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Introduction

Economic Statistics is a two-credit first semesiaurse. It is a course
available to students offering Bachelor of ScierfBeSc) degree in
computer and information communication technology.

Economic Statistics is applying statistics to ecuiw problems. The
scholar who specialises in the field of economatistics is primarily an
economic statistician and must be sound in theiegipn of different
statistical and economic tools to solve real liferemic problems in the
same way with his colleagues who specialise in rotheeas of
economics and statistics. Indeed, there is no wayill make mention
of real life economic problems without considermgpnomic statistics
as the means to solving the problems. The condeppmlied statistics
has various meanings to people in different fieldlke concern of
economic statisticians is with statisticians, ecuorsts, business people
(men and women) and researchers (in any area dfiadipation).
Economic Statistics is a discipline which measwesnomic problems
and provides solutions to them. The purpose unihgrlthe study of
Economic Statistics is to apply economic and gtesistools to solve
real life economic problems.

What you will learn in this course

The course consists of units and a course guide.cbrse guide tells
you briefly what the course is about, what coursgemals you will be
using and how you can work with these materialsddition, it advocates
some general guidelines for the amount of time gulikely to spend
on each unit of the course in order to complesaidcessfully.

It gives you guidance in respect of your Tutor-MaakAssignment
which will be made available in the assignment.fildere will be
regular tutorial classes that are related to thersm It is advisable
for you to attend these tutorial sessions. The s®wvill prepare you
for the challenges you will meet in economic statss

Course Aims

The aim of the course is to provide you with an emnsthnding of
economic statistics. It also aims to provide yolutons to real life
economic problems.

Course Objectives

To achieve the aims set out, the course has af sdtjectives. Each
unit has specific objectives which are includedhat beginning of the
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unit. You should read these objectives before yadysthe unit. You
may wish to refer to them during your study to dhemn your
progress. You should always look at the unit olyest after the
completion of each unit. By doing so, you would &dwllowed the
instructions in the unit.

Below are comprehensive objectives of the course aghole. By
meeting these objectives, you should have achi¢wediims of the
course as a whole.

At the end of this course, you should be able to:

. explain the concept of applied statistics

. extrapolate the application of applied statistias @al life
economic problems

. describe measures of dispersion and probabiligorth

. explain the concept of estimation and hypothesiirig in
statistical inference

. explain index numbers and its application to soleeonomic
problems

. explain the concept of purchasing power parity ismdpplication
to evaluate the economic health of nations

. explain the concept of human development and i@ssomement

. describe the basic concept of corruption indexefects,
problems and the solutions to the problems of gaioa on the
economy

. describe the concept of economic liberalisation glnbalisation.

Working through this Course

To complete this course, you are required to reachestudy unit,
read the textbooks and read other materials whia be provided by
the National Open University of Nigeria.

Each unit contains self assessment exercises arattain points in the
course, you would be required to submit assignmbtassessment
purposes. At the end of the course, there is d 8ramination. The
course should take you about 17 weeks to compBxtaw, you will
find listed, all the components of the course, wait have to do and
how you should allocate your time to each unit rdey to complete
the course on time and successfully.

This course entails that you spend a lot of timeetd. | would advise
that you avail yourself the opportunity of atterglihe tutorial sessions
where you have the opportunity of comparing younwledge with that
of other people.

Vi
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The Course Materials

The main components of the course are the follosving

The course material
Study units

Assignments

1
2
3. References/Further Reading
4
5

Presentation Schedule

Study Units

Module 1

Unit 1
Unit 2
Unit 3
Unit 4

Module 2

Unit 1
Unit 2

Module 3

Unit 1
Unit 2
Unit 3
Unit 4

Module 4

Unit 1
Unit 2

Module 5
Unit 1
Module 6
Unit 1
Module 7
Unit 1

Introduction to Economic Statistics

Statistics as an Applied Tool to Economiolitems
Descriptive Statistics: Measures of Locatio
Descriptive Statistics: Measures of Dispars
Introduction to Probability and Distributio

Statistical Inference

Estimation
Hypothesis Testing

Index Number

Basic Understanding of Index Number

CPI and other Forms of Index Number

Application of Index Number to Economic Blems
Measure of Macroeconomic Variables (Real Bioeghinal
Values)

Purchasing Power Parity

The Meaning of Purchasing Power Parity
Purchasing Power Parity as Exchange RaterBénation

Human Development

Human Development Indices

Measure of Corruption

Measure of Corruption as a Menace to thenbmy
Economic Liberalisation

The meaning of Economic Liberalisation

vii
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The first unit focuses on the history, basic comcep economic
statistics, data classification, mode of data ctibe and various
sampling techniques. The second unit deals withsorea of location
while the third focuses on measures of dispersidhe fourth unit is
concerned with introduction to probability and peibbity distribution.
Unit five treats estimation theory and confidencgelival. Unit six
focuses on test of hypothesis test statistics @) error in hypothesis
test.

Units seven, eight and nine are concerned withchamncepts of index
numbers, CPI and other forms of index numbers gouliGation of
index numbers to economic problems. Unit ten igeal and nominal
values as measurement of macroeconomic variableiss Bleven and
twelve focus on the meaning of power purchasingy&PPP) and PPP
as an exchange rate determination.

The 13th unit is concerned with the concept of humi@velopment and
human development indices. Unit 14 deals with theaning of
corruption, corruption indexes, effects of corrapt on the economy
and also, problems and solutions to corruptiont Wbifocuses on the
concepts of liberalisation and globalisation ande tleffects of
liberalisation and globalisation on developing minies.

Each unit consists of one or two weeksrk and includes
introductions, objectives, main content, self assent exercises,
conclusion, summary, tutor-marked assignments (TMA&rences/
further reading. The unit directs you to work oteecises related to
the required reading. In general, these exercisss you on the

materials you have just covered and thereby agsistto evaluate

your progress and to reinforce your comprehensibthe material.

Together with the TMAs, these exercises will hefu yn achieving

the stated learning objectives of the individuatsiand of the course as
a whole.

Presentation Schedule

Your course materials have important dates forehdy and timely
completion and submission of your TMAs and attegdunorials. You
should remember that you are required to submit dlur
assignments by the stipulated time and date. Youldhguard against
falling behind in your work.

Assessment

There are three aspects to the assessment ofureecdhe first is made
up of self assessment exercises, the second osidte tutor-marked
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assignments and the third is the written examindgad of
course examination.

You are advised to do the exercises. In tacklimgassignments, you are
expected to apply information, knowledge and tegha@iyou gathered
during the course. The assignments must be sulimitbe your
facilitator for formal assessment in accordancehwilie deadlines
stated in the presentation schedule and the assiginfie. The work
you submit to your tutor for assessment will cotort30% of your
total course work. At the end of the course, yoll meed to sit for a
final or end of course examination of about threerhduration. This
examination will count for 70% of your total couns®rk.

Tutor-Marked Assignments (TMA)

The TMA is a continuous assessment component of gourse. It
accounts for 30% of the total score. You will beegi four TMAS to
answer. Three of these must be answered beforarngallowed to sit
for the end of course examination. The TMAs woulddiven to you by
your facilitator and returned after you have dohe tassignment.
Assignment questions for the units in this course @ntained in the
assignment file. You will be able to complete yagsignment from the
information and material contained in your readirgferences and study
units. However, it is desirable in all degree lewd#l education to
demonstrate that you have read and researched mtweyour
references, which will give you a wider view poartd may provide you
with a deeper understanding of the subject.

Make sure that each assignment reaches your dgmilion or before the
deadline given in the presentation schedule angirasent file. If for
any reason yowannot complete your work on time, contact your
facilitator before the assignment is due to disdimes possibility of an
extension. Extension will not be granted after dbe date unless there
are exceptional circumstances.

Final Examination and Grading

The end of course examination for economic stassiiill be for about
three hours and it has a value of 70% of the totairse work. The
examination will consist of questions, which wiéfiect the type of
self-testing, practice exercise and tutor-markedsigaament
problems you have previously encountered. All aredsthe
course will be assessed.

Revise the whole course after finishing the lasttwnd while
waiting for the time to sit for the final examinati. You might
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find it useful to review your self assessment exars, TMAs and
comments written on them by your facilitator befoitee final
examination. The final examination covers inforroatifrom all
parts of the course.

Course Marking Scheme

Assignment Marks

Assignments 1-4 Four assignments, best three nudirkse
four at 10% each -30% of course marks.

End of course examination 70% of overall coursekma

Total 100% .

Facilitators/Tutors and Tutorials

There are 16 hours of tutorials provided in suppurthis course.
You will be notified of the dates, times and loocatiof these tutorials
as well as the name and phone numbers of youritf@oif, as soon
as you are allocated a tutorial group.

Your facilitator will mark and comment on your agsiments. Keep a
close watch on your progress and other difficultiea might face and
report these to your facilitator who will providessasstance to you
during the course. You are expected to mail youtoif-iMarked
Assignments to your facilitator before the schedudate (at least two
working days are required). The assignments wilhtagked by your
tutor and returned to you as soon as possible.

Do not delay to contact your facilitator by telepleocor e-mail if you
need assistance.

The following might be circumstances in which yowwd find
assistance necessary, hence you would have toctomar facilitator
if:

. you do not understand any part of the studyherdssigned
readings

. you have difficulty with the self-tests

. you have a question or problem with an assignmentith the

grading of an assignment.

You should endeavour to attend the tutorials. Thite only chance to
have face to face contact with your course fadititaand to ask
guestions which are answered instantly. You caserainy problem
encountered in the course of your study.



DAM363 ECONOMIC STATISTICS

To gain much benefit from course tutorials, prepareguestion list
before attending them. You will learn a lot fronrg@pating actively
in discussions.

Summary

Economic Statistics is a course that intends twigeosolutions to real
life economic problems. It also serves as a tobictvoften enables the
economists, to widen the frontiers of their anabficoncerns to issues
that have significant economic implications. Nekeless, do not forget
to apply the principles you have learnt to your emsthnding of
economics and statistics. | wish you success enctturse and | hope
that you will find it comprehensive and interesting
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1.0 INTRODUCTION

Economic Statistics is a branch of appligi@tisticsfocusing on the
collection, compilation and dissemination of stats& concerning the
economyof a region, a country or a group of countriesormmic
statistics is also referred to as a subtopic atialf statistics, since most
of the economic statistics are produced by officejanisations (e.g.
statistical institutes, intergovernmental orgamse such asUnited
Nations European Unionor OECD, central banks ministries, etc.).
Economic Statistics provides the empirical datadedein economic
research dconometrics and it is the basis for decision ardonomic

policy making.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. define statistics
. describe various sampling techniques
. explain various types and methods of data cobecti

. distinguish between the following: primary and setary data,
sample and population.

3.0 MAIN CONTENT
3.1 What is Statistics?

Statistics is the body of theory, concepts, mettaus methodologies of
collection, analysis, interpretation and repreg@riaof numerical data
relating to socio-economic and political activiti@$e analysis of such
data enables us to make valid conclusion and rea$®wlecisions about
the present, near and distant future of any busiaesvities

Statistics also plays a dual role, firstly: It Bidied to learn how to
gather together and summarise data in such a way asake them
readily comprehensible; this is called descripsvatistics. Secondly, it
may be studied primarily with the aim of learnirgdraw conclusions
from data; this is called inferential statistics.

The two must go hand in hand. First, we must cotiata in such a way
that meaningful results may be anticipated; thendescribe the data,
and lastly draw inferences from it.
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The field of Statistics can be divided into two mparts:

1. Mathematical Statistics: This concerns the development of
new methods of statistical inference and requiresaitkd
knowledge of abstract mathematics for its impleragomn.

2. Applied Statistics: This concerns the application of the
methods of mathematical statistics to specific stbfreas, such
as economics, psychology, business, public health,
demography, biostatistics etc.

3.2 Collecting and Analysing Statistical Data

Statistical analysis begins with the collectiondafta. The way this is
done is probably the most important aspect of ivestigation because,
any interpretation of the figures will be faultytife data on which it is
based is unreliable; when this happens, bias dast e

3.2.1 Sources of Bias in Statistical Data
This exists when:

.. using the data from responses to questionsikigformation
about the ages of a group of people is gathereaskiyg them to
fill a questionnaire, over aged people may entes than their true
ages. In fact, people do lie, for many differerts@ns, in response
to questionnaires administered to them

I using data that does not properly apply to pgneblem being
investigated e.g. using published number of AIDStims to
investigate the number of people with AIDS. Theufigs on
AIDS victims are based on the number of people vdgistered
as having the disease. This does not include athtgories of
people who have the disease but are often guiltieofaring it.

