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= Introduction

* Type of distribution and corresponding parameters (e.g. p(Success) in
binomial, i in Poisson, and u and o in normal distribution) are
required to determine the probability of a sample outcome.

* For most practical situations, the distribution type can be decided
fairly easily, but the values of the parameters are unknown.

e Samples are normally required to estimate these parameters — but for
the resulting shape of the distribution to truly reflect the population,
the samples need to be selected in a certain way.

23/10/2021 3



Sampling plans and experimental designs

* Sampling plans or experimental designs — the way a sample is selected and affect the
quality of information in the sample.

* Simple random sampling - every sample of size n equally likely to be selected. The
resulting sample is called a random sample.

* Observational study — data already existed before you decided to observe/analyse its
characteristics, e.g. sample surveys. Potential problems include nonresponse,
undercoverage, and wording bias

« Stratified random sampling (1ay mau phan tang) — selecting a simple random sample
from each of the given number of subpopulations or strata (nhém co6 cung dac tinh)

e Cluster (cum) sampling — random sampling of existing clusters in the population, e.g.
randomly picking whole households (clusters) in the population.



Sampling plans and experimental designs

* 1-in-k systematic random sample — random selection of 1 in the first k
elements in an ordered population, and then every kth element
thereafter. (k=N/n where N = population size, n = sample size)

* Non-random sampling techniques exist but MUST NOT be used to infer
the population parameters.
* Examples of non-probability sampling methods:
e Convenience sample
e Judgmental sampling
* Quota sampling
* Snowball sampling

23/10/2021



Statistics and Sampling Distributions

 Statistics — numerical descriptive measures calculated from the sample, and are random
variables

* Sampling distribution of a statistic — probability distribution of possible values of a statistic of
random samples drawn from a population — can be determined

* Mathematically using the law of probability (when the population is small)

* Using simulation (mé phong) — repeatedly drawing large number of samples and calculate
the corresponding statistic, tabulate the results in a relative frequency histogram

 Using statistical theorems (dinh ly thong ké) (CLT) — to derive exact or approximate
sampling distributions

* Sampling distributions can be discrete or continuous.
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The Central Limit Theorem

* Draw random samples of n observations (n>30) from a non-normal population that
has mean u and standard deviation o.

* The sampling distribution of sample mean X is approximately normally distributed.
* The mean of this distribution is i, standard deviation is g /\/n.
* This approximation becomes more accurate as n gets larger.

* Many estimators used in inferencing about population parameters are sums or
averages of sample measurements.

e CLT allows us to use normal distribution to describe the behaviours of these
estimators in repeated sampling and evaluate the probability of observing certain
sample outcomes.



The Central Limit Theorem
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Example: The Calcium data — distribution not
normal

1.Randomly pick n=5 values from the
population of measurements and

120 calculate the sample average, which is
123 an estimate of the true mean.
€0 2. Repeat the random sampling for 200
a0 times.
20 I 3. Calculate the standard deviation of
0 .-___ the sample average and plot the

° g 3 g Q histogram of sample average
- § § § é = & E 5 % % % % g 4. Repeat steps 1-3 for n=10, n=30, n=50
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The Central Limit Theorem

o
n=>5x=0641,s =191.38,—==177.5
Vn

Frequency

50 +

45 -

40 -

= = [d [d o] L
] 4] ] 4] ] LA
1 1 1

LA
i

=
|

200
300

23/10/2021

500

700

800
1000
1100
1200
1300

1400
1500

true mean u = 624.05,0 = 397

Mare

o
n=10,x = 609,s = 122.54,,— = 125.54
Vn

Frequency

25 -

20 -

[y
LA

[y
o

0

ﬁ@@ﬁﬁéﬁﬁe@ﬂ@ﬁ@%@ﬁq@q‘gﬁ

10



The Central Limit Theorem
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The Central Limit Theorem

* When n is large enough, thanks to CLT, many sample statistics will follow normal
distribution and allows us to make statistic inference, for example evaluating the
probability of observing certain sample results

* How large n should be? There is no clear answer but some guidelines

* If the sampled population is normally distributed, the sampling distribution of X
is also normal, regardless of the sample size

* If the sampled population is symmetric, the sampling distribution of X becomes
normal with fairly small n.

* If the sampled population is skewed, the sampling distribution of X will only
become approximately normal at a fairly large n, e.g. n>30.

* If the sampled population is a binomial population with p or (1-p) very small, n
needs to be fairly large



The Sampling Distribution
of the Sample Mean

* If the population mean u is unknown,
sample statistics such as sample mean
X and sample median m can be used.
But which one?

 Sample mean x has properties not
shared by other sample statistics, i.e.
its sampling distribution follows the
normal distribution, regardless of the
population distribution (with large
sample size)
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The Sampling Distribution of the Sample Mean

* If arandom sample of n measurements is selected from a population with
mean | and standard deviation o, the sampling distribution of the sample
mean X will have mean p and standard deviation o /4/n

e Standard error — standard deviation of a statistic used in estimating a
population parameter.

 The standard deviation of X, calculated by o //n, is referred to as standard
error of the mean, denoted as SE(x) or simply SE.



