Chapter 3
Descriptive Statistics II:

Numerical Descriptive Techniques
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Objectives (1)

B 7|< 3 A% (Descriptive Statistic)
e 1 7|9 (Graphical Technique)

e 3] 'Y (Numerical Technique)

B 34l 9] X (central location)

e Y7 (mean), 5%k (median), F W Ft (mode)
B 54 (Variability)

o 9| (range), ¥4H(variance), £ H Z}(standard deviation), ¥ & Al (variance coefficient)
m FEHEF (empirical rule)

o FFOZHH I1EFHAL 28FTHA) 9] t=F4Q v &

o AU A Z 9] 2] (Chebysheff’s Theorem)




Objectives (2)

B g 912 9] = (Measures of Relative Standing)
o M E-Q]<= (Percentile)

o AlE-9]4* (Quartile)

m ke AF A

o

o F¥2HCovariance)

A} & A4 (Coefficient of Correlation)

o ZAA A4 (Coefficient of Determination)
P

o HZAA5A (Least Square Line)

|. Central Tendency




Terminology
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B n (FEAIYF
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m X FEEAZYHA

Mean (Arithmetic Average)

m Ao
o BZASL RTEUIF, o2 AZXIY AFZ Ve #
o BRF ix! XEHFA Ex:
= =

B A<= vs. 7] 318 I (geometric average)
e 7188FE: Ry =Y(1+R))L+R,)..L+R,) -1
o 10,0009 & 2137 T2 T 7+

A3l o] 2§ 100%; °153) < 4 E -50%

=272




Mean (Arithmetic Average)

B oA 2.4: Hd AT A8 Xmo02-04

IE] mEE BEE) EI ZED M0 32T HI0E(D)
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SUM * X & =AVERAGE(A1:8201)

A B | ¢ | o | E | F | ©G
Bills
4219
38.45
29.23
A9 .35 |=AVERAGE(A1 A201%

118.04 [AVERAGE(number], [number?], ...} ]
110.46

Q.00
72.88
A83.05
9573
103,15
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Median

o A2 AFT RS AN T 08 F ALY ge TF F, 0822
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Lol A ALg
B o A Xm02-04
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sUM * X o A& =median(al:a201)
A E | ¢ | o | E | F
1 [ Bills
| 2| 4219
3| 3845
4| 223
5| 8938 43,5876
6 | 118.04
7| 1104k [Emedianat:a201)
| 8 | 0.00 [ MEDIAN(numberT. TnumberZ]. .7
9| 72mm
10| 83.05 7
11 as 732




Mode

o ASAE FIAA 7HF E RNEFTE 7HA= #5A
> = o
o HWIgk2 3tte] gho] obd ¢ S+

B A (Xm02-04)
£l Microsoft Excel - Xm02-04
] mENEr MEE) O EIGG AR My ERI 0ot
P A G @ 3o 2 [T
e ileesls N -

sUM * X J A& =MODEAT:AZO1)
A, E | ¢ | o | E | F

1| Bills
2| 4219
_3 | 3845
4 2923
& | 8935 43.5876
B | 113.04
7 1046 26.905
&8 | 000 IZMODEiA'I:AQm)
9| 7288 nurmberl. [numberd]. ...
10| 8305
1| 9573

Which is better?

B A1

e 5aud? A<l
= 300%HY

oy

o W3 vs Hd ik vs NI

g9 49T e
2

B oA 2

o 5% A9 $83} go] HHL Be 3 2y
= =%} 100, 80, 70, 50, 30
= 99]:75,70, 68, 45, 25

o FAEO| o= }BS F FEAN

B Mean vs. Median

&3 2o
009+, 1009H, 2007H, 40007HY




Il. Dispersion
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Measure of Dispersion
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Range
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LY A B @ 3 100 |

> X o A& =max{aZ:a201)-minfaz:a201}
A [ 8 [ ¢ | o | E | F | & |

4219 Range (81 2])
33.45 =maxfa2 a201)-min(a2: a201)
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Variance & Standard Deviation

o AZX
et L, (-’ EERE o 3L ~X)%
N n-1
E—E%%i} O = 1’0'2 E%E%SE _]' S = 5’2

B ¥FHZAF vs. HEFAS (coefficient of variation)
o 339 o}FE 7}A0] Z4 7} 19 Y, 29 Y, 39 ¥
o 3719 4] 717 o] Z+z}F 19+, 109+, 100%HY

g
o & Eﬁ% 74]'112 = CV= - E%%%ﬁ]-}f— = cv=
u

=] e
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Variance & Standard Deviation

olt

B OlKl3.7: HS s Ol=HI0IE

e Sample: 17,15,23,7,9,13.