3.2.2 Evaluation of Statistical Investigations

Statistical investigation is only good if the qiyalof the data on which
it is based is good. If the data is faulty, anyauosion, however good
the analysis is, will not be reliable. Then, thédeing questions should
be asked about the data used in any investigation

. Where did the data come from?

. Who is supplying it and why?

. How was the data collected?

. Is it all the relevant data or a sample?

. If a sample is used, how was the sample chosen?
. Is the data relevant to the investigation?

. Does the conclusion follow from the information?
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3.2.3 Why do we study Statistics?

Statistics is basically applied for the purposedefcribing data and
making inferences.

It shows the interrelationship between variables iolearer form and
provides good measure of comparison.

It is also used to understand properly the numkridarmation in a
more readable form.

Suppose that, an education authority needs to eleeitether or not to
build a new primary school. One factor in this deam must be the
likely demand for schools in the future. Then knedge, about the
birth-rate, migration, the age profile of the pagidn etc. can show a
trend which can help in making judgments aboutriitllemands. This
is not the only consideration, but a decision madbout the statistical
information is less likely to be a good offdhe more you know about
statistics, the better you are able to make redderdecisions based
on statistical evidence.

3.2.4 Data and Information

In many situations where we require informationjsitimpossible to
collect all the necessary facts. We may wish tovknfor instance,
average annual salary for all females currently leyga in Nigeria. It
would be totally impractical to try and find eagbpaopriate individual
annual salary and then average them. Instead, gkt s¢lect a suitable
sample of females currently employed and averagie #mnual salaries.
This average would be our estimate for the ovensdrage annual salary
of females currently employed in Nigeria.

Running any business organisation requires staistiformation to be
obtained e.g. planning future sales targets reguyiest sales data to be
obtained; making up employees wages requires data €lock cards
to be obtained. Once statistical information isikade, it can be used
by managers to obtain the best results consisteéhttlhie objectives of
the organisation.

3.2.5 Data

Data are raw facts, unassembled and frequentlylatete to one
another. It relates to facts, events, transactas
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3.2.6 Information

If a data is processed in some ways, it becomesnmdtion. Then,
information can be defined as a collection of edgblaces of data.

Ways of transforming data into Information

0] By bringing related pieces of data together
(i) By summarising data

(i) By tabulation and diagrammatic techniques
(iv) By statistical analysis

(v) Final report

3.2.7 Types of Data
There are two types of data, namely: primary adsgary data.
3.2.8 Primary Data

This data is especially collected for the purpasenhich it is required.
This is the data that one collects by himself. Wag/ rmollect information
from the whole population or use sampling by iniggging only part of
the population. Primary data helps us to undersganydcuriosity that it
contains.

Methods of Collecting Primary Data

0] Direct Measurement: Where the information we require can be
measured or counted, we can arrange for ourselvesmeone
else to take the necessary measurements directiijouti
recourse to a third party influence. This method tie distinct
advantage that accurate measurements can be abtdinean
however, turn out to be very time-consuming andtlgos
misused. Furthermore, there are only certain measemts which
can be taken directly.

(i)  Experimentation: This is used more by the scientists than the
businessmen and is linked closely to the methoddioéct
observation. It is a method where a particularttnest is given
to the population or the people to determine tliecefit has on
the population e.g. applying fertilizer on diffetenrops to
determine their yields, determine the consumerdiab®ur
towards a new product due to advertisement etc.

(i) By Observation: This involves watching or counting events as
they happen and it is used primarily for traffimseses and in
work study. Collections of physical, chemical, bigical, traffic
flow etc. fall under this category. But in most essit would he

5
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(iv)

uneconomical and in certain circumstances inapiplecaFor
example, it would be ridiculous to follow peopleoand every
day to find out how often they clean their teeth.
Questionnaire: This method is mostly prominent in social
sciences. This is where an interviewer has a sejuestions
(the questionnaire) which he or she administers the
respondents (persons chosen to be in the sampta. i¥ a
method often adopted in town centres or when inggrers visit
the respondents’ homes or places of work. It hasatlivantage
that the results can be obtained quickly and réfiabue to the
high response rate obtained when using this meihadusually
considered the most effective way of obtaining détas method
is subdivided into three parts - by post, face&oef interview
and by phone.

3.2.9 Secondary Data

This is the data which had already been collectedidoor some other
agencies for a different purpose but which is @hvio our present
investigation. It is the data taken from some ofaeirces.

3.2.10 Sources of Secondary Data

Those produced by individual companies, loagharities, trade
union, pressure groups, labour research, finationls etc.
Through government statistics such Bederal Bureau of
Statistics (FOS), annual abstracts, ionat income and
expenditure register, employment gazette, busmesstors etc.

3.2.11 Problems Associated with Secondary Data

The major problem with secondary data is thahas not been
collected specifically for the purpose requiredisTheans that if we
are to use it, we must check to ensure we understdrat the
figures collected represent, that is, the poputatich we are
investigating the figures of, to the accuracy weuiee and
finally, the trustworthiness of the figures.

Is the information actual, seasonally adjustexstimated or
projected?

The reason for collecting the data may be vk,

The data may be incomplete.

3.2.12 Population and Sample

Non-statistician describes population as a groumpexple living in a
delineated territory at a specified time. However, statistical

6



DAM363 ECONOMIC STATISTICS

population covers a much wider field and does applypeople and
objects.

3.2.13 Population

This is the whole group of items or people we amecerned with. Then,
if one examines a small part of the group it islezhla sample. A
population can be finite or infinite; a finite pdation is the one in which
the number is countable otherwise, it is infinitg.ethe population
consisting the number of bournvita tins producea iday by Cadbury
Nig. Plc is finite while the population consistinfall possible outcomes
(heads or tails) in successive tosses of a confirgte.

3.2.14 Sample

If deciding that collection of statistical data fnoa whole population
IS inappropriate, time consuming and capital intensthen we need to
choose a sample. But the sample must be unbiasednasen from the
right population. How do we select our sample? M&vshniques of
sampling are in use. Meanwhile, before any tectenian be considered,
the situation, including limitations of cost anché, must be considered.

3.3 Methods of Sampling
There are four different methods of taking samfiies population.
0] Simple Random Sampling

A random sample is a sample selected in such athedyevery member
of the population has an equal chance of beingteelelt is a definite
method of selection aimed at eliminating bias asala possible. This
can be achieved by numbering every member of alpbpn, putting

their numbers in a bag, mixing the numbers toge#imet drawing out
numbers of those to be in the sample e.qg. raffldottery. Also, a

computer can be programmed to turn out a serigarafom numbers
which will identify the items to be used in the sden If a computer
cannot be afforded then, a table of random numtende used.

(i)  Systematic Sampling

This is a method used where we sample each itekfY atterval. It is
the sampling at regular intervals from an orderadh@ing frame.
Consider a sample of individuals drawn frompapulation of N
individuals by:

(@) choosing one individual at random
(b) choosing every % individual thereafter, returning to the
beginning of the list.



DAM363 ECONOMIC STATISTICS

When you have reached the end, k could be chos¥n.as

If a list of all items in a population exists (eajectoral register) or if
the population items are filed in order e.g. (imes/credit notes) then
systematic sampling may be used.

(i)  Multi-stage Sampling

If the simple or stratified random sampling is ddesed to be time
consuming and capital intensive then, multistagepdmg may be
used. In multi-stage sampling, we select a few axaich we believe
are representative of the population as a whole.thga take a random
sample within each of these areas, when the papuoléa well spread
out, particularly geographically. Simple random péng will result in a
dispersed sample. As an enumerator, you would fgbabject to
doing a grand tour of the area, asking questionsntf one particular
person in each place you visited. Some methodsem@ed to ‘narrow the
field down’ to a smaller area. Multi-stage attentptdo this without adversely
affecting the randomness of the result.

The first step is to divide the population into rageable, convenient
groups or areas. The process may be taken onee(@mra) stages
further to reduce the sample area to more manageablportions.
Finally, a simple random or systematic sample ballused to select the
eligible respondents.

(iv)  Cluster Sampling

This is a selection from randomly chosen groupsneighbouring
individuals. It is easy to confuse this with mudtage sampling as the
first-stage appears to be identical. The majoreddihce is that cluster
sampling is used when the population has not biséedland it is the
only way to obtain a sample. It is not used prilgaas means of
reducing costs.

(v)  Stratified Sampling

This is the act of dividing the sample frame intmfoverlapping subsets,
with proportionate simple random sampling from eaabset. In some
situations, it is possible to improve on simple dam sampling by
stratification of the population. This is partictiatrue where the
population is heterogeneous (i.e., made up of oigar groups) and
the population can be stratified into homogeneaasgimilar) classes.
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(vi)  Quota Sampling

This is non-random sampling of targeted sets aviddals. This is done
by specifying how many people or items within aa@ergroup you want
to be sampled (set a quota) and then collect data &nyone or anything
fitting into the required category until the quadilled. This method is
widely used by interviewers encountered in towntmes, streets and
market research. The main advantage of this methothat, if a

respondent refuses to answer the questions for r@agon, the
interviewer will just look for another person iretsame category.

(vii) Judgment Sampling

Here, an expert, or a team of experts, uses pdraagement to select
what a truly representative sample would be. Itately cannot be
called a random sample as it involves human judgemeénich
could involve bias.

(viii) Convenience Sampling

The most important factor here is the ease of selg@the sample.
No effort is made to introduce any element of randess. An
example of this is a quality controller who takiee first 50 items of the
production line as his sample. This is a dangenqusedure as any
fault in the process occurring after or before tlculd remain
unnoticed until the next sample is taken.

(ix)  Sampling with Probability Proportional to Size
This is a method of sampling in the first or secetaje of a multi-stage
sample. It is designed to ensure that the proliglol selection of a

sub-unit is proportional to the number of elemesftshe population
in the sub-unit.

3.4 Variables
A variable is a measurement which varies from oiévidual to another

or from one item to another e.g. the number of akiss in a set of
accounts, the weight of a steel bar, age, time etc.

3.4.1 Types of Variables
I Discrete Variables

These are variables which can only take whole numloe integer
values e.g. the number of people who watch a peatigpprogramme on

9
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the television, the number of people sitting for examination etc.
Generally, when we count things, the answers we aget whole
numbers, these are discrete variables.

i. Continuous Variables

These are variables, which can take any value mdhgertain range, so
a decimal or fractional value can be obtained famtimuous variables

e.g. the length of a bar, the time to produce diqaar item, the
temperature of a place at a particular time, voluswerage etc.

3.4.2 Types of Data
Discrete Data

It consists of numerical values in situations whene can make a list
of the possible values e.g. 1, 2, 3, 4.

Continuous Data

It consists of numerical values in cases wherg ot possible to make a
list of outcomes e.g. height, mass, time, weigbt et

Data can also be classified as either Qualitativ@uantitative.

(@) Qualitative Data

I Nominal

This consists of unordered 'either' or observaties Dead or Alive,
Male or Female, Cured or Not Cured, Blood group®,B or AB,

Pregnant or Not Pregnant; Infected or Not Infeeted

ii. Ordered Classifications

If there are more than two categories of clasdibcs, it may be
possible to order them in some ways: e.g. afteattnent, a patient
can be improved; the same or worse.

iii.  Ranked Data

In some studies, it may be appropriate to use ifleasons that can
be ranked e.g. patients with rheumatoid arthritisynbe asked to
order their preference for four dressing aids. Headthough

numerical values are assigned to each aid, oneotaassume they
behave as numbers. They are in fact only codebdst, second best,

10
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third best and worst. Another example is that auea of the patient
may be classified as being either ‘nil’, ‘mild’, wderate’, ‘severe’,
‘very severe’ on a rating scale may classify thégmd as being in
one of the grades I, II, lll, IV or V.

It is however, important that the use of numbergatmel categories
or grades is not taken to imply that a truly quatitte measurement has
been obtained; the numbers are being used purelyh&r ordinal
relationship to each other.

