
 

 

 

 

 

 

 

 

 

 

 

 

 

Unit Outcomes:Unit Outcomes:Unit Outcomes:Unit Outcomes: 

After completing this unit, you should be able to: 

���    know basic concepts about sampling techniques. 

���    construct and interpret statistical graphs. 

���    know specific facts about measurement in statistical data. 
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INTRODUCTION 

In Grade 9 and Grade 11, you did some work in statistics, including collection and 
tabulation of statistical data, frequency distributions and histograms, measures of 
location (mean, median and mode(s), quartiles, deciles and percentiles), measures of 
dispersion for both ungrouped and grouped data, and some ideas of probability. In this 
unit, you will study descriptive statistics.  

8.1  SAMPLING TECHNIQUES 

AACCTTIIVVIITTYY  88..11  

The Ministry of Agriculture and Natural Resources wants to study the 
productivity benefits of using irrigation farming.  

If you were asked to study this, obviously you would start by collecting data. Discuss 
the following questions. 

1 Why do you need to collect data?   2 How would you collect the data?  

3  From where would you collect the data? 

Statistics as a science deals with the proper collection, organization, presentation, 
analysis and interpretation of numerical data. Since statistics is useful for making 
decisions or forecasting future events, it is applicable in almost all sciences. It is useful 
in social, economic and political activities. It is also useful in scientific investigations. 
Some examples of applications of statistics are given below.   

1 Statistics in business 

Statistics is widely used in business to make business forecasts. A successful 
business must keep a proper record of information in order to predict the future 
course of the business, and should be accurate in statistical and business 
forecasting. Statistics can also be used to help in formulating economic policies 
and evaluating their effect. 

2 Statistics in meteorology 

Meteorologists forecast weather for future days based on information they obtain 
from different sources. Hence their forecasts are based on statistics that have been 
collected.  

3 Statistics in schools 

In schools, teachers rank their students at the end of a semester based on 
information collected through different methods (exams, tests, quizzes, etc.) 
which gives an indication of the students’ performance. 
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�Note: 

1 Collection of data is the basis for any statistical analysis. Great care must be taken 

at this stage to get accurate data. Inaccurate and inadequate data may lead to 

wrong or misleading conclusions and cause poor decisions to be made.  

2 Recall that a population in statistics means the complete collection of items 

(individuals) under consideration.  

It is often impractical and too costly to collect data from the whole population or make 

census survey. Consequently, it is frequently necessary to use the process of sampling, 

from which conclusions are drawn about a whole population. This leads you into an 

essential statistical concept called sampling which is important for practical purposes. 

A sample is a limited number of items taken from a population which is being studied/ 
investigated.  

A sample needs to be taken in such a way that it is a true representation of the 

population. It should not be biased so as to cause a wrong conclusion. Avoiding bias 

requires the use of proper sampling techniques.  Before examining sampling techniques, 
you need to note the following.  

During sampling, the following points must be considered.  

1 Size of a sample: There is no single rule for determining the size of a sample of 

a given population. However, the size should be adequate in order to represent the 

population.  

To get an adequate size, you check  

i Homogeneity or heterogeneity of the population: If the population has 

a homogeneous nature, a smaller size sample is sufficient. (For example, a 
drop of blood is sufficient to take a blood test from someone) .    

ii Availability of resources: If sufficient resources are available, it is 
advisable to increase the size of the sample.  

2 Independence: Each item or individual in the population should have an equal 

chance of being selected as a member of the sample.  

Techniques of sampling  

AACCTTIIVVIITTYY  88..22  

The Athletics Federation decides to construct an athletics academy in 

some part of Ethiopia. For this purpose, it needs to study the potential 

source of athletes so as to decide where to build the facility. 

1  Is it possible to study the whole population of the country? Why? 



Unit 8 Further on Statistics 

325 
 

2  How would the Federation collect a sample from the entire population? 

3  What characteristics must be fulfilled by the sample? 

There are various techniques of sampling, but they can be broadly grouped into two:  

a Random or probability sampling.  

b Non Random or Non Probability sampling.   

You will consider only random (probability) sampling. 

Random Sampling 

In this method, every member of the population has an equal chance of being selected 

for the sample. Only chance determines which item is to be selected. Three of the most 

commonly used methods which will be discussed are: simple random sampling, 

systematic sampling and stratified sampling.  

i Simple random sampling (SRS) 

Simple random sampling is characterized by random selection of data. To apply this 

method, you may either use the lottery method or a table of random numbers (attached 

at the end of the textbook).  

The Lottery method 

In this method an investigator  

� prepares slips of paper which are identical in size and colour.  

� writes names or code numbers for each member of the population; 

� folds the slips and puts them in a container and mixes them; 

� A blindfold selection is then made until a sample of the required size is 

obtained. 

Example 1  A mathematics teacher in a school wants to determine the average weight 

of grade 12 students.  There are 6 sections of grade 12 in the school.  Assuming 

that there are 45 students in each class and requiring a sample size of 30 (5 from 

each section), how can she use the lottery method to select her sample? 

Solution a      Prepare 45 cards of same size and colour, with number 0 written on 

40 of them and the number 1 written on 5 of them. 

 b Put the cards on a table with the numbers facing down. 

 c Invite the students (one at a time) to come and pick a card. 

d Those who pick cards with the number one on them will be members of the 

sample. 

e Repeat the same process for each section. 
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�Note: 

Maximum care has to be taken at this stage to get accurate data. Inaccurate and 
inadequate data may lead to wrong conclusions.  Thus,  

a Care should be taken so that each student picks just one card. 

b The cards should be well shuffled before being placed on the table. 

c The same set of cards should be used for all the sections. 

Using a table of random numbers 

For this method, you need to use a table of random numbers, and 

you need to take the following steps. 

� Each member of the population is given a unique consecutive number.    

� Select arbitrarily one random number from the table of random numbers. 

� Starting with the selected random number, read the consecutive list of random 

numbers and match these with the members of the population in their consecutive 

number order.     

� Sort the selected random numbers into either ascending or descending order. 

� If you need a sample of size “n”, then select the sample that corresponds with the 
first “n” random numbers. 

Example 2 For the problem in Example 1 above, use the random numbers table 

attached at the end of the textbook to select a sample of 30 students (5 

from each section). 

Solution  

a Give each student a role number from 1 to 45 in alphabetical order. 

 b  Select arbitrarily one random number from the table of random numbers. 

c From the selected random number, read 45 consecutive random   

  numbers and attach each to the consecutive numbers given to each  
  member of the population. 

d Sort the selected random numbers (together with the numbers from 1 – 45) 

into ascending or descending order. 

e Take the first 5 random numbers and the corresponding role numbers.  The 

  students whose role numbers are selected will be part of the sample. 

ii  Systematic sampling 

Systematic sampling is another random sampling technique used for selecting a sample 

from a population. In order to apply this method, you take the following steps: 
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If N = size of the population and n = size of the sample, then we use 
N

k
n

=  for a 

sampling interval. After this, you arbitrarily select one number between l and k, and 
then every next sample member is selected by considering the k

th member after the 
selected one.  
Example 3 In a class, there are 80 students with class list numbers written from1-80.  

You need to select a sample of 10 students.  How can you apply the 
systematic sampling technique?   

Solution  You apply the systematic sampling technique as follows: 

N = 80     n = 10     k = 
80

 = 8
10

    

First, sort the list in ascending order and choose one number at random from the 

first 8 numbers. If the selected number is 5, then the sample numbers that you 
obtain by taking every eighth number until you get the tenth sample number are  

   5, 13, 21, 29, 37, 45, 53, 61, 69, 77  
What do you think will the sample be, if the first randomly selected number is 3? List them. 

�Note: 

In systematic sampling, you use Sn = S1 + (n – 1)k where S1 is the first randomly               

selected sample, Sn stands for nth member of a sample and k is the sampling interval.  

iii  Stratified sampling 

Stratified sampling is useful whenever the population under consideration has some 

identifiable stratum or categorical difference where, in each stratum, the data values or 

items are supposed to be homogeneous. In this method, the population is divided into 

homogeneous groups or classes called strata and a sample is drawn from each stratum. 

Once you identify the strata, you select a sample from each stratum either by simple 

random sampling or systematic sampling.  

Consider the following example. 

Example 4 If you consider students in a section, you may consider intervals of age as 

strata.  In such a case, you could take the age groups 12 – 14, 15 – 17 and 
18 – 20 as stratification of the students.  

