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TOPIC 6    
MEASURES OF VARIATION 

 

 

 

 

The concept of variation 

sometimes averages aren’t enough 

A measure of the average value can provide a lot of useful information about a set of observations, but 

in many cases it is not sufficient to tell us everything about the variable. Consider, for example, Figure 

6.1 below: 

Figure 6.1   Comparison of Two Distributions 

    Population A

    Population B

 
 

the distributions are different yet give the same averages 

While the two distributions shown have the same average values, whether measured as a mean, a 

median, or a mode, we could not say that the distributions were the same. To describe and compare 

them we need additional information; we need alternative ways of describing the distributions. After the 

average value, the next most important property of the distribution that we need to measure is the 

variability of the distribution. From Figure 6.1 we can see that distribution ‗B‘ is much more variable (or 

spread out) than distribution ‗A‘. In this section we shall look at different ways of measuring variability. 

actual level of variability 

We want to measure variability for two main reasons. Firstly we may be interested in the actual level of 

variability and in comparing this with another distribution. If we are looking at income distributions, for 

example, then the government may be interested not only in the average income level, but also in the 

variability of income level between people and also between different regions of a country. Many 

policies are designed to help redistribute income from the richest to the poorest (thereby reducing the 
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variability of income levels), and so we would need to measure variability to see if it changes over time.  

variability due to sample variation 

The second reason for wanting to measure variability is when we use sampling to compare population 

values. We then need to take variability into account. We want to be able to distinguish between 

differences that might have just happened by chance (that is, in the selection of the samples) and those 

that indicate some real change. 

example 

Let us look at an example where we are comparing two population distributions. 

 

Figure 6.2   Comparison of Income Levels of Two Populations 
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variability is not necessarily reflected in averages 

Population ‗A‘ represents the distribution of annual income per household in one region and Population 

‗B‘ represents the distribution of annual income of households in another region. Both have the same 

mean level of income of $1,800 per year, but we cannot say that the two distributions are the same. The 

distribution of income of Population ‗B‘ is far more spread out than Population ‗A‘. It also has, therefore, 

a greater degree of variability. 

two different measures of variability  

It is clear that we should not only compare measures of location when looking at populations, but also 

measures of variability. In this topic we shall consider two different measures of variability which are 

basically of two types: 

a. measures of the distance between representative values of the population; and 

b. measures of the distance of every unit of the population from some specified central value. 

range and standard deviation for ungrouped data 

As examples of these measures of variability we shall look in this topic at the range and the standard 

deviation (or variance) for ungrouped data. More complicated techniques (such as finding the standard 

deviation when the observations are grouped in a frequency distribution) are covered in advanced 

training.  

The range 

largest – smallest 

The simplest way to measure the variation or spread, given a set of observations, is to calculate the 

range. The range of a set of observations is defined to be the difference between the smallest and the 

largest values in the set. This is very simple to understand and easy to calculate and so has an obvious 

appeal. It is used in practice, but is only really useful when the variable under consideration has a fairly 

even spread of values over the range. It has some obvious drawbacks which tend to restrict its use in 
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practice; some of the more important disadvantages are: 

disadvantages 

a. because the range is the difference between the largest and the smallest value, it is very 

sensitive to very large or very small observations. The inclusion of just one freak (that is, rare 

or unusual) value will greatly affect the range; 

b. the range is dependent on the number of observations. Increasing the number of 

observations can only increase the range; it can never make it less. This means that it is 

difficult to compare ranges for two distributions with different numbers of observations; 

c. while the range is very easy to calculate, it has the disadvantage that it ignores all the data in 

between the highest and the lowest values. If, for example, we consider the following three 

sets of data: 

 

       Set 1 3, 5, 7, 9, 11, 13, 15, 17, 17, 17, 17 

       Set 2 3, 5, 5, 5, 17, 17, 17, 17, 17, 17, 17 

       Set 3 3, 6, 7, 8, 10, 11, 14, 14, 15, 16, 17 

 

we see that the range for all three sets are the same (17-3 = 14), but the degree of variation 

is by no means the same; 

d. it is difficult to calculate the range for data grouped in a frequency distribution. All we can 

really do is take the difference between the lower limit of the first class and the upper limit of 

the last class. This would obviously depend on the definitions of the classes, and is 

impossible if you have an open-ended class. However, some judgments can be made 

depending on the knowledge of the subject matter under observation. For practical purposes 

the open-ended classes are usually closed by guessing a value for the open-end. 

example 

Let us consider another example, the values of imports in various Pacific island countries in 1995. 

Table 6.1   Total imports by country, 1995 (in thousand AUD) 

Country Value of imports  
(A$’ 000) 

Cook Islands 65,363 

Fiji 1,172,052 

Kiribati 47,547 

Marshall Islands 100,073 

Papua New Guinea 1,741,935 

Samoa 126,689 

Solomon Islands 224,254 

Tonga 98,047 

Tuvalu 12,535 

Vanuatu 124,521 

Source SPESS 14, 1998, Pacific Community, Noumea 

method 

The range of the import values is the difference between the largest and the smallest value and in this 

case the range is: 
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Range = $ (1,741,935,000 – 12,535,000) = $1,729 million 

 

 

do not usually calculate range for grouped data 

The range from a grouped frequency distribution is not usually calculated because of the reasons given 

in the section on disadvantages of the range. However, it can be obtained approximately by taking the 

difference between the upper limit of the last class and the lower limit of the first class. We must note 

that it can sometimes be very difficult and at times meaningless if either or both of these classes are 

open-ended. Let us consider once again the example of annual household cash income in two regions 

of a country, which are given in the following frequency distributions: 

Table 6.2   Comparison of the range of income of two regions 

Annual Household Cash Income 
Region A Region B 

Income ($) 
Frequency (No. 
of Households) 

Income ($) 
Frequency (No. 
of Households) 

Less than 500 (200*)  137 Less than 1,000 (500*) 86 

500 – 999 278 1,000 - 1,999 137 

1,000 - 1,499 406 2,000 - 2,999 64 

1,500 - 1,999 331 3,000 - 3,999 47 

2,000 - 4,999 188 4,000 - 6,999 130 

5,000 - 9,999 259 7,000 - 9,999 62 

10,000 - 19,999 138 10,000 & over (20,000*) 88 

20,000 & over (30,000*) 14   

Total 1,751  614 

Source: Table 5.1 (illustrative data only)  * = Assumed limits 

 

open-ended class intervals 

Obviously we cannot calculate the range of income in such cases because of the presence of open-

ended class intervals at both ends. However, if we do have to calculate income ranges for the two 

populations, we will be forced to make some assumptions. These assumptions may be well-founded or 

ill-founded, but nevertheless, if a decision has to be made, we will have to put some values in the open-

ended classes. In the example above, the assumed values are: 

 

Assumed Values ($) Region 

 „A‟ „B‟ 
Lower limit (first class) 200 500 

Upper limit (last class) 30,000 20,000 

 

range 

The income ranges for the distributions may now be calculated as follows: 

Region ‘A’ Region ‘B’ 

Income Range = $(30,000-200) = $29,800 Income Range = $(20,000-500) = $19,500 

clearly state assumptions 

In the above example, although we have derived the income ranges as $29,800 for region ‗A‘ and 

$19,500 for region ‗B‘ the ranges could be meaningless if it was later realised that the assumed values 

were incorrect. However, statisticians and planners are often confronted with such problems in their 
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everyday work and decisions such as those taken in the case of the ranges of income in regions ‗A‘ and 

‗B‘ are the types of decisions which they have to live with. The important thing is that the assumptions 

applied to generate a result are clearly stated. 

use points other than the highest and lowest 

We can get around most of the problems of the range as a measure of the variation by using other 

points in the distribution rather than the two extreme points. Another choice would be to measure what 

we call the quartile deviation or the ‗semi inter-quartile range‘ (that is, to measure the mean average 

difference between the upper and lower quartiles). For a discussion of upper and lower quartiles refer 

to Topic 5, ―More on measures of location‖. The quartile deviation is not included in these notes, but 

covered in the advanced analysis course.  

use percentiles 

Another alternative is to use the difference between, say, the 10
th

 and the 90
th

 percentile (that is, those 

values for which 10 per cent and 90 per cent of the observed values are below). As measures of 

variation, both of these are quite useful. They are not affected by any one or two extreme or rare 

observations, they are less dependent on the number of observations, and they will tend to differentiate 

between different sets of observations. In the case of ungrouped frequency distributions, we can nearly 

always calculate these values. In the case of grouped frequency distributions, a problem occurs when 

one of the percentile or quartile values falls in an open-ended class. 

Standard deviation 

standard deviation as a measure of spread 

Although the range is a simple measure of variation or spread, it has many disadvantages. We 

therefore need a measure which will overcome these disadvantages while still providing a good 

measure of variation. One method is the mean deviation where we measure the distance of 

observations from the mean. However, the mean deviation incorporates absolute values and these are 

difficult to deal with mathematically. The standard deviation is based on the same principles as the 

mean deviation, but in this case we eliminate the signs of the deviations from the mean by squaring 

them. 

method  

How does the standard deviations work? Like the mean, the standard deviation takes all the observed 

values into account. If there were no dispersion at all in a distribution, all the observed values would be 

the same. The mean would also be the same as this repeated value. So if everyone had the same 

height of 180cm, the mean would be 180cm. No observed value would deviate or differ from the mean. 

But, with dispersion, the observed values do deviate from the mean, some by a lot, some by only a little. 

Quoting the standard deviation of a distribution is a way of indicating a kind of ―average‖ amount by 

which all the values deviate from the mean. The greater the dispersion, the bigger the deviations and 

the bigger the standard deviation. 

principle of standard deviation 

The standard deviation is found by adding the squares of the deviations of the individual values from 

the mean of the distribution, dividing this sum by the number of items in the distribution, and then 

finding the square root of this number. 

Lets now explain the procedure for calculating the standard deviation in more detail. 

In terms of a population consisting of N values x
1
, x

2
, x

3
 ... x

N
 with a mean  (pronounced mu or mew) 

the standard deviation of a population is defined as: 
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Formula 

Standard Deviation ( ) = 
N

x
N

i

i



1

( 

 

 

Definition 

To describe the formula we will work through the steps to calculate the standard deviation. 

First we calculate : 

 is calculated the same way as x  in the previous chapter (i.e. we add up all the numbers and divide by 

how many numbers there were). We call it when we are dealing with a population, rather than x  

when it is a sample. 

We subtract  from each x value:  (xi - )
 

Square each of these values: (xi - )
2 

Sum these values to get the total:  ( )x   2
 

Divide by the number of units in the population (N): 
(x

N

i
i
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Take the square root of everything:  

(x

N

i
i

N




 

1
 

The standard deviation of a population is denoted by  (the Greek letter for small sigma). 

variance 

The square of the standard deviation is called the variance and is denoted by 
2

. When we square the 

result of a formula which has a square root, the square root sign is cancelled out and disappears. We 

then have: 

formula 

Variance (
2

)  =  

(x

N

i
i

N




 

1
 

 

sample variance 

If we are dealing with a sample and wish to calculate the sample variance (or sample standard 

deviation) in order to estimate the value for the population, the formula is changed slightly. In this case 

s
2

 stands for the sample variance, x  the sample mean, and n the sample size. The formula for the 

sample variance is then: 

Sample Variance (s
2

 )  =  
)1(

)x ( 2

1






n

x
n

i
i
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and the sample standard deviation is given by: 

 

Sample Standard Deviation (s) =  
1

)(
1

2






n

xx
n

i
i

 

 

sample = (n-1) 

These formulae for samples are effectively the same as those for populations, except that we have 

used the division (n - 1) instead of N. The important thing to remember is that when calculating the 

variance or standard deviation of a sample, divide by (n - 1). When calculating the variance or standard 

deviation of a population, divide by N. 

large standard deviation = large spread 

Note that the more the values of individual items differ from the mean, the greater will be the square of 

these differences and therefore the greater the sum of squares. Therefore, the greater the sum of 

squares, the larger will s (the standard deviation) be. Hence, the greater the dispersion, the larger the 

standard deviation will be. 

example 

We will now go through the calculation of the standard deviation using the following data. 

 
Table 6.3:   2000 Secondary School Enrolment by Province, PNG 

  Deviation Deviations 

Province Enrolments from mean squared 

Western 961 -2,470 6,100,900 

Gulf 1,523 -1,908 3,640,464 

NCD 4,854 1,423 2,024,929 

Central 3,344 -87 7,569 

Oro 3,134 -297 88,209 

SHP 1,682 -1,749 3,059,001 

EHP 5,768 2,337 5,461,569 

Simbu 6,182 2,751 7,568,001 

 Mean = 3,431 0 27,950,642 

Source:  Illustrative data only 

 

first find the mean 

To calculate the standard deviation we first calculate x . 

x  = 

x

n

i
i

n




1

 

= (961 + 1,523 + 4,854 + 3,344 + 3,134 + 1,682 + 5,768 + 6,182)/8 

= 3,431 

 

In Column 3 we subtract the mean value from the values for each year. 

In Column 4 we square the deviations and sum these squared deviations, giving a total of 27,950,642. 
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data from a population 

If the above data are considered to be from a population, then to derive the standard deviation we divide 

the sum of the squared deviations by the number of the observations (N = 8) and take the square root. In 

this case we have: 

Population Standard Deviation () =  
8

642,950,27  = 25.830,493,3  = 1,869.18 

data from a sample 

However, if the data are considered to be a sample from a population, then to derive the standard 

deviation we divide the sum of the squared deviations by one less than the number of the observations 

or industries (n-1 = 7) and take the square root. In this case we have: 

Sample Standard Deviation (s) =  
7

642,950,27
 = 86.948,992,3  = 1,998.24 

In this example we would probably consider the data to be sample data, so would divide by 7. 

awkward with a large set of numbers 

Although this is a fairly simple procedure to calculate the standard deviation of a small set of numbers, it 

is quite a cumbersome procedure for a large set of numbers. First of all we have to determine the mean 

of the set, then calculate the deviations of each observation from the mean, square these and add them 

up. Even with the aid of a calculator the operations take quite a lot of time. It is best to use a computer 

to perform the calcuations. 

rearrange the formula 

We can, however, make the calculation much easier by rearranging the formula for the variance. Thus, 

for a sample, we have: 

Sample formula 

s
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1

)( 2
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population formula 
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steps for sample variance 

Lets run through this formula for the sample variance. 

For the sample variance we first square each individual x value: x i

2
 

We then calculate the sum of those squared numbers: xi
i

n
2

1

   Call this total A. 

We also calculate the total of the individual x values: xi

i

n




1
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We square this total: xi

i

n














1

2

 

and divide by n (the number in the sample): x ni
i

n
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  Call this total B 

We then take A - B and divide by (n-1): 

x x n

n

i i
i

n

i

n

2

1

2

1
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not as complicated as it looks 

Although the second formula looks more complicated, it is in fact much easier to use when we are using 

a calculator. For example, let us consider the following sample values which are the same observations 

that we had considered in Table 6.3. 

example 

961    1,523    4,854    3,344    3,134    1,682    5,768    6,182 

total and the mean of the observations 

a. Calculating the variance of the sample the first way would entail firstly obtaining the total and the 

mean of the observations. We have: 

  xi = 27,448,  n = 8 x  = 3,431 

 The deviations from the mean are: 

 -2,470 -1,908 1,423 -87 -297 -1,749 2,337 2,751 

 The sum of the squares of the deviation is 27,950,642. Thus, the variance is: 

 s
2

 = 27,950,642 / 7 = 3,992,948.86 

second method 

b. Calculating the variance using the second method or formula we need: 

  xi  = 27,448   and    xi
2

 = 122,124,730 

 s
2
 = 

x x n

n

i i
i

n

i

n

2

1

2

1

1





























 

  = [122,124,730 -  {(27,448)
2
 / 8}] / 7 

  = (122,124,730 – 94,174,088) / 7 

 s
2
 = 3,992,948.86 

second method is easier and faster 

Thus we see that if we use the memory function in a calculator, the second calculation can be done 

without having to write any intermediate results. You will also note that the variance derived using either 

of the two methods is the same (3,992,948.86) except that the second method is easier and faster. 
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Properties of the standard deviation 

remember 

When using the standard deviation it is important to remember the following points: 

 the standard deviation is used only to measure the spread about the mean; 

 the standard deviation is never negative; 

 the standard deviation is sensitive to extreme values (called outliers). A single outlier can raise 

the standard deviation a great deal, distorting the picture of spread; and 

 the greater the spread, the greater the standard deviation. 

Coefficient of variation 

the mean adds meaning to the standard deviation  

The standard deviation by itself is not very meaningful unless it is considered along with the arithmetic 

mean. For example, a standard deviation of $100 when the mean income is $10,000 implies a much 

greater relative variation than a standard deviation of $100 for a mean GDP figure of $10,000,000. Also, 

comparing the variability of two populations with different units of measurement (for example, income 

levels in Papua New Guinea (Kina) and Vanuatu (Vatu) can be very difficult. 

interested in variation from the mean 

Hence, the variability in a set of observations can usefully be measured relative to a central measure 

such as the arithmetic mean. Such a measure is provided by the coefficient of variation, which is the 

ratio of the standard deviation to the arithmetic mean, usually expressed as a percentage, and is given 

by the formula: 

formula 

 

Coefficient of Variation (C.V.) = ( / x )  100 

 

(The  100 converts the number to a percentage.) 
 

can compare data 

To compare the variability of two sets of figures would therefore involve comparing their respective 

coefficients of variation. The coefficient of variation allows for comparisons when: 

o the means of the distributions being compared are far apart, or 

o the data are in different units. 

percentage  

The units are converted to a common denominator (a percent). 

example 

If we look at the data in Table 6.3, we can calculate the coefficient of variation as: 

 C.V. = ( / x ) * 100 

  = 1,869.18 / 3,431 * 100 

  = 54.48% 

illustrative example  

Let‘s use some made up data to illustrate the coefficient of variation. 

The mean income of homeowners in Australia is $40,000 with a standard deviation of $4,000. In 
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Kiribati, the mean income of home owners is $12,000 with a standard deviation of $1,200. (Note that 

the means are far apart and the standard deviations are different. Compare and interpret the relative 

dispersion in the two groups on incomes. 

solution 

The first impulse is to say that there is more dispersion in the incomes in Australia because the 

standard deviation is greater. However, when we convert the two measurements to relative terms using 

the coefficient of variation, we find that the relative dispersion is the same. 

Australia 

 CV(Australia) = ( / x ) * 100 

  = $4,000/$40,000 * 100 

  = 10% 

Kiribati 
 CV(Kiribati) = ( / x ) * 100 

  = $1,200/$12,000 * 100 

  = 10% 

similar CV 

In summary the income for both Australia and Kiribati have similar amount of variation. 

example 

We could also compare two different types of data – incomes and age of homeowners. We could 

compare the spread of incomes of homeowners in Australia with say the spread of the age of 

homeowners. The mean age of homeowners is 40 years with a standard deviation of 10 years. 

age 
 CV(age) = ( / x ) * 100 

  = (10/40) * 100 

  = 25% 

 CV(income) = 10% 

We can see that there is greater relative dispersion in the ages of the homeowners than in their 

incomes. 

