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Preface

Welcome to the fourth edition of Quantitative Methods for Business
Decisions. This new edition is intended for students, from a variety of
backgrounds, who find that their courses require an applied competence
in mathematics and statistics. In all kinds of business-related activities
the use of numbers has proved to be important and courses expect

students to work with numerical representation. The power of

computers is now on the ‘desktop’ and sets of data and sophisticated
software can be easily accessed. This book intends to make a wide range
of applications understandable and to give you the confidence to work
with quantitative methods.

This edition includes a ‘Refresher in basic numeracy skills’ so that you
can sell-assess whether your mathematical skills are sufficient for this
level of subject development or whether you need to revise some of the
basic concepts and technigues. You can return to the Refresher at any
point during your course to ensure that you have the foundation
knowledge required. Most chapters have been substantially revised to
reflect subject and course developments. There is less emphasis on
working with mathematics and more on working with information and
solving problems. The chapters have natural groupings of themes and
these form the seven parts of the book: Quantitative Information;
Descriptive Statistics; Measuring Uncertainty; Statistical Inference;
Relating Variables and Predicting Outcomes; Modelling; and
Mathematical Background.

Each part has an introduction to provide a context for the chapters
that follow and the first six parts have an illustrative case study. The use
of ‘case work’ has become more important in business education and
students are increasingly expected to apply techniques to problems
presented in this way.

This edition still includes the complementary copy of MICROSTATS by
Mike Hart. This package is easy to use and will allow you to use the
methods described in this book on your own sets of data. The package is
similar to MINITAB and it is a matter of personal preference which
package you choose to use. The use of software has transformed the
application of quantitative methods, and we refer to packages like
MARQUIS (for questionnaire design and analysis), SPSS and MINITAB
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(for forecasting) and EXCEL (for spreadsheet solutions). You do not need
access to computers to understand the contents of this book but you will
need to appreciate that the use of computer software does provide the
practical solution to larger, more complex problems.

Jon Curwin

Roger Slater
1996

Preface




Chapter 0

Part 1
Chapter 1

Chapter 2

Part 1

Contents

Preface

A refresher in basic mathematics

1

NN W N

Self-check tests

Basic arithmetic

Use of powers

Basic algebra

Graphs and more algebra
Use of calculators
Answers to recheck tests

Quantitative information

Data collection

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
111

Population

Sources of data
Secondary data

Primary data collection
Asking questions
Non-response to surveys
Some alternative methods
Market research

Types of data
Conclusions

Problems

Presentation of data

2.1 Tabulation of data
2.2 Visual presentation
2.3 Graphical representation
2.4 Conclusions
2.5 Problems
Conclusions

iii

10
14
16
18
25
30

37
43

44
46
46
48
54
61
62
63
64
65
67

70

71
75
85
91
91

97




Part 2 Descriptive statistics
Chapter 3 Measures of location

3.1 The mean, median and mode
3.2 Other measures of location
3.3 Conclusions

3.4 Problems

Chapter 4 Measures of dispersion

4.1 The standard deviation

4.2 Other measures of dispersion
4.3 Relative measures of dispersion
4.4 Variability in sample data

4.5 Conclusions

4.6 Problems

4.7 Appendix

Chapter 5 Index numbers

5.1 The interpretation of an index number
5.2 The construction of index numbers
5.3 The weighting of index numbers

5.4 The General Index of Retail Prices

5.5 Conclusions

5.6 Problems

Part 2 Conclusions

Part 3 Measuring uncertainty
Chapter 6  Probability

6.1 Basic concepts
6.2 Definitions
6.3 Basic relationships in probability
6.4 Probability trees
6.5 Expected values
6.6 Decision trees
6.7 Bayes' Theorem
6.8 Markov Chains
6.9 Conclusions
6.10 Problems

Chapter 7  Discrete probability distributions

7.1  Uniform distribution
7.2 Binomial distribution
7.3 Poisson distribution

vi

99
101

101
112
115
116

120

120
126
130
131
134
134
139

140

140
146
151
153
155
156

160

161
163

164
166
168
172
173
175
176
178
181
182

189

190
191
197

Contents




Contents

7.4
7.5
7.6

Poisson approximation to the Binomial
Conclusions
Problems

Chapter 8 The Normal distribution

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8

Characteristics of the Normal distribution
The standard Normal distribution
Normal approximation to the Binomial
Normal approximation to the Poisson
Combinations of variables

Central Limit Theorem

Conclusions

Problems

Part 3 Conclusions

Part 4 Statistical inference

Chapter 9  Confidence intervals

Chapter 10

Chapter 11

9.1
9.2
9.3
9.4
9.5
9.6
9.7

9.8
9.9

Statistical inference

Inference on the population mean

Inference on the population percentage

The difference between independent samples
The finite population correction factor

