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DEFINITION, SCOPE AND USES OF STATISTICS
Definition of statistics
Statistics has been defined differently by different authors from time to time. The reasons for a variety
of definitions are primarily two. First, in modem times the use of Statistics has widened considerably.
In ancient times Statistics was confined only to the affairs of State but now it embraces almost every
sphere of human activity. Hence a number of old definitions which were confined to a very narrow
field of enquiry were replaced by new definitions which are much more comprehensive and
exhaustive. Secondly, Statistics has been defined in two ways. Some writers define it as' statistical
data', i.e., numerical statement of facts, while others define it as 'statistical methods', i.e., complete
body*of the principles and techniques used in collecting and analysing such data. Some of the
important definitions are given below.
Statistics as Statistical Data
According to Bowley statistics can be defined as "numerical statements of facts in any department of
enquiry placed in relation to each other" More exhaustively Prof Horace Secrist defined statistics as
the aggregates of facts numerically expressed, enumerated or estimated according to reasonable
standards of accuracy, collected in a systematic manner for a predetermined purpose and placed in
relation to each other. Webster sees it as "classified facts representing the condition of the people in a
State especially those facts. which can be stated in numbers or in any other tabular or classified
arrangement."
A Statistics as Statistical Methods
In this regard, Bowley called statistics the following names; science of accounting, science of
averages and science of measurement of social organism. Further, many scholars define statistics in
the following ways:
1. Science of estimates and probabilities
2. The scientific method of judging collective, natural or social phenomenon with the use of results
obtained from the analysis or enumeration or collection of estimates,
3. The science which deals with collection, classification and 'description and comparison of
phenomenon.
However, none of the above definitions is adequate. This is because statistics is not merely confined
to the collection of data as other aspects like presentation, analysis and interpretation, etc., are also
covered by it. Moreover, averages are only a part of the statistical tools used in the analysis of data,
others' being dispersion, skewness, kurtosis, correlation, regression, etc. Equally, the attribution of the
application of statistics to a particular discipline such as sociology makes the definitions inadequate.
In modem days, Statistics is used in almost all sciences - social as well as physical. Comprehensively,
statistics could be viewed as the scientific methods of collecting, organizing, summarizing, presenting
and analyzing data as well as drawing valid conclusions and making reasonable decisions on the basis
of such analysis. In a simpler sense, Statistics may be defined as the science which deals with the
collection, analysis and interpretation of numerical data. It collects, organises, analyses and interprets
data with regard to characteristics of a group of individuals or objects such as the scores of students in
ECO 111, the heights and weights of students in Arthur Jarvis University, the GDP of Nigeria,

inflation rate, unemployment rate, etc. Statistics also deals with numerical data, some of which can be
found in periodicals, gazettes such as the statistical bulletin published by Central Bank of Nigeria etc.
Types of statistics
Statistics can be divided into two main parts namely; descriptive statistics and inferential statistics.
Descriptive statistics is concerned with the act of collecting, organizing and presenting numerical data
without making generalization.
• For example: A compilation of 2013/2014 session number of students enrolled in indicating the
number of male and female students is a descriptive statistic.
• A record of observations on amount of money students received as transfer payments from their
parents and the mean (average) doily expenditures on food would also be regarded as descriptive
statistic.
Note that in the above descriptive approach, we have not included attempt to make generalizations or
Predict the number of students enrolments or the number of male and female students in flture
sessions in AJU. We have also jot used information contained in the second example to predict or
infer about the amount students would receive in future and their mean daily expenditure on food.
Descriptive statistics focuses on descriptive measures which describe the features of population and
sample such as: Measures of Central Tendency (Mean, Median, Mode), Measures of Dispersion
(spread, variation from the mean) e.g. range, variance, standard deviation, Measures of Skegness or
degree of

Symmetry around the mean, Measures of kurtosis or degree of peakness or flatness of a
distribution.
Inferential statistics deals with the techniques used in making generalization about a
population based on the sample data. It deals with statistical methods and their application to
real world problems. Thus inferential statistics which is also called Inductive statistics
involves methods which serve to make generalizations that go far beyond the original data
and also make statements about the probability of their validity.
Thus, inferential statistics involves complex reasoning but when properly understood and
used, it becomes a very important tool in the development of a scientific discipline. Inductive
statistics is based directly on probability theory because the outcome of the prediction or
survey involves uncertainties since the information obtained from samples of population may
be partial, incomplete and indirect.
The following will clarify the purview of inferential statistics:
• The prediction of the engine performance of a new machine based on the known sample
performance of similar machines
• The estimate of the growth rate of species of a plant type based on the known growth rate of
a sample of the same species

