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Sampling distribution
sample and population and their parameters

central limit theorem

SAMPLING DISTRIBUTION

central limit theorem

types of sampling

Interval estimation
interval estimation

population mean: σ known
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population mean: σ known

population proportion

population mean: σ unknown

Student’s distribution 

estimation the size of a sample



SAMPLING DISTRIBUTION

Parameters

POPULATION

µ −−−− mean 
σ2 −−−− variance 
N −−−− number of elements

SAMPLE

m,    −−−− mean
s2 −−−− variance 
n −−−− number of

x

Population parameter
A numerical value used 
as a summary 
measure for a 
population (e.g., the 

Sample statistic
A numerical value used 
as a summary measure 
for a sample (e.g., the 
sample mean m, the N −−−− number of elements

(usually N=∞)
n −−−− number of

elements
population (e.g., the 
mean µ, variance σ2, 
standard deviation σ, 
proportion π)

All existing laboratory 
Mus musculus

ID Strain Sex
Starting 

age
Ending 

age
Starting 
weight

Ending 
weight

Weight 
change

Bleeding 
time

Ionized 
Ca in 
blood

Blood pH
Bone 

mineral 
density

Lean 
tissues 
weight

Fat 
weight

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4

ID Strain Sex
Starting 

age
Ending 

age
Starting 
weight

Ending 
weight

Weight 
change

Bleeding 
time

Ionized 
Ca in 
blood

Blood pH
Bone 

mineral 
density

Lean 
tissues 
weight

Fat 
weight

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4

mice.xls 790 mice from different strains
http://phenome.jax.org

sample mean m, the 
sample variance s2, and 
the sample standard 
deviation s)
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Mus musculus 1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4
2 129S1/SvImJ f 66 116 19.1 20.8 1.089 78 1.15 7.27 0.0553 13.9 4.4
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

368 129S1/SvImJ f 72 114 18.3 21 1.148 65 1.26 7.22 0.0599 15.4 4.2
369 129S1/SvImJ f 72 115 20.2 21.9 1.084 55 1.23 7.3 0.0623 15.6 4.3
370 129S1/SvImJ f 72 116 18.8 22.1 1.176 1.21 7.28 0.0626 16.4 4.3
371 129S1/SvImJ f 72 119 19.4 21.3 1.098 49 1.24 7.24 0.0632 16.6 5.4
372 129S1/SvImJ f 72 122 18.3 20.1 1.098 73 1.17 7.19 0.0592 16 4.1

4 129S1/SvImJ f 66 109 17.2 18.9 1.099 41 1.25 7.29 0.0513 14 3.2
5 129S1/SvImJ f 66 112 19.7 21.3 1.081 129 1.14 7.22 0.0501 16.3 5.2

10 129S1/SvImJ m 66 112 24.3 24.7 1.016 119 1.13 7.24 0.0533 17.6 6.8
364 129S1/SvImJ m 72 114 25.3 27.2 1.075 64 1.25 7.27 0.0596 19.3 5.8
365 129S1/SvImJ m 72 115 21.4 23.9 1.117 48 1.25 7.28 0.0563 17.4 5.7
366 129S1/SvImJ m 72 118 24.5 26.3 1.073 59 1.25 7.26 0.0609 17.8 7.1
367 129S1/SvImJ m 72 122 24 26 1.083 69 1.29 7.26 0.0584 19.2 4.6

6 129S1/SvImJ m 66 116 21.6 23.3 1.079 78 1.15 7.27 0.0497 17.2 5.7
7 129S1/SvImJ m 66 107 22.7 26.5 1.167 90 1.18 7.28 0.0493 18.7 7
8 129S1/SvImJ m 66 108 25.4 27.4 1.079 35 1.24 7.26 0.0538 18.9 7.1
9 129S1/SvImJ m 66 109 24.4 27.5 1.127 43 1.29 7.29 0.0539 19.5 7.1

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4
2 129S1/SvImJ f 66 116 19.1 20.8 1.089 78 1.15 7.27 0.0553 13.9 4.4
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

368 129S1/SvImJ f 72 114 18.3 21 1.148 65 1.26 7.22 0.0599 15.4 4.2
369 129S1/SvImJ f 72 115 20.2 21.9 1.084 55 1.23 7.3 0.0623 15.6 4.3
370 129S1/SvImJ f 72 116 18.8 22.1 1.176 1.21 7.28 0.0626 16.4 4.3
371 129S1/SvImJ f 72 119 19.4 21.3 1.098 49 1.24 7.24 0.0632 16.6 5.4
372 129S1/SvImJ f 72 122 18.3 20.1 1.098 73 1.17 7.19 0.0592 16 4.1