 

Age  in 

years

12-14 15-17

sample

18-20

 

Figure 8.1                        

Samples are taken from each 

stratum proportionally. In this 

case, strata are age groups from 

12-14, 15-17 and 18-20.  
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So far, the three different sampling techniques are discussed. However, no one 

technique is better than the others.    Each has its own advantages and limitations.  Some 

advantages and limitations of random sampling are mentioned below. 

Advantages of random sampling  

���� It is free from any personal bias of the investigator.  

���� The sample is a better representative.  
 

Limitations of random sampling  

���� It needs skill and experience.  

���� It requires time to plan and carry out.  

Exercise 8.1 Exercise 8.1 Exercise 8.1 Exercise 8.1     

1 Define the term statistics. 

2 Describe the difference between the statistical terms population and sample. 

3 Explain and describe three sampling techniques. 

4 By using further reading, explain other sampling techniques (probability and non-

probability sampling). 

5 From a population of size 100 listed 1-100, if you need to select a sample of size 

20 and the first randomly selected number is 4, determine: 

a   the sampling interval;   

b all members of the sample. 

6  Discuss the advantages and limitations of the three sampling techniques. 

8.2  REPRESENTATION OF DATA 

AACCTTIIVVIITTYY  88..33  

The following data of students’ weights (in kg) is collected 

65 48 52 55 62 58 47 53 65 71 54    

50 62 51 49 54 60 68 53 57 62 59 

Prepare a grouped frequency table for the data using a class width of 5. 

As you well know, raw data which has been collected and edited, will not immediately 

give required information. It usually needs to be put into a form that makes it easier to 

understand and interpret, such as tables, graphs or diagrams.  You studied how to 

represent data in tables and charts in Grade 9.  Here, you will consider some practical 

data representations discussing their importance, with their strengths and weaknesses in:  

a  computational analysis and decision making,  

b providing information for public awareness and other purposes. 
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Tabular methods of data presentation  

One of the common ways of representing data is the use of tables. Often, you use 

frequency distribution tables. A frequency distribution table is a table which shows the 
list of all data values obtained, with their respective frequencies. 

Example 1 The following represents the ages of 20 women taken at the time when 

they gave birth to their first child. 

 24, 25, 27, 26, 22, 28, 24, 25, 23, 24, 27, 26, 25, 24, 25, 25, 24, 25, 24, 26  

  Represent the data using a discrete frequency distribution table. 

Solution You can represent the above data using a discrete frequency distribution 

as follows: 

Age (in years) (x) Tally marks Number of women (f) 

22  1 
23  1 
24  6 
25  6 
26  3 
27  2 
28  1 

From this frequency distribution table, you can draw some conclusions about the 

women. You can identify that the majority of the women first gave birth at the 

ages of 24 and 25. The above data can be further summarized using a grouped 

frequency distribution as follows: 

Age (in years) Tally Number of women 
22 – 24  8 
25 – 27  11 
28 – 30  1 

This provides more concise information. From this, you can, for example, say that 

the majority of the women first gave birth before the age of 28.  

Graphical methods of data presentation  

The other way in which you represent data is to use graphs. Graphical representations 

that you are going to discuss in the following section include Bar charts, Pie charts and 
frequency graphs.  

Example 2   The following bar chart represents students’ enrolments in the preparatory 

programs in Ethiopia from 1996 E.C to 2000 E.C.   Can you use the Bar 
chart to answer the following? 

 a Is the enrolment increasing or decreasing in successive years? 

b Between which two years does female  enrolment  increase significantly? 
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Figure 8.2 

Solution  

 a The enrolment is increasing starting from 1998. 

b There seems to be no change in the number of enrolments in the first two years. 
But from 1999 onwards, there is a considerable increase in enrolment of girls.  

From the above examples, you see that data representation can be a useful way to 
present information, from which conclusion could be drawn. 

Example 3 The following bar chart represents percentages of women who oppose 
female genital mutilation, by educational level. 

a Determine the four countries that have a larger difference in prevalence 
between older women (ages 35 to 39) and younger women (ages 15 to 19).  

 b What significance does this have for policy makers who are working to stop 
  female genital mutilation? 

Kenya 

 
Figure 8.3: Source:  Population Reference Bureau, Female Genital Mutilation/Cutting: Data and Trends                            

update 2010 

Solution  

a The four countries in the survey that have larger difference in prevalence 

between older women (ages 35 to 39) and younger women (ages 15 to 19) 

are Kenya, Ethiopia, Côte d‘Ivoire, and Egypt. 
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b For policy makers, it might suggest that the countries with larger difference 

in prevalence between older women (ages 35 to 39) and younger women 

(ages 15 to 19) are doing better. This may be a sign that the practice is being 
abandoned. 

Example 4 An agricultural firm, which plants coffee, tea, and other herbs, has 

conducted a survey on the use of coffee, tea and other herbal drinks by a 

community,  in order to assess  the market potential for its products. How 

can the chart below help it in making decisions? 

Solution Coffee seems to have more of a market than the other products. The firm 

might need to launch an awareness raising program about the health 
benefits of drinking herbal drinks. 

 
Figure 8.4 

Advantages of Graphical Presentation of Data  

1 They are attractive to the eye. Since graphs have eye catching power, they can 
convey messages easily.  

  e.g. While reading books or newspapers, you first go to the pictures.   

2 They are helpful for memorizing facts, because the impressions created by 

diagrams and graphs can be retained in your mind for a long period of time.   

3 They facilitate comparison. They help one in making quick and accurate 

comparisons of data. They bring out hidden facts and relationships. The 
information presented can be easily understood at a glance. 

In the following sub-unit, you will look at the construction and interpretation of graphs. 

Exercise 8.2             Exercise 8.2             Exercise 8.2             Exercise 8.2                 

The following is the weight in kilograms of 30 students in a class.  

   52, 48, 55, 56, 57, 59, 60, 60, 52, 58, 55, 49, 50, 51, 52, 51, 57, 51, 54, 53, 55, 51,   
53, 50, 60, 54, 50, 52, 48, 57  
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1 Construct both discrete and continuous frequency distributions for the above data.  

2  Answer the following questions:  

i  What is the number of students whose weight is  

a between 50 and 55 kg  b less than 53 kg 

   c more than 54 kg   d between 55 and 60 kg 

ii  In which weight group do the weights of the majority of the students lie? 

8.3  CONSTRUCTION AND INTERPRETATION 

OF GRAPHS 

In the above sub unit, you discussed the advantages of representing data using different 

forms such as tables, graphs or diagrams.  Here, you will see ways to organize and 

present data such as histograms, frequency polygons and frequency curves, bar charts, 

line graphs and pie charts of frequency distributions.  

AACCTTIIVVIITTYY  88..44  

The following is ungrouped data of the weight of 30 students in a 

class (in kilograms)  

   52, 48, 55, 56, 57, 59, 60, 60, 52, 58, 55, 49, 50, 51, 51  

   52, 57, 51, 54, 53, 55, 51, 53, 50, 60, 54, 50, 52, 48, 57  

Draw a histogram. 

8.3.1  Graphical Representation of Grouped 

Data 
A frequency distribution can be graphically presented in any one of the following ways: 

i Histograms   

ii Frequency polygons  

iii Frequency curves  

AACCTTIIVVIITTYY  88..55  

Consider the following grouped frequency distribution that represents 

the weekly wages of 100 workers. 
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Weekly wages in 

Birr (class limits) 

Class 

boundaries 

Class mid 

point 

Number of 

workers 

140 - 159 
160 - 179  
180 - 199  
200 - 219  
220 - 239  
240 - 259 

139.50 - 159.50 
159.50 - 179.50 
179.50 - 199.50  
199.50 - 219.50  
219.50 - 239.50  
239.50 - 259.50 

149.50  
169.50  
189.50  
209.50  
229.50  
249.50 

7 
20 
33 
25 
11 
4 

Total 100 

1 Locate the class boundaries along the x-axis (horizontal axis). 

2 Assign a rectangular bar for each class between its lower class boundary and 

upper class boundary. 

3 Fix the height of each bar as the frequency of its class. 

iiii  Histograms 

Histograms are used to illustrate grouped or continuous data. As you may recall, there is an 

important difference between a bar chart and a histogram. A bar chart shows qualitative or 

discrete data and hence the variable axis is just divided into spaces. On the other hand, a 

histogram illustrates grouped or continuous data and therefore the variable axis is a 

continuous number line. To draw a histogram, you need to take note of the following.  

�Note: 

i Construct a grouped frequency distribution. 

ii Locate class boundaries along the x-axis (horizontal axis). 

iii The width of the bar indicates the class interval. 

iv The height of the bars indicate the frequency of each class. 