Normal distribution 

used extensively 

A particular distribution that is used extensively in statistical theory is the normal distribution:  
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properties 

The normal distribution has several key properties. 

 

o it is symmetrical; 

o it is bell shaped; 

o mean of the distribution is the peak; and 

o the area under the curve is always 1. 

 

always have the four 

Normal distributions can have different means and standard deviations, but they always have these four 

key properties. 

everyday examples 

Many phenomena in every day life can be described by the Normal curve, for example people‘s height. 

A small number of people in the population are very short, a small number are very tall, and the majority 

of the population fall in some middle range. Many other phenomena are also normally distributed, for 

example test scores and weights of people. 

We could discuss the normal distribution extensively, but for now that is all you need to know. 

Reference Ranges for a Standard Deviation 

analysis of data normally distributed 

When analysing normally distributed data, the standard deviation is used with the mean to calculate 

where the data lie within certain reference ranges. The most important thing to understand about 

reference ranges is that for any set of normally distributed data: 

reference ranges 

 about 68% of the data lie in the interval x - s < x  < x  + s 

(That is, 68% of the data lie in the range from the mean minus the standard deviation to the mean 

plus the standard deviation) 

 about 95% of the data lie in the interval x - 2s < x  < x  + 2s 

 about 99% of the data lie in the interval x - 3s < x  < x  + 3s 

where  x  = the mean; and 

s = the standard deviation 

68% reference range 

If we look at the data in Table 6.3, we can calculate the 68% reference range for the data as: 

68% Reference range:  ( x - s  , x  + s) 

 (3431 - 1998.24,  3431 + 1998.24) 

 (1432.76  ,  5429.24) 

That is, 68 % of the data lies in the range 1,432.76 to 5,429.24. 

95% reference range 

We can calculate the 95% reference range as: 

95% Reference range:  ( x - 2s  , x  + 2s) 

 (3431 - 2(1998.24)  ,  3431 + 2(1998.24)) 
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 (3431 – 3996.48  ,  3431 + 3996.48) 

 (-565.48  ,  7427.48) 

That is, 95 % of the data lies in the range –565.48 to 7,427.48. 

 

 

Summary of the measures of variability 

 

 

RANGE 

 

 is easily calculated, except for frequency distributions, and is well understood; 

 is based on the two extreme observations and is thus very unstable; 

 is difficult to manipulate mathematically; 

 provides no information about the general behaviour of the distribution; 

 should only be used as a rough guide to the level of variability. 

 

VARIANCE/STANDARD DEVIATION 

 

 is a measure of variability using information from every observation; 

 with some manipulation, the calculations are reasonably straight-forward; 

 has a central role in mathematical and statistical theory and is very widely used; 

 can be affected by extreme values; 

 is the most commonly used measure of variability. 

 

COEFFICIENT OF VARIATION 

 

 is independent of the units of observations. Therefore, it is useful in comparing 

distributions where the units of observations are different; 

 a disadvantage of the coefficient of variation is that it is unstable when the 

arithmetic mean is close to zero. 
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One final characteristic of a distribution 

understand the underlying structure 

The objective of summarising a set of data is to make it possible to comprehend the underlying 

structure and pattern of the distribution of the values of the variable under consideration. The attempt in 

summarising the data is to reduce them to a few measures which would give us an indication of the 

central values, variation of the values, concentration of the frequencies and shape of the distribution. 

The frequency distribution describes the population we are considering, and the measures of location 

and variation help us to characterise the distribution by simple measures. 

skewed distributions – asymmetrical  

Another way of characterising a distribution is to study its skewness (that is, whether the distribution is 

not symmetrical and, if not, whether the observations are concentrated in the low or high values). 

Examples of skewed distributions are income, land holding size and household size. For such 

distributions, one is interested in finding out the type of skewness, whether there are more units with 

low values than units with high values, or whether there are more units with high values than units with 

low values. 

'right’ tail 

A distribution is said to be positively skewed if large frequency values are concentrated to the left of 

the distribution and the distribution has small frequency values to the right of the distribution (that is, the 

distribution has a ‗right tail‘ and has more low values than high values). 

‘left’ tail 

A distribution is said to be negatively skewed if large frequency values are concentrated to the right of 

the distribution and the distribution has small frequency values to the left of the distribution (that is, the 

distribution has a ‗left tail‘ and has more high values than low values). 

three main features  

A distribution can be considered to have three main features which are of interest in studying a 

population. These features are: 

 

1 its central values; 

2 its variation from the central values; 

3 whether the distribution is symmetric about the central values; and if 

not symmetric, whether it is leaning to the left or right. 
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……       EExxeerrcc iisseess       ……   

 

1.  The local bus company employs 10 people. The length of service, in completed years, 
for each employee is as follows: 

8 8 1 4 1 8 8 2 7 3 

(a) Calculate the range. 

(b) Calculate the standard deviation (assume the values are sample values). 

(c) Calculate the coefficient of variation. 

(d) Calculate the reference range which contains approximately 68% of observations. 

 

 

 

 

 

 

 

 

 

2.  Customs files reveal the ages of persons leaving the country. A sample of ages are: 
16, 41, 25, 21, 30, 17, 29, 50, 30 and 39. 

(a)  Calculate the range. 

(b)  Assume the values are sample values and calculate the sample variance using the 
second method of calculating the variance. 

(c)  Calculate the coefficient of variation. 

(d)  Calculate the reference range that contains approximately 95% of observations. 
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3.  The local market reported the following number of people buying vegetables for the 
past 9 days: 

81 65 58 47 30 51 92 85 42 

(a)  Calculate the range. 

(b)  Calculate the standard deviation (assume the values are sample values). 

(c)  Calculate the coefficient of variation. 

(d)  Calculate the reference range that contains approximately 95% of observations. 
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1.  The following data represent the amount spent (in dollars) by a random sample of 14 
households on basic food items for one month: 

57 34 27 41 25 18 39 

33 37 39 38 47 31 42 

(a) Calculate the range. 

(b) Calculate the sample standard deviation. 

(c) Calculate the coefficient of variation. 

(d) Calculate the reference range that contains approximately 99% of observations. 
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More statistical functions  

In Topic 5, you were shown how to use the functions related to Measures of Location. In this section, those 
relevant to Measures of Variation are illustrated. You don‘t have to use the functions – instead you can set 
up a worksheet with the three columns (observation, deviation from the mean and deviations squared). See 
the computer notes for Topic 7 to set up the worksheet to calculate the variance, standard deviation and 
standard error from sample data. You have to be careful because the way your sample was selected 
determines how the standard error is calculated. If you have any doubts about the correct formula to use, 
contact the SPC Statistics Programme for help. 

When calculating the variance or standard deviation, it might be more useful to use the ‗worksheet‘ method 
rather than the Excel function. If you have the columns set up in your worksheet you can see the different 

components of the equation (x
2
 etc), and it would be easier to find out why you had a larger or smaller than 

expected deviation in your data. You also have to be aware that Excel uses its average function which 
includes 0 values in the count of observations (n) which might not be appropriate in all circumstances. 
 

The range 

You don‘t really need to use a function to calculate the range – use the sort buttons on the Standard toolbar. 

You can sort from smallest to largest with the  button, and from largest to smallest with the  button. Be 
careful when you sort data – either select ALL your data, or click with the mouse in the column you want to 
sort by: it is very easy to corrupt your data with the sort buttons (you don‘t get a warning like you do with the 
sort option on the Data menu).  
 

Population variance 

Excel calculates the variance for a POPULATION using the formula: 

  
which is a different way of writing the one used in your notes.  

Format:  = varp(cell range)  

Exampl
e 

=varp(A1:A2333) will calculate the variance for the POPULATION in cells A1 to cell 
A2333. 

 

Sample variance 

Excel calculates the variance for a SAMPLE using the formula: 

  
which again is a different way of writing the one used in your notes.  

Format:  = var(cell range)  

Example =var(A1:A2333) will calculate the variance for the SAMPLE in cells A1 to cell A2333. 
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Population standard deviation 

Excel calculates the standard deviation for a POPULATION using the formula: 

  

which is a different way of writing the one used in your notes.  

Format:  = stdevp(cell range) 

Example = stdevp(A1:A2333) will calculate the standard deviation for the 
POPULATION in cells A1 to cell A2333. 

 

Sample standard deviation 

Excel calculates the standard deviation for a SAMPLE using the formula: 

  

which again is a different way of writing the one used in your notes.  

Format:  = stdev(cell range)  

Example =stdev(A1:A2333) will calculate the standard deviation for the SAMPLE in 
cells A1 to cell A2333. 

 

Confidence interval 

You can use Excel to calculate the confidence interval for a mean. You have to type in the standard 
deviation so the function is not that ‗user friendly‘. 

 

Format:  = confidence(alpha,standard_dev,size) 

Where  

alpha is the significance level used to compute the confidence level. The 
confidence level equals 100*(1 - alpha)%, or in other words, an alpha of 
0.05 indicates a 95 percent confidence level. 

Standard_dev is the population standard deviation for the data range and is 
assumed to be known. 

Size is the sample size. 

Example Suppose we observe that, in a sample of 50 commuters, the average length 
of travel to work is 30 minutes with a population standard deviation of 2.5. 
We can calculate with 95% confidence that the population mean is in the 
interval: 

=CONFIDENCE(0.05,2.5,50) equals 0.692951. In other words, the average 
length of travel to work equals 30 ± 0.692951 minutes, or 29.3 to 30.7 
minutes. 

 

 


	TOPIC 1    INTRODUCTION
	Introduction
	understanding statistics
	This course is designed primarily to provide a basic understanding of statistical analysis and how to present the results of analysis in a report. Professional literature regularly includes results that are based on statistical analysis. Regardless of...
	As we study the subject of statistics, we need to establish definitions for particular words and concepts. In everyday use, these words may have fairly wide meanings and may be used in very different situations. In statistics, words need to be defined...

	Why do we analyse data?
	The survey population is that set of units from which information is to be collected. The survey population is also known as the coverage of the collection. Naturally it is desirable for the survey population to coincide with the target population, bu...
	The target population is the scope of the survey …
	the set of units we want to collect information from.
	The survey population is the coverage of the collection …
	the set of units we do collect information from.
	two types of surveys
	The terms census and sample refer to the extent of data collection undertaken. In a census, the data is collected from all units in the survey population. Therefore, as long as the population is well defined and the data is collected accurately from e...
	ADVANTAGES OF SAMPLE SURVEYS COMPARED WITH CENSUSES
	Reduces cost — both in terms of money and personnel requirements;
	Reduces time needed to produce results;
	Enables data to be collected more accurately (less non-response, collection/processing error); and
	Enables more detailed questions to be asked.
	DISADVANTAGES OF SAMPLE SURVEYS COMPARED WITH CENSUSES
	Results (or estimates) are subject to sampling error;
	Detailed cross-tabulations and results for small geographic areas and sub-populations may be too inaccurate to be useful;
	Does not provide sampling frames for use in the future; and
	Difficulty in communicating results to users.
	The decision whether to undertake a census or a sample often involves some difficult choices.
	anaylysing survey data
	Once you have conducted your survey the data must be analysed. Statistical analysis is often about simplification and summarisation of data. Methods for describing sets of measurements fall into two categories: graphs and numbers. In this course we le...

	The statistical process
	its an ordered world
	Statistical data are the results of making observations of variables from statistical units. The three terms observation, variables and statistical units all have a special meaning in statistics. We shall define each of them in turn and then have a lo...
	observe and record information
	An observation is the result of observing and recording information from a particular source. Usually an observation will be carried out by a person, but it could also be carried out by a machine (for example, a machine may automatically record the t...
	and then there are variables
	An observation will be made of the value of a variable for a unit in the population. The term variable means a feature or property of the units in the population and, of course, a unit may have many different variables, all or some of which we may obs...
	observations from statistical units combine to form statistical data
	The values of variables are observed from statistical units. Statistical units are not only people, they are any item in the population of interest. Examples of statistical units are: objects, groups of objects, people, families, households, geographi...
	Values for one or more variables on a number of statistical units from the same population make up a series of statistical data. Thus, the total value of exports of a country for a number of years will form a series, with years as statistical units, w...
	…   Exercises   …
	…   Self-Review   …


	measuring – measuring the heights of school children with a measuring tape;
	counting – counting visitors to a tourist attraction;
	recording answers to interviews – asking questions of people and recording their responses;
	mailing out questionnaires – sending a form to businesses to determine their employment numbers;
	copying from existing records – referring to customs records and copying import figures; and
	using self-recording instruments – measuring temperatures on an outer island using an automatic machine.
	TOPIC 2    VARIABLES
	Introduction
	concepts and definitions
	In this topic some statistical concepts and definitions and the main types of statistical data are defined and discussed. The objectives are to become aware of the way the concepts and definitions used to collect data can impact on analysis; and to be...

	Concepts and definitions
	first things to consider
	Before we do any statistical analysis we carefully examine the concepts and definitions used to collect the data. We ask ourselves a number of questions:
	What was the target population?
	What was the survey population?
	What was the statistical unit?
	How were the observations made?
	What standards or classifications, if any, were used? What were the coding decisions made?
	What edits or consistency checks, if any, were applied?
	number of observations
	Other points to consider include whether there are enough observations for analysis (for example, in some sample surveys detailed statistical analysis of variables might not be possible). Also look at the level of non-response to the question – this i...
	definitions
	The survey population, or the coverage of the data, can have a substantial impact on the data analysis we can and cannot do. Examples of different survey populations include all persons, household heads, visitors, residents or persons over 15 years, e...
	What is a ‘visitor’ – how long does a person ‘visit’ before being considered a ‘resident’ in a household?
	What is ‘employed’ – does this include both paid and unpaid work (i.e. subsistence labour and paid labour)? How many hours do you have to work before being considered as ‘employed’?
	What is ‘unemployed’ – in some collections to be unemployed the person has to be seeking work and available to work, in others the person simply says they are unemployed.

	Case study – labour force definitions
	labour force
	The definitions used for the labour force are perhaps some of the most complicated for data analysts. This is, in part, because the labour force contains both social and economic concepts (the System of National Accounts (SNA) defines economic activit...
	terms
	The labour force is also a good example of how complicated statistical definitions can be. For example, the following is the International Labour Office (ILO) definition of the economically active population:
	“…comprises all persons of either sex who furnish the supply of labour for the production of goods and services during a specified time-reference period. According to the 1993 version of the SNA, production includes all individual or collective goods ...
	ILO, Yearbook of Labour Statistics, 1994, p. 3
	So the definition of economic activity is related to both the definition of production of goods and services and related to a specific time period.
	employed
	The ILO definition for the employed population is even more detailed:
	“(1) The employed population comprise all persons above a specified age who during a specified brief period, either one week or one day, were in the following categories:
	“paid employment”:
	(a1) “at work”: persons who during the reference period performed some work for wage or salary, in cash or in kind;
	(a2) “with a job but not at work”: persons who, having already worked in their present job, were temporarily not at work during the reference period and had a formal attachment to their job;
	“self-employment”:
	(b1) “at work”: persons who during the reference period performed some work for profit or family gain, in cash or in kind;
	(b2) “with an enterprise but not at work”: persons with an enterprise, which may be a business enterprise, a farm or a service undertaking, who were temporarily not at work during the reference period for any specific reason.
	(2) For operational purposes, the notion of “some work” may be interpreted as work for at least one hour.
	(3) Persons temporarily not at work because of illness or injury, holiday or vacation, strike or lock-out, educational or training leave, maternity or parental leave; reduction in economic activity, temporary disorganisation or suspension of work; or ...
	(4) Employers, own-account workers and members of producers co-operatives should be considered as in self-employment and classified as “at work” or “not at work:”, as the case may be.
	(5) Unpaid family workers at work should be considered as in self-employment irrespective of the number of hours worked during the reference period.
	(6) Persons engaged in the production of economic goods and services for own and household consumption should be considered as in self-employment if such production comprises an important contribution to the total consumption of the household.
	(7) Apprentices who receive pay in cash or in kind should be considered to be in paid employment and classified as “at work” or “not at work” on the same basis as other persons in paid employment.
	(8) Students, homemakers and others mainly engaged in non economic activities during the reference period, who at the same time were in paid employment or self-employment as defined in subparagraph (1) above should be considered as employed on the sam...
	(9) Members of the armed forces should be included among persons in paid employment
	ILO, Yearbook of Labour Statistics, 1994, p. 223
	unemployed
	The definition for the unemployed is just as complicated. The main criteria are:
	The unemployed are those persons above a specified age who during the reference period were:
	“without work” (not in paid employment or self-employed);
	“currently available for work”; and
	“seeking work” - had taken specific steps to seek paid employment or self-employment, such as registration at an employment exchange, applied for a job, placed or answered a newspaper advertisement; tried to establish their own business, visited work ...
	ILO, Yearbook of Labour Statistics, 1994, p. 483
	seeking work
	The ILO note that in some countries the “seeking work” criteria might need to be relaxed because of the lack of labour market organisation or the limited size of the labour market. If these ILO criteria are applied, a person who buys a newspaper and l...
	not in the labour force
	The third main group in an analysis of the economically active population is those who are within the specified age criteria (called the ‘working age population’) but who are not classified as employed or unemployed - those who are not in the labour f...
	Working age population  =  Labour force + Not in the labour force
	Labour force  =  Employed + Unemployed
	These basic population and labour force concepts can be represented diagrammatically:
	look past the jargon
	In this summary form the ILO definitions are easier to understand – often the technical language and jargon used in formal definitions make the concepts and definitions difficult to understand.
	check the survey population
	Before doing any analysis of the labour force you have to think about how the population has been divided up into the different survey populations. The labour force is one of the most complicated areas in terms of concepts and definitions. But the sam...
	Consider the following example from the Commonwealth of the Northern Mariana Islands (CNMI):
	Northern Marianas
	This diagram was developed based on definitions from the 1995 Census report. We might have to follow up with the Statistics Office to find out more about the survey population – for example what status would be given to a person who was doing mainly h...

	Types of data
	different types of data
	As well as the concepts and definitions we also determine what type of data has been collected for each variable as this also affects the analysis we can undertake. The following diagram summarises the way we categorise different types of data.
	definitions
	The word statistics has three main definitions: the subject, the data and the summary figures derived from the collected data. To help resolve any confusion there may be between these three definitions, we shall use the term statistical data to mean t...
	two types of statistical data
	Statistical data can either be quantitative or qualitative, that is, they can be numbers or they may be some attribute of a particular unit. For example, if we were to collect information from the participants of this course on their age and sex, the ...
	data collections use both types
	We can observe the values of many variables of a statistical unit. Some of these variables may be quantitative and others qualitative. Thus in a survey of employees in a particular industry, observations for each employee may include age, sex, occupat...

