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ASSESSEMENT REGIME

• The final grade (FG) is calculated as:

FG = 0.70 × Written Exam + 0.10 × Attendance (theoretical and practical classes) + 
0.10 × Homework in theoretical classes + 0.10 × Homework in practical classes

• In the written exam, students must obtain a minimum score of 7 points in order 
to be eligible for evaluation in the regular period.

• During the retake period, only the grade obtained in the final exam taken at that 
time will be considered.

• If the final grade exceeds 18 points, the student may be required to take an additional 
exam to defend the grade.

• Basic calculator may be used during the written exam.
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LECTURE 1: SAMPLING AND 
SAMPLING DISTRIBUTIONS



DESCRIPTIVE STATISTICS VS. 
INFERENTIAL STATISTICS

Newbold et al (2013)



INFERENTIAL STATISTICS

Newbold et al (2013)



INFERENTIAL STATISTICS 

Newbold et al (2013)Example of Estimation:

• The population mean weight (μ) is estimated by the sample 

mean weight ( ത𝑋).

• So, the population parameter (the true average weight of all 

individuals in the population) is estimated using the sample 

statistic (the average weight of individuals in the sample).

Example of Hypothesis Test:

• We use the sample data to test whether the population 

mean weight is 120 pounds.

• If the p-value < α, we reject 𝐻0 and conclude that the

population mean weight is significantly different from

120 pounds.

Newbold et al (2013)



SAMPLING FROM A 
POPULATION 

Newbold et al (2013)



POPULATION VS. SAMPLE

Newbold et al (2013)



WHY SAMPLE?

Newbold et al (2013)



SIMPLE RANDOM SAMPLING

Newbold et al (2013)

Note:

• There are several sampling methods; simple random 

sampling is just one of them. The choice of method 

depends on the objective of the study.



SAMPLING DISTRIBUTIONS

Newbold et al (2013)

Example of Sampling Distribution:

• Population mean weight: µ = 70 kg 

• Population standard deviation: σ = 8 kg

• Take random samples with sample size n = 25 

• Compute the sample mean (ഥ𝑿) for each sample

• The distribution of these sample means is the sampling distribution of ഥ𝑿

Note: For large n, the sampling distribution is approximately normal.



DEVELOPING A SAMPLING 
DISTRIBUTION 

Newbold et al (2013)



DEVELOPING A SAMPLING 
DISTRIBUTION

Newbold et al (2013)



DEVELOPING A SAMPLING 
DISTRIBUTION

Newbold et al (2013)



DEVELOPING A SAMPLING 
DISTRIBUTION

Newbold et al (2013)

Note:

• ഥ𝑿 is a sample statistic.

• The sampling distribution of ഥ𝑿 is the 

distribution of all possible sample means 

from the population.



SAMPLING DISTRIBUTIONS

Newbold et al (2013)



LECTURE 1: SAMPLING 
DISTRIBUTIONS OF SAMPLE 
MEANS



SAMPLE MEAN

Newbold et al (2013)



STANDARD ERROR OF THE 
MEAN

Newbold et al (2013)

The standard error of 

the mean is the 

standard deviation of 

the sample mean ഥ𝑿.



COMPARING THE POPULATION 
WITH ITS SAMPLING DISTRIBUTION

Newbold et al (2013)

PDF of X PDF of the Sample Mean ഥ𝑿 



MEASURES OF X

Newbold et al (2013)



MEASURES OF ഥ𝑿 

Newbold et al (2013)



IF SAMPLE VALUES ARE NOT 
INDEPENDENT

Newbold et al (2013)



IF THE POPULATION IS 
NORMAL

Newbold et al (2013)

X ~ Normal(µ, σ2) ഥ𝑿 ~ Normal(µ, σ2/n)



STANDARD NORMAL DISTRIBUTION 
FOR THE SAMPLE MEANS

Newbold et al (2013)

ഥ𝑿 ~ Normal(µ, σ2/n) Z = 
 ഥ𝑿− µ

𝝈

𝒏

 ~ Normal(0, 1)



SAMPLING DISTRIBUTION 
PROPERTIES 

Newbold et al (2013)

X ~ Normal(µ, σ2) ഥ𝑿 ~ Normal(µ, σ2/n)



SAMPLING DISTRIBUTION 
PROPERTIES

Newbold et al (2013)



CENTRAL LIMIT THEOREM (CLT)

Newbold et al (2013)



CENTRAL LIMIT THEOREM

Newbold et al (2013)

Z = 
 ഥ𝑿− µ

𝝈

𝒏

 ~ Normal(0, 1)



CENTRAL LIMIT THEOREM

Newbold et al (2013)



IF THE POPULATION IS NOT 
NORMAL

Newbold et al (2013)



HOW LARGE IS LARGE 
ENOUGH?

Newbold et al (2013)



CENTRAL LIMIT THEOREM: 
EXAMPLE

Newbold et al (2013)



CENTRAL LIMIT THEOREM: 
EXAMPLE

Newbold et al (2013)

Z = 
 ഥ𝑿− µ

𝝈

𝒏

 ~ Normal(0, 1)

According to the CLT, the 

sample mean is approximately 

normal when n > 25.



CENTRAL LIMIT THEOREM: 
EXAMPLE

Newbold et al (2013)

ത𝑋
ത𝑋

Z = 
 ഥ𝑿− µ

𝝈

𝒏

 ~ Normal(0, 1)



EXERCISE 6.7

Newbold et al (2013)



EXERCISE 6.7 A):  SOLUTION

 Answer:

ഥ𝑿 ~ Normal(µ, σ2/n) Z = 
 ഥ𝑿− µ

𝝈

𝒏

 ~ Normal(0, 1)



EXERCISE 6.7 B):  SOLUTION

 Answer:

Standard Normal Distribution Table



EXERCISE 6.7 C):  SOLUTION

 Answer:

Standard Normal Distribution Table



EXERCISE 6.7 D):  SOLUTION

 Answer:

Standard Normal Distribution Table



HOMEWORK OF LECTURE 2: 
QUESTIONS



EXERCISE 6.18

Newbold et al (2013)



EXERCISE 6.18 A):  SOLUTION

 Answer:

P(Z > z0.95) z0.95 = 1.645
P

ത𝑋−𝜇

0.16
 >

𝐸

0.16
 = 0.05  P(Z >E/0.16) = 0.05 

Then, E/0.16 = z0.95  = 1.645  E = 0.16×1.645 = 0.2632

X ~ Normal(µ, 0.162) 



EXERCISE 6.17

Newbold et al (2013)



THANKS!
Questions?
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