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Notes 
UNIT-1 BASIC MATHEMATICS 
CONTENTS  
 Introduction 
 Mathematical Operations and Brackets 
 Different Types of Numbers 
 Rounding 
 Significant Figures 
 Decimal Places 
 Powers and Roots 
 Variables and Functions 
 Formulae 
 Exponential Numbers 
 Solving Equations 
 Quadratic Equations with Only One Variable 
 Simultaneous Linear Equations 
 Manipulating Inequalities 
 Percentages and Ratios 
 Accuracy and Approximation 
 Drawing Multiple Equations on A Single Graph 
 Single Quadratic Equation 
 Two Equations on One Graph 
 Review Questions 
 Further Readings 

INTRODUCTION 
In this first chapter, a number of concepts are introduced that are 
fundamental to many areas of business mathematics. We begin by 
defining some key words and phrases. 
Mathematical operations and brackets 
The basic mathematical operations are addition, subtraction, 
multiplication and division; and there is a very important convention 
about how we write down exactly what operations are to be carried out 
and in what order. Brackets are used to clarify the order of operations 
and are essential when the normal priority of operations is to be broken. 
The order is:  
● work out the values inside brackets first; 
● Powers and roots;  
● Multiplication and division are next in priority; 
● Finally, addition and subtraction. 
Basic Mathematics 
For example, suppose you want to add 2 and 3 and then multiply by 4. 
You might write this as 2+3X4 
However, the above rule means that the multiplication will take priority 
over the addition. What you have written will be interpreted as an 
instruction to multiply 3 by 4 and then add 2. It would be useful at this 
point to briefly digress and check your calculator. Type 2+3X4=’ into it. 
If the answer is 14, you have a scientific calculator that obeys 
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mathematical priorities. If the answer is 20, your calculator is non-
scientific and perhaps will not be suitable for your CIMA studies. 
Returning to the main problem, if you want to add 2 to 3 and then 
multiply by 4, you must use brackets to give priority to the addition – to 
ensure that it takes place first. You should write (2 + 3)X 4. The contents 
of the bracket total 5, and this is then multiplied by 4 to give 20. 
Different types of numbers 
A whole number such as - 5, 0 or 5 is called an integer, whereas numbers 
that contain parts of a whole number are either fractions – such as 3/ 4 – or 
decimals – such as 0.75. 
Any type of number can be positive or negative. If you add a positive 
number to something, the effect is to increase it whereas, adding a 
negative number has the effect of reducing the value. If you add =B to 
any number A, the effect is to subtract B from A. The rules for arithmetic 
with negative numbers are as follows: 

Rounding 
Quite often, numbers have so many digits that they become impractical 
to work with and hard to grasp. This problem can be dealt with by 
converting some of the digits to zero in a variety of ways. 
Rounding to the nearest whole number 
For example, 78.187=78 to the nearest whole number. The only other 
nearby whole number is 79 and 78.187 is nearer to 78 than to 79. Any 
number from 78.0 to 78 . 49 will round down to 78 and any number from 
78.5 to 78 . 99 will round up to 79. The basic rules of rounding are that: 
1. digits are discarded (i.e. turned into zero) from right to left; 
2. reading from left to right, if the first digit to be discarded is in the 
range 0–4, then the previous retained digit is unchanged; if the first digit 
is in the range 5–9 then the previous digit goes up by one. 
Depending on their size, numbers can be rounded to the nearest whole 
number, or 10 or 100 or 1,000,000, and so on. For example, 5,738 = 
5,740 to the nearest 10; 5,700 to the nearest 100; and 6,000 to the nearest 
1,000. 
Significant figures 
For example, 86,531 has five digits but we might want a number with 
only three. The ‘31’ will be discarded. Reading from the left the first of 
these is 3, which is in the 0–4 range, so the previous retained digit (i.e. 
the ‘5’ ) is unchanged. So 86,531 = 86,500 to three significant figures 
(s.f.). 
Suppose we want 86,531 to have only two significant digits. The ‘531’ 
will be discarded and the first of these, ‘5’ , is in the 5–9 range, so the 
previous digit ( ‘6’ ) is increased by 1. So 86,531= 87,000 to two s.f. 
Zeros sometimes count as significant figures; sometimes they do not. 
Reading a number from the right, any zeros encountered before you meet 
a non-zero number do not count as significant figures. However, zeros 
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sandwiched between non-zeros are significant. Hence, 87,000 has two 
s.f., while 80,700 has three. 
Decimal places 
The other widely used rounding technique is to discard digits so that the 
remaining number only has a specified number of decimal places (d.p.). 
For example, round 25.7842 to two d.p. The digits to be discarded are 
‘42’ , the first (‘4’) is in the 0–4 range and so the next digit ( ‘8’ ) 
remains unchanged. So 25.7842 =25.78 to two d.p. Strings of ‘9’ can be 
confusing. For example, if we want to round 10.99 to one d.p., the first 
digit to be discarded is ‘9’ and so the next digit, also ‘9’ , goes up to ‘10’ 
. In consequence, the rounded number is written as 11.0 to one d.p.  
Rounding up or rounding down 
A number to be rounded up will be changed into the next higher whole 
number so, for example, 16.12 rounds up to 17. A number to be rounded 
down will simply have its decimal element discarded (or truncated). 
Numbers can also be rounded up or down to, say, the next 100. 
Rounding up, 7,645 becomes 7,700 since 645 is increased to the next 
hundred which is 700. Rounding down, 7,645 becomes 7,600. 
Powers and roots 
Definitions 
1. The n th power of a number, a, is the number multiplied by itself n 
times in total, and is denoted by an or a^n. For example, 

 
2. Any number to the power of zero is defined to be 1. For example, 

 a =n is the reciprocal of an , that is a = n = 1 = an = 1/ an 

 
4. The n th root of a number, a , is denoted by a1/n and it is the number 
that, when multiplied by itself n times in total, results in a. For example, 

 
 

5. an/m can be interpreted either as the m th root of an or as the m th root 

of a multiplied by itself n times. For example,  
 
6. The rules for arithmetic with powers are as follows: 
(i) Multiplication: am = an = am=n . For example, 

  

(ii)   

(iii)  
Mathematical operations in Excel 
When performing calculations in Excel the same mathematical rules that 
have been discussed in this chapter apply. The following examples use 
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the data from Examples 1.2.1 and 1.2.2 and show how formulae in Excel 
would be created to arrive at the same results.  
Notice from Figure 1.1 that most of the values have been addressed by 
the cell reference – but it is also possible to incorporate numbers into the 
formulae. 
Rounding numbers in Excel 
To accurately round numbers in Excel a built-in function called = round 
() is used. This can be used to set any degree of accuracy required and 
once the function is incorporated into a formula any future references to 
the cell containing the round function will use a value rounded to the 
specified number of decimal places. The following example ( Figure 1.2 
) illustrates this and uses the data from Example 1.4.1. Notice that the 
third example requested the result be rounded to three significant figures, 
the formula is a little more complex and has been done here in two steps.  
In the first step in cell f6 the arithmetic has been performed and the result 
rounded to three decimal places. Then in g6 the len and the int functions 
have been applied to further round the result to three significant figures. 
It is sometimes preferable to take the integer value of a number as 
opposed to rounding it to the nearest whole number. The difference is 
that the integer value is a number without any decimal places. Therefore 
the integer value of 9.99 is 9 and not 10 as it would be if the number had 
been rounded to the nearest whole number. Figure 1.3 shows the table 
used in the rounding exercise but with the Excel int function in place of 
the round function 
Figure 1.4 shows the results of the rounding and the integer formulae 
used in figures 1.2 and 1.3. 
Looking at Figure 1.4, the different result produced through the use of 
the int function as opposed to the round function can be seen. In each 
case the result has been rounded down to the integer value. 
Variables and functions 
A variable is something which can take different values. Variables are 
often denoted by letters. Thus, the set of positive whole numbers can be 
considered as a variable. If we denote it by x, then this variable can have 
many values. x 

 
Another example is the set of the major points of a compass. If this 
variable is denoted by c, then it can have more than one value, but only a 
limited number. 

 
These examples show that variables can take on non-numerical ‘values’ 
as well as numerical ones. In this text we shall concentrate on numerical 
variables, that is, those whose values are numbers, like the first case 
above. 
A mathematical function is a rule or method of determining the value of 
one numerical variable from the values of other numerical variables. We 
shall concentrate on the case where one variable is determined by or 
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depends on just one other variable. The first variable is called the 
dependent variable, and is usually denoted by y, while the second is 
called the independent variable, denoted by x. The relationship between 
them is a function of one variable, often referred to as a function, for 
brevity. Note that whilst functions are similar to formulae (see Section 
1.8) there are specific conditions relating to the definition of a function, 
but these are outside the scope of this book. 
A very useful way of stating a function is in terms of an equation, which 
is an expression containing an ‘equals’ sign. The equation of a function 
will thus take the typical form: y= a mathematical expression containing 
x 
If we know the value of the independent variable x, then the expression 
will completely determine the corresponding value of the dependent 
variable, y. 
Formulae 
A formula is a statement that is given in terms of mathematical symbols: 
it is a mathematical expression that enables you to calculate the value of 
one variable from the value(s) of one or more others. Many formulae 
arise in financial and business calculations, and we shall encounter 
several during the course of this text. In this chapter, we shall 
concentrate on some of the more complicated calculations that arise from 
the application of formulae. 

 
Exponential numbers 
In Excel a number is raised to a power by using the symbol referred to as 
a carat ( ∧ ). Some practitioners refer to this symbol as being the 
exponential operator. Thus, for example, to cube 4 the formula required 
would be = 4 ∧ 3. To find the square of 4, the formula required 
is = 4 ∧ 2. The carat can also used to find the square root. In this case the 
formula would be = 4 ∧ (1/2), or to find the cube root the formula would 
be = 4∧ (1/3). The method is used to find the 4th root, 5th root and so on. 
Some examples are demonstrated below. 
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Solving equations 
Linear equations with only one variable 
An equation is linear if it has no term with powers greater than 1, that is, 
no squared or cubed terms, etc. The method is to use the same techniques 
as in changing the subject of a formula, so that the equation ends up in 
the form variable = something. 

 
Quadratic equations with only one variable 
A quadratic equation has the form aX2 = bX = c = 0 where a, b and c are 
constants. The equation can be solved using a formula but if either the 
bX or c terms or both are missing the formula is not necessary. Examples 
will be used to illustrate the methods.  

 
This formula is given in your exam so you don’t need to learn it.  
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Simultaneous linear equations 
These are equations of the type: 

 
which must both be satisfied by the roots X and Y. Provided you 
multiply both sides of an equation by the same amount, it continues to be 
true. In the solution of these equations, one or both of the equations are 
multiplied by numbers chosen so that either the X or the Y terms in the 
two equations become numerically identical. We have labelled the 
equations (i) and (ii) for clarity. Suppose we were to multiply (i) by 5 
and (ii) by 3. Both equations would contain a 15 X -term that we could 
eliminate by subtraction, it being the case that you can add or subtract 
two equations and the result remains true. In this case, however, the 
simplest method is to multiply equation (ii) by 2, so that both equations 
will contain 4 Y and we can subtract to eliminate Y. The full solution is 
shown below.  

 
Had we chosen to substitute X = 2 into equation (ii) it would not have 
affected the result but we would then have checked in the other equation 
(i). 
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Manipulating inequalities 
Inequalities are treated in almost exactly the same way as equations. In 
fact an inequality says much the same thing as an equation, except that 
one side will be less than or greater than the other, or less than and 
greater than the other.  
Inequalities can be manipulated in the same way as equations, except 
that when multiplying or dividing by a negative number it is necessary to 
reverse the inequality sign. 
Example 

 
Example 

 
 
Percentages and ratios 
Percentages and ratios (or proportions) occur in many financial 
calculations. Basically, a percentage (denoted ‘%’ or ‘per cent’ ) is 
expressed out of 100, whereas a ratio is one number divided by another. 
A simple example will illustrate. 
Example 
(a) Express 4.6 as: 
(i) a ratio of 23.0; 
(ii) a percentage of 23.0. 
(b) Evaluate 30 per cent of 450. 
(c) The ratio of the earnings from a certain share to its price is 18.5. If the 
price is £1.50, what are the earnings? 
(d) If a variable, A , increases by 8 per cent, what does it become? 
(e) If a variable, B , changes to 0.945 B , what percentage change has 
occurred? 
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The next example will demonstrate the use of percentages in financial 
calculations. 
Example  
(a) During a certain year, a company declares a profit of £ 15.8 m, 
whereas, in the previous year, the profit had been £ 14.1 m. What 
percentage increase in profit does this represent? 
(b) A consultant has forecast that the above company’s profit figure will 
fall by 5 per cent next year. What profit figure is the consultant 
forecasting for the next year? 
(c) If this year’s profit is £ 6.2 m, and if the increase from last year is 
known to have been 7.5 per cent, what was last year’s profit? 

  
Accuracy and approximation 
All business data are subject to errors or variations. Simple human error, 
the rounding of a figure to the nearest hundred or thousand (or 
whatever), and the inevitable inaccuracies that arise when forecasting the 
future value of some factor, are examples of why business data may not 
be precise. 
In certain circumstances, errors can accumulate, especially when two or 
more variables, each subject to error, are combined. The simplest such 
forms of combination are addition and subtraction. 
Errors from rounding 
Suppose an actual value is 826 and you round it to 830 (two s.f.). Your 
rounded value contains an error of 4. Someone else using the rounded 
figure does not know the true original value but must be aware that any 
rounded figure is likely to be erroneous. 
The rounded value 830 could represent a true value as low as 825, or one 
as high as 835 (or, strictly speaking, 834.9999). There is a possible error 



 

14 
 

Business Mathematics 

Notes 

of = 5. In general, rounded values have a possible error given by 
substituting = 5 in the position of the first discarded digit. For example, 
with a value of 830, the first discarded digit is in the position of the ‘0’ , 
which is the units position. This gives a possible error of = 5 units. If the 
rounded figure were 82.391 (to three d.p.), the first discarded digit is 
immediately to the right of the ‘1’ and the possible error is = 0.0005. 
Example. 

  
Using Excel to produce graphs of Linear and 
Quadratic Equations 
Excel can be used to produce graphs of linear and quadratic equations. 
The first step is to produce a single linear equation, from which a graph 
can be drawn. 
Producing a single linear equation in Excel 
The form of the equation that will be used is 

  
This equation will be drawn for a given value of c (in this example we 
will use 20) and a range of 10 values of x (from 1 to 10), calculating 
corresponding values of y . Thus in this example the formula will be 
represented as y = 3 x + 20. 
Figure 1.7 shows the data for x and the results of entering the formula in 
the adjacent column. 

 
To show these results graphically in Excel, select the two columns and 
click on the Chart icon on the Standard Toolbar. This will produce a 
choice of graph types. Select xy and then choose the joined up line 
option. Click Finish to complete the chart. Figure 1.8 shows the resulting 
graph. 
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 Graph showing single linear equation 
Drawing multiple equations on a single graph 
It is possible to produce multiple equations and plot the results onto a 
single graph, which can be useful for comparison purposes. Figure 1.9 
uses the same set of data for x and the results of two different equations 
are shown in the adjacent two columns. 

 
The graph is produced in the same way as the first example, by selecting 
the three columns and clicking on the Chart icon. The results of plotting 
these two lines onto an xy 

 
Single quadratic equation 
The form of the equation that will be used is 

 
This equation will be drawn for a given value of a, b and c, where in this 
example we will use a =1, b = 5 and c =10 and a range of 10 values of x 
(from- 25 to 20), calculating corresponding values of y. 
Thus in this example the formula will be represented as y= x2+5 x+ 10. 
Figure 1.11 shows the data and the formula calculated in the adjacent 
column.  

 
Using the same method as before a graph can be drawn to show these 
results and this is shown in Figure below. 
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Two equations on one graph 
It is possible to produce multiple quadratic equations and plot the results 
onto a single graph, which can be useful for comparison purposes. Figure 
below uses the same set of data for x and the results of two different 
equations are shown in the adjacent two columns. 

 
 Graph showing a single quadratic equation 

 
The graph is produced in the same way as the previous example, by 
selecting the three columns and clicking on the Chart icon. The results of 
plotting these two lines onto an xy line graph can be seen in Figure 1.14 . 
Using Excel to produce the graph of a hyperbola 
The formula of a hyperbola takes the form of y = a(1/x) = n. In the 
example below values of x from 1 to 27 are used. The constant a is 10 
and a value of 1 was used for n. The results are shown in Figure below . 

 
Basic mathematics covers a wide range of topics and underlies 

virtually all the elements of business mathematics. The key contents of 
the chapter are:  
● The rules for the order of mathematical operations and the use of 
brackets – a source of many errors in calculations; 
● dealing with negative numbers; 
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● rounding to the nearest number or to various numbers of decimal places 
or significant figures; 
● dealing with powers and roots; 
● manipulating formulae; 
● dealing with exponential numbers; 
● solving equations; 
● manipulating inequalities; 
● dealing with percentages and ratios; 
● rounding errors; 
● creating graphs in a excel to draw linear and quadratic equations and 
graph of a hyperbola. 
REVIEW QUESTIONS 
1. The number 268.984 is to be rounded. In each case write the correct 
answer, to the accuracy specified. 
(A) to two decimal places. 
(B) to one decimal place. 
(C) to the nearest whole number. 
(D) to the nearest 100. 
(E) to three significant figures. 
(F) to four significant figures. 
2. Evaluate the following without rounding. 
(A) 7 + 2 X 5 
(B) (5 + 2) X 8 
(C) 28 – 48/4 
(D) (7 + 3)/5 
(E) 8+ 4 X5 - 2 
(F) (8 -4)X (3+ 7). 
3 A small company produces specialised posters. The total cost is made 
up of three elements = materials, labour and administration = as follows: 
 Materials £ 0.50 per poster  
 Labour £ 15 per hour 
 Administration £ 10 per 100, plus £ 50. 

4. The set-up time for printing takes two hours, and the posters are run 
off at the rate of 300 per hour. 
5.  If the number of posters produced is denoted by N, write down the 
formulae for the following in £ : 
(A) the total cost of materials, 
(B) the time taken to produce the posters, 
(C) the total labour costs of production, 
(D) the administration costs. 
6.  Calculate the solutions to Question 1.2.1 using Excel. You will first 
have to create a spreadsheet to represent the data for the printing 
company. 
FURTHER READINGS 

1. Business Mathematics and Statistics- Andy Francis 
2. Agarwal B.M. 
3. Introduction to Business Mathematics- R. S. Soni 
4. Business Mathematics : Theory & Applications- Jk. Sharma 
5. Business Mathematics- Trivedi Kashyap 
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UNIT-2 OBTAINING DATA 
CONTENTS  
 Introduction 
 Obtaining Data 
 The Difference between Information And Data 
 Primary Data: Sampling 
 Probability Sampling Methods 
 Other Sampling Methods 
 Multistage Sampling 
 Secondary Data: Sources 
 Questionnaires 
 Contact with Respondents 
 Importing Data to Excel 
 Importing Data from Word 
 Using the Excel Text to Columns Feature 
 Review Questions 
 Further Readings 