• The prediction of the average number of cars in a traffic flow on a road on a certain day
based on the known result of similar sample study in an earlier period
• The prediction of the number of defective bales of cotton per acre of cultivated land and
certain quantity of fertilizer based on the result of similar study in earlier period Statistical
inference proceeds along two distinct paths or types. They are Estimation and Hypothesis
Testing.
Scope and uses of Statistics
In modern times, Statistics is viewed n4t as a mere device for collecting numerical data but as
a means of developing sound techniques for their candling and analysis and drawing valid
inferences from them. As such it is not confined to the affairs of the State but is intruding
constantly into various spheres of life - social, economic and political. It is now finding wide
applications in almost all sciences- social as well as physical- such as biology, psychology,
education, economics, business management, etc. lt is hardly possible to enumerate even a
single department of human activity where statistics is not used. It has Rather become
indispensable in all spheres of human endeavour. Some of the uses Of statistics are discussed
below.
Statistics and Planning Statistics is indispensable to planning. In the modem age, almost all
over the world, governments, particularly of the budding economies, are resorting to planning
for the needed economic development. In order that planning is successful, it must be based
soundly on the correct analysis of complex statistical data.
Statistics and Economics
Statistical data and technique of statistical analysis have proved to be immensely useful in
solving a variety of economic problems, such as wages, prices, analysis of time series and
demand analysis. It has also facilitated the development of economic theory. Wide
applications of mathematics and statistics in the study of economics have led to the
development of new disciplines called Economic Statistics and Econometrics.
Statistics and Business
Statistics is also an indispensable tool of production control. Business executives are relying
more and more on statistical techniques for studying the needs and the desires of the
consumers and for many other purposes. The success of a business man more or less depends
upon the accuracy and precision of his statistical forecasting. Wrong expectations, which may
be the result of faulty and inaccurate analysis of various causes affecting a particular
phenomenon, might lead to his disaster. Suppose a business man wants to manufacture
garments. Before starting with the production process he must have an overall idea as to 'how
many garments are to be manufactured', 'how much raw material and labour is needed for
that', and 'what is the quality, shape, colour, size, etc., of the garments to be manufactured'.
Thus the formulation of a production plan in advance is a must which cannot be done without
having quantitative facts about the details mentioned above. As such most of the large
industrial and commercial enterprises are employing trained and efficient statisticians.

Statistics and Industry
In industry, Statistics is widely used in 'Quality Control'. It also assists in the areas of
production engineering, and as such determines if a product is conforming to specifications or
not. Statistical tools such as inspection plans, control charts, etc., are of extreme importance.
In inspection plans we have to resort to some kind of sampling - a very vital aspect of
Statistics.
Other areas where statistics is of primary importance include agriculture, biology, chemistry,
communications, electronics, medicine, physics, political science, psychology, sociology and
engineering sciences, etc. Thus, we see that the science of Statistics is associated with almost all the
Sciences.
STATISTICAL DATA CLASSIFICATION AND PRESENTATION Data is defined as
quantitative information. In statistics, the thrust is to provide a clear analysis of collected data and
establish order and relationships about (economic) variables. It is not always possible, and most times,
it is difficult to do the above task without some form of organization and classification of a
distribution of data. Observations of economic phenomena presented in narrative form arc usually
difficult to understand because of lack of clarity and conciseness. Thus as much as possible, statistics
employ methods of classification that facilitate clear presentation of data for easy communication and
understanding. Basically, there are three types of data that are required to carry out an investigation.
They are; cross sectional data, time series data and panel or longitudinal data. We discuss these three
types of data below and show how they can be presented.
Cross-sectional data
Cross-section data is a set of observation on the values a variable takes at point in time over different
units, such as firms, household, countries etc. It consists of data on a sample of individuals,
households, firms, cities collected at the same time. Data on all units do not correspond to precisely
the same time period. For example, several households may be surveyed during different weeks
within a year. In a pure cross-sectional analysis, we would ignore any minor timing differences in
collecting the data. If a set of households were surveyed during different weeks of the same year, we
would still view this as a cross-sectional data set. Example of cross-sectional data is presented below.
Observation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Age
22
36
28
37
39
33
57
57
45
39
25
26
28
52
38