(b)  Numerical or Quantitative Data

I Numerical Discrete

This consists of counts e.g. numbers of babies b@rb000 women
in 3 years, number of customers who patronise ‘Bigg’s’ daily,
etc.

ii. Numerical Continuous

Such data are measurements that can in theonasti leake any value
within a given range e.g. gestation period, ovolafperiod, birth weight
of baby etc.

3.5 Errors

Statistical errors are majorly concerned with esting an uncertainty. It is
also concerned about the size, relative size amgren®f errors. Two
guestions are normally asked concerning statisicats.

() Are the errors always positive?
(i) Do these errors cancel out?

3.5.1 Statistical Errors

In statistical investigation, attempt is always edd estimate values or
guantities. Estimations such as the followings waur.

0] What is the average stock we are expecting thiskwieem a
particular company?

(i)  What is the profit that will be made in two years?

(i)  How many people will become Chartered Accountantsfive
years? These are always made before the actualrence of
any event. But, whatever it is to be estimated, isnsubject to
getting the wrong answer or prediction.

11
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3.5.2 Nature of Statistical Errors
(@) Bias

If the estimates of values are either consisteablpve or below the
correct or target value, then the tendency to ctenate or underestimate
is called bias.

(b)  Precision

Many results are usually collected or obtained ionsmstatistical
investigations. Consistency of these results with another would be an
indication of how good the estimates are. The cldseresults, the more
precision they are said to have. Precis®the term used to describe how
consistent the results are to one another.

(c)  Accuracy

Accuracy is used to describe how close a resutb ithe true target

value. It is however, important to note that prammsand accuracy are
not the same. A set of results could be very smtdaone another, but
despite that, it could be above or below the traleezand hence may not
be accurate.

3.6 History of Statistics

Some scholars pinpoint the origin of statistics 1662, with the
publication of Natural and Political Observations upon the Bill§ o
Mortality by John Graunt Early applications of statistical thinking
revolved around the needs of states to base pohcgemographic and
economic data, hence ggat- etymology The scope of the discipline of
statistics broadened in the early 19th centuryntdude the collection
and analysis of data in general. Today, statisticsidely employed in
government, business, and the natural and socealeEs.

Because of its empirical roots and its focus onliegfons, statistics is
usually considered to be a distinct mathematicanse rather than a
branch of Mathematics. Its mathematical foundatiaese laid in the
17th century with the development gfobability theoryby Blaise
PascalandPierre de FermaProbability theory arose from the study of
games of chance. The method of least squares wasdéscribed by
Carl Friedrich Gaussround 1794. The use of modesomputershas
expedited large-scale statistical computation, lzaslalso made possible
new methods that are impractical to perform maguall

12
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SELF ASSESSMENT EXERCISE
1. Briefly explain the following terms:

() Statistics error
(i)  Simple random sampling, systematic sampling

2. Differentiate between the following terms:

0) Sample and population

(i)  Quantitative and quantitative data

(i)  Data and information

4.0 CONCLUSION

This unit has served to demonstrate the relevahstatstical analysis,

how statistics can be used in many situations,hand you, as an analyst
in private, business, and public life can perfoseful statistical analyses.

5.0 SUMMARY

In this study, we have learnt that:

. economic Statistics is an applied statistics tovesocdconomic
problems
. sample can be distinguished from population andlifierence is

that population is the whole subject in consideratvhile sample
Is a subset of that population.

. the two sources of data collection are primary sswbndary.

. there are different sampling techniques such aglsimandom
sampling, systematic random sampling etc.

6.0 TUTOR-MARKED ASSIGNMENT

What are the advantages of primary data over secgmhta?
How can error be minimisad a statistical study?
Explain with examples two types of variables.

wh e
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UNIT 2 DESCRIPTIVE STATISTICS: MEASURE OF
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1.0 INTRODUCTION

This is one of the methods of summary statisticsufovarite data (i.e.
data basically concerned with a single quantity).

These measures assume that the variables or the mawided
concentrate at a point. They answer the arithmet@an, geometric
mean, harmonic mean, median and mode of the distiin

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. explain measure of location

. calculate the mean, median and mode for groupediagbuped
data

. enumerate the advantages and disadvantages of mmeabu
location.

3.0 MAIN CONTENT

3.1 Arithmetic Mean

If we have a list of items or values for a discredeiable for ungrouped
data, then the arithmetical mean is the simpleagespf the values. It is

calculated by adding all the values together aniditig by the total
number of values in our list.

15
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This is represented as

_ XX
X=—

n
Where n is the number of observations
If the observation occurs frequently then, it chestp

n
Where f is the frequency

=

Example 1

The heights in meters of 12 walnut plants, aftesrtty years growth are
4,5,6,3,7,2,8,5,3,4.8,4.5,7.2. 5.2 Tleamis

£X

X =

n
_4+5+6+3+7+2+55+48+45+72+51

12
= %2517
12
Example 2

The number of employees in 7 commercial banks igosas given as
4368, 4387, 4334, 4383, 4356, and 4369. Find tsam

Solution

_ zn

X = &=
n

_ 4368+4387+4697+ 4331+ 4383+ 4356+ 4369
7

=22 4370.14

Assumed Mean method

For an ungrouped data:
d

Mean = A +L
n

Where A is the assumed mean

16
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di is the deviation from assumed mean
n is the number of observations

Example 3

Using Example 2 above, compute the mean, usingnmassumean
method.

Solution

The value A must be chosen within the range ofdiven values for
easy calculation.

Here, let A = 4369

d=xi-A

X | 4368 | 4387| 4397 4331 4383 4356 4369 d

D -1 18 28 -38 14 -13 0 8

d
0 Mean=A +%

= 4369 +°
7
= 4370.14

Mean for Grouped: Discrete Data

If the data is given as a frequency table with diestries for individual
values or if the observations occur frequently then

Mean :z x

> f

Where f is the frequency or number of observations

Example 4

The table below shows the number of chocolates Hioug a super
market per day

=
N
w
N
o

X
F

w| o

17
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Find the mean?

Solution
Mean =x
_ Ox3+1x9+2x15+3x23+4x11+6%2
3+9+15+23+11+12
_ 164_ 5503
63

Mean for Grouped Data with Class Intervals

Here, to calculate the mean we start by adjustiegriterval so that they
are the equivalent of continuous intervals. Havidgne this, we
encounter the problem which always arises with peoudata, because
we do not know the exact value for each result nnirgerval. This
makes it necessary to approximate and this is dgresssuming that all
values in an interval are at the mid-point of thieival.

Example 5

The data below shows the weight (kg) of 20 studengsclass. Find the
mean weight.

Weight (kg) 46-50 | 51-55| 56-60| 61-65
Number of students 7 5 6 2
Solution

f
Mean = % fx
Weight | f X fx
46-50 7 48 336
51-55 5 53 265
56-60 6 58 348
61-65 2 63 126
20 1075
_ 1075
2C
= 53.75kg

18
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Assumed Mean Method of Estimating Arithmetic Mean

The technique involves the use of the formula

— fd
Mean (x) = A+ ZZ:: :
Where'd’ is the deviation from the assumed mean
‘A’ is the assumed mean, which may be taken withinoutside the

distribution. However, it is better to choose traue of A within the
distribution.

Example 6

Use the data in example 6 above to compute the msiag assumed
mean method.

Solution

Choose the assumed man to be 35.

Mid-
Speed Vkm/h f Point x d=x-A fd
10-20 32 15 -20 -640
20-30 38 25 -10 -380
30-40 63 35 0 0
40-50 29 45 10 290
50-60 38 55 20 760
200 30
= A+ > fd
> f

=35+ 32 - 35.15km/h
20C

Coding Method of Estimating Arithmetic Mean

The technique involves the use of the formula:

x =A {%}c
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Where A is the assumed mean
C is the class width or size

X—A
C

P=

Example 7

Using the data from the example above compute #nusing coding
method.

Solution
Mid- B _X=A
Speed Vkm/h| f Point x D=x-A c fp
10-20 32 15 -20 -2 -64
20-30 38 25 -10 -1 -38
30-40 63 35 0 0 0
40-50 29 45 10 1 29
50-60 38 55 20 2 76
200 3
- f
x=A+ —Z P C
Do f

Let the assumed mean be 35

A=35 |3 f=2003 fp=3c=10

x=35+| > o
200

= 35+0.15
= 35.15km/h

Example 8

The lengths of steel bars produced by Eldorado Nig.over a period
are given in the table below:

Length(m) | <6 | 5x<15 | 16x<15 | 15x<20 | 2Gx<25 | >25

Number 4 | 22 27 32 68 | 3
produced
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I Estimate the mean using
. Simple method
iii.  Assumed mean method
V. Coding method

Compare your results

ECONOMIC STATISTICS

Solution
Length No. Mid _ P= x-A
(m) prod. F| Class x Fx | D=x-A1 DI C fp
<5 4 2.5 10 -15 -60 -3 -12
5<x<15 22 7.5 165 -10 -220 -2 -44
10<x<15 27 12.5 | 337.5 -5 -135 -1 -27
15<x<20 32 17.5 | 560 0 0 0 0
20<x<25 68 22.5 | 1530 5 340 1 68
>25 3 275 | 825 10 30 2 6
200 2685 -45 -9

0] Simple Method:

Mean=

2685

> fx
> f

=——=17.21

(ii)

15¢€

Assumed Mean Method

Let the assumed mean A=17.5

fd
1 Mean :A+Z

=175 +{_45
156

> f

Coding method:

Let the Assumed Mean =17.5,c=5

} =175-0.289=17.21

f _
Mean=A + {M}C= 17.5+L—5ﬂ5 =17.5-0.2890=17.21

> f

Using the three methods the mean is the same.
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Advantages of Arithmetic Mean

I It is easy to compute
. It has determinate exact value
lii.  The calculation is clear and precise

\Y2 It uses all the items in the data in its caddian
V. It provides a good measure of comparison.
Vi. It can be used for further statistical calcidas or processing.

Disadvantages of Arithmetic Mean

I It cannot be obtained graphically except if tlggaph is
symmetric.

. If some values are missing it cannot be caliada

iii. It can be distorted by extreme values in tirtbution.

iv. ~ The mean may be significantly affected by tmelusion of
mistake in the observation.

Geometric Mean
This can be calculated using the formula below:

fm

G.M=x"%"..x,
When n)’ f

Example 9

Find the geometric mean of the following data 3%,

Solution
G.M. = 1/3x2x6x4
=%/144= 3.46

Harmonic Mean

Consider n observation xx,, .... X
HM. ="

>

1
i=1 )ﬂ

22
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For Grouped data

aH

Find the harmonic mean of the following data 3,24

Example 10

Solution

HmM=-"_ = 4 -

>

1
i=1 )ﬂ

1,11
3 2 6
Relationship between Arithmetic, Geometric and Harnonic Mean

The relationship that exists among them is H&&.M.<A.M. This
inequality could be verified using a set of data.

Example 11

The number of times a patient takes a prescribad dver a period of
days is given in the data below; 3,5,2, 6. Complugearithmetic mean,
harmonic mean and geometric mean. Hence, comparagsults.

Solution

: : > x
Arithmetic Mean (A.M.) ==
= 3+5+2+6

N

=16=4
4
Geometric Mean (G.M.) ®/x,,%,,%;, %,

= 3/3x5x2x6
= 3.66
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Harmonic Mean (H.M.)—nn1 =1 4
- T+ S+ T+ =
i=1 )ﬂ 3
4
36
3C
=4x2-333
36

From the results above it is obvious that H.M. <GMM.

The equality holds i.e. H.M. = G.M. = A.M., onlyal the items in the
data are equal or the same.

