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Introduction 

As seen in Chapter 6, a large amount of information needs to be gathered and analyses during the decision making process. This chapter describes techniques which are available for presenting g this information in order to make analysis easier.
7.1 Statistical analysis 

The British Prime Minister Benjamin Disraeli is supposed to have said there are lies, damned lies and statistic. The Fact that this has been so frequently quoted is evidence that statistics, misapplied, has gained a poor reputation.

Yet statistics is widely used in every branch of government and industry. So what is statistics and what is meant by the term statistical analysis? Statistics is this technique for comparing numbers and drawing conclusions from them. Two important factors are involved: using numbers to arrive at a solution, and comparing numbers. Usually a number in isolation provides very little information. For Example, suppose a Managing Director is told that his company made a profit of 200M in the previous year. By itself this number does not provide sufficient information for him to judge whether the company has been successful. If he is told that his company made profits of 50M, 100M and 200M over three consecutive years, then he can see that it is doubling its profits every year and so appears to be in good shape. However, if he is then the MD can see that his company was underperforming in a climate which was clearly conducive to profit growth. To be able to compare numbers they must be measured in the same way, be in the same units and must refer to the same items. For example, one cannot meaningfully compare the profits of one company with the turnover of another. If Company A is stated to have had a turnover of 2000M and Company B made a profit of 100M, then it is not possible to deduce which company was more profitable over this period.
Statistics was probably first used to record population details (called vital statistics), as required by rulers for raising taxes and armies. The Doomsday Book of 1086, for example, was compiled for this purpose. Statistics is now3 used for a variety of reasons. Governments use it to plan social services, such as the number of schools needed, based on the birth rate. Within industry, statistics is used for competitive analysis; to carry ort market research prior to the launch of a new product; and to gauge the quality of products. It is important to appreciate that statistical analysis is a management tool one of many tools available in decision making. The numbers which the technique provides cannot lie, but they are open to misinterpretation. For example, statistical analysis shows that more people die in bed than anywhere else. The conclusion can therefore be drawn that bed is the least safe place to be in! Many errors, including bias, can occur in collecting and compiling data. A production manager in a large organization, for example, claimed that he was now producing 10 per cent more output, in monetary terms, with 20 per cent fewer staff so that the productivity of his department had increased. What he neglected to say was that there had been a world shortage of the product, enabling the selling price to be doubled over this period, so in reality his productivity had fallen. Companies obtain data from several sources. Government departments carry out surveys, such as into economic trends, the retail price index and the index of unemployment, and these are usually available for a modest fee. Several professional and commercial institutes also publish data relating to specific industries. Examples are share price indices, the salary range for members of a professional institute, and their qualification spread. 
Companies also generate data, mainly for their own use. Examples are data on orders received, advertising effectiveness, labor turnover and quality reassures such as project completion times and defect rates.

7.2
Presentation of data

The first step in information analysis is to place the numbers that have been collected into some sort of order, so that they can be more easily compared and conclusions obtained. Often these numbers can be presented so as to make a visual impact, by displaying the data in graphical format. The items which are measured are referred to as variables. There can be two types of variable, discrete and continuous. Discrete variables are measured as single units, for example the number of people working in a factory, or the number of companies in a particular industry. Continuous variables, on the other hand, can have an infinite number of variations. For example the length of a piece of string can vary continuously between any two limits.

7.2.1 Tables

The use of tables is probably the most common technique for ordering numbers so that they are easy to see and compare. There are no hard and fast rules on how to present information in tabular form. Considerable imagination is needed to ensure that the tables are easy to read and achieve their purpose. The aim must be to keep the table as simple as possible and to ensure that it presents information such that the item on which a decision is needed can be easily identified. Often the position of columns relative to each other is important, since comparisons are then easier to make. It is easy to read off the precise number from a table, which is not possible from other graphical methods of number presentation, as described in the following sections. However, the table is not as good for creating immediate visual impact.
7.2.2 Pictorial Presentation

The advantages of pictorial presentation of data are that it gets over the essential facts very quickly and creates an impact. For larger amounts of data it is also a good way for indicating trends, which may not be easy to deduce from the table.