Children
0
0
0
0
1
2
1
0
0
3
0
1
1
3
4

ACCURACY, APPROXIMATION AND ERRORS IN STATISTICAL POPULATION AND
SAMPLE
POPULATION AND SAMPLE
Universe/Population: From a statistical point of view, the term 'Universe' refers to the total of the
items or units in any field of inquiry, whereas the term 'population' refers to the total of items about
which information is desired. The attributes that are the object of study are referred to as
characteristics and the units possessing them are called elementary units. The aggregate of such units
is generally described as population. Thus, all units in any field of inquiry constitute universe and all
elementary units (on the basis of one characteristic or more) constitute a population. Quite often, we
do not find any difference between population and universe, and as such the two terms are taken as
interchangeable. However, a researcher must necessarily define these terms precisely. In short, a
population is the collection of all possible items under consideration.
The population or universe can be finite or infinite. The population is said to be finite if it consists of a
fixed number of elements so that it is possible to enumerate it in its totality. For instance, the
population of a city, number of workers in a factory, are examples of finite populations. The symbol
N' is generally used to indicate the number of elements (or items) in a finite population.
An infinite population is that population in which it is theoretically impossible to observe all the
elements. Thus, in an infinite population the number of items is infinite i.e., we cannot have any idea
about the total number of items. The number of stars in a sky, possible rolls of a pair of dice are
examples of infinite population. One should remember that no truly infinite population of physical
objects does actually exist in spite of the fact that many such populations appear to be very large.
From a practical consideration, we then use the term infinite population for a population that cannot
be enumerated in a reasonable period of time. This way we use the theoretical concept of infinite
population as an approximation of a very large finite population.
Sample: This is a subset of the population considered for study. It is the group of items selected for
the purpose of a study.
In collecting data concerning the characteristics of a group of individuals or objects such as the
heights and weights of students in Arthur Jarvis University Akpabuyo or the numbers of defective and
non-defective pencils produced in a factory in a given day, it is often impossible or impractical to
observe the entire group (population), especially if it is large. Hence, quite often we select only a few
items from the universe (population) for the purpose of a study. The items so selected constitute what
is technically called a sample. We can then make generalizations about the characteristics of the
Population based on the characteristics of the sample. The larger the sample drawn from the
population the more efficient the sample statistics. In other words, the estimates derived from large
samples are more representative and reliable than the ones derived from small samples.
Accuracy and approximations
Accuracy or Precision is the range within which the population average (or other parameter) will lie in
accordance with the reliability specified in the confidence level as a percentage of the estimate ± or as
a numerical quantity. For instance, if the estimate is N4000 and the precision desired is ± 4%, then the
true value will be no less than N3840 and no more than N-4160. This is the range (N3840 to N4160)
within which the true answer should lie. But if we desire that the error should not deviate from the
actual value by more than N200 in either direction, in that case the range would be N3800 to N4200.

Errors in statistical population and sample
Two major errors can arise when a sample of observation is taken from a population. These errors are
sampling errors and non-sampling errors.
Sampling errors refers to the differences between the sample and population that exists only because
of the observations that happened to be selected.
Non-sampling errors are errors that arise due to mistake made in the acquisition of data or due to
improper selection of sample. This includes errors in data acquisition, non-response errors and
selection bias.
SOURCES OF STATISTICAL DATA
The two main sources of data are:
1. Primary sources of data
2. Secondary sources of data
1. PRIMARY SOURCES OF DATA
The primary data are those which are collected afresh and for the first time, and thus happen to be
original in character. So, primary sources are regarded as sources for which the data is collected in
direct response to a given problem. There are several methods of collecting primary data. The most
important ones are: i. Observation method ii. Interview method iii. Questionnaires method iv.
Experiment method
i. Observation Method
i. Under the observation method, the information is sought by way of investigator's own direct
observation without asking from the respondent. For instance, in a study relating to consumer
behaviour, the investigator instead of asking the brand of wrist watch used by the respondent, may
himself look at the watch. Observation method could be participatory or non-participatory.
Participatory observation is the one in which the investigator or researcher partakes in the activity he
observes. In non-participatory observation the investigator or researcher does not partake in the
activity he observes.
ii. Interview Method
The interview method of collecting data involves presentation of oral (verbal) questions and reply in
terms of oral (verbal) responses. This method can be used through personal interviews and, if
possible, through telephone interviews. We have structured and unstructured interviews. The
interviewer in a structured interview follows a rigid procedure laid down, asking questions in a form
and order prescribed. As against it, the unstructured interviews are characterized by a flexibility of
approach to questioning. Unstructured interviews do not follow a system of pre-determined questions
and standardized techniques of recording information. In a non-structured interview, the interviewer is
allowed much greater freedom to ask, in case of need, supplementary questions or at times he may
omit certain questions if the situation so requires. He may even change the sequence of questions. He
has relatively greater freedom while recording the responses to include some aspects and exclude
others.