4 129S1/SvImJ f 66 109 17.2 18.9 1.099 41 1.25 7.29 0.0513 14 3.2
5 129S1/SvImJ f 66 112 19.7 21.3 1.081 129 1.14 7.22 0.0501 16.3 5.2

10 129S1/SvImJ m 66 112 24.3 24.7 1.016 119 1.13 7.24 0.0533 17.6 6.8
364 129S1/SvImJ m 72 114 25.3 27.2 1.075 64 1.25 7.27 0.0596 19.3 5.8
365 129S1/SvImJ m 72 115 21.4 23.9 1.117 48 1.25 7.28 0.0563 17.4 5.7
366 129S1/SvImJ m 72 118 24.5 26.3 1.073 59 1.25 7.26 0.0609 17.8 7.1
367 129S1/SvImJ m 72 122 24 26 1.083 69 1.29 7.26 0.0584 19.2 4.6

6 129S1/SvImJ m 66 116 21.6 23.3 1.079 78 1.15 7.27 0.0497 17.2 5.7
7 129S1/SvImJ m 66 107 22.7 26.5 1.167 90 1.18 7.28 0.0493 18.7 7
8 129S1/SvImJ m 66 108 25.4 27.4 1.079 35 1.24 7.26 0.0538 18.9 7.1
9 129S1/SvImJ m 66 109 24.4 27.5 1.127 43 1.29 7.29 0.0539 19.5 7.1



SAMPLING DISTRIBUTION

Example: Making a Random Sampling

ID Strain Sex
Starting 

age
Ending 

age
Starting 
weight

Ending 
weight

Weight 
change

Bleeding 
time

Ionized 
Ca in 
blood

Blood pH
Bone 

mineral 
density

Lean 
tissues 
weight

Fat 
weight

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4
2 129S1/SvImJ f 66 116 19.1 20.8 1.089 78 1.15 7.27 0.0553 13.9 4.4
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

ID Strain Sex
Starting 

age
Ending 

age
Starting 
weight

Ending 
weight

Weight 
change

Bleeding 
time

Ionized 
Ca in 
blood

Blood pH
Bone 

mineral 
density

Lean 
tissues 
weight

Fat 
weight

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4
2 129S1/SvImJ f 66 116 19.1 20.8 1.089 78 1.15 7.27 0.0553 13.9 4.4
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

mice.xls 790 mice from different strains
http://phenome.jax.org

1. Add a column to the table 

2. Fill it with   =RAND()
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

368 129S1/SvImJ f 72 114 18.3 21 1.148 65 1.26 7.22 0.0599 15.4 4.2
369 129S1/SvImJ f 72 115 20.2 21.9 1.084 55 1.23 7.3 0.0623 15.6 4.3
370 129S1/SvImJ f 72 116 18.8 22.1 1.176 1.21 7.28 0.0626 16.4 4.3
371 129S1/SvImJ f 72 119 19.4 21.3 1.098 49 1.24 7.24 0.0632 16.6 5.4
372 129S1/SvImJ f 72 122 18.3 20.1 1.098 73 1.17 7.19 0.0592 16 4.1

4 129S1/SvImJ f 66 109 17.2 18.9 1.099 41 1.25 7.29 0.0513 14 3.2
5 129S1/SvImJ f 66 112 19.7 21.3 1.081 129 1.14 7.22 0.0501 16.3 5.2

10 129S1/SvImJ m 66 112 24.3 24.7 1.016 119 1.13 7.24 0.0533 17.6 6.8
364 129S1/SvImJ m 72 114 25.3 27.2 1.075 64 1.25 7.27 0.0596 19.3 5.8
365 129S1/SvImJ m 72 115 21.4 23.9 1.117 48 1.25 7.28 0.0563 17.4 5.7
366 129S1/SvImJ m 72 118 24.5 26.3 1.073 59 1.25 7.26 0.0609 17.8 7.1
367 129S1/SvImJ m 72 122 24 26 1.083 69 1.29 7.26 0.0584 19.2 4.6

6 129S1/SvImJ m 66 116 21.6 23.3 1.079 78 1.15 7.27 0.0497 17.2 5.7
7 129S1/SvImJ m 66 107 22.7 26.5 1.167 90 1.18 7.28 0.0493 18.7 7
8 129S1/SvImJ m 66 108 25.4 27.4 1.079 35 1.24 7.26 0.0538 18.9 7.1
9 129S1/SvImJ m 66 109 24.4 27.5 1.127 43 1.29 7.29 0.0539 19.5 7.1

