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Abstract

Based on the important application of order statistics in mathematical statistics (nonparametric
statistics), this paper introduces order statistics in detail. The concept and properties of order sta-
tistics are given, and the distribution of order statistics is different from the distribution of ran-
dom samples (population) and is not independent through the case of discrete populations. Dif-
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ferent from the common microelement method, the partial integration method is used to prove
the distribution density of the order statistic, and the numerical analysis and image fitting of the
distribution density of the order statistic of the common continuous population are given from the
visualization perspective. Finally, the important application of order statistics in statistical work
is explained by commonly used nonparametric test methods.
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Table 1. The value of the sample and order statistics

F 1. BEARRFHITENRERR

X, 0 0 0 1 1 1 0 1
X, 0 0 1 0 1 0 1 1
X, 0 1 0 0 0 1 1 1
S 1/8 1/8 1/8 1/8 1/8 1/8 1/8 1/8
Ko 0 0 0 0 0 0 0 1
X 0 0 0 0 1 1 1 1
X 0 1 1 1 1 1 1 1
TR P(x, =0)=7/8, P(X,=1)=1/8: P(X,=0)=1/2, P(x,=1)=1/2: P(X,=0)=1/8,
P(Xpy=1)=7/8 LRSI X, A PR T 42 2

Table 2. The probability distribution of each order statistic
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Table 3. Joined contingency table distribution of X o and X, @

®3. ¥, 5 X, WRATIHRS T

— X
— @
— 0 I
Ko —
0 12 38
I 0 1/8

1 7.1 AR
510 (X, =0, =0)=5¢P(X(l) =0)P(x, =0>=§x5, BIRX )5 X, (1)) Z AL, A

RUDRBEHULAN, BN TELBMRBERTFG R X ) 0340 580 X, F it AR . TG

DOI: 10.12677/pm.2024.141007 55 IS H 2


https://doi.org/10.12677/pm.2024.141007

KA, LR

44 P T U e R34 B B 5
3. BEERETRFGVHE % B & BUR A
Rt BHEER 2R ESIER

Bk XS R, ATEREON F(x), BIEREON £ (x) . (X, Xy, X, ) A X
ARER, (X K ypprees X, | IR G, MRS X (i =1,2,,n) (IR ECN:

£() :Wl(n—i)!(F ) (=F ()" £ () (1)

14

G

3.1.

o

— MR BOR S 2ok TSR BERIE B TR 1] [2] 31— M T2 WA = T R MTIEE T K. B
R S (—o0, +00) R A ZANKIA (—o0, y[U (3, 9+ dy]U( +dy,+o0) s 3 x) TEANIXTR (,y+dy] $&HER
FGE R SN (p,y +dy] BE 1 ADMFEREN, XA (-0, y| WE i -1 Xis &N, R n-i A
FERRTEN XA (p +dy,+00), B2 (X LR =) AR IS, af LI E M

P(ny(l.) Sy+dy)

=W;(n_i)!(}7(y))il (F(y+dy)—F(y))(1_F(y+dy))n7i
O 0= Fa)”
T, O B 2R
ﬁ(y):gg})P(ysx(Zyﬁy”y) - (i—l)!r!!(n_i)!(F(y))i1(1‘F(y))nif(y)

A L HAE R AR R x, ) SEAETEAE— ORI TR, RIS HEEA BRSPS F 1 9 (—oo, ] AT
PSIARERIEN, (yy+dy] A L ARERIENED x,)), T (y+dv,oo) A n—i MRERTEN, MNTTHH
HP(y<x, < y+dy ) ARSI, IR F 5 £ RBITROTER I

3.2. WESHTIERRS AR
T2 BTV AR TR AR R T ), FRATTRE TS I8 AR 1 R A b B R B X A
A2 BARTTVEA—E G 1, AERAE R I AR AN R R 2 AR B, JRATTAEAE 2 RESe b £ 4 =
TR RA w22l Nk dess Han oI 2 1, JRR It — MRS IS B S v 1075 5 R I BARAR N o
8 R Hael0l], nez", i=0,12,,n, N
P RTINS R U ) DSyt @

n!
WEBR R R E
a i _ n—i _l a _ n—i i
I—_[Ox (1 x) dx-ijo(l x) dx

1 ; n-i N—1I pa_; i
:;a(l—a) +Tj.ox(1—x) 1dx

1 i n—i n—i il n—i+l (n —l)(”l _l_l) a i n—r-2
=—a'(1- _ 1- ALY/ W — A 1—
l_a( a) +i(i+l)a ( a) + i(i+1) on ( x) dx