	Types of quantitative and qualitative variables
	continuous variables
	For practical purposes, we can distinguish between two types of quantitative variables and we need to be quite careful to make sure that we know what type we are dealing with in a particular situation. The first type of quantitative variable is one wh...
	discrete quantitative variables
	The second type of quantitative variable is one that takes values such as the number of workers in an industrial establishment. We describe this type of quantitative variable as discrete. If we conduct a household survey and collect information on the...
	discrete qualitative variables
	All qualitative variables are discrete. This is because qualitative variables depict attributes which, by their nature, are discrete. In the example above it did not make sense to discuss 4.62 people who usually live in a household. Likewise, a person...
	examples of continuous variables
	Some common examples of continuous variables are:
	height of a person
	weight of a person
	maximum daily temperature
	age of a person
	length of a road
	daily rainfall
	How much rain?
	examples of discrete variables
	Some common examples of discrete variables are:
	number of children born to a woman
	number of rooms in a house
	number of pigs owned by a household
	number of employees in a company
	number of pupils in a school
	number of farms in different area units
	number of taxis in a town
	How many rooms?
	income ?
	An interesting variable to consider is income. Most text books suggest that income is a continuous variable. Take a few moments to think about this variable and discuss this variable during the course.
	Income is discrete in terms of the actual amount you get paid – you can count the money and you don’t get paid in ½ or ¼ of a cent. But when you look at income in terms of an hourly rate it becomes continuous – if you are on a salary convert it to an ...
	number of employees ?
	Number of employees is another interesting variable – once again how it is measured determines if it is continuous or discrete. Can you see how this could happen?
	Obviously a count of employees gives a discrete number – a company could have 15 full-time employees, five part-time employees and two casual workers. This would give a total of 22 employees, but what if we were interested in full time workers only? ‘...
	sometimes hard to distinguish
	When we come to look at continuous and discrete variables in real life, the problem is a little more complicated. Although, in theory, the area of a farm may be any value, in practice we may only be able to measure the area to the nearest tenth of a h...
	continuous variables are usually approximated
	Continuous variables are usually approximated and the degree of approximation largely depends on what is being observed, how it is being observed and what precision is required. For example, when height is measured it is usually to the nearest centime...
	but discrete data can be confusing too
	A different confusion can arise when we look at some discrete variables. If we conducted a business survey and recorded the number of employees in different companies we might present the results of the survey as groups of units (for example, that the...

	Scales of data measurement
	scales are used to measure data
	Quantitative and qualitative variables are measured in different ways. When we make observations of variables from statistical units, the observed data can be measured on a variety of scales. These scales can be usefully classified as nominal or ordin...
	Qualitative data
	nominal scale
	The nominal scale is the most basic form of data measurement. It is the result of making observations of variables that are classified as being in a particular category. Examples of variables that have a nominal scale of data measurement are: sex, mar...
	We use a Nominal scale when the observations are mutually exclusive and exhaustive
	and when there is no order to the observations.
	ordinal scale
	The ordinal scale is measurement that enables the data to be ordered (that is, different values can be identified as being larger or smaller). However, the difference between values cannot be meaningfully measured. Examples of data measured using an o...
	We use an Ordinal scale when the values of the observations can be ordered or ranked
	but when we cannot measure the difference between the observations.
	Quantitative data
	interval scale
	The interval scale is when the difference between values can be measured, but there is no relativity between the values (that is, we cannot say one value is so many times larger or smaller than another value). Two examples of data measured using an in...
	temperature
	If the maximum and minimum temperatures today are 15 C and 30 C, then we can say that the maximum temperature is 15 C more than the minimum temperature. However, we cannot say that the maximum temperature is twice as hot as the minimum temperature. Th...
	time
	One group of people started a task at 1pm and it took them 20 minutes. Another group started at 2.10pm and it took them 10 minutes. We can say that the first group was ten minutes slower or twice as slow as the second group. But we cannot say that 1.2...
	We use an Interval scale when we can measure the difference between observations
	but there is no relativity between the observations and No fixed zero point.
	ratio scale
	The ratio scale is when data is measured so that the relativity between values can be stated meaningfully. As in the interval scale, the observations are ordered and the difference between observations is meaningful. In addition, the ratio scale uses ...
	There are many examples of ratio data: height, age, distance and income being a few. Not only can we say that someone who is 40 years old is 30 years older than someone who is 10 years old, but we can also say they are four times as old. A zero height...
	We use a Ratio scale when we can measure the difference between observations
	and there is relativity between the observations.


	Univariate, bivariate and multivariate data
	commonly used terms
	The final group of terms used to describe variables relate to how the data is presented or analysed. The terms univariate, bivariate and multivariate are used quite frequently in statistics. It is therefore necessary to know what these terms mean, alt...
	one variable
	Univariate simply means that we are dealing with one variable. For example, if you had statistical data from a school on the heights of children, then the data would be univariate.
	two variables
	Bivariate means dealing with two variables. Again, if we take the example from a school, we can look at the relationship between the heights and weights of children in the class. We can also look at the relationship of heights and age or the relations...
	In everyday life, statisticians are usually involved in analysis of bivariate data. For example, we can plot heights and weights on a graph to see the relationship between height and weight. A scatter diagram is often used to see the relationship betw...
	more than two variables
	Multivariate means dealing with more than two variables. For example, if we want to know the relationship between height, weight and age, then this would involve a more complicated, multivariate analysis of the data. Multivariate analysis involves som...
	…   Exercises   …
	…   Self-Review   …
	Excel – commands
	What is Microsoft Excel?
	What really happens in Excel …
	The menu bar
	Insert menu key options
	Format menu key options
	Data menu key options

	one step further
	Selecting data in Excel



	TOPIC 3    FREQUENCY DISTRIBUTIONS AND TABLES
	Purpose of frequency distributions
	need to summarise the observations to give them meaning
	When we undertake statistical investigations we end up with a series of observations of some variables from a number of statistical units. Usually we will observe both quantitative and qualitative variables for each unit. Given a series of observation...
	frequency distributions summarise data
	One form of summarising data which is often used is a frequency distribution. A frequency distribution is obtained by dividing the range of observed values into a number of classes (that is, groups or ranges of values to which observations can be assi...
	A frequency distribution helps in understanding the nature of the data as it tells us how the data is spread out across the range of possible values, (that is, how the data is ‘distributed’) and readily brings out the classes having large and small fr...
	A frequency distribution is a grouping of data into categories
	showing the number of observations in each category.
	qualitative variables
	In the case of qualitative variables, the frequency distribution consists of the frequencies of the units falling into the categories of the variable because data will have been measured using nominal or ordinal scales. Examples of such frequency dist...
	continuous data
	Frequency distributions for continuous data use class intervals as the categories. These class intervals contain a range of values rather than a single value. This is to simplify and summarise the data.

	Steps in the construction of a frequency distribution
	3 broad steps
	The three broad steps in constructing a frequency distribution are:
	Specify the classes into which the data will be grouped.
	Sort the data into the classes.
	Count the number of observations in each class.
	The most complicated part is specifying the classes to group the data into.
	There are a number of guidelines used which help specify the classes. However, it should be remembered that these are only guidelines and common sense should always be applied.

	Specifying Classes
	qualitative data
	If you are working with qualitative data, the data will probably be sorted into classes already, based on the response categories. Sometimes, when dealing with a large number of response categories, the observations can be grouped or combined. An exam...
	quantitative data
	When working with quantitative data it can take a number of steps to specify the classes into which the data will be grouped. Two things need to be considered:
	the number of classes needed; and
	the size of each class (i.e. the range of values in each class).
	Number of classes
	no less than 5 and no more than 20
	When deciding on the number of classes the general principle used is that no fewer than 5 and no more than 20 classes should be used in the construction of a frequency distribution. Too few, or too many, classes give little information about the distr...
	large number of observations
	The number of classes is also determined by the total number of observations and their concentration and spread. A large number of classes may be desirable when there is a large number of observations. If there are some isolated high and low values, t...
	small number of classes
	If you have too few classes you hide genuine differences in the observations and cause a substantial loss of information. Quite often we decide on the number of classes and the size of the classes at the same time.
	spread of the data
	The first thing we need to know is the spread of the data – how many different observations does our frequency distribution have to include? The spread of the data is known as the range , and is the difference between the highest observation and the l...
	range
	Range = highest observation - lowest observation
	fish example
	It is probably easier to understand how to define the number of classes by looking at an example. The example will also show the relationship between number of classes and class size – which we will cover next. The data is illustrative, but for our pu...
	class size
	The size of a class is the difference between the lowest value in the class and the lowest value in the next class. It is common practice to use intervals that are multiples of 5 or 10, such as 5, 10, 20, 100 or 1,000.
	We also try to keep the classes of equal size, because this makes understanding and interpreting the data easier. Sometimes it is not desirable to have equal sized classes because it could mean that you have too many or too few classes. In practice, w...
	number of classes from Table 3.1
	From Table 3.1, the highest value is 7.9 (underlined), the lowest value is 2.1 (underlined). Therefore the range is:
	The range tells us that we have a spread of 5.8 kg in weight from the smallest to the largest observation. In this case, the range of 5.8 kg suggests six classes because we prefer to have equal class intervals.
	width of class interval
	The width of the classes are approximated by dividing the range by the number of classes. That is:
	consider the number of classes
	This does not mean that the width of the class interval has to be this number, but this number gives an indication of the suitable width of the interval. Remember that in practice we determine the number of classes and the width of the class interval ...
	For the data in Table 3.1, six classes were thought to be suitable. This would give an approximate class interval width of 5.8/6 = 0.97 kg. This suggests a class interval width of 1 kg would be suitable, and the observations can be covered by six clas...

	Class limits
	class limits
	The next thing to consider is the upper and lower boundaries of the classes. The smallest and largest values used to specify the class are called its class limits. We have defined a class interval of 1 kg for the data in Table 3.1. This would suggest ...
	2.0 – 3.0 kg
	3.0 – 4.0 kg
	4.0 – 5.0 kg
	etc.
	However, the problem with such classes is that they are not mutually exclusive. To see this, in what class would you place a fish weighing 3.0 kg? In the 2.0 – 3.0 class or in the 3.0 – 4.0 kg class? In order to overcome this problem, we change the cl...
	The class limits define the range of values that are included in each class after the observations have been recorded. The lower and upper class limit define the smallest and largest recorded observation which can be included in the class. The class 2...

	Frequency distribution
	frequency distribution
	So now we can construct a frequency distribution for the data from Table 3.1 with six classes of 1 kg in size:
	other criteria for frequency distribution
	In addition to these basic criteria, there are a number of other principles used when constructing frequency distributions. These concern the occurrence of observations in classes.

	Occurrence of observations
	once and only once
	There are two other main criteria to consider when specifying classes:
	No possible observation is to be able to be included in more than one class; and
	Every possible observation must be able to be included in one of the classes.
	example
	It is particularly important that the range of each class should be defined so that each observation can go into one, and only one, class interval. We saw in the fish example that what initially seemed to be reasonable classes (2.0 – 3.0, 3.0 – 4.0, e...
	incorrect classes
	1.00 - 1.10 metres
	1.10 - 1.20 metres
	1.20 - 1.30 metres
	1.30 - 1.40 metres
	and so on.
	double counting
	In this case a student with a height of exactly 1.20 metres could go into one of two classes. A much better set of classes would be:
	correct classes
	1.00 to less than 1.10 metres
	1.10 to less than 1.20 metres
	1.20 to less than 1.30 metres
	1.30 to less than 1.40 metres
	and so on.
	In this case, there is no ambiguity and an observation of 1.20 metres can only fit in one class.


	True class limits
	continuous data
	The class limits define the range of values that are included in each class after the observations have been recorded. For continuous data there may be gaps between the upper limit of one class and the lower limit of the next class.
	Recall the classes and class limits set out in Table 3.2. Recall also that we were trying to construct classes with a size of 1 kg. But the difference between the upper and lower class limit is 0.9 kg. Did we fail?
	Consider a fish that actually weighed 2.94 kg. In what class would such a fish be included? Would it fail our criteria that “every observation must be able to be included in one of the classes”? You will notice from Table 3.1 that all the observations...
	true class limits
	This leads to the idea of true class limits. The true class limits specify the actual range of values included in the class before rounding. For the fish data in Table 3.1, the class limits are shown over:
	class limits
	2.0–2.9 kg
	3.0–3.9 kg
	4.0–4.9 kg
	5.0–5.9 kg
	6.0–6.9 kg
	7.0–7.9 kg
	‘true’ limits
	The true class limits would be:
	rounded data
	Notice that the distinction between class limits and true class limits is only important for rounded data, which only occurs for continuous variables.
	discrete data
	For discrete variables the class limits and the true class limits will be the same.

	Class intervals
	use true class limits to find the class interval
	We have defined the class limits and true class limits in order to avoid any ambiguity in the way we assign values to classes. The class interval (that is, the range of values in a class) is the difference between the true class limits of the class. Y...
	equal sized classes
	Whenever possible, the class intervals should be the same. Class intervals of equal lengths make it much easier to comprehend the distribution and to draw suitable diagrams. If unequal intervals are used, it is often difficult to compare one class fre...
	common sense should prevail
	Don’t forget, although the guidelines for constructing frequency distributions presented in this topic are very useful, common sense should always prevail. For example, what would you do if the observations in Table 3.1 ranged from 0.1 kg to 7.9 kg? W...
	No – it would not be practical. Take some time to think about the classes you would have with this range of data.
	open-ended class intervals
	In preparing a frequency distribution, it is better to avoid having open-ended class intervals (that is, no upper [or lower] class limits). However, in many situations the very small or very large values of observations falling in the end-classes are ...

	Class midpoint
	definition
	The class midpoint is the midpoint of the class, and is obtained by taking the average of the upper and lower true class limits.
	formula
	other terms for midpoints
	In the example in Table 3.5 below, the class midpoints are 2.45, 3.45, 4.45, 5.45, 6.45 and 7.45. The class midpoints are sometimes referred to as class marks, class mid-marks or class mid-values. Once a frequency distribution is formed, the observati...

	Quantitative frequency distributions – grouping data
	loss of information for quantitative data
	Note that once a frequency distribution is prepared, the identities of the units are lost and they just become counts in their respective classes. Further, for a quantitative variable, the actual value of a unit gets merged with those of the other uni...
	frequency distributions summarise data
	A frequency distribution of a quantitative variable immediately tells us how many large, medium and small values there are in the population. It also gives us an idea of the most often occurring values at a glance. It throws considerable light on the ...
	To study quantitative frequency distributions, we need to look at the two different types of variables we covered in Topic 2, because the problems of constructing a frequency distribution and drawing diagrams of the distributions are somewhat differen...
	continuous and discrete variables
	In general, we distinguish between two types of quantitative variables; the first where the variable is allowed to take any value within a specified range, and the second where the variable can only take certain values. The first type is what we call ...
	approximations
	In practice, continuous data is not measured or recorded continuously. We could, for example, measure the height of a person to the nearest millimetre if we had sufficiently accurate equipment. With an ordinary tape measure, however, we could probably...
	discrete data
	With discrete data there are two possibilities; we can define one class to be either just one single value of the variable, or it can include a range of values. Which one is used will depend on the data. Two examples of frequency distributions of disc...
	comparing different populations
	Table 3.6 shows the distribution of the number of destinations in the holiday by the number of persons visiting the Cook Islands. In this case the range of data is quite small, i.e. from 1 to 7 destinations, so we use the actual number of destinations...
	unequal class intervals
	As a general rule we would prefer to choose classes that have equal class intervals; this certainly makes interpretation and the drawing of diagrams much easier. However, if we have a large number of small values and a small number of large values, th...

	Not reported or not stated cases
	always include ‘not stated’ in the frequency distribution
	In collecting data, it is always possible that there would be some observations for which the required information is not stated. It is extremely desirable to show the number of such cases as a separate category in a frequency distribution as this wou...
	'not reported’ can be very significant
	Apart from the simple loss of information, the not reported cases can alert analysts to possible false conclusions being drawn by only considering the reported cases. In the above example it may be suspected that the reason for employer not stating th...
	For a discussion of other important aspects of frequency distributions, refer to the end of this topic “More on frequency distributions”.

	Tables
	statistical tables
	In practice, when we are preparing statistical reports or publications we apply a number of guidelines to the layout and format of frequency distributions. We call these formatted frequency distributions statistical tables. Tables are used to present ...
	definition
	A table is an arrangement of data in a number of rows and columns. The simplest form of a table is a column or row of numbers representing the number of units falling in the categories of a single variable and is called a one-way classification table.
	guidelines
	The guidelines for published or released statistical tables are:
	Have a reference to the table (such as a table number);
	Have a clear title;
	Have rows and columns clearly labelled;
	Specify the units of the data in the table (for example, kg);
	Include the source of the data;
	Use vertical and horizontal lines to separate the labels from the data themselves;
	Usually do not have the columns separated by vertical lines or rows by horizontal lines – this splits the table up too much;
	Space the table entries so that the table is easy to read;
	Use summary statistics (eg. sub-totals, means) to provide additional summary information;
	Include footnotes to explain any strange features in the data;
	Use appropriate rounding (usually to one or two decimal places); and
	Make sure that you have not breached confidentiality by disclosing personal or commercially sensitive information.
	formatting tables
	The following principles will help you format your table:
	Put numbers most likely to be compared with each other in columns.
	Where practical, put columns with larger values at the left of the table, and columns with smaller values at the right of the table.
	A table set out following these guidelines will be much easier to read and understand.
	When in doubt keep tables SIMPLE.

	Parts of a table
	(a)   table number This identifies the table and precedes the title. If any report or publication contains more than one table they should all be numbered.
	(b)   title The title is placed above the main body of the table. It should be brief and concise but fully self-explanatory. In some cases several lines of title are necessary. If a title is too long, then an abbreviated title may be used above the fu...
	(c)   headnote In some tables it may be necessary to include a headnote. This is usually printed in smaller types than the title and provides supplementary information about the table or a substantial section of it. Headnotes are often used to specify...
	(d)   headings The variables in the rows and columns of the table should be defined by a heading.
	(e)   captions The caption is the designation at the top of each column and it explains what each column represents.
	(f)   stub This is the left hand column and its caption. It indicates the description of each row in the table.
	(g)   body The body of the table includes the numerical information that is placed in appropriate cells governed by row and column headings. A cell is the intersection of one row and one column.
	(h)   footnotes These provide explanations concerning individual numbers or column or rows of numbers. They are placed at the bottom of the table and are usually in smaller type. They are denoted by either letters of the alphabet or numbers and should...
	(i)   source notes If statistics are collected from a secondary source then this should be acknowledged below the title or more usually below the footnotes.

