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Recap Chapter 6.1 - 6.5
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6: Normal Probability Distributions
6.3 Applications of Normal Distributions

Example: 16
Assume that IQ scores are i
normally distributed with a |
mean y of 100 and a standard - L

. 52 68 84 100 116 132 148  x
deviation ¢ of 16. "

\

If a person is picked at random,
what is the probability that his
or her 1Q is between 100 and
1157 E—

i.e. P(100 < x <115) ? R e ¥

U
Figures from Johnson & Kuby, 2012.
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6: Normal Probability Distributions
6.3 Applications of Normal Distributions

|Q scores normally distributed \
1=100 and ¢=16.
P(100 < x <115) o

X — 11 x, =100 100 115 X
L= X, =115
o
7 = X, — U :100—lOO:O
o 16
B B 100 115 X
Z, = X, —H :115 100 —0.94 0 0.94 z
o 16

Figures from Johnson & Kuby, 2012.
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6: Normal Probability Distributions
6.3 Applications of Normal Distributions

Now we can use the table.

A 4\

100 115 100 115 X 100 115 :
0 0.94 0 094 z 0 0.94 z
P(0<z<094) = P(z<094)-P(z<0)
Figures from Johnson & Kuby, 2012.
= 0.8264 —.5

= 0.3264
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6: Normal Probability Distributions

6.4 Notation
Example: isitlicbscliee
Let «=0.05. Let’s find 2(0.05). )
P(z>z(0.05))=0.05. P(z>2(0.05))
0.9500 /

Same as finding P(z<z(0.05))=1-0.05.

0.05=P(z>z(0.05))

Figures from Johnson & Kuby, 2012.
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6: Normal Probability Distributions

6.4 Notation

Example:

Same as finding P(z<z(0.05))=0.95.

o0
O\
0.2
O3
o4 4

1.5
—> 1.4 245
1.7 1554

I B O3

|9 13

73

)

. - o
4 .
<54 <o Ha 29
" 7
S ~d
4
244
) UE ~ ( JB a oy OR 1/
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R B

ML A
OO
P 4

Figures from Johnson & Kuby, 2012.
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6: Normal Probability Distributions n=14, p=1/2
6.5 Normal Approximation of the Binomial Distribution
From the binomial formula From the Normal Distribution
P(4) — 14' (5)4(1_ .5)14—4 P(35 < X< 45) lu = 7’ 0'2 = 35
41(14 — 4)! _, 35_7 o =187
7, =M 207 L 87
P(x=4)=0.061 too 1.87
X,—pu 45-7
P(~1.87 <z <1.34) = 0.0594 === =134
P(-1.87<z<-1.34) P(z<-1.34) P(z <-1.87)

0.0594 0.0901 0.0307
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6: Normal Probability Distributions
Questions?

Homework: Read Chapter 6.1-6.2
Web Assign
Chapter 6 # 7a&b, 9a&b, 13a, 19, 29, 31,
33,41, 45,47, 53, 61, 75, 95, 99

Not homework, but maybe fun to watch: Sl
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Lecture Chapter 7.2- 7.3
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

When we take a random sample x,,..., X, from a population,
one of the things that we do is compute the sample mean X.
The value of X is not 4. Each time we take a random sample

of size n, we get a different set of values x,,..., x, and a

different value for X.
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Recall: When we take a sample of data x4,...,x, from a
population, then compute an estimate of a parameter
it is called a sample statistic. i.e. X for u

Sampling Distribution of a sample statistic: The
distribution of values for a sample statistic obtained from
repeated samples, all of the same size and all drawn from

the same population.
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Let’s discuss the relationship between the sample mean and
the population mean.

Assume that we have a population of items with population
mean u and population standard deviation .

If we take a random sample of size n and compute sample
mean, X.

The collection of all possible means is called the sampling
distribution of the sample mean.

Rowe, D.B.
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Example:
N=5 balls in bucket, select n=1 with replacement.

