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1 O#EFBESRE Measures of Center

1. {8 Mean
o WME (EAREND: KFra WIAEA NG Bk LI R L

« Mean (arithmetic average): computed by adding up all the observations and

dividing by the total number of observations.
« population mean (AAIME) H p F78, sample mean (FEAIIME) H 7 Fox:
> i T

n

T =

o Bl 6 FKAFKITER (P/E): 35, 30, 22, 18, 15, 12,

o BHE S IIME Z H ) PE SRR deviation ().

1.1 H{i# Median
o BPOIE: R EdERT A AT PR AR
o Median: the middle observation when data are sorted.
o FAPECHLIN: BCREAE ARECSUIN: BCRIEPME T

o I R EW/NEE: {0,712, 5, 14, 8, 0, 9, 22}, A ECH 8.5,

1.2 BHESHMUEHAILEE Comparing Mean and Median
o HENRIRERK, HAEC R E .
« Mean is sensitive to outliers; median is robust.
o SRR symmetric(RITR) KA, B 5 bSO A
S B S, T skewness((RIE) HORLEE .
o AT, BME > hAEs AfmarAn, WME < A

o WMEATEEN A FEHE (categorical Data), F1U07H $% & vF0H1E AN 3.4 4 (5
SNRETREED BT BITEG S EEE. AW, 04SP E I
) R — B, HLIEA B T
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1.3

1.4

The average household income, however, was $73,298 in 2014.

10th 50th 90th 95th

12,300|
$ 3

X 553,700 Distribution of
\ Household
/ g‘i $157,500 Income
2014

$206,600

i —

ensus Bureau. Cument Population Suney, 3
= =so¢uamemums.p¢

1: Mean & Median example

HAXt{E Weighted Mean
Nk

HH TR A RS, AR 2 B Al S (B It s 9 dn g 2K
N

R T0% BREE + 30% foidRZH A a3k

JLA ) Geometric Mean
T B 5 A

G = "ﬁfl?i, z; >0
\ i=1

T

A EE G PIRE R ESF

Rg =

T
Hl—i—Rt -

JUABHESR 2N T ERGE T SARIME, AT WIME S AR, 5 A4 55

JUAT-P B [l 3 5 S R 12 — T 58 I B 4 [l . AR [l R R AR T HLUR
BP9 7T

AN/ 35 XWM%m%ﬁum%m,~$F%ﬁmm%m,*#Eim%@%
A 100 £t (BB EOZ M E AR E R R ZE S JU R ERRE
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1.5 B9HI# Percentiles

o BAH Percentile P: —MUE, 156 y% BN T BEETXE, FKA
(100 — y)% IHERE KT %14 .

« Percentile P,: the value for which y percent are less than or equal to that value

and (100 — y)% are greater than that value.

e Suppose you scored in the 60th percentile on the GMAT, that means 60% of the

other scores were below yours, while 40% of the scores were above yours.
o Quartiles U E: Q1 (25%), Q2 (50%, median), Q3 (75%).

o Quintiles AAHIE: 20%, 40%, 60%, 80%.

Table2 Concentration

Top1%io
: Gini Coefiicient of i 99th to 40th
Variable : Botiom 40%
Index Vanation ] Percentile Rafio
Rato
Earnings 0.710 294 10.71 4406
Income 0.664 320 447 2507
Wealth 0.761 454 945 53.13

K 2: percentiles example table

1.6 #F6%[E Box Plot

o HF CHEMEE BMEL B (QL. A, =D (Q3).
i KH.

o TR Q1 B Q3; FEERBRRIZE: A (Q2); Aikk: M EARTHAEN &K
N B RAE

o W outliner: VA7E Q1 - 1.5xIQR LLFEK Q3 + 1.5xIQR LA LHI1H.
« IQR = Q3-Ql.

o HXTEMZE (Back-to-back box plots) 7EXTELZ /N AR S0 ASEH o
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<— putside walues

gdjacent lins — <— upper adjacent wvalue

rhiskers

— <— T75th percentile {(upper hinge)

box <— median

— <— 25th percentile (lower hinge)
vhiskers

adjacent line — <— lower adjacent walue
o <— putside walue

o Practice: the three quartiles of a variable are 60, 65, 70 and the maximum and

minimum are 35, 90. Are there outliers in the data?

T o E o IR R RUAR, BUEARRIFAE AT, AR A AR R A
Ko A IRELEAF AT = FEARAL, MIFRATBCA B A 1% A e S AR 2 a4
FERIK o

2 SEEE= Measures of Dispersion

2.1 #HZE Range
o RE: BRAESRMEZZE.
« Range: Largest observation minus smallest observation.
o Rl {4, 4,4, 4,50} 5 {4, 8, 15, 24, 39, 50} MIRLZEMFE, 1E 2 EFEEA .
o WZEXTEBERERAR, Exd R EEa -

2.2 HFE5S¥rHEZE Variance and Standard Deviation
o« FE: BEHIESWEI YIS E.

e Variance: Average of squared deviations from the mean.
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MR ER o? Rox, HATEM $* Fox:
2 Z?:l(xi — 1)

ST =
n—1

WOEE: JTERT IR, 5 EREE AL

« Standard deviation: s = v/s2.