	Rounding
	reasons for rounding
	Rounding is often the first step in simplifying and summarising statistical data. Good rounding is essential if a table is going to be easy to understand.
	There is often a fear that “accuracy is being lost” when rounding is done. There are two arguments against this which you should consider:
	accuracy versus understanding
	Just because a computer can produce a number with lots of decimal places in it does not mean the number is really that accurate. A number is no more accurate than the instrument which measured it.
	Even if the number is super–accurate and merits lots of digits, and the alternative is a rounded number which can be understood at a glance, you would normally opt for the rounded option.
	rules
	The following are the general guidelines for performing rounding:
	Numbers less than 5 are rounded down
	Numbers greater than 5 are rounded up
	If the number is 5 then it is rounded up or down at random
	example
	93 is rounded to 90
	96 is rounded to 100
	95 is rounded to 90 or 100 at random
	rounding of the number 5
	If the method you use for rounding the digit 5 is not the same as this, continue to use your method. The main thing is that the method used is applied consistently throughout tables.
	make sure totals are correct
	In Table 3.9 you will see that if you add up the rounded numbers of females you get 51,500 but if you round the raw number total (51,583) you get 51,600. The general guideline here is that the rounded totals should be consistent with the unrounded tot...

	Calculating percentages
	calculating percentages
	Often it is helpful to present your data as percentages. To change an amount to a percentage divide it by the total and multiply by 100.
	percentage
	guidelines
	Generally we do not have more than two decimal places with percentages. The total of the percentages should add up to 100. You should also take care to say, either in the column title or as a footnote, what number was used for the total – especially i...
	% total
	In table 3.10, the column heading clearly states percent of the total population – and the total for males (51.1%) and females (48.9%) adds up to 100%.
	…   Exercises   …
	…   Self-Review   …


	Range = 7.9 - 2.1
	= 5.8 kg
	More on Frequency Distributions
	other types of frequency distributions
	Apart from the frequency distributions covered in this topic, there are three other types of frequency distributions which are of significant practical use in analysing data:
	relative frequency distributions,
	frequency densities, and
	cumulative frequency distributions.
	Relative frequency distributions
	uses ratios
	The relative class frequency is the ratio of the class frequency to the total frequency. The class relative frequencies given in Table 3.11 are based on the data from Table 3.3.
	relative class frequency
	notation
	The ( or sigma sign means sum or total. It is one of the most commonly used symbols in statistics.

	Frequency density
	unequal class intervals can be compared using frequency densities
	As stated earlier in this topic, unequal class intervals should be avoided. However, sometimes this is impossible and when they are used, we need to be very careful in comparing the class frequencies to determine the nature of the distribution. Class ...
	example
	For example, if a frequency distribution has ten classes, the first eight with class intervals of 5 years and the last two with class intervals of 10 years, a suitable class interval to determine the frequency density would be 5 years. For the first e...
	An example of how to calculate frequency densities is given in Tables 3.12. It is useful to know how to calculate frequency densities when creating charts for unequal class intervals.

	Cumulative frequency distribution
	more or less than a specified value
	The frequency distribution gives information on the number of units in the different class intervals, thus bringing out the number of small-sized, medium-sized and large-sized units. However, there are many situations where the interest is mainly in f...
	applications
	For instance, in studying the distribution of land holdings for purposes of formulating legislation dealing with land, it is probably important to know the number or percentage of holdings having sizes less than or more than specified values. Similarl...
	progressive totals of each class interval
	The cumulative frequency distribution is obtained by calculating the progressive totals of the frequencies against each class interval. You can start at either the first class interval and proceeding down, or start from the last class interval and pro...
	examples
	Two examples of cumulative frequency distributions are provided in Tables 3.13 and 3.14.
	cumulative frequency – less than
	The cumulative frequency (less than) allows us to easily find out information such as the number of people aged under 30 years. In the example in Table 3.13 we can see 30,113 persons under 30 years were employed in Fiji in 1993 and 56,284 people below...
	cumulative frequency – greater than
	The cumulative frequency (greater than) is just as simple. From Table 3.13, we can see that there were 22,706 employed people who are over the age of 60 or whose ages have not been stated. From Table 3.14 we can see that there were 293 brides who were...
	not stated generally excluded
	These kinds of observations are very useful in a number of situations and hence the need for calculating cumulative frequencies. Care needs to be taken with the treatment of ‘not stated’. For most purposes, it is generally better to calculate the cumu...
	Excel – PivotTable Reports
	What is a PivotTable?
	Creating a PivotTable to summarise data for easy analysis
	Steps to create a PivotTable:
	Click any cell in your data, and then, on the Data menu, click PivotTable Report.
	The PivotTable Wizard appears. In the first step (Step 1 of 4) Excel asks you where the data is you want to analyse. Make sure the first option (Microsoft Excel List Or Database) is selected and click next.
	Grouping data in PivotTables – Method 1
	Grouping data in pivot tables – Method 2
	Showing details
	Creating page reports
	One step further …
	Changing the data field in a pivot table
	Summary



	TOPIC 4    GRAPHICAL PRESENTATION
	Introduction
	diagrams are easy to understand
	We have so far confined ourselves to presenting data in tabular form. The presentation of data in a diagram is often easier for a user to understand. But care needs to be taken when making graphs, because it is easy to mis-represent statistical data. ...

	General rules when preparing graphs
	people prefer graphs
	Many people prefer to look at a graph, rather than examine a table of numbers or read a page of writing. A graphical presentation is often more easily understood than a numeric one – a picture is worth a thousand words, although in this case numbers.
	general rules
	We must always be aware that different graphs show different aspects of the same data. As we prepare graphs there are a number of general guidelines to follow to ensure that the graph can be understood and interpreted.
	Graphs should have a clear, self-explanatory title.
	The units of measurement should be stated.
	Graphs should be simple and not too cluttered.
	All axes should be carefully labelled.
	Include the source of the data.
	The scale on each axis should not distort or hide any information. That is, the graph should show the data without changing the message of the data.
	Graphs should clearly show any trend or differences between the data.
	Use ‘scale breaks’ for false origins – where the scale on the axis does not start at zero to avoid misinterpretation. A scale break is indicated by a ‘wiggle’ on the axis.
	The type of presentation needs to be chosen carefully. This includes the size and shape of the plotting symbol (e.g. asterisks, dots or squares) and the method, if any, of connecting points (straight line, curve, dotted line, etc).
	Graphs should be accurate in a visual sense – if one value on the chart is 15 and another 30, then the second value should appear to be twice the size of the first.
	A trial and error approach can be very helpful in improving graphs. It is unlikely that you will find the right graph the first time.

	Scatter diagrams
	simple to see relationships clearly
	One of the simplest forms of graphical presentation is the scatter diagram. Scatter diagrams are usually used to show the relationship between two variables (bivariate data), to detect any outliers or to detect clusters of observations.
	outliers – the unexpected
	Figure 4.1 depicts quantitative bivariate data, where each observation consists of two measurements – time in weeks and a protein level. It shows the change during pregnancy in the protein levels. We can see the outliers – that is, the observations wh...

	Bar charts
	qualitative and quantitative data
	Bar charts are used to describe the distribution of qualitative and quantitative data where the data is grouped into equal sized class intervals. The frequency of the variable is represented by the height of the bar.
	comparisons
	Bar charts are good to use when you want to make a comparison between two variables – such as differences between males and females. With nominal data, the order of the categories on the axis is arbitrary, although the variables are often ordered from...
	vertical or horizontal
	Bar charts can be vertical or horizontal, although they are usually vertical with the variable categories on the x axis and their frequencies on the y axis.
	example
	The chart used in Information Box 4 is a bar chart (vertical). Figure 4.2 is a horizontal bar chart. Imagine how small the labels would have to be to fit neatly on the horizontal axis!

	Pie charts
	slice of the pie
	Pie charts are one of the most commonly used graphs for qualtitative data. Each “slice” of the pie represents the relative class frequency of that category. They are simple to construct, but are most effective when you have five or fewer classes in yo...
	small number of classes
	Generally we use pie charts when there is a small number of classes and we are interested in the relative frequency of each category (rather than comparisons with other variables).
	example
	Figure 4.3 below contains data from the Nauru 1992 Census. In this chart the percentage of each variable is displayed. This is a useful option when creating pie charts since their is no scale to read from as in bar charts.

	Line graphs
	independent and dependent variables
	Line graphs are used for bivariate data. They have two axes – the horizontal (x) axis on which the scale for values of the independent variable is recorded, and the vertical (y) axis on which the scale for the dependent variable is recorded. The indep...
	common usage
	Line graphs are commonly used to display data over a time period and when you want to show trends in data. Care must be taken when preparing line graphs that the scale on the vertical (y) axis does not give the wrong impression about the data.
	example
	Figure 4.4 contains two line graphs with the same data, but different scales are used on the y axis. The second graph gives a much different impression than the first. Looking at the first graph you would assume that the population increased quite ra...

	Histograms
	area of each bar is proportional to frequency
	The most common method of representing a frequency distribution for continuous data (or data that is assumed to be continuous) is by using a histogram. A histogram is a vertical bar chart with the area of the bars (not necessarily the heights of the b...
	different from bar charts
	Histograms differ from bar charts because the vertical bars are always side by side, without gaps. This is to reflect the continuous nature of the data. Generally a histogram has equal width bars, although when class intervals are not equal the width ...
	example
	area is important
	You must remember when plotting a continuous distribution, it is the area of each rectangle (and not the height) that is proportional to the frequency. It is only in the case of equal class intervals (as in Figure 4.5) that the frequency is proportion...
	unequal classes
	Let us look at another example of a histogram. The histogram in Figure 4.6 (from Table 4.1) shows how we should deal with a distribution with unequal class intervals and with open-end class intervals. Remember it is the area of the bars which is impor...
	height = frequency density
	To ensure the area of the rectangle reflects the class frequency, the height of the rectangle must then be the frequency density.
	Note that the method for dealing with open-end class intervals has been footnoted, to ensure the reader is informed of the method used.
	open ended classes
	In Figure 4.6 there is also a problem in deciding how to deal with open-ended classes, in this case the ‘1,000 and over’ class. We do not know the width or the interval of this class and we have no way of making even a reasonable guess. In some situat...
	In Figure 4.6 we have no way of knowing the upper limit of the 1,000 and over class so we cannot calculate the height of the rectangle to represent this part of the total frequency. It would be wrong to leave it out altogether, so we have to decide wh...
	two ways of dealing with open ended classes
	The problem can be dealt with in one of the two ways. Firstly, we can assume an upper limit for the distribution and draw the rectangle accordingly (such as with the age at marriage illustration). The second alternative is to draw the rectangle with a...
	discrete data
	When we draw a histogram for discrete data, we have two possible approaches. Let us look at Table 4.2 given below:
	two alternatives
	The first approach is to draw a histogram with the rectangles separated by spaces. This signifies to the reader that the data is discrete. This approach is shown in Figure 4.7.
	second alternative
	The second approach is to proceed as if the data were, in fact, continuous. If we have a distribution similar to that given in Table 4.2, then the unit of measurement (in this case single persons) is small compared with the range of values we have obs...

	Frequency polygons
	frequencies plotted at class midpoint
	An alternative type of graph, suitable for continuous data, or for discrete data which can be considered to be approximately continuous, is a frequency polygon. In this graph the frequencies of each class are plotted at the class midpoint, and success...
	An example of a frequency polygon with equal class intervals is given in Figure 4.9 below. The data used is that of fish weight data from Table 3.1.
	unequal class width
	When the class intervals are unequal lengths then, as in the case of a histogram, the frequency densities or relative frequency densities are to be used.
	must start and end at the x axis
	The beginning and end of the polygon should be extended to the horizontal axis, to the mid-points of the classes below and above those covered by the distribution.
	For a discussion of the graphical presentation of cumulative frequency distributions, refer to the following section ‘More on Frequency Distributions’.
	…   Exercises   …


	More on Graphical Presentation
	Cumulative frequency distributions
	ogives
	Just as for some purposes it is better to construct a cumulative frequency distribution, so we find it useful to represent this graphically. A cumulative frequency distribution of the fish data is given in Table 4.3. A graphical representation of the ...
	greater than ogive
	The line in Figure 4.10 represents the cumulative frequency distribution (less than). We can also draw a similar diagram for the cumulative frequency distribution (greater than). This is shown in Figure 4.11. The data used is that from Table 4.4 over.
	cumulative frequencies show distribution of the data
	In Figure 4.11, instead of plotting the actual frequencies on the vertical axis, we have plotted the cumulative percentage frequencies. We can clearly see from this diagram that 100 per cent of the observations were greater than 1.95 kilograms, 75 per...
	two distributions
	Finally, let us look at the ogive of the age at marriage of brides and grooms data from Table 3.14.
	comparisons between variables and observations
	Because the two distributions have the same base, it is helpful to show their cumulative frequencies on the same diagram. In Figure 4.12, we can clearly see the ‘lag’ effect, that is, the difference of age at marriage of brides and grooms. Grooms tend...
	Excel 97 – Creating charts
	Create a chart
	Format a chart for printing
	One step further …
	Creating pictograms
	Putting an image in the data series



	TOPIC 5    MEASURES OF LOCATION
	The concept of location
	want to reduce the information in a frequency distribution further
	In Topic 3 we saw how observations of a variable could be summarised by forming a frequency distribution. This distribution contains a lot of information about the variable. It shows how many high and low values there are and by looking at some of the...
	comparisons between distributions
	For example, if we want to compare two distributions it can be difficult and confusing to look at all information. This is particularly true for people who do not have a good understanding of statistics. As statisticians we will often need to assist p...
	example
	Let us consider a very simple example. Suppose that a friend wishes to know how well or poorly you are doing in college. You might choose to collect all of your college grade reports and compile a simple frequency distribution such as the following:
	efficient and effective reporting
	This would readily indicate that you had received four grades of A, nine grades of B, six grades of C and one grade of D. However, all this detail is probably not necessary to answer your friend's question and it would probably be tiresome for both yo...
	location or comparative rank
	One summary measure that you would probably want to convey would be the general location of the distribution of your grades. You could simply state verbally that your college work was slightly below the B level; if you wished to be more precise, you c...
	example
	Let us consider a situation which we, as people who are involved in statistical work, are often confronted. Consider the following table which shows two frequency distributions of annual household cash income in different regions of a country:
	average and variability
	Suppose the government wants to compare household income in region A with that in region B. This kind of analysis will be very important for deciding policies for each region. However, presenting the data in the above table makes comparisons difficult...

	Definitions and types of averages
	statistical terms
	In this topic we shall be concerned with observations of variables and we shall only be dealing with one variable at a time. The observations will be in their original state (for the case where the observations are grouped into a frequency distributio...
	xn
	If we have a sample taken from a population we always use the letter n to denote the number of observations in the sample. The values of the particular variables observed are denoted by x1, x2, ... , xn (the symbol ‘...’ means ‘and so on’). Thus x3 me...
	notation
	So x3 is the third value of the variable ‘number of fish caught’, so x3 = 3.
	two types of population
	The population from which we select the sample may be one of two types. Firstly it may have a definite size, that is, we can count all the individuals in the population. In this case the population is called ‘finite’ and the size of the population is ...
	differences between populations and samples
	We will want to distinguish between populations and samples, because there are some important differences. When we are dealing with data that are from a sample of a population, the notation will be different from when we are looking at data from a com...
	estimate the population parameters
	Very often we do not have information about a population, rather we have a series of observations from a sample. What we do is to estimate the population parameters by calculating sample estimates. We will come back to this point when we talk about di...
	what does ‘average’ mean?
	The word ‘average’ is used a lot in everyday English. For example, people often refer to an average man, an above average performance and below average temperature. ‘Average’ is used in the sense of ‘typical’, ‘usual’ or ‘normal’. We also use the word...
	example
	Most people think of the average of a group of numbers as the result of adding them all up and then dividing by however many numbers there are. For example, the average of 6.7, 9.6, 12.8, 13.0 and 15.9 would be:
	=   = 11.6
	arithmetic mean
	In fact there are several types of averages that we use in statistics, the one described above is known more accurately as the arithmetic mean.
	comparisons between different populations
	Very often in statistics we wish to make comparisons between different populations, in fact a large part of statistical theory is concerned with this problem. For example, we may want to compare household incomes in different areas, the incidence of t...
	make sure the distributions are similar
	If the two populations we want to compare have very different types of distribution, then this comparison can be very difficult. However, in many situations we find that the shapes of the two distributions are quite similar, and comparisons are easier...
	one summary value is a measure of location
	y a measure of the location of a distribution we mean finding one value which summarises in some way the size of all the different values in the distribution. Other terms are used to describe the same thing and some writers talk about averages being m...
	types of averages
	In this topic we shall consider the following types of average as measures of location:
	arithmetic mean;
	median; and
	mode.
	ungrouped data
	In discussing these averages we will consider observations in their original state. For a discussion of these averages when the observations are grouped in a frequency distribution, refer to the end of this topic, “More on measures of location”. Two o...

	Arithmetic mean
	quantitative data only
	The arithmetic mean involves performing calculations on the observed values of the variable. Therefore, the arithmetic mean is only applicable to quantitative variables (that is, variables which take numerical values).
	If we observe a sample of n values of a particular variable, we can list these observations as x1, x2, ... , xn.
	Then the arithmetic mean of this sample is written as   (pronounced x bar) and is defined to be:
	
	The Greek letter  (capital sigma) stands for ‘the sum of’, and the ‘i=1’ and ‘n’ above and below the  sign tells us that the sum is from x1 to xn. The expression for   is just a shorthand way of writing:
	‘The mean of a set of n numbers is the sum of all the numbers, divided by n’.
	example
	For the fish example in Table 5.2, the calculation would be:
	Therefore, the arithmetic mean of the number of fish caught per day is 9.
	apply the mean back to the data
	In the above example the answer to the question ‘what is the arithmetic mean of the number of fish caught per day?’ was a number that could actually occur in practice. We see that on the sixth day the number caught was equal to this ‘average’ value.
	discrete variables
	However, for discrete variables such as ‘number of fish caught’, when we calculate the arithmetic mean and use the answer as our average result, there is no guarantee that we will get a number that can actually occur. Consider the following example:
	In this case, the arithmetic mean of the observed values is 36/8 = 4.5 people per household.
	the mean can be confusing with discrete data
	This kind of result sometimes confuses people. After all you cannot have 0.5 of a person, so how can we say that the ‘average’ number of people per household is 4.5? The important thing to remember is that the arithmetic mean is an artificial concept....
	This problem will only occur with discrete data, since with continuous data, by definition, any value within the possible range of values can occur in practice. Thus it is not difficult to understand what is meant by the statement ‘the arithmetic mean...
	So we have to be careful when talking about the arithmetic mean of a set of discrete data. We must realise that it is a type of average, a measure of the location of the population from which the data came. It does not mean that it is the most likely ...