Pictograms
Figure 7.1 gives a Pictogram of the trend in total employment in the Dinsher Shop. This shows at a glance the reduction in staff over a five year period. The Picture elements used in this representation can vary depending on the items being compared, for example people for employment (as here, machine tools for automation of a pound sign for profit trends. Figure 7.1

Although creating effective visual impact, and putting over the essential facts quickly a pictogram is very approximate. It is best used when whole items are being compared, each symbol representing a unit, although parts of units can be shown by a proportion of a drawing, such as half a person.

Bar charts
The bar chart is a pictorial representation technique which creates an impact as well as enabling information to be read with reasonable accuracy. It may consist of single bars, multiple bars or component bars. Generally the width of the individual bars is the same, their lengths varying to show the size of the item being compared. Figure 7.2(a) shows a multiple bar chart of the employment in the Dinsher be read off from the dale. An alternative presentation technique is the component bar chart of Figure pleasing to see. It salsa shows the variation of the elements which make up the total for each bar, but now the actual values are more difficult to calculate since they do not start from zero. Bar charts can be drawn in two dimensions or three dimensions. Generally it is easier to read the scale from two-dimensional bar charts (as shown in Figure 7.2(c) although they are pictorially less effective. Legends can be added to bar charts; that is, the actual numbers which make up the bars can be placed next to them, so that they do not need to be read off the scale. However, this clutters the bar chart and some impact is lost. Bar charts are useful for comparing information which is available at discrete points, such as year end sales. They are not very good when many items are involved. The bar charts of Figure 7.2 could have been drawn horizontally, the x and y axes being interchanged, so that the bars appear horizontally. Vertical bar charts are, however, more common.
Histograms

An histogram is a special form of bar chart in which the areas under the rectangles that make up the bars represent the relative frequency of occurrence of the item. Usually the histogram is drawn with each rectangle having the same width (the same class interval), so the height of the bars determines the frequency. 

Pie charts
The pie chart is good method for illustrating subdivisions of the whole, although it can not show total values. It is also not possible to read off absolute figures, unless these are added to the chart as numbers. Figure 7.4(a) shows a pie chart of the employment in the Dinsher Shop, drawn from Table 7.1. This shows clearly the proportion of employees in the three categories, but not their actual numbers.

A separate pie chart must be used if comparisons over time are to be made. For example, Figure 7.4(b) shows the employment in year 4, and this indicates the proportionate increase of production engineers, since these are required to carry out the automation programmed even though the number of operators is decreasing. If a pie chart for year 5 is drawn it will have proportions similar to Figure 7.4(a), since the numbers of production engineers and supervisors are now sharply reduced. 
Note that these pie charts are unable to show the reduction in the total number of employees between years 1 and 4. Sometimes an attempt is made to indicate this by varying the size of the actual pie, but this is never successful. Figure 7.4(c), illustrates an exploded pie chart, where a segment is shown separated from the total pie for greater impact or clarity. Figure 7.4.

7.2.3 Graphs

Graphs, or line charts, are a form of pictorial representation, although they usually provide less impact but more data. Graphs have x and y axes. Conventionally,, the x axis represents the independent variable and the y axis the dependent variable. The variables may be discreet, occupying certain values only, or continuous, where the values vary infinitely between two limits.

There are very few rules in constructing a graph. Generally the scale should start from zero, unless one wishes to distort the curve, Two scales can also be use if it is necessary to show the interdependencies of two or more curves having very different values; for example, if the turnover and profits of a company are plotted on the same graph, the figures between them can vary by a factor of ten or more. Honesty must also be used in drawing graphs, as illustrated in the case study instant productivity increase.
Logarithmic scale graphs

The most common type of graph is the normal scale graph where the gradations on the two axes are linear. The logarithmic scale graph, or ratio graph, is an alternative were the gradations vary as a logarithmic or ratio. These graphs are used to show relative changes in data. If only one of the axes, usually the y-axis, is logarithmic, the other being linear, then the graph is known as a semi-logarithmic scale graph. The use of a ratio graph is shown in the case study linear growth.