iii. Questionnaire Method
In this method a questionnaire is sent to the persons concerned with a request tb answer the questions
and return the questionnaire. A questionnaire consists of a number of questions printed or typed in a,
definite order in a form or set of forms. The questionnaire is mailed or distributed to respondents who
are expected to read and understand the questions and write down the reply in the space meant for
respondents. The respondents have to answer the questions on their own. Concerning the form of
questions, we can talk about two principal forms, viz., closed ended (multiple choice) questionnaire
and the open-end questionnaire. In the former the respondent selects one of the alternative possible
answers put to him, whereas in the latter, he or she has to supply the answer in his own words.
iv. Experiment Method
Experiment is the process of examining the truth of a statistical hypothesis relating to some research
problem. For example, we can conduct an experiment to examine the usefulness of a certain newly
developed drug. Experiments can be of two types, viz., absolute experiment and comparative
experiment. If we want to determine the impact of a fertilizer on the yield of a crop, it is a case of
absolute experiment; but if we want to determine the impact of one fertilizer as compared to the
impact of some other fertilizer, our experiment then will be termed as a comparative experiment.
Often, we undertake comparative experiments when we talk of designs of experiments. 2. Secondary
Sources of Data Secondary data refers to data that is already available i.e., this is a set of data which
has already been collected and analysed by someone else. Secondary sources are sources for which
the data already exist. When the researcher utilizes secondary data, then he has to look into various
sources from where he can obtain them. In this case he is certainly not confronted with the problems
that are usually associated with the collection of original data. Secondary sources of data can be
divided into internal sources and external sources. i. Internal sources: These are sources for which
data are collected within the organization. The data collected through internal sources are easily
accessible and are time and cost saving. Examples of internal data are company records, employment
statistics, inventory records, financial records etc. ii. External sources: These are sources for which
data are collected outside the organization. A major external source of data is government published
statistics which include, among others, general statistics, production, the economy, employment and
overseas trade. The data collected from internal and external sources may either be published data or
unpublished data. Usually published data are available in: (a) various publications of the central, state
are local governments; (b) various publications of foreign governments or of international bodies and
their subsidiary organizations; (c) technical and trade journals; (d) books, magazines and newspapers;
(e) reports and publications of various associations connected with business and industry, banks, stock
exchanges, etc.; (f) reports prepared by research scholars, universities, economists, etc. in different
fields; and (g) public records and statistics, historical documents, and other sources of published
information.
The sources of unpublished data are many; they may be found in diaries, letters, unpublished
biographies and autobiographies and also may be available with scholars and research workers, trade
associations, labour bureaus and other public/ private individuals and Organizations. The publications
of the National Bureau of Statistics (NBS), Central Bank Of Nigeria (CBN), United Nations (UN),
International Monetary Funds (IMF), Organization for Economic Cooperation and Development
(OECD) and World Bank are some of the secondary sources of data for social science research.
DATA PRESENTATION METHODS

Statistical data are usually presented using mathematical tools such as pictograms, frequency tables,
simple bar charts, multiple bar charts, pie charts, etc. Pictograms: A pictogram is a symbolic picture
that is used to represent data. A complete picture represents a whole quantity, while fractions of the
picture correspond to the fractions of the whole quantity. Example the number of cars passing through
a road per day in a month may be recorded in simplified pictures of cars. If one complete picture of
car represents ove thousand cars, we can know the number of cars passing on that road in a particular
day by looking at the number of car pictures and fractions of car pictures if any. Simple Bar charts: A
bar chart is the graphical representation of data in bars. The bars ar& usually drawn vertically or
horizontally and correspond to the size (magnitude) or frequency of the quantity that is being
presented. A bar chart makes comparison easy. Frequency distribution
Example Let us consider the marks obtained by 60 candidates selected at random from the 2015 Post
UTME examination in Arthur Jarvis University Akpabuyo.

