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CALCULATING TIME-SERIES ANALYSIS 

It is often important for businesses to forecast future sales levels. are statistical methods which use past sales data 

to predict future sales. One important quantitative sales forecasting method involves using time-series analysis. 

The four main components that a business wants to identify in time-series analysis are: 

• trend 

•  seasonal fluctuations 

•  cyclical fluctuations (i.e. fluctuations that are repeated lots of 

times in the same order) 

• random fluctuations. 

IDENTIFYING THE TREND 

An analysis of figures will tell a business whether there is an upward, downward or constant trend. Identifying the 

trend allows the business to predict what is likely to happen in future. The first step is to 'smooth out' (i.e. make 

the difficulties disappear from) the raw data. For example, look at the yearly sales of a garden furniture 

manufacturer over ten years (see Book 1, Chapter 30) shown in Table 2. 

It is possible to calculate a trend by using a moving average. The average can be taken for any period the business 

wants, such as a year, a month or a quarter. For now we will assume the garden furniture manufacturer uses a 

three-year average. 

The average of sales in the first three years was: 
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Consider the sales of this business during the period 2006-15. These data have 

been used to calculate four-year moving averages and this information used 

to calculate the trend. Extrapolation involves the use of past sales data to 

forecast future sales. 

Secondly, the sales figures are predicted by drawing a line through the trend 

figures and extending it to the year 2016. The broken line through the trend in 

Figure 2 is called the line of best fit.  

To help draw the line, it should pass through the co-ordinates (X,Y) where X is 

the average of the years and Y is the average sales. These co-ordinates can be 

calculated using the figures in Table 7: 

 

 

VARIATIONS FROM THE TREND 

How accurate is the prediction of around $1 160000 sales of toys by the year 2016? Even allowing for the 

assumptions on the previous page, the prediction may not be accurate. This is because it is taken from the trend, 

and the trend 'smoothed out' variations in sales figures. To make an 

accurate prediction, the business will have to find the average 

variation over the period and take this into account. We can find how 

much variation there is from the trend by calculating: 
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SEASONAL VARIATIONS 

Predictions can be made using trends and seasonal variations. Table 9 shows sales over a three-year period, 

including quarterly variations. A four-quarter moving average and seasonal variation can be used to predict sales. A 

more accurate prediction is to calculate the average seasonal variation in the fourth quarter. 

 

THE LIMITATIONS OF QUANTITATIVE SALES FORECASTS 

Quantitative sales forecasts are powerful tools for businesses and are used to help make important decisions.  

Sales forecasts are likely to be more reliable when:  

   the forecast is for a short period of time in the future, such as six months, rather than a long time, such as five 

years 

   they are revised frequently to take account of new data and other information 

   the market is slow-changing 

   market research data, including test marketing data, is available  

   those preparing the forecast have a good understanding of how to use data to produce a forecast 

  those preparing the forecast have a good 'feel' for the market and can adjust the forecast to take account of 

their predictions for the future. 
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CAUSAL MODELLING AND LINE OF BEST FIT  

Time-series analysis only describes what is happening to information. Causal modelling tries to explain data, 

usually by finding a link between one set of data and another.  

Table 11 shows data that has been collected about advertising and sales by a business at different times. The data 

in the table is plotted onto a scatter graph in Figure= Advertising (the independent variable) is shown on the 

horizontal (X) axis. Sales (the dependent variable) are shown on the vertical (Y) axis.  

 

Looking at the graph, there appears to be a positive correlation between the two variables (sales and advertising 

expenditure in this case). The more that is spent on advertising, the higher the level of sales. The line of best fit is 

drawn through the data to show this relationship better. It is also possible to calculate the extent of the 

relationship by means of a correlation coefficient, using the formula: 
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• A correlation coefficient of +1 means that there is an absolute positive relationship between the two variables. 

All points in the scatter graph fall on the line of best fit and the line slopes upwards from left to right. As the values 

of the independent variable increase, so do the dependent variable values.  

