
n

x xi i x



x̄ =

∑
xi
n

x̄ = 30+60+60+70+80
5 = 60

x̄ = 30+60+60+70+80+1000
6 =

216.67

60+70
2 = 65



s

(xi − x̄)

s =

√∑
(xi − x̄)2

n− 1

0

x̄− SD x̄+ SD

x̄− 2 ∗ SD x̄− 2 ∗ SD
x̄− 3 ∗ SD x̄− 3 ∗ SD







s

z =
xi − x̄

s

−2

z =
186− 156

20
=

30

20
= 1.5SD

z =
56− 156

20
=

−100

20
= −5



z

−z



mean+ 2 ∗ SD,mean− 2 ∗ SD
z = 2

−







µ

σ

x̄



s

µ σ

µ
σ√
n

nµ
√
nσ

p

p

s =
√

p(1− p)



xi = 1
xi = 0

x µ

x̄

√
0.5× (1− 0.5) = 0.5

0.5√
50

= 0.5
7.07 = 0.071

0.5± 2× 0.071 = [0.429, 0.571]



µ p

SD σ
σ =

√
p× (1− p) =

√
0.44× 0.56 = 0.496

SE σ√
n
= 0.496√

100
= 0.0496

SE

µ σ

|0 1 2 2 2|

1
5

1
5

3
5



0+1+2+2+2
5 = 1.4

√
(0− 1.4)2 + (1− 1.4)2 + (2− 1.4)2 + (2− 1.4)2 + (2− 1.4)2 + (2− 1.4)2

5− 1
=

1.96 + 0.16 + 0.36 + 0.36 + 0.36

4
=

3.2

4
= 0.8

SD

SD n



µ = 20 σ = 2.5
n×µ = 100×20 = 2000

SE =
√
n × σ =

√
100 × 2.5 = 25

µ± 2× SE = (1950, 2050)

y

y − nµ

SE
=

1950− 2000

25
= −2

(Z < −2)
(Z > 2)



±

100× (1− α)

CI(1−α) = x̄± zα
2
SE

zα
2

z α/2
α = 0.05 z 0.05/2 =

0.025

CI95 = x̄± 1.96SE

CI90 = x̄± 1.64SE

CI80 = x̄± 1.28SE

SE
σ SE

s
SE



SE =
s√
n

SE =
√
ns

x̄ = 1328
2500 = 0.53

x̄ = 0.53
zα

2
= 1.96

s =
√

p(1− p) =
√

0.53 · (0.47) ≈ 0.5

SE = 0.5√
2500

= 0.5
50 = 0.01

CI95 = x̄± 1.96SE = 0.53± 1.96 · 0.01 = 0.53± 0.0196 ≈ [0.51, 0.55]



= +

µ SE σ/
√
n

CI95 = x̄± 1.96SE



x̄ zα
2
= 1.96 SE

SE = σ√
n

s σ

SE =
σ√
n
=

s√
n
=

14000√
400

=
14000

20
= 700

CI95 = x̄± 1.96SE ≈ $27, 000± 2 · $700 = ($25600, $28400)

CI95 = x̄± 1.96SE = x̄± s√
n



M = zα
2

σ√
n

σ z
n n

n =

(
zα

2
σ

M

)2

z

z0.05 = 1.64 M = 1
σ

n =

(
zα

2
σ

M

)2

=

(
1.64 · 5.5

1

)2

≈
(
9

1

)2

= 81



SE = s√
n
= 0.153√

500
≈ 0.7

52− 50

0.7
≈ 3

H0 : µ = a a



H0 : µ != a a

z =
−
SE

=
x̄− µ0

SE

x̄
SE µ0

µ0 = 0.5

(1 − α)
α

(1 − α)
α



x̄1−2 = x̄1 − x̄2

µ1−2 = µ1 − µ2

x̄1−2 = 10.2− 8.1 = 2.1



SE1−2 =
√

SE2
1 + SE2

2

SE1 SE2

SE1−2 =

√
SD2

1

n1
+

SD2
2

n2

SE1−2 =

√
p1(1− p1)

n1
+

p2(1− p2)

n2

SE1−2

SE1−2

SE1−2

SE1−2 =

√
SD2

1

n1
+

SD2
2

n2

=

√
8.52

1000
+

6.92

1000

=

√
72.25

1000
+

47.61

1000

=
√
0.07225 + 0.04761

=
√
0.12 ≈ 0.346



CI95 = x̄1−2 ± 1.96SE1−2

CI95 = x̄1−2 ± 1.96SE1−2 = 2.1± 1.96× 0.35 ≈ 2.1± 0.7 = [1.4, 2.8]

H0 : µ1 − µ2 = 0

z

z =
−

SE1−2
=

x̄1−2 − 0

SE1−2
=

x̄1−2

SE1−2

p

z =
x̄1−2

SE1−2
=

2.1

0.35
≈ 6



x̄T = 0.37
x̄C = 0.30

x̄1−2 = x̄T − x̄C = 0.07



SE1−2 =

√
x̄T (1− x̄T )

nT
+

x̄C(1− x̄C)

nC

=

√
0.37 · 0.63

360
+

0.30 · 0.70
1890

=

√
0.233

360
+

0.21

1890

=
√
0.00064 + 0.00012

= 0.028

CI95 = x̄1−2 ± 1.96SE1−2

= 0.07± 1.96 · 0.028
= 0.07± 0.054

= [0.016, 0.124]

z

z =
x̄1−2

SE1−2



p

z

z

z
z p

z z = −1.5

z > 1.5

zα/2

α/2

z t z
z



y

x



(5.5, 50.7)

