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Module Title

Sampling I
Time Management

The expected time to deliver this module is 50 minutes. 20 minutes are reserved for team practices and exercises and 30 minutes for lecture.

Overview/motivation/topical background

This module is designed to teach the student about the concept random number and its application to sampling through practical examples and team exercises. This lecture is also designed to make the students reflect actively about the practical problems involved in sampling.

Learning Objectives

After this class the students should be able to understanding concepts of the basic terminology of sampling, the mean of Random Number and its application to sampling.

After this class the students should be able to understanding the mean of Random Number and its application to Sampling.

Materials

PowerPoint software and a computer screen projector

Prerequisite knowledge for the students 

The student will be required to have little previous knowledge about Conditional Probability and Probability Distributions. 
Preparation requirements for the instructor

The instructor will want to familiarize himself/herself with the chapter 1of book “Statistics: Concepts and Controversies” of David S. Moore, and the power point presentation.
Hints, tips, and traps for the instructor

The instructor should be certain to keep the time constraints provided for all exercises and must be able to deal with teams. 
Reference materials

“Statistics: Concepts and Controversies” of David S. Moore (W. H. Freeman and Company, 2001)
Classroom resources/computer usage

To deliver this module properly, it is necessary to have a computer with PowerPoint and a screen projector. 

Suggested homework for this module

Exercise 1-4 (chapter 1, p.36)
Sampling
"You don't have to eat the whole ox to know that the meat is tough."
(Samuel Johnson)
Introduction

The essential idea of sampling is to gain information about the whole by examining only a part.

The basic terminology used by statisticians to discuss sampling:
· Population - the entire group of objects about which information is wanted.

· Unit - any individual member of the population.

· Sample - part or subset of the population used to gain information about the whole.

· Sampling Frame - the list of units from which the sample is chosen.

· Variables - characteristic of a unit, to be measured for those units in the sample.

Population is defined in terms of our desire for information. If we desire information about all U.S. college students that is our population even if students at only one college are available for sampling. It is important to define clearly the population of interest. If you seek to discover what fraction of the American people favor a ban on private ownership of handguns, you must specify the population exactly. Are all U.S. residents included in the population, or only citizens? What minimum age will you insist on? In a similar sense, when you read a pre - election poll, you should ask what the population was: all adults, registered voters only, Democrats or Republicans only. The distinction between population and sample is basic to statistics. Some examples will illustrate this distinction and introduce some major uses sampling. These brief descriptions also indicate the variables to be measured for each unit in the sample. They do not state the sampling frame. Ideally, sampling frame should be a list of all units in the population. But, as we shall obtaining such a fist is one of the practical difficulties in sampling.

Example: Acceptance sampling is the selection and careful inspection of a sample from a large lot of a product shipped by a supplier. On the basis of this, a decision is made whether to accept or reject the entire lot. The exact acceptance sampling procedure to be followed is usually stated in the contract between the purchaser and the supplier.

	Population
	Sample

	A lot of items shipped by the supplier
	A portion of the lot that the purchaser chooses for inspection


Sampling of accounting data is a widely accepted accounting procedure, as well as in Control of manufacture process. It is quite expensive and time consuming to verify each of a large number of invoices, accounts receivable, spare parts in inventory, and so forth. Accountants therefore use a sample of invoices or accounts receivable in auditing a firm's records, and the firm itself counts its inventory of spare parts by taking a sample of it.
Important observations about Sampling 
· Why sampling? The first reason should be clear from the examples we have given: If the population is large, it is too expensive and time - consuming to take information about its units. 

Even the federal government, which can afford a census, uses samples to collect data on prices, employment, and many other variables. Attempting to take a census would result in this month’s employment rate being available next year rather than next month.

· Some way of sampling could be not representative of the population and lead to misleading conclusions about the population
So sample we must. Selecting a sample from the units available often simple enough, but this simplicity is misleading. If I were a supplier of orange who sold your company several crates per week, you would be wise to examine a sample of oranges in each crate to determine the quality of the oranges supplied. You find it convenient to inspect a few oranges from the top the each crate. But these oranges may not be representative of the entire crate if, for example, those on the bottom are damaged more often in shipment. Your method of sampling might even tempt me to be sure that the rotten orange are packed on the bottom with some good ones on top for you to inspect.