The t-distribution

Confidence interval for the median - large
sample approximation

Conclusions

Problems

Significance testing

10.1
10.2
10.3
104
10.5
10.6
10.7
10.8

Significance testing using confidence intervals
Hypothesis testing for single samples
One-sided significance tests

Types of error

Hypothesis testing with two samples
Hypothesis testing with small samples
Conclusions

Problems

Non-parametric tests

11.1
11.2
11.3
11.4
11.5

Chi-squared tests
Mann-Whitney U test
Wilcoxon test

Runs test

Conclusions

199
199
200

203

203
204
208
210
211
213
217
217

221

223
227

228
229
237
240
243
245

249
251
251

257

258
259
265
270
273
276
281
282

286

287
301
304
307
308

vii



iiiv

11.6

Problems

Part 4 Conclusions

Part 5 Relating variables and predicting
outcomes

Chapter 12 Time series

121
12.2
12.3
12.4
12,5
12.6
12.7
12.8
129

Time series models

The trend

The seasonal factors

The cyclical factors

The residual or random factor
Predictions

Exponentially weighted moving averages
Summary and conclusions

Problems

Chapter 13 Correlation

13.1
13.2
133
134
13.5
13.6
13.7
13.8
13.9
13.10

Scatter diagrams

Cause and effect relationships
Measuring linear association

The coefficient of determination
Measuring non-linear association
Testing the significance of the correlation
Conclusions

Problems

Derivation of the correlation coefficient
Algebraic link between Spearman’s and
Pearson'’s coefficients

Chapter 14  Regression

14.1
14.2
14.3
144
1145
14.6
14.7
14.8
14.9

Linear regression

The graph of the regression line
Predictions from the regression line
Another regression line
Interpretation

Non-linear relationships
Conclusions

Problems

Appendix

Chapter 15 Multiple regression and correlation

15.1
15.2

The basic two-variable model
The effects of adding variables

309
316

317
319

321
324
333
338
339
340
343
345
347

352

353
355
358
362
364
367
370
370
376

376

378

379
381
382
387
388
389
390
390
394

397

398
401

Contents



Contents

Part 5

Part 6
Chapter 16

Chapter 17

Chapter 18

Chapter 19

15.3

Assumptions and econometric problems

15.4 Analysis of a multiple regression model
15.5 Using multiple regression models
15.6 Conclusions

15.7 Problems -

Conclusions

Modelling

The time value of money

16.1 Interest: simple and compound

16.2 Depreciation

16.3 Present value .
16.4 The internal rate of return

16.5 Incremental payments

16.6 Annual percentage rate (APR)

16.7 Conclusions

16.8 Problems

16.9 Appendix

Linear programming

17.1 Definition of a feasible area

17.2  The solution of a linear programming problem
17.3  Special cases

17.4 The value of resources

17.5 Computer-based solutions

17.6 Conclusions

17.7 Problems

Networks

18.1 Notation and construction

18.2 The critical path

18.3 Measures of float

18.4 Gantt charts and managing resources
18.5 Project time reduction

18.6 Uncertainty

18.7 - Conclusions

18.8 Problems

Modelling stock control and queues

19.1

19.2
19.3
19.4

Introduction to the economic order quantity
model

Quantity discounts

Non-zero lead time

Introduction to modelling queues

404
409
413
414
414

420

423
425

42¢
429
431
434
438
441
442
444
446

448

449
450
456
459
461
467
467

473

474
477
479
481
482
486
487
487

493

493
498
499
502




Chapter 20

Part 6

Part 7
Chapter 21

Chapter 22

Chapter 23

19.5
19.6
19.7
19.8
19.9

A model for a single queue
Queues — modelling cost
Modelling multi-channel queues
Conclusions

Problems

19.10 Appendix - proof of EBQ

Simulation

20.1
20.2
20.3
204
20.5
20.6

An introduction to simulation models
Developing a simple simulation model
Random event generation

The construction of a simulation model
Conclusions

Problems

Conclusions

Mathematical background

Mathematical relationships

211
21.2
21.3
214
21.5
21.6
21.7
21.8
219

Introduction to algebra

Powers

Arithmetic and geometric progressions
Functions

Conclusions

Problems

Proof of AP

Proof of GP

Proof of quadratic formula

Matrices

221
222
223
224
225
226

What is a matrix?

Matrix manipulation

Solutions of simultaneous equations
Leontief input—output analysis
Conclusions

Problems

Use of calculus

23.1
23.2
23.3
234
23.5
23.6

Differentiatjon
Economic applications I
Turning points
Economic applications II
Further notes
Integration

503
505
507
509
510
511

513

514
515
516
520
521
521

523

525
527

528
531
532
536
551
551
554
554
555

556

557
557
566
570
573
574

577

577
584
587
590
591
594

Contents




Contents

Part 7

23.7 Economic summary

23.8 Functions of more than one variable

23.9 Maximization and minimization subject to
constraints

23.10 Conclusions

23.11 Problems

Conclusions

Typical examination questions

Appendices

A Cumulative Binomial probabilities

B Cumulative Poisson probabilities

C Areas in the right-hand tail of the Normal
distribution

D Student's ¢ critical points

E x* critical values

F Present value factors

G Mann-Whitney test statistic

H Wilcoxon test statistic

I Runs test

J Durbin-Watson statistic

K Random number table

L Loading MICROSTATS

Answers to selected problems

Index

597
597

601
603
604

609

611

618

618
619

620
622
624
626
628
631
632
634
636
638

640
661

xi



C H A P T E R

A refresher in
basic mathematics

People using this book are likely to come from many different
backgrounds, and so we thought we would include a refresher
chapter to ensure that whoever uses the book can start at about the
same place.