Strata or band graphs

In a strata graph, also called a band or layer graph, several curves are drawn on the same paper, the distances between them representing the actual values. For example, Figure 7.7 shows the employment within the Dinsher Shop (from Table 7.1) plotted as a strata graph. In this graph the value for each category is equal t o the distance between tow of the graphs and cannot be read off from the y- axis directly. Only the total is given directly, as the sum of the three curves. The strata graph gives a good pictorial representation of the variations of the various elements, but the actual values are more difficult to read compared with a conventional graph.
Ogives

Ogives are a graphical method for representing cumulative data. For example, the ages of employees in the Dinshere Shop, as shown in Table 7.2, cam be presented in Table 7.5 as ‘more then’ and ‘less than’. The data from Table 7.5 can now be plotted in a graph as in Figure 7.8, estimate the value of the distribution at any given point. It is also usual to smooth out the ogive curves (not done in Figure 7.8, resulting in an ogive or cumulative frequency curve. This curve can be used to estimate the value of the distribution at any given point. It is also usual to smooth out the ogive curves (not done ii Figure 7.8) since the occurrences are not spread evenly across a class interval. Table 7.5

Frequency polygons

A frequency polygon may be considered to be a graphical version of a histogram. It is usually shown as being derived from a histogram, although a histogram f\does not need to be drawn first. Figure 7.9 shows the frequency polygon for the data in Table 7.2. Also shown (broken lines) is the histogram for this data, reproduced from Figure 7.3. The frequency polygon has been obtained by joining the midpoints of the class intervals. It is also conventional to extend the frequency polygon is extended a half calls interval at either end. Therefore the area under the frequency polygon is also equal to the relative frequency of occurrence of the items (as for an histogram,). If the x-axis is made up of very small subdivisions, then the frequency polygon will resemble a smooth curve. Figure 7.9
Lorenz curves
In statistical analysis it is often found that a small proportion of items have the greatest influence. For example m a small percentage of the population have the highest income in a country; or a small number of large organizations employ the largest number of people, their total usually exceeding the sum of people employed in all the other smaller organizations. This law of inequality can be shown graphically by a Lorenz curve, and it allows management attention to be focused on the few critical elements that have the greatest influence, rather than being diluted by the mass of less important items. An example in drawing and evaluating a Lorenz curves given by the case study ‘The gold nugget floral’.
7.3
Averages
Earlier sections of this chapter introduced techniques for condensing and presetting data so that meaningful conclusions could be drawn from them. The average takes theist concept even further, presenting a single number, referred to as the central tendency, to represent many numbers. There are several types of average, and using the wrong type for an application will provide erroneous results.

7.3.1 The arithmetic mean

The arithmetic mean is the most common form of average and is often simply known as the mean. As an example consider that Elites, a component used in the manufacture of a floral, come in vexes of 100, and a sample of five boxes have been taken at a goods incoming inspection and their contents counted. The results of this are as follows: 100, 99, 350, 101, and 99. The arithmetic mean of these is then (100+99+350+101+99)/5=149.8. The advantage of the arithmetic mean is that it is easy to calculate and that it takes account of all the numbers. Its disadvantage is that it is affected by extreme values. In the example of Elites the number 350 ids clearly an error and should be discarded. Another disadvantage of the arithmetic mean is that the final result may not be a whole number even though each item is a whole number, as in the example of Elites, above.Mathematically the arithmetic mean of numbers, to can be written as in Equation 7.1.
To obtain the arithmetic mean from a frequency distribution requires the total of the values to be found and divided by the total number of items. For example, suppose that it is required to find the average age in the Dinsher Shop from the frequency numbers of Table 7.2. This is reproduced in the first two columns of Table 7.8, but the upper and lower limits have been added since no one below the age of 16 or above the age of 65 are employed by the company.

