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ETF5900
 Business
 Statistics
 1
 http://www.pearson.com.au/search-results/product-details/?isbn=9781442548473
 http://www.pearson.com.au/search-results/product-details/?isbn=9781442548473
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2
 Sampling and Sampling Distributions
 Introduction to Confidence Interval Estimation
 Lecture Five
 Please remember to bring Statistical Tables to this Lecture
 Textbook references:Berenson et al Basic Business Statistics 3e,
 Chapter 7, Sections 7.1, 7.2, 7.4, 7.5.
 Chapter 8: Section 8.1
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Learning Objectives
 (Weeks 5 - 8)
 Describe the role of statistical inference and
 apply inference methods to single populations.
 •Week 5: The concept of sampling.
 •Week 6: Confidence Interval Estimation
 •Weeks 7 & 8: Hypothesis testing
 3
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4Introduction to Statistical Inference
 Recall the 2 major areas of statistical methodology:
 1)Descriptive Statistics and
 2)Statistical Inference.
 Statistical Inference – using statistical methodology
 to draw (the most precise possible) conclusions
 about populations based on samples taken from it
 There are two procedures for making inference:
 1. Estimation (Weeks 6)
 2. Hypothesis testing (Weeks 7-8)
 Inference is based on samples. So, we begin by examining the issues
 relating to Sampling.
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Samples & Populations
 •Obtain a sample of data that is representative of the population
 •Calculate relevant statistic(s) from the sample.
 e.g.•average weekly supermarket bill.
 •proportion of the sample with an Android phone.
 •A statistic is an estimate of the corresponding unknown population parameter.
 e.g.• Sample mean 𝑋 is an estimate of the population mean .
 • Sample proportion p is an estimate of the population proportion π.
 5
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Sample Design
 Refers to the method used for selecting a sample.
 Simple Random Sampling (SRS) is used in most analyses.Every population member has an equal chance of selection.
 Every sample of a fixed size has an equal chance of selection.
 6
 We will assume that Simple Random
 Sampling is used throughout this unit.
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Sample Design
 Other sampling designs:
 Stratified Systematic Cluster
 •The larger the sample size, the more accurate we can
 expect the sample estimates to be.
 •A sample is quicker & cheaper than a census.
 •How do we judge the accuracy of a sample estimate?
 7
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Sources of Error in Sampling…
 Two types of error in sampling
 1. Non-sampling error
 – can be avoided, or at least, minimised.
 2. Sampling error
 – can’t be avoided.
 8
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Occurs due to mistakes made in acquiring data.
 There are three main types of non-sampling error.
 1. Errors in data collectionPoor survey design - the data collected don’t really measure the
 parameter of interest.
 Inadequate population definition - the sample wasn’t from the population of interest.
 Clerical errors.
 Etc.
 2. Non-response errorsNot all population members are equally likely to respond.
 Sample is unrepresentative because some members do not respond.
 or,
 3. Selection biaseg, call during office hours: bias for ‘mums’, unemployed, retired.
 Thus, the sample is unrepresentative of the population.
 Sources of Error in Sampling…
 1. Non-Sampling Error9
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Sources of Error in Sampling…
 1. Non-Sampling Error
 IMPORTANT
 Larger sample size will not reduce this type of error.
 We can avoid, or minimise, non-sampling error.
 But, it is impossible to avoid Sampling Error.
 10
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Sampling error is inevitable because we are basing our inference on a random sample not on the entire population.
 •Sampling error results from “unlucky” samples and is due to
 sampling variation.
 •Sampling variation is the variation in parameter estimates
 obtained from different samples. Every sample is different
 and gives a different estimate of mean (etc).
 •With population size N and sample size n there are 𝐶𝑛𝑁
 possible samples: a really huge number!
 What is the chance that our estimate is “good”?This is a question about the probability distribution of a sample statistic.
 11Sources of Error in Sampling…
 2. Sampling Error
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Sampling Distributions
 In the workplace, calculating the parameter of a population is impractical because populations are very large.
 So, we investigate a sample rather than whole population:
 - calculate the statistic which corresponds to the parameter
 of interest and draw an inference.
 The sampling distribution of the statistic is the tool that allows us to calculate how close the statistic is to the parameter it is estimating.
 12
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13
 Sampling Distributions
 •depends on the behaviour of all possible samples of the chosen size.
 • is influenced by the chosen sample size
 (sometimes by population size as well).