Root Mean Square (R.M.S)

If n is the number of occurrence of a particulanalale x i.e. X, X...Xp.
Then the root mean square

Example 12

Find the root mean square of the heights in f& students in a class-3
2,4,6,7

Solution

2 2 2 2 2
R.M.S:\/?' *2 “;”3 *3
= /228 = 4.775

3.2 Median

This is the item that divides the set of data iwto equal halves. It is
the middle item. However, the data must be arramgeither ascending
or descending order of magnitude. If a set of deta odd number of

. . N+ .
observation then, the median item N 21) item where n is the

number of observation. But for even number of itethe median is the
average of the two middle numbers after ordering.
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Example 13

The heights of girls in a class are 3, 2, 4, B,%3nd 6
Since this is an odd number of items i.e. 7

th
0 The medianth item -—(% item
:ﬂ =4
2

01,2, 3,34,5,6

Then, the median = 3

Example 14

Find the median of the following data
.e.8,3,52,6,7,3,9

Solution

Ordering the data gives:
2,3,3,56,7,8,9

This is an even number of items

Then, count 4 from the first and from the last isem

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

[0 Median :126

:2:5_5
2

Median for Grouped Discrete Data

If frequency table is provided for a discrete vialgawhere the table has
frequencies for individual values, then compute tbhemulative
frequency. If the total number of values, n is ottt median value is
the value for which the cumulative frequency festeeds or equals:

N+1
2
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But if n is even, the median is the value for whicimulative frequency
first exceed N/2. If the cumulative frequency egh& for a value, this
means that the median is half-way between thisevahd the next value.
Example 15

The scores in a test by 55 students are givereitatble below:

No of students 0 1 2 3 4 5 6
Score 3 8 20 14 6 3 1
Find the median.
Solution

X Frequency Cumulative frequenaqy

0 3 3

1 8 11

2 20 31

3 14 45

4 6 51

5 3 54

6 1 55

Since Nis odd i.e. N =55
0 N2+1=55+1 08

Then, the value OJNTH is first exceeded by the figure for 2 marks

Then, the median is 2 marks
Example 16

The numbers of items sold in a supermarket ovearag of 40 days are
shown in the table below:

Iltems Sold 0

=
N
w
gl

NO1

No of Days 1 3 16 11

Find the median of number of items sold.
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X Frequency Cumulative frequenaqy
0 1 1
1 3 4
2 16 20
3 11 31
4 5 35
5 4 40

Here N =40 is even

o N_-49_5

2 2

Then, the value of N/2 is half way between 2 and 3
[0 Median diameter L'-“,ZZ—3 :g =25

Median for Grouped, Discrete Data, with Class Inteval

This can be done using formula method i.e. intexjiah and also by
graphical method. But these methods may waste y@aious time. The
formula below is applied after identifying the medliclass that contains
the middle observation.

Median = Iy + {@}xc

median

Where, Ly = lower class boundary of the median class
N = number of items.

(z f), = sum of all frequencies of the class/classes fowe
than the median class.

fmedian = frequency of the median class
¢ = size of the median class.
Example 17

The table below shows the weekly profit in nai@ira minimart

Weekly profit (N) | 1-10 | 11-20 21-30 31-40 41-50 51-6
Frequency (f) 6 6 12 11 10 5

Find the median weekly profit.

Solution
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Here, N =50 i.e. even
0 N/2 =50/2 =25

The class 31-40 first exceeded N/2 in the cumwdiigquency column
0 The median class is 31-40

Weekly profit f Class Boundaries  Cumulative Fremmye
1-10 6 0.5-10.5 6
11-20 6 10.5-20.5 12
21-30 12 20.5-30.5 24
31-40 11 30.5-40.5 35
41-50 10 40.5-50.5 45
51-60 5 50.5-60.5 50
50

L, =30.5, N =50, E f),= 6+6+12 = 24, fegian= 11 c = 10

NZ-> f
0 Median = Q{@]xc

median

=30.5 +(N/2—_24)>do
11

=305+0 =31.41
11

The Median weekly profit is N 31.41
Example 18

The annual salaries (N'000) of the employees of omngany are
summarised in the table below:

Salary| 5<x<10 | 10<x<15 | 15<x<20 | 20<x<25 | 25<x<30 | 30<x<35

Freq. 22 30 41 15 17 15

Calculate the median salary

Using formula method

Solution
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Here, the boundaries have been set, then, theraoisneed for
constructing a new set of class boundaries.

Salary Freq Cumulative
5-10 22 22

10-15 30 52

15-20 41 93

20-25 15 108

25-30 17 125

30-35 15 140

140
N =140

00 Nis even therl¥/2 =92 = 70

Therefore the interval 15-20 exceeded N/2, whiclamsethat 15-20 is
the median class.

N = 140, 1 = 15, (z f), =22 +30 =52, fcgian=41,Cc =5

140/ _ 5o
O Median = L4+ (yi—l)x5
=17.20
The median salary isIN, 200

Advantages of Median

0] It is easy to determine

(i) It can be obtained graphically

(i) It gives a clear idea of the distribution thfe data

(iv) It can be calculated in some cases where medrmode cannot

(v) Itis a measure of rank or position.

(vi) It is unaffected by the presence of extremdues in the
distribution

Disadvantages of Median

M The statistical properties are difficult to denine

(i) Itis not useful for further statistical callegions

(i) It may require rearrangement of the data ined. This may be
difficult if large population is required.

(iv) It may not be representative if there are fiata.

3.3 Mode
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This is the item that occurs most in a set of datlist of items. It is the
item or value that has the highest frequency.

Example 19

Find the modal itemin 2, 2, 3, 2, 3, 4, and 2

Solution

The item that occurs most is 2 and hence the mo2lebamodal values
occur when two or more figures have the highesjueacy. Then, the
mode is obtained by taking the arithmetical meatheftwo values.
Example 20

Find the mode of the data below 2, 3, 3, 4, 2,8,3, 4, and 4

Solution

The numbers 3 and 4 have the same frequency andielguency is the
highest

Then, Mode % :%4 =35

If a frequency table for a discrete variable isvided and that the table
has frequencies for individual values, then the enmdthe number that
has the highest frequency on the table. But if twenore numbers have
this highest frequency, the mode is obtained byntakhe arithmetic
mean of the values.

Example 21

The table below shows the number of accident ooaa per day and
this is observed for five consecutive days. Firertiode.

Days 1 2 3 4 5
Freq 10 11 18 3 2
Solution

30



DAM363 ECONOMIC STATISTICS

The mode is simply 3 because it has highest freguen

Mode for Grouped, Discrete Data with Equal Class Itervals

To determine a value for the mode here, we mudirstt determine
which interval has the highest frequency. This &led the modal
interval or modal class. Then the formula belowssd.

ModeZLl{ B, }xc
A +A,

Where, L is the lower class boundary of the modal class
A, is the excess of modal frequency over the frequeaf immediate

lower class i.eA; = f-fma
A, is the excess of modal frequency over the frequefidmmediate
Upper class i.ep, = f-fne1 C is the class width or size.

Example 22

The frequency distributions of storm duration (imuotes) are based on
data appearing in the article “Lighting phenomegglon the Tampa
Bay Area”. Use the data to estimate the mode.

Storm duration 0-25 25-50 50-76 75-100 100-1p5
Single Peak(f) 3 6 17 15 9
Solution

Here, the class boundaries have been set. Thereroiseed of
constructing the class boundaries

The highest occurrence of storm duration is 17
Then, the modal class = 50-75

L, =50,A, =17-6=11A,=17-5=12,c =25

0 mode = Ll{ 4, }xc
A +A,

:50+{ 1 }X25
11+12

=61.96
Example 23
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The table shows the wage of the 50 employees irbédaale Nig. Ltd,
and the number in respective wage group.

Weekly Wage ] ] ] o ]
(N'000) 5-9 | 10-14| 15-19 20-24 25-29 30-34
Number —of g 11 | 15 8 6 4
Employee

Estimate the modal weekly wage using;
Formula Method
Graphical Method

Solution
Weekly  Wage Number  off Mid WW(x) | Class Boundaries
‘O00ON employee (f)

5-9 6 7 4.5-9.5
10-14 11 12 9.5-14.5
15-19 15 17 14.5-19.5
20-24 8 22 19.5-24.5
25-29 6 27 24.5-29.5
30-34 4 32 29.5-34.5

50

The modal class is 15-19

a modezl}_{ A, }xc
A +A,

=145 +[ ol }

X
15-11+15-8
= 14.5+{i}x5
11
=16.32
Advantages of Mode

I It can be obtained graphically
. It is not affected by extreme values
iii It is easy to understand and compute

\Y2 If a mode exists, it is certain to have a vathat was actually
observed

V. The data does not need any ordering before nuate be
obtained.

Disadvantages of Mode
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I It can be a very poor average if the data issyotmetrical
. It is not an ideal measure of central tendescie
iii. It is not useful in further statistical prossg

Iv. It does not make use of all the values in tisgrithution

V. Its statistical properties are difficult to detene

Vi. It may not be unique because two or more valuag be equally
frequent.

Example 24

In Wahum Nig. Ltd. dry cells are usually subjectedest before been
transferred to sales department. The life spanidur) of 50 dry cells
subjected to this test are shown in the table below

38.2 46.7 463 351 305 413 492 379
369 413 30.2 539 428 53.2 539 455
457 475 424 36.6 40.6 544 423 43.8
48.2 49.9 463 389 46.9 416 33.8 452
41.3 435 524 382 416 36.3 356 50.3
38.3 51.2 469 384 326 329 374 540
39.4 375

a. By using tally method construct a frequencyritigtion table
having class interval of 30 but less than 35, 36léss than 40
and so on for the data.

b. Estimate

0] Arithmetic mean

(i)  Geometric mean

(i)  Harmonic mean

c.(il Using formula method: determine the mediam anodal life

spans.
(i)  Draw an ogive and histogram to verify your ués.

Solution
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a.
_Class Tally | Freq (f) X fx Cum. Freq
interval ' [
30-35 | H{ 5 325 | 162.5 5
35-40 | HHHII 14 375 | 525 19
40-45 | HHHI 11 425 | 467.5 30
45-50 | HHHHI 12 475 | 570 42
50-55 | il 8 525 | 420 50
50 2145
: : . f
b. 0] Arithmetic Mean —%‘ fx
=215 409
5C
(i) Geometric Mean =/325°x375" 425" x475%x525°
= §/2.45318627610°"
=42.44
(i)  Harmonic Mean % where; an
B 50
-5 14 11 12 8
+ + + +
325 375 425 475 525
- 50
0.13¢+0.373%+ 0.258¢ + 0.2586+ 0.252€ + 0.152¢
:224198
1.191
NZ-> f
C M Median = Iy +[(é%z)1)]xc
median

34

Here, the median is 40-45 i.e. it first exceeded
Ni2 =302 = 25
O Ly=40, O f), =14+5=19,c=5

F,=11
50/ _
00 Median = 4O+(/i—119)x5

=42.73

Mode:Ll{ A, }xc

A +A,



DAM363 ECONOMIC STATISTICS

Here, the modal class is 35-40 i.e. it has the dsgh

frequency

0 L;=35,A, =14-5=9,A, = 14-11=3
C=5

Mode = 35+[—? }xs

=38.75

SELF ASSESSMENT EXERCISE

Find the mean, median and mode of the following dat
2,2,3,2,3,4,2.

4.0 CONCLUSION

Measures of central tendency such as mean, modanaaithn were
discussed with quite a number of illustrations lbetter understanding.
Formulas and computation methods for calculationth&f mean and

others were developed and demonstrated for groapeldungrouped
data.

5.0 SUMMARY

In this unit we have learnt:

. how to calculate mean, median and mode for grouped
ungrouped data

. the advantages and disadvantages of mean, medianaie

. the relationships that exist among Harmonic, Arighio and

Geometric mean. i.e. H.M.<G.M.<A.M.
6.0 TUTOR-MARKED ASSIGNMENT

1. The following figures were extracted from personetords of
workers in a state civil service in Nigeria. Théleashows the
number of employees and the number of times theerabd
themselves from duty in a particular year.

No of days absent 1-5 6-10 11-15 16420 21:25 26-30
No of employees 620 874 150 204 101 80

Using the above data estimate the
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®oo o

N

a(i)
(ii)

b.

7.0

Arithmetic mean (using assumed mean method)
Geometric mean

Harmonic mean

Median of the distribution

Mode of the distribution

The following are the percentage vyields from 40srwf a
chemical process, taken from J.S. Hunter's arti€lne
Technology of Quality” (RCA Engineer, May/ June 598

65.6 67.5 68.2 735 727 69.0 70.8 69.9
65.6 67.8 68.3 70.6 704 720 709 714
66.2 678 742 693 69.1 70.0 69.5 68.3
66.8 68.0 70.7 728 726 689 69.8 69.7
67.2 68.0 695 70.6 71.2 717 713 69.7

Construct a frequency distribution from the tadausing

approximate class interval.

Using your data, estimate Arithmetical mean,

Harmonic mean and Geometric mean. Hence, investigadyl. <
G.M.<AM.