INTRODUCTION 
Many of the problems that accountants face require the acquisition, 
communication or analysis of data as part of their solution. We look at 
each of these aspects in turn. First of all, there is the question of how to 
obtain data, as the individual facts and figures are known. Data can be 
classified in two ways: primary and secondary. Primary data is that 
collected specifically for the problem in hand, while secondary data is 
collected (by others) for some other purpose. Thus an accountant, 
working in the budgeting department of a manufacturing company, 
might get information on raw material costs by contacting the suppliers 
himself or herself, and so obtain primary data. Alternatively, he or she 
could use secondary data in the form of a list of quotations compiled for 
its own purposes by the company’s buying department. Primary data is 
the more reliable, since you have obtained it yourself (or have had it 
collected) and because it relates precisely to the particular problem you 
are facing. Its actual collection, however, does take time; obtaining it, 
therefore, tends to be costly, and there may be a considerable delay 
before the information is ready to use. 
On the other hand, secondary data, if available, is relatively inexpensive 
and quick to obtain: often simply a reference to some relevant 
publication. The disadvantages here arise from the possibility that there 
may be no suitable sources for the information. Even if there are, the data 
may not match your requirements too well. In addition, although official 
or government statistics may be considered reliable, other secondary 
sources may not. 
Obtaining Data 
Immediately after collection, in what is often termed its raw form, data is 
not very informative. We cannot learn about the situation from it or draw 
conclusions from it. After it has been sorted and analysed, data becomes 
information that, it is to be hoped, is understandable and useful. 
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The difference between information and data 
Sometimes the issue of the quality of data is raised and often there is not 
a clear understanding of this issue. Quality data has several 
characteristics including being:  
● error free; 
● available at the right time; 
● available at the right place; 
● available to the appropriate individuals. 
The arrival of the Internet has made it much easier for organisations and 
individuals to access data at the right time and the right place. However, 
at the same time the Internet have opened up questions about data being 
error free and about who can have access to it. As well the issue of data 
quality there is the question of how data, information and knowledge 
relate to one another. Russell Ackoff was one of the first people to speak 
of there being a hierarchy which he referred to as the Data Information 
Knowledge Wisdom (DIKW) Hierarchy. According to this model, data 
(which is by the way sometimes said to be a plural word as it is the 
actual plural for the word datum) are simple facts or figures or maybe 
even a photograph or an illustration. In this form data is unstructured and 
uninterrupted. Information comes from processing or structuring data in 
a meaningful way. Another way of looking at this is that information is 
interpreted data. An interesting story is told by Joan Magretta in her book 
What Management is ? about Steve Jobs which clearly illustrates the 
difference between data and information. Despite its small share of the 
total market for personal computers, Apple has long been a leader in 
sales to schools and universities. When CEO Steve Jobs learned that 
Apple’s share of computer sales to schools was 12.5 per cent in 1999, he 
was dismayed, but unless you’re an industry analyst who knows the 
numbers cold, you won’t appreciate just how dismayed he was. That’s 
because, in 1998, Apple was the segment leader with a market share of 
14.6 per cent. And, while Apple slipped to the number two spot in 1999, 
Dell grew and took the lead with 15.1 per cent. Alone each number is 
meaningless. Together they spell trouble, if you’re Steve Jobs, you see a 
trend that you’d better figure out how to reverse. This isn’t number 
crunching, it’s sense making.  In this example the 12.5 per cent was data 
and when it was seen in conjunction with the 15.1 per cent it became 
information. 
Knowledge is again different to data and information. Knowledge is 
much more personal and the presence or absence of knowledge can 
normally only be seen through the actions of individuals. When 
knowledge is written down it effectively becomes information. 
Finally with respect to wisdom it is difficult to define this concept. 
Wisdom has something to do with understanding or insight. It is to do 
with achieving a good long-term outcome in relation to the 
circumstances you are in.  
Primary data: sampling 
We begin by considering how primary data can be obtained. All the data 
relating to a problem is known as the population . For reasons of finance 
and practicability, it is rarely possible to obtain all the relevant data, so 
you normally have to use only part of the population, that is, a sample . It 
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is clear that, if the sample data is to be of any use, it must be 
representative of the population as a whole. If a sample is representative 
of its population, it is said to be unbiased ; otherwise it is biased . 
Another fundamental point to note is that, because a sample is only a 
subset – that is, some information has been omitted – any results arising 
from it cannot be exact representations of the whole population. This 
deficiency is said to constitute sampling error . 
By careful choice of sampling method, it is possible to ensure that a 
sample is representative of its population, thereby avoiding bias. Since 
the very act of sampling omits some of the data, sampling error is 
inevitable. In general, if you increase its size, the sample will represent a 
larger proportion, and so will be ‘nearer to’ (or more representative of ) 
the population. Increasing sample size thus tends to reduce sampling 
error. An example will illustrate these new concepts and terms. 
Example  
You work as an assistant to the chief accountant of a company that owns 
a large number of retail stores across the country. The chief accountant 
asks you to provide him with some up-to-date information on the weekly 
turnover figures of the stores. Discuss how you would set about this. 
Solution 
Secondary financial data on the stores will no doubt be available, but it 
may not consist of weekly turnover figures and probably will not be up 
to date. Thus, provided that enough time and resources are available, you 
should consider obtaining primary data. We shall leave discussion of 
possible methods of actually collecting the information until later in this 
chapter and concentrate here on the meaning of the various concepts 
defined above, as applied to this example. 
The population here consists of all the recent weekly turnover figures for 
all the stores owned by the company. Clearly it would be practically 
impossible to collect all this data, and so a sample will have to be taken. 
This will consist of a selection of a certain number of the weekly 
turnover figures, for example 100 or 1,000 of them:  exact number will 
depend on the time and resources available, and the level of accuracy 
required by the chief accountant. If the selection of 100 or 1,000 (or 
whatever) weekly turnover figures is representative of all the   possible 
data, then we shall have an unbiased sample. However, because a sample 
consists of only part of the population (possibly just a small proportion), 
it will give only an approximation to the overall picture: sampling error 
will be present. In general, increasing the sample size from, say, 100 to 
1,000 will reduce this error. 
Probability sampling methods 
We now look at various ways of selecting samples, beginning with 
probability sampling methods (also called random sampling methods ): 
those in which there is a known chance of each member of the 
population appearing in the sample. Such methods eliminate the 
possibility of bias arising through (subjective) human selection: it can 
now only arise by chance. In addition, it is possible to undertake 
calculations concerning the effects of sample error when probability 
sampling methods are used. 
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Simple random sampling 
Of these methods, the most basic is simple random sampling , in which 
each element of the population has an equal chance of being selected. 
Such a sample could be chosen by drawing names out of a hat, or by 
employing more sophisticated models using random numbers (which 
will be illustrated later). As we shall see in later parts of the text, random 
sampling is one of the most important sampling methods in statistics, 
since the accuracy of estimates made from the sample can be calculated. 
Stratified random sampling 
In this case, the population is divided into coherent groups or strata, and 
the sample is produced by sampling at random within each stratum. This 
process takes more time than simple random sampling, but should result 
in more representative samples and hence should reduce the sample 
error. 
Example 
How would a simple random sample and a stratified random sample be 
drawn in the situation described in Example? 
Solution 
To begin with, we shall need a list of the population. If, for example, the 
company owns 100 stores, and the investigation is confined to the last 
year’s (50 trading weeks’) trading, then the population will consist of 
5,000 pieces of data. These might be arranged as follows: 
Turnover of store 1 week 1 0001 
Turnover of store 1 week 2 0002 
. . . . . . . . . . . . . . . . . 
Turnover of store 1 week 50 0050 
Turnover of store 2 week 1 0051 
. . . . . . . . . . . . . . . . . 
Turnover of store 100 week 50 5000 
The members of the population can be numbered from 1 to 5,000, using 
a four-digit notation, as shown in the right-hand column of the above 
table. The table is not set out in full for reasons of space: however, it is 
easy to calculate that the turnover of store 7 in, say, week 47 is 
represented by the number 347 (i.e. 6 x 50 + 47). The problem of 
selecting, say, 200 of these weekly turnover figures, each with an equal 
chance of being picked, can now be translated into the task of obtaining a 
similar sample from the digits 0001 to 5,000. 
There are a number of ways of obtaining the necessary random numbers, 
such as computer generation or by using random number tables. The 
latter method consists of reading off four-digit numbers from the tables. 
(Because there are 5,000 elements in the population, we ensured that 
each one was numbered with a four-digit number: hence 0001, etc.) For 
example, the random numbers 0347, 4373 and 8636 would be interpreted 
as follows: 
0347: week 47 of store 7 is the first member of the sample 
4373: week 23 of store 88 is the second 
8636: this is bigger than 5,000, and so is ignored. 
We proceed in this way until we have selected the desired sample size 
(200 items). Note that because each digit in the table has an equal chance 
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of being 0, 1, 2, …, 9, we have ensured that each element of the 
population has an equal chance of being sampled, that is, we have a 
simple random sample. 
Following the above procedure, it is possible, by pure chance, that the 
200 sampled weeks may come from just a few stores’ figures, with many 
stores not being represented. If the 100 stores are similar in their trading 
patterns, this may not matter, but, if we wish to ensure that there is a 
good spread from the stores within the sample, we can stratify before 
sampling. By way of illustration, this can be done by taking each store’s 
figures as a stratum and taking a sample of 2 weeks within each. Thus, 
the data on store 1 would form the first stratum:  
Turnover, week 1 01 
Turnover, week 2 02 
. . . . . . 
Turnover, week 50 50 
Note that we need only two-digit random numbers now. The random 
numbers 33, 67, 00, 98 and 09 would be interpreted as follows: 
33 the turnover of week 33 is selected 
67 bigger than 50, so this is ignored 
00 too small (01 is the lowest in our numbering) 
98 too big, so ignored 
09 the turnover of week 9 is selected. 
These two figures would form the contribution to the sample from the 
first stratum. Repeating this procedure for the 2nd to the 100th stratum 
(store’s figure) would now produce a randomised sample in which every 
store was represented. 
Before we leave this example, it should be noted that there are many 
other ways of stratifying. For example, it may be that stores number 1–
10 are far bigger than the others and so should be better represented in 
the sample. In such a case, you might work with just two strata (larger 
stores’ turnover figures and small stores’ turnover figures) and then 
sample (at random) 100 values from each. In practice, situations like this 
demand the use of personal judgement when determining how to stratify 
and what proportion of the sample to include from each stratum. In other 
situations, it is possible to be a little more precise, as the following 
example illustrates. 
Other sampling methods 
If we reconsider the examples in the preceding section, we shall see that 
there can be great practical problems in using random methods of 
sampling. First of all, in order to use random number tables (or any other 
method of ensuring randomness), we need a list of the population. This 
list is often called a sampling frame. As we shall see, there are many 
instances where a sampling frame is unavailable. Even when one is, 
stratified random sampling may be impossible. For instance, in the 
previous example, to stratify the population it would be necessary to 
divide the sampling frame (possibly the town’s electoral register) into the 
four categories shown. This would not be possible, since an individual’s 
age could not easily be determined from the register. Note that it would 
not be sensible to try to find the age of every individual in the town, as 
one would then be contacting every member of the population – the 
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whole idea of sampling is to avoid such an onerous task! A second 
practical problem lies in the cost of random sampling. Imagine taking 
even a simple random sample of 1,000 people from a town’s electoral 
register. This would involve counting down the register to find person 
number 139,103 (say), which our random number tables gave us, then 
contacting her or him to conduct an interview. Multiply this by 1,000 and 
you will appreciate the immense time and expense involved. A number 
of alternative sampling methods have been devised to get round some of 
the problems listed above. 
● Cluster sampling consists of taking one definable subsection of the 
population as the sample. Thus, you could take the inhabitants of one 
street as a cluster sample of the population of a town. However, such a 
sample is unlikely to be representative, and so a variation might be to 
take the inhabitants of five streets (chosen at random from an 
alphabetical list) as the sample. The latter example could still be 
unrepresentative but would be a great deal easier and cheaper to survey 
than a sample randomly spread all over the town. Cluster sampling is a 
random method provided that the clusters are randomly selected, but it 
does not give data as reliable as that given by either simple random or 
stratified random sampling. It is widely used for reasons of speed, 
cheapness and convenience. 
● Systematic sampling involves taking every nth member of the 
population as the sample. This can be applied with or without a sampling 
frame, and so may or may not be a probability method. As an example, a 
sample could be drawn from an electoral register by selecting every 
1,000th on the list. In a quality-control situation, we could take every 
100th batch coming off a production line for testing. Note that, in this 
latter case, we have only part of the sampling frame, those batches 
produced near the time of sampling. A complete sampling frame, 
consisting of all past and future batches, would be impossible to obtain. 
Systematic sampling from a sampling frame provides a good 
approximation to simple random sampling without the bother of using 
random numbers. Problems of bias arise only if there is a cycle in the 
data that coincides with the sampling cycle. For instance, if, in the 
quality-control situation, 100 batches were produced every two hours, 
then you might find yourself always sampling the last batch prior to staff 
taking a break: this might not be representative of the general quality of 
production. In general, however, systematic sampling provides random 
samples almost as reliable as those of simple random sampling and in a 
much more convenient manner. 
● Quota sampling is essentially non-random stratified sampling. The 
members of the various strata are called quotas , which are not chosen at 
random but are selected by interviewers. The market research agency in 
the previous example could draw its sample by issuing quotas of: 
347 females, 35 and over 
163 females, under 35 
333 males, 35 and over 
157 males, under 35 
The actual members of the sample would be selected by the interviewers, 
as they moved around the town. When the respondent’s age was 
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determined, he or she could be included as part of one of the above 
quotas. When a quota was complete, no more people from that category 
would be included. This subjective element is an obvious source of bias 
which can be reduced in practice by training interviewers to choose a 
‘spread’ within each quota. For example, they would be encouraged not 
to choose all 40-year-olds in the ‘35 and over’ quotas, but to try to 
achieve a variety of ages within the range. This method is cheap, quick 
and easy and, in particular, it does not require a sampling frame. It has all 
the advantages of stratified sampling at a much lower cost, but it is not 
random: information obtained from it may well be biased and there is no 
means of measuring its reliability. 
Multistage sampling 
We conclude the discussion of sampling techniques by looking at a 
method commonly used when a survey has to cover a wide geographical 
area without incurring great expense. Multistage sampling , as its name 
implies, involves splitting the process into a number of (typically three) 
separate steps. An example will illustrate.  
Example 
If you were organising a nationwide opinion poll, how would you set 
about organising the sample, using a multistage technique? 
Solution 
The first stage is to divide the country into easily definable regions: in 
the case of a political survey such as we have here, the 651 parliamentary 
constituencies are ideal for this. It is now a straightforward matter to 
select, at random, twenty (say) of the constituencies. 
In the second stage, the regions are split into smaller, more manageable, 
districts. There is an ideal subdivision in this example, namely the 
political wards within each constituency. A random sample of (say) three 
wards might now be selected within each of the twenty constituencies 
obtained in the first stage. Note that we have now a sample of sixty 
wards, randomly selected, and that these could be obtained by one person 
in a matter of minutes, provided that a complete list of constituencies and 
wards and a set of random number tables are available. 
The time-consuming stage is the third and final one, that of contacting 
and interviewing a sample of (say) thirty voters in each of the sixty 
wards. This could be done at random from the electoral registers of the 
wards, thereby ensuring that the whole process is random. A faster and 
less expensive alternative, albeit one that risks the introduction of bias, 
would be a non-random method such as quota sampling. The quotas 
might be by gender and age or, working with a larger budget, might be 
more sophisticated. 
This sample involves two stages of cluster sampling and a third that may 
be either systematic or quota sampling. 
One criticism of multistage sampling is that the regions in the first stage 
and the districts in the second stage will not each contain the same 
number of people. In the above example, one constituency may have 
40,000 electors, whereas another may have 60,000. As the two are 
equally likely to be chosen in stage 1, an elector in the former 
constituency will be 1.5 times as likely to appear in the final sample than 
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an elector in the latter constituency (one in 40,000 as opposed to one in 
60,000). 
A variation that redresses this imbalance is sampling with probability 
proportional to size. Hence, we weight the chances of choosing a region 
(stage 1) and then a district (stage 2) according to the number of people 
in the region or district; larger regions or districts having proportionately 
more chance of selection than smaller ones. In the above example, we 
would ensure that a constituency of 40,000 electors has two-thirds the 
chance of being selected as does a constituency of 60,000 electors, by 
allocating two-thirds as many random numbers to the former as 
compared with the latter. This proportion will then exactly compensate 
for the imbalance referred to in the preceding paragraph. 
You will virtually certainly have a question in your assessment which 
requires you to differentiate between the different types of samples. 
Secondary data: sources 
There are numerous potential sources of secondary data that could be 
used to provide the required information in a given situation. Searching 
out sources is usually not too problematical: the real difficulty lies in 
judging whether the data adequately matches the requirements or 
whether primary data should be sought.  
Sources of secondary data can be categorised into three types. First of 
all, there are data collected and compiled internally by the organisation, 
such as its financial reports and accounts, personnel records, and so on. 
Second, there are business data produced by sources external to the 
organisation. Under this heading come the results of surveys by the CBI, 
the financial press and similar sources. Finally, we have the many 
government produced statistics on a whole range of commercial and 
demographic topics, any one of which might be applicable in solving a 
business problem. 
These publications are too numerous to list here, but the Office for 
National Statistics Guide to Official Statistics is published annually and 
gives a comprehensive catalogue of sources of official statistics. 
Questionnaires 
In many situations, data are collected by asking a sample of people a 
series of questions. The printed form used by interviewers to pose the 
questions or for respondents to complete themselves is termed a 
questionnaire . Although it is unlikely that management accountants will 
have to design questionnaires, they may have to commission their 
design, or may encounter them in some other way. It is therefore useful 
to be able to judge whether a questionnaire is well designed; as poor 
design could lead to the collection of unreliable data. 
The basic ideas are to make it as easy as possible to answer the questions 
accurately and to encourage respondents to complete the questionnaire, if 
interviewers are not being used. Overall, therefore, the questionnaire 
needs to be as brief as possible, consistent with the data that needs to be 
collected: long documents can be off-putting. In addition, it should be 
logically structured and well laid out, otherwise errors can be introduced 
through confusion or, again, respondents may be discouraged from 
completing the forms. The individual questions, in particular, need 
attention. There are a number of do’s and don’ts to be considered when 
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drafting questions, all again concerned with obtaining accurate and 
reliable responses from the sample. These are listed below.  
● Do not ask ambiguous questions. 
● Do not use leading questions. 
● Do not pose questions that require technical knowledge or that use a 
complicated vocabulary. 
● Give a brief, simple list of possible answers, whenever you can. 
● Put personal or difficult questions at the end of the questionnaire. 
● Do not ask questions that rely too much on memory. 
● Try to avoid open-ended questions. 
Contact with respondents 
The following methods of making contact with respondents are all in 
wide use and have different advantages and disadvantages. 
● Interviewers undoubtedly get the best results. The response rate is high, 
the questionnaire is filled in immediately and in an accurate manner, and 
any misunderstandings on the part of the respondent can be rectified. 
However, the method is not without disadvantages. It is time-consuming 
and costly. The interviewer needs to be well trained in order to ensure 
that he or she does not introduce interviewer bias by posing questions in 
such a way that respondents are inclined to give certain answers. 
Respondents may not be prepared to discuss certain topics in an 
interview, but might be prepared to complete a questionnaire privately. 
Finally, in interviews the respondent cannot take time to ‘mull over’ the 
questions. Indeed, they may answer quite thoughtlessly in order to speed 
up the interview. Notwithstanding the disadvantages, face-to-face 
interviews are generally regarded as the best method of contact with 
respondents because low response rates and poorly completed 
questionnaires are so devastating in surveys. 
● Enumerators deliver the questionnaires and explain to the respondents 
what the survey is about and so on. A few days later they collect the 
completed questionnaires and deal with any problems that have arisen. 
The method secures quite good response rates, although not as good as 
face-to-face interviews; it gives the respondent privacy, the time to think 
about questions and some degree of assistance and it reduces the 
likelihood of interviewer bias. Its disadvantages are that it is costly and 
time-consuming and that the forms may not be filled in very well. 
● Telephone interviews are the other method in which there is some 
personal contact. It is easier to refuse an interview if you are not face-to-
face, so telephone interviews suffer from a still lower response rate. The 
method has most of the disadvantages of face to face interviews, namely 
interviewer bias, lack of privacy and lack of time to reflect on questions, 
plus the additional problem that a proportion of the population, 
especially among the elderly and the poor, do not have telephones. On 
the other hand, telephone interviews avoid the costs and problems of 
having to travel and are not as time consuming or as costly as 
interviewing face to face. 
● Postal surveys include any methods of delivering questionnaires without 
making personal contact with respondents, such as leaving 
questionnaires on desks or in pigeonholes as well as sending them by 
post. They suffer from very low response rates and are frequently poorly 
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completed. They are, however, undoubtedly the cheapest and easiest 
method, they are free from interviewer bias and they give the respondent 
privacy and the option to take time over answering. Postal surveys are 
the only method that can absolutely guarantee confidentiality, since in all 
other cases respondents cannot be certain that their names will not be 
associated with the completed questionnaire. However, inducements 
such as small gifts or entry into a lottery are often given in order to 
overcome the low response problem and hence confidentiality is often 
lost. 
We saw earlier that questionnaires can typically be used in interviewer-
based or postal surveys. Each type of survey has its own implications 
when it comes to the design of the questionnaire to be used. For example, 
interviewers can explain an unclear point on a form, or can (with good 
training) ‘probe’ for deeper answers. With a postal survey, therefore, 
even greater care is needed when drafting questions, and some types of 
‘probe’ or follow-up question may not be possible at all. 
Importing data to Excel 
Having identified data to be used for an application that can be managed 
in Excel it is sometimes possible to import that data from its original 
source as opposed to having to re-enter the information directly into the 
spreadsheet through the keyboard. Excel has a number of importing 
options, some of which are described here. 
Importing data from Word 
The data shown in Figure 2.2 has been entered into Word using the Tab 
key to space it out. This information can be copied and pasted directly 
into Excel and the tabs indicate to Excel where the cell change occurs. 
Figure 2.3 shows the data after copying into Excel.  

 
 

 
 
Using the Excel Text to Columns feature 
Sometimes it is not possible to copy and paste information from another 
source into Excel and have the data automatically drop into cells 
correctly. This might be when data is being selected from a database 
system or an accounting system. In such cases it is usually possible to 
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instruct the external source to export data with a pre-defined separator, 
sometimes referred to as a ‘delimiter’ . Figure 2.4 shows some data that 
has been separated by commas.  

 
 When this data is copied into Excel it appears as shown in Figure 2.5 . 
The Excel Data Text to Columns command can now be used to separate 
this data into different cells. First select the data in the range B4:B9 and 
then select Data Text to Columns. A dialogue box is displayed on the 
screen and in this example the delimiter should be set to comma. Click 
next and next again and then finish. 

In obtaining data, various decisions have to be made. You should 
understand what the following mean and be able to discuss their 
relevance and advantages and disadvantages. 
● What resources of staff, time and money are available? 
● Will you use primary or secondary data? 
● Will you sample or survey everyone? 
● If sampling, is there a sampling frame? 
● Can you stratify? 
● Depending on the above, what sampling method will you use? You 
should know the relative merits of simple random, stratified random, 
systematic, cluster, multistage and quota sampling. 
● How will you approach the respondent? You should know the 
advantages and disadvantages of using interviewers, enumerators, 
telephone interviews and postal questionnaires. 
● How will you design the questionnaire? You should know the pitfalls to 
avoid and the features of good design to suit your chosen method of 
contact with respondents. 
● Having obtained the data, subsequent chapters will show you how to 
turn it into information. 
REVIEW QUESTIONS 
Q1-Describe the Difference between Information and Data. 
Q2-What are the sources of Primary Data? Describe Sampling. 
Q3-What are Probability Sampling Methods? Describe.  
Q4-What are the Sources of Secondary Data? 
Q5-Define Questionnaires and its use in data collection. 
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 Creating a Histogram In Excel 
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 The Gee-Whiz Graph 
 Review Questions 
 Further Readings 

INTRODUCTION 
Data, when first collected, are often not in a form that conveys much 
information. Such raw data, as they are called, may just consist of a list 
or table of individual data values: if the list or table is of any appreciable 
size then it may need some refinement before anyone can draw 
conclusions from it. In this chapter we look at ways in which raw data 
can be collated into more meaningful formats, and then go on to see 
some pictorial representations of data that provides convenient ways of 
communicating them to others. We begin by looking at linear and other 
important graphs. 
Linear graphs 
For each function of one variable there is an associated graph . This is a 
pictorial representation in which every value of x , with its associated 
value of y , is shown. In order to do this, pairs of values of x and y are 
plotted on graph paper as illustrated in the example below.  
Example  
Calculate the values of y in the function 
y = 3+ 2x 
corresponding to the values: x= 2; x = 1; x= 3; x = 4; x= - 1. 
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Plot the five corresponding pairs of values on a graph and hence draw the 

graph of the function.   
 Plot of points and line 
Solution 
Substituting x = 1 gives 

 
In the same way, it can be seen that x= 3 gives y= 9; and x= 4 gives y = 
11. 
In the final case, x= - 1 gives 

 
The five pairs of values are shown as the points A, B, C, D and E, 
respectively, in Figure 3.1 . Two things should be noted about this figure: 
1. Values of x are always measured in a horizontal direction, along the x-
axis: positive values to the right, negative to the left. Values of y are 
measured in a vertical direction, along the y-axis: positive values 
upwards, negative downwards. Thus, the point A is plotted by moving 
from the point where the axes cross (the origin, where both variables 
have a value of zero). 
● 2 to the right (plus 2); 
● 7 upwards (plus 7). 
These values are known as the x- and y-coordinates of A, respectively. 
Point E has a negative x-coordinate of = 1 and a positive y -coordinate of 
1, and so is plotted as 1 to the left and 1 upwards. 
● Note the scales on the two axes. These distances are marked off on 
each axis as an aid to plotting. They need not be the same as each other 
(indeed, they are not in this case) but they must be consistent. In other 
words, if you decide that one square on your graph paper equals one unit 
(or whatever) along the x-axis, you must keep this scale throughout the 
x-axis. The scales should be chosen so that the range of x and y 
coordinates can be displayed appropriately. 
We can now join the points up, in order to form the graph of the 
function. In this case, the points lie exactly on a straight line, and so the 
joining up can be done best with a ruler. This is an example of a linear 
graph.  
Solving simultaneous linear equations using graphs 
We have seen that breakeven occurs when the cost and revenue graphs 
cross. This is the graphical interpretation of the solution of simultaneous 
linear equations, and a graphical method could be used instead of an 
algebraic method (provided that the scale was big enough to give the 
required accuracy). 
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Example  
Solve the simultaneous equations 

 
by graphing the lines using the values x = 0 and x= 5. 
If you feel that you need more practice solving such equations algebraically, 
you could do that as well. The algebraic solution of simultaneous linear 
equations is often slightly easier and lends itself to greater accuracy (as you are 
not reading from a graph). 
Solution 

. 

Quadratic graphs 
We saw esrliar that the general quadratic function is: 

 
It has one of two basic graph shapes, as shown in Figure below 

 
 It is a symmetrical ‘U’ -shape or ‘hump’ -shape, depending on the sign 
of a . Another way of saying the same thing is that the y -values drop to a 
minimum and then rise again if a is positive, whereas they rise to a 
maximum and then fall if a is negative. This is of some importance in 
your later studies, when you may need to investigate the maximum or 
minimum values of functions for profits or costs, etc. The roots or 
solutions of the equation 

 
are given by the intercepts on the x -axis, and by symmetry the 
maximum or minimum is always halfway between them. Some quadratic 
equations do not have real roots, and in these cases the graph simply 
does not cut the x -axis at all = as shown in Figure above.  
 Quadratic equation with no roots  
With computer-based assessment you cannot at present be required to 
actually draw graphs, so questions are likely to ask for the labels of axes, 
coordinates of particular points and the information given by particular 
points. 
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Tallying frequency distributions 
An example will illustrate a simple way of converting raw data into a 
concise format. 
Example  

 
counting, when each fifth notch is reached, it is marked thus: IIII 
Number of invoices left 

 
The ‘totals’ in the above table are called frequencies and the table is 
called the frequency distribution of the sample. Thus the frequency of 0 
invoices is 3 and so on. 
Discrete and continuous variables 
There is an essential difference between the variables considered in 
Examples 3.5.1 and 3.5.3. The former is discrete, whereas the latter is 
continuous. That is to say, the number of invoices can only consist of 
certain values: 
0 or 1 or 2 or … 
but never 1.6, 2.3 and so on. 
On the other hand, the time taken to undertake a certain operation can 
theoretically take a value to any level of precision:  
20.2 minutes 
20.19 minutes 
20.186 minutes 
20.1864 minutes and so on. 
In Example 3.5.3, the management services staff chose to measure to one 
decimal place: theoretically, they could have chosen to measure to two, 
three or any number of places. A number of invoices cannot be measured 
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any more accurately than in whole numbers. This distinction has a 
number of consequences. Here, it can affect the way we tally. 
Continuous variables, such as the times to undertake a certain operation, 
can rarely be tallied as individual values, since few of them will coincide 
to give meaningfully large frequencies. Classifying is therefore almost 
always necessary with continuous variables. As Example 3.5.1 
demonstrated discrete variables can sometimes be tallied with single 
values. However, with a wider range from (0 to 100, for example), the 
problem of having frequencies being mostly 0, interspersed with a few 1 
s, could still arise: it is therefore sometimes necessary to use classes for 
discrete data too. 
There are numerous ways of classifying when it is necessary. For 
instance, in Example 3.5.3, we could have used 

 
Both of these could be problematical if the measurements were later 
taken to the nearest twentieth (0.05) of a minute, as we should have 
difficulty placing 17.05 minutes in the former classification and 18.95 
minutes in the latter. For this reason, we recommend that continuous 
variables are always classified: 
15 to under 17 
17 to under 19 and so on. 
PRESENTATION OF DATA 
Example 
At the factory mentioned in Example 3.5.4 the daily outputs of a 
different product (Q) are measured to the nearest kg and are recorded as: 

 
Tally these data into a frequency distribution using the intervals 350–
under 360; 360–under 370 and so on. 
Solution 

 
Cumulative frequency distribution 
It is sometimes helpful to develop the idea of frequency further and to 
look at cumulative frequencies. These are the number of data values up 
to – or up to and including – a certain point. They can easily be compiled 
as running totals from the corresponding frequency distribution, as the 
following will illustrate. 
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Example  
Form the cumulative frequency distributions from the data given below 
Hence estimate: 
(a) how often there are more than four invoices left unprocessed at the 
end of the day; 
(b) how often the time taken beats the target of 23 minutes. 
Solution 

 
In the same way, for the distribution of times taken to undertake the 
operation: 

 
In the latter example, we have to take the upper limit of each class to 
ensure that all the values in the class are definitely less than it. We must 
use ‘less than’ as opposed to ‘less than or equal’ here because it 
corresponds to the way the frequency table has been compiled. 
It is now a simple matter to estimate: 
(a) 26 - 23 =3 occasions out of 26: that is, 11.5 per cent; 
(b) 25 occasions out of 30: that is, 83.3 per cent. 
How reliable these estimates are depends on how typical or 
representative is the period or month in which the samples are taken. 
We shall see further applications of cumulative frequency in the 
following section. 
Histograms and ogives 
Many people find it easier to understand numerical information if it is 
presented in a pictorial form, rather than as a table of figures. In this 
section, therefore, we look at diagrammatic representations of frequency 
and cumulative frequency distributions. A histogram is a graph of a 
frequency distribution. The x -axis is the variable being measured and 
the y -axis is the corresponding frequency. It differs from the graphs 
drawn earlier since, in the examples so far, the frequency is represented 
by the height of a block. The base of the block corresponds to the class 
being represented, so that it is usual to draw histograms only for 
continuous variables. . 
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An ogive is a graph of a cumulative frequency distribution. The x -axis is 
the variable being measured and the y -axis is the corresponding 
cumulative frequency, the x – and y -values being plotted in exactly the 
same way as we discussed earlier. With a discrete variable, intermediate 
x -values have no meaning in reality (recall 1.6 invoices) and so the 
ogive would consist of a series of discrete points. It is usual therefore not 
to draw it. With a continuousvariable, the intermediate values do have a 
meaning, and so it makes sense to join the plotted points. 
 
