Sampling distributions

A parameter is a number that describes the population.

A statistic is a number that can be computed from the sample data. In
practice, we often use a statistic to estimate an unknown parameter.
e.g., sample mean Xx is a statistic, a population mean . is a parameter.
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sampling distribution

The sampling distribution of a statistic is the distribution of values
taken by the statistic in all possible samples of the same size from the
same population.
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Sampling distribution of x

Let x be the mean of an SRS of size n drawn from a population with
mean p and standard deviation . Then the sampling distribution of x
has mean p and standard deviation o /+/n.

Furthermore, if n is large (> 30), the Central Limit Theorem says

that approximately x ~ N(p, %).
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Normal x

For a random sample from a population:

The sample mean x is normally distributed if the population distribution
is normal
for any sample size n.

The sample mean X is approximately normally distributed if the sample
size nis large (n > 30) regardless of the shape of the population
distribution.
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I
example

The blood cholesterol level of all men aged 20 to 34 follows the normal
distribution with mean . = 188 mg/dl and standard deviation ¢ = 41
mg/dl. A sample survey measures the blood cholesterol level of an
SRS of 10 such men.

(a) What are the mean and standard deviation of the sampling
distribution of the sample mean x ?

(b). Find P(185 < x < 191).
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Answer: (a). ix = p = 188, 03 = 7= = J% =1297.

(b). Note x ~ N(188,12.97).
P(185 < X < 191) = P(185-188 ~ , 191188

12.97 12.97
= P(-0.23 <z <0.23) =0.5910 — 0.4090 = 0.182.
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exercise

Continue with the example. Now change the sample size nto 100.

a). What is the mean and standard deviation of sampling distribution of
x?

b). Find P(185 < X < 191).

section 6.2 exercise 17, 22.
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|
Example

The time that it takes a randomly selected rat to find its way through a
maze is normally distributed with . = 1.5 min and ¢ = 0.35 min. Let x
be the mean time in the maze of 5 randomly selected rats. Then the
sample mean X is also normal.

Find the probability the sample mean is at most 2 min.
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Exercise Prob 21, section 6.2.

The EPA rates the mean highway MPG of 2011 Ford Edge to be
= 27. Assume o = 3. A rental car company buys 60 of these cars.
a). What is the probability that the average mileage of the fleet is
bigger than 26.5 MPG?

b). What is the probability that the average mileage of the fleet is
between 26 and 26.8 MPG?

c) Find the 20th percentile of the sample mean.
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a). P(x > 26.5) = P(z > 265-27) = P(z > —1.29) = 0.9015.
V60

b). P(26 < X < 26.8) = P(é‘;\‘/gl <z< 2;%7)

= P(—2.58 < z < —-0.52) = 0.3015 — 0.0049 = 0.2966.

c).
p=020,z=-084X = ux+20x = p+27 = 27—0.84*\/% = 26.67.
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Exercises

A news report states that the mean distance the commuters in US
travel each way to work is 16 miles. Assume the standard deviation is
8 miles. A sample of 75 commuters is taken.

a). What the probability that the sample mean commute distance is
greater than 13 miles?

b). What is the probability that the sample mean commute distance is
between 18 and 20 miles?

c¢). Find the 10th percentile of the sample mean.

d). Would it be unusual for the sample mean distance to be greater
than 19 miles?

e) Would it be unusual for an individual to have a commute distance
greater than 19 mile?
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Solutions

pn=16,0 =8,n=758/\/75=0.9238

a). P(x > 13) = P(z > {351%) = P(z > —3.25) = 0.9994

b). P(18 < X <20) = P(2.16 < z < 4.33) = P(z < 4.33) — P(z <
2.16) = 0.9999 — 0.9846 = 0.0153.

c). p=010,z=-1.28,x =16 — 1.28 x« 0.9238 = 14.82.

d). Yes. P(x > 19) = P(z > {813) = P(z > 3.25) = 0.0006.

That is, only about 0.06% of the sample means are greater than 19
miles.

e). No. P(x > 19) = P(z > 12518) = P(z > 0.38) = 0.3519.

That is, more than 35% individuals commute more than 19 miles.
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z table

Standard Normal Cumulative Probability Table
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‘Table A2 Cumulative Normal Distribution (continued)

z 000 001 002 003 004 005 006 007 008 009
00 | 5000 5040 5080 5120 Sl60 5199 5239 5279 5319 5359
o1 S8 543 S8 SSI7 S5 596 5636 5675 ST4 5753
02 | 5793 5832 58T 5910 5048 5987 6026 6064 6103 6141
03 6179 6207 @55 6293 631 6365 6406 6443 6450 6517
04| 6554 691 6628 6661 6700 6736 6772 6808 6844 6879
05 6915 695 6985 7019 7054 7088 7123 7157 719 7224
06 | ;57 91 04 7357 239 1422 7454 3486 517 3549
07 IS0 7611 J6%2 7673 TI04 T34 7764 7194 783 7852
08 881 1910 7939 7967 7995 023 S0SI K078 8106 8133
09 BIS9 BIS6 02 B2 5264 B89 8IS B0 8365 8O
10 B3 S48 K6l 8IS SSO8 s3I 8SSE 85T 8599 s621
11 8643 665 8686 BI08 579 8749 ATI0 K0 880 880
12 Bs49 5K S BT 8925 944 8962 K050 8997 90l
13 901 904 S066 9082 9099 SIS 9131 9147 962 9177
L4 912 9207 92 926 951 9265 92719 992 9306 9319
L5 93 9345 9357 9370 9382 9394 5406 418 5429 o4l
L6 | 91520 9463 9474 9184 9495 9505 9515 9525 9535 9ds
17 9554 9564 9573 952 9591 9599 9608 9616 9625 9633
18 | 9641 969 965 9661 96T 9678 9686 9693 9699 9706
19 973 9715 o726 972 973 S14 910 9156 9761 9767
20 | 972 978 9783 9788 9793 9798 9803 908 9812 9817

9821 9826 K0 9§34 O3S M2 9Rd6 OBSD 9854 98T

9%61 981 68 9%T1 985 ONIS 9SS 9884 9887 9890

9593 9896 998 9901 9904 9906 9909 991 9913 9916
24 | 9918 9920 9922 9925 907 9929 9931 9932 9934 9936
25 993 9940 9941 9943 9945 9946 9948 9949 9951 9952
26 | 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
27 995 996 9967 9968 9969 9970 9971 9972 9973 9974
28 | 997 9975 9976 9971 99T 9978 9979 9979 9980 9981
29 99Kl 992 9952 O9K3 9984 9984 985 9985 9986 9986
30| 9987 9987 9987 988 998 99RO 9980 9989 9990 9990
a1 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32| 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
33 9995 9995 995 9996 9996 9996 9996 9996 9996 9997
34| 9997 9997 9997 9997 9997 9997 9997 9997 9997 9998
35 9995 0998 9995 9995 9998 9998 9998 9998 9998 9998
36 | 9998 9995 9999 9999 9999 9999 9999 9999 9999 9999
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