	The median
	median splits a set of values into two equal parts
	The median is another type of average, or measure of location of a set of numbers, and basically it is a very simple concept. The median is that value which splits a set of values into two equal parts. It is the middle number of the set when arranged ...
	Suppose, for example, we had the following set of observations:
	To find the median you have to arrange the observations in order of size as follows:
	order the observations
	the middle value
	The median is the middle value, which in this case is 7. As we can see there are as many numbers less than 7 (1, 3 and 5) as there are numbers greater than 7 (9, 14 and 16).
	You will also see that before the set of observations are re-arranged in order of size, the middle value is 3. This is not the median. In order to find the median or the middle value, you must first re-arrange the original set of observations in order...
	even number of observations
	A problem occurs if we wish to determine the median of a set of  observations when there is no middle value, that is, when the number of observations in the set is even. We adopt a convention to deal with this as follows. The median of the set:
	is defined as the arithmetic mean of the two middle values, which in this case are 7 and 9. The median therefore is (7 + 9) / 2  = 8.
	unaffected by outliers
	It is clear that if the median depends upon the value of the middle value or values in a series, it is unaffected by extreme high or low values (outliers). For example, consider the following information on the size of coconut plantations on a partic...
	the large value has no affect …
	The last value represents the area of a commercial plantation, while the other figures are of small holdings. The arithmetic mean area of the plantations is 10.8 ha, the median is 2.7 ha. If the commercial plantation is replaced by a plantation with a...
	… unlike the arithmetic mean
	The median therefore is unaffected by the value of very large or very small observations, while the arithmetic mean is. If there is doubt about the accuracy of observations at either extremes of the scale of measurements, the median is a better ‘avera...
	sample notation
	From a sample of observations we usually denote the median by   (pronounced x tilde). There is no universally accepted symbol to denote the median of a population.

	The mode
	peak in the frequency
	If a set of observations has a peak in its frequency at a certain point then there is said to be a mode at that point.
	As you will see in the examples given at the end of this topic, the distribution of a population can be unimodal (having only one mode); bimodal (having two modes); or multimodal (having more than two modes); or it can have no mode at all.
	the mode is a type of average
	Like the arithmetic mean and the median, the mode is a type of average. It is a measure of the location of the distribution.
	discrete data
	When dealing with sample observations, the concept of the mode is most useful in connection with frequency distributions. For a discrete distribution the mode is that value that occurs most often. For example, the number of occupants (people) per hous...
	continuous data
	For a continuous distribution the determination of the mode is rather complicated, and so for our purposes we shall only be concerned with the modal class. This is the class with the highest frequency. So in Table 5.4 for example, 3.0 to 3.9 kg is the...
	example
	Determining the mode or modal class for a frequency distribution sometimes produces more meaningful results than calculating the arithmetic mean. For example, consider the following data. In a survey of school children, the number of teeth that needed...
	mean vs. mode
	The arithmetic mean number of teeth to be filled per child is 1.16; to a non-statistician this is rather a meaningless statement. It is probably more useful to say that the mode was one filling per child.
	continuous data can cause problems
	Determining the modal class for continuous frequency distributions often produces problems. The modal class will vary depending on how the classes are defined, and for data with a fairly even distribution between classes a change in the definition of ...

	Summary of the different types of averages and their uses
	different averages
	To complete this topic we shall look at the different types of averages we have discussed and summarise their advantages and disadvantages, and in which circumstances they should be used.
	Arithmetic mean
	the ‘mean’
	Often just referred to as the mean and is what most people refer to when they talk about averages.
	MEDIAN
	skewed distributions
	The median can also be used in many situations. It is best used, however, when dealing with observations from a skewed distribution (see Topic 6 for a discussion of skewed distributions), since in these cases it is probably more informative than the m...
	Mode
	information on most ‘popular’
	The mode is useful in the case of frequency distributions when information on the most “popular” class or the one which occurs with the greatest frequency is required.
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	Introduction
	grouped data
	In Topic 5 we looked at the arithmetic mean and median when the observations are in their original state (that is, not grouped). In this section will consider the case where the observations are grouped in a frequency distribution. We will also consid...

	Calculating the arithmetic mean of a frequency distribution
	discrete data
	First of all let us consider the simple case of a discrete frequency distribution. The data given in Table 5.6 were for the number of destinations per holiday in the Cook Islands in 1991.
	calculating the mean
	If we want to calculate the mean number of rooms per number of destinations it is not sufficient just to add up the number of destinations and divide by the number of groups. We have many more single trips (one destination) than with a tour of 5 desti...
	formula for frequency distribution
	Just as we had a mathematical formula for the arithmetic mean of a set of ungrouped numbers, so we have a similar formula for use with a frequency distribution. In this case we call the number of classes ‘k’, the value for each class will be denoted b...
	The formula for the mean   is then given by:
	method
	In other words, the following steps need to be taken to calculate the mean of the distribution:
	(a) for each class, calculate the product of the frequency for the class and the value for the class (fi  xi);
	(b) sum the products calculated in (a) over all k classes ( fi  xi);
	(c) calculate the total frequency by summing the frequencies for each class over all k classes (  fi ); and
	(d) divide the result calculated in (b) by the result calculated in (c).
	example
	When dealing with a continuous distribution we use the class midpoint as our value xi as in the following example using the fish data of Table 3.2.
	true class limits
	Note that the mid point of the range 2.0-2.9 is shown as 2.45. This is because the true range is 1.95 to 2.95 as we assume the weights of fish have been rounded to the nearest first decimal. Obviously, if we have original data (as we do in the case of...
	example
	Let us look at some more examples of calculating the arithmetic mean from frequency distributions. Let us look at the distribution of percentage scores obtained by students in a mathematics examination:
	The arithmetic mean score in the examination was, therefore, 52.7 per cent.
	advantages and disadvantages
	The arithmetic mean has a lot of advantages as an average: it is easy to calculate, it always exists for quantitative data, most people understand it, and it is easy to use in more advanced statistical work. It does, however, also have some disadvanta...
	example
	To see what can happen, let us look at the following table:
	not an informative measure
	In the above example, although the arithmetic mean net monthly income per household is $85.70, we can also see that 85 per cent of all households have fewer than this value (that is, they a monthly income of $0-50). This form of average, therefore, do...
	other difficulties
	The calculation shown in the above table also illustrates three other difficulties with the arithmetic mean. When dealing with a frequency distribution with an  open-ended class such as the class ‘900 and more’, we need to make an assumption about the...
	true class means may differ from assumed ones
	The second difficulty with distributions which have many high or low values (that is, skewed distributions) comes from the use of the class mid-points as the assumed class means. In the example above we take the class mid-points as the assumed means, ...
	loss of information by rounding
	The third difficulty that can arise with the arithmetic mean is that we can obtain a value which obviously does not exist. In the example in Table 5.6, we were dealing with discrete data, but we obtained a mean number of destinations of 2.1. Obviously...
	bimodal distributions
	A further difficulty occurs with distributions that are ‘bimodal’ (that is, the frequency distribution has two crests, not one). Here the mean will probably lie between the two crests and not be representative of the distribution (it may be even misre...

	Calculating the median of a frequency distribution
	two methods
	To calculate the median from a frequency distribution, two methods can be used. The first uses a method of calculation direct from the table, the second uses an accurate diagram of the ogive. To illustrate the first method we will use the fish data. T...
	finding the middle value in grouped data
	Since there are 63 observations and the median is the middle value, the median is the value of the 32nd observation in the ordered list (remember that the median observation is the
	th observation, not the          th observation.
	From the cumulative frequency column of Table 5.10 we see that the 32nd observation falls in the class 4.0 - 4.9 kg (the median class). The cumulative frequency of the group preceding the median class group (denoted as c) is 26, so we need to go to the
	= 6th observation
	in the class group 4.0–4.9 kg. But what value does this observation take?
	Table 5.10 tells us that there are 16 observations in the median class 4.0 - 4.9 kg, but we have no information on what values within this class the 16 observations take. They could be all 3.96 or they could be all 4.94.
	assumptions
	To do this, we assume:
	The difference between the ordered observations is equal; and
	The difference between the true lower class limit and the observation with the lowest value and the difference between the true upper class limit and the observation with the highest value is half the difference between ordered observations.
	example
	To see this in a simple example, suppose we have a class with a frequency of 5 and true class limits of 0 and 10. We assume that the 5 observations are evenly spread across the class, that is that they take the values 1, 3, 5, 7 and 9. The difference ...
	fish example
	Returning to our fish data example, we now have a method of locating the median. The following steps are required:
	method
	start from the true lower class limit (denoted as '(' )of the median class group (in our example ‘(’ = 3.95). This will account for c = 26 observations in the ordered list;
	add half the difference between the ordered observations in the median class group to locate the first observation in the median class group
	i.e. add (½) ( (i/f) = (½) ( (1/16) = 1/32 = 0.03125;
	to locate the mth observation in the median class group, we then add m - 1 times the difference between the ordered observations
	i.e. add (m - 1) ( (i/ f) = (m - 1) ( (1/16); and
	since the median is the  th observation in the median class group, we need to add
	=
	=
	median
	So the median is:
	3.95  +  0.03125  +  0.3125  =  4.29
	(  +  (½) ( (i/f)  +
	formula
	From a) to d) above, we can see the median is given by the formula:
	=    (   +  (½) . (i/f) +
	=    (   +
	=    (   +
	notation
	(     is the true lower limit of the median class;
	i     is the class interval of the median class;
	f     is the class frequency of the median class;
	c     is the cumulative frequency of the class preceding the median class; and
	n     is the number of observations
	example
	and applying this formula to our fish data example gives:
	= 3.95   +
	= 4.29
	discrete distribution
	For a discrete distribution the calculation is much simpler. For example, consider the data on the number of rooms per housing unit. This had as a frequency distribution:
	median calculation
	Since there are 3,417 observations, the median is the (3,417 + 1) / 2 = 1,709th observation in the ordered list. From the cumulative frequency column we can see that the 1,709th observation has a value of 1, i.e. the median number of destinations per ...
	use the ogive
	Another way to approximately determine the median is directly from the ogive of the frequency distribution. Consider as an example the ‘less than’ ogive of the fish data.
	read off the horizontal scale
	The median is the 32nd observation so we simply read off the horizontal scale the position corresponding to the frequency 32 on the vertical scale, as shown in Figure 5.2. We find that the median is 4.4 kg which approximately agrees with the value obt...
	tends to over estimate
	In determining the median from the ogive, we will slightly overestimate the median. In drawing the ogive we in effect assume that the data within a class are equally spread across the class, with the largest value coinciding with the true upper class ...

	Quartiles
	four equal parts
	The median is the value of that observation which divides the total frequency into two equal parts. In the same way we can determine other values which divide the frequency into other fractions. Quartiles, as their name suggests, divide the total freq...
	lower and upper quartiles
	The lower (or first) quartile will have one quarter of the observations less than this value and three quarters of the observations greater than this value. The upper (or third) quartile has three quarters of the observations less than this value and ...
	formula
	In terms of the number of observations, then, we have:
	Lower quartile is the              th value of the ordered list.
	Median is the             th value of the ordered list.
	Upper quartile is the                 th value of the ordered list.
	example
	In the case of the fish data, where n is equal to 63, these correspond to:
	Lower quartile       16 th value of the ordered list
	Median       32 nd value of the ordered list
	Upper quartile       48 th value of the ordered list
	The first or the lower quartile (Q1) can be calculated using the formula:
	Q1  =  ( +
	and the third or the upper quartile (Q3) can be calculated using the formula:
	Q3  =  ( +
	same logic as median
	These formulae can be derived using the same logic as that used to derive the formula for the median earlier in this section.
	can also use the ogive
	We can also derive approximate values of the quartiles from the ogive in the same way as the median. In Figure 5.2 the lower quartile was found by reading off the horizontal scale the position corresponding to the frequency 16 on the vertical scale. T...
	The values derived for the quartiles from the ogive are approximations for the same reasons as the median.

	The geometric mean
	formula
	The geometric mean of n numbers x1, x2 ... xn is defined as:
	Geometric Mean = (x1 . x2 . ... . xn) 1/n
	notation
	A shorthand way of writing this is:
	Geometric Mean =
	product
	The sign  (the Greek letter pi) means the product of a set of numbers in the same way as  means the sum of a set of numbers. As an example, the geometric mean of 3, 7 and 9 is:
	example
	(3 ( 7 ( 9)1/3  =  (189)1/3  =  5.74
	can be difficult to calculate
	The geometric mean can be quite difficult to calculate, especially for a long series of numbers. Some calculators have special functions to help with this calculation and if a computer is available the calculations are quite simple.
	cannot calculate for certain data
	We cannot calculate the geometric mean if any of the values are either negative or zero. Its use is fairly restricted because of this but it is quite useful when dealing with index numbers and growth rates.
	example
	For example, suppose we have the following annual increases in a retail price index for a country: 1992 to 1993, 16.7 per cent; 1993 to 1994, 10.8 per cent; 1994 to 1995, 2.1 per cent, and 1995 to 1996, 4.5 per cent. The average annual retail price in...
	Geometric mean   =   (1.167 ( 1.108 ( 1.021 ( 1.045)1/4    =   1.0838
	used for index numbers
	So the average growth rate is 8.38%. Note that the arithmetic mean would give an answer of 8.53%.
	The geometric mean will always give an answer less than or equal to the arithmetic mean. It is used in preference to the arithmetic mean in calculating average growth rates since growth rates compound over time.
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	TOPIC 6    MEASURES OF VARIATION
	The concept of variation
	sometimes averages aren’t enough
	A measure of the average value can provide a lot of useful information about a set of observations, but in many cases it is not sufficient to tell us everything about the variable. Consider, for example, Figure 6.1 below:
	the distributions are different yet give the same averages
	While the two distributions shown have the same average values, whether measured as a mean, a median, or a mode, we could not say that the distributions were the same. To describe and compare them we need additional information; we need alternative wa...
	actual level of variability
	We want to measure variability for two main reasons. Firstly we may be interested in the actual level of variability and in comparing this with another distribution. If we are looking at income distributions, for example, then the government may be in...
	variability due to sample variation
	The second reason for wanting to measure variability is when we use sampling to compare population values. We then need to take variability into account. We want to be able to distinguish between differences that might have just happened by chance (th...
	example
	Let us look at an example where we are comparing two population distributions.
	variability is not necessarily reflected in averages
	Population ‘A’ represents the distribution of annual income per household in one region and Population ‘B’ represents the distribution of annual income of households in another region. Both have the same mean level of income of $1,800 per year, but we...
	two different measures of variability
	It is clear that we should not only compare measures of location when looking at populations, but also measures of variability. In this topic we shall consider two different measures of variability which are basically of two types:
	measures of the distance between representative values of the population; and
	measures of the distance of every unit of the population from some specified central value.
	range and standard deviation for ungrouped data
	As examples of these measures of variability we shall look in this topic at the range and the standard deviation (or variance) for ungrouped data. More complicated techniques (such as finding the standard deviation when the observations are grouped in...

	The range
	largest – smallest
	The simplest way to measure the variation or spread, given a set of observations, is to calculate the range. The range of a set of observations is defined to be the difference between the smallest and the largest values in the set. This is very simple...
	disadvantages
	because the range is the difference between the largest and the smallest value, it is very sensitive to very large or very small observations. The inclusion of just one freak (that is, rare or unusual) value will greatly affect the range;
	the range is dependent on the number of observations. Increasing the number of observations can only increase the range; it can never make it less. This means that it is difficult to compare ranges for two distributions with different numbers of obser...
	while the range is very easy to calculate, it has the disadvantage that it ignores all the data in between the highest and the lowest values. If, for example, we consider the following three sets of data:
	Set 1 3, 5, 7, 9, 11, 13, 15, 17, 17, 17, 17
	Set 2 3, 5, 5, 5, 17, 17, 17, 17, 17, 17, 17
	Set 3 3, 6, 7, 8, 10, 11, 14, 14, 15, 16, 17
	we see that the range for all three sets are the same (17-3 = 14), but the degree of variation is by no means the same;
	it is difficult to calculate the range for data grouped in a frequency distribution. All we can really do is take the difference between the lower limit of the first class and the upper limit of the last class. This would obviously depend on the defin...
	example
	Let us consider another example, the values of imports in various Pacific island countries in 1995.
	method
	The range of the import values is the difference between the largest and the smallest value and in this case the range is:
	Range = $ (1,741,935,000 – 12,535,000) = $1,729 million
	do not usually calculate range for grouped data
	The range from a grouped frequency distribution is not usually calculated because of the reasons given in the section on disadvantages of the range. However, it can be obtained approximately by taking the difference between the upper limit of the last...
	open-ended class intervals
	Obviously we cannot calculate the range of income in such cases because of the presence of open-ended class intervals at both ends. However, if we do have to calculate income ranges for the two populations, we will be forced to make some assumptions. ...
	range
	The income ranges for the distributions may now be calculated as follows:
	clearly state assumptions
	In the above example, although we have derived the income ranges as $29,800 for region ‘A’ and $19,500 for region ‘B’ the ranges could be meaningless if it was later realised that the assumed values were incorrect. However, statisticians and planners ...
	use points other than the highest and lowest
	We can get around most of the problems of the range as a measure of the variation by using other points in the distribution rather than the two extreme points. Another choice would be to measure what we call the quartile deviation or the ‘semi inter-q...
	use percentiles
	Another alternative is to use the difference between, say, the 10th and the 90th percentile (that is, those values for which 10 per cent and 90 per cent of the observed values are below). As measures of variation, both of these are quite useful. They ...