 • is influenced by the sample design.
 We assume simple random sampling.
 A sampling distribution is the probability
 distribution of a sample statistic.
 13
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Sampling Distribution of the Sample Mean(A Demonstration)
 Example
 •A die is thrown infinitely many times.
 X: the number of spots showing on a throw.
 •The probability distribution of X is: = E(X) = 1(1/6) + 2(1/6)
 + 3(1/6)+ ….
 = 3.5
 2 = V(X) = (1–3.5)2 (1/6)+
 (2–3.5)2 (1/6)+
 …. = 2.92
 X 1 2 3 4 5 6
 p(X) 1/6 1/6 1/6 1/6 1/6 1/6
 Population
 meanPopulation
 variance
 14
 All possible values
 = Population
 (“Parent Population”)
 ( ) ( )i
 i i
 all x
 E X x p x
 2 2( ) ( ) ( )i
 i i
 all x
 Var X x p x
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Now, pretend that we do not know the population mean and
 we want to estimate from the sample mean 𝑋, using a sample of size 2.
 The table shows •all possible samples of size n = 2.• the mean of each sample.
 ie, the population of sample means for n=2.
 Sample Mean Sample Mean Sample Mean1 1,1 1 13 3,1 2 25 5,1 32 1,2 1.5 14 3,2 2.5 26 5,2 3.53 1,3 2 15 3,3 3 27 5,3 44 1,4 2.5 16 3,4 3.5 28 5,4 4.55 1,5 3 17 3,5 4 29 5,5 56 1,6 3.5 18 3,6 4.5 30 5,6 5.57 2,1 1.5 19 4,1 2.5 31 6,1 3.58 2,2 2 20 4,2 3 32 6,2 49 2,3 2.5 21 4,3 3.5 33 6,3 4.5
 10 2,4 3 22 4,4 4 34 6,4 511 2,5 3.5 23 4,5 4.5 35 6,5 5.512 2,6 4 24 4,6 5 36 6,6 6
 Note: Sample mean is a random variable
 (changes from one sample to another).
 Question: Obtain the probability distribution of the sample mean.
 15
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Sample Mean Sample Mean Sample Mean1 1,1 1 13 3,1 2 25 5,1 32 1,2 1.5 14 3,2 2.5 26 5,2 3.53 1,3 2 15 3,3 3 27 5,3 44 1,4 2.5 16 3,4 3.5 28 5,4 4.55 1,5 3 17 3,5 4 29 5,5 56 1,6 3.5 18 3,6 4.5 30 5,6 5.57 2,1 1.5 19 4,1 2.5 31 6,1 3.58 2,2 2 20 4,2 3 32 6,2 49 2,3 2.5 21 4,3 3.5 33 6,3 4.5
 10 2,4 3 22 4,4 4 34 6,4 511 2,5 3.5 23 4,5 4.5 35 6,5 5.512 2,6 4 24 4,6 5 36 6,6 6
 1 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
 6/36
 5/36
 4/36
 3/36
 2/36
 1/36
 x
 16Probability distribution of the sample mean
 Pro
 ba
 bility
 x
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1 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
 6/36
 5/36
 4/36
 3/36
 2/36
 1/36
 x
 x
 2
 2
 2
 xx and
 The following distribution (of sample means),
 has a mean and variance (standard deviation).
 Relationship between
 population characteristics
 and sampling distribution
 characteristics:
 E( ) = 1.0(1/36) + 1.5(2/36) + …
 = 3.5
 V( ) = (1.0 – 3.5)2(1/36) + (1.5 – 3.5)2(2/36) ...
 = 1.46
 x
 2
 x
 x
 17Pro
 ba
 bility
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18
 μXbar = E(Xbar)=1(1/36) + 1.5(2/36)+…….. = 3.5
 PROOF:
 E(X) = E(Xbar) μ = μXbar
 V(Xbar)= (1-3.5)2 (1/36)+(1.5-3.5)2 (2/36) + ………= 1.46
 PROOF:
 V(Xbar)=V(X)/2 = 2.92/2 = 1.46 = σ2xbar
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1
 1
 1
 6
 6
 6
 )5
 (5833.
 5.3
 5
 2
 2
 x
 x
 n
 )10
 (2917.
 5.3
 10
 2
 2
 x
 x
 n
 )25
 (1167.
 5.3
 25
 2
 2
 x
 x
 n
 The following are based on all possible samples of size n.