Draw a cumulative frequency curve from the data.
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1.0 INTRODUCTION

After obtaining a measure of location where, oe tiverage, the
distribution lies, such as the mean or mediannex begin to wonder
about the variability of the distribution and lofik some numbers that
can be used to measure how spread out the datlmanany instances,
the dispersion of the data is of at least as motgrest as is the mean.

If measures of location are used to compare twe geéach data, there
may be difference in the extent to which their ealspread around the
central or mean value. Measures of location cadmstinguish between

the sets in such cases. Hence, measures of dmpars applied.
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2.0 OBJECTIVES

By the end of this unit, you should be able to:

. explain what measures of dispersion are

. calculate, based on measures of dispersion and) w&Enous
methods on both grouped and ungrouped data

. list the advantages and disadvantages of the neasir
dispersion.

3.0 MAIN CONTENT

3.1 Definition of Dispersion

Dispersion is the degree to which a numerical tiztd to spread about
an average value. Measures of dispersion are eefféoras the spread of
a set of data. When mean or average is in focus tther variables, it
Is called measures of dispersion.

3.2 Range

The range of a set of numerical data is the diffeeebetween the
highest and the lowest values. It is the ‘spreadwalth of the data.

Advantages of Range

a. It is easy to calculate
b. It is the simplest possible measure of spread
C. It may be useful for further statistical calculaiso

Disadvantages of Range

It depends on extreme values. So it is suscepbhbdeld results

It only uses two values-the remaining data is igdor

It cannot be used to calculate open-ended distoibut

It cannot be used with grouped data, since it iggaothe
intermediate values.

apop

3.3 Interquartile Range

This is the difference between the upper quarhkklawer quartile i.e.

Q1=Q3-Q
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3.3.1 Semi-Interquartile Range or Quartile Deviatim

This is the half of the interquartile range. Thésotherwise known as
guartile deviation.

Qs =72 [Q-Q]
Example 1
The marks scored by 7 students in a test are:
3,7,2,10, 2 and 6.
Find the range?
Solution
Range = 10-2=8
Computing Quatrtile for Grouped Data
[Iji -> fi}c

q

Qi=Li_ where | =1, 2,3,4.

L; = Lower class boundary of the quartile class
N = Number of observations

z f. = Cumulative frequency just before the quartilessla

c = Size of the quartile class
fq = Frequency of the quartile class

Advantages of Quartile Deviation

a. It is easy to understand

b. It is unaffected by the presence of extreme valuesthe
distribution

C. It is half the range of the middle 50% of values,istells us

about the spread of the middle values.

Disadvantages of Quartile Deviation

a. It does not make use of all the items in the daia ifs
computations

b. It is not suitable for further statistical analysis

C. It is rather awkward to calculate

d. It may not be representative if there are few data.
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Example 2

The number of new firms commencing trade per moirth a
metropolitan district was recorded each month year as: 4, 2, 5, 2, 3,
6,8,3,2,4,6

Determine the following (i) Range (i) Interqtibr Range
(i) Semi-Interquartile Range

Solution
Re-order the data:
2,2,2,3,3,4,4,5,5,6,6,8

Range = 8-2 =6
Interquartile Range = £0Q;

Qs is the number ianlZ: 9= Q;=5

Q is the number ir%)d2: 3= Q=2

0Q=x-Q
=5-2
=3

Semi-Interquartile Range = %2 {@,)
=1 (5-2)
=15

Example 3

The numbers of applicants for different posts atised in a company
are recorded in the table below:

Applicants 6-10 11-15 16-20 21-25 26-30
Frequency 10 13 42 24 11
Determine (i) Range (i)  Semi-interquartile Range
Solution

0] Range = Upper class boundary of the highest-
Lower class boundary of the lowest class
=30.5-5.5
=25
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Cum. Class
Applicants | Freq. Freq. Boundaries
6-10 10 10 5.5-10.5
11-15 13 23 10.5-15.5
16-2 42 65 15.5-15.5 |
21-2 24 89 20.5-25.5 |
26-30 11 100 25.5-30.5

The Q position is ¥4 of 100 = 25
Then, the T quartile class is 16-20

- 15.5425-23

fq

5

0 QL= L1+wc = 15_54%5
42

=15.74

Also Q; position is % of 100 = 75

Then, the 3 quartile class is (21-25)

0 Q= Ls +Mc3 =205 +(3/4X12‘3°' 65)5 - 20.5+2.08

0 Q,;=22.58

Then, the Semi-interquartile range %2{Q]
=1, [22.58-15.74]

Example 4

=3.42

The lengths, to the nearest millimeter, of 100 wsrerere measured and
recorded in the table below:

o4

Length (mm) 25-29 30-34 35-39 40-44 4549 50-

Number of Screws 5 12 34 20 15 14

You are required to use your data to compute:

. Range

. Median

. Interquartile Range and hence, Quartile Deviation

. Prepare a cumulative frequency table for the daid laence,
draw an ogive curve for the distribution.

. Using your curve, estimate median and quartile aten.

. Compare your results with values obtained above.
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Solution

Applicants | Freq Mid. Cum. Class

" | Length x | Freq. | Boundaries

25-29 5 27 5 24.5-29.5
30-34 12 32 17 29.5-34.5
35-39 34 37 51 34.5-39.5
40-44 20 42 71 39.5-44.5
45-49 15 47 86 44.5-49.5
50-54 14 52 100 49.5-54.5

TOTAL 100

0] Range = Upper class boundary of the highessela
Lower class boundary of theskeclass

N-» f
(i)  Median = L1+%—Zl)c = 34.5+

=545-245=30

median

=39.35

(i) N; =100 =25

Then, the T Quartile class is (30-34)

OQ=L+ (%Nf_z—fl)c = 29.5+—(10%_5)5

=37.83

_3x00_ .,

4

q

Then, the 8 Quartile class is (45-49)

I N=-f 3x10 -7
Q3 = L+ MC = 44.5+( ]% ])5

= 45.83

3

09, -17),

12

42

Interquartile Range = £0Q,
= 45.83-37.83

=8

Quartile Deviation = %2 (8)
=4
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3.4 Mean Deviation (MD)

It measures the average spread of values from ritlem&tic mean.

Mean deviation is referred to as the average amioymthich a value in

a distribution differs from the arithmetic meanisltotherwise known as
mean absolute deviation.

I For Ungrouped Data

M.D. = M
n
. For Grouped Data

o = 2 el

> f

Features of Mean Deviation (MD)

a. It is easy to understand

b. It is straightforward to calculate

C. It cannot be distorted by extreme values

d. It makes use of every value in the distribution

e. It cannot be used for further statistical procegsin
Example 5

Find the mean-deviation of 8, 7, 11, 6, 16, 4, Ahd

Solution:
Lo 8+7+11+46+16+4+11_ 63 _
7 7
=22/ =
% 11
Example 6

Calculate the mean-deviation of the distributiotote

Class 10-15 15-20 20-25 25-30

Frequency 3 2 4 1
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Solution
Class Freg.(f) | X FX IX-x| fix-x|
10-15 3 12.5 375 6.5 19.5
15-20 2 17.5 35.0 1.5 3.0
20-25 4 225 90.0 3.5 14.0
25-30 1 27.5 27.5 8.5 8.5
TOTAL 10 TOTAL 190.0 TOTAL 45
- f

Mean, x= % fx

= @ =19

1C

3.5 Variance

Variance makes use of the sum of the squares aatilaws from the
mean. The more variation there is in the x-valties,larger will be the

value ofw

Or Variance M
n-1

Note

I Using the divisor n

It is appropriate in two cases:

a. When the valuesxx,... X, represent the whole population

b. When the valuesxx,... X, represent a sample from a population

and we are concerned about the variation withirsdmaple itself.

Then, the variance is denoted by:

0t =23 -5 |

nii=

If X1, X, ..., X represent a sample of data thehjs called the sample
variance.
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If X1, Xo,..., X, represent the entire population thesy, is called the
population variance.

. Using the division n-1

This is used when (X %... X, represent a sample from a given
population and we are concerned about the variatidhe population.

The sample variance is denoted¥yro?,

N

2 = 182, + stﬁz

N, +N

3.6 Standard Deviation (SD)

This is the positive square root of the mean of ggeared deviations
from the arithmetic mean of the distribution. lailso the square root of
the variance. Standard deviation is used wideltatistics as a measure
of spread.

3.6.1 Features of Standard Deviation
I. It makes use of all the values in the distribution

. It is the best measure of dispersion
iii. It corrects the mathematical inaccuracy of the nasanation

\Y2 It is the most prominent measure of dispersion

V. It can be used to determine the sample size tonatdi the
standard error of the sample mean in significaase t

Vi. It is difficult to compute when a grouped distrilaut has unequal
interval or open ended class.

vii.  Itis the basis for further statistical development

viii. It can be distorted by extreme values

IX. It is almost impossible to visualise what the stadddeviation

figure represents.
3.6.2 Computing Standard Deviation

0] For Ungrouped Data
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(i)  For Grouped Data

f

fx? (z fx)
2

Example 7

The numbers of patients who visit a clinic on 5 kvdays are as
follows: 7, 6, 3, 4, and 10.

Compute the mean deviation and hence, standardtamvior the data.

Solution
Meanxz /FB+3+4+10
5
i) e 6
5
X Fx |x- x| flx- x|
3 -3 3 9
4 -2 2 4
6 0 0 0
7 1 1 1
10 4 4 16
TOTAL 10 30

. X=X
Mean Deviation L
n

_lo_,
5
Standard Deviation = M
> f
_ [30
5
=J6= 2.45
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This shows that the mean deviation tends to giveingoression of
smaller dispersion as compared to the standarati@vi

Example 8

The weights to the nearest kg. of a group of 5@estts in Yaba College
of Technology are given below:

65 70 60 46 51 55 59 63 68 53
47 53 72 63 67 62 64 70 57 56
73 56 48 51 58 63 65 62 49 64
53 59 63 50 48 72 67 56 61 64
56 52 49 62 71 58 53 69 63 59
@ () Prepare a grouped frequency table withsciaterval
45-49, 50-54, 55-59, etc.
(i)  Calculate the standard deviationhad tlistribution
Solution
Class Freq | Mid
interval | Tally | (f) |Class (x) | Fx X-X | (x-X)? | f(x- x)°
45-49 | | 6 47 282 -12.1 | 146.41| 878.46
50-54 | HHIIN 19 52 468 -7.1 |50.41 | 453.69
55-59 | HHH] |11 | 57 627 -2.1 |4.41 | 4851
60-64 | HHHII | 12 | 62 744 2.9 [8.41 |100.92
65-69 | | 6 67 402 7.9 |62.41 |374.46
70-74 | ] 6 72 432 12.9 | 166.41| 998.46
TOTAL 50 | TOTAL |2955 TOTAL 2854.5

Mean =x = 2

> f
2955 _

5

Standard Deviation = M

591

> f

/28545 - 756
50
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Example 9

The table below shows percentage yields from 43 miha chemical
process, taken from J.S. Hunter's article ‘The tedbgy of Quality’
(RCA Engineer, May/June 1985).

Yields 50-54 55-59 60-64 65-69 70-74

Frequency | 6 10 15 4 5

Estimate the standard deviation using a short-aihad.

Solution

Yield F X d=x-x | fd fd?
50-54 6 52 -10 100 -60 600
55-59 10 57 -5 25 -50 250
60-64 15 62 0 0 0 0
65-69 4 67 5 25 20 100
70-74 5 72 10 100 50 500
TOTAL |40 TOTAL 250 -40 1450

Let the Assumed Mearx = 62

- %’—(—1)2 = /3525 = 5.94

Example 10

The table below shows the distribution of length®i-outs of timber
over a period.

|(_fmn)gth 0.Xx<0.3| 0.3xx<0.4 | 0.4<x<0.5| 0.5<x<0.6 | 0.6<x<0.7
Frequency 6 18 10 12 “
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Use the coding y X~ 045 to facilitate the calculation of the standard

deviation.

Solution
Length (xm) | Freq ()| X Y Fy y |ty
0.Xxx<0.3 6 0.25 |-2 -12 4 24
0.3x<0.4 18 035 |-1 -18 1 18
0.4<x<0.5 10 045 | 0 0 0 0
0.5<x<0.6 12 0.55 1 12 1 12
0.6<x<0.7 2 065 | 2 4 4 6

2
Standard Deviation = z fy’ —(z ny
AR
_ [60 (-14Y)
(53
= 1/125-0.0851
=+/1.1649= 1.08

3.7 Comparison of Measures of Dispersion

The most commonly used measure of dispersion is stamdard
deviation and this is simply due to its further kggiions in statistical
process. However, all the measures increase inasizibe data values
become more spread. The range is sometimes usetjagk method
for finding spread but it is only applicable toewfdata values. The least
used is the mean deviation. Finally, whenever meased as a measure
of location, standard deviation is usually quoted.