Ji MR HEZ R A RUR, AR gl .

o JTZEMEALR R R AL T, P HE DL EDWAR L, TR v 22 S R A U DL

B — B (TR

priEZ (s) T EEUE B SR E B BRE R, HOCH B EPER Iy 0 B AR br 4
EH .

PRHEZE () 55T 0 MM — TR oL BT B, R Ta W{E 5 A R s 75 ),
EZE (s) BT 0.

o BRHEE () RABTTHIE: BRI S 8O KN

2.2.1 Why divide by n — 1?7

RNEEMANE, WA n -1 AMEETUEBRL, BHEZ n - 1.
M n— 1 AMEREATT 2 s* RONEARTTE o B RAlT.

o WAL, beEIESEEEN T ZRANE HEN 0 — 1 RJ50 A0,

2.3

T F A2 Coefficient of Variation (CV)
2 L RE BB AL A R P B R EE I S USRS, R AR R R

CV =

SIS

o Wl NRE CREEHER 7000 J15570) MRAF CPEHE 8.2 12570 M

24

PRUEZEHRAE 1680 J336TC, (HARSFE R EAA

2255550 The Empirical Rule
XTI AT QRS-

— 27 68% BIEEHEAE T+ 1s Wo
— 27 95% HIBIEIELE 7 £ 25 o
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— 27 99.7% WEIRTELE £ £ 35 o
o Bl PEBEMGESMEN 172 cm, FRAEZEAN 7.5 cm, N

— 68% fF 164.5 cm & 179.5 em 2 JH].
— 95% fF 157 cm & 187 em ZJH].
— 99.7% fF 149.5 cm & 194.5 cm ZJH].

—35 =25 —1s 0O +1s +25 +3=

K 3: empirical law

2.5 WILEEFEXALZEFI Chebyshev’s Inequality
— MR

WHLAL R X BAARMEFEHE EX] = p M ZE Var(X) = o2, WXHEE

t>0y ﬁ: 9
(o

PUX—plz0) <5

FMER
é’\t:ko_y :/E\:I:Pk>07 IJI\IJ:

1
P(IX =l > ko) <
)L A A T DA P AN

1
P(|X—,u|<k:s)21—ﬁ

o EHIFAEMIARI 34, LR (AL T
ES

D1 —1/k? MEEEETE 2 £ ks W (k> 1)
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o

— k=2: £/ 7% AR 2 £2s N (ZIGENA 95%) .
— k=3: &£/ 88.9% HEIEE z£3s N (LIIEMHN 99.7%) .

= 1. VIE RAGEA T LB Proportions from Chebyshev’s inequality
k [X[d Interval Z/bLA Proportion (%)

1.25 T+ 1.25s 36
1.5 T+ 1.5s 56
2 T+ 2s 75
2.5 T+ 2.5s 84
3 T+ 3s 89
4 T+ 4s 94

3 DHmIIKEE Measures of Shape

3.1 {mE Skewness
. RERH:

n —

Skewness = o= J(n 5 Z (xl S_ x)3

1=

o IEfW CAfD: ¥ME > A, A maEKE.

o Gl CZEfD: ¥IfE < AL A MAKE.

o M IEERIAERHERER, Kl 0 RS P ™

o HHTAAAE H A B R AR bR (IR BRI L R K80, PRI 5 B 8 BT A P F) L A b

K,
o il FEWANSME 24 (Tan &, 2017):

3.1.1 1REZ> Practice: Skewness

o INKRASHIEEIRDATY NI, A& 1 MEN 0.77, A& 2 WEN-1.11. LL
SR E A 2

A) XSTFHAE 1, PAEUNTIE.
B) M THE 1, REKTHIMAE.
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C) MTHE 2, HERKTHME.
o B A CEREIE > A0,

% 20 FEWN 5 & 5345 ) Skewness of Income Distribution, China
AR YMEFTE A AL WES A it FEZ

Variable Location of Mean (Percentile) Ratio of Mean to Median ~Skewness

[N 7 2.12 17.74
& 80 3.48 33.83

3.2 Ig&E Kurtosis
o UBRE: fTEIATRIERE MR HESL
o Kurtosis: Measure of how peaked and heavy-tailed a distribution is.
o HERE R K T IUBAED:

w i (i — )

st

Kp=

LA ATHIESEDN 3.
SRR E R R RRE (EE > 3), BImEEZ.
o VERG: WEERN A EAT LR R, (EEE A

{+) Leptokurtic General
Forms of
(D) Mesokurtic Kurtosis
{Normalj

{-} Platykurtic

10
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4 ZZMXZREE Measures of Linear Relationship

4.1

4.2

4.3

B Overview
2R ¢ AR T 2 AR 2 (8] 2R 14 ¢ AR B B BE AN ] o

Measures of linear relationship: Provide information on the strength and di-

rection of a linear relationship between two variables.