• A correlation coefficient of O means that there is no relationship between the variables. 

• A correlation coefficient of -1 means that there is an absolute negative 

relationship between the two variables. All points in the scatter graph fall on 

the line of best fit and the line slopes downwards from left to right. As the 

values of the independent variable increase, the values of the dependent 

variable fall. The formula itself does not show positive and negative values.  

Businesses must be careful when basing decisions on such calculations. 

   A large quantity of sales in any period may be due to factors other than 

advertising, such as other forms of promotion. 

   There are sometimes examples of 'nonsense correlations'. These are 

correlation coefficients that appear to show a strong relationship between 

two variables even though the relationship between the figures is pure 

coincidence. 

QUALITATIVE FORECASTING 

Qualitative forecasting uses people's opinions or judgements rather than 

numerical data. A business could base its predictions on the views of 'experts', 

or on the opinions of experienced managers in the marketing or production 

department. Such methods are usually used by businesses: 

  where there is insufficient numerical data 

   where figures date quickly because the market is changing rapidly. 
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10. Investment appraisal  

INVESTMENT APPRAISAL 

Investment appraisal describes how a business might objectively evaluate an investment project to determine 

whether or not it is likely to be profitable. It also allows businesses to make comparisons between different 

investment projects. There are several quantitative methods (i.e. measured with numbers) that a business might 

use when evaluating projects. However, they all involve comparing the capital cost of the project with the net cash 

flow. 

   The capital cost is the amount of money spent when setting up a new venture. 

   Net cash flow is cash inflows minus cash outflows. 

SIMPLE PAYBACK 

The payback period can also be found by calculating the cumulative net cash flow. This is the net cash flow each 

year, taking into account the initial cost of the machine. When the machine is first bought, in year O, there is 

negative cash flow of -$500000, the cost of the machine. Next year, the net cash flow minus operating costs is 

$100000. So, the cumulative net cash flow is -$500000 +$100000-$400000. In year 4 it is zero, so all costs have 

been covered. 

 

ADVANTAGES OF THE PAYBACK METHOD  

There are certain advantages to a business when using the payback method to appraise (i.e. examine) the 

potential success of an investment. 

• This method is useful when technology changes rapidly, as it is important to recover the cost of investment 

before a new model or equipment is designed. This is true of the agriculture industry where new farm machinery is 

designed and introduced into the market regularly. 

• It is simple to use. 

• Firms might adopt this method if they have cash-flow problems. This is because the project chosen will 'pay back' 

the investment more quickly than others. 

AVERAGE (ACCOUNTING) RATE OF RETURN (ARR) 

The average rate of return or the accounting rate of return method measures the net return each year as a 

percentage of the capital cost of the investment. 
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ADVANTAGES OF THE ARR METHOD 

The advantage of this method is that it shows clearly the profitability of an investment project. Not only does it 

allow a range of projects to be compared, the overall rate of return can be compared to other uses for investment 

funds. In the example in Table 6, if a company can gai 12 per cent by placing its funds in a bank account, it might 

choose to postpone the investment project until interest rates fall. It is also easier to identify the opportunity cost 

of investment. 

DISCOUNTED CASH FLOW (NET PRESENT VALUE OR NPV) 

Both the payback and the ARR methods of investment appraisal do not take into account the time value of money. 

When making an investment decision, a business might take into account what cash flow or profit earned in the 

future is worth at the present value.  

   In one year's time, the investment would be worth US$110. Of this, US$10 would be the interest and US$100 

would be the initial investment. 

   investment but on the investment at the end of the first year. So, interest is 10 per cent of US$110, making 

US$11. Then this has to be added to the US$110 value at the end of the first year to make a total of US$121 for the 

second year. 

   This carries on until the value after five years is US$161. 

 

If US$100 today is worth US$161 in five years' time, it must be true that US$161 in five years' time is worth just 

US$100 today. This is an example of an important insight of discounted cash-flow techniques. Money in the future 

is worth less than the same amount now (the present value). This is because money available today could be 

invested and it could earn interest. 