3.8 Decile and Percentile

3.8.1 Decile

This is where the number of observations is divided ten parts after
ordering i.e. arrangement in ascending or descgndinder of
magnitude. It is denoted by, [D,, Ds,..., Do.

3.8.2 Percentile

These are the numbers dividing the data into 106 @dter ordering.
They are represented by, P, P;, ... Py. The values of 5@percenti|e,
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25" percentile and 75percentile represent the median, lower and upper
percentile or quartiles respectively.

The two can be represented mathematically as:

Decile = |_1+wxc

Percentile :g+wxc
P

Where; Ly = the lower class boundary of either the decilp@nrcentile
class as the case may be
N = Number of items in the data
z f,= Cumulative frequency just before the decile aceetile

class
fq = Frequency of the decile class
f,=Frequency of theercentile class

Example 11

The data below shows the heights of maize in (rahteld over a given
period of time: 2,11,19,27,6,9,15,13. Using theadatovided, estimate
the 3% 5" and &' deciles and the 3550" and 7%' percentiles.

Solution

(i)  Dshas the position 2 _(n+1)"
:f,_o-(g_l_l)th
= 3%term
0D;=9

(i)  Ds has the position 1:56(9+1)th
=5"term
(i) Dg has the position =186(9+1)th

= 8" term
Dg =20
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(i) P,s has the position :120—5c(n+1)th

= §(9+1)th

10C

=2.8"term

U Pys

_6+9

15

=2=75

2

P;s has the position =17O—5c(n+l)th

= E(9+1)th

10C
U Py

02619

P25 -

Example 12

_6+9_

_19+20 _15

y

=7

11,

5

=19.5

13,

ECONOMIC STATISTICS

15, 19, 320, 27
v
‘= 1942-20 ~195

The datarepresents the number in ‘000 of households, in Nigeria
receiving local authority help or home care serwice

Class
interval 11-15 | 16-20 | 21-25 | 26-30 | 31-35 | 36-40 | 41-45
(age)
Freqg. (f) 4 15 12 11 15 14 9

Using your data, determine

a. 7" decile
b. 60th percentile

Solution

Prepare a class boundary and cumulative frequenble tfor the

distribution.
Class Boundaries F Cum freq.
11-15 10.5-15.5 4 4
16-20 15.5-20.5 15 19
21-25 20.5-25.5 12 31
26-30 25.5-30.5 11 42
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31-35 30.5-35.5 15 57
36-40 35.5-40.5 14 71
41-45 40.5-45.5 9 80

.. 7
Position of D =| — f
2={35)2
= 7 %80
1C

=56

Then, the class interval for;[s (31-35)
L, =305 N=80> f =42,§-15

iN/ _
Decile = |_1+wxc

{7x80 - 42}
305+ 10 Iy

15
=35.17
Position of the 66 percentile 2%2 f
_ 60 80
10C 1
=48

The, the class interval fog§is (31-35)

0 L =305,N :80,2f1 =42,f=15

iN _
0 Percentile = |+ ll 402 2 flIxc

p

[60x80 - 42}
—3054+ 100 .5

15
=305 +148742 5
15

=325
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3.9 Coefficient of Variation (COV)

This is a relative measure of dispersion and tleeebtherwise called
coefficient of relative dispersion. It is basicallged for comparison i.e.
enables us to compare the dispersion of two digtobs in widely
different units e.g. yearly output of two factoripsoducing different
commodities; change in temperature over a periodiroé in two
countries; imported goods into two different coiedretc.

The standard deviation alone does not measuraveelaariation. For

example, a standard deviation of $ 1 would be clamsed large if it is

describing the variability from store to store e tprice of an ice cube
tray. On the other hand, a standard deviation oiv§tld be considered
small if it is describing store-to-store varialyliin the price of a

particular brand of freezer.

COV can be expressed mathematically as:

COV :StandardDewatlonx 100
Mear 1
_ 0,100
X 1
Example 13

A standard deviation cEN) per day on a mean daily wage-809 will
be insignificant. However, a standard deviatiodNd0 on a mean of
N 40 daily wage is a very serious variation.

Solution

For the two situations:

A: x =300 o =N10
CovzgxlOO: 10 100
x 1 30C 1

= 3.33%
B: x =40 o =N10
1 cov = 7,100 _10 100
x 1 40 1

= 25%
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This shows that the variability of data B is higliean that of A. This
implies that the wage differences in data B areswitlan that of A.

SELF ASSESSMENT EXERCISE
Consider the following data 8, 7, 11, 6, 16, 4, 11

Find (i) range (i) mean-deviation (iii) variancand standard
deviation

4.0 CONCLUSION

Measures of dispersion such as range, standardtaeyiand variance
were discussed with quite a number of illustratioRermulas and
computation methods for calculation of the rangel ahers were
developed and demonstrated for grouped and ungdodga. Formulas
were developed for a population and a sample.

5.0 SUMMARY

In this unit, we have learnt that the following:

. Measures of dispersion is concerned with the spoéadta

. Coefficient of variation is a relative measure Hpersion

. Mean deviation measures the average spread ofsvéom the
arithmetic mean

. Decile and percentiles are numbers dividing the dab 10 and

100 parts after ordering respectively.
6.0 TUTOR-MARKED ASSIGNMENT

1. The DTXL Production Company has produced the falgndata
showing weekly productions for a period of 110 week

Produc‘uon A40<x<50 | 50:x<60 | 60x<70 | 70:x<80 | 8Gx<90
output ‘000

Number ofl 25 38 17 10
week

Use the data to estimate

(@) Range

(b)  Interquartile Range
(c)  Mean Deviation

(d)  Standard Deviation
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2. 50 electric bulbs were subjected to life spast tby a
manufacturing company. The life spans of the budibs as
follows:

30 42 55 59 54 36 39 53 45 33

52 41 43 32 46 52 36 36 43 33

37 32 41 57 48 45 37 44 56 51

51 37 30 38 43 43 38 38 47 35

37 48 41 32 43 52 44 58 39 41

(@) By using tally method, prepare a frequencyrithigtion table for
the data using interval 30-34, 35-39.

(b) Find the mean, mean deviation, standard dewiafior the
distribution.

() Find () Q Q Qs

(i) Interquartile Range
(i) Pa1g Pos, Prs, Pso
(IV) Dl! D2! DG; D9
7.0 REFERENCES/FURTHER READING

Donal, R.P. & Edward, B. OBusiness and Economics Statistics
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1.0 INTRODUCTION

Business decisions and economics analysis oftea #at uncertain
environment. Under uncertainty, one does not kndvickv of several
events or outcomes will occur in the future. Beeaokthe importance
of uncertainty, a precise terminology for dealinghwuncertainty is
needed. Probability theory is such a precise teslogy: it is the
language of uncertainty.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

. explain probability theory and probability distriians

. describe the approaches in assigning probabilities

. define the rules of probability

. itemise random variables

. explain conditional probability together with sowier standard

probability distributions such as Bernoulli, binametc.

56



DAM363 ECONOMIC STATISTICS

3.0 MAIN CONTENT
3.1 Some Basic Definitions

. A trial: this is any process or attempt which generates an
outcome which cannot be predetermined. A trial Iguasults
into only one of the possible outcomes for exan(pla toss of a
coin once, will lead to either a head (H) or a ¢gil

. A random experiment: this is an operation which when
repeated, generates a number of outcomes whichotdmn
predetermined, for example, the toss of two coirestane.

. An outcome: this is a possible result of a trial or experimiena
toss of two coins, an outcome could be any onetof HT, TH,
and TT.

. Sample spacethis is the collection of all possible outcomds.

is a set of all finite or countable infinite numbealr elementary
outcomes. e.g. the sample space in a toss of tims @given as
S= (HH, HT, TH, TT).

. An event: this is a subset of a sample space, it consistei@for
more possible outcomes e.g. when a die is tosseel. 0A= (set
of even number) = (2, 4, 6).

. Mutually exclusive events:two events, A & B are said to be
mutually exclusive, if the occurrence of A preventise
occurrence of B. This implies that the two unitswwat occur
together i.e. answer = O.

. Mutually exhaustive events:events A and B are said to be
mutually exhaustive if they constitute the samppace i.e.

Ya=5s

. Independent events:two events A & B are said to be helped if
the occurrence of A does not affect B. This imptiest the two
events can occur together.

3.2 Three Approaches to Defining Probability

Depending upon the type of event to be performeeret are various
ways of assigning probabilities to the sample event sample space.

I Probabilities based on equally likely sample event§A prior
probability): This method assumes that the elenmgraatcomes
of an expected event are equally likely.
iep@) =NA

N(S)
WhereP(A) is the probability that event A will occur,
N (A) is the event space and N(S) is the sampleespa
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. Probabilities as relative frequency:

This approach defines
probabilities as an idealisation of the proportantime that a certain
event will occur in respected trial of an event emthe same condition.
If what we expect is N and n(A) is the numbetiofes that A occurs,
then the relative frequency is R.FD%\IAL)

Ii. Subjective or personal probabilities:These are the probabilities
assigned to an event based on subjective judgmesrh f
experience, information and behaviour. Such priitiab
assigned arbitrarily are usually influenced by thms and
experience of the person assigning it.

In general, probability can be defined as the iila@d or chance that an
event will occur. In other words, the probability an event is the
number of times the event occurs compared to tiaé possible equally
likely time that the event can occur. It is alsdimed as the limiting

value of a relative frequency of an event.

3.3 Probability of Event

The probabilities of an event are the sum of thebabilities of the
simple events that make up the event.

Example

A coin is rolled 3 times, what are the probabista getting:

0] 1 head (i) 2 heads (i) atleast 2 heads
Solution

Let H & T represent H & T respectively, let the pie space be defined
as S = (HHH, HTH, HHT, THH, TTH, HTT, THT, TTT).

(1) P (lhead) =HTT, THT, TTH) = 3/8

(2) P (2heads) = (HHT, THH, HTT) = 3/8

(3) P (atleast 2 heads)= P (2heads) + P (2heati8)=/8 = 0.5
3.3.1 Rules of Probabilities

. P (AUB) = P(A) +P(B) — P(UB)

i. P(A)= 1-P(A)
iii. P(A) = 1 for certainly theno<P(A 1
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3.4 Conditional Probability

If E; & E, are 2 events, the probability that &@curs given that £has
occurred is denoted by P fE;) and it is called the conditional
probability of B given that E has occurred. If the occurrence or non
occurrence of Edoes not affect the probability of occurrence gthen

Pr (BE/E) = P (B) and we say that;fand & are independent events
otherwise they are dependent events.

Example

A bag contains 10 white balls and 15 black balisoballs are drawn in
succession (a) with replacement (b) without reptee@. What are the
probabilities that;

I. the first ball is black and the second ball isite
il. both are black

ii. both are of the same colour

\V2 both are of different colours

V. the second is black given that the first is whit

Solution
Let W & B rep. white & black balls
(@)  With replacement

Total no of balls 10+15=25
15 10

L PBIW) = PEIXPW) = 2x27 =025
i P(BiNB)= P(B)XP(By)= Exg - 0.36
iii. P (both black or both white)

15 10
-P(p(ane,) + P(ane)=| 2] +[ 2] -0.52

V. P (both are of diff colour) = P (BhW) + P (WnB

15 10 10 15 048
25 25 25 25
V. p(B/w) = PEEMW) _ .
PW) 0.4
b. without replacement
: 15w
I P(BW) = P(B)x P(w ——><——025
(BW) = P(B)x P(w) Ty
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i.  P@in »—P(Bz)xP(Bz)—g %—035

ii.  P(both black or both white) = P(BP(B,)+P(w)P(w)

—E E 10 i—035+015 0.50

25 24 25 24
\Y2 P (both are of diff. whom) = P(B}w) + P(w)PB/

—E E 10 E—025+025 0.50

25 24 25 24

v. p@w)= PEW _15.10_, 455

P(W) 25 24

3.5 Random Variables

A random variable is a function or rule that assigmmerical value to
each simple event of a sample space e.g. a fairiedossed 3 times.
The sample space

S={TTT,HTT,TTH,THT....HHH }

Let x denote the number of heads which appears
Then X, ={ 0123}.