3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9
368 129S1/SvImJ f 72 114 18.3 21 1.148 65 1.26 7.22 0.0599 15.4 4.2
369 129S1/SvImJ f 72 115 20.2 21.9 1.084 55 1.23 7.3 0.0623 15.6 4.3
370 129S1/SvImJ f 72 116 18.8 22.1 1.176 1.21 7.28 0.0626 16.4 4.3
371 129S1/SvImJ f 72 119 19.4 21.3 1.098 49 1.24 7.24 0.0632 16.6 5.4
372 129S1/SvImJ f 72 122 18.3 20.1 1.098 73 1.17 7.19 0.0592 16 4.1

4 129S1/SvImJ f 66 109 17.2 18.9 1.099 41 1.25 7.29 0.0513 14 3.2
5 129S1/SvImJ f 66 112 19.7 21.3 1.081 129 1.14 7.22 0.0501 16.3 5.2

10 129S1/SvImJ m 66 112 24.3 24.7 1.016 119 1.13 7.24 0.0533 17.6 6.8
364 129S1/SvImJ m 72 114 25.3 27.2 1.075 64 1.25 7.27 0.0596 19.3 5.8
365 129S1/SvImJ m 72 115 21.4 23.9 1.117 48 1.25 7.28 0.0563 17.4 5.7
366 129S1/SvImJ m 72 118 24.5 26.3 1.073 59 1.25 7.26 0.0609 17.8 7.1
367 129S1/SvImJ m 72 122 24 26 1.083 69 1.29 7.26 0.0584 19.2 4.6

6 129S1/SvImJ m 66 116 21.6 23.3 1.079 78 1.15 7.27 0.0497 17.2 5.7
7 129S1/SvImJ m 66 107 22.7 26.5 1.167 90 1.18 7.28 0.0493 18.7 7
8 129S1/SvImJ m 66 108 25.4 27.4 1.079 35 1.24 7.26 0.0538 18.9 7.1
9 129S1/SvImJ m 66 109 24.4 27.5 1.127 43 1.29 7.29 0.0539 19.5 7.1

2. Fill it with   =RAND()

3. Sort all the table by this column

4. Assume that these mice is a population with size N=790. Build 3 samples with n=20

5. Calculate m, s for ending weight and p – proportion of males for each sample
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Point estimator 
The sample statistic, such as m, s, or p, that provides the 
point estimation the population parameters µ, σ, π.



Distribution of p

Sampling distribution 
A probability distribution consisting of all possible values of a sample statistic.

SAMPLING DISTRIBUTION

Sampling Distribution

Distribution of m
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0.0 0.2 0.4 0.6 0.8 1.0

N = 100000   Bandwidth = 0.03

20 25 30

N = 100000   Bandwidth = 0.1424



Central limit theorem 
In selecting simple random sample 
of size n from a population, the 
sampling distribution of the 
sample mean m can be

SAMPLING DISTRIBUTION

Central Limit Theorem

sample mean m can be
approximated by a normal 
distribution as the sample size 
becomes large

InIn practicepractice ifif thethe samplesample sizesize isis
nn>>3030,, thethe normalnormal distributiondistribution isis
aa goodgood approximationapproximation forfor thethe
samplesample meanmean forfor anyany initialinitial
distributiondistribution..
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distributiondistribution..



SAMPLING METHODS

Stratified Sampling

Stratified random sampling 
A probability sampling method in which the population is first divided into strata 
and a simple random sample is then taken from each stratum. 

Scientific Institution
with 250 coworkers

Administrative board 
20 people

Researchers
100 people

Engineers
50 people

Strata Sample

2

10

5
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with 250 coworkers 50 people

Technicians
50 people

Students
30 people

5

3



SAMPLING METHODS

Cluster Sampling

Cluster sampling 
A probability sampling method in which the population is first divided into clusters 
and then a simple random sample of the clusters is taken. 

Clusters

Luxembourg-camp

Esch-sur-Alzette

Remich

Diekirch
Sample
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Mersch

Redange

…   etc.



SAMPLING METHODS

Systematic Sample

Systematic sampling 
A probability sampling method in which we randomly select one of the first k elements 
and then select every k-th element thereafter.