• The higher the rate of discount, the less the present value of cash flow in the future. This is the reverse of 

saying that the higher the rate of interest, the greater the value of an investment in the future.  

• The further into the future the cash flow or earnings from an investment project, the less is their present 

value. So, US$71000 earned in five years' time is worth less than US$71 000 earned in one year's time. 

Again, this is simply the opposite way of saying that 

US$71 000 invested today at a fixed rate of interest 

will be worth more in five years' time than in one 

year's time. 

Calculating NPV: The net present value method makes use of 

discounted cash flow. It calculates the rate of return on an 

investment project taking into account the effects of interest 

rates and time. Using discount tables, it is possible to calculate 

the net present value of an investment project. 
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ADVANTAGES OF THE DISCOUNTED CASH-FLOW METHOD 

• The discounted cash-flow method, unlike the payback method and the average rate of return, correctly accounts 

for the value of future earnings by calculating present values. 

• The discount rate used can be changed as risk and conditions in financial markets change. For example, in the 

1990s, the cost of bank borrowing for many businesses fell from over 15 per cent to 7-8 per cent. Investment 

projects therefore did not need to make such a high rate of return to be profitable and so the rate of discount 

could be lowered. Since 2008 rates have been even lower - as low as 1 per cent in some countries. 

LIMITATIONS OF THESE TECHNIQUES  

Each of the three methods of investment appraisal outlined above has some limitations. These are summarised in 

Table 11. 
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11. Decision trees  

MAKING DECISIONS 

Businesses make decisions daily, often involving risk due to limited information and uncertain outcomes. Decision 

trees can help businesses make decisions that minimize risk and maximize return, such as investing in a new 

printing press or waiting for a more efficient machine. By analyzing the potential outcomes, businesses can make 

informed decisions that minimize risk and maximize return. 

WHAT ARE DECISION TREES? 

A decision tree is a visual tool used to compare alternative outcomes of a decision, allowing businesses to find the 

most profitable option. It uses numerical values to represent decision-making information and provides a pictorial 

approach, resembling the branches of a tree. This method is considered more effective when considering 

quantitative approaches. 

FEATURES OF DECISION TREES 

Decision trees have a number of features. These can be seen in Figure 1, which shows the decision tree for a 

Japanese business that has to decide whether to launch a new advertising campaign or retain an old one. 

 

Decision points: Points where decisions have to be made in a decision tree are represented by squares and are 

called decision points. The decision maker has to choose between certain courses of action. In this example, the 

decision is whether to launch a new campaign or retain the old one. The square labelled 'A' represents this point. 

Outcomes: Points where there are different possible outcomes in a decision tree are represented by circles and 

are called chance nodes. At these chance nodes it can be shown that a particular course of action might result in a 

number of outcomes. In this example, at 'B' there is a chance of failure or success of the new campaign. 

Probability or chance: The likelihood of a possible outcome happening is represented by probability in a decision 

tree. The chance of a particular outcome occurring is given a value.  

Expected monetary values: This is the financial outcome of a decision. It is based on the predicted profit or loss of 

an outcome and the probability of that outcome occurring. The profit or loss of any decision is shown on the right-

hand side of Figure 1. For example, if the launch of a new campaign is a success, a ¥15 million profit is expected. If 

it fails, a loss of ¥2 million is expected. 
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CALCULATING EXPECTED MONETARY VALUES (EMV) 

What should the firm decide? It has to work out the expected values of each decision, taking into account the 

expected profit or loss and the probabilities. So, for example, the expected value of a new campaign is: 

 

 

DECISIONS, OUTCOMES AND COSTS 

In practice, businesses face many alternative decisions and possible outcomes. For example, consider a farmer 

from the UK who has inherited some land, but does not wish to use it with his existing farming business. There are 

three possible decisions the farmer could make. 

• Sell the land. The market is depressed and this will earn £0.6 million. 

• Wait for one year and hope that the market price improves. A land agent has told the farmer that the chance of 

an upturn in the market is 0.3, while the probabilities of it staying the same or worsening are 0.5 and 0.2 

respectively.  