· When a sampling method produces results that consistently and repeatedly differ from the truth about the population in the same direction, we say that the sampling method is biased. 

Suppose that we obtain a sample of public opinion by hiring interviewers and sending them to street corners and shop centers to interview the public. The typical interviewer is a white middle-class female. She is supposed to interview unlikely many working-class males, blacks, or others who are unlike her. Even if we assign the interviewer quotas by race, age, sex, she will tend to select the best-dressed and least threatening member each group. The result will be a sample that systematically over-represents some parts of the population (persons of middle - class appearance) and under-represents others. The opinions of such a convenience sample may be very different from those of the population as a whole. 
Simple Random Sampling (SRS)
A remedy for the "favoritism" usually caused by a convenience sample is to take a simple random sample. The essential idea is to give each unit in the sampling frame the same chance to be chosen for the sample as any other unit. For reasons to be explained later, the precise definition is slightly more complicated. Here it is.

A simple random sample of size n is a sample of n units chosen in such a way that every collection of n units from the sampling frame has the same chance of being chosen.
One way is to use physical mixing: Identify each unit in the sampling frame on an identical tag, mix the tags thoroughly in a box, and then draw one blindly. If the mixing is truly complete, every tag in the box has the same chance of being chosen. The unit identified on the tag drawn is the first unit in our simple random sample (SRS). Now draw another tag without replacing the first. Again, if the mixing is thorough, every remaining tag has the same chance of being drawn. So every pair of tags has the same chance of being the pair we have now drawn; we have a SRS of size 2. To obtain a SRS of size n, we continue drawing until we have n tags corresponding to n units in the sampling frame. Those n units are a SRS of size n.

Physical mixing is even practiced on some occasions. But it is surprisingly difficult to achieve a really thorough mixing, as those who spend their evenings shuffling cards know. Physical mixing is also awkward, time-consuming, and some time impossible to carry out. There are several way obtain a SRS. David Moore presents one very didactical and well known way to obtain a SRS and understand the concept of random sample.

Picture a wheel (such as a roulette wheel) rotating on a smooth bearing so it does not favor any particular orientation when coming to rest. Divide the circumference of the wheel into ten equal sectors and label them 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Fix a stationary pointer at the wheel's rim and spin the wheel. Slowly and smoothly it comes to rest. Sector number 2 (say) is opposite the pointer. 
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Spin the wheel again. It comes to rest with (say) sector number 9 opposite the pointer. If we continue this process, we will produce a string of the digits 0, 1, . . ., 9 in some order. On any one spin, the wheel has the same chance of producing each of these ten digits. And because the wheel has no memory, the outcome of any one spin has no effect on the outcome of any other. We are producing a table of random digits. 
A table of random digits is a list of the ten digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 having the following properties:
1. The digit in any position in the list has the same chance of being any one of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.

2. The digits in different positions are independent in the sense that the value of one has no influence on the value of any other.

To use the table, we need the following facts about random digits, which are consequences of the basic properties 1 and 2.

3. Any pair of digits in the table has the same chance of being any of the 100 possible pairs 00, 01, 02, …, 98, 99.
4. Any triple of digits in the table has the same chance of being any of the 1000 possible triples 000, 001, 002, . . ., 998, 999.
5. And so on for groups of four or more digits from the table.

How to use Table A to choose a SRS is best illustrated by a sequence of examples.