Example 1 The histogram of the data given in Activity 8.5 above will look like the 

following: 

  

Figure 8.5 
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Example 2 The Soil Laboratory section of an agricultural institute has collected the 

following data about the length of a kind of earthworm, which plagues 

the surrounding farms. 

Length 

(cm) 

0.5-1.5 1.5-2.5 2.5-3.5 3.5-4.5 4.5-5.5 5.5-6.5 6.5-7.5 7.5-8.5 8.5-9.5 

Frequency 4 7 14 20 19 17 10 7 2 

Solution The histogram is given below. You use a histogram because the data is 

 continuous. 

 

Figure 8.6 

ii Frequency polygons 

This is another type of graph used to represent grouped data. In drawing a frequency 

polygon, you plot the mid points (class-marks) of the class intervals on the horizontal 

axis and the corresponding frequencies on the vertical axis. After plotting the points, 

you join them by consecutive line segments. The resulting graph is a frequency 
polygon.  

Example 3   The following table represents marks of students in Mathematics.  

Construct a frequency polygon. 

Marks  Mid point   Number of 

students   

15 - 20 

20 - 25 

25 - 30  

30 - 35 

17.5 

22.5 

27.5 

32.5 

3 

17  

10  

5 

Length of Worms 
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Figure 8.7 

�Note: 

1  The dotted lines at both ends show that they are not part of the data. They are 

needed in order for the polygon to be closed.  

2 A frequency polygon will be more meaningful if other similar data is superimposed 

on the same graph. That is, if the above marks are of section A students, we can plot 

the marks of section B students and hence compare their performance. 

3 It is possible to draw a frequency polygon from a histogram simply by joining the 

mid points of each bar.  For example, the frequency polygon of the grouped data 

of wages of workers is shown below. 

Example 4 In the figure below, the frequency polygon in red is drawn from the 

histogram in Example 1 above. 

 
Figure 8.8 
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iii Cumulative frequency curve (Ogive) 

To draw a cumulative frequency curve (Ogive), you have to use a cumulative frequency 
table. An example is given below: 

Example 5 Draw a cumulative frequency curve (Ogive) for the data in Example 3 

above. 

Solution 

Marks Mid point Number of 

students  (f) 

Cumulative 

Frequency 

15 - 20 
20 - 25 
25 - 30  
30 - 35 

17.5 
22.5 
27.5 
32.5 

3 
17  
10  
5 

3 
20 
30 
35 

The cumulative frequency above shows the number of students who scored less than or 

equal to the upper class boundary of the corresponding class. For instance, 20 represents 

the number of students whose score is less than or equal to 25. 

To draw the Ogive, you plot each cumulative frequency against its upper class 

boundary. 

 

0

5

10

15

20

25

30

35

40

10 15 20 25 30 35

 

Figure 8.9 

Histograms of grouped frequency distributions often display a low frequency on the left, 

rise steadily up to a peak and then drop down to a low frequency again on the right.  If 

the peak is in the centre and the slopes on either side are virtually equal to each other, 

then the distribution is said to be symmetrical; otherwise, the distribution is skewed.  

Skewness is lack of symmetry in the data. 

For a skewed distribution, if the peak lies to the left of the centre, then the distribution is 

positively – skewed, and if the peak of the distribution is to the right of the centre, the 

distribution is said to be negatively – skewed. 
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Positively skewed distribution   
Negatively skewed distribution

 

Symmetrical distribution
 

Figure 8.10 

iv  Frequency curves 

Frequency curves are simply smoothed curves of frequency polygons.  

Example 6 Construct a frequency curve for the frequency distribution of the wages 

of workers given in Activity 8.5. 

Solution 

 
Figure 8.11 

Frequency curves can also be used to show skewness. For the grouped frequency 

distributions in Figure 8.10, the corresponding frequency curves are given below. 

 
Figure 8.12 

  
Symmetrical distribution   
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Figure 8.13 

Example 7 Draw the frequency curve for the data in Example 2 above. 

Solution The frequency curve is given below: 

 
Figure 8.14 

Representation of data using diagrams (Charts)  

So far, we discussed representation of data using histograms, frequency polygons and 

frequency curves.  There are also other forms of data representation. Here, we will see 

representation of data using Bar charts, line graphs and pie charts. First of all, do the 
following Activity. 

v  Bar charts  

AACCTTIIVVIITTYY  88..66  

1 What is Bar chart? 

2 Considering the following chart, explain the similarity and difference between this 

 chart and the histogram in Activity 8.5. 

    

Negatively skewed distribution  
Positively skewed  distribution  
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Figure 8.15 

Bar charts are like histograms in that frequencies are represented with rectangular bars 

but, with a space between each bar. Bar charts are one of the most commonly used data 
representations found in newspapers, magazines and report papers.  

There are different types of bar charts   

� simple bar charts  

� component (subdivided) bar charts  

� grouped (multiple) bar charts  

a  Simple bar charts 

A simple bar chart is a type of bar chart that simply represents the frequencies of single 
items without considering the component items.  

Example  8 The following table depicts types and amount of pairs of shoes produced 

by a certain factory for four consecutive years (in thousands) 

Year  Boots  Normal  Total  

1990 

1991  

1992  

1993  

3 

5 

4 

10 

7 

10 

6 

15 

10 

15 

10 

25 

If you consider the total number of pairs of shoes produced, its simple bar chart will 

look like the following, which relates only year and total pairs of shoes produced in that 

year. Notice that you are considering a single item without considering the components.  
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Simple Bar chart showing number of pairs of shoes 

produced in a factory each year 

 
Figure 8.16 

In order to draw a bar chart, take the following steps. 

1 Set horizontal and vertical axes. 

2 Locate data values/ categories on the horizontal axis and frequency on the vertical 

axis. 

3 Draw rectangular bars. 

4 Notice that the space between each bar must be the same. 

You can also use Microsoft Excel or any other statistical software to draw such charts. 

b  Component bar charts 

In addition to the features of a simple bar chart, a component bar chart takes into 
account the relative contribution of each part or component to the total.  

See the component bar chart for the data given in the previous example. 

 

Figure 8.17 
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�Note: 

� This component bar chart describes not only the total production of pairs of shoes 

but also the types of shoes produced, one on top of the other so that each bar  

sums up the total.  

c  Multiple bar charts 

These are bar charts that show the various components of an item side by side. They 

help to facilitate comparison. The multiple bar chart for the above data is given below.  

 
Figure 8.18 

vi  Line graphs 

A line graph is another useful way to represent data, especially when the categories 

represent time. Such graphs portray changes in amount with respect to time by a series 

of line segments. These graphs are useful for comparing series of data.  

Example 9 The following data represents daily sales of a certain shop for six days. 

Days M T W Th F Sa 

Sales in hundreds of Birr 4 3 6 8 2 5 
                            

 
Figure 8.19 
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In order to draw a line graph, first plot each quantity and then connect each plot with a 

line segment. 

vii Pie charts 

A pie chart is a pictorial representation of data with several subdivisions in a circular 

region. The various components are converted into degrees by taking proportions of 
360o.   

In order to draw pie chart 

i Draw a circle with convenient radius.  
ii Find the relative frequency of each item.  

iii Convert each relative frequency into an angle.  

iv Divide the circle according to these angles. 

v Different components appear as adjacent sectors of the circle. 

Example 10 The following data depicts preferred means of transport for 100 people.  

Type of transport Taxi Bus Private 

People who used 35 50 15 

To draw a pie chart that represents the given data, first you need to determine the 
 relative frequency (from 360o) of the users of each type of transport to calculate   

the angles:  

Type of 

transport 
No of people 

Relative 

frequency 
Angle 

Taxi 35 
o35

  360  = 
100

×  126o 

Bus 50 o50
  360  = 

100
×  180o 

Private car 15
 

o15
  360  = 

100
×  

 
54o 

    

Transport Preference

35%

50%

15%

Taxi

Bus

Private car

 

Figure 8.20 
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�Note: 
1 In the Pie chart, notice that the area of the sector is proportional to the relative 

frequency. 
2 Components representing equal percentages will have equal areas in the circle.  
3 Pie charts may not be effective if there are too many categories. 