S X, 17+15+423+7+9+13 84

X === =— =14 jobs
6 6 6
gl ] (1714 + (15-14)*+..(13-14"] = 332
n-1 6-1
52=L[’2xf-@:‘="mh}= L {[l?%151+...+133}-(17+15+_"'+13]h]=33.2
n=1]i= n - 6
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Variance & Standard Deviation

B o A Xm02-04

o AH FTFHXA}
!

) o] | L | L | C
Bills
4219 Fange (221 AME2 %+
| 35.45 119.63 9.3585
| 283
| BY.35
| 118.04 =&t
| 1M0D.46 |=vaEaZ:aED1i| .@@%!
| 0.00 VERTnumberT, Tnumberz]. . S v X o A =stdev(A2:A201)
T AT 8 [ ool o [ E]
1 Bills
2 4219 Range (H &) AE2%:
3| 3845 11963 9.385
4| 2923
5| 8935
B | 118.04 EFTA
4| 11046 =stoev(A2:A201)
& | 000 |STDEU(numher1,[numberE],,,,)|
9| 7288
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Variance & Standard Deviation

RE HolEr 2A & ¢, 2% FEUAE o] obd
Y H: TR =T

EE A5 F68%E BT 1 EEBA oMo 30t

EE F5X)] F95%E BF| 2 EFHA o U] 30t

BE BAFAY % 99.7%E BT 3EEAZ} oo £33t
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Variance & Standard Deviation

m A

] Al B.¢] A 2] (Chebysheff’s Theorem)

BEN2EIPY BEd 4§ (FE WHRTHE AurH Q)

1—% for k>1
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Relative Location

B 295 (Pth percentile)

o O] ZETH HL EC] AZXE2 P%o|aL o] R E EC] AR E9)
(100-P)% <1 %t

m HEQ5o $X]
P
L, = 1) —
p (n+)100

whereL, is the locationof the P™ percentile

m oA 3.11
° Sample:O 05789 12 14 22 33
e L, =(10+1)(25/100) = 2.75: 2H K @+ 3B KH 2= 34 2 IOl =W

e 0+3.75=3.75

18

Quatrtiles

e
o AHESHT
o HolHEZLE AV HFELE UFo] SN FEE FH
o WA ALY (first quartiles): %&$] 25%
o FHA| ALE9 <= (second quartiles): <] 50%
o Fa1: A B9 (deciles), W94 (percentiles)

o AHE9] ¥4 (inter quartile range): Q3 - Q1

B oA
* X o & =QUARTILE(AZ: 4201, 1)

B | ¢ | b | E | F

Range (H2) AMEH
118,63 |=QUARTILE(AZ: AZ01 1)
array, quart

u:-‘.u|m|4=.|r_u|m|—=

19




Box Plot

_III

t2 39 (Box plot)2 5709 SAIA] (A4, A, AAHEA S, FHA
ARSI A AALEY ) E o) FS 4 Y.

m 2 A Hj

(Wﬁe r}r T\

| J / Whlsker (1L5%(Q+=Q,))
o AR, T, AR RS

B Data Analysis Plus& &3 7& 715
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Skewness & Kurtosis

B 9% (skewness)

o WS TAHLZ A AE A BFAZIE B H= 3=

o (1) 9 =<0: o2 7 ng
e (2) Y=E>0: o=z 71 iy
e (3) HE=0: AS 97

B % (kurtosis)
o HOEES B¥/} AFETE H ) Ao} BEIA S YIS
e ) HAEB: ATEERTY R

o 2) AL ATFEEXHY FEY
e B) AE=3: AFEERT} 3EY
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Skewness & Kurtosis

B oA Xm02-04

LI s ST IS

sUM ~ X o & =skew(a2:a201)
A | B | C | o | E | F
1| Bills
| 2| 4219 Range (22 MRS
| 3| 3845 119,63 9,385
4| 2923
5| 893
B | 11804 EEEA
| 7| 11048 35 56570045
8| 000 SUI > X A& =huri(a2:a201)
i 72.88 |:SKBE8223201 A, | E | T | 0 | E |
10| 83.05 SREWEnumﬂerl, numberZ], ..} ] Eills
11| 9573 T
e 2| 4218 Range (&) |AHE#I+
3| 3m45 119.53 9385
4| 2923
5| 8935
"6 | 118.04 TEEF
7| 11046 38.96970945
8| 0oo W=
9| 7288 0.541373548
10| 83.05 HE
1] 9573 [Ekunt(zz:a201]]
12| 10315
Summary Statistics
B o A Xmo02-04 Columnl