The likely proceeds from a sale in each of the circumstances are £1 million, £0.6 million and £0.5 million. 

• Seek planning permission to develop the land. The legal and administration fees would be £0.5 million and the 

probability of being refused permission would be 0.8, which means the chance of obtaining permission is 0.2.  

A rollback technique can then be used to work out the expected value of the third option - seeking planning 

permission. This means working from right to left, calculating the expected values at each node in the diagram. The 

expected value at node D is: 

 



www.focuscollege.lk  +94 74 213 6666                                                                 
   
   

12 
 

 

 

 



www.focuscollege.lk  +94 74 213 6666                                                                 
   
   

13 
 

ADVANTAGES OF DECISION TREES 

Decision trees can be applied to much more complicated problems. They have some major advantages. 

   Constructing the tree diagram may show possible courses of action not previously considered. 

   They involve placing numerical values on decisions. This tends to improve results. 

  They force management to take account of the risks involved in decisions and help to separate important from 

unimportant risks. 

   People can often get a better idea of what is involved in a particular decision if the choices are laid out clearly 

in a diagram. 

   They involve placing numerical values on decisions. This tends to improve results. This is because it is far easier 

to make comparisons between different outcomes if they are presented quantitatively. 

   They force management to take account of the risks involved in decisions and help to separate important from 

unimportant risks. For example, outcomes with low probabilities are less likely to happen than those with higher 

probabilities. 

LIMITATIONS OF DECISION TREES  

The technique also has some limitations. 

    The information gathered when using the technique is not exact. It is based on probabilities which are often 

estimated. 

   Decisions are not always concerned with quantities and probabilities. For example, they often involve people 

and are influenced by legal constraints or people's opinions. These factors cannot always be shown by numerical 

values. Qualitative data may also be important. 

   Time lags often occur in decision making. By the time a decision is finally made, some of the numerical 

information may be out of date. The process can be quite time-consuming, using up valuable business resources. 

However, computerised decision-making models can be used to analyse decision trees which can save some time. 

   It is argued that decision makers, in an attempt to encourage a particular course of action, may manipulate the 

data. For example, a manager might be 'biased' when attaching probabilities to certain outcomes. This will change 

the final results. 

    Decision trees are not able to take into account the dynamic nature of business. For example, a sudden 

change in the economic climate might make a decision based on a decision tree outdated. 
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12 Critical path analysis  

NATURE AND PURPOSE OF CRITICAL PATH ANALYSIS 

One established method used to improve the management of time and other resources is critical path analysis 

(CPA)/network analysis. The technique, which makes use of network diagrams, can be used to calculate the 

minimum time needed to complete a project.  

Efficiency: Producing a network diagram can help a business to operate efficiently.  

Decision making: The use of business models, such as network analysis, is argued to be a more scientific and 

objective method of making decisions. It is suggested that estimating the length of time a project will take based 

on past information and an analysis of the tasks involved should lead to deadlines being met more effectively.  

Time-based management: Some businesses operate time-based management systems. These are techniques to 

minimise the length of time spent in business processes. Identifying tasks that have to be done in order, tasks that 

can be done together and tasks that may delay the whole project if not completed on time, will all help to ensure 

that the least time is taken to complete an operation. 

Working capital control: Identifying when resources will be required in projects can help a business to manage its 

working capital cycle. Network diagrams allow a business to identify exactly when materials and equipment will be 

used in a project.  

NETWORKS 

Many of the operations carried out by businesses are made up of a number of tasks. The operation is only 

complete when all of the tasks have taken place. For example, the tasks involved in changing a set of strings on a 

guitar for an instrument repairer might include: 

   slackening the strings (i.e. making them looser)  

   attaching new strings 

   removing the strings 

   retuning the strings 

   cleaning the fretboard. 