Exercise 8.3Exercise 8.3Exercise 8.3Exercise 8.3    

1  The following table depicts ages of a sample of people living in a certain city.  
 Construct a histogram. 

Age (in years) 10 – 15 15 - 20  20 - 25  25 - 30  30 - 35 

Number  of people 17 23 15 14 12 

2  Draw a frequency polygon and frequency curve for the following data.  

Age (in years) 20 - 26 26 - 32  32 - 38  38 - 44  44 - 50  

Number of people 8  3  11  7  12  

3  The following table represents the costs in thousands of Birr of building a house 
in three months.   

Month  Items  

Total  Cement Steel Labour 

Meskerem  

Tikimt  

Hidar  

70  

80  

50 

90 

100 

45 

50  

70  

45 

210 

250 

155 

     Represent the above data using the three types of bar charts.  

4   Represent the following using any of the three types of bar charts.  

Year 
Production in tonnes 

Total 
Teff Wheat Maize 

1996 
1997 
1998 

80 
100 
150 

60 
150 
200 

70 
180 
250 

210 
430 
600 

 

5  The age distribution of people in a village is given as follows. Fill in the 
“Degree” column and construct a pie chart.     

Age Number of people Degree 

Under 20 15  

20 – 40 60  

40 – 60 20  

Over 60 5  
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6   Draw a pie chart for each of the following sets of data.  

a 

Crop Production in tonnes 

Teff 500 

Wheat 700 

Maize 800 

Barley 500 

        b   

Expenditure  Amount (in birr)   

      Rent  500 

      Transport  200 

      Electricity  1500 

      Education  100 

8.4    MEASURES OF CENTRAL TENDENCY AND 

MEASURES OF VARIABILITY 

8.4.1  Measures of Central Tendency 

In previous grades, you studied the different measures of central tendency (mean, mode 
and median) for ungrouped and grouped data and measures of variation that included 
range, variance and standard deviation. In this sub-unit, you will briefly revise these 
concepts with the help of examples and proceed to see other measures of variation such 
as inter-quartile range and mean deviation.  

AACCTTIIVVIITTYY  88..77  

Considering the following ungrouped data: 50, 70, 45, 48, 60, 68, 57, 
63, 62, 75, 54, 50, 55, 49, 53 of the weights in kg of 15 sample 
students, find: 

a  the mean      b  the median  c the range  

d  the first and third quartiles  e  the mode and  

f  the standard deviation.  

From this Activity, it is hoped that you have revised the measures of central tendency 

and measures of dispersion for ungrouped data. The same approach holds true for 
grouped data as well. Some examples are given below. 

Example 1 Considering the following grouped frequency distribution of weight of 

students: 
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Weight (in k.g) x Class mid point (m) Number of students (f) 

48 - 49 
50 - 51 
52 - 53 
54 - 55 
56 - 57 
58 - 59 

48.5  
50.5  
52.5 
54.5 
56.5 
58.5 

5 
23 
15 
25 
8 
7 

      
83f =∑  

Calculate a the mean   b  the median   

c the range  d  the standard deviation 

Solution a  The mean is 
4415.5

= = = 53.20kg
83

fm
x

f

∑
∑

  

b  The median is   

2
b

d

c

n
cf

m L w
f

  
−  

  = +

 
 
   

83
28

(41.5 28) (13.5)2
so median 51.5 2 51.5 2 51.5 2

15 15 15

  
−  

−  = + × = + × = + ×

 
 
 

 

51.5 1.8 53.3kg= + =  

c The range is the difference between upper class boundary of the highest 
class Bu (H) and the lower class boundary of the lowest class BL(L).  Thus, 
the range is R = 59.5 – 47.5 = 12 

d  The standard deviation: 

Weight (in k.g)

x 

Class mid 

point (m) 

Number of 

students (f) 
xi – 53.20 (xi – 53.69)

2
 fi(xi – 53.69)

2
 

48 - 49 48.5 5 −4.70 22.09 110.45 

50 - 51 50.5 23 −2.70 7.29 167.67 

52 - 53 52.5 15 −0.70 0.49 7.35 

54 - 55 54.5 25 1.30 1.69 42.25 

56 - 57 56.5 8 3.30 10.89 87.12 

58 - 59 58.5 7 5.30 28.09 196.63 
   

   
83f =∑  

     
( )

2

1

611.47
n

i i

i

f x x
=

− =∑  
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Thus, 
( )

2

i
=1

=1

-
611.47

= = = 7.37 = 2.71kg
83

n

i

i

n

i

i

f x x

s

f

∑

∑

  

 

Example 2  Calculate Q1, Q2 and Q3 of the following data. 

x f cf 

10 - 19  
20 - 29  
30 - 39  
40 - 49 

3 
5 
14 
7 

3 
8 

22 
29 

Solution  

 i  Q1 is the ( )

th
th29

item  7.25 item,
4

 
= 

 
 in the 2nd class 

1

7.25 3
Q 19.5 10 19.5 8.5 28

5

− 
= + = + = 

 
 

 ii  Q2 is the ( )

th
th2  29

item = 14.5 item
4

× 
 
 

, in the 3rd class  

  2

14.5 8
Q 29.5 10 29.5 4.64 34.14

14

− 
= + = + = 

 
 

 iii Q3 is the ( )

th
th3  29

item = 21.75 item
4

× 
 
 

, in the 3rd class   

3

21.75 8
Q 29.5 10 29.5 9.82 39.32

14

− 
= + = + = 

 
 

Example 3  The following is the age distribution of a sample of students. Estimate the 
modal age. 

age  Number of students 

10 - 14 
15 - 19  
20 - 24 
25 - 29  
30 - 34 

2 
7 
9 
4 
3 

Solution The modal class is the 3rd class because its frequency is the highest. The 
lower class boundary of this class is 19.5 

    ∴L = 19.5  
w = 24.5 – 19.5 = 5, ∆1 = 9 – 7 = 2,     ∆2 = 9 – 4 = 5    

mode = 1

1 2

L w
 ∆

+  
∆ + ∆ 

=
2

19.5 5
2 5

 
+  

+ 
 = 

10
19.5

7
+  = 19.5 + 1.43 = 20.93 
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Exercise 8.4Exercise 8.4Exercise 8.4Exercise 8.4    

1 Calculate the arithmetic mean of each of the following data sets:  

a 76, 78, 69, 75, 84, 92, 11, 81, 10, 95  b 22, 22, 22, 22, 22, 22, 22  

2 If the mean of 4, 7, 8, 6, 5 is 6, then, find the mean of  4 + 8, 7 + 8, 8 + 8,  

  6 + 8, 5 + 8.  

3 If the mean of 5, 6, 10, 15, 19 is 11 then, find the mean of 2 × 5, 2 × 6, 2 × 10,         
2 × 15, 2 × 19. 

4 If the mean of a, b, c, d is 5 then, find the mean of 3a + 3, 3b + 3, 3c + 3, 3d + 3. 

5 Find the mean of each of the following data.  

        a    

x 7 10 11 15 19 

f 3 2 4 8 6 

  b 

Marks  20 30 40 50 60 70 

Number of students  8 12 20 10 6 4 

  c 

Marks  0 - 9 10 - 19 20 - 29 30 - 39 40 - 49 

f 5 10 8 13 4 
 

6 Find the median and mode of each of the following data sets.  

a  2, 7, 6, 8, 10, 1  

 b   

x 10 12 15 16 

f 4 6 8 3 

  c  

Age  1 - 3  4 - 6 7 - 9  10 - 12  13 - 15 

f 2 1 8 17 11 
    

7 Find Q1, Q2 and Q3 of each of the following. 

a 18, 11, 26, 20, 16, 8, 22, 23, 8, 12, 15, 13 

b   

x 5 - 9 10 - 14 15 - 19 20 - 24 25 - 29  

f 3 4 6 7 3 
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8.4.2  Further on Measures of Variation 

In previous grades, you studied the definition of variation and measures of variation 

such as range, variance and standard deviation. In this sub unit, you are going to discuss 
additional measures of variation, namely, mean deviation and some relative measures of 

variation such as the coefficient of variation.  

Recall that a measure of variation can be defined in either of the following ways:  

a The degree to which numerical data tends to spread about an average;  

b The scatter or variation of variables about a central value.  

Variation can be measured either absolutely or relatively.   

 

 

 

 

 

a Range         a  coefficient of range 

b Quartile deviation  b  coefficient of quartile deviation 

c Mean deviation     c coefficient of mean deviation 

d Standard deviation  d coefficient of variation 

�Note: 
� Absolute measures are expressed in concrete units, i.e. the units in which the data 

value is expressed, e.g. Birr, kg, m, etc. 

� A relative measure of variation is the ratio of measure of the absolute variation to 
its corresponding average. It is a pure number that is independent of the unit of 
measurement.  

Mean deviation (MD)  

When we calculated standard deviation, you may have noticed that it is the square root 
of the sum of the squares of the deviations of each observation from the mean, divided 
by n-1, where n stands for sample size. Another measure of deviation that also considers 
all members of a data set is the mean deviation, which you are going to see now. 