3.5.1 Types of Random Variable

There are 2 types of random variable namely: disca@d continuous
random variable.

0] Discrete random variable A discrete random variable is a rule
or function that assigns only specified numericalue often
integer to the simple event of a sample space.

(i)  Continuous random variable: A continuousrandom variable
is a rule or function that may assign any numenedlie (within
some limits) to simple events.

3.6 Probability Distribution for R.V.
Probability can be defined as the arrangement efetvents and their

corresponding probabilities in a tabular form. Hees the probability
of any event depends on the type of variable irelv
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3.6.1 Standard Probability Distribution
. Bernoulli distribution
A random variable X that assigns only the valuerQL.as known as
Bernoulli variable and a performance of an expeniwéath only 2 types
of outcome is called Bernoulli trial. The pdf cam éxperienced as
f(x) = Pq** x=0,1.
. Binomial distribution
In a sequence of n independent, Bernoulli trialhwgrobability of

success P on each trial, let X represent the muatesses. The discrete
pdf of X is given by

f(x) = (:} p’g"™* x= 0123..n

Example

A fair coin is tossed 5 times, what are the prolitgds of obtaining:

0] 3 heads (i) lessthan 2 heads (i) Zmore heads
Solution

L=5p=1/2,g=%

f(0= @pq
. P@B)= @@ﬂgs = 5/6
i, P (x<2) = f(0)+(1) {g}@o@m f@@@ll = 6/32

i. P(E2)=1-Px>2) =1Y32="%16
iii. Poisson distribution
A discrete random variable X with probability fuioect

X A=A
f(x)=2e

X = 0123...

Where A > 0, is said to have a Poisson distribution with parame .
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Example

In a certain resort area, the no. of vacant rooolvi a Poisson

distribution with the expected vacancy rate of Ed pight. Find the

probability that in any one night the no. of vacanbms will be (i)
none (i) one (iii) seven

Solution
A=1C,x=0
e
F(x,A)=
(xA)="
-10
0o x=t 0100 = 0.0000454
i A=10,x=1
-10
o) = 1% 0000454

(i) A=10,x=7
010’ _ 45399929

P(x) = = 0.090074.
7 504(

\2 Normal distribution

A continuous random variable X is said to have aab distribution, if
its probability density function is

2
F(x) = g%(ﬂj C0 < X< 0
o~ 201 o

V. Standard Normal distribution

A random variable Z is said to be a standardisedhabdistribution, if
its probability density function is given by

f(2) =~ 747
2n

Whenu=08&0c* =1

i.e. z= N(0)
Application

62



DAM363 ECONOMIC STATISTICS

The Standard normal distribution table is used determining the
probability. of a value x drawn from a normal pagidn with known u
& standard deviatioo .

The standard normal variety Z is given by yas=a
g

P(x, sXsX)=P(zysz<7)
Wherez, =22~ Y andz, =%~
ag g
For known value of u and
Z is also referred to as standard score.

SELF ASSESSMENT EXERCISE

1. Find the probabilities and state the approaad us assign the
probability in the followings.

a. What is the probability that a coin, when tossetl come down
heads?

b. What is the probability that the next doctor yoeet will be
male?

C. Of the last 50 snacks supplied by a cateregt9grnt, what are
the probabilities that the next snacks will be bhurn

2. A coin is tossed 4 times, find the probabilig¢®btaining
I heads . no head

4.0 CONCLUSION

In business problems, because nothing is certaentirely predictable,
a study of probability and its use in aiding demismaking is essential.

5.0 SUMMARY

. We have been able to understand probability as asuome of
likelihood that a particular event will occur ortno

. The three approaches of assigning probabilitiesintgple events
in a sample space depend on the types of what ywecexo be
performed.

6.0 TUTOR-MARKED ASSIGNMENT

1. If the probability that a civil servant owns aras 1/6 find the
probability that:

a. 2 civil servants, A & B, selected at random eawhs a car.
b. Of 2 civil servants, C&D selected at randomyastie owns a car
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C. Of three civil servants, X, Y& Z selected at dam, only one
owns a car.

2. A bag contains 5 white balls and 8 red ball? Ilfalls are picked
at random without replacement, what are the prdibabi of
picking:

(@ 2redballs (b) One redand a white bathat order
(c) One red and one white

3. A particular piece of medical equipment is knownhave 25%
probability of failure during the*lyear of its life. A user of the
equipment purchased one unit that contains 13 piegk
equipment.

What is the probability that: (@  none will fail
(b) atleast 3 and at most 4 will fail (c)  mahan 2 will fail

4. Nicon Insurance is considering stating a pohiay an ailment
which affects 0.2 % of the population, if a randeample of
2000 individuals is selected find:

0] the probabilities that exactly 3 have ailment
(i)  at most 6 and at least 3 have ailment

7.0 REFERENCES/FURTHER READING

Donal, R. P. & Edward, B. OBusiness and Economics Statistics
(Revised Edition). Business Publication Inc.

McClave & Sincich:Statistics (Eighth Ed). Prentice Hall.

Murray R. Spiegel:Theory and Problems of StatisticSchaum’s
Outline series. McGraw-Hill.
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MODULE 2 STATISTICAL INFERENCE

Unit 1 Estimation
Unit 2 Hypothesis Testing
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1.0 INTRODUCTION

Statistical inferences involve the procedures a@wiing conclusion
about a population on the basis of the resultsimddafrom a sample
drawn from the population. Formal statistical iefiece involves using

the tool of probability theory to quantify the aility of some kinds of
data based on conclusions.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. explain estimation

. identify point and interval estimation

. explain confidence interval and its interpretation

. calculate Confidence Interval [C.I] for a populatimean and the

difference between two means.
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3.0 MAIN CONTENT

3.1 Uses of Sampling for Making Inferences

0] A manager is interested in knowing the averagge of the
employees.

(i)  An advertising executive wants to know the modion of
subscribers to a certain magazine that rememberartecular
advertisement.

(i) A sales manager wants to know the proportidrihe population
of subscribers to a certain magazine that remend@articular
advertisement. .

(iv)  An educationist wants to know whether one edional
procedure is better than another.

3.2 Sampling Theory

This is the study of relationship that exists betwe population and
samples drawn from the population. It is used itreging unknown
population parameters i.e. the meanand variance®. It is also useful

in determining whether the observed differencesvbeh two samples
are due to chance variation or significant.

3.3 Estimation Theory
Estimation is basically concerned with estimatedapeter from the

sample statistics. An estimator is the procedunailer usually expressed
as a mathematical formula that tests how an estilmatetermined.

3.3.1 Types of Estimator

An estimator is a formula or rule that we use tbneste the value of
population parameters. There are two types nanpelyit estimate and
interval estimate.

0] Point Estimate

This is a numerical value obtained from a sedatf, which is used as
an estimate of an unknown parameter in a popula&tign

- X . :
X :Z— = is used as an estimate of sample mean
n

S? = Z(Xl _;()2

1 Is used as an estimate of the population variance
n —
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(i)  Interval Estimate

This consists of an interval that contains the peter to be estimated
within varying degree of conditions.

Estimators are usually judged using the criteriawe

0] Unbiasedness
An estimator U is an unbiased estimator of popoiaparameter
Oif E(U)=06

(i)  Consistency
If U is an unbiased estimator éfand if Var (U) = 0 as the
sample size increases, then U is a consistentastirafo.

(i)  Efficiency
If U and V are two unbiased estimators tbfwith Var (U) <
Var(V), then U is more efficient than V.

(iv)  Sufficiency
Suppose ¥XX,...X, is a random sample of size n and let T be an
estimator ofo, if the conditional distribution of X Xy, ... X, IS
given by T =t (for some given t) is independerit 6pthe T is
said to be sufficient foro, if it contains all the relevant
information available abow@tfrom the given sample.

(v)  Minimum Variance Unbiased Estimator
Let X1,X,, ... X, be a random sample of size n from f{k,Let T
=t (Xg,X2,...X,) be an unbiased estimatorfo$uch that:
E(T) =6 Var(T) <Var(T)

Where T is any other unbiased estimatorfothen T is said to be
minimum variance unbiased estimatoof

3.4 Confidence Intervals

Confidence Interval for a parameter (or function of one or more
parameters) is a data-based interval of numbergtitdikely to contain
the parameter (or function of one or more pararsgtpossessing a
stated probability-based confidence or reliabilBased on a set of data,
one might want to identify an interval of valuesttlis likely to contain
an unknown parameter and quantify in some sensw ‘lilely” the
interval is to cover the correct value.

A B% confidence interval for a population parameteiafs interval

obtained from a sample by some specified methodsiah a way that,
in repeated sampling, in the long r of the intervals thus obtained

include the value of the parameter.]
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[llustration

Consider a very simple research situation, in wlactesearch worker
wishes to estimate populations meanA doctor wishes to study the
effect of a new substance added to the diet ohisfaHe gives the diet
to a group of 16 infants and measures the gaingeight over a one
month period. He then, takes the arithmetic meathef16 gains in

weight and finds, sax = 421.8g.

Normally, the specific sixteen infant gains are th& population which,

as a research worker, the doctor wishes to stueyrddlly wishes to

know the mean gain in weight for infants in genefidle population,

then, consists of infants of the type whose diewe® under this doctor’s
supervision, and he wishes to estimatehe population mean.

The doctor’s best point estimate far is his sample mean, or 421. 8g.
But it is practically certain theis not exactly 421.8g, and the doctor
wishes to get some ideas of wherenay reasonably be expected to be.
Then, a confidence interval will be formed for

If a higher confidence level is chosen, then, thewe greater confidence
that the interval contajm; but on the other hand, we pay for this higher
level of confidence by having a longer interval.

To obtain a shorter interval and at the same tieneng one in which we
have a high level of confidence; the sample sizetrnea increased.

Interpretation of a Confidence Interval

To say that a numerical interval (a,b) is a 90%fidemce interval for a
parameter is to say that in obtaining it, one hgdiead methods of data
collection and calculation that would produce iméés bracketing the
parameter in about 90% of repeated applications.

3.5 Confidence Interval for a Population Mean

The following cases should be considered.

A sample (large or small) is taken from a normadistributed
population, with known variance.

C.l. = x=+

g
Zaﬁ
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A large sample is taken from an unknown populati@iribution with
known variance:
- g
Cl=xxz,—
Jn
A large sample is taken from an unknown populati@tribution with
unknown variance:

- S
Cl=xxz,—

Jn
A sample (large or small) is taken from a normadistributed
population with unknown variance.

C.l. = x+

S
tn—lﬁ

Where xis the sample mean
z, is the confidence level

o is the standard deviation

S is the sample standard deviation

n is the sample size

t,., is the confidence level with n-1 degree of freedom

Example 1

The standard deviation of bulbs manufactured byaiS&ngineering
Company is 5.6 if the mean life span of 64 bulbseweandomly
selected from the lot as 60 days.

I Construct the 95% confidence limit for the bulb.

. What is the minimum number of samples to beeseld so that
the error does not exceed 0.5?

Solution

Here, the population distribution is unknown, thariance is known

since the standard deviation is given, and alsargel sample i.e. n =
64> 30.
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This is case 2.

() o0 =56, x=860, n=64

%:0.025 % =

0.025
-1.96
0 +1.96
@ =95%=095 O
1-0.95 = 0.05
Then, %’ = 0.025 — 0.5-0.025 = 0.475

Check 0.475 under the body of your normal distrdoutable gives 1.96
=z, =1.96.

0 The confidence interval C.I. x+ zai
Jn
5.6
=60+1.96 x—
v 64
=60+1.372

= [60-1.372, 60+1.372]
[58.628, 61.372]

(i)  Error<0.5

g
Zaﬁ =05
196x5.6

Jn
0.5/n<1.96 x 5.6

196x5.6
<
Jns 05
(vVn)? = (21.952%
n> 482

<05

Therefore, for the error to be less than 0.5 n khbe greater than 482.

70



DAM363 ECONOMIC STATISTICS

Example 2

The random variable X has a normal distributionhwihearnu. A
random sample of 40 observations of x is taken ginels Zx = 83.3,

ZXZ = 721.41. Find a 95% confidence interval gor

Solution

Here, the variance is unknown; the sample is takem a normal
distribution and n> 36> large.