DOI: 10.12677/pm.2024.141007 56 IS H 2


https://doi.org/10.12677/pm.2024.141007

KA, LR

[FIRERIAR 20 J5 3] MR IREAT T 5
_l i(1_ n—i n—i (] n—i+1 (n_l)(n_l_l) 2 (1 n—i-2
I=-a (1 a) +i(i+l)a (1 a) +—i(i+1)(i+2) a (1 a)

l

(}1—1')(11—1'—1)---3-2'[0 "2(1 x)dx+ (n—i)! e

i(i+1)(n-2) i(it1)(n—1)n
I e I e

nk)
B ULELLIE X (TR F (x), BERECN £(x), X, Xy, X, SRR 2
Sy OREA, AT ARG X, (1=1,2,0m) BOMER B R HON

Ji(x) =W(F (<) (1= F ()" 1 ()

UERH AR O A R U S U5 LX) B A R RO
E(x)zp(xo)gx):ZZ_i[ZjF (x)(1-F(x)" )

MSIE 1, AT X WA ﬁﬁF()Ctﬁ%Tmfwa—ﬂ"w,%EEﬁ

+ -4

ZW(F (x) (1=F(x))" ()

ESRATRFGHEEE R B HBESR

0 <0

(X2 e X X ) FABLIOUC P S Tﬁﬁﬁ%xhm%&@ﬁ&%uﬁﬁﬁﬁﬁﬁimﬁﬁm

1 o
[RH 2] Witk X~ f(x)= { ¢ x>0, (X, X0, X, X,) ARE X MEEN 4 WA,

. FHel, F(x)zl—e_wx,x>0, EJZX(I.)E"J‘%‘EIZI%U'S:

-1 41
A L0 [ ] Lo g0 -
fi(x)= (1_1)!(4_1)!(1 e J [e 0° =0.4e exp(0.4)

" 7%): 2-1 7$x 4-2i 7$x_ 03 v
fz("):m[” J[ ] DA

41 R 4-1 R 4741 o \
. [l—e 10 J e 10 ] Ee 10 :0.4e70,1x(1_e—0,1x)

fi(x)= (4-1)1(4-4)1
EATE EH K EME T Matlab [7]1241401& 1~5 B, B 6 NEZ AL ER.

DOI: 10.12677/pm.2024.141007 57 IS H 2


https://doi.org/10.12677/pm.2024.141007

KA, LR

0.1 T T . .
PDF curve of population
0.091 i
0.081 1
0.071
0.061
0.051
0.041 1
0.031 1
0.021 1
0011

00 5 10 15 20 25

Figure 1. PDF curve of population Exp(0.1)
B 1. B4 Exp(0.1)RHE 2R 25 B ok B 2%

0.4

| +  PDF curve of Order x(1) distribution

0.35¢

03F

0.25¢1

02y

0.157

0.1y

0'050 05 1 15 2 25 3 35 4 45 5

Figure 2. PDF curve of X
B2 X, BEEE SR

0.14

PDF curve of Order x(2) distribution

0.12}

0.1r

0.08

0.061

0.04

0.02

0 5 10 15 20 25 30
Figure 3. PDF curve of X

B3 U, MM S

DOI: 10.12677/pm.2024.141007

58

LN


https://doi.org/10.12677/pm.2024.141007

KA, LR

0.08

PDF curve of Order x(3) distribution

0.071

0.06 1

0.05

0.04

0.03

0.027

0.01r _

0 . , ‘ } . :
0 5 10 15 20 25 30 35 40
Figure 4. PDF curve of X

B4 X, BOBER S B

0.045

PDF curve of Order x(4) distribution

0.04r1
0.0351
0.03
0.025
0.02
0.015¢
0.011
0.005

0

0 10 20 30 40 50 6(

Figure 5. PDF curve of X

E5 x, MEEEERRNS
0.15

PDF curve of population

PDF curve of Order x(1) distribution
PDF curve of Order x(2) distribution
PDF curve of Order x(3) distribution
PDF curve of Order x(4) distribution

0.1

0.05

0.
0 10 20 30 40 50 60

Figure 6. Mixed curve of the distributions

B 6. £OMAVESHL

DOI: 10.12677/pm.2024.141007 59 IS H 2


https://doi.org/10.12677/pm.2024.141007

KA, LR

TR X, (BT XK X, (1=1.2,3,4) 505 AT 58 B TR HOSE 0240 50
EX =["xf (x)dx =105 EX, =["xf(x)dr=2.50
EX ) = [ f, (x)dx~5.83 EX; =[ " xf(x)dx ~10.83
EX ) =, o, (x)dx ~20.83
IR 4 TR
Table 4. The expected value of each order statistics
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Table 5. Data lists of blood lead values for two groups of workers
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Group 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2
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FE 9. K 10):
Ranks
534A(group) N Mean Rank | Sum of Ranks
EHEx)  FEEHEAHQ0) 10 5.95 59.50
L) 7 13.36 93.50
Total 17