AACCTTIIVVIITTYY  88..88  

The following data represents mathematics examination scores out of 
10 of ten students. 

 2,  6,  4,  9,  5,  7,  3,  6,  8,  6 

1  Find the mean of the data. 

2  Find the deviation of each value from the mean. 

Absolute Relative 

Measures of variation 
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3  Determine the mean of these deviations. 

4  Observe that this mean is 0. What will the mean of the deviation be if you 
consider the absolute values of each deviation? 

Definition 8.1 

Mean deviation is the sum of deviations (in absolute value) of each item from the 

average divided by the number of items. It can be considered as the mean of the 

deviations of each value from a central value. 

�Note: 

 A deviation may be taken from the mean, median or mode.  

You will now see how to calculate mean deviation about the mean, the median and the 
mode for ungrouped data, for discrete frequency distributions and for grouped data. 

1 Mean deviation for ungrouped data 

i  Mean deviation from the mean ( )MD x  

To calculate the mean deviation from the mean, take the following steps. 

Step 1: Find the mean of the data set. 

Step 2: Find the deviation of each item from the mean regardless of sign (since 

mean deviation assumes absolute value).  

Step 3: Find the sum of the deviations. 

Step 4: Divide the sum by the total number of items in the data set. 

1 2 3 1
...

( )

n

i
n i

x x
x x x x x x x x

MD x
n n

=

−
− + − + − + + −

= =

∑
 

 ii  Mean deviation about the median MD(md)  

To calculate the mean deviation from the median, simply use the median in place of the 

mean and proceed in the same way, as follows. 

Step 1: Find the median of the data set. 

Step 2: Find the absolute deviation of each item from the median. 

Step 3: Find the sum of the deviations. 

Step 4: Divide the sum by the total number of items in the data set. 

1 2 3 1
...

( )

n

i d
d d d n d i

d

x m
x m x m x m x m

MD m
n n

=

−
− + − + − + + −

= =

∑
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 iii  Mean deviation about the mode MD(mo)  

Again proceed in a similar way: 

Step 1: Find the mode of the data set. 

Step 2: Find the absolute deviation of each item from the mode.  

Step 3: Find the sum of the deviations. 

Step 4:  Divide the sum by the total number of items in the data set. 

0
1 0 2 0 3 0 0 1

0

...
( )

n

i
n i

x m
x m x m x m x m

MD m
n n

=

−
− + − + − + + −

= =

∑
 

Example 4  Find the mean deviation about the mean, median and mode of the 

following data. 

   5, 8, 8, 11, 11, 11, 14, 16  

 a  Mean deviation about the mean,  ( )MD x : 

Step 1:        Calculate the mean of the data set. 

    
5 8 8 11 11 11 14 16 84

10.5
8 8

x
+ + + + + + +

= = =  

Step 2:   Find the absolute deviation of each data item from the mean 

     x x x−  

5 

8 

8 

11 

11 

11 

14 

16 

5.5 

2.5 

2.5 

0.5 

0.5 

0.5 

3.5 

5.5 

21x x− =∑  

Step 3:   Find the sum of the deviations, which is 21.  

Step 4:   Divide the sum by the total number of items in the data set. 

      ( )
21

2.625
8

x x
MD x

n

−

= = =
∑
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 b  Mean deviation about the median, MD(md) 

Step 1:  Calculate the median of the data set. 

 

th th

th th

d

8 8
item +  + 1 item

4 item + 5 item 11 + 112 2
M = = = =11

2 2 2

   
   
     

  Step 2 : Find the absolute deviation of each data item from the median. 

    x 
dx m−  

5 
8 
8 
11 
11 
11 
14 
16 

6 
3 
3 
0 
0 
0 
3 
5 

20dx m− =∑  

Step 3: Find the sum of the deviations, which is 20. 

Step 4:  Divide the sum by the total number of items in the data set. 

       

20
( ) 2.5

8

d

d

x m
MD m

n

−

= = =
∑

  

c Mean deviation about mode, MD(md)  

Step 1:  Calculate (identify) the mode of the data set mode = 11  

Step 2: Find the absolute deviation of each data item from the mode. 

x 
0x m−  

5 
8 
8 
11 
11 
11 
14 
16 

6 
3 
3 
0 
0 
0 
3 
5 

0 20x m− =∑  
 

Step 3:  Find the sum of the deviations, which is 20. 

Step 4: Divide the sum by the total number of items in the data set 

             
0

0

20
( ) 2.5

8

x m
MD m

n

−

= = =
∑
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2    Mean deviation for discrete frequency distributions 

To calculate the mean deviation for a discrete frequency distribution about the mean, the 

median and the mode you take similar steps as in the process for discrete data. 

If x1, x2, x3, …, xn are values with corresponding frequencies f1, f2, …, fn, then the mean 

deviation is given as follows. 

i  Mean deviation about the mean ( )MD x   

Step 1:    Find the mean of the data set. 

Step 2:    Find the absolute deviation of each item from the mean.  

Step 3:    Multiply each deviation by its corresponding frequency. 

Step 4:        Find the sum of these deviations multiplied by their frequencies. 

Step 5:  Divide the sum by the sum of the frequencies in the data set. 

Following the steps outlined above, you will get the mean deviation about the mean to 

be as follows. 

1 1 2 2 3 3 1

1 2 3

1

...
( )

...

n

i i
n n i

n

n
i

i

f x x
f x x f x x f x x f x x

MD x
f f f f

f

=

=

−
− + − + − + + −

= =

+ + + +

∑

∑
 

ii     Mean deviation about the median MD(md)  

Here, we simply need to replace the role of the mean by the median and follow each 

step as above.  This will give us the mean deviation about the median to be: 

1 1 2 2 3 3 1

1 2 3

1

...
( )

...

n

i i d
d d d n n d i

d n

n
i

i

f x m
f x m f x m f x m f x m

MD m
f f f f

f

=

=

−
− + − + − + + −

= =

+ + + +

∑

∑
 

iii  Mean deviation about the mode MD(mo)  

The steps that we need to follow here are also the same, but we shall use the mode 

instead of the mean or the median. Following the steps, we will get the mean deviation 

about the mode to be: 

0
1 1 0 2 2 0 3 3 0 0 1

0

1 2 3

1

...
( )

...

n

i i
n n i

n

n
i

i

f x m
f x m f x m f x m f x m

MD m
f f f f

f

=

=

−
− + − + − + + −

= =

+ + + +

∑

∑
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Example 5 Find the MD of the following data about the mean, the median and the 

mode. 

x f  cf 

9 
15 
21 
27 
33 
39 

3 
5 
10 
12 
7 
3 

3 
8 

18 
30 
37 
40 

1  Calculating the mean, the median and the mode first, we get 

a The mean = 
3 9 5 15 10 21 12 27 7 33 3 39 984

24.6
3 5 10 12 7 3 40

x
× + × + × + × + × + ×

= = =

+ + + + +

 

b The median = 

40 40
1

2 2 20 21 27 27
27

2 2 2

thth

th th

dm

    
+ +    

+ +    
= = = = and 

c The mode mo = 27 

2  You calculate the deviations from the mean, the median and the mode: 

x f 

Deviation about the 
mean 

Deviation about the 
median 

Deviation about the 
mode 

x x−  f x x−
 dx m−  df x m−  0x m−  0f x m−  

 9 
15 
21 
27 
33 
39 

 3 
 5 

10 
12 
 7 
 3 

15.6 
  9.6 
 3.6 
 2.4 
 8.4 
14.4 

   46.8 
48 
 36 

   28.8 
   58.8 
  43.2 

18 
12 
 6 
 0 
 6 

12 

54 
60 
60 
 0 

42 
36 

18 
12 
 6 
 0 
 6 

12 

54 
60 
60 
 0 

42 
36 

 40  261.6       252       252 

3     Find the sum of the deviations and divide by the sum of the frequencies to get the 

mean deviations which will be; 

 i ( )
261.6

6.54
40

f x x
MD x

f

−

= = =
∑
∑

 

 ii 
252

( ) 6.3
40

d

d

f x m
MD m

f

−

= = =
∑
∑

 

 iii 
0

0

252
( ) 6.3

40

f x m
MD m

f

−

= = =
∑
∑
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3 Mean deviation for grouped frequency distributions 

For continuous grouped frequency distributions, mean deviation is calculated in the same 

way as above except that each xi is substituted by the midpoint of each class (mi) and  

∴ 1

1

( )

n

i i

i

n

i

i

f m x

MD x

f

=

=

−

=

∑

∑
 , 1

1

( )

n

i i d

i
d n

i

i

f m m

MD m

f

=

=

−

=

∑

∑
,

0
1

0

1

( )

n

i i

i

n

i

i

f m m

MD m

f

=

=

−

=

∑

∑
  

Example 6  Find the mean deviation about the mean, the median and the mode for 

the following. 