This can be done with a series of straight lines, which is tantamount to 
assuming that the values are evenly spread throughout their classes. The 
ogive of the continuous cumulative frequency distribution encountered 
earlier is shown in Figure below. 
Before leaving these graphs, we look at one simple example to show how 
cumulative frequency distributions and ogives can be used in practice. 
Example 
Plot the histograms and ogives to represent the data in Example. 
Solution 

 
Histogram and ogive 

Example The management of the company discussed in Example 3.5.3 
wishes to reduce the target time for the operation to 22 minutes. 
Assuming the distribution of times remains unaltered, how often will this 
target be met? 



 

36 
 

Business Mathematics 

Notes 

Solution 
First of all, it is not possible to answer this as a straight reading from the 
cumulative frequency distribution, as 22minutes does not correspond to a 
value in the table. If we look at the ogive in Figure 3.10 , however, we 
can estimate how many of the 30 occasions took less than 22 minutes, by 
reading off the graph, as shown. Thus, we estimate that the target will be 
met on 21.5 out of every 30 occasions: that is, 72 per cent of the time.  
Example 
Use the ogive from Example 3.8.1 to estimate: 
(a) the percentage of days when output of A is less than 47 units; 
(b) the percentage of days when output of A is more than 52 units. 
Solution 
(i) From the graph, the cumulative frequency corresponding to 47 units is 
10.5, so the required percentage is 100 x10.5/22 = 48 percent 
(approximately). 
(ii) From the graph, the cumulative frequency corresponding to 52 units 
is 15.5, so the percentage less than 52is 100 = 15.5/22 = 70 per cent and 
the percentage greater than 52 is 30 per cent (approximately). 
We now give two examples to demonstrate problems that can arise when 
drawing histograms and ogives. We shall also at this point introduce a 
new diagram called a frequency polygon. For ungrouped, discrete data 
this consists of a simple graph of frequencies on values. For grouped data 
it is a graph of frequency density on interval mid-points and it may be 
obtained by joining the mid-points of the tops of the bars of the 
histogram. The first example deals with the important topic of unequal 
class intervals. 
The resulting correct version of the histogram is shown in Figure 3.12(b) 
. Formally, it is the area of the block that is proportional to the frequency. 
It will be noted that the areas of the blocks are now in the correct 
proportion and that the vertical axis of the graph can no longer be 
labelled ‘frequency’, but is now ‘frequency density’. 
Before leaving this example, it is worth pointing out that the ogive of this 
distribution (Figure 3.13) would present no extra problems. As this 
consists only of plotting the upper limit of each class against cumulative 
frequency, the unequal class intervals do not affect matters. 
Example 
Plot the histogram for the following distribution: 
Time taken to complete repeated task (minutes) Frequency 
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Solution 

 
We have taken the standard class width to be ten minutes. For the two 
classes whose widths are twice the standard, we have divided frequency 
by two to get the frequency density. We have divided by four for the 
final class, whose width is four times the standard. Figure 3.14 shows the 
histogram. 

 
Example 
The compiler of the careers guide also receives, from a different source, 
information on the graduate salaries in another profession: 

 
What problems would the compiler have when drawing the histogram 
and the ogive of this distribution? 
Solution 
We have seen how to deal with the unequal class intervals, but here we 
have the extra problem of open-ended classes. When drawing the 
histogram, we can either omit the first and last class or estimate ‘closing’ 
values for these two classes. The former would leave the histogram  
looking rather sparse, and, indeed, it is often necessary to close the 
classes so as to make certain calculations. It might therefore be advisable 
to estimate values such as 

 
to draw the histogram. In the case of the ogive ( Figure 3.15b ), only the 
upper limit of each class is needed, and so it would be necessary to close 
only the last class in order to draw the whole ogive. It would also be 
possible to draw part of it from just the first four classes, omitting the 
last. 
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. 
Pie charts 
There are a number of other, more general, charts and graphs commonly 
used to represent business data. In this section we look at one of the most 
basic: pie charts. Pie charts are a very easily understood way of depicting 
the percentage or proportional breakdown of a total into various 
categories. They are so called because the total is represented by a circle, 
with each component shown as a sector with area proportional to 
percentage. Overall, the chart looks rather like a ‘pie’ with ‘slices’ in it. 
Sometimes two pie charts are used to compare two totals, along with the 
manner in which they are broken down. In such cases the areas of the 
pies, in other words the squares of their radii, are proportional to the total 
frequencies. 
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Bar charts 
Bar charts represent actual data (as opposed to percentage breakdowns) 
in a way similar to earlier graphs. They appear similar to histograms, but 
with one essential difference: whereas distances against the vertical axis 
are measurements and represent numerical data, horizontal distances 
have no meaning. There is no horizontal axis or scale , there are only 
labels. Other than this proviso, the construction of bar charts is 
straightforward, as an example will illustrate. 
Example  
Represent the data of Example. 
Solution 
To draw this chart, it is simply a matter of drawing five vertical ‘bars’, 
with heights to represent the various turnover figures, and just labels in 
the horizontal direction . 
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Figure Bar chart: breakdown of company turnover, last financial year 
There are a number of variations on such a basic bar chart, used to 
display more data or more complex data. 
An example will show just one. 
Creating Bar charts using Excel 
There are a wide range of different bar charts that can be created in 
Excel. Figure shows a basic bar chart that uses the same data as Example  
At present you cannot be asked to actually draw charts during a 
computer based assessment. Exam questions therefore take the form of 
labelling charts, calculating particular values, selecting a type of chart 
appropriate to particular data and drawing conclusions from charts. 

 
The chart in Figure is created by selecting the range b3:c7 clicking on the 
chart button on the toolbar and selecting the first sub-type option. This 
chart is representing a single set of data. Example introduced a second 
set of data which was represented using two different types of bar chart – 
a side-by-side and a stacked. Figures shows these charts produced in 
Excel. 
In the case of the side-by-side bar chart the turnover for both companies 
for each country can easily be compared. 
A slightly different version of the stacked bar is shown in Figure  . This 
is referred to as a 100 per cent stacked bar and it compares the 
percentage each company contributes to the total across each country. 
The stacked bar chart compares the contribution of each company to the 
total across the different countries. 
Excel offers a variety of options when plotting data onto charts. Bar 
charts do not have to be represented by upright bars, but can be 
pyramids, cones or cylinders. Figure shows side-by-side bar in a pyramid 
shape. However, you should in each case, consider the most appropriate 
way is which to display date – often, the simpler methods of display are 
the most effective. 
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Furthermore bars can be positioned horizontally as opposed to vertically. 
This can be seen in Figure 

  
Figure a Bar chart using a pyramid shape 

 
Figure Horizontal bar chart 
Another way of looking at this data is to chart the turnover of the two 
companies showing the contribution from each country (as shown 
previously in Figure. This is achieved in Excel by selecting the data as 
before and selecting the stacked-bar chart option from the chart sub-
options. However after clicking next, change the series setting to by rows 
instead of by columns. The results are shown in Figure.  
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The examples shown so far in this section have been replicating the 
charts produced in an earlier section of this chapter. 
Tabulation 
Sometimes you will need to display actual figures rather than an 
illustration of them, and in such cases (especially if the data is to be 
presented to a numerate audience) a table may be preferable to a chart. 
Example  
In country A there were 22,618,462 dwellings. Of these 9,875,380 were 
owner-occupied, 6,765,097 were council rentals, 3,476,907 were private 
rentals and the remainder were held under a variety of tenures. In country 
B there were 1,846,093 in total and the numbers in the above categories 
were 569,043, 903,528 and 278,901, respectively. Display this 
information in a table. 
Solution 
The first step is to realise that the figures are ‘far too accurate’. The table 
will be too cluttered if we retain this accuracy, so we will round each to 
the nearest thousand. We shall also need to calculate numbers in the 
‘others’ category. 
The next step is to decide upon the basic shape of the table. It shows four 
categories of housing in two countries, so the basic shape of the table is 
one column per country and one row per category.  

 
Were you to draw the table in rough at this point (always a good idea) 
you would see that another row is needed for the totals. Furthermore, you 
would probably realise that country A has so many more dwellings than 
country B that they are not really comparable. This is dealt with by 
turning the frequencies into percentages, which will require two more 
columns. Figure shows the finished table. By using percentages we have 
been able to pinpoint the way in which patterns of owner-occupation and 
council rental are almost directly opposite in the two countries. 
The basic rules of tabulation are: 
● the aim is to present the data in an orderly fashion so that patterns can 
be seen; 
● the table, with its title and headings, should be self-explanatory; 
● It should be as simple as possible; 
● combine small, unimportant categories if this simplifies the table; 
● eliminate unnecessary detail by rounding; 
● Find totals, subtotals and percentages where appropriate; 
● think about who the table is aimed at – this may decide what other 
figures you calculate and how you position them; 
● figures likely to be compared should be adjacent or at least close to one 
another; 
● state units; 
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● State the source of the data if known. 
Pareto analysis – The 80-20 rule 
Pareto analysis was proposed by an Italian economist Vilfredo Pareto to 
describe how a relatively small part of a population may be so important. 
Pareto initially referred to wealth among individuals. He pointed out that 
a small number of individuals own a large portion of the wealth of any 
society. This idea is sometimes expressed more simply as the Pareto 
principle or the 80-20 rule. 
In a business context the 80-20 rule states that a small number of clients 
will be responsible for a large proportion of the turnover, or a small 
number of inventory items will be responsible for a large amount of 
sales, or a small number of staff will present a disproportionate level of 
challenges to the management. When the term ‘80-20 rule’ is used in this 
it does not always mean that it will actually be 20 per cent of the clients 
that produce 80 per cent of the profit as sometime it may be a smaller 
percentage like 10 which will produce the over whelming share of the 
profit. 
In business the 80-20 rule essentially says that one should identify the 
really important elements of the business and focus the majority of one’s 
time and effort on these elements. 
It is possible to express the 80-20 rule in terms of a mathematical 
function and draw a probability density function. However, below is 
described a more practical approach to the 80-20 rule using simple 
commands in Excel. The managing director wants to know on which of 
these products the sales force concentrate should. There is an 
understanding that the best-selling products have the most upside 
potential. Therefore, it has been decided to apply 80-20 rule type 
thinking and highlight the best-performing products. There is a three-step 
process involved. 
The first step is to sort the original data by the unit sales . This is 
achieved by selecting the range c 6: e 27 and selecting data sort . In the 
top box select unit sales , check the Descending box and make sure that 
Header Row is checked and click ok to perform the sort. Figure 3.30 
shows the sorted data by unit sales . 
The second step is to calculate the percentage of the total that each 
product line represents. To do this the following formula is entered into 
cell f 7.  

 
This formula can be copied to the range f 8: f27 
Now the third step is to calculate the cumulative sales in column g . Into 
cell g 7 enter: 
= F7 
And into cell g 8 enter 
= G7+F8 
This formula can be copied into the range g 9: g 27. Figure 3.31 shows 
the completed 80-20 rule table. 
 From Figure 3.31 it may be seen that Products F, U, L, T, I, D and A are 
the best performers and it is on these products that most effort should be 
expended.  
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Using spreadsheets to produce histograms, ogives and 
pie charts 
Excel is a useful tool to create professional-looking charts including 
histograms, ogives and pie charts. 
Creating a histogram in Excel 
In order to show how to create a histogram in Excel, the data from 
Example will be used. Figure 3.32 shows this data in the spreadsheet. 
As previously explained in this chapter, a histogram is a graph of 
frequency distribution, where the x axis is the variable being measured 
and the y axis is the corresponding frequency. In order to calculate the 
frequency distribution of the time taken to complete 30 repetitions of a 
task the Excel frequency function is used. The format of the function is = 
frequency(datarange,bin ), where Bin refers to the required range of to be 
used for the x axis – in this example, time in minutes. Figure 3.33 shows 
the calculated frequency table in Excel. 
Before entering the frequency formula into the spreadsheet first select the 
range j 3: j 9 and then enter: 
= frequency ( b 3: g 7, i3: i 9) and hold down the ctrl key and the shift 
key whilst pressing enter . 
The formula is entered into all the cells in the range – this is referred to 
as an array function in Excel. 
We now have the data that we want to plot onto a histogram, so select 
the range j 2: j 9 and click on the chart icon. Select Bar chart and take the 
first option of side-by-side bars. Click next to see the current chart. The 
chart so far is shown in Figure 3.34.  
Figure  First step in creating the histogram 
The next step is to take the numbers in the range i 3: i 9 and use them as 
the labels for the x axis on the chart. To do this, click on the series tab 
and then click in the box next to the prompt ‘Category x -axis labels’ . 
Now select the range i 3: i 9 and then click finish. The chart is drawn as 
shown in Figure. 
Histograms are generally shown with the side-by-side bars touching and 
using the chart formatting options in Excel this can be achieved here. 
Right click on one of the bars on the chart and select format data series . 
Then select the options tab. Set the gap width to zero and click OK. To 
finish off the chart it is helpful to add titles to the x and y axes. Right 
click on the white area surrounding the chart and select chart options, 
and then select the titles tab.  
Readings 
Company reports contain a mass of statistical information collected by 
the company, often in the form of graphs, bar charts and pie charts. A 
table or figures may not provide a very clear or rapid impression of 
company results, while graphs and diagrams can make an immediate 
impact and it may become obvious from them why particular decisions 
have been made. For example, the following graph provides a clear idea 
of the future of the company sales manager: 
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But pictures and diagrams are not always as illuminating as this one – 
particularly if the person presenting the information has a reason for 
preferring obscurity.  
The gee-whiz graph 
There is terror in numbers. Humpty Dumpty’s confidence in telling Alice 
that he was master of the words he used would not be extended by many 
people to numbers. Perhaps we suffer from a trauma induced by early 
experiences with maths. Whatever the cause, it creates a real problem for 
the writer who yearns to be read, the advertising man who expects his 
copy to sell goods, the publisher who wants his books or magazines to be 
popular. When numbers in tabular form are taboo and words will not do 
the work well, as is often the case, there is one answer left: draw a 
picture. About the simplest kind of statistical picture, or graph, is the line 
variety. It is very useful for showing trends, something practically 
everybody is interested in showing or knowing about or spotting or 
deploring or forecasting. We’ll let our graph show how national income 
increased 10 per cent in a year. 
Begin with paper ruled into squares. Name the months along the bottom. 
Indicate billions of dollars up the side. Plot your points and draw your 
line, and your graph will look like this: 

 
Now that’s clear enough. It shows what happened during the year and it 
shows it month by month. He who runs may see and understand, because 
the whole graph is in proportion and there is a zero line at the bottom for 
comparison. Your 10 per cent looks like 10 per cent – an upward trend 
that is substantial but perhaps not overwhelming. That is very well if all 
you want to do is convey information. But suppose you wish to win an 
argument, shock a reader, move him into action, sell him something. For 
that, this chart lacks schmaltz. Chop off the bottom. 

 
Now that’s more like it. (You’ve saved paper too, something to point out 
if any carping fellow objects to your misleading graphics.) The figures 
are the same and so is the curve. It is the same graph. Nothing has been 
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falsified – except the impression that it gives. But what the hasty reader 
sees now is a national-income line that has climbed half-way up the 
paper in twelve months, all because most of the chart isn’t there 
anymore. Like the missing parts of speech in sentences that you met in 
grammar classes, it is ‘understood’. Of course, the eye doesn’t 
‘understand’ what isn’t there, and a small rise has become, visually, a big 
one. 
Now that you have practised to deceive, why stop with truncating? You 
have a further trick available that’s worth a dozen of that. It will make 
your modest rise of 10 per cent look livelier than one hundred per cent is 
entitled to look. Simply change the proportion between the ordinate and 
the abscissa. There’s no rule against it, and it does give your graph a 
prettier shape. All you have to do is let each mark up the side stand for 
only onetenth as many dollars as before. 

 
That is impressive, isn’t it? Anyone looking at it can just feel prosperity 
throbbing in the arteries of the country. It is a subtler equivalent of 
editing ‘National income rose 10 per cent’ into ‘. . . climbed a whopping 
10 per cent’ . It is vastly more effective, however, because it contains no 
adjectives or adverbs to spoil the illusion of objectivity. There’s nothing 
anyone can pin on you. 
And you’re in good, or at least respectable, company. A news magazine 
has used this method to show the stock market hitting a new high, the 
graph being so truncated as to make the climb look far more dizzying 
than it was. A Columbia Gas System advertisement once reproduced a 
chart ‘from our new Annual Report’ . If you read the little numbers and 
analysed them you found that during a ten-year period living costs went 
up about 60 per cent and the cost of gas dropped 4 per cent. This is a 
favourable picture, but it apparently was not favourable enough for 
Columbia Gas. They chopped off their chart at 90 per cent (with no gap 
or other indication to warn you) so that this was what your eye told you: 
living costs have more than tripled, and gas has gone down one-third! 
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Steel companies have used similarly misleading graphic methods in 
attempts to line up public opinion against wage increases. Yet the 
method is far from new, and its impropriety was shown up long ago – not 
just in technical publications for statisticians either. An editorial writer in 
Dun’s Review back in 1938 reproduced a chart from an advertisement 
advocating advertising in Washington, D.C., the argument being nicely 
expressed in the headline over the chart: Government payrolls up ! The 
line in the graph went along with the exclamation point even though the 
figures behind it did not. What they showed was an increase from near 
the bottom of the graph clear to the top, making an increase of under 4 
per cent look like more than 400. The magazine gave its own graphic 
version of the same figures alongside – an honest red line that rose just 4 
per cent, under this caption:  
Government payrolls stable! 
Postscript 
Remember that if you are presenting information your objective will be 
to inform. Visual images can have an impact out of all proportion to the 
supporting detailed numbers. It is not sufficient to get the numbers right 
while your visual representations are slapdash – the end result may be to 
mislead or confuse your audience. As a user of statistical information, 
remember that the pictures you see may not give the same impression as 
a detailed numerical analysis would reveal. It is often essential to get 
behind the graphics and delve into the raw statistics.  
REVIEW QUESTIONS 

1. The managers of a sales department have recorded the 
number of successful sales made by their 50 telesales 
persons for one week, and the raw scores are reproduced 
below: 

 
Sales persons who achieve fewer than twenty sales are required to 
undertake further training. 
a Complete the table displaying the data as a grouped frequency 
distribution. Sales Frequency 

 
b Suppose the frequency distribution for the data was as follows: 
Sales Frequency Cumulative frequency 
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Find the cumulative frequencies G, H, I and J. 
c. Suppose the frequency distribution and cumulative frequencies 
were as follows: 

 

 
The chart is the cumulative frequency diagram illustrating this data. 
Find the values corresponding to the letters K–S. 

2. The data below shows the number of people who passed 
through an airport terminal each day for a four-week period. 

 

 
(A) Using this data produce a frequency distribution table to show 
the variation in the volume of traffi c through the terminal. 
(B) Produce a histogram to graphically illustrate the frequency 
distribution. 
(C) Calculate the cumulative frequencies. 
(D) Produce an ogive chart to illustrate the cumulative frequency 
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 A Comparison of The Measures Of Spread 
 Review Questions 
 Further Readings 

INTRODUCTION 
In Chapter 3 we saw how a set of raw data can be made more meaningful 
by forming it into a frequency distribution. Often it is advantageous to go 
further and to calculate values that represent or describe the whole data 
set; such values are called descriptive statistics. The most important are 
the various averages that aim to give a typical or representative value for 
the distribution. The other major group of descriptive statistics are the 
measures of spread, which tell us how variable the data are. 
The arithmetic mean 
Most people would understand an ‘average’ to be the value obtained by 
dividing the sum of the values in question by the number of values. This 
measure is the arithmetic mean, or, where there is no possibility of 
confusion, simply the mean. Further, if the data being considered is 
sample data, we refer to the sample mean to distinguish it from the mean 
of the population from which the sample is drawn. To understand the 
notation, consider the following example. 
Example  

 
As we can see, this formula is very easy to apply and, as indicated above, 
merely reflects the arithmetical procedures most people would recognise 
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as the determination of an average. It will, however, need some 
modification before it can be used to determine the mean from a 
frequency distribution, a form in which many data sets appear.  
Note how, in general, each x- value is multiplied by its corresponding 
frequency, f , and the products are then summed. That is, we evaluate the 
product fx for each x- value and then add all the values o f fx. As we are 
denoting addition by ‘=’ , this sum can be written =fx . The formula for 
the sample mean from a frequency distribution is thus: 

The denominator of this expression, =f , is simply the sum of 
the frequencies, which is, of  course, the same as n in the earlier 
expression for x. 
The median 
So far we have dealt with the most commonly used average, the mean. 
We now consider another widely used average, the median. In Example 
4.2.4, we computed a mean weekly wage of £ 190.60 which the 
personnel manager could quote in the wage negotiations. An impartial 
commentator could argue (and the manager might agree) that this is a 
rather high figure for a supposedly representative average. As 98 out of 
the sampled 170 (i.e. 58 per cent) actually earn less than £ 190 per week, 
it may well be that in excess of 60 per cent of the workforce earn less 
than the ‘average’ of £ 190.60 per week. If we look at this wage 
distribution, shown in Figure 4.1 , it is easy to see the cause of this 
phenomenon. The two highest frequencies occur at the lowest wage 
classes and then the frequencies decrease slowly as the wages increase. 
The relatively small number of large wages has caused the mean value to 
be so large. Distributions of this type are said to have a long tail or to be 
skewed. It is a criticism of the mean as an average that very skewed 
distributions can have mean values that appear unrepresentative, in that 
they are higher or lower than a great deal of the distribution. To address 
this problem, we introduce another measure of average, the median. This 
is defined as the middle of a set of values, when arranged in ascending 
(or descending) order. This overcomes the above problem, since the 
median has half the distribution above it, and half below. We leave the 
wage distribution for now, and look at a simpler example. 
Example 

. 
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After this example, it is clear that, in the case of an odd number of 
values, the determination of the median is even easier, as there is a clear 
single middle item in an odd number of values. In general, if there are n 
observations, the position of the median is given by (n = 1) /2. With six 
observations, this gives 7/2 = 3.5, which is the position halfway between 
the third and fourth observations. In the case of frequency distributions, 
the determination of the median is not as straightforward, but can be 
illustrated by returning to the earlier wage distribution. 
Example  

 
 
The mode 
The mode or modal value of a data set is that value that occurs most 
often, and it is the remaining most widely used average. The 
determination of this value, when you have raw data to deal with, 
consists simply of a counting process to find the most frequently 
occurring value, and so we do not dwell on this case here, but move on to 
look at frequency distributions. 
Example 
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A comparison of the three averages 
As our earlier discussion of the weekly wage distribution indicates, it is 
often just as important to use a measure of average appropriate to the 
situation as it is to evaluate the measure accurately. In this section we 
further discuss the relative merits and demerits of the three averages 
encountered in this chapter. 
It is arguable that the mode is the least useful and important of the three. 
There are many distributions that have no definite single ‘peak’ in their 
histograms, and so it is difficult to attribute any sensible meaning to a 
modal value in such cases. Further, the mode is often unrepresentative of 
the whole data set: it may occur at one extremity of a skewed distribution 
or, at the very least, it takes no account of a high proportion of the data, 
only representing the most common value. All in all, it is fair to say that, 
in the vast majority of cases, the mode renders only a general description 
of one feature of a distribution, and is a relatively unimportant average 
when compared with the median or the mean. 
The mean, on the other hand, has a number of features that usually make 
it the most appropriate and representative measure. First of all, it has the 
great advantage of being what most people recognise as ‘the average’ . It 
is therefore most easily communicated to non-specialists. Second, the 
mean is the only one of the three that takes account of all the data: like 
the mode, the median ignores some of a distribution by concentrating 
only on the middle part. The mean is thus arguably the most 
representative of all of a distribution. Finally, the mean is the measure 
that is most useful for further statistical analysis. Having said that, there 
are some circumstances in which one might consider the median to be 
more appropriate than the mean. We have already encountered one 
important such occasion in the skewed wage distribution of Example 
4.3.3. Data is said to be positively skewed when the tail lies in the 
positive direction (i.e. to the right) and negatively skewed when the tail 
lies to the left. The mean is always pulled towards the tail, the mode 
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towards the opposite steep slope, and the median lies between the two. 
So, for positively skewed data such as the wages example (and wage 
distributions generally) the mean will tend to overstate the average, and 
the mode will underestimate it. 
For negatively skewed data the opposite is usually true, with the mean 
being too small and the mode too large.  
In general, the median can often be argued to be the most representative 
average of a highly skewed distribution. 
Another instance in which we may doubt the suitability of the mean is 
when we are dealing with discrete data. In Example 4.2.2 we saw an 
absenteeism distribution which has  
Mean 3.07  absentees/day 
Median 3   absentees/day 
Mode 2   absentees/day 
It is impossible to have 3.07 absentees, whereas the other two values are 
attainable. This is a common problem when dealing with means of 
discrete distributions, which sometimes leads to the median being used. 
There is no hard and fast rule here, and each such case must be treated on 
its merits. Rounding the mean off to a ‘possible’ value of three absentees 
per day only represents a very small (around 2 per cent) change in its 
value. As this now agrees with the median, this common value can be 
accepted as the most appropriate measure. The decision would not be so 
easy with a discrete variable with a sample mean of 1.4 and median and 
mode both 3: rounding the mean to 1 would involve a large (almost 30 
per cent) change, and so you would have to accept an unattainable mean 
value of 1.4 or the common median/ modal value of 3 as the ‘average’ . 
A final category in which you might not use the mean is illustrated 
below. 