Also shown here are the mid-point values and the products of these with the number of employees. Use of mid-points results in error, since it is assumed that all the employees have an age equal to the mid-point of the class concerned. The average age is obtained by dividing the total age by the total number of employees: 16550/500=33.1 years. When calculating the arithmetic mean of percentage figures the weighted average must be obtained, as illustrated by the case study ‘Consolation for operators’. Arithmetic means are very well known and commonly used for most averaging calculations this is one of its problems, since it is often misapplied, as in the case study 
 Ted Court’s puzzle’.

7.3.2 The median

The median, or middle one, is found by placing the figures in an ascending or descending order and then taking the middle figure. If there is an even number of items then the arithmetic mean of the two central numbers ifs taken as being the median. For  example, in the count of the of Elites mentioned earlier, the median id found by arranging the numbers in ascending order, such as 99, 99, 100, 101, 350, and selecting the middle numbers, here 100, as the median. The advantage of the median as an averaging technique is that it can be used even when the items cannot be expressed as a number. For example, shades of a color can be placed in order, say from light to dark, and the median chosen. A further advantage of the medial is that it is not affected by extreme values. The disadvantage of the median is that since it does not consider all the figures, the extreme numbers can change without having any effect on the median. It is therefore not very useful for further mathematical calculations. The median is also not representative of the result if the numbers are erratic and widely spread. For example the median of a range of numbers 1, 2, 3, 1450, 2820 is 3, which takes no account of the  very large numbers. In a frequency distribution of n items, the position of the median is found as the value located at the n/ 2th item. For example the median age in the Dinsher Shop is found from the frequency table of Table 7.8 as the 500/2=250th item. This is clearly in the range 31-41 years. The problem is now of finding the precise year, since it will be closer to 31 then to 40 (since 250 is closer to 210 than to 460, the adjoining classes). Although the exact age can be found mathematically it is just as creasy to read it off the give, as in Figure 7.8. Only one of the curves (more then or less than is required and the age read off at the 250 employee point.
7.3.3 The mode

The mode, or most fashionable one, is the item that appears most often, For example in the count of Elites given earlier, the mode from the numbers 100, 99, 350,101,99 is equal to 99, since this is the only number that appears more than once, 

The advantage of the mode as an averaging technique is that it is not affected by extreme values and one does not need to know the actual number to find it.

Figure 7.11 obtaining the mode from a histogram (See figure 7.3)


For example, one could compare the colors of an item and the mode would be that color which appears most often.


The disadvantage of the mode is that there can be several modes (referred to as multimode) when different items appear that same number of times, or there may be no mode if no item is repeated, Since the mode does not take numeric values into account it is also not suitable for calculations. Modes can give large errors when dealing with widely spread and erratic numbers, For example the mode of the numbers 1, 20, 1, 2900, 750 is equal to 1.


In the case of a frequency distribution, such as that shown in Table 7.8, the mode is within the class interval which occurs most often: age 31.40. The actual age is found conveniently from the histogram, as shown in Figure, 7, 11. As expected, the mode is closer to 31. Than to 40 since the histogram is biased towards the lower age.

7.3.4 The geometric mean

In the arithmetic mean the items are added together and divided by the number of items, as in equation (7.1). In the geometric mean the items are multiplied together and the root of the result is taken, the base of the root being equal to that of the number of items, as in equation (7.2).

For example the geometric mean of the numbers 100, 99, 350, 101, 99 is given by 

(100x00x350x101x99) 1/5 =128.2

The geometric mean is mainly used to find the averages of quantities which follow a geometric progression or an exponential law, for example rates of change, where the value of the quantity depends on its previous value, for these applications it is more accurate than the arithmetic mean. 

 
For example. Suppose that the average earnings of an operator in the Dins her shop increased over three consecutive years by 5 per cent, 7 per cent and 10 percent. Then the average percentage increase over these three years is given by the arithmetic mean as ( 5+7+10)/3 =7.33, while the geometric mean gives 7.04, as follows, which is more correct;

(5x7x10)1/2= 7.04


The disadvantage of the geometric mean is that it cannot be used if any item is zero or a negative number.
7.3.5 The harmonic mean

The harmonic mean is calculated as the inverse of the mean of the reciprocals of each individual item. For example. For n items of value x1 to x2 the harmonic mean is given by equations (7.3) and (7.4).