  

 

Solution  

1  First, you have to find the mean, mode and median of the distribution. 

x f m fm cf 

0 – 5 
6 – 11 

 12 – 17  
 18 – 23 
24 – 29 

5 
8 
7 

10  
3 

2.5 
8.5 
14.5 
20.5 
26.5 

12.5 
      68 

101.5 
    205 

79.5 

5 
13 
20 
30 
33 

 33f =∑    466.5fm =∑   

a  Mean = 
466.5

14.14
33

fm

f
= =

∑
∑  

b Median =
2

b

c

n
cf

L w
f

  
−  

  +

 
 
 

 = 
( )16.5 13

11.5 6 11.5 3 14.5
7

− 
+ = + = 
 

 

c  Mode = 1

1 2

3
17.5 6 17.5 1.8 19.3

3 7
L w

 ∆  
+ = + = + =   

∆ + ∆ +  
 

2 Determine the deviations and calculate  the means of these deviations.  

x f m m x−  f m x−
 dm m−  df m m−  0m m−  0f m m−  

0 – 5 
6 – 11 

12 – 17 
18 – 23 
24 – 29 

5 
8 
7 

10 
3 

2.5 
8.5 

14.5 
20.5 
26.5 

11.64 
5.64 
0.36 
6.36 

12.36 

58.20 
45.12 

2.52 
63.6 

37.08 

12 
6 
0 
6 

12 

60 
48 

0 
60 
36 

16.8 
10.8 
4.8 
1.2 

7.2 

         84 
86.4 
33.6 

         12 

21.6 

 f∑  
= 33     f m x−∑ = 206.52    df m m−∑  

= 204  
  0f m m−∑ =237.6 

x 0 – 5 6 – 11 12 – 17 18 – 23 24 – 29 
f 5 8 7 10 3 
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The mean deviation will then be:            

a mean deviation about the mean 

  

| | 206.52
( ) 6.26

33

f m x
MD x

f

−

= = =
∑
∑  

b mean deviation about median 

  

204
( ) 6.18

33

d

d

f m m
MD m

f

−

= = =
∑
∑

 

c mean deviation about the mode 

  

0

0

237.6
( ) 7.2

33

f m m
MD m

f

−

= = =
∑
∑

 

Mean deviation can be useful for applications. If our average is “Arithmetic mean” you 

take the deviation about the mean, if our average is “Median” then you take the 

deviation about the median, and if our average is the “Mode”, you take mean deviation 
about the mode.  

To decide which one of the mean deviations to use in a given situation, consider the 

following points: If the degree of variability in a set of data is not very high, use of the 

mean deviation about the mean is comparatively the best for interpretation.  Whenever 

there is an extreme value that can affect the mean, mean deviation about the median is 
preferable.  

Mean deviation, though it has some advantages, is not commonly used for 

interpretation.  Rather, it is the standard deviation that is commonly used and which 

tends to be the best measure of variation. 

 Advantages of mean deviation  

Compared to range and quartile deviations, mean deviation has the following 

advantages: Range and inter-quartile ranges (discussed below) consider only two 
values; Mean deviation takes each value into consideration. 
 

Limitation  

By taking absolute value of deviation, it ignores signs of deviation, which violates the 

rules of algebra. 

Exercise 8.5              Exercise 8.5              Exercise 8.5              Exercise 8.5                  

1 Calculate the mean deviation about the mean, median and mode of each of the 
following data sets:  

a 19, 15, 12, 20, 15, 6, 10   b  5, 6, 7, 9, 10, 10, 11, 12, 13, 17  
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2 Calculate the mean deviation about the mean, median and mode for these data sets:   

        a                                                                             b  

x 1 2 3 4 5 

f 3 1 4 2 1 

         c    

x 0 – 4 5 - 9  10 - 14 15 - 19 20 - 24 

f 3 5 7 4 3 

d 

x 10 -14 15 - 19 20 -24 25 - 29  

f 5 25 10 4 
 

 

Range and inter-quartile range (IQR)  

AACCTTIIVVIITTYY  88..99  

The following are the average daily temperatures (in oC) one week for 

two cities, A and B.  
 City A: 15, 16, 16, 10, 17, 20, 14   City B: 13, 16, 15, 15, 14, 16, 17  

1 Find the first and the third quartiles for each city. 

2 Determine Q3 – Q1 for each city. 

3 Compare which city has a higher  variation in temperature. 

In the previous sub-unit, we mentioned range as the difference between the highest and 

the lowest values in a data set. Sometimes, it may not be possible to get the range, 

especially in open ended data, where highest or lowest value may be unknown.  It may 

sometimes also be true that the range is highly affected by extreme values. Under such 

circumstances, it may be of interest to measure the difference between the third quartile 

and the first quartile, which is called the Inter-quartile range.  Inter-quartile range is a 

measure of variation which overcomes the limitations of range. It is defined as follows:  

 IQR = Q3 – Q1  (difference between upper and lower quartiles)  

Example 7  Consider the following two sets of data: 

 A:  2, 7, 7, 7, 7, 7, 7, 10   B: 2, 3, 5, 8, 9, 10   

        The range of A and B are RA = 10 – 2 = 8 and RB = 10 – 2 = 8  

from which you see that they have the same range. However, if you observe the 

two sets of data, you can see that data B is more variable than data A.  

x 12 13 14 15 16 17 

f 4 11 3 8 5 4 
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Example 8  Calculate  the IQR of A and B. 

Solution   

 For data A: 

 
th

th
1

8 +1
Q = item = (2.25) item,

4

 
 
 

which is 7, and  

3

3(8 1)
Q item 6.75 item,

4

th

th+ 
= = 
 

 which is 7.                   

∴Inter-quartile range (IQRA) = 7 – 7 = 0  

 For Data B: 

 Q1 = ( )

th
th6 + 1

item = 1.75 item
4

 
 
 

which is 2.75, and 

 Q3 = 
( )

( )

th

th3 6 + 1
item = 5.25 item

4

 
 
 

which is 9.25. 

∴ Inter - Quartile range (IQRB) = Q3 – Q1 = 9.25 – 2.75= 6.5 

from which you see clearly that data B possesses higher variability than data A. The 

greater the measure of variation, the greater the variability (dispersion) of the data set.  

∴ Since IQRB > IQRA data B is more variable. 

Limitation of Inter-Quartile Range  

1 It only depends on two values Q3 and Q1.  It doesn't consider the variability of 

each item in the data set.  

2 It ignores 50% of the data (the top 25% above Q3 and the bottom 25% below Q1).  

It only considers the middle 50% of values between Q1 and Q3.    

Standard deviation  

You have already seen how to calculate the standard deviation of ungrouped and 

grouped frequency distributions.  You have also seen other measures of dispersion.  

AACCTTIIVVIITTYY  88..1100  

A certain shop has registered the following data on daily sales  

(in 100 Birr) for ten consecutive days. 

30 45 54 60 25 35 42 80 70 40 

1 Calculate the different measures of dispersion (range, inter-quartile range, mean 

deviation and standard deviation). 

2 Discuss similarities and differences between the different measures of dispersion. 
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From the previous discussion, you know that mean deviation and standard deviation 

consider all the data values.  However, mean deviation assumes only the absolute 

deviations of each data value from the central value (mean, median or mode). Hence it 

misses algebraic considerations. To overcome the limitation of mean deviation, you 

have a better measure of variation which is known as standard deviation. You may 

recall that standard deviation is given by:  

 
( )

2

1

i
x x

s
n

−

=

−

∑
  for sample ungrouped data and 

  
( )

2

ix

N

− µ

σ =
∑

   for population data  

When considering standard deviation we notice that, unlike the mean deviations, you 

always take the deviations from the arithmetic mean in standard deviation.  

Since the deviation is squared, the sign becomes non-negative without violating the 

rules of algebra. Thus, standard deviation is the one that is mostly used for statistical 

analysis and interpretation. It is also used in conjunction with the mean for comparing 

degrees of variability and consistency of two or more different data sets. 