S={ }

(0 @
(0 (&)

Prob. of each value =
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Example:
N=5 balls in bucket, select n=1 with replacement.

Population data values: b |
0,2,4,86,8. 5 possible values

@ S={0, 2, 4, 6, 8}
X =0, occurs one time

X =4, occurs one time
X =6, occurs one time

(0 @
(0 (&)

X =8, occurs one time

(2
@ X =2, OCcurs one time
()

(8

Prob. of each value = 1/5=0.2
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Example:
N=5 balls in bucket, select n=1 with replacement.
Population data values:

0.2 4.6, 8. 5 possible values
X |P(X) P9 4
@ @ 2 |11/5 o2l
4 11/5 0.08}
6 |1/5 0.04f
8 |11/5 ’
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Example:
N=5 balls in bucket, select n=1 with replacement.
Population data values:

0.2 4.6, 8. 5 possible values
PO =S xP(0]
@ @ 0 |1/5
@ @ 2 [1/5 =
4 11/5
6 [1/5
8 |1/5
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Example:
N=5 balls in bucket, select n=1 with replacement.
Population data values:

0.2 4.6, 8. 5 possible values
X |P(x) B
> e 4= 2P
@ @ 2 [1/5 =0(/5)+2(1/5)+4(1/5)
4 11/5 +6(1/5)+8(1/5)
6 [1/5 =4
8 |1/5
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Example:
N=5 balls in bucket, select n=1 with replacement.
Population data values:

0.2 4.6, 8. 5 possible values
X P(X) o2 = Z[(X _ ,U)Z P(X)]
@ @ 0 |1/5
@ @ 2 |1/5 =
4 11/5
6 [1/5
8 |1/5
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7.2 The Sampling Distribution of Sample Means

Example:

N=5 balls in bucket, select n=1 with replacement.

Population data values:

0.2 4.6, 8. 5 possible values
PO 5 = k- )P ()
(o 0 |1/5
@ (&) 2 [1/5 = (0—4)2(1/5) + (2—4)*(1/5)
41175 — 1(4—4)*(L/5)+ (6 4)*(1/5)
6 175 +(8-4)°(1/5)
8 |1/5

:8 — O_:\/gzz\/z
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7.2 The Sampling Distribution of Sample Means

Example:

N=5 balls in bucket, select n=2 with replacement.

Population data values: 0
0,2,4,6,8. (0,0) (2,0) (4,0)
0,2) (2,2) (4,2)
@ @ (0,4) (2,4) (4,4)
@ @ (0,6) (2,6) (4,6)
(0,8) (2,8) (4,8)

(6,0) (8,0)
(6,2) (8,2
(6,4) (8,4)
(6,6) (8,6)
(6,8) (8,8)

25 possible samples
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: There are N=5 items in the population.
Population data values: O, 2, 4, 6, 8.
Take samples of size n=2 (with replacement).

There are 25 possible samples. Each sample has mean X.

(0,0) (2,0) (4,0) (6,0) (8,0) 2?7 7?77

0,2) (2,2) (4,2) (6,2) (8,2) 2?72 77

0,4) (2,4) (4,4 (6,4) (8,4 2?2 77

(0,6) (2,6) (4,6) (6,6) (8,6) 2?72 77
2?7?77

(0,8) (2,8) (4,8) (6,8) (8,8

Rowe, D.B.
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: There are N=5 items in the population.
Population data values: O, 2, 4, 6, 8.
Take samples of size n=2 (with replacement).

There are 25 possible samples. Each sample has mean X.
(0,0) (2,0) (4,0) (6,0) (8,0) 012 3 4
0,2) (2,2) (4,2) (6,2) (8,2) 1 2 3 45
0,4) (2,4) (4,4 (6,4) (8,4 2 3 45 6
(0,6) (2,6) (4,6) (6,6) (8,6) 3 45 6 7
(0,8) (2,8) (4,8 (6,8) (8,8 4 5 6 7 8

Rowe, D.B.
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
25 possible samples.