 
Measures of spread 
Having obtained an average value to represent a set of data, it is natural 
to question the extent to which the single value is representative of the 
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whole set. Through a simple example we shall see that part of the answer 
to this lies in how ‘spread out’ the individual values are around the 
average. In particular, we shall study six measures of spread, or 
dispersion, as it is sometimes called: 
● the range; 
● the interquartile range; 
● the quartile deviation; 
● the mean absolute deviation; 
● the standard deviation; 
● the coefficient of variation. 
The range 
The measure of spread that is most associated with the mode is the range, 
since both statistics are relatively quick and easy to obtain, so they are 
well suited to initial exploration of the data. As we shall see later, neither 
of them are very useful statistics in most other circumstances. 
The range is defined as the highest value minus the lowest value – but 
this can be misleading. Where the data is arranged in classes: 

 
Where the data is not grouped, the range is best viewed as the number of 
values from the very bottom to the very top and is given by: 

 
These apparently different definitions amount in practice to the same 
thing. If we regard the highest value as being at the centre of an interval 
of unit width, then the uppermost interval limit is given by the highest 
value plus 0.5. Similarly, the lowest interval limit will be given by the 
lowest value minus 0.5. Consequently, the value of the range is the same 
whichever method is used. The following example will illustrate the 
calculation of the range, and will demonstrate why such a measure may 
be needed. 
Example  

 
Solution 
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The interquartile range; the quartile deviation 
The measure of spread most associated with the median is the quartile 
deviation, which we shall now consider. To do this, we begin by 
defining: 
● the third quartile (denoted Q 3 ) as the value which has 75 per cent of the 
data below it; and 
● the first quartile (Q 1 ) as the value with 25 per cent of the data below it. 
The required measure, the interquartile range, is then the range of the 
middle 50 per cent of the data, or Q3 = Q1. 
It will be noted that, if we referred to the second quartile (Q 2 ), we 
should simply be dealing with the median. 
Example  

 

 
There is a very closely related measure here, the quartile deviation, 
which is half the interquartile range. In the above example, the quartile 
deviation is £ 28.50. In practice, the quartile deviation is used rather 
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more than the interquartile range. If you rearrange Q3 = Q 1 as (Q 3 = M) 
= (M = Q 1 ) you will see that the two expressions in brackets give the 
distances from the quartiles to the median and then dividing by two gives 
the average distance from the quartiles to the median. So we can say that 
approximately 50 per cent of the observations lie within = one quartile 
deviation of the median. 
Example  

 
Deciles 
Just as quartiles divide a cumulative distribution into quarters, deciles 
divide a cumulative distribution into tenths. Thus: 
The first decile has 10 per cent of values below it and 90 per cent above 
it, the second decile has 20 per cent of values below it and 80 per cent 
above it and so on. The use and evaluation of deciles can best be 
illustrated through an example.  
Example  
As a promotional example, a mail-order company has decided to give 
free gifts to its highest-spending customers. It has been suggested that 
the highest-spending 30 per cent get a gift, while the highest-spending 10 
per cent get an additional special gift. The following distribution of a 
sample of spending patterns over the past year is available: 

. 
To which customers should the gift and the additional special gift be 
given? 
Solution 
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The ninth decile will correspond to a cumulative frequency of 162 (90 
per cent of the total frequency, 180). From the ogive, this is: £230. 
Similarly, the seventh decile corresponds to a cumulative frequency of 
70 per cent of 180, that is 126. From the ogive, this is: £135. 
Hence, in order to implement the suggestion, the company should give 
the free gift to those customers who have spent over £135 in the past 
year, and the additional free gift to those who have spent over £230.  
The mean absolute deviation 
If the mean is the average being used, then one very good way of 
measuring the amount of variability in the data is to calculate the extent 
to which the values differ from the mean. This is essentially the thinking 
behind the mean absolute deviation and the standard deviation (for 
which, see Section 4.11). 
£1,120 £990 £1,040 £1,030 £1,105 £1,015 
Example 
Measure the spread of shop A’s weekly takings (Example 4.7.1), given 
the following sample over 6 weeks. The sample has an arithmetic mean 
of £1,050. 
Solution 
A simple way of seeing how far a single value is from a (hopefully) 
representative average figure is to determine the difference between the 
two. In particular, if we are dealing with the mean, x , this difference is 
known as the deviation from the mean or, more simply, the deviation. It 
is clear that, for a widely spread data set, the deviations of the individual 
values in the set will be relatively large. Similarly, narrowly spread data 
sets will have relatively small deviation values. We can therefore base 
our measure on the values of the deviations from the mean. In this case: 

 
In this case, the values of are: 

 
The obvious approach might now be to take the mean of these deviations 
as our measure. Unfortunately, it can be shown that this always turns out 
to be zero and so the mean deviation will not distinguish one distribution 
from another. The basic reason for this result is that the negative 
deviations, when summed, exactly cancel out the positive ones: we must 
therefore remove this cancellation effect. 
One way to remove negative values is simply to ignore the signs, that is, 
to use the absolute values. In this case, the absolute deviations are: 

 
The two vertical lines are the mathematical symbol for absolute values 
and are often referred to as ‘modulus’ , or ‘mod’ , of ( x = x ) in this case. 
The mean of this list is now a measure of the spread in the data. It is 
known as the mean absolute deviation. Hence the mean absolute 
deviation of weekly takings for shop A is: 

 
Thus, our first measure of the spread of shop A’s weekly takings is 
£41.67. In your exam you cannot be asked to draw the ogive so you just 
have to know how to obtain the quartiles and percentiles from it. It is 
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possible to calculate these statistics but this is not required in your 
syllabus and the formulae are not given.  
The standard deviation 
In the preceding section, we solved the problem of negative deviations 
cancelling out positive ones by using absolute values. There is another 
way of ‘removing’ negative signs, namely by squaring the figures. If we 
do that, then we get another, very important, measure of spread, the 
standard deviation. 
Example  

 

 
The coefficient of variation 
The coefficient of variation is a statistical measure of the dispersion of 
data points in a data series around the mean. It is calculated as follows:  

 
The coefficient of variation is the ratio of the standard deviation to the 
mean, and is useful when comparing the degree of variation from one 
data series to another, even if the means are quite different from each 
other. 
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In a financial setting, the coefficient of variation allows you to determine 
how much risk you are assuming in comparison to the amount of return 
you can expect from an investment. The lower the ratio of standard 
deviation to mean return, the better your risk return tradeoff. Note that if 
the expected return in the denominator of the calculation is negative or 
zero, the ratio will not make sense. 
In Example, it was relatively easy to compare the spread in two sets of 
data by looking at the standard deviation figures alone, because the 
means of the two sets were so similar. Another example will show that it 
is not always so straightforward.  
Example 

 
Solution 
By simply looking at the two standard deviation figures, we might be 
tempted to answer ‘yes’. In doing so, however, we should be ignoring the 
fact that the two mean values indicate that wages in country V are 
inherently higher, and so the deviations from the mean and thus the 
standard deviation will tend to be higher. To make a comparison of like 
with like we must use the coefficient of variation: 

 

 
A comparison of the measures of spread 
Like the mode, the range is little used except as a very quick initial view 
of the overall spread of the data. The problem is that it is totally 
dependent on the most extreme values in the distribution, which are the 
ones that are particularly liable to reflect errors or one-off situations. 
Furthermore, the range tells us nothing at all about how the data is spread 
between the extremes. 
The standard deviation is undoubtedly the most important measure of 
spread. It has a formula that lends itself to algebraic manipulation, unlike 
the quartile deviation, and so, along with the mean, it is the basis of 
almost all advanced statistical theory. This is a pity because it does have 
some quite serious disadvantages. If data is skewed, the standard 
deviation will exaggerate the degree of spread because of the large 
squared deviations associated with extreme values. Similarly, if a 
distribution has open intervals at the ends, the choice of limits and hence 
of mid-points will have a marked effect on the standard deviation. The 
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quartile deviation, and to a lesser extent the interquartile range, is the 
best measure of spread to use if the data is skewed or has open intervals. 
In general, these measures would not be preferred to the standard 
deviation because they ignore much of the data and are little 
Known  
Finally, it is often the case that data is intended to be compared with 
other data, perhaps nationwide figures or previous year’s figures, etc. In 
such circumstances, unless you have access to all the raw data, you are 
obliged to compare like with like, regardless perhaps of your own better 
judgement. 
All the averages give a typical or expected value for the distribution. The 
mean is the total shared out equally, the median is the halfway value and 
the mode is the most common value. 
All the measures of spread tell you how variable the data is. If the 
measures are relatively large, it means that the data is very variable. Both 
the mean deviation (directly) and the standard deviation (by a circuitous 
route of squaring and then square-rooting) find the average distance of 
the observations from the mean. In other words, they measure average 
variability about the mean. 
The quartile deviation gives the average distance of the quartiles from 
the median. It is a measure of the variability of the central 50 per cent of 
observations, as is the interquartile range. Finally, the range itself 
measures the spread of the data from the very bottom to the very top. 
Aside from understanding and being able to explain what the various 
statistics mean, there are other points of relevance to interpretation: 
1. Can you rely on the data – was the sample large, representative and 
randomly taken? 
2. Is the data skewed or open-ended? If so, are you using the right 
statistics? 
3. Are you comparing like with like? 
4. If you have to compare variability in two samples that have markedly 
different means, use the coefficient of variation rather than the standard 
deviation. 
5. Finally, always remember to interpret statistics in their proper context. 
Give them units and do not simply interpret them in an abstract manner. 
6. Think about which averages (measures of location) are used with 
which measures of spread, for example, the mean is used with the 
standard deviation (or variance). 
Formulae definitions 
● The mean, for frequency distributions. 
● The median is the middle value when the data is arranged in ascending 
or descending order. It can be evaluated directly except in grouped 
frequency distributions, when it can be estimated from an ogive as the x -
value corresponding to half the total frequency. 
● The mode is the most commonly occurring value. 
● The standard deviation, 
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for frequency distributions. 

 
REVIEW QUESTIONS 

1. A company is investigating the cost of absenteeism within 
its production department. Computer records revealed the 
following data:  

 
A.  Complete the following cumulative frequency distribution 

table: 

 
B. The following chart is the ogive (cumulative ‘less than ’ 

frequency diagram) of this data. State the y -coordinates of 
the points labelled D, E and F. 

. 
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C. Mark estimates of the following statistics on the ogive, 
clearly showing the constructions you have used to obtain 
them. You need not attempt to estimate the values of the 
statistics but should clearly label any cumulative frequencies 
you use in estimating them. 

(A) median 
(B) upper quartile 
(C) highest decile. 
D. If the median were 5 days, the lower quartile 2 days and the 
upper quartile 10 days, calculate the quartile deviation. 
E.  If the median were 5 days, lower quartile 2 days and upper 
quartile 10 days, which of the following comments would be 
correct? 
(A) Only a quarter of the staff had less than 2 days absence. 
(B) The high value of the upper quartile shows that absenteeism 
has increased. 
(C) Half the staff had less than 5 days absence. 
(D) The low value of the lower quartile shows that absenteeism is 
not very variable from one person to the next. 
(E) Half the staff had more than 12 days absence. 
(F) Three-quarters of the staff had less than 8 days absence. 
(G) A quarter of the staff had more than 10 days absence. 
FURTHER READINGS 

1. Business Mathematics and Statistics- Andy Francis 
2. Agarwal B.M. 
3. Introduction to Business Mathematics- R. S. Soni 
4. Business Mathematics : Theory & Applications- Jk. Sharma 
5. Business Mathematics- Trivedi Kashyap 
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UNIT-5  INDEX NUMBERS 
CONTENTS 
 Introduction 
 Interpretation of Index Numbers 
 Choice of Base Year 
 Change of Base Year 
 Combining Series of Index Numbers 
 Chain-Base Index Numbers 
 Composite Index Numbers 
 Relative Price Indices 
 Aggregative Price Indices 
 Choice of Base Weighting or Current Weighting 
 Quantity Indices 
 The Construction of the UK Retail Price Index 
 Using the RPI 
 Review Questions 
 Further Readings 

INTRODUCTION 
We conclude the study of averages by looking at a special category, 
index numbers, which measure how a group of related commercial 
quantities vary, usually over time. As we shall see, most well-known 
index numbers are averages, but they have the extra property that they 
relate the quantities being measured to a fixed point or base period. 
Definitions 
If a series of values relating to different times are all expressed as a 
percentage of the value for a particular time, they are called index 
numbers with that time as the base. 

 
We shall generally refer to years but monthly data might have a 
particular month as base and so forth, so strictly speaking we should say 
‘time point’ rather than ‘year’ .  
Example  

 
A few points of note: 
● The base year did not have to be the first of the series. We could have 
chosen any year. 
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● Expressions such as ‘1995 = 100’ tell us that the associated values are 
index numbers with base 1995. The index number for the base year 
(1995 in this case) will always be 100. 
● We have rounded to the nearest whole number simply to avoid 
cluttering the text, while you get used to the idea of index numbers. In 
fact, they could be expressed to any degree of accuracy. 
Interpretation of index numbers 
An index of 113 tells us that there has been a 13 per cent increase since 
the base year. In Example 5.2.1 we can see that values increased by 13 
per cent from 1995 to 1996, by 35 per cent over the 2 years from 1995 to 
1997, by 50 per cent over 3 years and by 61 per cent over the 4 years 
1995–99. 
It is essential to realise that the percentage changes always refer back to 
the base year. It is not possible to derive the percentage increase from 
one year to the next by subtracting index numbers. 
Example  

 
If we were to subtract the index numbers we would get 161-150 = 11 
points, which is clearly not the same as 11 per cent. Were the Financial 
Times 250 Share Index (which, at the time of writing, is at about 6,000) 
to rise by 50 points, that represents a rise of only  

per cent. This 50 point rise must not be confused with a 
50 per cent rise! To derive the percentage increase from year A to year 
B, the easiest method is to index the year B figure with base year A and 
then subtract 100. 
If values have declined, the index number will be less than 100, and 
when you interpret them by subtracting 100 the resulting negative tells 
you there has been a decline. 
For example, an index of 94 means there has been a decline of 6 per cent 
(94-100= - 6) since the base year. 
Finally, some index numbers become very large, like the FT100 index 
mentioned above. Its 6,250 level means that there has been a 6,150 per 
cent increase in share prices since the base year = not a very meaningful 
interpretation, even to those of us who are quite numerate. A much better 
interpretation is that share prices are now 62.5 times what they were in 
the base year. 
Hence, there are two ways of interpreting an index number: 
● subtracting 100 gives the percentage increase since the base year; 
● dividing by 100 gives the ratio of current values to base-year values. 
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Choice of base year 
Although a particular base may be satisfactory for several years, it 
becomes less meaningful as time passes and eventually it is necessary to 
shift to a new base this is called rebasing. The only requirements of a 
suitable base year are, first, that it should be a fairly typical year. For 
example, if prices are being indexed then a year should be chosen in 
which prices were neither specially high nor specially low. Second, it 
should be sufficiently recent for comparisons with it to be meaningful. 
For example, it might be useful to know that production had changed by 
a certain percentage over the last year or two or perhaps over 10 years, 
but an index with base, say, 50 years ago would not be very relevant. It is 
also the case, as we shall see shortly, that many index numbers span a 
wide range of popular goods and, reflecting what people actually buy, 
they are very different now from 20 or 30 years ago. The base year has to 
move in order to keep up with the composition of index numbers to some 
extent. 
Change of base year 
If at all possible you should return to the original data and recalculate the 
index numbers with the new base year. However, if only the index 
numbers are available, they can be indexed as if they were the original 
data. The only problem is that sometimes rounding errors will build up. 
As the following example shows, changing the base using index numbers 
instead of raw data can give very good results. 
Example 

 
Combining series of index numbers 
When a series of index numbers is subject to a change of base or perhaps 
a small change of composition, you will find in the series a year with two 
different index numbers and the change of base will be shown in the 
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series. The technique involved in combining two series into a single one 
is called splicing the series together. 

 
You may notice that we rounded to the nearest whole number in this 
example. This is because the original index numbers had plainly been 
rounded to the nearest whole number and at best we can hope that our 
results will be accurate to that same extent. You cannot acquire increased 
accuracy in the course of calculating.  
Chain-base index numbers 
So far we have dealt with index numbers that have the same base for 
several years. These are called fixed-base index numbers and, unless you 
are informed to the contrary, it is reasonable to assume that index 
numbers are of this type. However, it is often of more interest to know 
the annual increase. A chain-base index number (or simply a chain index 
) expresses each year’s value as a percentage of the value for the 
previous year.  

 
Example 

 
We cannot calculate the chain index for 1995 because we do not have the 
1994 figure ( ‘n/a’ means ‘not available’ ). The interpretation is the same 
as for fixed-base index numbers, except that the percentage change is 
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each time over the previous year. In this example, the results tell us that 
values rose by 13.0 per cent from 1995 to 1996, by 19.2 per cent from 
1996 to 1997, by 11.3 per cent the next year and by 7.2 per cent from 
1998 to 1999. Fixed-base index numbers can easily be changed into 
chain-base indices by treating them as if they were the original data. The 
only problem is to not pick up spurious accuracy. Try the next example. 
Composite index numbers 
In practice, most price indices cover a whole range of items and so there 
are two processes involved in the construction of the index number. One 
is indexing = comparing current values with those of the base year – and 
the other is averaging or somehow combining together the items under 
consideration. 
We shall begin by using the method of combining individual price 
indices by means of a weighted average. In Chapter 4, we used the 
formula Σfx/Σf for the average or arithmetic mean. The formula for a 
weighted average is the same as this but with weights, denoted by w, 
instead of frequencies. Hence: 

 
where x denotes the values being averaged and w denotes the weights.  
Average exam marks of 40 per cent, 55 per cent and 58 per cent with weights of 
2, 2 and 1. 
Solution 

 
Weights are a measure of the importance that we allocate to each item. In 
the above example, the first two exams are rated as twice as important as 
the third one. In the arithmetic mean, values are weighted by the 
frequency with which they occur; in price indices, similar weighting 
systems operate. 
Relative price indices 
The notation commonly used for the construction of index numbers is as 
follows: the subscripts ‘0’ and ‘1’ are used, respectively, for the base 
year and the year under consideration, usually called the current year. 
Hence, for any given item: 

 
where value means the total expenditure on the item, and other sorts of 
weights are denoted by w as before. 
For a given item, the price index = 100 = ( P1/P0 ), but quite often we 
work with the ratio called the price relative = P1/P0 and leave the 
multiplication by 100 to the end of the calculation. 
The usual formula for a relative price index is therefore: 
Relative price index 
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This formula is given in your exam. The weights could be base-year 
quantities (i.e. Q0 ) or values (i.e. P0Q0 ), or current-year quantities or 
values (i.e. Q1 or P1Q1 ), or they could simply be decided on some other 
basis such as the weighting of exam marks. 
The index will be called base-weighted or current-weighted, depending 
on whether it uses base or current weights. 
Example 

 

 
The first index tells us that prices have risen on average by 52 per cent; 
the second that they have risen by 39 per cent. Why might this be so? 
The really big price rise is D’s 82 per cent. The size of the index will be 
very strongly influenced by the weight given to D. In the first case, the 
quantity 153 is bigger than all the other quantities put together. D gets 
more than half of the total weight and so the index strongly reflects D’s 
price rise and is very high. However, when we use value for weighting, 
D’s value is only about one-third of the total because its price is low, so 
the price index is rather smaller. 
Now it is your turn to see what happens if we use current quantities and 
values as weights. 
Example  
Using the data of Example, calculate the current-weighted relative price 
index with weights given by  
(a) quantities; and  
(b) values. 
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Solution 
Aggregative price indices 
In the previous section we indexed first (except that we did not multiply 
by 100) and subsequently combined the indices together in a weighted 
average. In this section we shall construct index numbers the other way 
round. We shall first combine the prices to give the total cost of a 
notional shopping basket and only then shall we index the cost of the 
basket at current prices compared with the cost at base-year prices. These 
indices are called ‘aggregative’ because the first step is to aggregate, or 
combine together, all the items under consideration. The first step in 
calculating a relative price index is to calculate all the price relatives. 
If we want to compare prices now with those in the base year, we must 
compare like with like – the composition of the two baskets must be 
identical in every respect apart from price. If you buy goods with prices 
given by P in quantities given by Q , the total cost of the shopping basket 
is σ PQ . The general form of an aggregative price index is therefore:  

 
where the weights will be the quantities chosen. 
The formula for aggregative price indices is not given in your exam. It is 
less likely to be required than the relatives method. 
Example 

 

 
Choice of base weighting or current weighting 
● In general, current weighting will seem better because it remains up to 
date. 
● In particular, current-weighted indices reflect shifts away from goods 
subject to high price rises. 
● Base-weighted indices do not do this and hence exaggerate inflation. 
● However, current quantities can be very difficult to obtain – some 
considerable time may elapse after a year ends before a company knows 
what quantity it sold, whereas base quantities are known and remain 
steady for the lifetime of the index.  
● So, current-weighted price indices are usually much more costly and 
time-consuming to calculate than are base-weighted ones. 
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● The stability of base weights means that the index for each year can be 
compared with that of every other year which, strictly speaking, a 
current-weighted index cannot.  
● There can be no general guidance on the choice: it depends on the 
resources available and on the degree to which prices and quantities are 
changing. The only other consideration is that, as always, you must 
compare like with like. The retail price index (RPI), as we shall see, is a 
current-value-weighted relative index weighted by (almost) current 
values, and that method of construction should be used if at all possible 
if comparison with the RPI is a major function of the index being 
constructed. 
Quantity indices 
Although it is the most important and most frequently encountered, price 
is not the only financial factor measured by index numbers. Quantity 
indices constitute another category. They show how the amounts of 
certain goods and commodities vary over time or location. They are of 
importance when one is considering changes in sales figures, volumes of 
trade and so on. 
When considering price indices, quantities emerged as the best weighting 
factor. Here, the converse is true: prices are considered the most 
appropriate weights when calculating quantity indices. Accordingly: 
A relative quantity index will take the form: 

 
where in both cases the weights could be prices, either base year or 
current, or values or some other measure of the importance of the items. 
P0 , P1 , Q0 and Q1 have the same meanings as earlier in this chapter. 
The calculation of quantity indices and their application involve no new 
arithmetical techniques, as the following example illustrates. 
Example 
A company manufactures two products, A and B. The sales figures over 
the past 3 years have been as follows: 

 
Using 1993 as a base, compute aggregative indices with the weights 
given for the combined sales of A and B 
in 1994 and 1995, and interpret their values. 