Example 9  Find the standard deviation of the following data. 

aaaa 6, 6, 6, 6, 6, 6, 6    6x =   

x x x−  
( )

2
x x−  

6 

6 

6 

6 

6 

6 

6 

0 

0 

0 

0 

0 

0 

0 

    0 

    0 

    0 

    0 

    0 

    0 

    0 

  
( )

2
0x x− =∑  

  
( )

2
0

0
1 1

i
x x

s
n n

−

= = =

− −

∑
 

Since s = 0, it indicates that there is no variability in the data set.  

�Note: 

  The greater the standard deviation, the higher the variability.   
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8.5  ANALYSIS OF FREQUENCY DISTRIBUTIONS 

AACCTTIIVVIITTYY  88..1111  

Consider these two groups of similar data:  

 Data A: 1, 2, 3, 4, 5, 6, 7, 8, 9 and       

  Data B: 5, 4, 5, 5, 5, 5, 6, 5, 5 

Compare the two data sets. Which of these two data sets is more consistent? Why?  

The two data sets given above both have an average of 5.  How is it possible to compare 

these data sets? Can you conclude that they are the same?  It is obvious that these two 

data sets are not the same in consistency.  

Example 1  The daily income of three small shops is recorded for five days. Which 

shop has consistent income (in Birr)?        

Shops A B C 

 28 
36 

42 
25 
29 

35 
32 

41 
27 
25 

29 
39 

23 
33 
36 

32A B Cx x x= = =  

         

Based on the values in the above table, we see that  

 SA = 
( )

2

190 190
6.89

1 5 1 4

i
x x

n

−

= = =

− −

∑
; 

 SB = 
( )

2
164 164

6.40
1 5 1 4

i
x x

n

−

= = =

− −

∑
, and 

For shop A For shop B For Shop C 

x x x−

 
( )

2
x x−  x x x−

 
( )

2
x x−  x x x−

 
( )

2
x x−  

28 
36 
42 
25 

29 

-4 
4 

10  
-7 

-3 

16 
16 

100 
49  

9 

35 
32 
41 
27 

25 

3 
0 
9 
-5 

-7 

9 
0 

81 
25 

49 

29 
39 
23 
33 

36 

-3 
7 
-9 
1 

4 

9 
49 
81 

1 

16 

  
  

( )
2

190x x− =∑    ( )
2

164x x− =∑    ( )
2

156x x− =∑  
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 SC = 
( )

2

156 156
6.24

1 5 1 4

i
x x

n

−

= = =

− −

∑
   

The comparison shows that SC < SB < SA.  Since SC < SB < SA, then shop C has the most 

consistent income. The income of shop A is highly variable.  

In the discussion given above, you used standard deviations to compare consistency, 

where the data sets considered have the same mean and the same unit.  But, you may 

face data sets that do not have the same mean. You may also face data sets that do not 

have the same unit. If the units are different, it will be difficult to compare them. For 

example, for two sets of data A and B, if SA = 1.6 k.g and SB = 1.7 cm which of the data 

sets A or B is more variable?  

You cannot compare kg to cm. Hence, you need to see a relative measure of variation 

which is a pure number. Such a pure number, which is used as a relative measure of 

variation, is the coefficient of variation given by: 

                                             CV =  100
s

x
× . 

Example 2 Consider the following data on the mean and standard deviation of the 

gross incomes of two schools A and B. 

School Mean income (in Birr) Standard deviation (in Birr) 

A 8000 120 

B 8000 140 

From this table, you see that both schools have the same mean of 8000 Birr.  Does 

equality of the means indicate that these two schools have the same variability and 

consistency? 

Obviously, the answer is no, because the two data sets do not have the same standard 

deviation.  For such a case, when you need to compare the consistency of two or more 

data sets, you can use another measure called the coefficient of variation (CV). 

The Coefficient of variation is a unit-less relative measure that we use to measure the 

 degree of consistency given as a ratio of the standard deviation to the mean. 

C.V = 100 100
standard deviation

mean x

σ
× = ×  

For the above example, 5.1100
8000

120
V.C A =×=  and 75.1100

8000

140
V.C B =×= . 
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When you compare these two data sets, you can see that CVB > CVA from which you 

can conclude that data set A is more consistent than data set B because data set B has a 

higher degree of variability. 

You can also see the ratio of the coefficients of variation,  given as 

2

1

B

A

140

120

75.1

5.1

V.C

V.C

σ

σ
===  from which you can conclude that the data set with lesser 

standard deviation is more consistent than the data set with larger standard deviation.  

Example 3  The following are the mean and the standard deviation of height and 

weight of a sample of students. 

height weight 

168cmx =  
s = 2.3 cm  

54kgx =  

s = 1.6 kg  

 Which of the measured values (height or weight) has the higher variability?  

  
2.3cm

C.V(height) 100 100 1.369%
168cm

s

x
= × = × =   

1.6kg
C.V(weight) 100 100 2.963%

54kg

s

x
= × = × =  

Since C.V (weight) > C.V (height), the students have greater variability in weight.  

Exercise 8.6Exercise 8.6Exercise 8.6Exercise 8.6                                                        

1 Two basketball teams scored the following points in ten different games as 

follows:  

 Team A:    42   17   83   59   72   76   64   45   40   32  

 Team B:    28   70   31   0     59  108  82   14    3    95 

a Calculate the standard deviation of each team.  

b Which team scored more consistent points?  

2 The mean and standard deviation of gross incomes of two companies are given 

below: 

Company Mean Standard deviation 

A 6000 120 

B 10000 220 

a Calculate the C.V of each company.  

b Which company has the more variable income?  
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8.6  USE OF CUMULATIVE FREQUENCY 

CURVES 

In section 8.3 of this unit, you saw three types of frequency curves whose shapes can be 

symmetrical, skewed to the left or skewed to the right. The shape of a frequency curve 

describes the distribution of a data set. Such a description was made possible after you 
drew the frequency curve of a frequency distribution.  

In this sub-unit, you will see how the measures of central tendency (mean, mode and 

median) determine the skewness of a distribution.  

8.6.1  Skewness Based on the Relationships 

Between Mean, Median and Mode 

AACCTTIIVVIITTYY  88..1122  

Consider the following data 

 Data A : 2, 3, 4, 5, 5, 6, 5, 7, 8 Data B:  2, 3, 1, 4, 8, 5, 8, 6, 8  

1 Calculate and compare the mean, median and mode for each data set. 

2 Construct frequency curves for each data set and discuss your observations. 

Relative measures of variation help to study the consistency or variation of the items in 

a distribution. How do measures of central tendency help in studying the skewness of a 

distribution? What happens to the skewness if mean= median= mode?  

A measure of central tendency or a measure of variation alone does not tell us whether 

the distribution is symmetrical or not. It is the relationship between the mean, median 

and mode that tells us whether the distribution is symmetrical or skewed.  

Example 1  Consider the following frequency distribution of age of students in a class: 

a Draw the histogram and frequency curve.  

b Calculate mean, median and mode. 

c Describe relationships between the mean, median and mode, and the  

skewness of the distribution. 

Age Number of students 

13 – 14 
15 – 16 
17 – 18 
19 – 20 
21 – 22 

5 
15 
30 
15 

5 
 70 
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Solution 

a The histogram and frequency curve of this frequency distribution are as 

follows. 

0

10

20

30

40

12.5 14.5 16.5 18.5 20.5 22.5

Age

Histogram and frequency curve of age of students

 
Figure 8.21 

This appears to be symmetrical.  

b  Mean = median = mode = 17.5 

c  From a and b, you see that whenever mean = median = mode, the distribution 

is symmetrical. 

Investigate what happens to the skewness of a distribution, if mean > median > mode? 

From the discussions outlined above, you can make the following generalizations. 

i For a unimodal distribution in 
which the values of mean, 
median and mode coincide (i.e., 
Mean = Median = Mode), the 
distribution is said to be 
symmetrical.  

 

Mean = Median = Mode 

Symmetrical distribution  
a 

ii If the mean is the largest in 
value, and the median is larger 
than the mode but smaller than 
the mean, then the distribution is 
positively skewed. That is, if 
Mean > Median > Mode, then 
the distribution is positively 

skewed (skewed to the right).  

 

Mean

Positively skewed distribution   

Median
Mode

 
b 

iii If the mean is smallest in value, 
and the median is larger than the 
mean but smaller than the mode, 
then the distribution is 
negatively skewed. That is, if 
Mean < Median < Mode then 
the distribution is negatively 

skewed (skewed to the left).  