These tasks must be carried out in order for the operation to take place. Each task will take a certain amount of 

time. The operation is shown in Figure 1 on a network diagram. The operation takes 20 minutes to carry out 

(1 minute + 1 minute + 5 minutes + 10 minutes + 3 minutes). 
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NETWORK ANALYSIS 

Network analysis is crucial for businesses managing large projects involving complex tasks. It helps determine the 

minimum project duration and the potential delays caused by individual tasks. Network analysis helps identify 

critical tasks and their 'path', which can be managed using computers. Network planning is essential before 

starting a project, identifying tasks, durations, and order. This information can be based on previous experience or 

business research. 

• Arrows and lines show the tasks or activities to be carried out to complete the project. For example, Task B 

involves removing and replacing brickwork and flooring in the home. 

• Some tasks can be carried out at the same time. For example, Tasks B and C can take place together, but only 

after Task A has been completed. 

• Arrows and lines cannot cross. 

•  Each task takes a certain amount of time. For example, the business plans to take four days to complete Task B 

(removing and replacing the brickwork and flooring in the home). 

• Tasks must be completed in a certain order. Certain tasks are dependent on others being completed.  

•  There is always a node at the start and end of the project. 

• Nodes contain information about the timing involved in the project. 

 

CALCULATING THE EARLIEST START TIMES 

The first stage in finding the critical path in the network is to calculate the earliest time at which each of the tasks 

or activities can start, called the earliest start time (EST). These are shown in the top right of the nodes. Figure 5 

shows the earliest start times for all tasks in the renovation of the home. 

Node 1: Task A can begin immediately. So O is placed in the EST in Node 1. 

Node 2: Task A takes one day to complete. Tasks B and C, which can be carried out at the same time, can only 

begin after Task A is completed. So they can only begin after 1 day. This is placed in the EST in Node 2. 

Node 3: Task B takes 4 days to complete. Together with the day to complete Task A, this means that Tasks D and E 

can't start until after 5 days (4 days + 1 day). This is placed in the EST in Node 3. 
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Node 4: Task C takes 8 days to complete. Together with the 1 day to complete Task A, this means that Task F can't 

start until after 9 days (8 days + 1 day). This is placed in the EST in Node 4. 

Node 5: What will be the earliest start time for Task G which begins at Node 5? 

Tasks A, B and D take 7 days to complete 

(1 day + 4 days + 2 days) 

   Tasks A, C and F take 17 days to complete 

(1 day + 8 days + 8 days) 

   Tasks A, B and E take 19 days to complete 

(1 day + 4 days + 14 days) 

Task G can only begin when all tasks that come before are completed. It is dependent on earlier tasks. The longest 

time to complete these tasks is 19 days. So the EST in Node 5 is 19 days and Task G can't start until after 19 days. 

This highlights an important rule when calculating earliest start times. Always choose the longest amount of time 

when placing the ESTs in nodes. 

Node 8: Another example of this can be found when calculating the final node, Node 8. Tasks up to Node 6 have 

taken 22 days to complete. So Tasks H and J can only begin after 22 days. The time taken to complete Task J is 6 

days. This is longer than the time taken to complete Tasks H and I, which is 3 days (2 days + 1 day). So the EST 

placed in Node 8 is 22 days + 6 days = 28 days. 

As Node 8 is the final node, then 28 days is the time taken to complete the entire project. 

CALCULATING THE LATEST FINISH TIMES 

The next step involves calculating the latest times that each task can finish without causing the project to be 

delayed. The latest finish times (LFTs) of the project to renovate a home are shown in Figure 7. They appear at the 

bottom right of the nodes. 

 

IDENTIFYING THE CRITICAL PATH 

It is now possible to identify the critical path through the network. This shows the tasks which, if delayed, will lead 

to a delay in the project. The critical path on any network is where the earliest start times and the latest finish 

times in the nodes are the same. But it must also be the route through the nodes which takes the longest time. 