1
2
3
4
5
6
7
8
9

10
11

1
11
21
31
41
51
61
71

Sample
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11
12

98
99
100

…

101

…

71
81
91
101



SAMPLING METHODS

Convenience Sampling

Convenience sampling 
A nonprobability method of sampling whereby elements are selected for the sample 
on the basis of convenience.
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SAMPLING METHODS

Judgment Sampling

Judgment sampling 
A nonprobability method of sampling whereby elements are selected for the sample 
based on the judgment of the person doing the study.

PerformPerform ofof aa selectionselection ofof mostmost confidentconfident oror
mostmost experiencedexperienced expertsexperts..
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AN EXAMPLE

Spitfire: analysis of the damage

Be Careful with Sampling!!!
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WereWere toto putput additionaladditional protection?protection?



Interval estimation

INTERVAL ESTIMATION

Interval estimation

interval estimation

population mean: σ known

population proportion

population mean: σ unknown

Student’s distribution 
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Student’s distribution 

estimation the size of a sample



POPULATION AND SAMPLE

Parameters

POPULATION

µ −−−− mean 
σ2 −−−− variance 
N −−−− number of elements

SAMPLE

m,    −−−− mean
s2 −−−− variance 
n −−−− number of

x

Population parameter
A numerical value used 
as a summary 
measure for a 
population (e.g., the 

Sample statistic
A numerical value used 
as a summary measure 
for a sample (e.g., the 
sample mean m, the N −−−− number of elements

(usually N=∞)
n −−−− number of

elements
population (e.g., the 
mean µ, variance σ2, 
standard deviation σ, 
proportion π)

All existing laboratory 
Mus musculus

ID Strain Sex
Starting 

age
Ending 

age
Starting 
weight

Ending 
weight

Weight 
change

Bleeding 
time

Ionized 
Ca in 
blood

Blood pH
Bone 

mineral 
density

Lean 
tissues 
weight

Fat 
weight

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4

ID Strain Sex
Starting 

age
Ending 

age
Starting 
weight

Ending 
weight

Weight 
change

Bleeding 
time

Ionized 
Ca in 
blood

Blood pH
Bone 

mineral 
density

Lean 
tissues 
weight

Fat 
weight

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4

mice.txt 790 mice from different strains
http://phenome.jax.org

sample mean m, the 
sample variance s2, and 
the sample standard 
deviation s)
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Mus musculus 1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4
2 129S1/SvImJ f 66 116 19.1 20.8 1.089 78 1.15 7.27 0.0553 13.9 4.4
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

368 129S1/SvImJ f 72 114 18.3 21 1.148 65 1.26 7.22 0.0599 15.4 4.2
369 129S1/SvImJ f 72 115 20.2 21.9 1.084 55 1.23 7.3 0.0623 15.6 4.3
370 129S1/SvImJ f 72 116 18.8 22.1 1.176 1.21 7.28 0.0626 16.4 4.3
371 129S1/SvImJ f 72 119 19.4 21.3 1.098 49 1.24 7.24 0.0632 16.6 5.4
372 129S1/SvImJ f 72 122 18.3 20.1 1.098 73 1.17 7.19 0.0592 16 4.1

4 129S1/SvImJ f 66 109 17.2 18.9 1.099 41 1.25 7.29 0.0513 14 3.2
5 129S1/SvImJ f 66 112 19.7 21.3 1.081 129 1.14 7.22 0.0501 16.3 5.2

10 129S1/SvImJ m 66 112 24.3 24.7 1.016 119 1.13 7.24 0.0533 17.6 6.8
364 129S1/SvImJ m 72 114 25.3 27.2 1.075 64 1.25 7.27 0.0596 19.3 5.8
365 129S1/SvImJ m 72 115 21.4 23.9 1.117 48 1.25 7.28 0.0563 17.4 5.7
366 129S1/SvImJ m 72 118 24.5 26.3 1.073 59 1.25 7.26 0.0609 17.8 7.1
367 129S1/SvImJ m 72 122 24 26 1.083 69 1.29 7.26 0.0584 19.2 4.6

6 129S1/SvImJ m 66 116 21.6 23.3 1.079 78 1.15 7.27 0.0497 17.2 5.7
7 129S1/SvImJ m 66 107 22.7 26.5 1.167 90 1.18 7.28 0.0493 18.7 7
8 129S1/SvImJ m 66 108 25.4 27.4 1.079 35 1.24 7.26 0.0538 18.9 7.1
9 129S1/SvImJ m 66 109 24.4 27.5 1.127 43 1.29 7.29 0.0539 19.5 7.1