Example:. A dairy products manufacturer must select a SRS of size 5 from 100 lots of yogurt to check for bacterial contamination. We proceed as follows.

a) Label the 100 lots 00, 01, 02,…, 99 in any order.

b) Enter Table A in any place and read systematically through it. We choose to enter line 111 and read across:

81486    69487     60513     09297
c) (c) Read groups of two digits. Each group chooses a label attached to a lot of yogurt. Our SRS consists of the lots having labels

81, 48, 66, 94, 87.
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RANDOM DIGITS

Line

101

19223

95034

05756

28713

96409

12531

42544

82853

102

73676

47150

99400

01927

27754

42648

82425

36290

103

45467

71709

77558

00095

32863

29485

82226

90056

104

52711

38889

93074

60227

40011

85848

48767

52573

105

95592

94007

69971

91481

60779

53791

17297

59335

106

68417

35013

15529

72765

85089

57067

50211

47487

107

82739

57890

20807

47511

81676

55300

94383

14893

108

60940

72024

17868

24943

61790

90656

87964

18883

109

36009

19365

15412

39638

85453

46816

83485

41979

110

38448

48789

18338

24697

39364

42006

76688

08708

111

81486

69487

60513

09297

00412

71238

27649

39950

112

59636

88804

04634

71197

19352

73089

84898

45785

113

62568

70206

40325

03699

71080

22553

11486

11776

114

45149

32992

75730

66280

03819

56202

02938

70915

115

61041

77684

94322

24709

73698

14526

31893

32592

116

14459

26056

31424

80371

65103

62253

50490

61181

117

38167

98532

62183

70632

23417

26185

41448

75532

118

73190

32533

04470

29669

84407

90785

65956

86382

119

95857

07118

87664

92099

58806

66979

98624

84826

120

35476

55972

39421

65850

04266

35435

43742

11937

121

71487

09984

29077

14863

61683

47052

62224

51025

122

13873

81598

95052

90908

73592

75186

87136

95761

123

54580

81507

27102

56027

55892

33063

41842

81868

124

71035

09001

43367

49497

72719

96758

27611

91596

125

96746

12149

37823

71868

18442

35119

62103

39244

126

96927

19931

36089

74192

77567

88741

48409

41903

127

43909

99477

25330

64359

40085

16925

85117

36071

128

15689

14227

06565

14374

13352

49367

81982

87209

129

36759

58984

68288

22913

18638

54303

00795

08727

130

69051

64817

87174

09517

84534

06489

87201

97245

131

05007

16632

81194

14873

04197

85576

45195

96565

132

68732

55259

84292

08796

43165

93739

31685

97150

133

45740

41807

65561

33302

07051

93623

18132

09547

134

27816

78416

18329

21337

35213

37741

04312

68508

135

66925

55658

39100

78458

11206

19876

87151

31260

136

08421

44753

77377

28744

75592

08563

79140

92454

137

53645

66812

61421

47836

12609

15373

98481

14592

138

66831

68908

40772

21558

47781

33586

79177

06928

139

55588

99404

70708

41098

43563

56934

48394

51719

140

12975

13258

13048

45144

72321

81940

00360

02428

141

96767

35964

23822

96012

94591

65194

50842

53372

142

72829

50232

97892

63408

77919

44575

24870

04178

143

88565

42628

17797

49376

61762

16953

88604

12724

144

62964

88145

83083

69453

46109

59505

69680

00900

145

19687

12633

57857

95806

09931

02150

43163

58636

146

37609

59057

66967

83401

60705

02384

90597

93600

147

54973

86278

88737

74351

47500

84552

19909

67181

148

00694

05977

19664

65441

20903

62371

22725

53340

149

71546

05233

53946

68743

72460

27601

45403

88692

150

07511

88915

41267

16853

84569

79367

32337

03316


Exercise 

· Supposing a process that produces 500 parts during the day, propose some practical and simple (economical) ways for sampling the daily bath for quality controlling. 

· The teams have 10 minutes to elaborate a list of 3 alternatives ways;

· 5 minutes to present to the class 5 to discuss 
Generating RN by software

· SPSS;

· Arena; 

· Promodel;

· Excel; …
Excel function RAND

· Returns an evenly distributed random number greater than or equal to 0 and less than 1.

· Syntax: RAND( )

· To generate a random real number between a and b, use: RAND()*(b - a) + a 

Further questions

· How to test if a sampling method is good or not? 

· How to test a sample?

· How many elements in a sample is enough?

Reference
“Statistics: Concepts and Controversies”

David S. Moore

W. H. Freeman and Company

1979