y = mx+ b

y x

y = α+ βx

α β

α̂ β̂
y x ŷ

ŷ = α̂+ β̂x

y



= yi − ŷ

(yi − ŷ)2



y
x

y x

y x

y x y = α+ βx

y x

σ y x



x β̂
y

β

β̂ α̂

H0 : µ1−µ2 = 0

H0 : β = 0 HA : β "= 0

p
t

z

t =
β̂ − β0

SE(β̂)
=

β̂

SE(β̂)

z n < 50
t

p

p



x y x y

β̂ = 0.005

β̂ 100 × β̂

x
y

x
x



t p
p

p

x y x y



β̂ = 0.005

β̂ 100 × β̂

x
y

x
x



β̂ = 0.005

β̂ 100 × β̂

x
y

x
x

y = α+ β1x+ β2d

ŷ = α̂+ β̂1x+ β̂2d



N∑

i=1

(yi − ŷi)
2

d = 1 d = 0

d d = 0
α β1

(d = 0) : y = α+ β1x+ β2 × 0 = α+ β1x

d = 1 β2 x

(d = 1) : y = α+ β1x+ β2 × 1 = α+ β1x+ β2 = (α+ β2) + β1x

x
β2

β1

yi = α+ β1x1 + β2x2



x1 x2 d = 0
d = 1

x2

β1 β2

β1 x1 x2

β2 x2 x1



yi = α+ β1x1 + β2x2

x2 x2

x1 x2 d = 0
d = 1

x2

β̂1 β̂2

β̂1

β1 β2

x2 x1 β1 y

x1 x2 β2 y



yi = α+ β1x1 + β2x2 + . . .+ βkxk

k

x1 β1 y

x2 β2 y

y

y

ŷ = α̂+ β̂1x2 + β̂2x2 + . . .+ β̂kxk

x1, x2, . . . , xk
y ȳ

y
y − ŷ

y
R2

y



TSS =
∑

(y− ȳ)2

SSR =
∑

(y − ŷ)2

R2

R2 =
TSS − SSR

TSS

y R2

R2

y

t p



R2



X Y Y X
Z

x y
z x y z

x y

x y x
y



y(1) x = 1 y(0)
x = 0 x

= y(1)− y(0)

y(1) y(0)
x = 1

x = 0

y(1)
y(0)

x
x z

z





x y
x x1 β1 y

x
y

x x

x
x y

x
y

x y

x y



x
x z

z

x y

z x
x = 1 x = 0



x y x

x y x β x



y = α+ β1x+ β2d

d

(d = 0) : y = α+ β1x+ β2 × 0 = α+ β1x

(d = 1) : y = α+ β1x+ β2 × 1 = α+ β1x+ β2 = (α+ β2) + β1x

x

z



y = α+ β1x+ β2d+ β3(x ∗ d)

x d = 0

(d = 0) : y = α+ β1x+ β2 ∗ 0 + β3(x ∗ 0) = α+ β1x

d = 0 α β1

d = 1

(d = 1) : y = α+ β1x+ β2 ∗ 1 + β3(x ∗ 1)
= α+ β1x+ β2 ++β3x

= (α+ β2) + (β1 + β3)x

d = 1 α+ β2
β1+β3

α d = 0

β1 d = 0

β2 d = 0 d = 1

β3 d = 0 d = 1

x β1 y
d = 1

β3 d = 0



y = α+ β1x1 + β2x2 + β3(x1 ∗ x2)

y = α+ β1x1 + β2x2 + β3(x1 ∗ x2)
= α+ (β1 + β3x2)x1 + β2x2

x1 (β1 + β3x2)
x1 x2 x2

β2 y β3 x1

x1

α x2 = 0

β1 x1 β1 y x2 = 0

β2 x2 β2 y x1 = 0

β3 x2 β3 x1

β3

β3 x1 β3 x2

x1 x2



y = α+ β1d1 + β2d2 + β3(d1 ∗ d2)

(0, 0), (1, 0), (0, 1), (1, 1)

(0, 0) : y = α+ β10 + β20 + β3(0 ∗ 0) = α

(1, 0) : y = α+ β11 + β20 + β3(1 ∗ 0) = α+ β1

(0, 1) : y = α+ β10 + β21 + β3(0 ∗ 1) = α+ β2

(1, 1) : y = α+ β11 + β21 + β3(1 ∗ 1) = α+ β1 + β2 + β3

α d1 d2

β1 d1 d2 = 0

β2 d2 d1 = 0

β3 d1 d2 = 1 d2 d1 = 1

y = α+ β1x1 + β2x2 + β3(x1 ∗ x2)



y = α+ β1x1 + β2x2 + β3(x1 ∗ x2)
= α+ (β1 + β3x2)x1 + β2x2

x1 (β1 + β3x2)
x1 x2 x2

β2 y β3 x1

x1

α x2 = 0

β1 x1 β1 y x2 = 0

β2 x2 β2 y x1 = 0

β3 x2 β3 x1

β3

β3 x1 β3 x2

x1 x2



x
β x 100× β

y = α+ β1x+ β2(x ∗ x)

y = α+ (β1 + β2x)x

α y x β1 + β2x
x x = 0 β1 x

x β2



β2 < 0 β1 > 0 x

x

y = α+ β1x+ β2x
2

α β1 β2 c b a

y = ax2 + bx+ c

β2
β2 > 0

β2 < 0 α β1
x = 0 x = 0

β2
β2 = 0

y

x x x
x x y

(α̂+ β̂1(x̄+ SD) + β̂2(x̄+ SD)2)− (α̂+ β̂1x̄+ β̂2x̄
2)