 Notice that is
 smaller than .
 The larger the
 sample size, the
 smaller .
 So, tends to fall closer to μ
 as the sample size increases.
 2
 x2
 2
 x
 x
 19
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20
 Mean & Variance of the Sample Mean
 With correct sample design, •expected value of the sample mean
 = the population mean.
 ie, sample estimate is “unbiased”.
 If the population is very large:•variance of the sample mean
 = population variance/sample size.
 So, larger samples are more likely to deliver better estimates.
 • std deviation of the sample mean
 = population std deviation divided by
 square-root of sample size.
 ( )X
 E X
 22( )X
 Var Xn
 X n
 20
 This means we can ignore the fpc – see next slide.
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21
 Standard Deviation of the Sample Mean
 is called the standard error of the mean.
 In general, the term standard error
 is used for the standard deviation of a sample statistic.
 Sampling distribution of sample mean
 We now know the parameters of this distribution.
 •What can we say about its distribution?
 21
 finite population correction factor (fpc)If sampling is without replacement (SWR), and from a ‘finite’ population,
 then fpc must be applied to the standard error.
 However, fpc is NOT COVERED IN THIS UNIT.
 We will assume that all populations are very large (‘infinite’).
 X n
 X
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The Central Limit Theorem
 2
 ~ ,X Nn
 i.e., regardless of the distribution of the original population, the distribution of the sample mean is approximately normal, IF the sample size is large enough.
 This approximation gets better as the sample size increases.
 •[Still assuming ‘large’ population and simple random sampling.]
 If X has mean μ and standard deviation σ,
 and if n is ‘sufficiently large’ (Rule of thumb: n>30),
 the distribution of is approximately normal:X
 x Since
 22
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Uniform V-shaped Exponential
 Distribution of
 parent population
 Sample size = 2
 (small n)
 Sample size = 5
 Sample size = 30(large n)
 Another Illustration
 Impact of Sample Size
 Demonstrate StatPlay
 23
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Sample Mean from Normal Population
 If X is normally distributed,
 • the distribution of the sample mean ( ) is
 always normal, for any sample size:
 If then 2~ ,X N 2
 ~ ,X Nn
 xrecall
 Again,
 24
 So, we only need the CLT for sample means
 from non-normal, or unknown populations.
 X
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•If the population distribution is symmetrical & unimodal, a smaller sample size, eg, n ≥ 10 may be sufficient.
 •For most populations, n ≥ 30 gives a sampling distribution that is approximately normal.
 •If the population distribution is very skewed, n = 30 may not be sufficient.
 How Large is ‘Large Enough’?
 25
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26
 In other words, if random variable X is from a parent
 population which is
 normally distributed, then 𝑋 is normally distributed, for any
 sample size n.
 approximately normally distributed, then 𝑋 is also
 approximately normally distributed, for any n.
 highly skewed, or otherwise non-normal distribution, then
 very large sample sizes (n) are required for the sampling distribution of 𝑋 to be close to normal.
 In general then,
 For a normally distributed population, the sampling distribution of the mean is always normally distributed, regardless of sample size.
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ImportantHow do we use what we have just learnt?
 Clearly, in the workplace, we DO NOT want to be having to take ALL
 possible samples, calculating the mean of ALL these samples, etc, etc,
 In practice, we take ONE sample to estimate the population mean
 and use what we now know about the distribution of the sample mean.
 ie,
 • take one sample of size n.
 • calculate 𝑋 as an estimate of μ
 (Assume σ is ‘known’. Otherwise, estimate σ using s).
 •and we have:
 27
 n , N~X
 2
 n SEso, and
 (Assuming large population.)
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ApplicationExample 1: Weights of Chocolate Bars
 The weight of “32 gram” chocolate bars
 • is a normally distributed random variable
 •with a mean of 32.2 grams
 •and a standard deviation of 0.3 grams.
 Obtain the probability that, if a customer buys
 a)1 chocolate bar,
 it weighs less than 32 grams.
 b)a pack of 4 bars,
 the mean weight of the 4 bars is less than 32 grams.
 28
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Weights of Chocolate Bars: part (a)
 •Let X = weight of a chocolate bar (g)
 •So, X ~ N(, 2), where = 32.2 g and 2 = 0.32
 • i.e., probability of getting an “underweight” chocolate bar is 25%.