In considering items such as a Para B( meters per second , or dollars per gram), if the items are for equal A Then the harmonic mean should be used to find the average, but if it is for equal B then the arithmetic mean should be used.

For example if a car travels three equal distances at speeds of 60 km per hours, 80 km per hours and 120 km per hours, then the average speed is found as the harmonic mean, but if the car traveled for equal intervals of time (Say twenty minutes at these speeds, then the average speed is found as the arithmetic mean. Consider not the example given earlier, the case study “ Ted Court’s puzzle” since the problem consists in determining the cost per item and the items were bought for equal cost, the harmonic mean must be used in averaging them. Therefore the average item cost is:
That this is correct can be found by dividing 31.58 into the total expenditure to give the total 

That this is correct can be found by dividing 31.58 into the total expenditure to give the total number of items as 6000/- 31.58=190, which was what Ted had on his shelves.
Note that if the buyer had bought 100 items over three periods of time and had paid 20per item, 40 per item, and 50 per item, then the arithmetic mean would be used to find the average cost (20+40+50)/3=36.67
7.4 Index numbers

An index number is a special type of average which is used when comparing different types of  item, for example industrial output, which is made up from TV sets, motor cars chemicals and so on. It is an average of a group of items, measured over time, to show the change in the items. Although it can be used to measure single items, such as the output of one factory and one product over time, index numbers are more useful when they represent a collection of items, such as the output from many factories and many product.

In compiling an index number it is important into decide on the type of items to be compared, the number of items and the base ear, The base year, to which all the other numbers are compared, must be as’ normal’ as possible, since if it is unrepresentative of subsequent years in any way (for example because a hu7rricane unrepresentative of subsequent years in any way (for example because a hurricane occurred in that year which affected all the items) then the subsequent comparisons will be biased.

The method for calculating an index number is illustrated in the case study “what makes floral flow?. Because one is dealing with different types of items a simple average cannot be taken to find the index number, and a weighted average is used. Also many different types of index numbers can be calculated, depending on the type of average used (such as a geometric index using geometric averaging), although in the present case study the arithmetic mean will be used.

Calculations can also be made using a variable base, as in the chain base method, where changes are based on the previous year as a base. This technique issued when weights are changing rapidly, but is not used in the case study “What makes a florroll flow”?

7,5
Dispersion from the average

The average provides useful information about the numbers which it represents, but often more information is needed. For example, if john McCaully is told that the average output per operator from his shop is 20 dinshers per day, he can work out he average daily output of the shop as 1000 disnshers, since he knows that he has 500 operators.

However john wants to know more; for example, are some operators perfuming better than other, and if so by how much? This is a measure of the spread or dispersion.


Dispersion can be seen from tables or graphs, but they are often required to be represented by one or two numbers, and the techniques by which this can be done are discussed in this section, generally, the dispersion has the same units as the quantity being measured.

7.5.1 The range.

The range is found very simply as the difference between the largest and smallest numbers being considered, as in the case study Is every one pulling their weight?

7.5.2 Quartile deviation

The median was seen to divide the series of figures into two equal parts. A quartile divides it into four equal parts.


For the example above (the case study ‘Is everyone pulling their weight?) the first quartile of the series, representing the output from the operators in the Dinsher Shop, is 17 and the third quartile is 23. The interquartile range is the difference between the first and third quartile numbers, in this case 23-17=6, and the quartile deviation is half the interquartile rage. Here 3.

Therefore the dispersion from the average output of 20 dins hers can be stated to have a quartile deviation of 3.


The advantages of the quartile deviation as a measure of dispersion are that it is easy to calculate and is not affected by extreme values. However, its disadvantages are that it in effect ignores half the values in the series and gives no indication of clustering. The extreme values can chage to any number without affecting the result.

The units of measure for the quartile deviation are the same as the series of numbers from which they are derived; dinshers in the above example. The quartile coefficient of dispersion is used when series of different items are to be compared, since it is unit less. It is equal to the ratio of the quartile deviation to the median, as in equation (7,7).