Each possible sample is equally likely.

There are 25 possible samples.

Prob. of each sample (0,0) (2,0) (4,0) (6,0) (8,0)
=1/25=0.04 02) (22) (42) (62) (82)
I (0,4) (2.4) (4,4) (6.4) (8.4)
i, )] =
e (0.6) (2.6) (4.6) (6,6) (8,6)
02468 (0.8) (2.8) (4.8) (68 (88)

26
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
25 possible samples. Each possible sample is equally likely.

Prob. of each samples
mean = 1/25 = 0.04 There are 25 possible samples.

2272 27 (0,00 (2,0) (4,0) (6,0) (80)
2 272 77 02 (2,2) (42) (6,2) (82
2272 27 0,4) (24) (44) (64) (84)
2.2 72 77 (0,6) (2,6) (4,6) (6,6) (8,6)
2 272 27 0,8) (28) (48) (68) (83)

27
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
25 possible samples. Each possible sample is equally likely.

Prob. of each samples
mean = 1/25 = 0.04 There are 25 possible samples.

012 34 (0,00 (2,0) (4,0) (6,0) (80)
1 2 3 45 02 (2,2) (42) (6,2) (82
2 3 4 5 6 0,4) (2,4) (44) (6,4) (84
3456 7 (0,6) (2,6) (4,6) (6,6) (8,6)
456 7 8 08 (28) (48) (68 (839)

28
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
25 possible samples.

X =7, OCCUrs Xxx times
X =7, OCCUrs XXX times
Prob. of each samples - ;
X =7, OCCUIS XXXXX times
mean = 1/25 = 0.04 _
X =7, occurs Xxxx times
70?7 7 72 7 _ :
X =7, occurs xxxx times
270 92 9 9 _ .
oor o n X =7, OCCUrsS XXXX times
2?77 X =?. 0CCUIS XXXXX times
77 2 77 X =7, OCCUrs xXxx times
70?7 72 2 7 X =?, occurs xxx times
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
25 possible samples.

X =0, occurs one time
Prob. of each samples f 1 oceurs two times
mean = 1/25 = 0.04 X = 2, occurs three times
X =3, occurs four times
0123 4 X =4, occurs five times
1 23 45 X =5, occurs four times
2 3 4 5 6 X =6, occurs three times
3 45 6 7 X =7, occurs two times
4 5 6 7 8 X =8, occurs one time
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/. Sample Variability © @
7.2 The Sampling Distribution of Sample Means @@
Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
25 possible samples. P(X =7?)=
P(X =?) =
Prob. of each samples P(X = 7) —
mean = 1/25 = 0.04 .
P(X=7)=
22 2 2 7 P(X =?) =
7207 7?7 7?77 P(X =7?) =
7?7 2 7?77 P(X =?) =
2.7 2 2 9 P(X =?) =
2772 27 P(X=7?)=
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).

25 possible samples. P(X=0)=1/25
P(X=1)=2/25
P(X =2)=3/25
P(X=3)=4/25

Prob. of each samples
mean = 1/25 = 0.04

01234 P(X=4)=5/25
1 2 3 45 P(X=5)=4/25
2 3 45 6 P(X=6)=3/25
3 456 7 P(X=7)=2/25
456 7 8 P(X=8)=1/25
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
P(X=0)=1/25 P(x) A R_ep_rese_nt thi_s prob_ability
P(Xx=1)=2/25 distribution with a histogram.
P(X=2)=3/25

(X=2) 0.20 F
P(X=3)=4/25 0.16 I
P(X=4)=5/25 0.12
P(X=5)=4/25 0.08
P(X=6)=3/25 0.04 [

o 0 T A I O
P(X=7)=2/25 012345678 x
P(X=8)=1/25

Figure from Johnson & Kuby, 2012.
33
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/. Sample Variability 010
7.2 The Sampling Distribution of Sample Means @@

Don’t forget that the two values that we draw are random.
That Is, we may know the sample space of possible outcomes

but we do not know exactly which ones we will get!