The above data does not furnish one with any useful information and is rather confusing to mind. A
better way to express the figures could be in an ascending or descending order of magnitude
commonly termed array. But this does not reduce the bulk of the data. A much better representation is
given in the frequency distribution below.

General Rule for Forming Frequency Distributions
1.
Determine the largest and smallest numbers in the raw data and thus find the range (the difference
difference between the largest and the smallest numbers) G$ ‘. ‹/ fAI
Divide the range into a convenient number of class intervals having the same size. l f this is not
possible, use class intervals of different sizes or open class intervals. The

Number of class intervals is usually between 5 and 20, depending on the data. Class intervals are also
chosen so that the class marks or midpoints coincide with actually observed data. This tends to lessen
the so called grouping error involved in mathematical analysis. However, the class boundary should
not coincide with actually observed data. 3. Determine the number of observations falling into each
class interval' by finding the class frequencies. This is best done by using tally, or score sheet.
Parameters of the frequency distribution
Class Limits and Class Intervals
A class interval is a symbol that defines a class, such as 15 — 19 in the frequency table above. The
lower end (smaller) number of the clas3 is called the lower class limit, and the upper end (larger)
number is called the upper class limit. 14 the table above, the lower class limit of the first class is 15
and the upper class limit of the same class is 19.
A class interval that, at least theoretically has either no upper class limit or no lower class limit shown
is called an open class interval. For example, in a class of age group of persons, the class '65 years and
above' is an open class interval.
Class Boundaries
If heights are recorded to the nearest inch, the class interval 0. — theoretically includes all
measurements from 14.5 to 19.5. These numbers, indicated by 14.5 and 19.5 are called class
boundaries, or true class limits. The smallest number, 14.5 is called the lower class boundary, and the
larger number, 19.5 is called the upper class boundary. In practice, class boundaries are obtained by
adding the upper limit of one class interval to the lower limit of the next class interval and dividing by
2. Class boundaries may sometimes be used to symbolize classes. For example, the various classes in
the first column of the table could be indicated by 14.5 — 19.5, 19.5 — 24.5 etc. to avoid ambiguity
in using such notation, class boundaries should coincide with actual obs4vations. Thus if an
observation were 19.5, it would not be possible to decide whether it belonged to the class interval 14.5
— 19.5 or 19.5 —24.5
The Size, or Width of a Class Interval
The size or width or class length of a class interval is the difference between the upper and lower class
boundaries. If all the class intervals of a frequency distribution have equal width it is denoted by c. in
such a case c is equal to the difference between two successive lower limits or two successive upper
limits. For the data in the table the class interval is 19.5 minus 14.5 = 5 and 29.5 minus 24.5 = 5. So,
the class size is 5.
Class Mark
The class mark is the midpoint of the class interval it is obtalined by adding the lower and upper class
limits and dividing by 2. The class mark of the interval 15 — 19 is (15 + 19)/2 = 17. The class mark is
also called the class midpoint,
Cumulative Frequency The table below shows the parameters of the frequency table Parameters of the
Frequency Table

45-49.5
50-54
55-59
60-64
65-69

44.5-49.5
49.5-54.5
54.5-59.5
59.5- 64.5
64.5-69.5

47
52
57
62
67

8
8
2
2
1

47
55
57
59
60

Graphical Representation of a Frequency Distribution It is often useful to represent a frequency
distribution by means of a diagram which makes the unwieldy data intelligible and conveys to the eye
the general run of the observations. Diagrammatic representation also facilitates the comparison of
two or more frequency distributions. We consider below some important types of graphical
representation.
BAR CHART
BAR CHART FOR FREQUENCY DISTRIBUTION

Histogram In drawing the histogram of a given continuous frequency distribution, we first mark off
all the class intervals along the x-axis on a suitable scale. On each class interval, erect rectangles with
heights proportional to the frequency of the corresponding class interval so that the area of the
rectangle is proportional to the frequency of the class. The diagram of continuous rectangles so
obtained is called histogram. This is presented below.

