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Ȳ − X̄ > z1−α

�
σ2
Y

n
+

σ2
X

m

�

= 1− Φ


z1−α −

k�
σ2
Y
n +

σ2
X
m


 .

π(k;m,n, α, σ2
Y , σ

2
X) π(k)
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 Ȳ − X̄�

S2
p

�
m+n
mn

�




Tν t ν
p
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Ȳ − X̄�
S2
Y
n +

S2
X
m




F
G X Y

H0 : Y
d
= X H1 : Y >st X ,

e 8 7 5 6 - 1 0



B IOSTAT I S T I CS

Epidemiology Biostatistics and Public Health - 2013, Volume 10, Number 1

AN  IN TRODUC ION  TO  RP - T ES T ING

d
= >st

(X1, ...,Xm) (Y1, ..., Yn)

W =

m�

i=1

n�

j=1

Iij Iij =

�
1 Xi < Yj

0
.

W p1 = PF,G(X < Y )

p̂1 =
W

mn
.

α w1−α (1− α)
W

Ψα(X1, ...,Xm;Y1, ..., Yn) =

�
1 W > w1−α

0 W ≤ w1−α
.

π(F,G;m,n, α) = PF,G(W > w1−α) .

F G F RP RP

F RP
RP

W
p2 = P (X < Y ∧X < Y ′) Y ′ Y p3 = P (X < Y ∧X ′ < Y ) X ′ X

n m

W −mnp1�
V (p1, p2, p3)

a
∼ N (0, 1)

V (p1, p2, p3) = mnp1(1− p1)+mn(n− 1)(p2− p21)+mn(m− 1)(p3− p21)
W π(F,G;m,n, α)

RP RP
RP

π(F,G;m,n, α) ≈ Φ


mn

�
p1 −

1
2

�
− z1−α

�
mn(N+1)

12�
V (p1, p2, p3)


 .

RP

�RPα = Φ


mn

�
p̂1 −

1
2

�
− z1−α

�
mn(N+1)

12�
V (p̂1, p̂2, p̂3)




e 8 7 5 6 - 1 1



B IOSTAT I S T I CS

Epidemiology Biostatistics and Public Health - 2013, Volume 10, Number 1

AN  IN TRODUC ION  TO  RP - T ES T ING

p̂2 =
1

n2m

m�

i=1

n�

j=1

n�

k=1

IijIik , p̂3 =
1

nm2

m�

i=1

m�

k=1

n�

j=1

IijIkj .

RP
p1
F G

W H0 V (p1, p2, p3) ≈ mn(m+ n+ 1)/12
N = m+ n

πn,α(F,G) ≈ Φ

��
12mn

N + 1

�
p1 −

1

2

�
− z1−α

�

RP

�RPα = Φ

��
12mn

N + 1

�
p̂1 −

1

2

�
− z1−α

�
.

RP
W p1 V (p1, p2, p3) ≤

VU (p1)

VU (p1) =

�
U(p1,m, n) if 1

2 ≤ p1 ≤ 1
U(1− p1, n,m) if 0 ≤ p1 <

1
2

U(p,m, n) = mn

�
v

�
k

3
− (1− p)2

�
+ u

�
−
2k

3
+ 1− p2

�
+

k

3
− p(1− p)

�

u = min(m,n) v = max(m,n) k = 1− (2p − 1)3/2

�RPα = Φ


mn

�
p̂1 −

1
2

�
− z1−α

�
mn(N+1)

12�
VU (p̂1)


 .

RP RP RP
RP

Ψα(W ) RP Ψα

�
�RPα

�

(1, 0) (0, 1)
ǫ1 ǫ2

RP E [Ψα(W )] = π E[Ψα(�RPα)] = π′

π π′

Ψα(W ) Ψα

�
�RPα

�

RP RP

RP

e 8 7 5 6 - 1 2



B IOSTAT I S T I CS

Epidemiology Biostatistics and Public Health - 2013, Volume 10, Number 1

AN  IN TRODUC ION  TO  RP - T ES T ING

Ψα(W ) RP Ψα

(
R̂Pα

)

Ψα

(
R̂Pα

)

Ψα(W )

1− π − ǫ1 ǫ1 1− π

ǫ2 π − ǫ2 π

1− π′ π′

Ψα(W ) Ψα

(
R̂Pα

)
k = 1

0.046%

Ψα

(
R̂Pα

)

Ψα(W ) 0 1

0 0.95050 0.00046 0.95096

1 0.00000 0.04904 0.04904

0.95050 0.04950 1.00000

• X θ = 1 Y

θ = k ≥ 1 Y
d
= kX

• k k = 1
k = 1.45 k = 1.9

• m = n = 60

• α = 0.05

Ψα

(
R̂Pα

)
Ψα(W )

k

0.15%

Ψα(W ) Ψα

(
R̂Pα

)
k = 1.45

0.207%

Ψα

(
R̂Pα

)

Ψα(W ) 0 1

0 0.46395 0.00207 0.46602

1 0.00000 0.53398 0.53398

0.46395 0.53605 1.00000

e 8 7 5 6 - 1 3



B IOSTAT I S T I CS

Epidemiology Biostatistics and Public Health - 2013, Volume 10, Number 1

AN  IN TRODUC ION  TO  RP - T ES T ING

Ψα(W ) Ψα

(
R̂Pα

)
k = 1.90

0.085%

Ψα

(
R̂Pα

)

Ψα(W ) 0 1

0 0.08958 0.00085 0.09043

1 0.00000 0.90957 0.90957

0.08958 0.91042 1.00000

RP

RP
RP RP (1−RP )

p p
H0

RP

RP p
RP p

p RP

p

•

•

p

•

•

Z p 3%
α 5% RP 59%

e 8 7 5 6 - 1 4



B IOSTAT I S T I CS

Epidemiology Biostatistics and Public Health - 2013, Volume 10, Number 1

AN  IN TRODUC ION  TO  RP - T ES T ING

RP

•

•

• RP α
α

• RP p

• RP RP
RP
RP

RP

• RP

• RP

RP
p

• RP

RP

p
RP p

RP

RP
p
RP p

RP p

RP

e 8 7 5 6 - 1 5



B IOSTAT I S T I CS

Epidemiology Biostatistics and Public Health - 2013, Volume 10, Number 1

AN  IN TRODUC ION  TO  RP - T ES T ING

RP

RP

p

e 8 7 5 6 - 1 6