 

72 
 

Business Mathematics 

Notes 

 
Notice that there is a considerable difference between these results, with 
the aggregative method telling us that the quantity sold has risen by 18 
per cent compared with the 27 per cent given by the relative method. The 
choice of construction method and of weighting system will often have a 
major impact on the value of the resulting index number. There is, 
therefore, considerable scope for selecting the method that gives the 
results that you want!  
The construction of the UK retail price index 
The RPI is compiled and published monthly. It is as far as possible a 
relative index with current expenditures as weights. In the press it is 
mainly published as an annual increase, but it is in fact a fixed-base 
index number and currently the base is January 1987. In the region of 
130,000 price quotations are obtained monthly from a representative 
sample of retail outlets. It is representative in terms of geographic 
location within the United Kingdom, type and size of shop and timing 
over the month. Some 600 goods and services, called price indicators , 
are selected to be surveyed. 
The selection of items for inclusion in the index and the weighting given 
to each itemis largely determined by a massive government survey called 
the Family Expenditure Survey (FES). In the course of each year, a 
representative sample of households is asked to keep a diary for 2 weeks 
listing all their spending. They are interviewed about major items such as 
housing and services. Decisions about items to include as price indicators 
will be based on the findings of the FES, and similarly the weights, 
expressed as parts per £ 1,000, are determined by the expenditure on 
each item by the average household. The weights are the expenditures of 
the previous year, which is probably as current as is practical. The items 
covered by the index are combined into 80 sections such as ‘men’s 
outerwear’ and ‘rail fares’ , which are in turn combined to give five 
broad groups before being averaged together in the overall index. The 
groups are: 
● food and catering; 
● alcohol and tobacco; 
● housing and household expenditure; 
● personal expenditure; 
● travel and leisure. 
There are some omissions from the RPI that may perhaps be thought 
important. The FES does not cover the very rich (top 4 per cent of the 
population) or those living on state benefits. In particular, a separate 



 

73 
 

Index Numbers 

Notes 

quarterly index is produced to monitor the prices of items purchased by 
pensioners. Life insurance, pension contributions and the capital element 
of mortgage repayments are not included; nor is tax. There is another 
index that takes taxation into account. 
Using the RPI 
Index numbers are widely used. The RPI, for example, is the measure of 
price inflation. Whenever you read that inflation is currently running at 3 
per cent (or whatever) this means that, during the previous twelve 
months, the value of the RPI has increased by 3 per cent. In this section, 
we look at a number of applications of index numbers that, though not 
quoted as often in the media as the above example, are still of great 
commercial importance. 
The first of these is index linking. In an attempt to protect people’s 
savings and the incomes of some of the more vulnerable sections of 
society against the effects of inflation, many savings schemes, pensions 
and social benefits have, at various times in the past, been linked to the 
RPI in a way illustrated below. 
Example  

 
Although the RPI is by far the most common index used in linking, there 
are others. For example, some house insurance policies have premiums 
and benefits that are linked to the index of house rebuilding costs, a far 
more suitable index than the RPI, which relates to general retail prices. 
At periods of low inflation, the practice of linking pay, pensions, savings 
and so on to the RPI is relatively harmless. When inflation is high, the 
automatic (and high) rises produced by linking tend to increase costs to 
industry and commerce, which therefore have to increase their prices. 
This in turn induces a rise in inflation that triggers off further index-
linked rises in pay (and so on). Inflation is therefore seen to be 
exacerbated by this practice. Indeed, this has been observed in some 
countries with hyperinflation and where widespread index-linking has 
been introduced. The second common use is in the deflation of series, or 
the removal of inflation from a series of figures, so that they can be 
compared. An example will illustrate the simple arithmetical process 
involved. 
The main criticism of deflation, and indeed another problem of index 
linking, is that we are applying an average figure (for price rises or 
whatever) to a particular set of people who may or may not be ‘average’ . 
To illustrate the effects this could have, consider the cases of: ● an old-
age pension for a single person being linked to the RPI; 
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● a brewery in the north of England deflating its profit figures by the RPI. 
In the first instance, the single pensioner cannot be considered ‘average’ 
in at least two senses. The RPI measures price rises for the average 
family, which a single pensioner certainly is not, and the income of a 
pensioner is generally considerably below average. The effect of this 
latter factor is that a pensioner will spend a considerably larger portion of 
his/her income on heating and lighting, and on food, than most other 
people. Thus, at times when prices of these commodities are rising faster 
than others (a situation that has occurred in the past), the RPI will 
underestimate the average price rises in a pensioner’s ‘basket’ of goods 
and so linking to this index will leave him/her worse off. Indeed, a 
‘pensioners ’ price index’ has been introduced to overcome this. 
The RPI measures price rises for all commodities, not just one type such 
as beer and related products that might be rising in price at a different 
rate from the average. The brewery in the latter example would therefore 
be advised to deflate by the ‘alcoholic drinks’ section of the RPI. Even 
then, prices might be rising at a faster or slower rate in the north of 
England, compared with this average UK figure. The real profit figures 
would then be too high or too low, respectively. 
The technique of using the RPI to compare the purchasing power of 
wages etc. over several years is very important and it is a popular 
question with examiners. 
REVIEW QUESTIONS 
Q1-The managers of the catering division of a hospital wish to develop 
an index number series for measuring changes in food prices. As an 
experiment, they have chosen four items in general use that are 
summarised below, along with weights that reflect the quantities 
currently being bought. 

 
A Write the formula for the aggregative price index denoting weight by 
w , 1996 price by P0 and 1997 price by P1 . 
B. Calculate the aggregative price index for 1997 with base 1996, giving 
your answer to two decimal places. 
C. Some of the following comments are advantages of current weights 
over base weights and some are advantages of base weights compared to 
current weights. Delete answers accordingly. 

 
D. Which of the following are reasons why it is usual to weight the 
constituent parts of a price index? 
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(A) Weights reflect the prices of the constituent parts. 
(B) Prices are always the price per some weight or other. 
(C) Weights reflect the relative importance of the constituent parts. 
(D) Weights must be known so that the entire ‘ shopping basket ’ will 
weigh 100. 
2. A company buys and uses five different materials. Details of the actual 
prices and quantities used for 1995, and the budgeted fi gures for 1996, 

are as follows:  
A. Calculate the missing values in the following table, taking 1995 as the 
base year and giving your answers correct to two decimal places where 
appropriate. 

 
B If the total of the price relatives weights was 21,000, calculate the 
relative price index for the above data with base 1995, giving your 
answer to the nearest whole number. 
C. If the relative price index calculated in 3.2 were 105, which of the 
following statements would be correct? 
(A) Prices are budgeted to be 1.05 times their current levels. 
(B) Turnover is budgeted to rise by 5 per cent. 
(C) Quantities sold are budgeted to rise by 5 per cent. 
(D) Prices are budgeted to rise by 5 per cent. 
(E) Prices are budgeted to rise by 105 per cent. 
(F) Prices are budgeted to rise by £ 5 on average. 
D. Would you describe the price index in Part 3.2 as base weighted or 
current weighted or neither? 
Delete as appropriate base/current/neither 
3.The data below refers to average earnings index numbers in Great 
Britain for different sectors of industry, 1988 = 100, and the Retail Price 
Index, 1987=100. 

 
I. Using 1988 as the base throughout, defl ate the production 

industries index at the points Nov 89 (A), Nov 90 (B) and Nov 91 
(C), giving your answers to one decimal place. 
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II. Which of the following correctly states what a deflated 
production industries index of 105 would mean? 

(A) Five per cent more goods and services can be bought by 
average earnings in Production Industries compared to 
the base year. 

Average earnings in Production Industries are 5 per cent more 
than in the base year. 
(C) Real earnings in the base year were 5 per cent more than in 
the year in question. 
(D) Average earnings in Production Industries were 5 per cent 
more than the average for Great Britain. 

III. A retired person from the service industries had a pension of £ 
5,000 a year starting in May 1989 and updated each November in 
line with the average earnings index for that sector. Find the 
value of the pension (to the nearest £ ) in Nov 1989 (A), Nov 
1990 (B) and Nov 1991 (C).  

IV. If the answers to 4.3 were D  5,000, E  5,800 and F 6,000 fi nd 
the real values (in constant May 1989 prices) of the pension in 
Nov 89 (A), Nov 90 (B) and Nov 91 (C) to the nearest £ . 

V. If the answer to (C) in Question 4.4 (i.e. the real value of the 
pension in Nov 91) was 5,100, which of the following statements 
would be correct? 
(A) From May 89 to Nov 91 the purchasing power of the pension 
has increased by 100 per cent. 
(B) From May 89 to Nov 91 the purchasing power of the pension 
has increased by £ 100 at Nov 91 prices. 
(C) From May 89 to Nov 91 the purchasing power of the pension 
has increased by £ 100 at May 89 prices. 

FURTHER READINGS 
1. Business Mathematics and Statistics- Andy Francis 
2. Agarwal B.M. 
3. Introduction to Business Mathematics- R. S. Soni 
4. Business Mathematics : Theory & Applications- Jk. Sharma 
5. Business Mathematics- Trivedi Kashyap 
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UNIT-6 FINANCIAL 
MATHEMATICS 

CONTENTS 
 Introduction 
 Simple Interest 
 Compound Interest 
 Equivalent Rates of Interest 
 Depreciation 
 More Complex Investments 
 Geometric Progressions 
 Net Present Values – Practical Examples  
 Problems Using NPV in Practice 
 Annuities 
 PV Of Perpetuity 
 Loans and Mortgages 
 Internal Rate of Return 
 Review Questions 
 Further Readings 

INTRODUCTION 
Perhaps the most familiar use of mathematics in finance concerns 
interest calculations and other topics related to investments. In this 
chapter we shall develop formulae involving interest payments and 
equivalent rates of interest, but we shall also cover highly important but 
less well-known concepts such as present value. The practical 
applications dealt with in this chapter include loans, mortgages and 
regular saving plans.  
Simple interest 
One of the most basic uses of mathematics in finance concerns 
calculations of interest, the most fundamental of which is simple interest. 
Suppose £P is invested at a fixed rate of interest of r per annum (where r 
is a proportion) and that interest is added just once at the end of a period 
of n years. The interest earned each year is calculated by multiplying the 
rate of interest r by the amount invested, £P, giving an amount £rP. After 
n years the sum of £rPn will be credited to give a total at the end of the 
period, £V, of: 

 
This well-known formula is often referred to as the simple interest 
formula. 
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Example  

 
Compound interest 
In practice, simple interest is not used as often as compound interest. 
Suppose £P is invested at a fixed rate of interest of r per annum and that 
interest is added at the end of each year;  that is, it is compounded 
annually. After 1 year, the value of the investment will be the initial 
investment £P, plus the interest accrued, £rP , and so will be 

 
During the second year, the interest accrued will be r times the amount at 
the end of the first year, and so will be The value at the end of 
the second year will be 
Proceeding in this way, after n years the value, £V, will be given by 

 
As you will see, in financial mathematics we work with an annual ratio 
denoted by 1+ r rather than with the rate of interest. 
Example  
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Equivalent rates of interest 
Value at the end of 1 year =1=1.04=1.04 =1.0816 This is the annual ratio 
that results not from 8 per cent per annum but from 8.16 per cent. Hence, 
the effective annual rate of interest is 8.16 per cent in this case. 
Example 
An investor is considering two ways of investing £20,000 for a period of 
10 years: 
● option A offers 1.5 per cent compounded every 3 months; 
● option B offers 3.2 per cent compounded every 6 months. Which is the 
better option? 

 
Depreciation 
 The same basic formula can be used to deal with depreciation, in which 
the value of an item goes down at a certain rate. We simply ensure that 
the rate of ‘interest’ is negative. 
Example 

 
Example  

 
More complex investments 
We can return now to the evaluation of investments, but now considering 
situations where there are several different investments spread over a 
period of time. 
Example 
A man invests £3,000 initially and then £1,800 at the end of the first, 
second and third years, and finally £600 at the end of the fourth year. If 
interest is paid annually at 6.5 per cent, find the value of the investment 
at the end of the fifth year. 
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Geometric progressions 
We worked out the final values for the sinking fund questions simply by 
using calculators in the usual fashion. However, a sinking fund could 
easily run for 20 years or more – in fact, the endowment element of some 
mortgages is a very common example of a sinking fund that would 
typically run for 20 – 25 years. So it is useful to digress briefly to discuss 
geometric progressions and how they can help with all this arithmetic. A 
geometric progression (GP) is a series of numbers of the form 
 A, AR, AR2, AR3, . . . 
Where A and R are numbers. 
The particular feature that defines a GP is that, after an initial term, A, 
each term in the progression is a constant multiple ( R ) (or ratio) of the 
preceding one. We shall need to know the sum of the first n terms of 
such a series. Denoting this by S 

 
 
Example  

 
Present values 
The present value of a sum of money to be paid or received in the future 
is its value at present, in the sense that it is the sum of money that could 
be invested now (at a certain rate of interest) to reach the required value 
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at the subsequent specified time. Some examples will make this clearer 
and illustrate two ways of calculating present values.  
Example  

 
This method of calculation is said to be from first principles. The present 
value of a quantity, £V, discounted at 100 r per cent for n years is given 
by:  

 
Alternatively, present value tables that are provided in your exam give a 
present value factor (or discount factor) of 0.873 for n = 2 years at r = 7 
per cent. This means that the present value of £ 1 for this combination is 
£ 0.873; hence the present value (PV) of £ 200 is: 

 
Thereby simplifying the calculations considerably. 
It can be seen that use of the tables loses some accuracy. When there are 
many such calculations, however, their use is considerably faster, and so 
tables are generally preferred.  
However, their use is not always possible, since you will note that there 
are ‘gaps’ in the tables. For instance, the combination n = 2.5 years and r 
= 4.5 per cent does not appear in the tables, and so first principles would 
have to be used in an example involving these values.  
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Example  

 
Net present values – practical examples  
In many situations, there are a number of financial inflows and outflows 
involved, at a variety of times. In such cases, the net present value (npv) 
is the total of the individual present values, after discounting each, as 
above.  
Example  
A company can purchase a machine now for £10,000. The company 
accountant estimates that the machine will contribute £2,500 per annum 
to profits for five years, after which time it will have to be scrapped for 
£500. Find the NPV of the machine if the interest rate for the period is 
assumed to be 5 per cent. (Assume, for simplicity, that all inflows occur 
at year ends.) 
Solution  
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The fact that the npv is positive means that the investment is more 
profitable than investing the original £ 10,000 at 5 per cent. In fact, you 
would need to invest £ 11,217 at 5 per cent in order to generate this 
particular set of positive cash flows, so this investment is worthwhile. 
Problems using NPV in practice 
One of the major difficulties with present values is the estimation of the 
‘interest rates’ used in the calculations. Clearly, the appropriate rate(s) at 
the start of the time period under consideration will be known, but future 
values can be only estimates. As the point in time moves further and 
further into the future, the rates become more and more speculative. For 
this reason, the NPVs of investments A and C in Example 6.9.3 are so 
close as to be indistinguishable, practically speaking. 
Many situations in which NPV might be involved are concerned with 
capital investments, with the capital needing to be raised from the 
market. For this reason, the ‘interest rate(s)’ are referred to as the cost of 
capital, since they reflect the rate(s) at which the capital market is willing 
to provide the necessary money. 
Another problem with calculating net present value is the need to 
estimate annual cash flows, particularly those that are several years in the 
future, and the fact that the method cannot easily take on board the 
attachment of probabilities to different estimates. Finally, it is a usual, 
although not an indispensable, part of the method to assume that all cash 
flows occur at the end of the year, and this too is a potential source of 
errors. With easy access to computers it is now possible to calculate a 
whole range of NPVs corresponding to worst-case and best-case 
scenarios as well as those expected, so to some extent some of the 
problems mentioned above can be lessened. 
Annuities 
An annuity is an arrangement by which a person receives a series of 
constant annual amounts. The length of time during which the annuity is 
paid can either be until the death of the recipient or for a guaranteed 
minimum term of years, irrespective of whether the annuitant is alive or 
not. In other types of annuity, the payments are deferred until sometime 
in the future, such as the retirement of the annuitant. 

 
When two or more annuities are being compared, they can cover 
different time periods and so their net present values become relevant. In 
your exam you will be given the following formula for the NPV of a £ 1 
annuity over t years at interest rate r , with the first payment 1 year after 
purchase. 
The cumulative present value tables can also be used. 
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Example  

 
From the viewpoint of NPVs, therefore, annuity A is the better choice. 
As we have already seen, however, there are two further considerations 
the investor may have. Assuming constant interest rates for periods of 15 
or 20 years is speculative, so the NPVs are only approximations: they 
are, however, the best that can be done and so this point is unlikely to 
affect the investor’s decision. More importantly, although any payments 
after the investor’s death would go to their estate, some people may 
prefer more income ‘up front’ during their lifetime. Unless the investor is 
confident of surviving the full 20 years of annuity A, they may prefer 
annuity B = especially as the two NPVs are relatively close to each other. 
A further example will demonstrate an NPV being expressed as an 
equivalent annuity. 
Finally, there is the concept of perpetuity. As the name implies, this is 
the same as an annuity except that payments go on forever. It is therefore 
of interest to those who wish to ensure continuing payments to their 
descendants, or to some good cause. It must be recognised, however, that 
constant payments tend to have ever decreasing value, owing to the 
effects of inflation, and so some alternative means of providing for the 
future may be preferred. 
PV of a perpetuity 
As t becomes very large, the second term in the formula for the PV of an 
annuity gets smaller and smaller, to the point where it becomes zero, and 
the factor for the NPV of a perpetuity simplifies considerably to: 
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. 
The NPV of annuity B is therefore higher. The assumption of a constant 
interest rate of 8 per cent for ever is clearly highly unlikely to materialise 
but, as before, it is all that can be done. In purchasing a perpetuity, an 
investor is not interested particularly in the income during their lifetime, 
so the latter consideration of Example is not pertinent here: perpetuity B 
is unequivocally the better. 
You can check this easily. At 6 per cent, the interest on £200,000 is £12,000 per 
annum, so the annuity can be paid indefinitely without touching the capital. 
Loans and mortgages 
Most people will be aware that, when a mortgage is taken out on a 
property over a number of years, there are several ways of repaying the 
loan. We shall concentrate here on repayment mortgages, because they 
are among the most popular, and because they are the only ones that 
involve complex mathematical calculations. The features of a repayment 
mortgage are: 
● a certain amount, £M, is borrowed to be repaid over n years; 
● interest (at a rate r ) is added to the loan retrospectively at the end of 
each year; and  
● a constant amount, £P, is paid back each year by the borrower, usually 
in equal monthly instalments. 
Viewed from the standpoint of the lender, a repayment mortgage is an 
annuity. The lender pays the initial amount ( M ) for it and in return 
receives a series of constant annual payments ( P ) for n years. The 
relationship between these variables is given by putting M equal to the 
present value of the annuity, using either tables or formula as 
appropriate. 
Example 
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Internal rate of return 
We have seen that if NPV is positive it means that the project is more 
profitable than investing at the discount rate, whereas if it is negative 
then the project is less profitable than a simple investment at the discount 
rate. 
If NPV is zero the project is identical in terms of profit to investing at the 
discount rate, and hence this rate of interest gives us the rate of return of 
the project. 
The internal rate of return (IRR) is the discount rate at which NPV is 
zero. It is obtained generally by a trial and error method as follows. 
1. Find a discount rate at which NPV is small and positive; 
2. Find another (larger) discount rate at which NPV is small and 
negative; 
3. Use linear interpolation between the two to find the point at which 
NPV is zero. 
Example 

 
Graph of NPV on discount rate 
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REVIEW QUESTIONS 

1. A company is planning a new product for which a 10-year life is 
anticipated. The product is expected to follow a typical life cycle 
of growth, maturity and decline with a cash flow of £56,000 in 
year 1. Estimates of cash flows expected from years 2 – 10 are as 
follows: 

 
Assume all cash flows arise at year ends. Work throughout to the nearest 
£. 

I.  Calculate the cash flow expected in the tenth year. 
II. Supposing that the expected cash flows are as follows, complete 

the following table, to calculate the net present value of the 
expected cash flows, by filling in the appropriate numerical 
values in the spaces indicated by the letters. Use a discount rate 
of 8 per cent per annum and use 

 
III. If the net present value was £450,000 what is the maximum 

amount that the company could invest now in the product if it is 
to meet a target of an 8 per cent return? 

IV. If the net present value was £450,000 and, if the company needs 
to borrow at 8 per cent in order to fi nance the project, which of 
the following statements is/are correct? 
(A)£450,000 is the profi t that the company expects to make if 
they can borrow at 8 per cent. 
(B) £450,000 is the maximum profi t that the company might 
make if they borrow at 8 per cent. 
(C) £450,000 is the maximum that the company should borrow if 
they wish to make a profit. 
(D) £450,000 is the present value of the profit that the company 
expects to make if they borrow at 8 per cent. 

V. The following list includes three valid comments about the use of 
discounting in appraising investment decisions. Indicate which 
comments are correct. 
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a. Discounting takes account of the time value of cash flows; 
b. Discounting ignores risk; 
c. Discounting is more accurate because present value tables 

are available; 
d. Discounting does not involve making estimates; 
e. Discounting is of use only if an appropriate discount rate 

can be obtained. 
2. To carry out identical tasks, a company uses several machines of 

the same type, but of varying ages. They have a maximum life of 
five years. Typical financial data for a machine are given below: 

 
The rate of interest is 15 per cent. 
These machines are assumed to produce flows of revenue that are 
constant. 

I. Complete the following table, to calculate the net present value of 
the costs if the machine is kept for 5 years, by filling in the 
appropriate numerical values in the spaces indicated by the 
letters. Work to the nearest £ throughout. 

 
II. The present values of the costs of keeping the machine for 

between 1 and 4 years are given below. Convert each of these 
into an annual equivalent amount and write them in the final 
column of the table, for one mark each. 

 
III. If the annual equivalent amounts calculated above were as 

follows, what would be the most economical age at which to 
replace the machines? 

 
3. A company is planning capital investment for which the 

following cash flows have been estimated: 
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The company has a cost of capital of 15 per cent. 

I. Complete the following table by filling in the appropriate 
numerical values in the spaces indicated by the letters. Work to 
the nearest £ throughout. Cash flows are all at the ends of years 
unless stated otherwise. 

 
II. Which of the following defines the ‘ internal rate of return ’ . 

(A) The current discount rate used by a company. 
(B) The discount rate at which net present value is zero. 
(C) The discount rate recommended by a trade association or 

similar. 
(D) The discount rate at which cash flows total zero. 

III. 6.4.3 The net present value is £(543) when the discount rate is 20 
per cent and is £3,802 when it is 10 per cent. Which of the 
following statements about the value of the internal rate of return 
(IRR) is correct in this case? 

(A) The IRR must be below 10 per cent. 
(B) The IRR must lie between 10 per cent and 15 per cent. 
(C) The IRR must lie between 15 per cent and 20 per cent. 
(D) The IRR must be greater than 20 per cent. 
(E) None of the above statements is correct. 

IV. Calculate the approximate internal rate of return (to the nearest 
whole per cent point) of this investment without calculating any 
further net present values. 

FURTHER READINGS 
1. Business Mathematics and Statistics- Andy Francis 
2. Agarwal B.M. 
3. Introduction to Business Mathematics- R. S. Soni 
4. Business Mathematics : Theory & Applications- Jk. Sharma 
5. Business Mathematics- Trivedi Kashyap 

 



 

90 
 

Business Mathematics 

Notes 
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REGRESSION 

CONTENTS 
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INTRODUCTION 
In the next two chapters we look at one of the major applications of 
statistics, namely forecasting. Although there are a number of ways of 
producing forecasts that involve little or no mathematics, we shall 
concentrate here on two of the most important quantitative approaches, 
causal and extrapolative. A causal approach is based on the assumption 
that changes in the variable that we wish to forecast are caused by 
changes in one or more other variables. With an extrapolative approach, 
we examine past data on the variable that is to be forecast, in order to 
determine any patterns the data exhibits. It is then assumed that these 
patterns will continue into the future: in other words, they are 
extrapolated. Let us begin with the casual approach, and, to simplify 
matters, we shall deal with the case in which the variable to be forecast 
(the dependent variable, y ) depends on only one other variable (the 
independent variable, x ). Such data is called bivariate because in each 
situation we have two pieces of information, denoted x and y . The 
dependent variable, y, is also referred to as the response variable and the 
independent variable, x, as the influencing variable. So x is assumed to 
influence a response in y. Before actually looking at how to produce 
forecasts in such situations, we must consider the question as to how we 
know that changes in y are caused by changes in x (alternatively: how we 
know that y depends on x ). The answer to this involves the study of 
correlation. 
Correlation 
Two variables are said to be correlated if they are related to one another, 
or, more precisely, if changes in the value of one tend to accompany 
changes in the other. Now, we have already used the ( x, y ) notation of 
Chapter 2, and this initially suggests a graphical approach: if there are 
pairs of data available on the variables x and y, then these can be plotted 



 

91 
 

Correlation and Regression 

Notes 

as points against a set of x- and y -axes. The result is known as a scatter 
diagram , scatter graph or sometimes a scatter plot . 
Example  

 
There are many key terms in italics in these introductory paragraphs. 
Since, unlike in Chapter 2, we have not been told that y is a function of x 
here, the points have not been joined up. In particular, although the 
points appear to be close to lying on a straight line, they do not lie 
exactly on a line; we do not know that a linear function is involved and 
so none has been drawn in. 
The scatter diagram in the above example seems to show a case where 
the two variables are related to one another. Further, the relationship 
seems to be of an approximately linear nature: it is an example of linear 
correlation. 
Since the approximation is so good, and the points are close to a straight 
line, we talk of strong linear correlation. Finally, as the gradient of the 
‘line’ is positive, it is positive linear (or direct) correlation. 
Scatter diagrams in Excel 
The data in the above example can be plotted onto a scatter diagram in 
Excel. To do this the data must first be entered into the spreadsheet. To 
create the chart select the range a 3: b 7 and click on the chart icon. 
Select X-Y scatter and choose the first chart option. The data and the 
resulting chart are shown in Figure 7.2 . 

 
 
Example  
Most of the examples in this chapter relate to the following table. A 
company owns six sales outlets in a certain city. The sales last year of 
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two of its key products are given below, together with the sizes of each 
outlet:  

 

 
Although such scatter diagrams are useful for getting a feel for the 
presence or otherwise of correlation, it is often difficult to judge what is 
‘weak’ and what is ‘strong’, and, indeed, whether a large number of 
points on a diagram constitute any correlation at all. Therefore, an 
objective measure of correlation is needed. 
Example  
From your own experience, try to think of pairs of variables that might 
have the different degrees of correlation, from weak to strong and from 
negative to positive. 
Solution 
These are just some examples: 
● costs probably have a strong positive correlation with the number of 
units produced; 
● number of deaths on the roads probably has a middling positive 
correlation with traffic levels; 
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● the level of street crime is often thought to relate to the level of visible 
policing, so the correlation would be negative but probably not strong; 
● a strong negative correlation would probably be found if almost any 
measure of bodily function, such as the condition of the heart, were 
compared with age in adults, although the graph is unlikely to be 

perfectly linear.  