o ET_HolHEAIEEAY

H 43.5876
Qo o . —_ _
° HHHA ALA201 HE QX 2.755575
o QAFAFZY =gt 26.905
x| Blgt 0
gamammaw R oam v - Bt TZ=HX 38.96971
el
E11 - P = b 1518.638
a8 L c [0 IETFLEL mg -1.291907
s He 0.541374
29.23 24 EIA)
89.35 soEsadgnE ~ L= H2P 119.63
oot BN BA S H2 08 Wag EEEN B PN 0
o R ST _ St
7268 /| x| CH gk 119.63
83.05 _
9573 st 8717.52
3452 2= 200




lll. Linear Relationship

B T HEZY AF DA 9 =) W3 (strength & direction) 0l CH &t
FEE M36t= =Xl J18 0l ol & H=
o Z=F {4 (covariance),
(coefficient of correlation)

A
o Z A H < (coefficient of determination)
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Covariance

m

o ¥ WSo) 3ol ZH7te] WO = RE Wl FojA YEXE Y
2H, 5 Were] AP AAE Fotalr] SIsIA ALE

=
_'_
PN
TX 1

PXCETRIATETS

Population covariance = o, ==

N i -
S, -0, - ) e 22
; _ ;o =l =l
Sample covariance = s, =+ - YW= 2%)1 i
m FEA 5A

e (-inf, inf) A}0] 9] & 713
o FEALLS o ujgt F WFIHe AAETS el Bo|y, 7)== FT
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Correlation Coefficient

m Ao
o THALF WS RFUAY FOB PROE R
o FEANE F AT scaled] U 1#H 7 A3 e v, FF A= scale?l
g 227t 23 E o gl
Population coefficient of correlation: p=— Sample coefficient of correlation: r = Sy
m 53 e
o FBAT=ZE _ A __ Aol EAF
o FHATIIIAN ZMHeH,  BEBAE AV
o FHATF-1 77, ARABAE AW
o AT ZMHH,  AEEA v
o (D)F RT7FSHoIY, F 53ty FAAFE 02
o () F WSS ABAST}00W, F RS E B2

Example
B oA 3.16: FEALS] A4t

® Y (¥ F-y) (-¥IY¥-¥Y) covariance
2 13 -3 -7 21

Set #1 5] 20 1 0 0 See = 17.5
7 27 2 7 14
2 27 -3 7 -21

Set #2 & 20 1 0 0 Sw =-17.5
7 13 2 -7 -14
2 20 -3 0 0

Set #3 5] 27 1 7 7 Sy = -3.0
7 13 2 -7 -14

For each  _

sef. X=25

I
ra
[




Example

B EFHX A4l
S

Sy 175
Sy (2.65)(7.0)
Sxy -17.5

= sS,  (265)(7.0)

= Sxy _ -3.5 _
SxSy  (2.65)(7.0)
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Correlation Coefficient vs. Scatter Diagram

C‘l Strong positive linear relationship ®

porr :< 0 No linear relationship o "o o

(1 Strong negative linear relationship
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V. Least Square Method

B AXEE AFAA Y ZES HFS 53
B AXTo] AHE T30 4= BFE T3
B o] & 93] /g Wi o] HAA5H (Least Square Method)

y=b,+bx g

e
[
X

|
[\)(-u
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Least Squares Method
B A 3.17: 1A ¥ &7} HEFH]-E2] F3; Xm03-17
y = Db, + b;X
. Ehy=HHUIE, b= DHUIS, b, =HSHIE, x=B 2%
A 1: 2" A4k oA 1253 0] A FZE
HEH 2: Excel N
Mumber of tools |Electrical costs = oA I
s o il =
2 15.98 35] LB
] 517 50
1 3993 o5 |
5 i 20 =
; e | 4200 2
40,00 - e 10
35.00 - 5
30,00 . | CIOENAZ NSO, [ 0
25.00 = —= HE ZE(Y).., BT
20.00 o 2L H0IE(E).., I
15.00 | 2HH 2IHE... m ] B
10.00 - [22p) M
5,00
0.00 ' = RS
0 5 10 15 20
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Least Squares Method

| onsw@r o2 men
2| o ABR RC)] 1
20

16| 2e=E: =L
10]| SIZE: =

50,00
jg-gg y =2.2059% + 968784
B 35.00 //
+

30,00
S0 . / +« A1

. iz J—E =
220 ] (| 2000 ://: E—
15,00 =g
10.00 .

5,00
D.OO 1 1 1

ro
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