	Standard deviation
	standard deviation as a measure of spread
	Although the range is a simple measure of variation or spread, it has many disadvantages. We therefore need a measure which will overcome these disadvantages while still providing a good measure of variation. One method is the mean deviation where we ...
	method
	How does the standard deviations work? Like the mean, the standard deviation takes all the observed values into account. If there were no dispersion at all in a distribution, all the observed values would be the same. The mean would also be the same a...
	principle of standard deviation
	The standard deviation is found by adding the squares of the deviations of the individual values from the mean of the distribution, dividing this sum by the number of items in the distribution, and then finding the square root of this number.
	Lets now explain the procedure for calculating the standard deviation in more detail.
	In terms of a population consisting of N values x1, x2, x3 ... xN with a mean ( (pronounced mu or mew) the standard deviation of a population is defined as:
	Formula
	Definition
	To describe the formula we will work through the steps to calculate the standard deviation.
	First we calculate (:
	( is calculated the same way as   in the previous chapter (i.e. we add up all the numbers and divide by how many numbers there were). We call it (when we are dealing with a population, rather than   when it is a sample.
	The standard deviation of a population is denoted by  (the Greek letter for small sigma).
	variance
	The square of the standard deviation is called the variance and is denoted by 2. When we square the result of a formula which has a square root, the square root sign is cancelled out and disappears. We then have:
	formula
	sample variance
	If we are dealing with a sample and wish to calculate the sample variance (or sample standard deviation) in order to estimate the value for the population, the formula is changed slightly. In this case s2 stands for the sample variance,   the sample m...
	and the sample standard deviation is given by:
	sample = (n-1)
	These formulae for samples are effectively the same as those for populations, except that we have used the division (n - 1) instead of N. The important thing to remember is that when calculating the variance or standard deviation of a sample, divide b...
	large standard deviation = large spread
	Note that the more the values of individual items differ from the mean, the greater will be the square of these differences and therefore the greater the sum of squares. Therefore, the greater the sum of squares, the larger will s (the standard deviat...
	example
	We will now go through the calculation of the standard deviation using the following data.
	first find the mean
	To calculate the standard deviation we first calculate .
	In Column 3 we subtract the mean value from the values for each year.
	In Column 4 we square the deviations and sum these squared deviations, giving a total of 27,950,642.
	data from a population
	If the above data are considered to be from a population, then to derive the standard deviation we divide the sum of the squared deviations by the number of the observations (N = 8) and take the square root. In this case we have:
	Population Standard Deviation () =    =   = 1,869.18
	data from a sample
	However, if the data are considered to be a sample from a population, then to derive the standard deviation we divide the sum of the squared deviations by one less than the number of the observations or industries (n-1 = 7) and take the square root. I...
	Sample Standard Deviation (s) =    =   = 1,998.24
	In this example we would probably consider the data to be sample data, so would divide by 7.
	awkward with a large set of numbers
	Although this is a fairly simple procedure to calculate the standard deviation of a small set of numbers, it is quite a cumbersome procedure for a large set of numbers. First of all we have to determine the mean of the set, then calculate the deviatio...
	rearrange the formula
	We can, however, make the calculation much easier by rearranging the formula for the variance. Thus, for a sample, we have:
	Sample formula
	population formula
	steps for sample variance
	Lets run through this formula for the sample variance.
	For the sample variance we first square each individual x value:
	We then calculate the sum of those squared numbers:    Call this total A.
	We also calculate the total of the individual x values:
	We square this total:
	and divide by n (the number in the sample):    Call this total B
	not as complicated as it looks
	Although the second formula looks more complicated, it is in fact much easier to use when we are using a calculator. For example, let us consider the following sample values which are the same observations that we had considered in Table 6.3.
	example
	961    1,523    4,854    3,344    3,134    1,682    5,768    6,182
	total and the mean of the observations
	Calculating the variance of the sample the first way would entail firstly obtaining the total and the mean of the observations. We have:
	 xi = 27,448,  n = 8   = 3,431
	The deviations from the mean are:
	-2,470 -1,908 1,423 -87 -297 -1,749 2,337 2,751
	The sum of the squares of the deviation is 27,950,642. Thus, the variance is:
	s2 = 27,950,642 / 7 = 3,992,948.86
	second method
	Calculating the variance using the second method or formula we need:
	 xi  = 27,448   and    xi2 = 122,124,730
	s2 =
	= [122,124,730 -  {(27,448)2 / 8}] / 7
	= (122,124,730 – 94,174,088) / 7
	s2 = 3,992,948.86
	second method is easier and faster
	Thus we see that if we use the memory function in a calculator, the second calculation can be done without having to write any intermediate results. You will also note that the variance derived using either of the two methods is the same (3,992,948.86...

	Properties of the standard deviation
	remember
	When using the standard deviation it is important to remember the following points:
	the standard deviation is used only to measure the spread about the mean;
	the standard deviation is never negative;
	the standard deviation is sensitive to extreme values (called outliers). A single outlier can raise the standard deviation a great deal, distorting the picture of spread; and
	the greater the spread, the greater the standard deviation.

	Coefficient of variation
	the mean adds meaning to the standard deviation
	The standard deviation by itself is not very meaningful unless it is considered along with the arithmetic mean. For example, a standard deviation of $100 when the mean income is $10,000 implies a much greater relative variation than a standard deviati...
	interested in variation from the mean
	Hence, the variability in a set of observations can usefully be measured relative to a central measure such as the arithmetic mean. Such a measure is provided by the coefficient of variation, which is the ratio of the standard deviation to the arithme...
	formula
	Coefficient of Variation (C.V.) = ( /  ) ( 100
	(The ( 100 converts the number to a percentage.)
	can compare data
	To compare the variability of two sets of figures would therefore involve comparing their respective coefficients of variation. The coefficient of variation allows for comparisons when:
	the means of the distributions being compared are far apart, or
	the data are in different units.
	percentage
	The units are converted to a common denominator (a percent).
	example
	If we look at the data in Table 6.3, we can calculate the coefficient of variation as:
	C.V. = ( /  ) * 100
	= 1,869.18 / 3,431 * 100
	= 54.48%
	illustrative example
	Let’s use some made up data to illustrate the coefficient of variation.
	The mean income of homeowners in Australia is $40,000 with a standard deviation of $4,000. In Kiribati, the mean income of home owners is $12,000 with a standard deviation of $1,200. (Note that the means are far apart and the standard deviations are d...
	solution
	The first impulse is to say that there is more dispersion in the incomes in Australia because the standard deviation is greater. However, when we convert the two measurements to relative terms using the coefficient of variation, we find that the relat...
	Australia
	CV(Australia) = ( /  ) * 100
	= $4,000/$40,000 * 100
	= 10%
	Kiribati
	CV(Kiribati) = ( /  ) * 100
	= $1,200/$12,000 * 100
	= 10%
	similar CV
	In summary the income for both Australia and Kiribati have similar amount of variation.
	example
	We could also compare two different types of data – incomes and age of homeowners. We could compare the spread of incomes of homeowners in Australia with say the spread of the age of homeowners. The mean age of homeowners is 40 years with a standard d...
	age
	CV(age) = ( /  ) * 100
	= (10/40) * 100
	= 25%
	CV(income) = 10%
	We can see that there is greater relative dispersion in the ages of the homeowners than in their incomes.

	Normal distribution
	used extensively
	A particular distribution that is used extensively in statistical theory is the normal distribution:
	properties
	The normal distribution has several key properties.
	it is symmetrical;
	it is bell shaped;
	mean of the distribution is the peak; and
	the area under the curve is always 1.
	always have the four
	Normal distributions can have different means and standard deviations, but they always have these four key properties.
	everyday examples
	Many phenomena in every day life can be described by the Normal curve, for example people’s height. A small number of people in the population are very short, a small number are very tall, and the majority of the population fall in some middle range. ...
	We could discuss the normal distribution extensively, but for now that is all you need to know.

	Reference Ranges for a Standard Deviation
	analysis of data normally distributed
	When analysing normally distributed data, the standard deviation is used with the mean to calculate where the data lie within certain reference ranges. The most important thing to understand about reference ranges is that for any set of normally distr...
	reference ranges
	about 68% of the data lie in the interval  - s <   <   + s
	(That is, 68% of the data lie in the range from the mean minus the standard deviation to the mean plus the standard deviation)
	about 95% of the data lie in the interval  - 2s <   <   + 2s
	about 99% of the data lie in the interval  - 3s <   <   + 3s
	where    = the mean; and
	s = the standard deviation
	68% reference range
	If we look at the data in Table 6.3, we can calculate the 68% reference range for the data as:
	68% Reference range:  ( - s  ,   + s)
	(3431 - 1998.24,  3431 + 1998.24)
	(1432.76  ,  5429.24)
	That is, 68 % of the data lies in the range 1,432.76 to 5,429.24.
	95% reference range
	We can calculate the 95% reference range as:
	95% Reference range:  ( - 2s  ,   + 2s)
	(3431 - 2(1998.24)  ,  3431 + 2(1998.24))
	(3431 – 3996.48  ,  3431 + 3996.48)
	(-565.48  ,  7427.48)
	That is, 95 % of the data lies in the range –565.48 to 7,427.48.

	Summary of the measures of variability
	RANGE
	VARIANCE/STANDARD DEVIATION
	COEFFICIENT OF VARIATION

	One final characteristic of a distribution
	understand the underlying structure
	The objective of summarising a set of data is to make it possible to comprehend the underlying structure and pattern of the distribution of the values of the variable under consideration. The attempt in summarising the data is to reduce them to a few ...
	skewed distributions – asymmetrical
	Another way of characterising a distribution is to study its skewness (that is, whether the distribution is not symmetrical and, if not, whether the observations are concentrated in the low or high values). Examples of skewed distributions are income,...
	'right’ tail
	A distribution is said to be positively skewed if large frequency values are concentrated to the left of the distribution and the distribution has small frequency values to the right of the distribution (that is, the distribution has a ‘right tail’ an...
	‘left’ tail
	A distribution is said to be negatively skewed if large frequency values are concentrated to the right of the distribution and the distribution has small frequency values to the left of the distribution (that is, the distribution has a ‘left tail’ and...
	three main features
	A distribution can be considered to have three main features which are of interest in studying a population. These features are:
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	TOPIC 7    ANALYSING WEIGHTED DATA
	Introduction
	different analysis for sample data
	Up until now, all of the analysis techniques have only dealt with producing the mean and variance from the raw data. But what do we do if we have weighted data? This chapter will discuss firstly what a weight is and then look at how we can calculate s...

	What are weights?
	the sample represents the population
	We have already seen in Topic 1 that often it is better to take a sample of the population rather than going to the entire population. Remember that a sample is a small number of statistical units selected to represent the entire population. After we ...
	For example, let us say that we have just completed a sample survey asking about how many shells of Kava you drank last week. We could easily apply the techniques in the first 6 topics of this book to produce the mean, median and variance of this samp...
	estimates for the population use weights
	To produce estimates about the entire population we allocate each person in the sample a weight.
	A weight indicates how many people in the population this person represents.
	For example, if our Kava Survey went to 1,500 people and there are 150,000 people in the population then each person in the survey would receive a weight of   150,000/1,500  =100.  So each person in the sample would be representing 100 people in the p...
	weights depend on sample selection
	In the Kava Survey, each person received the same weight, however this is not always the case. The weight of each statistical unit will depend on the way that the units were selected and how many units did not respond. However, the following things sh...
	3 ‘rules’ for weights
	weights do not have to be whole numbers
	Although it sounds strange, weights do not need to be a whole number. That is, you can have a weight of 4.53 or 88.763. Although it may seem strange that a person can be representing 88.763 people in the population, it is just our “best guess” of how ...

	Using weights in analysis
	sample values estimate the population
	One important difference when we are analysing weighted data is that we don’t know the exact value for the population. For example, when we are working out the mean value for a census, we know every value in the population, so the result will be exact...
	Sometimes the sample selected will provide a good or accurate representation of the population, and at other times it might not be so good. It is important to select the sample in such a way as to best represent the population.
	at best an estimate
	So if we are working on census data, then we can say that we are calculating the mean, but if we are using a sample to estimate the mean of a population then we are estimating the mean.
	sample error is the measure of the sample’s representation of the population
	These sample estimates of the population values are subject to sampling error. This is error because we have chosen a sample, and not the whole population. If we have chosen the sample correctly, our estimates of the population values will be very clo...
	assume here that the weights have been defined for you
	When you are working with weighted data, the weights will be provided to you with the data. Weights are determined by a number of factors, such as how the sample was selected, response rates and other criteria usually specified by a mathematical stati...

	Estimating the mean
	formula
	For weighted data the formulae for estimating the mean is:
	where  wi     is the weight for each unit xI    is the value for the variable
	example
	For example, if we had the following results from a survey:
	mean estimate
	Then our estimate of the population mean would be:
	=    =
	= 5.25

	Estimating the variance of the population
	estimate variance
	For weighted data the formula for estimating the variance of the population looks complicated, because the weights are integrated into the calculation:
	example
	We can use the same sample survey data as before to estimate the variance for the population. Of course, it is much easier to make the estimates if you use a computer to perform the calculations using formulas
	Table 7.2   Estimating the population variance from sample data
	variance estimate
	Then our estimate of the population variance would be:
	Variance estimate   =       =       =       =   3.58

	Creating frequency distributions
	sum the weights
	We can also create frequency distributions of the population using weights. It is very similar to creating the frequency distributions that we created in Topic 3. The main difference is that our frequency is now the sum of the weights in the class int...
	example
	For example, let us say that we have the following data:
	class intervals
	Let us use the following classes:      2–3,  4–5,  6–7,  8–9
	frequency
	Then our frequencies for our population would be:
	Charts
	Once you have the frequency distribution, you chart the data in the same way you chart unweighted data, using the same guidelines for quantitative and qualitative data.

	Population proportions
	estimate population proportions
	Often we want to know the number of people in the population with a certain characteristic. As for many of the measures demonstrated in this chapter, you use the sum of the weights rather than the frequency of the value or variable.
	For example, we may want to estimate the number of people in the population who drink Kava. The following formula will estimate the population proportion from the sample:
	formula
	So you take the sum of the weights of the variables with the characteristic and divide it by the sum of all the weights in the sample.
	example
	So let us say that we had the following sample of people, and we asked them if they drank Kava last night:
	working
	Our estimate of the proportion of people in the population who drank Kava last night would be:
	Population proportion estimate of kava drinkers (p) =
	=   =   = 0.5438
	result
	So we can say that we estimate that 54.38% of people in the population drank kava last night.

	Standard errors
	sample data estimates the population
	Whenever a sample survey is conducted, an additional dimension of error is introduced due to sampling only a subset of the population. The theory relating to this type of error is well developed and the ability to calculate the error introduced by thi...
	The usual quantity calculated to measure the accuracy of a sample estimate is the “standard error” of the estimate. The standard error of an estimate enables us to make certain probability statements about the estimate, if certain conditions are met (...
	how accurate is the sample data?
	The Standard Error should not be confused with the Standard Deviation.
	Standard Error: measure of how accurate an estimate is from a sample survey.
	Standard Deviation: measure of the spread of the values in the population.
	The Standard Deviation is a component of the Standard Error, such that the greater the Standard Deviation, the greater the Standard Error.
	The larger our Standard Error is, the worse the estimate is.
	sampling techniques available
	There are many different sample selection techniques available, and quite often the preferred option is a combination of numerous techniques.
	Some common techniques applied by survey statisticians include:
	Simple Random Sampling: is the most simple form of sampling, and involves assigning a random number to the units in the population of interest and using this random number to select the sample. Usually results in a well spread out sample.
	Systematic Sampling: is also a simple form of sampling and involves listing the units in the population of interest (often ordered by a particular variable/s), and then running a skip through the list to select the sample. Also results in a well sprea...
	Stratified Sampling: involves splitting the units in the population of interest into sub-populations (strata), and selecting separate samples within each stratum. Has the benefit of being able to control sample sizes for sub-populations.
	Probability Proportional to Size (PPS) Sampling: for this technique, the size of a unit determines the likelihood of that unit being selected. That is, if villages are being selected for the survey, and the size measure being adopted is the number of ...
	Cluster Sampling: involves selecting clusters of units instead of units spread out randomly. Has the benefit of cost saving due to the reduced travel cost. Unfortunately, as the sample is no longer well spread, the standard errors will increase.
	Multi Stage Sampling: involves selecting the sample in more than one stage. For example, rather than go to every village, simply select a sample of villages, and from those selected villages, select a sample of households. Once again this technique ha...
	As mentioned, it is rare for just one of these techniques to be applied to a sample survey. Often 2, 3 or even 4 of these techniques are adopted for the one survey. For example, for a HIES, you may first split the population of interest into two strat...
	formula
	The formula used to calculate the Standard Error for a sample survey is dependent on the sample selection methodology applied. When a combination of sampling techniques is applied, then the formula can become extremely complex. Often approximation tec...
	To give an example of what the formulae look like however, to calculate the Standard Error of the estimated population mean, population total and population proportion from a simple random sample we use the following formula:
	Where s2  is the estimate of the population variance
	n is the sample size
	N is the number of units in the population
	p is the estimate of the proportion in the population
	kava example
	So in the Kava example above, our proportion was 0.5438, our sample is size 7 and our population is 57, so the Standard Error is:
	SE (estimate of the proportion in the population)
	=         = 0.1763
	So we say that the standard error of the sample proportion is 0.1763.
	interpreting standard errors
	The first thing we need to ask ourselves when we produce a standard error is “what does it mean?”
	If you take 2 standard errors either side of an estimate, then you are 95% confident that the true value will lie within this range. That is, for the kava example above, we can say that we are 95% confident that the true value for the proportion of ka...
	= (0.1912, 0.8964)
	relative standard error (RSE)
	Another way of showing the accuracy of an estimate is to compute the relative standard error (RSE), which is simply the standard error as a percentage of the estimate. For the example above, the relative standard error for the estimate would be calcul...
	It differs from person to person as to what constitutes a good estimate in terms of RSE, but most statisticians would agree that any estimate with an RSE below 5% is a good one. When running a sample survey, it is desirable to produce key estimates fr...
	SE (estimate of the proportion in the population)
	=         = 0.0626
	zero error in a Census
	One additional note is that if we run a census then the sample size equals the population size (n = N). So, the estimate of the population value should be exactly correct because we have every one in the population in the sample.
	We can also see that in the formula, that when n = N then:
	So there is no error in our estimate.
	non-sampling errors
	Remember that sampling error is only one component of the total survey error. There are many ways that error can be introduced to surveys other than the use of sampling methods. Field enumeration error, respondent error, questionnaire design flaws and...
	(NB: This component of the total survey error, can often be significantly higher than the sampling error, so every care should be taken to undertake correct survey procedures, to minimise this impact.)
	…   ExerciseS   …
	Excel – standard errors
	Setting up a worksheet to calculate standard errors



	TOPIC 8    PROPORTIONS
	Introduction
	In this topic some of the main types of statistical indicators used in statistical reports are defined and discussed. The objectives are to become aware of the way statistical indicators are used in data analysis; and to become familiar with the diffe...

	Proportions
	To provide meaningful and useful statistics it is usually necessary to compare the counts of a set of observations using some kind of proportion. Proportions may be expressed as a percentage, a ratio or a rate.
	Using these statistical measures we can measure the change occurring in a country or region from year to year. As the rates are calculated the same way in each country or region, we can compare the rate in one country or region with that in another. T...
	Compositional variables
	When comparing populations care should be taken that compositional variables are taken into consideration. That is, different populations may have different structures that affect the comparability of the measures.
	For example, crude birth and death rates are affected by the proportions of persons in the different ages and can give misleading comparisons. It is therefore necessary to adjust these rates for differences in age composition – .i. e. age-specific rates.
	Gender is also a compositional variable that needs to be taken into account during data analysis. It is good business practice to disaggregate proportions by gender and age group, especially where there are significant differences in the relative dist...
	The Asia Pacific Economic Cooperation (APEC) Ministerial Meeting on Women, held in Manila in 1998, recognized the need to reinforce the important role of women in economic development. That meeting initiated the development of the Framework for the In...
	Data Disaggregation
	It is important to note that presenting data at an aggregate level may be misleading if compositional variables are not taken into account.  This is called the Simpson’s Paradox. It is usually desirable to report statistics at lower levels of aggrega...
	Standardisation
	One way of adjusting the population for compositional effects is to standardise the population. Standardisation involves choosing a standard or reference population and substituting that population’s composition for the population of interest. This te...