Figure 9. Mean rank and sum of ranks for two blood lead value groups
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Test Statistics®

IMEHME(x)
Mann-Whitney U 4.500
Wilcoxon W 59.500
Z -2.982
Asymp. Sig. (2-tailed) 0.003
Exact Sig. [2*(1-tailed 0.001°
Sig.)] i

Figure 10. Test result
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Table 6. Observations of Midterm score X and Endterm score ¥
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X y
X Person Correlation 1 0.546'
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y Person Correlation 0.546' 1
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*_Correlation is significant at the 0.05 level (2-tailed).

Figure 11. Pearson correlations test
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** Correlation is significant at the 0.01 level (2-tailed).

Figure 12. Spearman rank correlations test

[& 12. Spearman FHH X IE

) Bt . Z:;I(X‘_)?)(Y'_Y) _ _ === _
AL, Pearson AR EL r=— —= —=0.546, f£a=0.05 F22EM, p-value =
Zi:l(Xi _X) Zi:l(yf _Y)
0.023 < 0.05; Spearman AHK R4 r, = 0.667, 7£ a = 0.01 T & &3 K(WHR & E 5 3), p-value = 0.003 <0.01,
WEPTE A H Spearman FRAH A6 56 LU & WL Pearson AHI#5 56 B A T /NFIIE — 45 R IMER .
6. RESRE

K gt Bl T HARS S R REN M M RA OV EE . ASCNRFPSH RS 5 TR
Ko BT BARRBIER T USROS R A SRR AT AR, Ak TR RAT kAL

DOI: 10.12677/pm.2024.141007 63 R


https://doi.org/10.12677/pm.2024.141007

KA, LR

Pho BRHES M IZ BRI T P gih B TR AU 7 — AR 5%, 12 05E BARA L
TEIERYS, ABAERNECEINEAEMR PN, AR RS T EARRIRIESE
BT RFP G REE R AN, WS HESER Y TR R SRR A RANE . ER s P
guit &g HFk G E S, 455 Mann-Whitney U £ %61 Spearman FEAH K 30 1 B 7 IRF ST 2 4E
FESHH P EZN . RIEATIR, HAKRERAS N HACATE . KFPgitE. RG-S
FMAESER I & MR ST IS F 8, 528 0 AR S RS 96 10 U RT LA N AR ST S ST 78 4 7
TERG IS HGTHERT IR 7S, IR IRE — TR H A O (E AT TR

EHEWH

B TR 2R UM K R 7 0 H (CFTD2023YB40).

SE K

(1]
(2]
(3]
[4]
(5]
(6]
[7]
(8]

BoEET. MRS SRS LM B3 R, dba: EEHEE Bk, 2008.

R, EEN. NABES M. dba: HUR T AL, 2004,

gHERRL, TR, MR, MR SHOH ST EGEIM]. 56 3 i JbaT: S ECE R, 2019.
REZ, TRE. L EM]. dbat B5HE HARH, 1996.

TRV AL 2 BE. BT IM]. 28 5 . bRt BS80S L, 2019.

B RZERE R, MM 387 R JEE: SSR s B, 2014,

&0, TE
7fq,_<d:

%,
LM PP SPSS WM AR [M]. 56 4 . bR BT DMk R, 2015.

XEAL, 55 Matlab THAM IR ——M AR M]. dbat By Tl i, 2000.

DOI: 10.12677/pm.2024.141007 64

LN


https://doi.org/10.12677/pm.2024.141007

	次序统计量的概率性质与统计应用
	摘  要
	关键词
	The Probability Properties and Statistical Applications of Order Statistics 
	Abstract
	Keywords
	1. 引言
	2. 次序统计量的性质特点
	3. 连续总体下次序统计量的概率密度函数及证明
	3.1. 次序统计量密度函数公式及常规证明
	3.2. 数学分析证明方法探讨

	4. 连续总体下次序统计量密度函数的数值实验
	5. 次序统计量在非参数统计中的重要应用[4]
	5.1. Mann-Whitney U检验[4]
	5.2. Spearman秩相关检验[4]

	6. 总结与展望
	基金项目
	参考文献