Figure 8 shows the critical path and the tasks which can't be delayed if the renovation of the home is to be 

completed on time. These are tasks A, B, E, G and J. The critical path can be indicated by a broken line or crossed 

lines, or by some other method, such as highlighting the line in colour, by pen or on computer. Other tasks in the 

network do not lie on the critical path. 
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CALCULATING THE FLOAT 

Business can calculate float time in a project by using network 

information. This is the time a task can delay without causing the 

project to be delayed, such as a 1 day delay in Task I. 

How much delay can there be in tasks which do not lie on the 

critical path? 

Total float: The total float is the amount of time by which a task 

can be delayed without affecting the project. It can be calculated 

as: 

LFT of activity - EST of activity - duration 

So, for Task B in Figure 8, for example, it would be: 

5 days 1 day 4 days = 0 days 

Activities which lie on the critical path will always have a zero total float value. For Task C, which does not lie on 

the critical path, the total float is: 

11 days 1 day 8 days = 2 days 

Table 1 shows the total float for all tasks. 

Free float: The free float is the amount of time by which a task can be delayed without affecting the following task. 

It can be calculated by: 

EST start of next task - EST start of this task - duration 

So for Task C it would be: 

9 -1- 8= 0 days 

LIMITATIONS OF CRITICAL PATH ANALYSIS  

Critical path analysis has a number of clear advantages which are summarised in Table 2. 

However, a business must not assume that because it produces a network its project will be completed without 

delay. There are some limitations that businesses need to be aware of when using this technique. 
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• Information used to estimate times in the network may be incorrect.  

• Changes sometimes occur during the life of the project.  

• Although critical path analysis identifies times when resources might be used somewhere else in the business, 

these resources may be inflexible.  

• With very large projects, such as building a skyscraper, network analysis can become complex with hundreds of 

thousands of tasks to consider. However, the use of a computer may simplify the whole approach. 

 

13. Contribution  

WHAT IS CONTRIBUTION? 

In business, the word contribution has a specific meaning. It is the amount of money left over from a sale after 

variable costs have been covered.  
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THE NATURE OF CONTRIBUTION AND ITS CALCULATION 

Contribution has a number of purposes in business. We can use contribution to help make decisions and calculate 

some key financial values. For example, we can use it to:  

   calculate the break-even level of output (see Student Book 1, Chapter 31) 

   calculate the amount of profit made by a business  

   calculate the amount that needs to be sold to reach a specific profit target 

   help a business to decide which order to accept when faced with a choice 

   help a business decide what price to charge for a product. 

Contribution and break-even: The break-even level of output is given by: 
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INTERPRETING CONTRIBUTION 

The contribution margin ratio is the remaining money from a sale after variable costs are covered, which can be 

used to pay fixed costs and contribute to profit. It can be expressed as a percentage, such as 39.3% for a firm with 

annual sales of $1.68 million. 

Contribution, fixed costs, variable costs and profit: The value of contribution can be illustrated in relation to 

variable costs, fixed costs and profit using a pie chart. In the example, assume that in November 2018, Varinder 

Patel's:  

   total revenue is INR105300 

   total variable costs are INR64 200 

fixed costs are INR10000. 

Figure 1(a) shows how the total revenue of INR105 300 is divided between total variable cost (INR64 200) and 

contribution (INR41 100). 

Figure 1(b) shows how the same total revenue is divided between variable costs (INR64 200), fixed costs (10000) 

and profit (INR31 100). Note that the value of contribution (INR41 100) is equal to the value of fixed cost 

(INR10000) and profit (INR31 100) added together. 

CONTRIBUTION AND DECISION MAKING  

Contribution costing: A business might use contribution when making certain types of decision. For example, 

sometimes a business will have to decide which order(s) or contract(s) to accept when faced with a choice from 

different customers. This may be because the business does not have enough capacity to accept all the orders it 

receives. Or it may be that they are not all financially viable (i.e. capable of financial success). Contribution costing 

can help here. 
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Contribution pricing: A business can use contribution pricing to 

set a price that exceeds variable cost, ensuring a specific order or 

product always contributes when sold. This approach ignores 

fixed costs, but is more effective when fixed costs are low or 

known. 

 

 

 