Random Sample: A sample obtained in such a way that
each possible sample of fixed size n has an equal probability
of being selected.
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

The Sampling Distribution of Sample Means empirical
Repeated One value_of the sample dlStI’IbUtIOﬂ
L. 5 2 statistic (x in this case) Then all of these
Statistical sampllr:’g . All possible corresponding to the values of the sample
population needed to samples parameter of interest statistic, x, are used
being th form i of size n (u in this case) is to form the sampling
studied S samp N obtained from each distribution.

distribution.
sample

@Sample @ & X 2 The Sampling
o D) n » Distribution

of Sample Means

Statistical s The elements of the sampling distfibution:
Population : < @ —— {X1, X5, X3, -..}
e, Sample @ % ]
Pa.rameter A 3 3 2 g J Graphic description of sampling dfistribution:
Of 'ntereSl' ';‘ - S @ Sarmpling Distribution of Sample ns
P
RIS, —
@ Sample @ 5,
3 \_ 3 J 0.104
0.00 -- v r( l ''''''''

true distribution with

H H . . Y Numerical description o m g distribution:
. All other samples M
population parameters EE®- -G | Svaiies ’
Figure from Johnson & Kuby, 2012.

As the number of samples increases the empirical dist. turns into theoretical dist.

35
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/. Sample Variability
7.2 The Sampling Distribution of Sample Means

Sample distribution of sample means (SDSM): If all
possible random samples, each of size n, are taken from any
population with mean ¢ and standard deviation o, then the
sampling distribution of sample means will have the
following:

1. Amean g, equal to u o
2. A standard deviation o, equal to ﬁ

Furthermore, if the sampled population has a normal
distribution, then the sampling distribution of X will also be
normal for all samples of all sizes. \

Discuss Later: What if the sampled population does not have a normal distribution?

36
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7.2 The Sampling Distribution of Sample Means

The Sampling Distribution of Sample Means

One value of the sample

empirical

distribution

S s'::,‘p?::e?s statistic (x in this case) Then all of these
Sasireron: neezedgto All possible corresponding to the values of the sample
popu!atlon samples parameter of interest statistic, x, are used

o e of size n (uin this case) is to form the samplin
i the sampling A 2 s ampling
e T obtained from each distribution.
distribution.
sample
et A e : R
N @ @ —_— 7 —_— The Sampling
1 Distribution

.l

ARSI

i

.‘u‘ﬂl.“'
web v

true distribution with

population parameters

Sample 1

Ol®

Sample 2

(o @

Sample 3

() (o

All Other Samples

many more

—_> Y values —>

of Sample Means

{X1. X2, X3, ...}

Graphic description of sampling distribution:

Sampling Distribution of Sample ans.
A

020+

S
" o ‘ L |

0.00

vvvvvvvvvvv

Numerical descriptioI . ----- | I distribution:

\

~

7

portion of Figure from Johnson & Kuby, 2012.

As the number of samples increases the empirical dist. turns into theoretical dist.
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
Instead of drawing two values with replacement

and computing the sample mean, we can

think of this as drawing one of the

sample means with replacement.

The probability for each sample mean is —
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/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).

