); he then noted that the first row must be in error (four children cannot
have five sets of parents), but he claimed that “‘the bottom line, which looks suspicious, is correct”” (p. 208).
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plot(y~x, xlab="adver", ylab="sales")
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adsales.Im (- Im(y ~ x)
anova (adsales.Im)

Analysis of Variance Table

Response:y
Df Sum Sq Mean Sq F value Pr(>F)

X 16695.3 6695.3 455.54 1.136e-09 ***
Residuals 10 147.0 14.7

Signif. codes: 0 “***’ 0.001 **' 0.01“**0.05°0.1°"1

SSEO|| Chot HE &=
‘Residuals’ 0| LI} ULt AFRE+= 100|131 SSE=
147.0 O|C}.

SSRO]| Cifst =
X M| Lt UL AFFE= 10|11 SSR2 6695.3 O|LC}.

» F, = 455.54
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summary (adsales.Im)

Call:
Im(formula=y ~ x)

Residuals:
Min 1Q Median 3Q Max
-5.7539-2.0502 -0.1639 1.4285 7.4546

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.28480 2.88935 1.137 0.282
X 1.59716 0.07483 21.343 1.14e-09 ***

Signif. codes: 0 “*** 0.001 **’ 0.01“** 0.050.1°"1

Residual standard error: 3.834 on 10 degrees of freedom
Multiple R-squared: 0.9785, Adjusted R-squared: 0.9764
F-statistic: 455.5 on 1 and 10 DF, p-value: 1.136e-09
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summary (adsales.Im)

Call:
Im(formula=y ~ x)

Residuals:
Min 1Q Median 3Q Max
-5.7539-2.0502 -0.1639 1.4285 7.4546

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.28480 2.88935 1.137 0.282
X 1.59716 0.07483 21.343 1.14e-09 ***

Signif. codes: 0 “*** 0.001 **’ 0.01“** 0.050.1°"1

Residual standard error: 3.834 on 10 degrees of freedom
Multiple R-squared: 0.9785, Adjusted R-squared: 0.9764
F-statistic: 455.5 on 1 and 10 DF, p-value: 1.136e-09

Bo = 3.28480, B, = 1.59716 0|,
HIEQ2} SE(B,) = 2.88935 , SE(B;) = 0.07483
7+

v Hy:p,=0

v H :B#0

HMEH2F ¢ = B1=b
159716 —0
0.07483

St= = 21.343
0| 22| o|0|= g, 1t 02| 2}0|7t RF2| 2F 21Hl 2h= 22
71 z2t0(7t 0 30t A2 Y 4 ULt

AlA| O] ZHof| CHSE p-value = 1.14 x 107° EC} oo 2

2714 Hy 8 712
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# ZH| (x) 2] A

summary (adsales.Im)

Call:
Im(formula=y ~ x)

Residuals:
Min 1Q Median 3Q Max
-5.7539-2.0502 -0.1639 1.4285 7.4546

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 3.28480 2.88935 1.137 0.282
X 1.59716 0.07483 21.343 1.14e-09 ***

Signif. codes: 0 “*** 0.001 **’ 0.01“** 0.050.1°"1

Residual standard error: 3.834 on 10 degrees of freedom
Multiple R-squared: 0.9785, Adjusted R-squared: 0.9764
F-statistic: 455.5 on 1 and 10 DF, p-value: 1.136e-09

Bo = 3.28480, B; = 1.59716 0|,

HEQ2} SE(B,) = 2.88935 , SE(B;) = 0.07483
71443

v Hy : ,80 =0

Vi Hy:By#0

1M EH2E ¢ — Po—Fo
St = 3.28480 -0 —1.137
2.88935

p-values 0.282 £ §9|£= a = 0.05 HCI 3B E 2T}
Mo 7|zkst £ ofrt.

AlA| 0] Z¥oll CHSt p-value = 1.14 x 107° HCtAoOZ 3
BIME Hy & 2= (B, = 0)

£(0.025, 10)= 2.228 22 0|2510] B, Of| L3t 95% AlZ|7L
{t= ol 24t

- 3.28480 + (2.228) x
- AEHLZol 02 &

8935) = (—3.15267,9.72227)
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=35t Q

24




S|HRYO| 37kA| 7+ S &elot7| fIsHA = 2aE40] 2ottt

eateto] 7+

v g~N(0,0%)2 714

vV AR A2 USH o+ YOHE ¢ QHH|RH A2

MZE|E Hate; =y, - 72 7HYES UE

Q

v SEAN HE A APEE 0|2, Breusch- Pagan A%
v . 4H&E 13, Jarque-Bera A&

v

: Durbin-Watson 44

25

714 2H
NEE-L] - £
24
(2EMH) (Hgt=3)

H|ZH(criticism)

UM, 2 WA12f S Eot
CLissd8 s d&



FCt.

9

10O
e

i
=

Of

9| 37}A| 7t

E|

O
o

IHZES

=)

[N
N|o

oj

AN

26



9| 37}A| 7t

%

S| H=

0lg

Off ¢/l

X0
w1

A

v

27



= Q-Q plot a2{7|
1) ey, e, 2| B2 F0| 0, = ZM0| 10| E|=5F BESISI0 e, e, 2 BT
2) e, en' 2 A2 =MUR BIESIIL OIF ey, -, ey OIEFLL H2
3) Uf ey, -+, ey Ol YHERE WRTHH OIS 501 0] 421 L Z~N(0,1) & I,
P(Z<ey)) =02, ,P(Z<ey)~08UAY

2t (P(Z < e(yy), 0.2), -+, (P(Z < e(y)),0.8) B ZtE HHO|| y=x 2|M0j| 77t

28

™ 7

i

gjo



o1 7|22 of
3

314 4
TEE SEE Y4 BIHE SiLio| WHOR M
J3M 4 2NE HES IS

ox

=

E

20| S| AEJMO|L} HER

* FTY 1S 25 22 )
7 | 5 A HAME S S5 S ZHS Wl

29



S| 2| 37tA| 7Hd = &l | ¢

4 : Durbin-Watson &%

2
i=1€;

>

A
3
v

D= 0~4 AtO[2]

30

= Durbin-Watson Z1& E7|2F

v S|FEM0IA 2arete] A7 |dEHd 6EE Hie4

=

YHOE HYot/| floll MEE= YH

v 1242 A7 ABAY 74

" At

Z440] 234 0| A ?§$01IE sza %;E% -
SEA OO
= T HAO



AN

R CODE

# FAfe HES ditst= 1271 7| 40| Chok
#1A I'-*J_HI(EE.“:' , X)2F IIEH (S5, y)
I=5S L= S=

# BZ5} A3pE0| MMl HASIEL

par(mfrow=c(2,2)) Residuals vs Fitted = Normal Q-Q
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(3) Su4 7Y

library(car)
durbinWatsonTest (adsales.Im)

lag Autocorrelation | D-W Statistic | p-value
1 -0.4398787 2.470312

0.558

Alternative hypothesis: rho =0

(p-value = 0.558)
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