You might want to use this chapter to pick out bits and pieces at
times when you need a little extra help; or you might want to read it
from the start to finish. You might be a little concerned that you have to
‘do’ numeracy or statistics or quantitative methods as part of your
course and you may well feel that it is going to be hard work. If you are
concerned, this may be a consequence of previous bad experiences with
numbers. This chapter is not just about getting the ‘right’ answer - it is
about trying to understand how to make sense of numbers and what
they can tell you, or, if you prefer, about how not to get conned by
other people using numbers incorrectly.

This chapter is about the basics of using numbers, calculators and
computers, just to reassure you that you can actually do things with
numbers. You may feel that you can skip this chapter, and if you can
that is perfectly OK.

If you are not sure, try the set of short self-check tests given
below.

OBJECTIVES

After working through this chapter, you will be able to:

& add numbers together;

= multiply numbers together;

B deal with brackets in numerical expressions;
m write down simple algebraic expressions;

R rearrange algebraic expressions;



B understand equations using two variables;
B use powers of numbers as a shorthand for multiplication;

B sketch simple graphs.

(Part1 | a SELF-CHECK TEST 1: BASIC ARITHMETIC

Self-check tests You should not need to use a calculator to do this test!
14+5= 7 5x(=2) =
212-8= 8 (—4)x (=2) =
37-26= 94+3x2=
45x3= 10 (4+3)x2 =
516x7= 11 8-2=
63x(2)= 12 —12:3=

E SELF-CHECK TEST 2: USE OF POWERS

You should not need to use a calculator to do this test!

12x2x2x2= 6 23 x2t=

22%= 7 3%+:32=
3344%= 8 -1+ =
4 (3+4)°= 9 /25=

53%=__ 10 /(7 -3x4+1)=

E SELF-CHECK TEST 3: BASIC ALGEBRA

1 If2a=6,thena=
2 If4p = 100, then p =
3 If 6x + 4x = 200, then x =
4 If x? = 49, thenx=__
§ If4x+ 5y — 4x = 25, then y =
6 Rearrange 6a + 3b =12, so thata =
7 Rearrange 4x — 5y — 10 so that x =
8 If 5p* = 125, then p =
9 If4a(2a+ 3) - 8a” = 72, then a =
10 Rearrange 6s° + 35 = 12 + 25 + (2s5)%, so that s =

A refresher in basic mathematics



SELF-CHECK TEST 4:
GRAPHS AND MORE ALGEBRA

You will need some graph paper to answer these questions.

1 Draw a graph of y = 2 for values of x from O to 5.

2 Draw a graph of y = 2x for values of x from —2 to +5.

3 Draw a graph of s = 2t + 4 for values of t from O to 10.

4 Draw a graph of y = 3x — 5 for values of x from —2 to +10. Find
the value of y if x = 4.

5 Draw a graph of y = x* + 2x + 1 for values of x from —3 to +3.

6 Draw a graph of y = —x* + 2x + 1 for values of x from —3 to +3.

7 Find the roots of x* — 5x + 4 = 0.

8 Find the roots of x* — 5x + 6 = 0.

9 Find the point where the line g = 3p + 5 crosses the line
q=20-2p

10 A firm has a fixed cost of £20 and a variable cost of £6 for each

unit made. Given a production level of x, write down an expression
for the total cost function. If the same firm can sell as many as it
can make at a price of £10, and this is the only source of revenue,
write down the total revenue function. Determine the production
level at which the firm will break even, that is, the value of x where
total cost is equal to total revenue.

SELF-CHECK TEST 5:
USE OF YOUR CALCULATOR

This test is simply designed to ensure that you can use the basic

functions on your calculator. Since we do not know the exact type of

calculator which you have, you may want to refer to your manual if

your answers do not match ours. You may also find that your

calculator can perform much more complex sums that those below.
Evaluate each of the following using your calculator:

1100+527+93+14=
247-32+45-985-3.1+403=
327-4+43483/7+4=
4 (27 -4+3483)/(7+4) =
5§ 45x6x0.34=
6 11%of 327 =
8x453-62x9
8x 724~ (62 —

89 58
857 03483 x — =
7 X7

9 J(7x4+3x14)=
0 147
VA2 x 729 ——

A refresher in basic mathematics