 Get from Excelfunction NORM.S.DISTor read from Z-Table
 32 32.2( 32)
 0.3
 0.67
 0.2514
 x
 x
 XP X P
 P Z
 Don’t forget to draw the curve first!
 29
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Find the probability that, if a customer buys a pack of four bars, the
 mean weight of the four bars will be less than 32 g.
 30
 Example 1: Weights of Chocolate Bars: part (b)
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Weights of Chocolate Bars: part (b)
 •We will use the Z-transform as usual, but this time with the mean and std. deviation of x̅ :
 We want P( 32), where is from a sample of 4 bars.X X
 ),(~XX
 NX We have 2 where
 and
 2.32 X
 • Find the probability that, if a customer buys a pack of four bars, the
 mean weight of the four bars will be less than 32 g.
 Solution
 • The random variable of interest here is the mean weight of 4 chocolate
 bars. Let us denote it by ; n = 4x
 ~ N(0,1)xx
 x
 X XZ
 n
 Since the parent
 population is normally
 distributed
 31
 0225.04
 3.0
 n
 222
 X
 15.00225.0X
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The probability that a pack of 4 chocolate bars
 •has mean weight less than 32 grams
 • i.e., is underweight (<128 grams), is 0.0918.
 So, expect ≈ 9.2% of the 4-packs to be underweight.
 32 32.2( 32)
 0.15
 1.33
 0.0918
 x
 x
 XP X P
 P Z
 Get from Excel
 function NORM.S.DIST
 or read from Z-Table(next slide)
 32
 Example 1: Weights of Chocolate Bars: part (b)
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Standard Normal Distribution
 Tabulates P( Z < z) for given negative z
 z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
 0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
 -0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
 -0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859
 -0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
 -0.4 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
 -0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
 -0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
 -0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
 -0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
 -0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
 -1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
 -1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
 -1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
 -1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
 -1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
 -1.5 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
 -1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
 -1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
 -1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
 -1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
 -2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
 33
 Table 1a:
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The mean weekly income of graduates one year after graduation is $600.
 Suppose the distribution of weekly income is non-normal and has standard deviation σ = $100.
 •Calculate the probability that 50 randomly selected graduates have an mean weekly income of less than $580.
 Sampling Distribution of the Sample Mean
 34
 Example 2: Weekly income of graduates
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35
 Example 2: Weekly income of graduates
 Solution
 •Let X = weekly income of graduates one year after graduation($)
 •Distribution of X is non-normal, so need to invoke CLT.
 •Since n=50 (>30), CLT applies and states that:
 x
 x 580 600P(X 580) P
 100 50
 P(z 1.414) 0.0793
 So, approximately 8% chance that graduate will earn less than an
 average of $580 per week
 nNX
 2
 ,~
 50
 100,600~
 2
 NX
 -1.414 Z
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Confidence Interval Estimation
 We now know about the sampling distribution of
 the sample mean.
 So, next, we can examine the first of the two
 procedures for making inference:
 1.Estimation (next week)
 2.Hypothesis Testing (week 7 and 8)
 36
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Confidence Intervals – σ ‘known’
 Population
 Mean μ
 σ unknown
 Confidence
 Intervals
 Population
 Proportion π
 σ ‘known’
 37
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Concepts of Estimation
 The objective of estimation:
 to estimate the value of an unknown population parameter
 on the basis of the corresponding sample statistic.
 There are two types of estimate.
 1) Point Estimate
 A single value that estimates a population parameter
 (such as μ, σ2, π, etc)
 2) Interval Estimate
 A range of values within which the population parameter
 probably lies.
 38
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Inform us about the (inevitable) error of a point estimate
 (such as )
 by using the sampling distribution of the sample statistic.
 Confidence Interval Estimates
 X
 39
 Example
 We wish to estimate the mean starting salary ($) of Monash
 Business graduates.
 A random sample of recent Monash Business graduates had
 a mean of $50,000.
 What else you would like to know about this point estimate?
 A point estimate gives NO indication of the precision of the
 estimate – a confidence interval DOES!

Page 40
                        

Checklist for Sampling
 •What is sampling error? Non-sampling error?
 •What is simple random sampling? Other sampling methods?
 •What is meant by sampling distribution of the sample mean?
 • Formulae for mean and variance of the sample mean
 in terms of parameters of the parent population.
 •What is the Central Limit Theorem. Why is it important?
 (Understand the concept through simulation on software.)
 • Finite population correction (fpc) factor.
 43
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