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• Construct confidence interval: point estimate ± margin of error:

– Population proportion p: p̂± zα
2

√
p̂(1− p̂)

n

– One population mean µ (σ known): x̄± zα
2

σ√
n

– One population mean µ (σ unknown): x̄± tα
2
,df

s√
n

where df = n− 1

– µ1 − µ2 with known σ21 and σ22:

(y1 − y2)± zα/2

√
σ21
n1

+
σ22
n2

– µ1 − µ2 with unknown σ21 and σ22, assuming σ21 = σ22:

(y1 − y2)± tα/2,n1+n2−2

√
s2p

(
1

n1
+

1

n2

)
,

where

s2p =
(n1 − 1)s21 + (n2 − 1)s22

n1 + n2 − 2

– µ1 − µ2 with unknown σ21 and σ22, assuming σ21 6= σ22:

(y1 − y2)± tα/2,ν

√
s21
n1

+
s22
n2
,

where

ν =
(s21/n1 + s22/n2)

2

(s21/n1)2

n1−1 +
(s22/n2)2

n2−1

– Matched Pairs:
yD ± tn−1,α/2

sD√
n

– p1 − p2:

p̂1 − p̂2 ± zα/2

√
p̂1(1− p̂1)

n1
+
p̂2(1− p̂2)

n2



STAT509 STAT 509 Final Exam Formula Sheet - Page 2 of 3 June 23

• 4-step procedure to construct hypothesis testing:

1. State H0 and Ha

2. Calculate test statistic:

∗ Population proportion: z0 =
p̂− p0√
p0(1− p0)

n

∗ Population mean (σ known): z0 =
x̄− µ0
σ/
√
n

∗ population mean (σ unknown): t0 =
x̄− µ0
s/
√
n

∗ µ1 − µ2 with known σ21 and σ22:

z0 =
y1 − y2√
σ2
1
n1

+
σ2
2
n2

∗ µ1 − µ2 with unknown σ21 and σ22, assuming σ21 = σ22:

t0 =
y1 − y2√

s2p

(
1
n1

+ 1
n2

)
∗ µ1 − µ2 with unknown σ21 and σ22, assuming σ21 6= σ22:

t0 =
y1 − y2√
s21
n1

+
s22
n2

∗ Matched Pairs:

t0 =
ȳD

sD/
√
n

∗ p1 − p2:
z0 =

p̂1 − p̂2√
p̂0(1− p̂0)( 1

n1
+ 1

n2
)

where

p̂0 =
Y1 + Y2
n1 + n2

3. Calculate p-value

Ha : p > p0(µ > µ0) : P (Z > z0) or P (t > t0)

Ha : p < p0(µ < µ0) : P (Z < z0) or P (t < t0)

Ha : p 6= p0(µ 6= µ0) : 2P (Z < −|z0|) or 2P (t < −|t0|)

4. Make decision and state conclusion:

∗ p-value ≤ α =⇒ Reject H0

∗ p-value > α =⇒ Fail to reject H0
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• Least Squares Estimators for simple linear regression:

β̂0 = Y − β̂1x

β̂1 =

∑n
i=1(xi − x)(yi − y)∑n

i=1(xi − x)2
=
SSxy
SSxx

[
=

∑n
i=1 xiyi − nx̄ȳ∑n
i=1 x

2
i − nx̄2

]

• Residual for the ith observation: ei = yi − ŷi.

• SSTO =
∑n

i=1(yi − y)2

• SSR =
∑n

i=1(ŷi − y)2

• SSE =
∑n

i=1 e
2
i =

∑n
i=1(yi − ŷi)2

• MSE = σ̂2 = SSE
n−2 (Simple Linear Regression)

• Coefficient of Determination: r2 = SSTO−SSE
SSTO = SSR

SSTO

• Box-Cox transformation:

BoxCox(Y ) =

{
Y λ−1
λ , λ 6= 0

log(Y ), λ = 0

• Logistic regression: log
(

pi
1−pi

)
= β0 + β1xi and pi = 1

1+e−(β0+β1xi)

• Odds: p
1−p

• Odds ratio: eβ̂1

• Multiple linear regression model: Yi = β0 + β1xi1 + · · ·+ βpxip + εi, i = 1, 2, ..., n.

• Matrix Representation: Y = Xβ + ε

Y =


Y1
Y2
...
Yn


n×1

X =


1 x11 x12 · · · x1p
1 x21 x22 · · · x2p
...

...
...

. . .
...

1 xn1 xn2 · · · xnp


n×(p+1)

β =


β0
β1
β2
...
βp


(p+1)×1

ε =


ε1
ε2
...
εn


n×1

• Least Squares Estimator: β̂ = (XTX)−1XTY

• Prediction function:
Ŷ = Xβ̂ = X(XTX)−1XTY = HY

where H = X(XTX)−1XT is hat-matrix.

• Matrix A is symmetric if A = AT ; matrix A is idempotent if AA = A.

• SSE = YT (I−H)Y

• MSE = σ̂2 = SSE
n−p−1 (Multiple Linear Regression)