 
Quartile coefficient = quartile deviation




Median



       = Difference between quartiles
= 23-17  =0.15

(7.7)




Sum of quartiles

  23+17

7.5.3 Mean deviation

The mean deviation is the average of all deviations. It is found by taking the mean of the difference between each figure and the arithmetic mean or the detain of the series, signs being ignored. This is given by Equation (7.8).
Mean deviation
= ∑n r = 1 │Aa – x r│




    n
For example, Table 7.12 shows the output of the ten operators sampled in the Dinsher Shop. The arithmetic mean is found from the second column as 20. The third column gives their deviation from this mean, and the sum, ignoring signs, is 34. (Note that is the signs are not ignored the result will always be zero, since the deviations lie equally on either side of the mean. The mean deviation is therefore 34/10 =3.4. This is the dispersion from the average value of 20. The advantage of the mean deviation as a measure of dispersion is that it takes account of all the items in the series. However, since signs are ignored, it is not suitable for use in further mathematical analysis.
7.5.4 Standard deviation

The standard deviation is the most frequently used measure of dispersion front the average. The arithmetic mean is always used to calculate standard deviation, never the median. The standard deviation (o) is found by squaring the deviation from the mean (so eliminating signs), adding all the results, finding their arithmetic mean, and then taking the square root of the result. This is illustrated in Equation 7.9.

O= ((Aa – x1)2 + (Aa – x2)2 + … + ( Aa – xn)2)1/2



    n

= ( ∑ n r = 1 ( Aa – x r )2)1/2

       n
For the example of the output from the Dinsher Shop, the fourth column in Table 7.12, derived by squaring the values in the third column, shows that the sum of the equate of the deviation from the arithmetic mean is equal to 150. The standard deviation is therefore:

O= ( 150 ) = 3.873

          10

The advantages of the standard deviation are that it includes every value in the series and is mathematically correct, so it can be used for further calculations. Its disadvantage is that it is more difficult to understand and calculate. It can also give grater weight texture values, since the deviations are squared. Several other measures of dispersion are derived from the standard deviation. For example, the variance is equal to the equal to the square of the standard deviation, and is therefore found from Equation (7.9) before the final square root is taken. The coefficient of variance is found by dividing the standard deviation by the arithmetic mean, as in Equation (7.10). Coefficient of variance = o x 100





        A a
The coefficient of variance gives a dimensionless ratio, unlike the standard deviation, which is in the same units as the series from which it has been derived. Therefore the coefficient of variance can be used to compare two sets of numbers which have very different units or are widely different in value. When calculating the standard deviation from a frequency table the mid-points must be used. The is shown in Table 7.13 for the ages in the Dinsher Shop, derived from Table 7.8. The arithmetic mean is equal to 33.1, as found in an earlier example, and the final column of Table 7.13 gives the total sum of the squares of the deviations from this mean as 63245. The standard deviation is therefore equal to: 

Standard deviation (o) ( 63245 )1/2 = 11.25




     500


7.5.5
Skew ness

The distribution of numbers within a series usually lies unequally on either side of the middle, as illustrated in the frequency distribution of Figure 7.12. The mode is always the point of most frequent occurrence and is the peak of the distribution. The median divides the area under the curve into two equal parts. The arithmetic mean cannot be found from the curve; it must be determined mathematically and then added to the curve. The distribution is said to be positively skewed if it is biased to low values, as in Figure. 7.12 (a) and it has a negative skew if biased the other way, as in Figure median and mode will all coincide. Several mathematical techniques exist for expressing the skewness of the distribution, and they all give a measure of the deviation between the mean, median and mode. Usually this skewness is stated in relative terms, to make comparisons between different series easier. The Pearson coefficient of skew ness is given by Equation (7.11) or by equation (7.12). Pearson coefficient (pk) = mean – mode 



    Standard deviation

Or


Pearson coefficient (pk) 3 (mean – median)





     Standard deviation
If the results from Equations (7.11 or (7.12) are positive then the distribution has a positive skew, and if negative  it has a negative skew. The higher the absolute value of the number the greater the skew. If there is no skew then the Pearson coefficient will be zero.