The Sampling Distribution of the Sample
Mean

Example. Refer to the Calcium example above,
the true mean of Calcium reading is u = 624.05
mg and standard deviation is 0 = 397 mg. If we
pick 50 samples, what is the probability having
the average Calcium reading x less than
700mg?

Solutions.

Frequency

We can reasonably assume that the sampling
distribution with n=50 is normal. The

. el VI
standardized z-score of 400mg is A
700-624.05 _ 4 o¢

397/\/50

Probability of X less than 700mg equals P(z <
1.35) =.9115
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The Sampling Distribution of the Sample
Proportion

In a survey, 500 mothers and fathers were fp)
asked about the importance of sports for

boys and girls. Of the parents interviewed,

60% agreed that the genders are equal and

should have equal opportunities to

participate in sports.

1. Describe the sampling distribution of
the sample proportion p of parents who
agree that the genders are equal and P> 60)
should have equal opportunities. -

2. Suppose the proportion p of parents in p=.55 .60 p
the pqpulatlon IS ac-t-ually equal tp 0.55. Note: If a random sample of n observations is selected from a
What is the probability of observing a binomial population with parameter p, then the samplin
sample proportion as large as or larger inomial pop P erp. ! _ Ping
than the observed value p = 0.6? distribution of the sample proportion p“=x/n will have a mean p,

and a standard deviation SE(p”) = sgrt(pg/n) where g = 1-p
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24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 0063 .0066 0064 1.0 8413 3438 8461 8485 8508 8531 8554 8577 .8599 8621
-23 0107 0104 0102 .0099 .0096 .0094 .0091 .0089 .0087 0084 1.7 8643 3665 .8686 8708 8729 8749 8770 8790 3810 8830
-22 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110 12 8349 3869 .8833 .8907 8925 8044 8962 .8980 .8997 9015
-2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143 13 9032 9049 9066 .9082 9099 9115 9131 9147 9162 9177
-20 0228 0222 0217 0212 .0207 0202 0197 0192 0188 0183 14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
-19 0287 0281 0274 0268 0262 0256 .0250 0244 0239 0233 15 9332 19345 9357 9370 9332 0394 9406 9418 9429 9441
-1.8 .0359 0351 0344 0336 .0329 0322 0314 .0307 .0301 0294 16 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
-17 0446 0436 0427 0418 .0409 .0401 0392 0384 0375 0367 17 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
-16 0548 .0537 0526 0516 .0505 .0495 .0485 0475 0465 0455 138 9641 19649 9656 9664 9671 9678 9636 9603 19699 9706
-15 0668 0655 0643 .0630 0618 .0606 0594 .0582 0571 0559 19 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
-14 .0808 0793 0778 0764 .0749 0735 0722 0708 .0694 0681 2.0 9772 9778 9783 9788 9793 9793 9803 9308 9812 9317
-13 .0968 0951 0934 0918 .0901 .0885 .0869 .0853 .0838 0823 21 9821 9826 9830 9834 9333 9842 9846 9850 9854 9857
-12 1151 1137 1112 1093 1075 1056 1038 .1020 1003 09385 22 0361 9864 9863 9871 0875 0878 0831 0884 0887 19890
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 170 2.3 10893 19896 19393 9901 9904 .9906 .0909 9911 9913 9916
-10 1587 .1562 .1539 1515 1492 1469 1446 1423 1401 1379 24 9918 .9920 9922 9925 9927 9929 9931 9932 9934 9936
-0.9 1841 1814 1788 1762 1736 A7 1685 1660 1635 1611 25 9938 .9940 9941 .9943 9945 9946 9948 .9949 9951 9952
—0.3 2119 .2000 2061 2033 .2005 977 1949 1922 1894 1867 26 9953 .9955 9956 9957 9959 19960 9961 9962 9963 9964
-0.7 2420 .2389 2358 2327 .2296 2266 2236 2206 2177 2148 27 19965 0966 9967 9963 19969 .9970 9971 9972 9973 0974
—-0.6 2743 2709 2676 .2643 2611 2578 -2546 2514 .2483 2451 28 .0974 .9975 9976 .9977 9977 9978 9979 .0979 .9980 9931
-05 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776 29 9931 9937 9932 9933 9984 9984 9985 Q985 0986 9986
-04 .3446 -3409 3372 3336 -3300 3264 3228 3192 3156 3121 39 .9987 .9987 9987 .9938 9983 .9989 9989 .9989 .9990 .9990
—-03 3821 3783 3745 3707 -3669 3632 .3594 .3557 3520 3483 34 .9990 .9991 9991 .9991 9992 9992 9992 9992 .9993 9993
—02 4207 4168 4129 -4090 4052 4013 3974 3936 .3897 3859 32 .9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 .9995 .9995
=01 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247 33 .9995 .9995 .9995 .9996 9996 .9996 9996 .9996 .9996 .9997
—-0.0 .5000 4960 4920 4880 4340 4801 4761 4121 4681 4641 34 9997 .9997 .9997 .9997 9997 9997 9997 9997 .9997 9998




The Sampling Distribution of the Sample Proportion

If a random sample of n observations is selected from a binomial
population with parameter p

- the sampling distribution of p will have the mean p
- the standard deviation of this distribution is SE(p) =
Jp(l—p) - |pa-p)

n V n