Instead of drawing two values with replacement

and computing the sample mean, we can P(X=0)=1/25

think of this as drawing one of the P(X=1)=2/25

sample means with replacement. P(X=2)=3/25
P(X=3)=4/25

The probability for each sample meanis - p(x =4) =5/ 25
P(X=5)=4/25
P(X =6)=3/25
P(X=7)=2/25
P(X=8)=1/25

39
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/. Sample Variability © @
7.2 The Sampling Distribution of Sample Means @@
Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
s, :ZYP(Y) P(X=7)=
P(X="7) =
pye = P(X =7) =
P(X =?) —
P(X =7?) =
P(X =7) =
P(X =?) —
P(X =?) —

P(X =7) =
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/. Sample Variability © @
7.2 The Sampling Distribution of Sample Means @@
Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
ty = > XP(X) P(X=0)=1/25
P(X=1)=2/25
Hy =0(1/25) +1(2/25) P(X=2)=3/25
+2(3/25)+3(4/25) P(X=3)=4/25
+4(5/25)+5(4/ 25) P(X =4)=5/25
+6(3/25)+7(2/25) P(Y=5)=4/25
+8(1/25) P(X=6)=3/25
-4 <—— Same as SDSM formula! .
Hy =u=4

P(X=8)=1/25

41
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/. Sample Variability © @
7.2 The Sampling Distribution of Sample Means @@
Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
o= (X - u)*P(X) P(X="7?) =
o P(X="7)=
' P(X=7?)=
P(X =7) =
P(X =?) =
P(X =7) =
P(X =27) =
P(X =2?) =

P(X =7) =
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7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=2 (with replacement).
oy =D (X — 1)’ P(X) P(fzo):1/25
o2 =(0—4)°(1/ 25) + (1- 4)*(2/ 25) P(X=1)=2/25
+(2-4)°(3/25) + (3—4)2(4/ 25) ”
4-2)(5125) + (5 4)*(41 25) P(x=3)=4/25
! 2 2 P(X=4)=5/25
+(6—4)°(3/25)+ (7 —4)*(21 25) (X 5y 4/ 25

+(8—4)°(1/ 25) P(X=6)=3/25

Same as SDSM formula!

S P(X=7)=2/25
_2/ 0_2\/_ 2

~ P(X=8)=1/25

43
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7.2 The Sampling Distribution of Sample Means

Sample distribution of sample means (SDSM): If all
possible random samples, each of size n, are taken from any
population with mean ¢ and standard deviation o, then the
sampling distribution of sample means will have the
following:

1. Amean g, equal to u o
2. A standard deviation o, equal to ﬁ

Furthermore, if the sampled population has a normal
distribution, then the sampling distribution of X will also be
normal for all samples of all sizes. \

Discuss Later: What if the sampled population does not have a normal distribution?

44

Rowe, D.B.
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7.2 The Sampling Distribution of Sample Means

X from n=1 distribution

PO

0.2]

P(X)A

P(x)A

IL[¥:4,O':\/§

0.20
0.16 [
012
0.08 [~
0.04 [~

—

1. A mean y7a equal to,u ig
2. Astandard dewatlon o, equal to. \f

X from n=2 distribution

=4,0,=\B/\2

] S o | S A | W S

=
0123456738 x

X Figure from Johnson & Kuby, 2012.
X from n=3 distribution Px)A X from n=4 distribution n large?
ﬂ7:4’07:\/§/\/§ - 7:4’67:@/\/1 ﬂ—:Z.
' X
0.16
0.12 Oy = \/§ / \/ﬁ
| 0.08 _ Looks like?
H h 0.04 Looks like?

\ See end of slides for details

E
012345678 X
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7.2 The Sampling Distribution of Sample Means

We have a couple of definitions.

Standard error of the mean (oy): The standard deviation
of the sampling distribution of sample means.

Central Limit Theorem (CLT): The sampling distribution of
sample means will more closely resemble the normal
distribution as the sample size increases.

The CLT is extremely important in Statistics!

Rowe, D.B.



Marquette University MATH 1700

/. Sample Variability
7.2 The Sampling Distribution of Sample Means

The Central Limit Theorem: Assume that we have a population
(arbitrary distribution) with mean ¢ and standard deviation o.