 Negatively skewed distribution  

Mode 
Median  

Mean

 
c 

 Figure 8.22 
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8.6.2  Skewness Based on Relationships 

Between Measures of Central Tendency 
and Measures of Variation 

In the above discussion, we used the relationships between the measures of central 

tendency only to determine the skewness of a distribution. With the help of central 

tendencies and standard deviation, it is also possible to determine skewness of a 

distribution. This is sometimes called a mathematical measure of skewness. 

Mathematically, skewness can be measured in one of the following ways by calculating 

a coefficient of skewness. 

1 Karl Pearson's coefficient of skewness  

2 Bowley's coefficient of skewness  

1    Karl Pearson's coefficient of skewness 

Karl Pearson's coefficient of skewness (usually called Pearson’s coefficient of 

skewness) is obtained by expressing the difference between the mean and the median 

relative to the standard deviation. It is usually denoted by α. 

Coefficient of skewness = α = 
( )3 mean-median

standard deviation
 

The interpretation of skewness by this approach follows our prior knowledge. From the 

previous discussion, if mean = median, we can see that the distribution is symmetrical.  

Looking at Pearson’s coefficient of skewness, if α = 0 then mean = median, so the 

distribution is symmetrical.  Following the same approach, we can state the following 

interpretation on skewness using Pearson’s coefficient of skewness. 

Interpretation  

1 If Pearson’s coefficient of skewness α = 0, the distribution is symmetrical.  

2 If Pearson’s coefficient of skewness α > 0 (positive), the distribution is skewed 

positively (skewed to the right). 

3 If Pearson’s coefficient of skewness α < 0 (negative), the distribution is 

negatively skewed (skewed to the left).  

Example 2  Calculate Karl Pearson’s coefficient of skewness from the data given 

below and determine the skewness of the distribution. 

   

 

 

x 11 12 13 14 15 

f 3 9 6 4 3 
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Solution Mean = 12.8, median = 13, and s = 1.2 

Coefficient of skewness = 
( ) ( )3 mean - median 3 12.8 - 13

 = 
S 1.2

= –0.5 

Coefficient of skewness = –0.5 < 0 

∴The distribution is negatively skewed.  

2     Bowley's coefficient of skewness 

Previously, you saw how to determine skewness by using relationships between mean, 

median and standard deviation. It is also possible to determine skewness by using 
positional measures of central tendency, the quartiles. Such a coefficient of skewness, 
that uses quartiles, is called Bowley's coefficient of skewness. 

Bowley's coefficient of skewness, which is usually denoted by β, is given by  

Bowley's coefficient of skewness =  3 1

3 1

Q  + Q 2 (median)
β= 

Q Q

−

−

 

The interpretation for skewness based on Bowley's coefficient of 

skewness is also the same as that of Pearson’s that  

1 If Bowley’s coefficient of skewness β = 0, the distribution is symmetrical.  

2 If Bowley’s coefficient of skewness β > 0 (positive), the distribution is skewed 
positively (skewed to the right). 

3 If Bowley’s coefficient of skewness β < 0 (negative), the distribution is negatively 
skewed (skewed to the left).  

Example 3  Find Bowley's coefficient of skewness for the following data and 
determine the skewness of the distribution.  

15, 18, 19, 3, 2, 7, 10, 6, 9, 8 

Solution Arranging the data in ascending order, you get: 

                        2, 3, 6, 7, 8, 9, 10, 15, 18, 19. 

From this arranged data, you can determine the quartiles as 

   Q1 = 4.5  Q2 = median = 8.5  Q3 = 12.5     

Bowley's coefficient of skewness = 3 1

3 1

Q  + Q 2 (median)
β= 

Q Q

−

−

 

= 
12.5 + 4.5  2(8.5) 17  17

 =  = 0
12.5  4.5 8

− −

−

 

∴ the distribution is symmetrical. 
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 Key Terms 
 

bar chart mean deviation 

coefficient of variation non random sampling technique 

frequency curve population 

frequency polygon sample random sampling technique 

histogram skewness 

inter - quartile range standard deviation 

line graph symmetrical distribution 
 

 Summary 
 

1 Statistics refers to methods that are used for collecting, organizing, analyzing and 

presenting numerical data. 

2 Statistics is helpful in business research, proper understanding of economic 

problems and the formulation of economic policy.  

3 A population is the complete set of items which are of interest in any particular 

situation.  

4 It is not possible to collect information from the whole population because it is 

costly in terms of time, energy and resources. To overcome these problems, we 

take only a certain part of the population called a sample.  

5 A sample serves as representative of the population, so that we can draw 

conclusions about the entire population based on the results obtained from the 

sample.  

6 There are two methods of sampling  

� The Random (probability) sampling method.   

� The Non-Random (non-probability) sampling method.  

7 In random sampling, every member of the population has an equal chance of 

being selected.  

8 Raw data, which has been collected, can be presented in frequency distributions 

and pictorial methods.    

9 The purpose of presenting data in frequency distributions is to  

� condense and summarize large amount of data. 
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10 The purpose of presenting data using pictorial methods is to  

� facilitate comparisons between two or more sets of data; 

� convey messages about the nature of data at a glance. 

11 Measures of variation help to decide the degree of variability.  

12 There are two types of measures of variation  

  i absolute and  

  ii relative.  

13 Range = max minx x−  

14 Inter quartile range = Q3 – Q1  

15 Mean deviation about the mean = ( )
x x

MD x
n

−

=
∑

 

16 Mean deviation about the median = ( ) d

d

x m
MD m

n

−

=
∑

  

17 Mean deviation about the mode = 
0

0( )
x m

MD m
n

−

=
∑

 

18 For a given distribution:  

� if x  > md > mo the distribution is positively skewed 

� if x  < md < mo the distribution is negatively skewed 

� if x = md = mo the distribution is symmetrical 

19 Pearson’s coefficient of skewness = 
3( )mean median

standard deviation

−
 

� α = 0 means the distribution is symmetrical. 

� α > 0 means the distribution is positively skewed. 

� α < 0 means the distribution is negatively skewed. 

20 Bowley’s coefficient of skewness = 3 1

3 1

Q  + Q 2 (median)
β= 

Q Q

−

−

 

� β = 0 means the distribution is symmetrical. 

� β  > 0 means the distribution is positively skewed. 

� β < 0 means the distribution is negatively skewed. 
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 Review Exercises on Unit 8 

1 Define population and sample.  

2 Write down advantages of simple random sampling, systematic sampling and 
stratified sampling techniques.  

3 Explain the difference between a frequency polygon and a frequency curve. 

4 What benefits do statistical graphs have in helping understand and interpret data? 

5 What does skewness mean about a distribution? 

6 Explain similarities and differences between simple, component and multiple bar 
charts. 

7 Discuss mean deviation from the mean, median and mode, and explain the 
advantages of each. 

8 What limitations do range and inter-quartile range have? 

9 Why is it useful to use standard deviation over other measures of dispersion? 

10 The ages of 50 people are given below 

21 75 15 60 72 40 46 65 70 45 

22 34 35 53 64 66 63 80 34 36 

21 45 72 38 23 45 40 69 24 39 

40 30 50 60 24 38 35 45 27 66 

45 34 54 24 38 66 46 32 45 40 

a What type of data is this? (discrete or continuous)  

b Select suitable classes and prepare a frequency distribution.  

c Draw a histogram to present the data.  

d Draw a frequency polygon.  

11 Consider the following table   

Year  Average production in tonnes  

 Wheat  Maize  Total  

1960 

1961 

1962 

440 

170 

620 

250 

362 

657 

690 

532 

1277 
  

Present the above data using  

a a simple bar chart    b a component bar chart  

c a multiple bar chart    d a pie chart  
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12 a  Find the mean, median and mode, 1st quartile and 3rd quartile of the 

following data:   

Class  0 - 9 10 - 19 20 - 29 30 - 39 

frequency  2 10 13 8 

 b  Using the above data calculate 

i the mean deviation about the mean, mode and median; 

ii the range and inter-quartile range; 

iii the standard deviation;  

iv the coefficient of variation;  

v Pearson’s coefficient of skewness and describe the skewness of the 

distribution.  

13 The following data reports the performance of workers in two companies.  

Company  A B 

Average hours worked 

in a week  

30 28 

Standard deviation  in 

performance 

5 8 

Workers of which company are more consistent in their performance? 

14 The following data represents hours in a day 30 individuals worked in soil and 

water conservation. 

4 6 5 3 8 9 4 6 7 3 

2 3 5 5 6 6 3 8 1 6 

4 5 7 8 2 4 3 6 4 3 

  Using the above data calculate 

i the mean deviation about the mean, mode and median. 

ii the range and inter-quartile range. 

iii the standard deviation. 

iv the coefficient of variation. 