FREQUENCY POLYGON

Cumulative Frequency Curve

Pie Chart

MEASURES OF CENTRAL TENDENCY

Measures of central tendency are also referred to as measures of location or central values. They are
usually facilitated by a distribution. A distribution is a set of data that may have been generated from
one or more related sources. It is often necessary to describe the distribution or their profile by
condensing the data into a single figure which reveals the exact attributes of the distribution. Thus, the
measure of central tendency measures how variables cluster around their mean. Measures of central
tendency include: mean, median, mode, etc.
(1) Arithmetic Mean The mean is ordinarily known as an average or the arithmetic mean. This is the
most important of the measures of central tendencies. The mean of a set o observations is the sum of
the observations divided by the number of observations. Symbolically, given a set of n Observations
such as Xi, X2, X3, X4 Xn .Their mean usually denoted by is defined as their sum divided by their
number of occurrence. Thus, the formula for the mean is given below; Arithmetic mean( Y) EX /n X
mean. X is a number or a value. N the number of value for which means is being computed

Given the distribution of sales of LXY company Ltd. Below
Year
Sale

2001
460

2002
520

2003
580

2004
640

2005
800

2006
830

2007
930

Calculate the mean
Solution
̅
Arithmetic mean for group data
When observation repeats themselves, we may reduce the work by considering their frequencies. In
that case the formula for the means becomes:
, where F is the frequency
Example
Given the mark obtained in post UTME as
Marks
15-19
Frequency 3

20-24
3

25-29
2

30-34
8

35-39
10

40-44
13

45-49
8

50-54
8

55-59
2

60-64
2

Calculate the average Mark.

Solution
In a frequency distribution we use the midpoint as the representatives of the class interval and
calculate the mean accordingly.
Marks
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69

Class Marks (X)
17
22
27
32
37
42
47
52
57
62
67

Frequency (F)
3
3
2
8
10
13
8
8
2
2
1
Ef=60

FX
51
66
54
256
370
546
376
416
114
124
67
EFX=2240

65-69
1

Crude mode = 45 + 55 = 100/2 =5O
using interpolation
Lo 44.5 = 22
Fi = 9 F2 7
C=10
45 + 130/28
ode = 49.6

22 — 9 Mode 44.5 + 2 * 22 — 9 — 7 * 10

Finding the mode from mean and median
Mode = 3 median — 2 mean
Mode = 3 fined — 2 mean
Mode = 3 (49.3) — 2 (49.2)
Mode = 147.9 — 98.4 = 49.5

Limitations of measures of central tendency
1. Measures of central tendency can sometimes lead to wrong conclusions. Example, if the
average mark of a class of students is 30, it is a statistical statement implying that every
student in this class is not intelligent. However, there could be several brilliant students in the
class. Also, the average mark of one class could be more than that of another class. Therefore,
the second class is presumed to have very bad students and that, there is no student in the
second class who is better than anyone in the first class. Such a conclusion is faulty and
wrong.
2. a Measures of central tendency do not reveal all the information about the data. For instance,
it does not indicate if the series/distribution is rising or falling, rather, it shows the central
tendency, not the tendency of the data.
3. An average is not necessarily a member of the series/distribution. Sometimes the central tendency
may give a funny result like 5.4 students.

4 A measure of central tendency does not give of the frequencies. A measure of dispersion spreads
around the average.

Measures of Dispersion
Information about the form of a series and distribution does by showing the degree to which
numerical data
Range: this is the difference between the largest observation and the smallest observation. R - L- S.
We have :
(a) Quartile Range = Q3 — Q1
(b) Semi inter quartile range =

Q3-Q1

Mean Deviation: the mean deviation or average deviation of a set of N numbers X1, X2, Xn is
abbreviated MD as defined
Where
EC/ x-11)
N

= arithmetic mean of the numbers X- x = the absolute value of the deviation of X from x . The
absolute value of a number is the number without the associated sign and this is indicated by two
vertical lines placed around the number.

-