If we take random samples of size n (with replacement),
then for “large” n, the distribution of the sample means,
the X's, is approximately normally distributed with

Hy = H, Gizi
Jn

where in general n =30 is sufficiently “large,” but can be as small
asl5 or as big as 50 depending upon the shape of distribution!

47

Rowe, D.B.



Marquette University MATH 1700

/. Sample Variability
7.3 Application of the Sampling Distribution of Sample Means

Now that we believe that the mean X from a sample
of n=15 is normally distributed with mean u; = u

. o . -
and standard deviation o, = T , we can find probabilities.
n

P(a<X<h)

Rowe, D.B.
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7.3 Application of the Sampling Distribution of Sample Means

To find these probabilities, we first convert to z scores

b X b X X

Pla<X<b)«__ P(o<X)«__ P(X <)~ ..
P(c<z<d)< ™ P(d<z)< ™ P(z<c)< ™

— Hx _a— Ky d:b_:ux

X X X

and use the table in book.

49
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7.3 Application of the Sampling Distribution of Sample Means

Example:
What Is probability that sample mean X from a random sample
of n=15 heights is greater than 70" when £ =67.0 and o =4.3?
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7.3 Application of the Sampling Distribution of Sample Means

Example:
What Is probability that sample mean X from a random sample
of n=15 heights is greater than 70" when £ =67.0 and o =4.3?

P(70<X)

x|
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7.3 Application of the Sampling Distribution of Sample Means

Example:
What Is probability that sample mean X from a random sample
of n=15 heights is greater than 70" when £ =67.0 and o =4.3?

P(70<X), we first convert
to z scores
7 — X — Hy
X 67
d= b—
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7.3 Application of the Sampling Distribution of Sample Means

Example:

What Is probability that sample mean X from a random sample
of n=15 heights is greater than 70" when £ =67.0 and o =4.3?

P(70<X), we first convert P(d <2)
to z scores
;- X by 1 P(z<d)
GY

b-p, E

x|
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7.3 Application of the Sampling Distribution of Sample Means

Example:
What Is probability that sample mean X from a random sample

of n=15 heights is greater than 70" when £ =67.0 and o =4.3?

P(70<X), we first convert P(d <2)

' to z scores

X 1 P(z<d)
b=70 X Oy

b—wu 70-67.0
Hx =2.70, then use the table in book.

oy 4.3/4/15 1-P(z < 2.70) =1—.9965 = 0.0035
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Questions?

Homework: Read Chapter 7.1-7.3
WebAssign
Chapter 7 # 6, 21, 23, 29, 33, 35
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7.2 The Sampling Distribution of Sample Means
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Example: N=5, values: O, 2, 4, 6, 8, n=3 (with replacement).
125 possible samples.

(0,0,0)
(0,2,0)
(0,4,0)
(0,6,0)
(0,8,0)

(2,0,0)
(2,2,0)
(2,4,0)
(2,6,0)
(2,8,0)

(4,0,0)
(4,2,0)
(4,4,0)
(4,6,0)
(4,8,0)

(0,0,6)
(0,2,6)
(0,4,6)
(0,6,6)
(0,8,6)

(6,0,0)
(6,2,0)
(6,4,0)
(6,6,0)
(6,8,0)

(2,0,6)
(2,2,6)
(2,4,6)
(2,6,6)
(2,8,6)

(8,0,0)
(8,2,0)
(8,4,0)
(8,6,0)
(8,8,0)

(4,0,6)
(4,2,6)
(4,4,6)
(4,6,6)
(4,8,6)

(0,0,2)
0,2,2)
0,4,2)
0,6,2)
0,8,2)

(6,0,6)
(6,2,6)
(6,4,6)
(6,6,6)
(6,8,6)

(2,0,2)
(2,2,2)
(2,4,2)
(2,6,2)
(2,8,2)

(8,0,6)
(8,2,6)
(8,4,6)
(8,6,6)
(8,8,6)

(4,0,2)
(4,2,2)
(4,4,2)
(4,6,2)
(4,8,2)