Pearson’s correlation coefficient 
The statistician Pearson developed a measure of the amount of linear 
correlation present in a set of pairs of data. Pearson’s correlation 
coefficient, denoted r , is defined as: 

 
where n is the number of data points. 
This measure has the property of always lying in the range = 1 to = 1, 
where:  
● r =+1 denotes perfect positive linear correlation (the data points lie 
exactly on a straight line of positive gradient); 
● r = - 1 denotes perfect negative linear correlation (again the data points 
lie on a straight line but with a negative gradient); and 
● r = 0 denotes no linear correlation. 
The strength of a correlation can be judged by its proximity to -1 or +1: 
the nearer it is (and the further away from zero), the stronger is the linear 
correlation. A common error is to believe that negative values of r cannot 
be strong. They can be just as strong as positive values except that y is 
decreasing as x increases. 
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Example 

The value of Pearson’s correlation coefficient in this case is 0.993. The 
arithmetic in such a calculation can be seen to be potentially very 
tedious. It is worthwhile investigating the availability of any computer 
packages or special functions on a calculator in order to ease the 
computation of correlation coefficients. Note that a simple check is that 
your calculated value for the correlation coefficient must be between -1 
and 1. 
This formula is given in your exam so you do not need to worry about 
remembering it. 
The value of the coefficient in this case is clearly very close to the value 
1, indicating a very strong positive linear correlation, and reflecting the 
close proximity of the points in Figure  to a straight line. 
Example  

 
Interpreting correlation coefficients 
In general, it is not always as straightforward to interpret a value of r as 
in the above case. Although it would be inappropriate for the purpose of 
this text to go into detailed theory, it must be noted that the sample size ( 
n ) has a crucial effect: the smaller the value of n, the ‘easier’ it is for a 
large value of r to arise purely by accident. 
Very rough guidelines are that, with a sample of ten data points, a 
minimum correlation of about 0.6 is needed before you can feel 
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confident that any sort of linear relationship holds. With twenty data 
points, the minimum correlation needed is about 0.4. 
Extrapolation is a further danger in the interpretation of r. If your x- 
values range from 0.9 to 2.1, then r = 0.993 tells you that there is a near-
perfect linear relationship between x and y in that range. However, you 
know nothing at all about the relationship outside that range. It may or 
may not continue to be linear. The process of drawing conclusions 
outside the range of the data is called extrapolation. It often cannot be 
avoided but it leads to unreliable conclusions. 
It is possible that an apparently high correlation can occur accidentally or 
spuriously between two unconnected variables. There is no mathematical 
way of checking when this is the case, but common sense can help. In 
the case under discussion, it seems plausible that sales and the 
advertising spend are connected, and so it would seem reasonable to 
assume that this is not an accidental or spurious correlation. 
More importantly here, two variables can be correlated because they are 
separately correlated to a hidden third variable. The size of the region 
could well be such a variable: larger regions would tend to have larger 
sales figures and the management of larger regions would tend to have 
larger advertising budgets. It is therefore possible that this high 
correlation coefficient may have arisen because the variable ‘sales’ is 
highly correlated with size of region, advertising expenditure is highly 
correlated with size of region, but sales and advertising spend are not 
themselves directly connected. 
Even if this third variable effect is not present, we still cannot conclude 
that y depends on x. The strong correlation lends support to the 
assumption that this is so, but does not prove it. Correlation cannot be 
used to prove causation. 
In your assessment, interpreting correlation is as important as calculating 
the coefficient. 
Rank correlation: Spearman’s coefficient  
There are occasions when the degree of correlation between two 
variables is to be measured but one or both of them is not in a suitable 
quantitative form. In such circumstances, Pearson’s coefficient cannot be 
used, but an alternative approach = rank correlation = 
might be appropriate. The most common measure of this type is 
Spearman’s rank correlation 
coefficient, R: 

 
where d denotes the difference in ranks, and n the sample size. You do 
not need to remember this formula because it will be given in your exam. 
The arithmetic involved in calculating values of this coefficient is much 
easier than that for Pearson’s coefficient, as the following example 
illustrates. 
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Example 

 
Solution 

 
The high negative value (near to = 1) indicates that interview grades and 
test scores almost totally disagree with each other – good interview 
grades go with the lowest test scores and vice versa. This should concern 
the company, as it may mean that one or both methods of judging 
applicants is faulty. The interpretation of R -values is similar to that for r. 
Warnings similar to those in Section 7.4 also apply when judging values 
of R. 
There seems to be some positive correlation between price and taste, with the 
more expensive wines tending to taste better. Given the sample size the result is 
not really reliable and it cannot be extrapolated to wines costing more than £4. 
Had the taste rankings been allocated in the opposite order, the correlation 
would be =0.59. Students often find this calculation difficult and it is worth 
running through it again if you had problems. 
Probably the most common errors are either forgetting to subtract from 1 or 
subtracting the numerator from 1 prior to dividing by the denominator. 
Tied rankings can also be difficult. B, D and H all cost £2.99. Had they been 
marginally different they would have been ranked 2, 3 and 4. Since they are 
identical, they each have the rank of 3 (the average of 2, 3 and 4). Similarly F 
and G share the ranks 7 and 8 by giving them an average 7.5 each. 
The d column is obtained by subtracting rank of taste minus rank of price, but it 
would be equally correct the other way round. 
Which correlation coefficient to use 
If the data have already been ranked, there is no option but to use the 
rank correlation coefficient ( R ). Where actual values of x and y are 
given, Pearson’s coefficient ( r ) should generally be used since 
information is lost when values are converted into their ranks. In 
particular, Pearson’s coefficient must be used if you intend to use 
regression for forecasting (see later). The only advantages in converting 
actual data into ranks and using Spearman’s coefficient are: 
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1. that the arithmetic is easier, but this is a minor point given computers 
and scientific calculators; 
2. that Spearman checks for a linear relationship between the ranks rather 
than the actual figures. If you simply want to confirm, say, that the 
variables increase together but have no concern about the linearity of the 
relationship, you might prefer to use the rank correlation coefficient. 
Regression 
The preceding sections give us a way of checking on whether it may be 
valid to assume that one variable, y, depends on another, x. We now 
proceed to consider how, after making such an assumption, y can be 
forecast from x. 
For simplicity, we restrict our attention to instances of linear correlation. 
Thus, we are interested in situations where the dependence is in the form 
of a straight line. As we saw in Chapter 2, this involves equations of the 
type y = a+bx 
where a and b are numbers. We are, therefore, initially concerned with 
determining suitable straight line(s) for the particular problem. 
The least-squares criterion 
The approach is illustrated through an example. 
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In the upper part of the figure, a straight line has been gauged or 
‘guessed’ by using a ruler to draw a line that appears to be ‘close’ to all 
five data points. We have deliberately fitted a very poor guessed line so 
that the errors are clear. If you do have to fit a line ‘by eye’, the aim is to 
follow the slope of the points and to draw the line as far as possible 
through the centre of the points with roughly equal numbers either side. 
The lower part of Figure 7.5 shows the best possible fitted line. 
This approximate approach may well be accurate enough in many 
instances, but it is certainly arbitrary. A number of different, equally 
plausible, lines could be drawn in: the question is, how can you judge 
whether one line is ‘better’ than another? Indeed, which is the ‘best’ ? 
If we look at the ‘guessed’ line, it is clear that there are discrepancies 
between actual y-values and those obtained from the line. There are y-
errors present, and the sizes of these enable us to judge one line against 
another. Examples of y -errors in this instance are: 

 
Some errors are positive and some negative. Simply adding the errors to 
judge the ‘goodness’ of the line, therefore, would not be a sensible idea, 
as positive errors would tend to be cancelled out by negative ones. To 
eliminate this effect, we square the errors, and deem one line ‘better’ 
than another if its sum of squared errors is lower. The ‘best’ line is thus 
the one with the least sum of squared errors: the so-called least-squares 
regression line of y on x . Without going through the theory, this can be 
shown to have equation 

 
The calculation of a and b is set out in a familiar tabular form: 
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Interpreting a and b 
You may remember from Chapter 2 that in the equation of a straight line, 
y = a + bx , a is the intercept on the y -axis and b is the gradient or slope 
of the line. Expressed slightly differently, that means that a is the value 
of y when x = 0, and b is the increase in y for each unit increase in x. The 
b -value of 10.12 tells us that each extra salesperson generates an extra 
10.12 sales (on average), while the a -value of 111.05 means that 111.05 
units will be sold if no salespeople are used. The latter conclusion may 
well be nonsensical because x = 0 is outside the range of the data, but we 
return to this later. 
It should be noted that, unlike Pearson’s correlation coefficient, these 
calculations do not use Σy2 , and so no time has been wasted evaluating 
it. Also, it will be appreciated that calculations such as these can involve 
potentially large numbers, and so it might be worthwhile to use an 
available computer package or statistical function on a calculator. 
The interpretation of a and b is a frequent exam question. 
Example  
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Forecasting 
Once the equation of the regression line has been computed, it is a 
relatively straightforward process to obtain forecasts. 
Example 
In the situation of Example 7.8.1, forecast the number of sales that would 
be expected next year in regions that employed (a) 14 salespersons; and 
(b) 25 salespersons. 
Solution 

 
Have you noticed that x = 25 is well outside the range of the data? What 
does this tell you about the reliability of the estimated 364? If you are in 
any doubt about its unreliability, look back to the absurd consequences 
of putting x = 0 in Example 7.9.1. We give one more example to 
illustrate the complete process of forecasting from paired samples. 
Which variable to denote by y 
When calculating the correlation coefficient it does not matter which 
variable you call x and which y, as the result will be the same either way. 
However, the regression equation and subsequent forecasts will be 
totally changed if you change the designation of the variables. This is 
because the regression line only minimises the sum of squares of the y -
errors, and this is only equivalent to minimising x -errors in the case of 
perfect correlation, that is, when r= - 1. It is therefore essential that you 
stop and think about which variable to call y at the start of any exercise 
on regression. 
Variable y is the dependent variable and sometimes it is very clear which 
that is. However, there are occasions when the dependency could perhaps 
work either way, in which case the following may be of assistance: 
● if you wish to forecast a particular variable, that variable must be 
denoted by y;  
● if the question asks for the regression of a first variable on or against a 
second variable, the first variable is denoted by y . This is nothing to do 
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with the order in which the variables are tabulated in the question, which 
could easily have x first. 
For example: 
● in an investigation of the downwards trend of sales over time, the 
independent variable x = time and the dependent variable y = sales; 
● in an investigation of the fall in cinema takings as sales of videos 
increase, possibly the decline in the cinema mirrors the increased use of 
videos (in which case cinema sales = y ) , but perhaps it is the other way 
round. Perhaps cinemas were closed, in a property boom say, and people 
buy videos because there is no longer a convenient local cinema (in 
which case video sales = y ). However, if the question referred to the 
regression of cinema sales against video sales or asked for an estimate of 
cinema sales for a known level of video sales then the doubt would be 
removed and cinema sales would have to be denoted by y . 
Judging the validity of forecasts 
When we have made forecasts, obvious questions to be asked are ‘how 
accurate are they?’ and ‘what validity do they have?’ 
Such queries can be addressed in a number of ways. 
The importance of using the correlation coefficient as a check on the 
validity of the assumption of causality has already been stressed. In 
addition, you should bear in mind the caveats mentioned in earlier parts 
of the chapter. In particular, is there a hidden third variable in the 
problem? Thus, in Examples, sales might not depend on the number of 
salespersons at all, but on the size of the region, as we mentioned when 
first discussing this problem. If this is the case, then simply increasing 
the number of salespersons within a region would not in itself increase 
sales. Even if this is not the case, have we got the causation the right way 
round? In Example it might be that, as profits increase, the company 
feels able to spend more on advertising, so that advertising expenditure 
depends on profits, contrary to the implicit assumption we made when 
forecasting profits. If this is the case, increasing the advertising would 
not necessarily increase profits. Before leaving the correlation 
coefficient, we mention another, closely related, measure, the coefficient 
of determination, r 2 . The value of this measure, when expressed as a 
percentage, shows the percentage of variations in the variables that can 
be explained by the regression analysis. The remaining variation is due 
to factors omitted from the analysis. 
Example  
Evaluate the coefficients of determination for the situations in (a) 
Example 1 and (b) Example2, and interpret their values. 
Solution 

 
Consider now the two forecasts made in Example 7.10.1. The second one 
is distinctly different from the first, in that we have taken the regression 
line far beyond the upper data point ( x = 18 salespersons) to twenty-five 
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salespersons. The forecast is an extrapolation beyond the range of the 
data. This is an uncertain step to take, as the sales within a region at a 
certain time must have a ceiling: there must come a point where extra 
salespersons will generate no further sales. If this point has been passed 
with twenty-five salespersons, then our forecast will be an overestimate. 
The first case, by contrast, is an interpolation within the range of the 
data, and so can be considered more valid. In the same way, the profit 
forecast of Exampl2 is a slight extrapolation and so should be treated 
with some caution. 
Extreme cases of extrapolation have already been seen when interpreting 
values of the coefficient a in earlier regression equations. In doing this, 
we are effectively extrapolating to the x -value of zero, and so we should 
not be surprised if the result seems implausible. The approach we have 
adopted is, of course, a considerable simplification of reality. Profits, 
sales, and so on, depend on a number of factors, not all of them 
quantifiable, whereas we have assumed here that they depend on just one 
other quantitative variable. We have studied only simple regression. 
There is an extension to the topic, known as multiple regression, that 
enables a variable to be forecast in terms of any number of other 
variables. This is beyond the scope of this text. 
All the forecasts made in this chapter have been for ‘next year’ , whereas 
the data comes, of course, from the past. There is, therefore, an implicit 
assumption that conditions that obtained in the past still obtain now and, 
more importantly, will continue to obtain during the period of the 
forecast. There is no mathematical way of checking that this is so, but the 
forecaster will have qualitative knowledge of the particular company and 
its market, and so will be able to form a judgement. If, for example, a 
new company was known to be making a big push in the market of the 
company in Example1, you might doubt the forecast of next year’s profit 
figures. 
In conclusion, this section has looked at a number of considerations that 
should be borne in mind when judging the validity of a regression-based 
forecast. We shall summarise these in the next section. 
Example  
Comment on the likely reliability of your forecasts in Example.3. 
Solution 
The high values of the coefficients of variation suggest reliable forecasts, 
with the higher value for sales of L  indicating the more reliable forecasts 
here. Forecasts for outlet G are interpolations and so are more reliable 
than those for outlet H, which are extrapolations. Finally, there is the 
possibility of other factors that might affect sales that are not covered in 
the analysis (advertising budgets at the various outlets, their relatively 
advantageous or  disadvantageous locations, etc.). 
REVIEW QUESTIONS 
An ice-cream supplier has recorded some sales data that he believes 
shows a relationship between temperature and sales. The results shown 
below are for ten sample days in the summer: 
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I. Using the intermediate totals given below, calculate the coeffi 

cient of correlation giving your answer correct to two d.p. 

 
II. If the correlation coefficient was 0.95 calculate the coefficient of 

determination, giving your answer to the nearest whole number. 
III. If the correlation coefficient was 0.95, which of the following 

statements would be correct? 
IV. The positive sign tells us that there is a strong relationship 

between temperature and sales. 
(B) The positive sign tells us that as temperature rises, so do 
sales. 
(C) The value of the correlation coefficient tells us that there is a 
strong linear relationship between temperature and sales. 
(D) The value of the correlation coefficient tells us that for each 
increase of 1 degree in temperature, sales increase by 0.95 
cartons. 
(E) The value of the correlation coefficient tells us that for each 
decrease of 1 degree in the temperature, sales decrease by 5 per 
cent. 
(F) The value of correlation coefficient tells us that high 
temperatures cause high sales. 

V. If the coefficient of determination was 85 per cent, which of the 
following statements would be correct? 

(A) When temperature increases by 1°C, sales increase by 85 
per cent. 

(B) When temperature increases by 1°C, sales increase by 15 
per cent. 

(C) On 85 per cent of days it is possible to accurately predict 
sales if an accurate prediction of temperature exists. 
(D) 85 per cent of the changes in sales from one day to the 
next can be explained by corresponding changes in 
temperature. 

VI.  The following graph displays the data. What type of graph is it? 
(A) Scattergram 
(B) Histogram 
(C) Pictogram 
(D) Ogive 
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VII. (A) A freehand line of best fit has been fitted to the graph of the 

data. Estimate the likely sales when the temperature is 15°C, 
giving your answer to the nearest whole number. 
(B) Estimate the likely sales when the temperature is 30°C, 
giving your answer to the nearest whole number. 

VIII. Which of the following statements about the reliability of the 
estimates made in are correct, assuming that the correlation is 
0.95. 
(A) The estimate for a temperature of 15°C should be reliable 

because it involves interpolation. 
(B) Both estimates are less reliable than they otherwise would be 
because the sample is small. 
(C) The estimate for 30°C should be reliable because it involves 
extrapolation. 
(D) Both estimates are more reliable than they would otherwise 
be because the correlation is high. 

IX. Using Excel, enter the data above and draw a scatter diagram to 
examine the relationship between the temperature and the number 
of cartons of ice cream sold. 

2. A travel agency has kept records of the number of holidays 
booked and the number of complaints received over the past ten 
years. The data is as follows: 

 
The agency suspects there is a relationship between the number of 
bookings and the volume of complaints and wishes to have some method 
of estimating the number of complaints, given the volume of bookings. 

I. Denoting number of holidays by X and number of complaints by 
Y, the following summations are given: 

Calculate the value of the regression coefficient ‘ b ’ , giving your 
answer correct to three d.p. 

II. If the value of b is taken to be 0.4 calculate the value of the 
regression coefficient ‘a ’ , giving your answer correct to two d.p. 
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III. If the regression equation was y  31 
                                                0.4 x forecast the likely number of 
complaints if 750 holidays are booked, giving your answer to the 
nearest whole number. 

IV. Which of the following methods could be used to check whether 
there is in fact a linear relationship between the variables. 

a. Scatter diagram 
b. Times series analysis 
c. Coefficient of variation 
d. Regression analysis 
e. Correlation coefficient 

V. Which of the following comments about the likely reliability of 
the estimate of  

VI. Complaints arising from 750 holidays is/are correct? 
a. The estimate is likely to be reliable because the value of ‘ 

a ’ is positive. 
b. The estimate is likely to be reliable because it lies outside 

the range of the data. 
c. The estimate is likely to be unreliable because the sample 

is small. 
d. The estimate is not likely to be reliable because the value 

of ‘ b ’ is not close to 1. 
e. The estimate is likely to be unreliable because it was 

obtained by extrapolation. 
VII. Using Excel, enter the data above and produce a chart to show the 

relationship between the number of holidays booked and the 
number of complaints received, and then plot the least-squared 
line. 
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 Review Questions 
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INTRODUCTION 
There are many situations in which there are no plausible or available 
independent variables from which a dependent variable can be forecast. 
In such cases, approaches alternative to regression have to be adopted. 
One of these consists of using past values of the variable to be forecast, a 
so-called time series, and looking for patterns in them. These patterns are 
then assumed to continue into the future, so that an extrapolative forecast 
is produced. The first task is thus to discuss the various patterns that time 
series data displays. 
Components and models of time series 
There are considered to be four components of variation in time series: 
● the trend, T; 
● the seasonal component, S; 
● the cyclical component, C; and 
● the residual (or irregular, or random) component, R. 
The trend in a time series is the general, overall movement of the 
variable, with any sharp fluctuations largely smoothed out. It is often 
called the underlying trend, and any other components are considered to 
occur around this trend. There are a number of basic trend patterns that 
business variables tend to follow, as shown in Figure 8.1 . The simplest ( 
Figure 8.1 (a) ) is a linear trend, in which the variable is basically 
growing (or declining) at a steady rate. A logistic trend ( Figure 8.1 (b) ) 
is typically followed by the sales figures of a product after its 
introduction: the level plateau is the market saturation figure that the 
sales eventually reach. A compound interest (or exponential) trend ( 
Figure 8.1 (c) ), as the name suggests, is a relatively steeply rising curve 
followed by variables whose values are compounded on earlier values: 
for instance, investments subject to compound interest. 
The seasonal component accounts for the regular variations that certain 
variables show at various times of the year. Thus, a newly formed ice-
cream manufacturing company may have sales figures showing a rising 
trend. Around that, however, the sales will tend to have peaks in the 
summer months and troughs in the winter months. These peaks and 
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troughs around the trend are explained by the seasonal component. In 
general, if a variable is recorded weekly, monthly or quarterly, it will 
tend to display seasonal variations, whereas data recorded annually will 
not. 
The cyclical component explains much longer-term variations caused by 
business cycles. For instance, when a country’s economy is in a slump, 
most business variables will be depressed in value, whereas when a 
general upturn occurs, variables such as sales and p rofits will tend to 
rise. These cyclical variations cover periods of many years and so have 
little effect in the short term. 

 
The residual component is that part of a variable that cannot be explained 
by the factors mentioned above. It is caused by random fluctuations and 
unpredictable or freak events, such as a major fire in a production plant. 
If the first three components are explaining the variable’s behaviour well, 
then, subject to rare accidents, the irregular component will have little 
effect. 
The four components of variation are assumed to combine to produce the 
variable in one of two ways: thus we have two mathematical models of 
the variable. In the first case there is the additive model, in which the 
components are assumed to add together to give the variable, Y : 
Y =T+S+C+R 
The second, multiplicative, model considers the components as 
multiplying to give Y : 
Y=TX SXCXR 
Thus, under the additive model, a monthly sales figure of £ 21,109 might 
be explained as follows: 
● the trend might be £ 20,000; 
● the seasonal factor: £ 1,500 (the month in question is a good one for 
sales, expected to be £ 1,500 over the trend); 
● the cyclical factor: £ 800 (a general business slump is being 
experienced, expected to depress sales by £ 800 per month); and 
● the residual factor: £ 409 (due to unpredictable random fluctuations). 
The model gives: 
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The multiplicative model might explain the same sales figures in a 
similar way: 
● trend: £ 20,000; 
● seasonal factor: 1.10 (a good month for sales, expected to be 10 per cent 
above the trend); 
● cyclical factor: 0.95 (a business slump, expected to cause a 5 per cent 
reduction in sales); and 
● residual factor: 1.01 (random fluctuations of = 1 per cent).  
The model gives: 

 
It will be noted that, in the additive model, all components are in the 
same units as the original variable ( £ in the above example). In the 
multiplicative model, the trend is in the same units as the variable and 
the other three components are just multiplying factors. 
Forecasting linear trends 
There are many ways of forecasting time series variables. To give a 
flavour of extrapolative forecasting we shall concentrate here on just one. 
The method consists of forecasting each component separately, and then 
combining them through one of the models to form a forecast of the 
variable itself. We begin with the trend, initially by assuming the 
simplest case of linear trends. In this case, there is no need for any new 
theory since we can find the trend as a linear regression line. 
Example  
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Times series graph and trend line (Example) 
It will be noted that the twelve quarters for which we have data have 
been numbered from one to twelve, for ease of reference and to facilitate 
the computation of the regression line. It is left as an exercise for you to 
verify that this has equation: 
T = 42.0+ 1.01t 
where T is the assumed linear trend in sales (£’000) and t is the number 
of the quarter (1992, quarter 1: t = 1, and so on). This line has been 
superimposed on the graph in Figure. The process of calculating the 
trend, whether by regression or by moving averages (see later), is often 
described as ‘smoothing the data’. As you can see from the above graph, 
the original ups and downs of the data have been smoothed away. 
Forecasting seasonal components 
Up to now, we have not had to concern ourselves with the choice of 
model. Since the nature of the seasonal component is so different in the 
two models, we now have to make a choice. The multiplicative model is 
usually considered the better, because it ensures that seasonal variations 
are assumed to be a constant proportion of the sales. The additive model, 
in contrast, assumes that the seasonal variations are a constant amount, 
and thus would constitute a diminishing part of, say, an increasing sales 
trend. Because there is generally no reason to believe that seasonality 
does become a less important factor, the multiplicative model is adopted 
more frequently, as demonstrated here. 
The arithmetic involved in computing seasonal components is somewhat 
tedious but essentially simple. Assuming a very simple model in which 
there are no cyclical or residual variations: 

 
The seasonal component, S, is therefore found as the ratio of the actual 
values to the trend, averaged over all available data (so as to use as much 
information as possible). For forecasting purposes, the same degree of 
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seasonality is assumed to continue into the future, and so the historical 
seasonal components are simply projected unaltered into the future.  
Example  

 
We have used arithmetic averaging to find the average seasonal variation 
and to adjust the averages so that our estimated components add to 4. An 
alternative method that is more mathematically ‘correct’ is to use 
geometric means and to adjust the average ratios so they multiply to 1. 
However, in practice it makes virtually no difference and the arithmetic 
mean is easier. 
Producing the final forecast 
We must now consider the final two components of variation. Isolating 
the cyclical component of time series has proved to be a controversial 
area in economics and statistics. There is no consensus on an approach to 
the problem. Also, as we have already mentioned, cyclical variations 
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have little effect in the short term. For these reasons, we shall omit the 
factor C from this first treatment. 
The residual component is by nature unpredictable. The best that we can 
do is to hope that any random fluctuations are small and that no freak 
events occur, so that the factor R has no overall effect. 
For a component to be omitted or to have no effect, it must have the 
value 1 in the multiplicative model, since multiplying anything by 1 
leaves it unchanged. We have thus simplified our model, for the purposes 
of forecasting, to 

