About Sampling
for Statistics
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 Assume there is a population ...
* Population size N=4

e Random variable, X,

is age of individuals

e Values of X: 18, 20,
22, 24 (years)

ERIZR © Statistics for Managers Using Microsoft
Excel 7th Edition, Global Edition, CH7
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Summary Measures for the Population Distribution:

169

Uniform Distribution
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Now consider all possible samples of size n=2

15t 2"d Observation
Obs 18 [ 20 | 22 | 24
18 18,18 | 18,20 | 18,22 | 18,24
20 20,18 | 20,20 | 20,22 | 20,24
22 22,18 | 22,20 | 22,22 | 22,24 ::>
24 24,18 | 24,20 | 24,22 | 24,24
st St 5o Samp
replacement) Means

_ X1 +X2

2

1st
Obs

2nd Observation
20| 22 | 24

18




77 Be

Sampling Distribution of All Sample Means

16 Sample Means Sample Means

Distribution

1st | 2nd Observation

Obs[18] 2022 24| ()
1818|1920 21|

20 | 191 20 | 21| 22

77 20 21"' 22|23

24 21 22 23‘ 24 18 19 20 21 22 23 24

(no longer uniform)
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Summary Measures of this Sampling Distribution:

18+19+19+---4+ 24
!V[_ — =21
Z 16

— 2 - 2 e o o - 2
J67x=\/(18 21)% + (19 211g oo+ (24-21)°

Note: Here we divide by 16 because there are 16

different samples of size 2.
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Population Sample Means Distribution
N =4 n=2

P(X) P(X)
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Sampling Distribution Properties

Normal Population
Distribution

j =

x|
|

j =

M
(i.e. Xisunbiased) NormalSampling
Distribution
(has the same mean)
Mx

X|



Sample Mean Sampling Distribution:
Standard Error of the Mean

e Different samples of the same size from the same
population will yield different sample means

* A measure of the variability in the mean from sample to
sample is given by the Standard Error of the Mean:

(This assumes that sampling is with replacement or
sampling is without replacement from an infinite

population)

e Note that the standard error of the mean decreases as the
sample size increases



Sample Mean Sampling Distribution:
If the Population is Normal

* |f a population is normal with mean u and
standard deviation o, the sampling
distribution of X is also normally distributed

with

Mg =M and ngﬁ




Z-value for Sampling Distribution
of the Mean

e Z-value for the sampling distribution of X :

7 — (X_IJ>_() _ (>_(_|J)
O o
Jn
where: X = sample mean

M = population mean
O = population standard deviation
n = sample size



Sampling Distribution Properties

As n increases,
0]

X decreases

Smaller
sample size

Larger
sample size

X|



Determining An Interval Including A Fixed
Proportion of the Sample Means

Find a symmetrically distributed interval
around u that will include 95% of the sample
means when u =368, o0 =15, and n = 25.

— Since the interval contains 95% of the sample means 5%
of the sample means will be outside the interval

— Since the interval is symmetric 2.5% will be above the
upper limit and 2.5% will be below the lower limit.

— From the standardized normal table, the Z score with
2.5% (0.0250) below it is -1.96 and the Z score with 2.5%
(0.0250) above it is 1.96.



Determining An Interval Including A Fixed
Proportion of the Sample Means

e Calculating the lower limit of the interval

o 15
O 368+ (-1.96)— =362.12
7n N

e Calculating the upper limit of the interval
o

Jn

X =u+Z

Xy =M+Z 368 + (1.96)\}235 =373.88

* 95% of all sample means of sample size 25
are between 362.12 and 373.88
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A EERI(law of large number)
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Central Limit Theorem

the sampling
As the all distribution of
sample the sample

Size gets mean becomes
large almost normal
enough...

regardless of
shape of
population

X




Sample Mean Sampling Distribution:
If the Population is not Normal

Sampling distribution

properties:
Central Tendency
Mz =H
Variation
o O
==
AN

Population Distribution

Sampling Distribution

M X

(becomes normal as n increases)

Smaller
sample size

Larger
sample
size

=
X|



(a)
C.L.T ]/\I

(b) ()
Uniform Exponential
Parent Population

(d)
Parabolic

\/

K

/LA e W

N EXEjﬁ Sampling Distributions of x forn=2

s/\mvum\

!

Sampling Distributions of x forn=5
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Sampling Distributions of x for n = 30
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= Bl BEER

T EB50045 — p=500 ; ZEE120 — 02=120
MEN306E — n=30 ; — FIEHEWHERSE" ERREIE
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(1) P(500-3<% <500+3) = P(497<% <503)
= P20« 7 < (2222299 = p(-1.5<Z <1.5) = 0.8664

120 120

30 30

(2)P(p-asx s p+a) =0.95
N P((soo—a)—sooé 7 < ((soo+a)—5oo) — 0.95

120 120

30 30

S35 P(-1.96<72<196) =095 = \/%0 = 1.96

FTll a=3.92 - % =[500 — 3.92, 500 + 3.92] = [496.08, 503.92]