(0,0,8)
(0,2,8)
(0,4,8)
(0,6,8)
(0,8,8)

(6,0,2)
(6,2,2)
(6,4,2)
(6,6,2)
(6,8,2)

(2,0,8)
(2,2,8)
(2,4,8)
(2,6,8)
(2,8,8)

(8,0,2)
8,2,2)
8,4,2)
(8,6,2)
(8,8,2)

(4,0,8)
(4,2,8)
(4,4,8)
(4,6,8)
(4,8,8)

(0,0,4)
0,2,4)
0,4,4)
(0,6,4)
(0,8,4)

(6,0,8)
(6,2,8)
(6,4,8)
(6,6,8)
(6,8,8)

(2,0,4)
(2,2,4)
(2,4,4)
(2,6,4)
(2,8,4)

(4,0,4)
(4,2,4)
(4,4,4)
(4,6,4)
(4,8,4)

(8,0,8)
(8,2,8)
(8,4,8)
(8,6,8)
(8,8,8)

(6,0,4)
(6,2,4)
(6,4,4)
(6,6,4)
(6,8,4)

(8,0,4)
(8,2,4)
(8,4,4)
(8,6,4)
(8,8,4)
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7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=3 (with replacement).
125 possible samples.

0 2/3 4/3 6/3 8/3 2/3 4/3 6/3 8/3 10/3 4/3 6/3 8/3 10/3 12/3
2/3 4/3 6/3 8/3 10/2 4/3 6/3 8/3 10/3 12/3 6/3 8/3 10/3 12/3 14/3
4/3 6/3 8/3 10/2 12/.2 6/3 8/3 10/3 12/3 14/3 8/3 10/3 12/3 14/3 16/3
6/3 8/3 10/2 12/2 14/2 8/3 10/3 12/3 14/3 16/3 10/3 12/3 14/3 16/3 18/3
8/3 10/2 12/2 14/2 16/2 10/3 12/3 14/3 16/3 18/3 12/3 14/3 16/3 18/3 20/3

6/3 8/3 10/3 12/3 14/3 8/3 10/3 12/3 14/3 16/3

8/3 10/3 12/3 14/3 16/3 10/3 12/3 14/3 16/3 18/3

10/3 12/3 14/3 16/3 18/3 12/3 14/3 16/3 18/3 20/3

12/3 14/3 16/3 18/3 20/3 14/3 16/3 18/3 20/3 22/3

14/3 16/3 18/3 20/3 22/3 16/3 18/3 20/3 22/3 24/3




Marquette University MATH 1700

/. Sample Variability ©® G
7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=3 (with replacement).
125 possible samples.

P(X=0/3)=1/125 P(X =14/3) =18/125
P(X=2/3)=3/125 P(X =16/3) =15/125
P(X=4/3)=3/125 P(X =18/3) =10/125

P(X=6/3)=10/125 P(X=20/3)=6/125
P(X =8/3) =15/125 P(X =22/3)=3/125
P(X =10/3) =18/125 P(X=24/3)=1/125
P(X =12/3) =19/125
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7.2 The Sampling Distribution of Sample Means @@

Example: N=5, values: O, 2, 4, 6, 8, n=3 (with replacement).

P(X =0/3)=1/125
P(X =2/3)=3/125
P(X =4/3)=3/125
P(X =6/3)=10/125
P(X =8/3) =15/125
P(X =10/3) =18/125
P(X =12/3) =19/125
P(X =14/3) =18/125
P(X =16/3) =15/125
P(X =18/3) =10/125
P(X =20/3)=6/125
P(X =22/3)=3/125
P(X =24/3)=1/125

Rowe, D.B.

0.25

015

0.05

Rleprels.entl thisl probabiiity |
distribution with a histogram.

1

1 2 3 4 5 6 7 8
Figure from Johnson & Kuby, 2012.
59
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