 
Example  

 
Seasonal adjustment 
Before proceeding we digress slightly to look at a closely related topic, 
seasonal adjustment. This is important, because we are often presented 
with a single figure for weekly revenue, monthly profit, or whatever, and 
it is difficult to make judgements without some idea of the extent to 
which the figure has been distorted by seasonal factors and consequently 
does not give a good indication of the trend. One approach is to 
deseasonalise or remove the seasonal effects from the figure. In the 
multiplicative model, in which the factor S multiplies with all the other 
components, seasonal adjustment consists of dividing by S. In other 
words, from 

 
Example  

 
Moving average trends 
The above approach is based on an assumption of a linear trend. 
Although this may appear plausible or ‘appropriate’ , there are many 
occasions where such an assumption might not be made. An alternative 



 

112 
 

Business Mathematics 

Notes 

approach that does not depend on linearity, but that also has some 
relative disadvantages discussed later, involves using moving averages as 
the trend. The arithmetic involved in this approach is still voluminous 
but essentially simpler than that of regression analysis, and can just as 
easily be computerised. To illustrate the method, we continue to look at 
the example discussed above. 
Example 

 
Other types of data 
Before moving on, it will be noted that we have centred quarterly data 
here. In order to deal with weekly data, for example, a centred 104-point 
moving average would be needed for the trend (and, incidentally, there 
would be fifty-two seasonal components, one for each week). Monthly 
data would lead to a 24-point moving average trend and twelve seasonal 
components. 
The moving average approach can also be used for trends from annual 
data. If the data has a clear cycle of highs and lows spanning, say, 5 
years, then non-centred five-point moving averages would be used. If 
there is no cyclical pattern the choice is arbitrary, but three or five-point 
moving averages are often used to smooth the data because no centering 
is needed when an odd number of figures are averaged. Cyclical 
components are estimated by averaging Y = T values in the same way as 
seasonal components.  
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Example 

 
Judging the validity of forecasts 
As in the preceding chapter, we now have to consider how valid are 
these and other extrapolative forecasts. First of all, as the name implies, 
they are extrapolations, and so there is the possibility of error, as 
discussed earlier. In particular, you should monitor background 
circumstances to detect any changes that might invalidate the assumption 
that these are constant. 
Further, assumptions made about the trend can be critical. The adoption 
of a linear trend may appear plausible but it is sometimes difficult to 
check its validity. For example, the moving average trend shown in 
Figure 8.3 may indicate that the sales are following a logistic form (see 
Figure 8.1 (b) ), and that the linear regression approach may be 
extrapolating the middle portion of the graph beyond the ‘market 
saturation’ plateau. Each such successive step into the future becomes 
increasingly less reliable. This ‘plateauing out’ is reflected in the 
forecasts of Example. The moving average approach is not without its 
problems either. The method of calculating T meant that there were two 
existing quarters (1994 Q3 and Q4) through which any trend 
extrapolations had to extend before getting into the future. There was no 
guidance as to where the trend line should be extended: it had to be done 
‘by eye’ , using ‘judgement ’ , and so the additional two quarters cast 
further doubt on the reliability of the trend forecasts. 
There are refinements to these basic methods that can remove the 
necessity to make such assumptions or to assert such judgements on the 
trend, and can deal with non constant seasonal components. These are 
beyond the scope of this text. 
The methods of this chapter, and any amendments to them, depend on 
the assumptions that a time series has a certain number of components of 
variation, and that these combine in a certain way ( ‘the model’ ). One 
way of checking on these assumptions is to assess the values of the 
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residuals from past data. To do this, we reintroduce R into our model: 

 
Proceeding in this way, all past values of the residual component can be 
found (you might complete the calculations of these values for practice): 

 
Ideally, the residuals should be having little effect and so should be close 
to 1. All the above values are fairly near to 1, which gives some support 
to the validity of the forecasts. Direct comparisons of the eight quarters 
possible, however, shows that the right-hand column is always closer to 
1 than the left. The moving average approach therefore appears more 
valid, and this, in turn, possibly reflects the fact that the moving averages 
have dealt with a ‘plateauing out’ of sales, whereas the linear regression 
has extrapolated beyond it. Against this must be set the fact that we had 
to ‘guess’ where the moving average trend goes next, whereas it is 
known where a regression line goes. 
Further, if we had more quarterly sales figures we could inspect the R -
values for patterns: as an assumedly random component, there should not 
be any. If, for example, the values gradually moved away from 1, the 
model would be getting progressively less reliable, so casting doubts on 
any forecasts from it. Similarly, if there was a seasonal pattern in R, this 
would cast doubt on the underlying assumption of constant seasonality. 
Finally, you will have noticed that there is a great amount of arithmetic 
involved in producing the forecasts of this chapter. It is therefore highly 
advantageous to use one of the many available computer packages that 
deal with such extrapolative models. 
Computations involving the additive model 
Although it has been stated that the multiplicative model is the more 
often applicable, the additive model may occasionally be used, and so we 
give an example of this latter model. As before, the computation of the 
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trend does not depend on the model chosen, and so any form of trend can 
be applied.  
REVIEW QUESTIONS 
1. The managers of a company have observed recent demand patterns of 

a particular product line in units. The original data, which has been 
partially analysed, is as follows: 

 
You have been commissioned to undertake the following analyses and to 
provide appropriate explanations. (Work to three d.p.) 

I. In the following table, fi nd the missing values of the underlying 
four-quarterly moving average trend. 

 
II. Calculate the seasonally adjusted demand (to three d.p.) for the 

four quarters of 1994 based on the multiplicative model if the 
seasonal factors are as follows: 
Quarter 1 1.045 
Quarter 2 1.343 
Quarter 3 0.765 
Quarter 4 0.847 

III. Which of the following statements about seasonal adjustment 
is/are correct? 
(A) Seasonally adjusted data has had the seasonal variations 
removed from it. Correct/incorrect 
(B) Seasonally adjusted data has had the seasonal variations 
included in it. Correct/incorrect 
(C) Seasonal adjustment is the process by which seasonal 
components are adjusted so that they add to zero. 
Correct/incorrect 
(D) Seasonal adjustment is the process by which estimates of the 
trend can easily be obtained. 
Correct/incorrect 

IV. If the seasonally adjusted values are increasing, which of the 
following would you deduce? 
(A) The trend is upwards. 
(B)The trend is downwards. 
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(C) No deductions about the trend are possible from the information 
given. 

(D) Seasonal variability is increasing. 
(E) Seasonal variability is decreasing. 
(F) No deductions are possible about seasonal variability. 

V. If A denotes the actual value, T the trend and S the seasonal 
component, write down the formula for the seasonally adjusted 
value if an additive model is being used. 

2. You are assisting the management accountant with sales forecasts of 
two brands – Y and Z – for the next three quarters of 1993. Brand Y 
has a steady, increasing trend in sales of 2 per cent a quarter and 
Brand Z a steadily falling trend in sales of 3 per cent a quarter. Both 
brands are subject to the same seasonal variations, as follows:  

 
I. Which of the following statements about the seasonal variations 

is/are correct?  
A. Actual sales are on average 30 per cent below the trend in the 

third quarter. 
B. Actual sales in the fi rst and third quarters are identical on 

average. 
C. Average sales in the second quarter are zero. 
D. Actual sales in the fourth quarter are on average 60 per cent 

above the trend. 
E. Actual sales in the fi rst quarter are 1.3 times the trend. 
F. Actual sales in the fourth quarter are 1.6 times the trend. 

II. Seasonally adjust the sales fi gures for 1993 Q1, giving your 
answers to one d.p. 

III. Forecast the trend for brand Y for 1993 Q4, giving your answer 
to one d.p. 

IV. If the trend forecast in 3.3 was 370, forecast the actual sales of 
brand Y for 1993 Q4, giving your answer to the nearest whole 
number. 

V. Forecast the trend for brand Z for 1993 Q3, giving your answer to 
one d.p. 

VI. If the trend forecast in 3.5 was 770, forecast the actual sales of 
brand Z for 1993 Q3, giving your answer to the nearest whole 
number. 

VII. Which of the following are assumptions on the basis of which 
time series forecasts are made? 

A. That there will be no seasonal variation. 
B. That the trend will not go up or down. 
C. That there will be no change in the existing seasonal pattern of 

variability. 
D. That the model being used fi ts the data. 
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E. That there will be no unforeseen events. 
3. The quarterly sales of a product are monitored by a multiplicative 

time series model. The trend in sales is described by 
Y =100 + 5X 
where Y denotes sales volume and X denotes the quarterly time period. 
The trend in sales for the most recent quarter (fi rst quarter 1991, when X 
= 20) was 200 units. The average seasonal variations for the product are 
as follows 

 
The price of a unit was £ 1,000 during the fi rst quarter of 1991. This 
price is revised every quarter to allow for infl ation, which is running at 2 
per cent a quarter. 

I. Forecast the trend in the number of units sold for the remaining 
three quarters of 1991. 

II. Forecast the actual number of units sold (to the nearest whole 
number) for the remaining three quarters of 1991. 

III. Forecast the price per unit for the remaining quarters of 1991, 
giving your answers correct to two d.p. 

IV. If the prior forecasts were as follows, forecast the sales revenue 
for the remaining quarters of 1991, giving your answers to the 
nearest £. 
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INTRODUCTION 
Most people have some intuitive conception of uncertainty or chance, as 
the following typical statements illustrate: 
● ‘On past evidence, there seems to be a 50/50 chance of this project 
succeeding.’  
● ‘I reckon that, if we stay on this course, we will have only a one in ten 
chance of making a profit next year.’ 
● ‘The consultants’ report says that our project launch has a 60 per cent 
chance of success.’ Each of the above sentences contains a term 
attempting to quantify the degree of uncertainty in a business situation. 
In this chapter we introduce the formal study of such quantify action, or 
probability, initially looking at several different approaches to the 
subject. More detail of uncertainty and risk is given in Section 9.14. 
Definitions of probability 
Probability is a branch of mathematics that calculates the likelihood of a 
given event occurring, and is often expressed as a number between 0 and 
1. It can also be expressed as a proportion or as a percentage. If an event 
has a probability of 1 it can be considered a certainty: for example, the 
probability of spinning a coin resulting in either ‘heads’ or ‘tails’ is 1, 
because, assuming the coin lands flat, there are no other options. So, if an 
event has a probability of 0.5 it can be considered to have equal odds of 
occurring or not occurring: for example, the probability of spinning a 
coin resulting in ‘heads’ is 0.5, because the spin is equally likely to result 
in ‘tails.’ An event with a probability of 0 can be considered an 
impossibility: for example, the probability that the coin will land flat 
without either side facing up is 0, because either ‘heads’ or ‘tails’ must 
be facing up. In real life, very few events are ever given a probability of 
zero as there is always an unknown element in human affairs. As 
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mentioned above one way of viewing/understanding a probability is as a 
proportion, as the following simple example will illustrate. 
Example 

 

 
Note that this answer agrees with the intuitive statements you might 
make about this situation, such as ‘the chances are one in three’ . In 
situations like this, where it is possible to compile a complete list of all 
the equally likely outcomes, we can define the probability of an event, 
denoted P (event), in a way that agrees with the above intuitive approach: 

 
This is known as exact probability because it involves having a complete 
list of all possible outcomes and counting the exact number that 
constitute the event. This definition, however, is not always practical for 
business purposes, as you can rarely state all the possible outcomes. To 
illustrate this, and to demonstrate a way of overcoming the problem, we 
consider the following. 
Example  

 
We make two comments before moving on. First of all, since we are 
defining probabilities as proportions, probabilities will lie in the range 0–
1, with 0 denoting an impossibility and 1 denoting a certainty. Second, 
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there are many practical instances in which a suitable sample is 
unavailable, so an empirical probability cannot be found. In such cases a 
subjective probability could be estimated, based on judgement and 
experience. Although such estimates are not entirely reliable, they can 
occasionally be useful, as we shall see later. The second quotation in the 
Introduction to this chapter is an example of the use of judgement to 
estimate a subjective probability. 
Addition rules of probability 
In principle, it is possible to find any probability by the methods 
discussed above. In practice, however, there are many complex cases that 
can be simplified by using the so-called rules of probability. We shall 
develop these via examples. 
Example  
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The probability of opposites 
In the example we have been using, a person is either qualified or not 
qualified, with probabilities 79/111 and 32/111, respectively. Not 
surprisingly, P (Qualified) = P (Unqualified) = 111/111 = 1. It is certain 
that a person is either qualified or unqualified and 1 is the probability of 
certainty. In general: 
1. If events A and B are mutually exclusive and together cover all 
possibilities then P (A) = P (B) = 1. This holds true for any number of 
such events. 
2. P (A is not true) = 1 = P (A is true). This is in practice a remarkably 
useful rule. It often happens that it is easier to calculate the probability of 
the very opposite of the event you are interested in. It is certainly always 
worth thinking about if you are not sure how to proceed. 
The multiplication rules of probability 
Example  

 

 
We now give two more worked examples to illustrate further the 
application of the above rules. They also serve to demonstrate typical 
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applications of probability in finance and accountancy. The first is in the 
area of life assurance. 
Before leaving this example, we point out two simplifications (and 
therefore two assumptions) we have made. The probabilities quoted in 
the question (0.69 and 0.51) are empirical, arising from the histories of 
many people in the past. To apply these values to the couple in the 
question required the assumption that the people are ‘typical’ of the 
sample from which the basic probabilities came. If, for example, either 
spouse had a dangerous occupation, this assumption would be invalid: in 
practice, actuaries would have data, and therefore empirical probabilities, 
to deal with such ‘untypical’ people. 
Second, we have had to make the assumption that the life expectations of 
spouses are independent, which is probably not true. 
It should be emphasised that these estimates are valid only if the test 
results are representative of the actual product performance and if this 
product does resemble the previous ‘similar items’ regarding return rates 
of faulty product (100 per cent) and faulty packaging (50 per cent). 
Discrete probability distributions; expectations 
We use the word discrete here in the same sense as in Chapter 3, namely 
to describe a variable that can assume only certain values, regardless of 
the level of precision to which it is measured. For example, the number 
of errors made on an invoice is a discrete variable as it can be only 0 or 1 
or 2 or . . . and never 2.3, for example. 
A discrete probability distribution is similar to a discrete frequency 
distribution (see Chapter 3) in that it consists of a list of all the values the 
variable can have (in the case of exact probabilities) or has had (in the 
case of empirical probabilities), together with the appropriate 
corresponding probabilities. A simple example will illustrate. 
Example  
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Before looking at an important application, there is a special case of 
expected values worth mentioning. In the example above, on how many 
weeks would you expect there to be no sales during a trading period (4 
weeks) and during a trading year (50 weeks)? The intuitive answers to 
these questions are that, since the probability of no sales in any one week 
is 0.08, we should ‘expect’: 
in 4 weeks, no sales to occur in 4 = 0.08 = 0.32 weeks and in 50 weeks, 
no sales to occur in 50 = 0.08 = 4 weeks. 
In fact, to fit in with these intuitive ideas, we extend the definition of 
expectation. If there are n independent repeats of a circumstance, and the 
constant probability of a certain outcome is P, then the expected number 
of times the outcome will arise in the n repeats is nP. In the above, when 
we have n = 4 weeks, our (assumedly independent) repeated 
circumstances, and the constant probability P = 0.08 (outcome of no 
sales in a week), then the expected value is: 
nP = 4x0.08= 0.32 as intuition told us. 
Example 

 
Expectation and decision-making 
Many business situations require a choice between numerous courses of 
action whose results are uncertain. Clearly, the decision-maker’s 
experience and judgement are important in making ‘good’ choices in 
such instances. The question does arise, however, as to whether there are 
objective aids to decision-making that, if not entirely replacing personal 
judgement, can at least assist it. In this section, we look at one such 
possible aid in the area of financial decision-making. 
In order to introduce a degree of objectivity, we begin by seeking a 
criterion for classing one option as ‘better’ than another. One commonly 
accepted criterion is to choose the option that gives the highest expected 
financial return. This is called the expected value (EV) criterion. 



 

124 
 

Business Mathematics 

Notes 

Example 

 
Limitations of this approach 
We are not advocating that the above approach is ideal: merely an aid to 
decision-making. Indeed, many texts that develop so-called decision 
theory further address at some length the limitations we shall discuss 
here. Suffice it to say, at this point, that attempts to overcome these 
problems meet with varying degrees of success, and so it is 
inconceivable that an ‘objective’ approach can ever replace the human 
decision-maker. 
Another limitation that this approach shares with most other attempts to 
model reality is that the outcomes and probabilities need to be estimated. 
In Example 9.8.1 all the profits and losses are estimates, as are the 
probabilities attached to them. The subsequent analysis can never be 
more reliable than the estimations upon which it is based. There is also 
often a considerable degree of simplification with very limited discrete 
probability distributions being used when more complex ones or perhaps 
continuous distributions might be more appropriate. In Example 9.8.2 it 
is quite unbelievable that when times are good sales are exactly 50,000 – 
common sense tells us that they must be more variable than that. The 
probabilities in Examples 9.7.1, 9.7.2 and 9.7.3 are empirical, arising 
from past experience, and so have some degree of reliability unless 
demand patterns change dramatically.  
In other cases (see the second quotation in Section 9.2), only subjective 
estimates of probabilities may be available, and their reliability may be 
open to question. There is therefore a doubt over this approach when 
subjective probabilities are used. Example 9.8.3 has another feature that 
will tend to lend some validity to this decision-making approach. It is a 
repeated decision, made every day. The expected values therefore have a 
commercial meaning: they are long-term average profits. Thus, if the 
store holder orders two units per day, she/he will average £ 16 per day 
profit. As this is higher than the average profits attainable from any other 
choice, this is a valid and sensible decision. In many cases, however, 
individuals or companies are faced with one-off decisions. An analysis of 
expected values would give the best average profits over a long run of 
many repeats of the decision, a circumstance that does not obtain in a 
one-off situation. One must question the use of the EV criterion in the 
latter case. 
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Finally, the comment made at the end of Example 9.8.1 demonstrates a 
serious deficiency in this approach: it takes no account of the decision-
makers’ attitude to risk. In the example, option B offered the lowest EV 
but also the least element of risk, and so an analysis of expected values 
does not give the whole picture. Particularly with one-off decisions, it 
can only give a guide to decision-makers. 
Even with objective testing it is still important to be aware of the 
limitations of methods. The failure to take account of risk is a key 
criticism of this approach. 
Characteristics of the distribution normal  
In Section, the idea of a discrete probability distribution was introduced. 
The normal distribution is a continuous probability distribution. The 
values of probabilities relating to a normal distribution come from a 
normal distribution curve, in which probabilities are represented by 
areas: (Figure). An immediate consequence of probabilities being 
equated to areas is that the total area under the normal curve is equal to 1.  

 
As Figure illustrates, there are many examples of the normal distribution. 
Any one is completely defined by its mean ( μ ) and its standard 
deviation ( σ ). The curve is bell shaped and symmetric about its mean, 
and, although the probability of a normal variable taking a value far 
away from the mean is small, it is never quite zero. The examples in the 
figure also demonstrate the role of the mean and standard deviation. As 
before, the mean determines the general position or location of the 
variable, whereas the standard deviation determines how spread the 
variable is around its mean. 
Use of the tables of normal distribution 
The preceding section describes the normal distribution but is 
insufficient to enable us to calculate probabilities based upon it, even 
though we know that the total area under the curve is one. To evaluate 
normal probabilities, we must use tables such as those given in your 
exam. These tables convert normal distributions with different means 
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and standard deviations to a standard normal distribution, which has a 
mean of 0 a standard deviation of 1 
This special distribution is denoted by the variable z . Any other normal 
distribution denoted x , with mean μ and standard deviation σ can be 
converted to the standard one (or standardised) by the following formula: 

 
Example  
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Venn diagrams 
Venn diagrams were first developed in the 19th century by John Venn. 
They are a graphic device useful for illustrating the relationships 
between different elements or objects in a set. A Venn diagram is a 
picture that is used to illustrate intersections, unions and other operations 
on sets. Venn diagrams belong to a branch of mathematics called set 
theory. They are sometimes used to enable people to organise thoughts 
prior to a variety of activities. Using Venn diagrams enables students to 
organise similarities and differences in a visual way. A set of elements is 
a group which has something in common. Such a group could be all the 
children in a school. Such a Venn diagram is shown in Figure 9.6 .  
A second Venn diagram ( Figure 9.7 ) shows all the boys and the girls at 
the school.  

 
A third Venn diagrame could be the children who play for the village 
football team. So, if we want to represent the children in a village school 
who also play football for the village team we would draw the following 
Venn diagram. Then the area of intersection between the two ellipses is a 
pictorial representation of the children from the Village School who are 
in the Village football team. 



 

128 
 

Business Mathematics 

Notes 

 
Using Venn diagrams to assist with probability 
Venn diagrams can be a useful way of understanding calculations of 
probability. This will be explained through the use of an example. 
Example  

 
Uncertainty and risk 
This section gives some background to the concepts of uncertainty and 
risk, and in particular, how probability can be used as a measure of risk. 
Although uncertainty and risk are connected concepts, they are 
sufficiently different to require separate explanations. Whilst a detailed 
understanding of uncertainty and risk is not required for your exam, it is 
useful to have an appreciation of these terms, and also the practical role 
that probability plays when assessing risks. 
The terms uncertainty and risk are used in different ways by different 
commentators, researchers and professional practitioners in the business 
world, and it is useful to start with a discussion of what these words or 
terms mean. 
Starting with risks, every business is said to face a series of risks, and as 
a result of these risks it is difficult to be able to say how the business will 
actually perform. These risks have a number of different origins or 
drivers and can include risks relating to marketing, production, 
technology, personnel, information systems and financial. (Note that this 
is not intended to be an exhaustive list of the sources of business risk.) 
For example, the marketing risks which a business faces may include the 
chance that the product which they are selling going out of fashion. It 
may include the chance that a large and powerful competitor may enter 
the market and take traditional customers away. 
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Another risk might be that due to a recession and the corresponding 
reduction in buying power, clients, and as a result sales decline. There 
may also be the risk of new government legislation being aimed at 
market controls which make the product too expensive for its traditional 
customers. Thus, from these examples, it may be seen that a risk can be a 
threat o the business. 
If we considered production risks, there would be a similar list of issues, 
which may, for example, include the risk of a disruption in the supply of 
raw materials, or the risk of substantial price increases in essential 
services such as electricity and gas costs. Another risk could be that new 
legislation might require a much more costly regime of waste disposal in 
order to protect the environment. 
It is not difficult to list similar types of risks for technology, personnel 
and information aspects of the business and the reader may do that for 
himself/herself. The category of risks referred to as financial risks are 
sometimes perceived to be different. Financial risks include the 
availability of credit, the cost of borrowing, the value (price) of the 
business’ shares if they are quoted on the stock market. The issues which 
are discussed under this heading are often thought to be more volatile 
than those under the other more general business risks. But financial 
risks pose essentially the same sort of problems as other risks. 
It is important for every organisation to be aware of the risks which it 
faces and there are no organisations which do not have a set of business 
and financial risks which directly affect them. Businesses need to assess 
the risks which they face and to take appropriate action. The assessment 
of risk is not a trivial matter and it requires considerable skill. The first 
step is to list all the possible risks, preferable by the major activities and 
functions of the business. Once this list is complete then an assessment 
needs to be made to estimate the likelihood of the risk occurring, as well 
as the amount of damage which the business could sustain if the risk 
materialises. The likelihood of the risk occurring is normally expressed 
on a scale from 0 (zero) to 1 where 0 means the risk will not actually 
occur and 1 means the risk will certainly occur1. You will recognise this 
as the description of probability, which was introduced in Section 9.2. 
Thus, a score of 0.50 suggest that there is a 50% chance that the risk will 
occur. However, there is no rigorous way of assessing the likelihood of a 
risk. It is simply a question of management judgement. 
With regard to the question of how much damage a risk could do to the 
business, it is possible to make a more detailed and objective assessment 
of this and the use of financial estimates play a large role in this activity. 
Once these numbers have been estimated then they may be used to 
calculate the expected value of a given risk. The expected value (EV) of 
a risk is the product of the chance (probability) of it happening 
multiplied by the size of the damage it will do to the organisation if the 
risk occurs. The expected value combines the probability and the damage 
of the result of the risk to give a figure which represents the relative 
importance of the risk to the business. 
The calculation of expected value is for each item in the list of marketing 
risks is shown in Figure. Note that the expected value of the individual 
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risks may be summed to give a total expected value of the risks 
emanating out of the marketing activity of the business. 
The zero and 1 positions are theoretically limits on a spectrum. If the 
possible threat is rated at 0 then it need not be included in risk analysis as 
it will not occur. If the possible threat is rated at 1 then it need not be 
included in risk analysis as it has either occurred or will certainly occur 
and therefore there is not the element of chance which is inherent in the 
definition of risk. 
Marketing risks 

 
From Figure it may be seen that the most damaging risk which the 
business faces is the possibility of the entry of big competitor. If this 
occurs then the loss to the business is expected to be £375,000. The 
second greatest risk is the possibility that the product could go out of 
fashion. If this occurs then the loss to the business is expected to be 
£360,000. The size of the other risks may be read from Figure 9.13. 
In a similar way, analyses may be undertaken for other risks; production, 
technology, personnel, information systems and financial. There are two 
courses of action which management may take in the face of these risks. 
The first is to initiate risk avoidance measures, and the second is to 
establish a programme which will mitigate the impact of the risk if it 
should occur. However, a detailed discussion 
of this is beyond the scope of this book. The technique described above 
whereby the expected values are calculated, may also be applied to other 
business calculations in which it is appropriate to include risk 
assessments. There are two major approaches to this. Both approaches 
call for the use of a range of estimates of the projected values of cost and 
benefits for the production of budgets. These techniques are frequently 
used in capital investment appraisal or assessment. By using the 
maximum estimated and the minimum estimated values, a range of 
possible outcomes for the investment are calculated. The results of these 
calculations which will be a range of values themselves will show the 
result of the investment if the impact of the risks are minimal i.e. few of 
the threats materialise, and also the result of the investment if the impact 
of the risks are large i.e. most of the threats materialise. Management 
judgement is then required to decide which of these scenarios is the most 
plausible. There are sophisticated variations of this approach which use a 
technique known as Monte Carlo simulation, although this is beyond the 
scope of this book. 
Before concluding this section it is appropriate to more comprehensively 
define risk in broad terms. The risk of a project is the inherent propensity 
of the estimates concerning the cost, time or benefits for the project not 
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to be achieved in practice, due to foreseeable and unforeseeable 
circumstances. 
Although risk is often spoken of in a negative context i.e. the project will 
cost more than budgeted for, or take longer than originally believed, it is 
obviously the case that FUNDAMENTALS OF BUSINESS MATHEMATICS 375 
PROBABILITY sometimes projects are completed below budget and before 
their deadlines. Thus risk may enhance the potential of a project as well 
as detract from it. It is clear that risk is based on the fact that the future is 
always unknowable or uncertain in the sense that we are unable to be 
sure of anything before it happens. With regard to the concept of 
uncertainty when it is not possible to make any estimate of the 
probability or the impact of a future event or threat we do refer to its risk 
– rather we refer to uncertainty. For example, we cannot state with any 
degree of confidence about the risk that any large banks will become 
insolvent. This is because we have neither a way of estimating the 
chance nor a probability of that happening (nor the ability of estimating 
the impact that such an event would have on our society). However, we 
can safely say is that at present, the future of banks is uncertain. 
Thus uncertainty may be thought of as a sort of risk about which nothing 
may be estimated. While risk is a concept which is used extensively by 
business and management practitioners, the concept of uncertainty is 
employed by economists when they are referring more generally about 
business affairs in the economy. 
REVIEW QUESTIONS 

1. Define probability. Describe Addition rules of probability? 
2. Describe the process of probability of opposites. What is the 

multiplication rule of probability? 
3. Describe discrete probability and distributions. What are the 

limitations of this approach? 
4. What are the Characteristics of the distribution normal? 
5. Describe Venn diagrams. Discuss the use of Venn diagrams to 

assist with probability. 
6. Write a short note on marketing risks. 