WA ENS: 7% (Covariance). MR FREL (Correlation Coefficient). /> — 3¢
[AlJH£E (Least Squares Line). #E %1 (Coefficient of Determination, R?).

i&?&ﬂéﬁ: EEXj‘i&TE (xlu yl); (%2, yQ); SRR (]Jn, yn>°
AR RETFEIGHRELIERR, HMRR (WIRKAR) Al BETIE .

A Z Covariance

A5 ZE Sample covariance:
(@i =) (i — )

N n—1

Szy

‘E“/TZ’KTJJ‘ﬁ%‘;)EH O-Q:y %/j——\‘o
f#%% Interpretation:

— IFMH sp > 0: o My BRI (EAHD.
— PUE s, < 0: x My RIS (FAHK.
— “BUR” WAEIEE RORBRR R, H R WIRRERR], HAZENE .

tHXZ&E Coefficient of Correlation
HEARMEXRE r: KT b dE, HERENRN.

_ Say

SuSy
SMERR R p £,
% &R Properties:

— PUEVEHEEE: —1<r<1.
—r=1: EEEEHERR,

11
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—r=—1: BEMLIERR.
—r=0: BEMKR GEE: ATRNFEIRZEMESRD.
— AT A R B R L R R R ISR .

[+1 Strong positive linear relationship /

0 No linear relationship

A

porr=

-1 Strong negative linear relationship

oo of
. . w *
.

Sy

Correlation r = 0.5 Correlation r = -0.7

4,

Correlationr = 0.9 Correlation r =-0.99

4.4 sw/N_3F[OYI% Least Squares Line

o HR (EMUSETIG KTk, Wk o 0y R
o T MBS S (5 — 40)2
o« By =Byt fra+e

— fi: BF (Slope), Fox o BIGIN—0AL, y KT EIRLE.

— Bo: R (Intercept), X4 z =0 K y BIFNAE.

o B {hiT Coefficient estimation:

. s s
b=
s2 Sy

o=y — T

12
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o REREMRAMAIRR: o B DIriEZE, TR y 221 r DRiEE.

4.5

4.6

IS
1

Fat gain (kilograms)
N

o
1

=200 0 200 400 600 800 1000
Nonexercise activity (calories)

REZH Coefficient of Determination (R?)
SE S IVARERY P BEARRE o (KA S LU

BHER (- 5)°
BER Ll oP

R* =

HUEEE: 0 %) 1.

fRRE: R? K, ASLAR St o S8 AR e 1 AR R

TERAR LR IERIH . R? = 12,

Bl BRITEE ISR R? = 0.61, BMKE 61% MR INAE 7 n] HARIE 3hE 3]
(NEA) IR FfifRE .

JEEEIN Cautions

NEBEMXR: MHXRYOURMLEIESCEL, FELME R T REBRAG .
FLBERTE: EIHENSLEeHIHUIE, RELR ISR,

SMERURS . ERCEVE I Z SMEEAT TN (AN AR AT EE.

FERRMEME: AHOC R BOR B/ RN 2 AR RUK, S R T REXS 45 R AR KR
M o

BXAFTER: HEAERAR, BAREEHERDIR KR,

13
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4.7 %3] Practice

o HH: ZFFFHREHWMEE (CIGAR) 5HIKRA (INCOME, HFETT) X
FRo WRAEFEABIERE, #NERAE 0 E ),

o CRIER I Eh

o [A)E:

giit& CIGAR INCOME
P1H Mean 42.4
L% Median 10 36
AEL Mode 6 ~
PrfEZE Standard Deviation 19.16
BEA )G 2 Sample Variance — 260.23

M % Range 58 76
/MHE Minimum

B NAH Maximum 60 86
MAT Sum 433

WAL Count 25

1. AFEART 80% HINFI9RERWL 17 SO, IR 20% NP 355E R 22 /D02
2. A8 E (CIGAR X INCOME) e K2 ey 3 2

5* Summary

o & (Central Tendency):

— ¥IE (Mean): FARVIY, X578 (EBUK.

— i EL (Median): FEFAIE, X555 ERE.
— JUA ) (Geometric Mean): T IK R FE S FHR .
— BLCFE) (Weighted Mean): HI 20 & 84k 804 2H £ ds

. EH#EE (Dispersion):

— % (Range): faj¥(EA TR {2,
— HZE5WHZ (Variance and Standard Deviation): ¥ HRIAR FEE & .
— AF 5% 2% (Coefficient of Variation): AT EEAS G N s 12 8%

14
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« 37K (Shape):

— fWBE (Skewness): H&EIFAAARNFRNE (Fifi FfwDo

— WERE (Kurtosis): {75441 9 Ui Rl R
o ZWFENELEERXAEFN:

— Z507E 0 (Empirical Rule): &M TEES40, POg G TH A,

— Y E AR, (Chebyshev’s Inequality): 1& H TAF & 204, {57 AlitH L.
o Z%&MXxA (Linear Relationship):

— P52 (Covariance): 8 3% 2K 1 77 174 o

— MRARE (Correlation Coefficient): Ir#E(LINITI T2, HELMXREES

J7 6
— /N IE[AIHZ (Least Squares Line): A HEE L, kiR .
— PUERE (RY: frEiER R 1 RE

15
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