
STATISTICS II

Bachelor’s degrees in Economics, Finance and 

Management

2nd year/2nd Semester

2025/2026



Professor: Elisabete Fernandes

E-mail: efernandes@iseg.ulisboa.pt

https://doity.com.br/estatistica-aplicada-a-nutricao
https://basiccode.com.br/produto/informatica-basica/

CONTACT



PROGRAM

Sampling 
Distributions

Estimation
Parametric 
Hypothesis 

Testing

Non-Parametric 
Hypothesis 

Testing

Linear 
Regression 

Analysis



HOMEWORK OF LECTURE 13: 
QUESTIONS AND SOLUTIONS



EXERCISE 9.11

Newbold et al (2013)



EXERCISE 9.11:  SOLUTION

 Answer: Left-Tailed Test



EXERCISE 9.11:  SOLUTION

 Answer:

/  p-value

Standard Normal Distribution Table

Left-Tailed Test: RR = ]-∞; z] = ]-∞; -1.282]

z1-/2

RR = ] -∞; -1.282]

P-value = P(Z < -1.6)  ~ 0.055 



EXERCISE 9.11:  SOLUTION

 Answer:

Note: 

In the following slides, we will examine 

both the right-tailed and two-tailed 

tests to compare the results.

-1.6 ∈ RR = ]-∞; z] = ]-∞; -1.282]



EXERCISE 9.11:TYPES OF HYPOTHESIS 
TESTS FOR THE MEAN (𝝈𝟐 KNOWN)

 Answer:



EXERCISE 9.11:  RIGHT-TAILED TEST

 Answer: Right-tailed Test

Right-Tailed Test

Right-Tailed Test: RR = [z1-; +∞[ = [1.282, +∞[

-1.6 ∉ RR = [1.282, +∞[

z0.9 = 1.282

RR = [1.282 +∞[ 

P-value = P(Z > -1.6)  = 1- P(Z < -1.6) ~ 1 – 0.0548 = 0.9452 



EXERCISE 9.11:  TWO-TAILED TEST

 Answer: Two-Tailed Test

Two-Tailed Test : RR = ] -∞; -z1-/2]U[z1-/2; +∞[

= ] -∞; -1.645]U[1.645; +∞[

-1.6 ∉ RR = ] -∞; -1.645]U[1.645; +∞[

RR = ] -∞; -1.645]U[1.645; +∞[ 

P-value = 2×P(Z < -1.6) ~ 2× 0.0548 = 0.1096 



EXERCISE 9.12

Newbold et al (2013)



EXERCISE 9.12:  SOLUTION

 Answer: Left-Tailed Test



EXERCISE 9.12:  SOLUTION

 Answer:

RR = ] -∞; -1.28]

P-value = P(Z < -1.8) ~ 0.0359 



EXERCISE 9.12:  SOLUTION

 Answer:



LECTURE 14: TESTS OF THE 
MEAN OF A NORMAL 
DISTRIBUTION (𝝈𝟐 UNKNOWN)



HYPOTHESIS TESTS FOR THE 
MEAN

Newbold et al (2013)



TESTS OF THE MEAN OF A NORMAL 
DISTRIBUTION (𝝈𝟐 UNKNOWN): 
EXAMPLE

Newbold et al (2013)

H0: µ ≤ µ0

H1: µ > µ0 

Right-Tailed Test

t1-; n~1

Note: When performing a hypothesis test 

for the mean with unknown variance, 

it is assumed that the data come from a 

normally distributed population 

(especially when the sample size is small). 

In this case, the t-distribution is used.



TESTS OF THE MEAN OF A NORMAL 
DISTRIBUTION (𝝈𝟐 UNKNOWN): 
EXAMPLE

Newbold et al (2013)

H0: µ = µ0

H1: µ ≠ µ0 

Two-Tailed Test

t1-/2; n~1-t1-/2; n~1



TWO-TAILED TEST 
(𝝈𝟐 UNKNOWN): EXAMPLE 1

Newbold et al (2013)

Two-Tailed Test



TWO-TAILED TEST (𝝈𝟐 UNKNOWN): 
EXAMPLE SOLUTION

Newbold et al (2013)

Two-Tailed Test : RR = ] -∞; -t1-/2]U[t-/2; +∞[

RR = ] -∞; -2.064]U[2.064; +∞[ 

Decision 

Using the 

Rejection 

Region (RR)

Note (Two-Tailed Test): The value of the test

statistic (1.46) does not fall in the rejection region. In 

this case, we fail to reject 𝐻0.



EXERCISE 9.25

Newbold et al (2013)



EXERCISE 9.25:  SOLUTION

 Answer:

Two-Tailed Test

One-Sample t-Test for the Mean 

(Unknown Variance)



CRITICAL VALUE 𝒕𝟏−𝜶/𝟐; 𝒏−𝟏: CALCULATION

0

Significance level (α=0.10)

α/2=0.05

t0.95; 7 = 1.895

Total area under the 

t-distribution pdf = 1.

Confidence level (1-α=0.90)

RR = ] -∞; -t1-/2]U[t1-/2; +∞[ 
?

1-α/2=0.95

Two-Tailed Test

α = 0.10 

1 - α/2 = 0.95

𝑡
1−

𝛼

2
;𝑛−1

 = t0.95;7 = 1.895

Note: 

The Student’s t table

reports right-tail

probabilities: P(T > t).