1 129S1/SvImJ f 66 116 19.3 20.5 1.062 64 1.2 7.24 0.0605 14.5 4.4
2 129S1/SvImJ f 66 116 19.1 20.8 1.089 78 1.15 7.27 0.0553 13.9 4.4
3 129S1/SvImJ f 66 108 17.9 19.8 1.106 90 1.16 7.26 0.0546 13.8 2.9

368 129S1/SvImJ f 72 114 18.3 21 1.148 65 1.26 7.22 0.0599 15.4 4.2
369 129S1/SvImJ f 72 115 20.2 21.9 1.084 55 1.23 7.3 0.0623 15.6 4.3
370 129S1/SvImJ f 72 116 18.8 22.1 1.176 1.21 7.28 0.0626 16.4 4.3
371 129S1/SvImJ f 72 119 19.4 21.3 1.098 49 1.24 7.24 0.0632 16.6 5.4
372 129S1/SvImJ f 72 122 18.3 20.1 1.098 73 1.17 7.19 0.0592 16 4.1

4 129S1/SvImJ f 66 109 17.2 18.9 1.099 41 1.25 7.29 0.0513 14 3.2
5 129S1/SvImJ f 66 112 19.7 21.3 1.081 129 1.14 7.22 0.0501 16.3 5.2

10 129S1/SvImJ m 66 112 24.3 24.7 1.016 119 1.13 7.24 0.0533 17.6 6.8
364 129S1/SvImJ m 72 114 25.3 27.2 1.075 64 1.25 7.27 0.0596 19.3 5.8
365 129S1/SvImJ m 72 115 21.4 23.9 1.117 48 1.25 7.28 0.0563 17.4 5.7
366 129S1/SvImJ m 72 118 24.5 26.3 1.073 59 1.25 7.26 0.0609 17.8 7.1
367 129S1/SvImJ m 72 122 24 26 1.083 69 1.29 7.26 0.0584 19.2 4.6

6 129S1/SvImJ m 66 116 21.6 23.3 1.079 78 1.15 7.27 0.0497 17.2 5.7
7 129S1/SvImJ m 66 107 22.7 26.5 1.167 90 1.18 7.28 0.0493 18.7 7
8 129S1/SvImJ m 66 108 25.4 27.4 1.079 35 1.24 7.26 0.0538 18.9 7.1
9 129S1/SvImJ m 66 109 24.4 27.5 1.127 43 1.29 7.29 0.0539 19.5 7.1



INTERVAL ESTIMATION

Interval Estimation

Interval estimate 
An estimate of a population parameter that provides an 
interval believed to contain the value of the parameter. 
For the interval estimates in this chapter, it has the 

0.
20

Distribution of m

D
en

si
tyFor the interval estimates in this chapter, it has the 

form: point estimate ± margin of error.

Margin of error 
The ± value added to and subtracted from a point 
estimate in order to develop an interval estimate of a 
population parameter.

20 25 30

0.
00

0.
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N = 100000   Bandwidth = 0.1424

D
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ty

σσσσ known 
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σσσσ known 
The condition existing when historical data or other information provides a good value for the 
population standard deviation prior to taking a sample. The interval estimation procedure uses this 
known value of о in computing the margin of error.

σσσσ unknown 
The condition existing when no good basis exists for estimating the population standard deviation 
prior to taking the sample. The interval estimation procedure uses the sample standard deviation s in 
computing the margin of error.



INTERVAL ESTIMATION

Population Mean: σσσσ Known

Statistical data analysis in Excel. 2. Interval estimations 16



INTERVAL ESTIMATION

Population Mean: σσσσ Known

Confidence level 
The confidence associated with an interval estimate. For example, if an interval estimation 
procedure provides intervals such that 95% of the intervals formed using the procedure will 
include the population parameter, the interval estimate is said to be constructed at the 95% 
confidence level.confidence level.

Confidence interval 
Another name for an interval estimate.