	Simpson’s Paradox – an example
	A good way to see how Simpson’s Paradox occurs is to look at an example. Suppose a researcher at the University of the South Pacific released the following data.
	males are doing better than females ?
	The researcher suggests that this is good evidence that males are doing better at university than females. You think this is a bit strange, so you decide to investigate further and ask for the results by subject. For the purpose of this exercise, supp...
	females are doing better than males?
	By breaking down the results, you learn that females are in fact doing better in both the courses offered. So what is happening here? Could it be that the compositional structure of the population (that is, the number of students doing Science and the...
	Table 3 shows that the vast majority of male students take science relative to females. So if we combine the numbers of students who passed both science and English then the aggregate pass rate is in favour of males (i.e. 60% compared to 44%).
	The paradox arises because we assume that combining the data will average the proportions. However, by combining the data we weight the individual proportions so that the aggregate proportion is pulled in the direction of the largest weight. That is, ...

	Rates
	A rate is the number of cases of a particular outcome of interest that occur over a given period of time divided by the size of the population in that time period. That is, a rate is a measurement of one quantity in relation to another for a specific ...
	You can use rates to express the number of cases or occurrences of an event so that the proportions can be easily measured and compared.  Note that it is common practice for rates to be calculated separately for different sub-populations, such as: for...
	Examples of rates used in official statistics are:
	Literacy rate
	Infant mortality rate
	Unemployment rate
	Example: Adult Literacy Rate
	definition
	The adult literacy rate is defined as the percentage of population aged 15 years and over who can both read and write with understanding a short simple statement on his/her everyday life.
	The purpose of the adult literacy rate is to show the accumulated achievement of primary education and literacy programmes in imparting basic literacy skills to the population, thereby enabling them to apply such skills in daily life and to continue l...
	To calculate the adult literacy rate divide the number of literates by the corresponding age group population and multiple the result by 100.
	Formula
	Number of literates                           x 100
	Population aged 15 years or over
	example
	For example, from the Tonga 1996 census the adult literacy rate is calculated as:
	57416        x 100 = 98.9%
	58056
	meaning
	A high literacy rate indicates a wide coverage of the primary education system and/or literacy programmes in that a large proportion of the population has acquired the ability of using the written word in daily life and to continue learning.
	Note that it is usual to present and analyse literacy rates together with the absolute number of adult illiterates as improvements in literacy rates may sometimes be accompanied by increases in the illiterate population due to the changing demographic...
	The youth literacy rate for persons aged 15 to 24 years old reflects the accomplishment of a country’s basic education system. It measures the population’s ability to read, write, and communicate and thus reflects to some extent their ability to conti...
	UNESCO Institute for Statistics. Education Indicators. Technical Guidelines. UNESCO
	Example: Infant Mortality Rate
	definition
	The infant mortality rate is the number of deaths of infants under one year of age for each 1,000 live births that occur in a given time period, usually a given calendar year.
	formula
	Number of deaths of infants  x 1,000
	Total live births
	example
	For example, if in a given year there were 38 infant deaths and 3,734 live births, the infant mortality rate would be calculated:
	38   x  1,000  = 10.2
	3,734
	This means there were 10 (rounded) deaths of infants under 1 year of age for every 1,000 births.
	Example: Unemployment Rate
	definition
	The number of persons who are unemployed is also expressed as a rate. The unemployment
	rate is the number of unemployed persons in relation to the labour force, not the total population.
	formula
	Number of persons unemployed             x 100
	Number of persons in the labour force
	example
	For example, in the 1991 population census of Samoa the number of unemployed enumerated was 1,175 and 55,967 were employed. Therefore the total unemployment rate was:
	1,175    x 100  = 2.1%
	57,142
	meaning
	You will note that the unemployment rate is also expressed as a percentage. The reason the unemployment rate is also expressed as a percentage is because the rate is calculated as a proportion of 100. For instance, if the unemployment rate was 10% tha...
	The youth unemployment rate (youth unemployment as a percentage of the youth labour force) is a general measure of utilization of the labour force of young persons. Youth unemployment rate alone cannot fully gauge the ability of youth to meet their fu...
	Castles, I.  Surviving Statistics. A user guide to the basics, Australian Bureau of Statistics, 1992

	Ratios
	The ratio is the relation which one quantity bears to another of the same kind. The definition of a ratio is the number of observations in a given group with a certain characteristic divided by the number of observations without the given characterist...
	The ratio of the frequency of one category to another is written as “frequency of one category: frequency of the other category”, but is commonly expressed as a proportion or percentage. The ratio is measured by the fraction “frequency of one category...
	As with rates, ratios can be disaggregated to provide comparisons between different sub-populations. For example, ratios can be calculated separately for each gender, geographical region or age groups.
	Examples of ratios used in official statistics:
	Sex ratio
	Enrolment ratio
	Maternal mortality ratio
	Example: Sex Ratio
	definition
	The sex ratio is the ratio of males to females in a given population, expressed as the number of males for every 100 females.
	formula
	Number of males   x 100
	Number of females
	example
	For example, in a population of 25,643 males and 23,721 females, the sex ratio is calculated as:
	25,463   x 100 = 107.3
	23,721
	meaning
	This means there are 107 (rounded) males per 100 females.
	Gender equality in terms of access to all levels of education has been identified as a priority at both national and international levels, and is one of the goals of the Education For All (EFA) initiative. Within the Millennium Development framework,...
	UNESCO Institute for Statistics. Education Indicators. Technical Guidelines. UNESCO
	Example: Enrolment Ratio
	If we want to show the extent of participation of children and youths in a given level of education we use the enrolment ratio. There are two types of enrolment ratio – the net enrolment ratio and the gross enrolment ratio.
	The net enrolment ratio is defined as the enrolment of the official age-group for a given level of education as a percentage of the corresponding population. The gross enrolment ratio is defined as the total enrolment for a given level of education as...
	To calculate the net enrolment ratio we divide the number of pupils enrolled by the population for the same age-group and multiply the result by 100.
	formula
	Enrolment of the population of school age  x 100
	Population in school age group
	example
	For example, in Samoa there were 35,330 primary enrolments in 1999 and a projected population aged 5-13 of 38,206. The net enrolment ratio is calculated:
	35330 x 100 = 92.5%
	38206
	meaning
	A high net enrolment ratio denotes a high degree of participation of the official school-age population. Increasing trends can be considered as reflecting improved participation at the specified level of education.
	Note that the ratio should be based on the total enrolment in all types of schools and education institutions, including public, private and all other institutions that provide organized programmes.
	Achievement of universal primary education for all has been identified as a priority at both national and international levels. In the Millennium Declaration, as in the Education For All (EFA) initiative, the overriding goal is for all countries to en...
	UNESCO Institute for Statistics. Education Indicators. Technical Guidelines. UNESCO.
	Example: Maternal Mortality Ratio
	definition
	The maternal mortality ratio is the number of women who die as a result of child-bearing in a given year per 100,000 births in that year. Maternal deaths are those caused by complications of pregnancy and childbirth.
	formula
	Number of maternal deaths x 100,000
	Total number of live births
	example
	For example, if in a given year there were 6 maternal deaths and a total of 3,867 live births, the maternal mortality ratio is calculated as:
	6      x 100,000 = 155.15
	3,867
	meaning
	This means there were 155 (rounded) deaths per 100,000 live births. Note that this calculation gives rise to problems when applied to Pacific Island countries as the number of births is relatively small, and therefore the ratio expressed per 100,000 b...
	In countries without comprehensive registration of deaths and good attribution of causes of death, …survey methods have to be used to estimate levels [of maternal mortality] and these are subject to wide margins of uncertainty and cannot be used to mo...
	Report of the Inter-agency Expert Group on MDG Indicators, New York, April 2002

	Percentages
	A proportion is the number of observations or responses with a given characteristic divided by the total number of observations. In other words, a proportion is a part divided by a whole. A percentage is a proportion multiplied by 100.
	Percentage of Total
	We often use percentages to compare and assess numbers in frequency tables. It is easier to compare numbers when they have a common base, especially when the numbers are large. We tend not to use percentages when the numbers are small (i.e. less than ...
	Amount x 100
	Total
	Examples: Proportion of 1 year old children immunized against measles
	definition
	If we wanted to calculate the number of 1 year old children who were immunized against measles as a percentage of the total population of 1 year olds, we would calculate
	formula
	Number of immunized children aged 1 year  x 100
	Total number of children aged 1 year
	definition
	For example, if there were 3210 children who were immunized against measles out of a total of 3500 children aged one year in the population then the proportion would be calculated:
	3210 x 100 = 91.7%
	3500
	Immunization is an essential component in reducing mortality rates for children under five years of age. Among the childhood vaccine-preventable diseases, measles is the leading cause of child mortality… Measles immunization coverage can be assessed a...
	United Nations. Millennium Development Goals Data and Trends, 2002
	Comparison of percentages
	When we compare two different percentages we refer to the difference in percentage points. For example, the difference between 92% and 95% is 3 percentage points. If the percentages refer to the same characteristic over different time periods we can s...
	Percentage Change
	Often we need to find the amount of percentage change between two numbers over time. That is, we need to calculate the percentage one number is of another between different time periods.
	Example: Population Percentage Increase
	definition
	If we wanted to calculate the percentage increase in a population between two years, we would subtract the two populations and divide by the population of the earlier year.
	formula
	P1 – P0 x 100
	P0
	Where:   P1 = population at time of most recent census
	P0 = population at time of census before
	example
	For example, the population of Matereva village was 2,376 in 1984 and in 1994 it was 2,769. What is the percentage increase between 1984 and 1994.
	2769-2376  x 100 =  16.5%
	2376
	meaning
	We call the denominator the base, since we are comparing the number of increase with the base number. The percentage is calculated by dividing the amount of increase by the base and multiplying by 100.
	Example: Population Percentage Growth
	definition
	We sometimes need to find the annual percentage change between two numbers. That is, we need to calculate the annual rate of percentage change between two observations made at different time periods.
	In cases where there is no or little compounding effect the calculation can be made by dividing the percentage change by the exact number of years (i.e. the arithmetic growth rate). However for population-based data the calculation requires the use o...
	The formula for exponential population growth rate is:
	formula
	r  =  ln (P1 /  P0)   x 100
	t
	Where   P1 = population at time of most recent census
	P0 = population at time of census before
	r = annual growth rate between two censuses
	t = exact time between these two censuses
	ln = natural logarithm
	To calculate the annual rate of growth, divide the most recent population by the earlier population and take the natural logarithm of the resultant, and then divide by the time difference between the two populations. The annual percentage growth rate ...
	example
	For example, we can calculate the annual population growth for the Marshall Islands between 1980 (pop. 30,873) and 1988 (pop. 43,380). The exact difference between the censuses is 8.17 years.
	Ln(43,380/30,873)  x 100   =  4.16%
	8.17
	In excel we can use the LN natural log function to calculate the exponential rate of increase for a population. The function syntax is:   r = LN(P1/P0)/t*100
	…   Exercises   …


	Simpson's paradox is a statistical paradox described by E. H. Simpson in 1951: an association in sub-populations may be reversed in the population. It appears that two sets of data separately support a certain hypothesis, but, when considered together...
	TOPIC 9    DATA INTERPRETATION
	Introduction
	The role of a statistician is not only to produce statistics but also to explain them. The interpretation of statistical data is both an art and a science. We need to correctly identify the main facts presented in tables and graphs, and understand the...

	Reading Statistical Tables and Graphs
	The first thing we look at in any table is the title to find out what information the table contains. The heading should tell us what statistical units are being presented (e.g. persons, households, dollars, etc), the time period (e.g as at a date, qu...
	Example:
	Having noted what information is contained in the table, we now need to look at the caption (column headings) and stub (row headings) to find out what and how many particular variable values are presented. The example below shows there are four types ...
	Example:
	The next stage is to examine the body of the table; in particular we want to see if we can identify any trends or pattern in the numbers and also note any cells that seem peculiar or different from the others. We can do this kind of very basic analysi...
	Example:
	If we wish to use the table to make comparisons and draw conclusions then we could rewrite the table by reordering the rows and columns so that the largest values come first. Note however that this is not a good idea for ordinal or interval variables ...
	Example:
	Government  3,484  9,271   5,307  1,035  19,097

	We can see from the above table, which has been sorted by row, that the Government employs the largest number of workers, with most employed in Chuuk State. But the proportion of Government employees to the total employed labour force varies between s...
	Example:
	Graphs are more revealing than statistical tables as the principal function of a graph is to present data in an unambiguous and illuminating form. Graphs emphasise to the reader the main statistical message. As with tables you should make note of the ...
	For example, the graph below emphasises the largest number of employees in each state are Government workers, and shows the largest number are employed in Chuuk State:
	Example:
	Source: 1997 FSM Labor Force Survey
	If we wanted to comment on the proportion of government workers in each state then a percentage graph would be more appropriate. As shown below, the highest percentage of government workers were in Yap State with the fewest in Pohnpei State. We should...
	Example:
	Source: 1997 FSM Labor Force Survey

	Writing Up The Analysis
	Now, we are ready to describe some of the results in our table or graph. A key approach in writing your report should be to describe and explain the technical terms used in your analysis so that the report can be easily understood by the reader.
	It is common practice to refer to tables or graphs in text by their table or figure number. For example:
	As shown in figure 1, ……..
	It can be seen from table 2 that…..
	Figure 2 refers to …..
	These references imply that the reader has yet to come across the specific tables or figures, and so the text should come before the presentation of the tables and graphs. It is also acceptable to reference the table or figure number in parenthesis so...
	It is generally not useful to restate the numbers presented in a table or graph in text as the reader will have already have seen the table. However in cases where the size of the values is small (e.g. less than 50) then the frequency count should onl...
	Generally, it is good practice to explain the size of the values in terms of percentages as this is a concept the audience easily understands. Remember to describe both the largest and lowest values, and also the most common values. Also, mention any ...
	Example:
	Figure 11 looks at the educational pattern by attainment. The figure shows that females tended to be less educated than their male counterparts. Females are more likely to have below high school attainment (68 percent) than males (38 percent).
	Johnson BS A Summary Analysis of Selected Indicies of the Prelimary Results of the Kosrae 2000 census.
	In some tables it may be possible to aggregate categories in order to make the explanation more clear or meaningful. This is particular useful in tables which have ordinal or numeric variables, such as attitudinal scales or age groups.
	Example:
	When main daily activity is examined in terms of age group, it is clear that most of the 10-19 age group are full-time students, with a small proportion of this age group involved in economic activities. It is interesting to note the significant numbe...
	Unpaid Household Activities Report. Household Income and Expenditure Survey. Department of Statistics, Government of Samoa 1997
	It may be useful to describe a normal distribution in terms of an average and standard deviation. These statistics are often presented in the text, rather than in a table, as their meaning do require some explanation. For non-normal data you may want ...
	Example:
	Both populations produced were of size 2000 businesses. The population mean for the normally distributed population with a standard deviation of 3000 was 12416 while for the positively skewed population it was 13780..….
	Impact of non-response bias in business surveys, Australian Bureau of Statistics, 1999
	While your reporting of the results should be based on the facts presented, you should refer to possible reasons for any unusual findings. For example, the reasons for a sudden change in a time series may be known and should be commented on in the ana...
	Example:
	As figure 5.5 shows, in 1986 over half the Pacific population (54 percent) had no formal educational qualifications. By 2001 this had fallen to 36 percent…Much of the trend has been due to the increasing attainment of school qualifications.
	Pacific Progress: A report on the economic status of Pacific Peoples in New Zealand. Statistics New Zealand 2002.
	Also, if other analyses have shown that a statistical event or trend has occurred as a result of a particular relationship with an independent variable or other dependent variables then this should be reported in support of your analysis.
	Example:
	A simple way to investigate the association between causes of death is to calculate the percentage of deaths involving a particular cause which also involve another specified cause….An area where this form of analysis might be particularly useful is c...
	Multiple causes of death analysis, Australian Bureau of Statistics, 2003
	In some cases it may not be possible to find an explanation for a particular statistical result or trend. In these cases, you may want to mention there is a need for more data to be collected or further analysis to be performed. Such data or analysis ...
	Example:
	The household, based on HIES results, is still an extremely important domain in Samoa. Additional research is required to quantify and assess the relative importance of the other domains in relation to the household. This could be done reliably throug...
	Unpaid Household Activities Report. Household Income and Expenditure Survey. Department of Statistics, Government of Samoa 1997

	Interpreting The Results
	The interpretation of statistical data requires experience and a common sense approach. To a large extent the interpretation of results will be influenced by the needs of the audience, the objectives of the research and the quality of the data present...
	What do my results mean?
	What are their implications?
	The Interpretation
	The results of the analysis should be interpreted for the reader in terms of the objectives set out in the introduction. The key questions to be answered are:
	What are the overall findings from the analysis?
	How reliable or valid are the findings?
	What explanation can be provided for the findings?
	A summary of the results should be provided in the discussion section. These may be presented in dot point fashion as shown below. The summary should refer to the objectives of the study and show how the results are relevant to meeting these objective...
	Example:
	The statistics on the businesses in the formal sector show:
	  The concentration of formal sector businesses and employment in the service industries, rather than the primary or goods producing industries.
	  The low number of formal sector businesses in the agricultural and forestry industry. This reflects the nature of the Vanuatu economy with a significant portion of the population involved in household level agricultural activities outside the forma...
	 The significance of the government sector in terms of formal sector employment numbers.
	  The high number of privately owned businesses in the small size category of 1-9 employees.
	   The high concentration of privately owned businesses in the two urban areas of Port Vila and Luganville.
	Vanuatu 2000: Labour Market Survey Report. Vanuatu Statistic Offfice, 2000
	The statistical relationship between variables should be commented on where cross-tabulations have been produced. However care needs to be taken to ensure that inferences about the relationships are supported by the data.  In particular the nature of ...
	Consideration of data quality is especially important in interpreting results of both surveys and administrative data sources. Unusual results or unexpected events that influence the data should be explained to readers to help them in the interpretati...
	Example:
	With respect to the Solomon Islands, developments already superseded part of the information captured in the 1999 census. The country experienced two major upheavals connected to the current social unrest…This especially affected the situation with re...
	Solomon Islands 1999 Population and Housing Census: Main Results
	The Implications
	You should also discuss the relevance of your findings to the wider research in the area of study. The key questions that should be answered are:
	Does it support the findings of previous studies?
	What recommendations can be made from the study?
	What further analysis could be done?
	In the background to your study you should have referred to other research in the field. It is important to show how your study has contributed to the body of research by either confirming or negating previous findings. You should also state any recom...
	Example:
	As they continue to make up an increasing proportion of the population, and of the workforce in particular, the position of Pacific peoples will assume increasing social and economic significance. The implications of this population growth are of majo...
	Pacific Progress: A report on the economic status of Pacific Peoples in New Zealand. Statistics New Zealand 2002.
	In the conclusion, you may wish to comment on the availability of relevant statistical data within your country and within the region. You could point out what gaps exist in the current statistical collections and what improvements could be made to pr...
	Example:
	It has been argued that government statistics do not adequately reflect issues which concern women. This is a problem because governments base their decisions on research data, and good public policy is based on good statistics. In many Pacific Island...
	Getting Started in Statistics: A handbook for Pacific Women leaders. Secretariat of the Pacific Community 1998
	.
	Information Box: Assessment of Data Quality
	…   Exercises   …


	TOPIC 10    Writing documents and reports
	Introduction
	where do you start? …
	Now that we are familiar with the tools which allow us to write effectively, where do we begin?
	Many people feel that the hardest part of writing any document is starting to write. The reason for this is they think that the first thing they write should be the report or letter that they give to their boss. It is unrealistic to believe that you c...
	… with a plan
	In practise, we use the same kind of planning for the different types of documents we prepare in the office. A letter, fax, email, discussion paper or report are all planned the same way, whatever the finished product might look like. Of course the de...
	Just remember that a report is one type of document, and while it is the most detailed and complex type, we still use the same principles that we apply to our other writing. Often when you are writing a report, the section headings and format you choo...
	five steps to document writing
	There are five basic steps that every good writer will go through to produce a quality document. Note that for more ‘routine’ documents you will not ‘consciously’ perform these tasks, but you (or someone else did) when the document was first prepared.
	The steps are:
	understanding the brief;
	researching the information;
	organising the information;
	composing the rough draft; and
	preparing the final draft.