FURTHER READINGS 
1. Business Mathematics and Statistics- Andy Francis 
2. Agarwal B.M. 
3. Introduction to Business Mathematics- R. S. Soni 
4. Business Mathematics : Theory & Applications- Jk. Sharma 
5. Business Mathematics- Trivedi Kashyap 
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INTRODUCTION 
Introduction 
A spreadsheet is a multipurpose piece of software which may be used for 
calculations, drawing graphs or handling data in a way similar to a 
database program. All these functions are available in most spreadsheets 
at both an elementary level and a highly sophisticated level. In a 
spreadsheet like Excel, complex problems may be handled by using 
macros. A spreadsheet may also be described as a computer program that 
allows data to be entered and formulae to be created in a tabular format. 
It was designed to mimic a large paper-based worksheet with many rows 
and columns. Spreadsheet information is stored in cells and the power of 
this technology lies in the way each cells can store numerical or 
alphabetical data or a formula for operating on other cells. A cell can also 
hold references to other spreadsheets or objects (such as graphics). 
The first spreadsheet program was called VisiCalc (standing for Visible 
Calculator). The program was created by two American Computer 
Science researchers called Dan Bricklin and Bob Frankston and was first 
released through Software Arts in 1979. It was in 1982 that the next 
improvement in spreadsheet technology came about with the release of 
Lotus 1-2-3. A much faster running program and increased functionality 
helped Lotus 1-2-3 to become the market leader – a place it kept until 
1989 when Excel arrived as part of Microsoft’s Office suite of programs 
to run on its Windows operating system. Although Lotus produced a 
Windows version of 1-2-3, it did not stand up against the popularity of 
the Office suite and thus Excel has become the de facto spreadsheet in 
use today. 
For any readers using an alternative, the basic functionality of most 
spreadsheets is pretty similar and the exercises and examples used in this 
book can still largely be followed. In your exam, it is important that you 
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input your answer exactly how you would enter it into Excel, for 
example, including the leading = sign. It is, of course, possible to enter 
alternative, but equivalent correct formulae; the assessment software will 
handle this. 
Spreadsheet terminology 
It is worth clarifying the different application areas within the 
spreadsheet. 
Workbooks and Worksheets 
An Excel file is referred to as a workbook. A workbook can consist of a 
single worksheet or can be a combination of multiple worksheets, charts, 
databases etc. An Excel file is saved on disk with a .xls file extension. 
Cells 
A worksheet is described by column letters and row numbers and each 
row/column coordinate is referred to as a cell. In Excel there are 256 
columns labelled A through IV and 65,536 rows. This in theory provides 
16,777,216 cells into which information can be placed! In actual fact the 
number of cells that can really be used is restricted by the specification 
of the computer and the complexity of the data and formulae being 
worked on. 
Note on macros and application development 
It is possible in Excel to record a series of keystrokes and/or mouse 
clicks which can be stored in a macro. The macro can then be run 
whenever that series of keystrokes and/or mouse clicks is required. For 
example, to print a specific area of a spreadsheet, or to save a file with a 
particular name. In addition to recordable macros, Excel has a powerful 
computer language called Visual Basic for Applications (VBA). With 
VBA it is possible to program the spreadsheet to perform in very 
individualistic ways. 
The development and use of macros requires a substantial understanding 
of the spreadsheet and is thus beyond the scope of this book. 
Getting started with Excel 
When the Excel program is launched a blank spreadsheet is displayed. 
Figure shows what this looks like and highlights some of the main 
features of the system. 
Note: This figure assumes that Excel has not been customised in any 
way. If your system has been installed with customised toolbars the 
screen may not look the same. It would be preferable to re-install Excel 
without customisation for the purposes of working with this book. 
Workbooks of files 
When Excel is loaded a new, blank workbook is displayed as shown in 
Figure. This workbook is called BOOK1 and consists of a number of 
blank worksheets. Each worksheet is labelled on a tab at the bottom of 
the workbook. You will be able to customise the name of these 
worksheets as you use them, but at this stage they are labelled Sheet 1, 
Sheet 2 etc. Sheets can be moved or copied between workbooks, and you 
can reorganise sheets within a workbook. In addition you can have 
several workbooks open at the same time, each in its own window. 
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Worksheets 
Most of the work you do will use worksheets. As you can see in Figure 
10.1 a worksheet is a grid of rows and columns, forming a series of cells. 
Each cell has a unique address. For example, the cell where column C 
and row 8 intersect is referred to as cell c8. You use cell references when 
you create formulae or reference cells in command instructions. The 
active cell is the one into which data will be placed when you start 
typing. You can determine the active cell by the bold border it has 
around it. When you open a new workbook this will be cell a1 on Sheet1. 
To change the active cell you can either use the directional arrow keys on 
the keyboard to move one cell at a time to the left, right, up or down, or 
you can use the mouse to move the pointer into the required cell and then 
click once on the left mouse button.  
Scroll bars 
To the right and the bottom right of the screen there are scroll bars which 
allow you to scroll up and down and left and right around the active 
window. Click on the down arrow in the vertical scroll bar which will 
scroll the worksheet down by one row. 
Status bar 
At the bottom of the screen are the horizontal scroll bar and the status bar 
which display information about the current document or the task you are 
working on. The exact information displayed will vary according to what 
you are doing. When you open a new workbook there are indicators to 
the right of the status bar that are highlighted if the caps lock key, num 
lock key or scroll lock key is activated. 
Toolbars 
As in all Windows applications the toolbars allow quick access to 
commonly used commands. On starting Excel the Standard and 
Formatting toolbars are displayed. Move the pointer over one of the 
toolbar buttons and notice the name is displayed in a small box below the 
selected button. This is called a ToolTip. A brief description of what the 
button does is displayed. 
Good spreadsheet design 
Whether a spreadsheet is being developed for specific business 
mathematical calculations or as a forecasting plan, a profit and loss 
account or a marketing plan it is essential that duecare and attention be 
given to its design and structure. Establishing some rules as to how all 
the spreadsheets in a department or organisation are developed enables 
different people to look at different plans and feel familiar with the 
layout, style, reports, charts, etc. This is in much the same way as users 
feel familiar with software applications that have a similar interface such 
as those in the Microsoft Office suite of products. 
The objectives of good design in spreadsheet terms are exactly the same 
as those required for any other software development: 
1. to ensure that the spreadsheet is as error free as possible; 
2. to ensure that the spreadsheet can be used without much training or 
control; 
3. to minimise the work required to enhance or change the spreadsheet. 
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If care is taken to ensure sound structure and good design a spreadsheet 
will be straightforward to develop, easy to read, simple to use, not 
difficult to change and will produce the required results. 
The plan developed over a number of stages in this chapter illustrates a 
variety of aspects of the principles of spreadsheet design and 
development. The series begins with a plan that has had little or no 
thought put into its design and layout and as the chapter proceeds ways 
of improving and enhancing the plan are identified and explained.  
Getting started 
The spreadsheet in Figure is a simple profit projection that may be of use 
to the author, but is unlikely to be helpful to anyone else. This is clearly a 
quick one-off plan which has been prepared with very little care and 
which may well not even be saved on the disk.  
Problems with this spreadsheet 
The immediately obvious problems with this spreadsheet are that it has 
no title, it is not clear what the columns represent, i.e. are they different 
periods or perhaps different products, and the author is unknown. 
With regards the data itself, the figures are hard to read as there are 
varying numbers of decimal places. Whilst perhaps there has been a 
growth in sales and price, the percentage has not been indicated. The 
costs line could be misleading as no indication of where the costs have 
been derived is supplied. 
Positive aspects of this spreadsheet 
If the author of the spreadsheet required a quick profit estimation based 
on known data and growth rates for sales units, price and costs then the 
spreadsheet has supplied that information quickly and in a more concise 
form than would have been achievable using a calculator and recording 
the results on paper. 
Ownership and version 
In Figure the three major shortfalls of the first spreadsheet have been 
remedied. The plan has also been given a title and author details have 
been included. It is important that every business plan have a clear owner 
who is responsible for overseeing the accuracy and maintenance of the 
system. A name plus some form of contact details should always be 
included. 
Problems with this spreadsheet 
The construction of the data and results is still unclear and the lack of 
formatting makes the figures hard to read. The costs remain grouped 
together. 
Positive aspects of this spreadsheet 
In addition to the owner details having been added to the plan, the date 
when the plan was written is a useful feature. The date becomes 
particularly important when the question of spreadsheet versions arise. 
Note that the date has been entered here as text. If a date function had 
been used it would be continually updated each time the file is retrieved, 
whereas here it is the date of the last update that is required. The ruling 
lines above and below specific sections of the spreadsheet are also quite 
helpful. This can be quickly achieved using the automatic formatting 
features. These are accessed via the Format Auto format command.  



 

136 
 

Business Mathematics 

Notes 

Formatting 
In Figure the data for the four quarters is totalled and reported as an 
annual figure. The values in the plan have also been formatted with the 
majority of figures being formatted to zero decimal places and the price 
line to two decimal places. One of the automatic formatting options has 
been selected to shade and outline the plan. 
Problems with this spreadsheet 
By looking at the plan in Figure it can be seen that the sales and the costs 
both increase over time. However it is not clear by how much because 
the sales growth factor and the increase in costs have been incorporated 
into the formulae as absolute references. The inclusion of absolute values 
in formulae is not recommended and can lead to GIGO. To change the 
sales growth factor in Figure two processes are required. First, cell c5 is 
accessed and the edit key pressed. The growth factor is changed and 
enter is pressed. This has changed the formula in this one cell, but only 
once the formula has been extrapolated across into cells d5 and d6 is the 
amendment complete. It is not difficult to see that there is room for error 
here in a number of different ways. 
Positive aspects of this spreadsheet 
Having a current date and time indicator displayed on the spreadsheet 
ensures that a hard copy report will reflect the date, and perhaps more 
importantly the time it was printed. This is achieved through the now( ) 
function, which can be formatted with a range of different display 
options. Because it is likely that a spreadsheet will be recalculated, even 
if it is set to manual calculation, before printing, the date and time will 
always be up to date. It is of course possible to include the date and time 
in headers and footers, but during the development phase of a system the 
page layout is less relevant than printing the section being worked on and 
so thought should be given to the positioning of the now function. The 
cells in this plan have now been formatted, which makes the data easier 
to read. When formatting a spreadsheet it is important to consider the 
entire plan and not just the cells that are currently being worked on. The 
entire spreadsheet should be formatted to the degree of accuracy required 
for the majority of the plan then those cells that need to be different, such 
as percentages, can be reformatted accordingly. This is quickly achieved 
by right clicking on the top left corner of the spreadsheet at the 
intersection between the column letters and row numbers and then select 
format cells. Whatever formatting is now applied will affect the entire 
worksheet. 
It is important to understand that formatting cells only changes the 
display and does not affect the results of calculations that are still 
performed to the full degree of accuracy, which is usually 16 significant 
decimal places. This is why a cell containing the sum of a range of cells 
might display an answer that does not agree with the result of visually 
adding the values in the range. 
The only safe way to ensure that the results of a calculation are actually 
rounded to a given number of decimal places the round function is 
required. Figure shows two tables representing the same extract from a 
profit and loss account. In both cases all the cells have been formatted to 
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zero decimal places, but in Table B the round function has been 
incorporated in the formulae for cells f15 through f20. The formula 
entered into cell f15, which can then be copied for the other line items is: 
= round(sum(b15:e15),0) The effect of the round function can be seen in 
cell f20. By visually adding up the numbers in the range f15 through f19 
the result is 78111 whereas the formatting of these cells without the use 
of the round function in Table A returns a value of 78112 in cell f20. 
Having applied the round function to a cell any future reference made to 
that cell will use the rounded value. 
Excel does offer an alternative to the round function in the Precision as 
displayed option within tools: options: calculation. This command 
assumes that calculations will be performed to the level of accuracy 
currently displayed. The danger of using this command is that when data 
is changed or added to the spreadsheet the command is no longer valid 
and it is then necessary to repeat the command to update the spreadsheet 
– this is another invitation to gigo. 
Documentation 
Spreadsheet developers are notoriously bad at supplying documentation 
and other supporting information about the plan. There are a number of 
features offered by Excel to assist in the documenting of plans including 
the insert comment command. Figure 10.6 shows a comment being 
entered onto a plan – notice how the user name of the comment author is 
included. This is useful when a team of people are working on a system. 
The presence of a comment is indicated by a small red triangle on the 
cell – to read the comment move the cursor over the cell and it will 
automatically be displayed. A word of caution concerning the use of 
comment boxes – they take up a considerable amount of space and if 
used widely they can make a noticeable difference to the size of a file. 
To clear all the comments use the edit clear comments command. 
The provision of a hard copy report showing the logic used to create a 
plan is also helpful as this is the ultimate reference point if a formula has 
been overwritten and needs to be reconstructed. 
In Excel there is a shortcut key to display the formulae which is ctrl = 
(accent grave). Alternatively this can be achieved through the tools 
options view command and then check the Formulas box. 
In addition to providing documentation for a spreadsheet system, looking 
at the contents of the cells as opposed to the results can also be a helpful 
auditing tool. For example, Figure 10.7 highlights the fact that there are 
still values embedded in formulae which is not good practice and is 
addressed in the next version of the plan. A third form of documentation 
which can be particularly useful for large systems is the ‘sentence at the 
end of the row’ technique. Requiring less file space than comment boxes, 
and always on view it can be useful to have a brief description of the 
activity taking place in each row of a plan. 
Minimising absolute values 
One of the reasons that spreadsheets have become such an integral part 
of the way we do business is the fact that they facilitate quick, easy and 
inexpensive what-if analysis. What-if analysis may be defined as the 
process of investigating the effect of changes to assumptions on the 
objective function of a business plan. Performing what-if analysis on the 
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opening sales assumption or the opening price assumption is quite 
straightforward, involving placing the cursor on the figure and entering 
the new value. On pressing enter the spreadsheet is re-evaluated and all 
cells which refer to the changed values, either directly or indirectly are 
updated. The success of performing even the simplest what-if analysis is 
dependent on the spreadsheet having been developed with the correct 
series of relationships. For example, changing the opening sales value in 
Figure 10.8 would automatically cause the other quarter sales values to 
recalculate, as well as the revenue, costs and profit lines, because they 
relate, through the cell references in the formulae, either directly or 
indirectly to the sales value in cell b5. 
However, as already mentioned this plan incorporates absolute values in 
the formulae for sales and costs growth. Furthermore, the price is a fixed 
value and has been entered once into cell b6 and the value has then been 
copied into the other periods. This presents problems when what-if 
analysis is required on any of these factors.  
Problems with this spreadsheet 
Because no growth in the price is required the opening value of 12.55 
has been copied for the four quarters. Whilst this is fine all the time a 
price of 12.55 is required, it presents a problem when the price requires 
changing. With this spreadsheet it would be necessary to overwrite the 
price in the first quarter and then copy the new value for the remaining 
three quarters. The same applies if the sales growth or the cost factors 
required changing. To prevent these problems arising, a different 
approach to the development of the plan needs to be taken. 
In the first instance all growth and cost factors should be represented in a 
separate area of the spreadsheet – even on a different sheet altogether in 
the case of a large system with a lot of input. The factors can then be 
referenced from within the plan as and when they are required. Figure 
10.9 shows the adapted layout for this plan after extracting the sales 
growth and costs factors. 
Having the growth and cost factors in separate cells means that the 
formulae need to be changed to pick up this information. Figure 10.10 
shows the amended formulae for this plan. Note that the references to 
cells d15,d16 and d17 are fixed references. This is achieved by placing 
the $ symbol before the column letter and row number, i.e. $ d $ 15, and 
means that when the formula is copied the reference to cell d15 remains 
fixed. A shortcut key to add the $ symbols to a cell reference is f4. 
In this plan an option in the growth factors has been included for the 
price, despite the fact that in this plan the price does not change. It is 
important to always think ahead when developing any plan and although 
the price does not currently change, it might be necessary to include a 
percentage increase in the future. Having the facility for change built-in 
to the plan could save time later – and for the time being the growth 
factor is simply set to zero. 
Removing the growth and cost factors from the main body of a business 
plan is the first step in developing a data input form which will 
ultimately separate all the input data from the actual logic of the 
spreadsheet. This separation of the data allows the logic cells to be 
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protected from accidental damage. This is discussed further in the 
Template section of this chapter. 
Control checks for auditing  
As already mentioned, spreadsheet users are not inherently good at 
auditing plans as thoroughly 
as perhaps they should, and therefore an important aspect of spreadsheet 
design is to build into the system checks on the arithmetical accuracy 
that will raise the alarm if things begin to go wrong. This might include 
validating input data through the use of an if function, or performing a 
cross-check on a calculation. 
When creating calculation checks the first step is to select a number of 
key items from the model, whose result can be calculated using a 
different arithmetic reference. A separate sheet can be allocated for data 
validation and arithmetic checks. For example, in Figure 10.11 below the 
Year End Gross Profit has been calculated by referencing the individual 
total values in column f and then by totalling the values in the Gross 
Profit row. An if function is then applied to compare the two results and 
if they are not the same the word ‘error’ is displayed in cell d8. 
The formulae required in cells d6 and d7, which calculate the year-end 
gross profit from the plan illustrated in Figure 
Charts 
It is useful to support the information supplied in business plans with 
charts. In the profit and loss account used in this chapter various charts 
might be useful, for example to show the relative impact of price and 
sales volume figures. Although charts can be placed on the same 
worksheet as the plan, it is usually preferable to keep graphs on separate 
chart sheets. The exception might be if it is appropriate to view changes 
on a chart at the same time data in the plan is changed, or if a spreadsheet 
is to be copied into a management report being created in Word. Figure 
10.12 is an example of the type of chart that might be produced from the 
plan used in this chapter. 
Tips for larger plans 
The plan used in this chapter has been a simple quarterly plan, but in 
many cases business plans will be larger and more complex. Figure 
10.13 is an extract from a five-year quarterly plan. Although it is not 
obvious by looking at Figure , each year in this report has been formatted 
with a different colour font. This is a useful technique when working 
with large models because it enables the user to quickly know which part 
of the plan is being viewed or worked on, without having to scroll 
around the spreadsheet to see the titles.  
This colour coding can then be carried over to summary reports, and 
other reports pertaining to the different parts of the plan. 
From a design point of view it is preferable to place different reports 
associated with a plan on separate worksheets. The report in Figure 10.14 
, which has been placed on a separate sheet called Summary is created by 
referencing the cells from the yearly totals in the main plan. 
Templates 
A business plan that requires time and effort to design and implement is 
likely to be in regular use for some time. In addition, the data in the plan 
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will almost certainly change, either as situations within the business 
change, or on a periodic basis. In such circumstances it is advisable to 
convert the developed plan into a template, into which different data can 
be entered whenever necessary. 
A template is a plan that contains the logic required, i.e the formulae, but 
from which the data has been removed. When new data is entered so the 
formulae will be calculated. Figure shows the simplest approach to 
creating a template. Taking the one-year quarterly plan used in this 
chapter the input data and growth factors have been removed and these 
cells have been highlighted by shading the cells. When the input cells are 
set to zero, all other cells that are directly or indirectly related to those 
cells should also display zero. The only exception to this is if there are 
division formulae in which case a division by zero error will be 
displayed. The act of removing the data is in itself a useful auditing tool, 
because if values are found in any cells this indicates that there is an 
error in the way that the plan was developed which can be rectified. 
When the template is complete the spreadsheet should be protected and 
then only the input cells unprotected in order that the user can only enter 
data into the designated cells. This is a two-step process. First, the cells 
into which data can be entered are unprotected using the format cells 
protection command and removing the tick on the Locked box. The 
second step is to then enable protection by selecting Tools Protection 
Protect Sheet. 
It is also important to save the file now as a Template file as opposed to a 
Worksheet file. This is achieved by selecting file save as template 
(.XLT) in the file type box. The location of the template file defaults to 
the directory where other Microsoft Office template files are located. To 
use the template file new is selected which accesses the Template 
directory and when a file is selected a copy of it is opened, leaving the 
original template unchanged on the disk. 
Data input forms 
A further enhancement that makes working with templates easier to 
control is to remove all the data from the main plan and place it on one 
or more data input forms which will normally be located on separate 
worksheets. Figure is a data input form for the quarterly plan, and Figure  
shows the amended formulae in the plan which picks up the data from 
the input form. 
There are many benefits to be derived from using data input forms 
including the fact that the data can be checked more easily. Sometimes it 
might be possible to design an input form that is compatible with a 
forecasting or accounting system so that the data can be electronically 
picked up from the other system without having to type it in again. Even 
if this is not possible, the order of items in the data input form does not 
have to be the same as the order in which they are referenced in the logic, 
which means that the data input form can be created to be as compatible 
with the source of the input data as possible. Furthermore, the worksheet 
containing the logic for the plan can be protected, and if necessary made 
read-only in order to maintain the integrity of the system. It is not a 
trivial task to change existing systems to be templates with data input 
forms, and it will also take a little longer to develop a new system in this 
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way, as opposed to incorporating the data with the logic. However, the 
ease of data input and ongoing maintenance should make the additional 
effort worthwhile. 
The use of spreadsheets by management accountants 
There are a number of different ways in which the management 
accountant can use a spreadsheet in his or her work. In the first place, 
spreadsheets are especially useful in the performance of calculations. In 
addition to the basic mathematical operators discussed such as addition, 
subtraction, division, multiplication etc., there are many other functions 
which will be of direct use. These include NPV, IRR, PV to mention 
only three. There are infact more than 350 built-in functions in Excel. 
When it comes to repetitive calculation the management accountant can 
set up templates that can be used again and again. There are many 
different aspects to the way that Excel can be used for planning and those 
who are interested in more detail should consult the Elsevier Cima 
Publication, Financial Planning Using Excel – Forecasting, Planning and 
Budgeting Techniques, by Sue Nugus, 2005. In addition to the 
calculation side of the spreadsheet the management accountant will find 
useful the ease with which graphs and charts can quickly be created in 
Excel. 
 
REVIEW QUESTIONS 

1. Discuss about spreadsheet terminology. What are the 
Positive aspects of this spreadsheet? 

2. What are the Problems with spreadsheet? 
3. Describe Control checks for auditing in spreadsheet. 
4. What are Charts and Templates? 
5. Give the detail of Data input forms. 
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