Statistical data analysis in Excel. 2. Interval estimations 17

ForFor 9595 %% confidenceconfidence αα == 00..0505,, whichwhich
meansmeans thatthat inin eacheach tailtail wewe havehave 00..025025..
CorrespondingCorresponding zzαααααααα//22 == 11..9696

00..9595

00..025025 00..025025

αα//22 == αα//22 ==

In Excel use one of the following functions:

= CONFIDENCE(alpha, σσσσ, n)

= -NORMINV(alpha/2,0,1)*σσσσ/SQRT(n)



INTERVAL ESTIMATION

Population Proportion

3.
0

Distribution of p
Sampling distribution Sampling distribution 

for proportion for proportion pp
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0.
0

1.
0

2.
0

N = 100000   Bandwidth = 0.03

D
en

si
ty

ππ

pancreatitis.txt pancreatitis.txt 

ifif npnp≥≥55 andand nn((11--pp))≥≥55

Practical Work
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pancreatitis.txt pancreatitis.txt 
Define a 95% confidence interval for never-smoking

proportion of people coming to a hospital

forfor 9595%% confidenceconfidence zz00..025025 == 11..9696

n= 270
p(never)= 0.214815
sp= 0.024994
E= 0.048988

π = 21.5 ± 4.9  %



INTERVAL ESTIMATION

Population Proportion: Some Practical Aspects
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22.. TheThe maximalmaximal marginalmarginal errorerror isis observedobserved whenwhen p=p=00..55

11.. TheThe normalnormal distributiondistribution isis applicableapplicable onlyonly whenwhen
enoughenough datadata pointspoints areare observedobserved.. TheThe rulerule ofof thumbthumb isis::
npnp≥≥55 andand nn((11--pp))≥≥55
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33.. TheThe estimationestimation ofof thethe samplesample sizesize cancan bebe obtainedobtained::

wherewhere pp isis aa bestbest guessguess forfor ππ oror thethe resultresult ofof aa preliminarypreliminary studystudy

npnp≥≥5  and  5  and  nn(1(1--pp))≥≥55
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Population Mean: σσσσ Unknown

Weight
39.9
19.8

Weight
39.9
19.8

AssumeAssume thatthat wewe havehave aa samplesample ofof 2020 micemice andand wouldwould likelike toto estimateestimate anan averageaverage sizesize ofof aa
micemice inin populationpopulation..

m = 22.73
s = 8.84

m = 22.73
s = 8.84

AsAs wewe replacereplace σσσσσσσσ →→→→→→→→ s,s, wewe
introduceintroduce anan additionaladditional errorerror
andand thisthis changechange thethe distributiondistribution19.8

32.4
21

27.5
20.8
21.3
40

10.7
22.6
27

10.8

19.8
32.4
21

27.5
20.8
21.3
40

10.7
22.6
27

10.8

s = 8.84s = 8.84 andand thisthis changechange thethe distributiondistribution
fromfrom zz toto tt (Student)(Student)
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14.8

NoteNote:: notnot aa realisticrealistic scalescale
herehere…… forfor illustrationillustration onlyonly
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Population Mean: σσσσ Unknown

t-distribution 
A family of probability distributions that can be used to develop an interval estimate 
of a population mean whenever the population standard deviation σ is unknown and 
is estimated by the sample standard deviation s.is estimated by the sample standard deviation s.

Degrees of freedom 
A parameter of the t-distribution. When the t distribution is used in the computation 
of an interval estimate of a population mean, the appropriate t distribution has n – 1 
degrees of freedom, where n is the size of the simple random sample.
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Population Mean: σσσσ Unknown

Weight
39.9
19.8
32.4
21

Weight
39.9
19.8
32.4
21

m = 22.73
s = 8.84

m = 22.73
s = 8.84

s(m) = 1.98s(m) = 1.98
21

27.5
20.8
21.3
40

10.7
22.6
27

10.8
20.9
14.7

21
27.5
20.8
21.3
40

10.7
22.6
27

10.8
20.9
14.7

s(m) = 1.98
t = 2.09

m.e. = 4.14

s(m) = 1.98
t = 2.09

m.e. = 4.14

00..9595
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14.7
31.4
17.2
11.4
19.1
31.3
14.8

14.7
31.4
17.2
11.4
19.1
31.3
14.8

In Excel use:

= TINV(alpha, degree-of-freedom) !!!

00..9595

00..025025 00..025025

αα//22 == αα//22 ==
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Population Mean: Practical Advices

AdviceAdvice 11

Population

any n

normal

not normal

symmetric skewed
highly 

skewed

n ~ 10 n ~ 30 n ≥ 50
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if n >100 you can use z-statistics instead of  t-statistics (error will be <1.5%)
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Determining the Sample Size

Let’sLet’s focusfocus onon anotheranother aspectaspect:: howhow toto selectselect aa properproper numbernumber ofof experimentsexperiments..

Effect of the Sample Size
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Effect of the Sample Size

α = 0.01

α = 0.05
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Thank you for your 

QUESTIONS ?

Thank you for your 
attention
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to be continued…