	Understanding the brief
	understanding the brief
	Understanding the brief is an important task when starting on a document. It will determine where and what you research, the detail and the urgency of the work. Try and identify the:
	purpose – what is the topic of the document and why are you writing it?
	scope – how many and what issues do you cover?
	recommendations – are you required to make recommendations about any of the issues and what type of recommendation should you make?
	audience – who are you writing for and what degree of formality is required?
	terms of reference
	Sometimes you will be given Terms of Reference, (TOR), especially if you are preparing a report. The TOR will establish the brief by defining the subject, objectives, audience and scope of your report. If your TOR does not do this the first thing you ...
	brainstorming
	Before you start it is often an advantage to sit down with a group of colleagues and have a “brainstorming” session. Brainstorms are a great way of getting different perspectives and ways to attack a problem. The basic idea of a brainstorming session ...

	Researching the information
	know what you are talking about
	Perhaps one of the most important parts of report writing is researching the information. Reports are supposed to explain or convey information to your reader. For your report to be successful in achieving this, you must ensure that you know what you ...
	consult existing records
	There are many ways to obtain information about a topic. The most popular way is to consult with existing records or documentation. Often the existing records or documentation is in the form of published papers, books or previous reports. Other altern...
	talk to people
	Another area where you can obtain information is by talking to people involved in the area. They are often a great place to start, as they can give you initial viewpoints and show you where to go for information. The people you contact may be your col...
	do your own research
	The final place to get information from is to carry out your own research. This may involve performing tests, observing the environment, and performing experiments. Although this is a very time consuming way to progress, it means that you can ensure t...
	check your sources
	If you are using information from another source, such as a book or a report, remember to check:
	the standing of the author;
	the date when the information was complied or revised;
	the purpose for which the information was produced and how closely it relates to your purpose (is it biased in any way?); and
	the extent to which the information is supported by facts and figures that can be checked from other sources.
	organise your research
	Once you have finished your research, group material into subject headings. These headings should start off being quite broad. As you see how much information is in each group, break them down into finer groups.
	make sure your research is relevant
	After researching, you should have a lot of information. Not all of your research has to be included into the final report. Go through all of your information and look at it in a critical way. Is it really relevant to the report? Does it add additiona...
	identify the main points
	Once you have grouped your information and thrown out the irrelevant information, go through and identify the main points. The main points are usually the important issues or perhaps re-occurring themes. The main points will be what your report is bas...

	Organising the information
	information should be in logical order
	An essential element in report writing is to present a logical and structured flow of information. Imagine if you were reading these notes and they kept jumping between writing skills and report writing. If you take the time it is usually quite easy t...
	You are now ready to order your information and points in a logical way. There are many tools that can assist you order your information. Some are:
	alternative methods
	written outlines, where you write a few sentences outlining your argument or points;
	mind maps where you list and order your ideas and main points;
	horizontal plans or fishbone diagrams where you follow an idea or topic through to its logical conclusion;
	triangle diagrams which are similar to fishbone diagrams, as they represent the development of ideas in a pictorial fashion; and
	tree diagrams, where you list out each of your main points in order of importance then add supporting information underneath each point.
	find the method that works for you
	Different people prefer to use different tools. You should try each of these organising tools and find the one that you find easiest to work with. You will be surprised how they assist you ogranise your information.
	Written outlines
	note the issues to cover
	Written outlines are good for relatively simple documents or documents that you write regularly and are familiar with the issues you want to cover. No matter what you are writing, always start by jotting down the issues that you want to cover. It's be...
	example
	For example, let us imagine that I have been asked to write a report explaining to my supervisor why we are using so much paper. I would list out all the major points, or issues, that I want to cover in my report to him:
	list the points or issues …
	… then prioritise them
	Now that I have completed this, I can prioritise each of the points. Prioritising the point means identifying which are the most important issues to be covered, and ordering them.
	In our example, I might think that (c) is the most important point followed by (d), (a) and finally, (b). When you start to write, you should cover the points in the order of their priority.
	most important issues first
	Prioritising is a very important stage, as the reader expects to read the most important issues first. Imagine if you were reading a document and the important point was in the last line of the last page … you would probably have stopped reading well ...

	Mind maps
	mind maps …
	Mind maps are a useful way of listing and prioritising issues, especially if you are unsure of the issues involved and how these are related. In the example above the issues were quite clear and could just be listed out. It is not always that easy to ...
	… list everything related to your topic
	When you make your mind map you write the topic of your document in the centre of the page. Then you write anything and everything related to that topic around it on the page, putting related topics near each other if possible. Experts say that it is ...
	The following example is a mind map for a monthly work report. First of all the activities were all listed down, using the same colour for related activities.
	group and prioritise ideas
	The next step is to group your ideas into related topics or issues. At this stage some people choose to re-write their mind maps, but this is up to you. Then you number or letter the topics according to priority. The basic process used in the mind map...
	In the example, there are four groups of topics or issues – ongoing activities, new activities, special activities and administration. Note that these groups have been prioritised, but the items in each topic have not. That would be the next step of t...

	Exercise
	As a group decide what the facilitator could do with his/her time this weekend.

	Fishbone diagrams or horizontal plans
	solutions to a problem
	A fishbone diagram is another technique used to establish issues relating to a problem or the subject of your research. Fishbone diagrams are especially good when you are planning a document which is finding solutions to a problem.
	can be used to identify the subject
	Fishbone diagrams aim to identify a subject based on a problem or issue identified. The advantage of fishbone diagram is that it forces you to clearly state all of your ideas and structure them in an explicit way. You can then start to research or wri...
	factors in the problem are the ‘bones’
	In a small box on the right hand side of the page write the problem in as few words as possible. From the box draw a straight line across the middle of the page to the left hand side of the page. This line is the backbone. From the backbone draw stems...
	all aspects of a problem
	The purpose is to get everything down on paper so you can explore all aspects of the problem. Begin fishboning by drawing and labeling as many stems and branches as you can, working rapidly from one to the other as the thoughts tumble out. An example ...
	horizontal plan
	In a horizontal plan, jot down the major components of the project and write sub-points about these issues below the main components. Horizontal plans are more ‘linear’ than fishbone diagrams, in that one thing follows from another.

	Triangle diagrams
	triangle diagrams
	Triangle diagrams are a good way to get to the ‘bottom’ of an issue, especially when your topic or subject deals with evaluating different alternatives. The discussions follow the arrows round the triangles. After each triangle you go into deeper deta...
	introduction and conclusion
	Along the sides of the triangle you write the introduction and the conclusion and the issues are written along the base. In the example the introduction and conclusion were written on the sides of the first triangle. Here the introduction will discuss...
	issues on the base
	The issues are written along the base of the triangle. In this example the issues in the first triangle are imports, exports and re-exports. The second triangle focuses on the components of exports – country and product; and so on to the last triangle.

	Tree diagrams
	similar to mind maps
	When you use a tree diagram as a planning aid you list your topic at the bottom of the page and each of the topics at the top. You then list the issues related to each topic as ‘branches’ around the topic. The process is similar to the way you constru...

	Summary
	plan to structure your document
	Before starting to write a draft report try one of these techniques. Find the one which ‘works’ best for you and use it whenever you have to plan a document. It might stop you from becoming lost or changing your argument halfway through a report.
	recommendations required?
	Finally, check that any recommendations or conclusions that you are going to make are sensible and practical. No matter how good your report, if the recommendations cannot be implemented then you have wasted your time.


	Composing the rough draft
	writing the draft should not take too long
	Finally, you start to write your report. Generally the planning process will take between 50 - 75% of the time you have allocated to prepare the document. The actual writing of the draft should only take between 15 - 25% of your time, and the remainin...
	just start writing
	After you have prioritorised points, you can then start to write a draft. Drafts are only rough versions of the document. Once again, do not be too concerned if the sentences don’t follow all of the grammatical rules, just get the information down on ...
	Before you start, it may help if you set out the headings, scoring’s, indenting and numbering you are going to use. This might assist you in the writing and your reader to understand the more complex issues and discussion.

	Preparing the final draft
	check grammar and punctuation
	After you have completed your draft, take some time to read through it and start to fix some of those grammatical errors. It is often a good idea to do your proof reading and final checks a day or so after you have written your report. Sometimes when ...
	You should always read through your document looking for spelling mistakes, over/under punctuation, grammatical mistakes and the ease of following the argument.
	final checks
	Look for things like passive sentences and abstract nouns.
	Can you shorten any sentences?
	Have you used words that your reader won’t understand?
	Have you written clearly?
	Is your writing coming across in a rude tone?
	Have you presented the information objectively?
	Are your recommendations realistic and attainable?
	Have all of the necessary headings been included?
	Is the format appropriate?
	Is the style appropriate?
	Have you met your deadline?
	summary
	Remember that it doesn’t matter if you are writing a memo or a full report, the general process you use to plan and prepare the document is the same. The following diagram summarises this process.

	Reports – more information
	what is a report?
	A report is an account given or opinion formally expressed after investigation or consideration or collation of information.
	usage
	Reports are used to:
	record work done;
	validate information;
	circulate new ideas;
	indicate further action;
	assess a situation;
	save duplication of effort;
	cross-fertilise ideas; and
	keep people informed.
	qualities of a report writer
	A good report writer should be able to: analyse a problem and define it; collect relevant information; organise the information; and express themselves clearly and correctly.
	use plain English
	When writing a report you should always try and apply the clear writing skills outlined in Section 3 (Plain English).
	format
	When we write reports we usually follow a format. This format is usually followed right from the planning stage.
	A detailed description of each of these and other possible components is given further below
	classification system
	When using one of these structures, you should use a classification system to allow points in your report to be referenced and help the reader digest the information. We should only ever use one type of classification system at a time in a report. Cla...
	Some examples of classification systems are:
	Numerals and letters
	1. PRIMARY INDUSTRY
	A. STAFF
	i. Recruitment
	ii. Training
	iii. Salary
	iv. Promotion
	B. EQUIPMENT
	i. Costing
	ii. Ordering
	iii. Repair and Maintenance
	2. SECONDARY EDUCATION
	A. STAFF
	i. Recruitment  .......etc
	Decimal system
	1. PRIMARY INDUSTRY
	1.1 STAFF
	1.1.1 Recruitment
	1.1.2 Training
	1.1.3 Salary
	1.1.4 Promotion
	1.2 EQUIPMENT
	1.2.1 Costing
	1.2.2 Ordering
	1.2.3 Repair and Maintenance
	2. SECONDARY EDUCATION
	2.1 STAFF
	2.1.2 Recruitment  .......etc

	Detailed format of a formal report
	(a) Cover
	Title: A succinct, accurate and all embracing description of the project. Avoid rhetorical questions or value judgement statements such as “Uranium - should it be mined?” or “Trailbikes - Environmental nuisance”. Titles should be no broader or narrowe...
	Author’s name: include qualifications, organisation and professional affiliation if appropriate.
	Client’s name and organisation or intended audience, if appropriate.
	Date: generally month and year of completion.
	Stage: i.e. final, interim, draft, annual report etc.
	Serial Number: sometimes there will be two or more parts to a report, so indicate appropriately.
	Classification Notice: i.e. confidential, restricted etc.
	Contract Number: include the file reference or contract number, if appropriate.
	Additional art work: optional – a photo or relevant image.
	(b) Title Page
	This is the first right hand page of a report and will cover all of the details on the front page. As well it might have the following information.
	Individual Copy Number: in confidential reports this is important.
	Classification Details: i.e. to whom this report is restricted, details regarding copyright, etc.
	Illustrations and art work, apart from your company’s insignia or logo, are generally omitted from the title page.
	(c) Letter of Transmittal (covering letter)
	The Letter of Transmittal will reiterate broadly the criteria of the brief given by the person requesting the report. The letter may also give a very brief précis of the summary and an indication of the progress made - i.e. work completed, work remain...
	The Letter of Transmittal is set out in standard letter form with all the ingredients (recipient’s address, letterhead, etc) of a letter. It must be signed by the person responsible for the generation and transmission of the report, and should contain...
	It does not bear the heading “Letter of Transmittal” because its function is obvious. It is bound in as an integral part of every report – not sent as a separate accompanying letter. (An accompanying letter should of course also be sent with any repor...
	Letters of Transmittal are usually restricted to one page.
	(d) Approvals
	Often your report must be read and approved by one or more officials before it can be issued (usually your superior(s) in your company). Each person’s name and title and any other customary identification must be given and their signature reproduced a...
	(e) Distribution
	The primary recipient of a report must be informed of the location of all other reports. Sometimes it is necessary to supply a list of names (plus official title, company, location, number of copies sent and copy number sent). If this list is long it ...
	(f) Preface
	The preface offers the report to the reader - it introduces the report to the reader. It does not introduce the subject matter, that is the role of the introduction.
	It will also state briefly and clearly, on a separate page, the subject and its relation to other reports in the program (if relevant), by whom the work project and report writing were authorised, and whether the report is final or one of a series. If...
	(g) Foreword
	Forewords are often inserted instead of a preface. They are written by a person other than the author and can contain praise of the author, which would, of course, be inappropriate in a preface. Forewords are more appropriate when the report has been ...
	(h) Acknowledgments
	You must carefully name each person or organisation that has contributed to the work program. Sometimes the nature of their contribution is acknowledged. Permission granted for the use of previously published material must be acknowledged here, except...
	If the number of acknowledgments is large place them on a separate page. Otherwise place them in the preface or introduction, whichever seems most appropriate.
	Keep acknowledgments brief and in good taste. Funny ones often fall flat.
	(i) Table of contents
	If your report is a large one, include a table of contents. List in sequence the material in your report, together with page numbers (surprisingly often overlooked because of typing problems). Indent headings where appropriate to make your table of co...
	(j) List of illustrations, diagrams, photographs, maps, etc
	If the list is long place it on a separate page. Otherwise put the list on the bottom of the Table of Contents.
	(k) Summary (or executive summary)
	This is a condensation of your whole report – i.e. introduction, discussion, conclusion, recommendations. It is intended for people who will probably not read your entire report.
	(l) Abstract
	Only include an abstract when the report is being published for a wider audience. Librarians will use the abstract in special abstract journals. Abstracts discuss the scope and treatment of a report. The abstract gives more of an overview of the repor...
	(m) Introduction
	This is the first part of the main text of the report. In some reports it will include the historical background on the subject and may cover a literature review of previous work (appropriately referenced as in research paper practice). It will outlin...
	A common fault of many students is to quote verbatim from other sources when almost always the information can be paraphrased and condensed into fewer words.
	(n) Materials and methods (or scope and coverage)
	It may not be necessary to use such a title to delineate this section of the report. You may use a more specific heading or you may integrate the section with the introduction. However, the broad method of attacking the problem should be discussed, to...
	(o) Results
	Leave all bulky data to appendices.  Put significant results in this section. Consider how they can be best presented - tables, graphs, diagrams, pictures, etc. Pay attention to labels on diagrams and graphs.
	(p) Discussion
	Never leave your reader to draw his or her own interpretations of the results. You must point out what the results mean in the discussion - what is their significance. You may treat results and discussion together item by item, rather than all the res...
	(q) Conclusion
	The boundary between discussion and conclusion is often hazy. In larger reports the conclusions will draw a lot of the discussion together and summarise it. Conclusions may include a discussion on the advantages and disadvantages of the alternatives s...
	(r) Recommendations
	These are what you are suggesting should be done as a result of the discussion. You may arrange them in several ways - e.g. primary or secondary recommendations, or order of importance or urgency, or list them separately under different budget restrai...
	(s) Appendices or attachments
	Include here all material which is superfluous to the main reader, but which may be helpful to someone else in the organisation. Don’t put in your completed questionnaires (a blank sample will do) or other detailed research data. Sometimes photocopied...
	Number the Appendices as I, II, III, etc so you can reference them in the main body of the text.
	Don’t use the appendices to “swell” the report and make it look bigger, and don't put material in that properly belongs elsewhere.
	The modern trend is to economise in the text and put more in the appendices to ensure that more of the report text will be read.
	(t) Addenda or corrigenda
	Include in here any corrections or last minute alterations made after publication of the text.
	(u) Glossary
	If you have terms that need definition or that the client will not know then include them in a glossary. If there are many of them, use a separate section at the back of the text. If only a few, put them somewhere near the beginning of the text. Don’t...
	(v) Bibliography
	All sources of ideas and material not derived from your own results must belong to someone else, otherwise they are merely unsubstantiated speculation. You must therefore reference all sources in standard bibliographic form. Do not include books in yo...
	Every punctuation mark has its function in a bibliography and every entry must be perfect so that a librarian can obtain the article for someone seeking that source. Don’t make the mistake of leaving your bibliographical references until after you hav...
	(w) Index
	In very long report it may be necessary to include an index to expand on the work of the Table of Contents.
	…   Exercise   …
	Microsoft Word
	What happens in Word
	Spell and grammar checking
	Styles
	Paragraph formatting
	Bullets and numbering
	Indenting text
	Inserting a table

	Selecting cells in a table
	Page breaks
	Inserting page numbers
	Creating a Table of Contents
	Inserting tables from Excel
	Inserting charts from Excel
	Headers and footers
	Summary



	Glossary of Statistical Terms