RR = ] -∞; -1.895]U[1.895; +∞[ 



0 1.82-1.82

P(T ≤- 1.82) = P(T ≥ 1.82) ~ 0.05

P(T ≤ 1.82) ~ 0.95

∞

P-VALUE FOR A STUDENT´S T-STATISTIC: 
CALCULATION

P-value = 2×P(T ≥ |t0|)

P-value = sum of the two green areas = 0.05 + 0.05 = 0.1

Total area under the 

t-distribution pdf = 1.

The value of the test statistic is t0 = -1.82

Two-Tailed Test

P-value = 2×P(T ≥ |t0|) 

P-value = 2×P(T ≥ 1.82) 

P-value ~ 2×P(T ≥ 1.895) 

P-value ~ 2×0.05  = 0.1

Note: 

The Student’s t table

reports right-tail

probabilities: P(T > t).



EXERCISE 9.25:  SOLUTION

 Answer:

Note: 

In the following slides, we 

will examine both the 

left-tailed and right-

tailed tests to compare 

the results.

P-value = 0.1

Approximate value (from the 

Student’s t-distribution table)

Note: 

The rejection region 

and the p-value were 

calculated in the two 

previous slides, 

respectively. Exact value

Decision rule: Reject H₀ if the 

test statistic t is in the rejection 

region (RR) or if p-value < α.

RR = ] -∞; -1.895]U[1.895; +∞[ 



EXERCISE 9.25:  LEFT-TAILED TEST 

 Answer:

One-Sample t-Test for the Mean 

(Unknown Variance)

Left-Tailed Test

P-value ~ 0.058 < 0.1     reject H0

Note:

The value of the test statistic is the same for both 

two-tailed and one-tailed tests: 𝑡 = −1.82.

Note: 

The rejection region 

and the p-value will 

be computed in the 

next two slides, 

respectively.

Exact value

RR = ] -∞; -1.415]

P(T < -1.82) =  0.058



CRITICAL VALUE 𝒕𝜶; 𝒏−𝟏: CALCULATION

0

Significance level (α=0.10)

t0.10; 7 = -t0.90; 7 = -1.415

Total area under the 

t-distribution pdf = 1.

Confidence level (1-α=0.90)

RR = ] -∞; t]

?

α = 0.10 

1 - α = 0.90

𝑡𝛼;𝑛−1 = -𝑡1−𝛼;𝑛−1 = -t0.90;7 = -1.415

1-α=0.90

Left-Tailed Test

α =0.10

Note: 

The Student’s t table

reports right-tail

probabilities: P(T > t).

RR = ] -∞; -1.415]



0 1.82-1.82

P(T ≤- 1.82) = P(T ≥ 1.82) ~ 0.05

P(T ≤ 1.82) ~ 0.95

∞

P-VALUE FOR A STUDENT´S T-STATISTIC: 
CALCULATION

P-value = P(T ≤ t0)

P-value = one green area = 0.05

Total area under the 

t-distribution pdf = 1.

The value of the test statistic is t0 = -1.82

Left-Tailed Test

P-value = P(T ≤ t0) 

P-value = P(T ≤ -1.82)  P-value = P(T ≥ 1.82)  

P-value ~ P(T ≥ 1.895) 

P-value ~ 0.05

Note: 

The Student’s t table

reports right-tail

probabilities: P(T > t).



EXERCISE 9.25:  RIGHT-TAILED TEST 

 Answer:

Right-tailed Test

One-Sample t-Test for the Mean 

(Unknown Variance)

P-value ~ 0.942 > 0.1     do not reject H0

Note:

The value of the test statistic is the same for both 

two-tailed and one-tailed tests: 𝑡 = −1.82.

t0.90;7 

Note: 

The rejection 

region and the 

p-value will be 

computed in 

the next two 

slides, 

respectively.

Exact value

RR = [1.415; +∞[

P(T > -1.82)  = 1 – P(T < -1.82) = 0.942



CRITICAL VALUE 𝒕𝟏−𝜶; 𝒏−𝟏: CALCULATION

0

Significance level (α=0.10)

t0.90; 7 = 1.415

Total area under the 

t-distribution pdf = 1.

Confidence level (1-α=0.90)

RR = [t1-; +∞[ 

?

1-α=0.90

Right-Tailed Test

α =0.10

α = 0.10 

1 - α = 0.90

𝑡1−𝛼;𝑛−1 = t0.90;7 = 1.415

Note: 

The Student’s t table

reports right-tail

probabilities: P(T > t).

RR = [1.415; +∞[



0 1.82-1.82

P(T ≤- 1.82) = P(T ≥ 1.82) ~ 0.05

P(T ≥ -1.82) ~ 0.95

∞

P-VALUE FOR A STUDENT´S T-STATISTIC: 
CALCULATION

P-value = P(T ≥ t0)

P-value = one blue area = 0.95

Total area under the 

t-distribution pdf = 1.

The value of the test statistic is t0 = -1.82

RightTailed Test

P-value = P(T ≥ t0) 

P-value = P(T ≥ -1.82)  P(T ≤ 1.82) 

P-value ~  P(T ≤ 1.895) = 1- P(T ≥ 1.82) = 1- 0.05 = 0.95

Note: 

The Student’s t table

reports right-tail

probabilities: P(T > t).



HOMEWORK OF LECTURE 14: 
QUESTIONS



EXERCISE 9.26

Newbold et al (2013)



GUIDELINES FOR DECISION 
RULE 

Newbold et al (2013)



THANKS!
Questions?
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