This is case 4

1-0.95=0.05 —5=0.025
Then, 0.95 + 0.025 = 0.975

U t, = lgs0p,n1
=1975.39
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This value cannot be obtained from the table andtrba interpolated
as:

2.04
= 2.04x0.1+2.02%0.9
=2.022
Cl=x+t —
“Jn
375

= 2.0825: 2.022 x—
740

= 2.0825 1.1989
= [2.0825-1.1989, 2.0825+1.1989]
[0.8836, 3.2814]

Example 3

A medical practitioner is studying the effects ofie@wv substance added
to the diet of infants to improve their weights p@eperiod of a month.

The results of the effect on 9 infants chosen agbes are shown in the
table below:

Infants 1 2 3 4 5 6 7 8 9
W,

(Original 256.1 | 302.2 287.1| 289.5| 300.3| 307.4| 320.2| 296.1 | 288.9
weights)

WZ. (New 299.5 | 352.3 387.4| 378.2| 368.2| 329.5| 386.9| 396.2 | 336.8
weights)

Find a 95% symmetric confidence interval for thaghe gain added if
the distribution is assumed to be normally distieol

Solution:

Infants W]_ WZ X:WZ'W]_ XZ

1 256.1 299.5 43.4 1883.56

2 302.2 352.3 50.1 2510.01

3 287.1 387.4 100.3 10060.09

4 289.5 378.2 88.7 7867.69

5 300.3 368.2 67.9 4610.41

6 307.4 3295 22.1 488.41

7 320.2 386.9 66.7 4448.89

8 296.1 396.2 100.1 10020.01

9 288.9 336.8 47.9 2294.41
TOTAL 587.2 44183.48
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Where, x is gain in weight over a period of 1 month
Here, the variance is unknown, the distributionasmal and n = 9 < 30
(small sample). Then, this is case 4.

— X
Sample mean X = Z—

5879 _ 6524

9

,_
21X

0 S=
n-1
2
4418348- ©872)
- 9-1
= 733,093 — §=27.09
L =15 =tog
= b.05+0.025, 9-1
=borss
=231
0 Cl=x+t —
. o
231x 2709
=65.24+ ——— ——
Jo
= 65.24 20.86
= [44.38, 86.1]

Example 4

A machine is regulated to dispense liquid into @astin such a way
that the amount of liquid dispensed on each occagonormally
distributed with a standard deviation of 20ml. F@@P6 confidence
limits for the mean amount of liquid dispensed ifaaadom sample
of 40 cartons had an average content of 266ml.

Solution

Hence, the distribution is normal, n is large; wviaeiance is known since
the standard deviation is given. Then this is dase

n=40 x = 266ml,g = 20ml
— ag
OCl=xxz —
a\/ﬁ
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Check 0.495 from the body of your normal distribattable gives: 2.58

[z, =2.58

258x20
C.l = 266+
0

= 266+ 8.159
= [266-8.159,266+ 159]
[257.841, 274.159]

Example 5

A random sample of 36 scores in statistics exanonaiut of a total of
scores obtained by 150 students showed a mean ah&G standard
deviation of 6. Compute a 95% confidence interealdstimates of the
mean of the 150 scores.

Solution

Here, n= 36, N=150, x=60 z, =1.96

— n.—n

LUC.l = x+z, |2
np—l
= 60+ = 196x_2 ,/150_36
736V 150-1

=60+ 1.7144
[60-1.7144, 60+1.7144]
= [58.2856, 61.7144]

3.5.1 Confidence Interval for Difference Between tavy Means:
iy

1. Known Variance

For samples of size;rand n respectively, from a normal population
with mean x4 and g, and with variances®, the statisticx, - x, has a
normal distribution with meam, — 4, and with variance

2(1 1]
oY —+—
n n
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Therefore, the C.I. for difference between two nsedirthe variance is
known is:

- — 1 1
C. -Xtz 0 [—+—
{xl X, + 2,0 o nj

2. Unknown Variance

Where €= (=0 +(n,-DS
- n+n,—-2
2 2
5y - (2%) 5z - (%)
& = n &= n
n, e n,
LJ The confidence interval,

Cl = %—inta( i+i}
n o,

With n+n, -2 degree of freedom.

2

Example 6

If  x = 248.1g

x» = 130.1g,
n =9,
n,= 16,
o. = 56
C.l= (;(1—;@)120,( i+i]
n m

= (248.1-130.1} 1.96x56x (Li]
9 16

=118+ 45.7
= (118-45.7, 11845.7)
= (72.3, 163.7)

Example 7
The tables below show the gain in weight of twofeddnt samples

consisting of 16 and nine infants under supplenteated standard diet
in a community. Table (a) is supplemented and téi)les standard.
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Table (a) Supplemented Diet
Infants
Number 1 2 3 4 5 6 7 8
Gain Il o1 | 423 | 305| 502| 426 501 230 304
Weights
9 10 11 12 13 14 15 16
326 376 342 356 329 128 156 98
Table (b) Standard Diet
Infants |, | 5 | 5| 4| 5| 6| 7| 8| o9
number
Ga|_n n 220 | 205| 232/ 182 183 176 124 192 18O
Weights
Find a 95% confidence interval for the differencethe two mean
weights.
Solution
Supplementary Diet
Infant number X Gain in Weight X
1 221 48841
2 423 17829
4 305 93025
5 502 252004
6 426 181476
7 501 251001
8 239 57121
9 304 92416
10 326 106276
11 376 141376
12 342 116964
13 356 126736
14 329 108241
1516 128 16384
156 24336
98 9604
Total 5032 1804730
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xS

2

§=z& .

n-1
2
1804730~ (5033

= 16 -14811.07

1€-1
Supplementary Diet
Infant number X Gain in Weight X
1 220 48400
2 205 42025
3 232 53824
4 182 33124
5 183 33124
6 176 33489
7 124 15376
8 192 36864
9 180 32400
Total 1694 326478
=292 _3145
16
- 1694

X2 = —— =188.22
9

n

DX - Q%)
g = 2

n,

2
326478- 1699

= 9  -9537
9-1

Pooled estimate of variance is

¢ - (=D +(n, -1

(nl +n, - 2)
_ 16-1)(1481107+ (9—-1)(9537)
(16+9-2
=90991.12 = $=99.96
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Then, the confidence interval is:

Cl. = _(;(1—;(2 + t”s< %Hﬂ

C.l. =|3145-18822+ 1, x9996, |-= + =
16 9

= [12628+t,x 4169

=1, = bso,n1+n2-2
=19506,16+9-2
=10.07523=2.07

0 C.I. = (126.2& 2.07 x41.65)
= (126.28 86.22)
= (126.28-86. 22, 126. 28+86.22)
= (40.06, 212.5)

q is the sample population for failure

nis the number of observation

o . .
p =— ris the number of successes in a large sam@gzen
n

Example 8

During a local government election, a random sanablé,000 voters
were interviewed, of whom 349 stated that they sulbport Alliance for
Democracy party. Determine a 98% symmetric confideimterval for
the proportion of Alliance for Democracy party iretpopulation.

Solution

Here, n = 1000, r = 349
N

p=—
n
= 3% _ 349
100¢
g=1-p =0.651

z, = 2.367(from the statistical table)

78



DAM363 ECONOMIC STATISTICS

AN

P9

0 Cl. = ptz 2
n

= 0.349 2.3267 x| 034X 0051
100

[0.349-0.0351, 0.349+0.0351]
[0.3139, 0.3841]

SELF ASSESSMENT EXERCISE

What do you understand by the following?

0] Point estimate (i)  Interval estimate

4.0 CONCLUSION

Estimation is a very useful tool for conveying froome person
(statistician) to another person (the user) thermétion contained in a
sample. If a single number estimate is requirgabiat estimate is used.
If a measure of the precision of the estimate uired, the point

estimate is converted into a confidence intervalsTinit has dealt with
the two types of estimation: point estimate andidence interval.

5.0 SUMMARY

In this unit we have learnt that:

. point estimate is the single value computed usmgstimator

. a good estimator must be unbiased, consistentciaiti and
sufficient

. estimated parameter is obtained from sample statist

6.0 TUTOR-MARKED ASSIGNMENT

1. Packets of soap powder are filled by machin€he weights of
powder (to the nearest gram) in 32 packets chosesmdom are
summarised below:

Weight | 999 1000 1001 1002 1003 1004

Packets | 1 7 12 8 3 1

Find:
I the amount by which the mean exceeds 1000g.
. the standard deviation.
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Ii. the random variable X has a normal distribatwith meanyu. A
random sample of 10 observations of X is taken and
D% =833 ) x’=72141

Find

(@) a95% confidence interval for
(b) a99% confidence interval far
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UNIT 2 HYPOTHESIS TESTING
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1.0 Introduction
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3.0 Main Content

4.0
5.0
6.0
7.0

1.0

A statistical hypothesis is merely a statementaAsgatement, it may or
may not be true. Perhaps supposition is a betted Wan hypothesis or

3.1 What is Hypothesis?
3.1.1 Types of Hypothesis
3.2 Test Statistics (TS)
3.2.1 Rejection Region (RR) or Critical Region
3.2.2 Errors in Hypothesis Test
3.2.3 Significance Level of a Test:
3.2.4 Outlined Steps in Hypothesis Tests
3.3 Tests on the Differences between Two Means
3.4  Population Variance Known
3.5 Population Variance are Common but Unkmow
Conclusion
Summary
Tutor-Marked Assignment
References/Further Reading

INTRODUCTION

statement.

2.0

OBJECTIVES

By the end of this unit, you should be able to:

explain basic concept of hypothesis testing

identify the essence of test statistics in hypathesting
explain critical and acceptance regions

identify steps involved in hypothesis testing

explain how to solve problems that are concerndd ypothesis

testing.
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3.0 MAIN CONTENT

3.1 Whatis Hypothesis?

A hypothesis is an idea or suggestion that is basekhown facts and is
used as a basis for reasoning or further invesbigatActually, a
hypothesis is formulated with the hope of eitheregting or rejecting it.

3.1.1 Types of Hypothesis
0] Null Hypothesis

This is a statement that forms the basis of ingastn in a significant
test. A null hypothesis is usually formed to embadgtatus quo “pre-
data” view of the parameter (s). It is typicallyngyolised as Kl The

null part of the phrase “null hypothesis” refers ttee fact that null
hypotheses are statements of no difference, orfigqua

(i)  Alternative Hypothesis

This is a statement that stands in opposition &rthll hypothesis; it
specifies what forms of departure from the null ¢tyyesis are of
potential concern. It is symbolised as &d has the same form as the
corresponding null hypothesis except that the eéyusign is replaced
#,>or <.

In many applications, the alternative hypothesis bedes an
investigator’'s suspicions and/or hopes about the state of affairs,
amounting to a kind of research hypothesis thatrthestigator tends to
establish.

A full specification of hypothesis test must be af¢he followings:

0] Ho:pu=a ; H.: pu<a (one-sided) => lower tail test
(i)  Hgp=a ; H,: p>a (one-sided) => upper tail test
(i) Hop=a ; H: 1 #a (two-sided) => two tail test

The sidedness of a test is the direction specibgdthe alternative
hypothesis H indicating the direction of a further choice ohaw H,
should the current one be rejected.

A health researcher wishes to study whether vitdtnaeficiency affects
the storage of vitamin A in rats. He feeds ten matdiet deficient in
vitamin E and then measures the amount of vitamim Ahe liver of
each rat and obtained the data in the table below:
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Rat 1 2 3 4 5 6 7 8 9 10
Number
V'taAm'” 3142| 2134] 2037 170p 1350 2170 3080 2010 2123 3014

The researcher has done a great deal of reseatttinats, and he knows
from his experience that with a normal diet, theerage amount of
vitamin A is very close to 3,200 and that the dtad deviation is very
close to 500. He wants to decide on the basis sfdata, if very
insufficient vitamin E has changed the mean amadntitamin A, or
whether the mean under the deficient diet is thmesas for rats under
the normal diet.

He then formulates a null hypothesis which he psesdo test: i.e. the
mean of a population of amounts of vitamin A in tiver of rats who
are fed a diet deficient in vitamin E is 3,200. tha basis of his data, he
wishes either to accept the null hypothesis or egeat the null
hypothesis. His null hypothesis is equivalent tgirsg that the deficient
diet has no effect, on the average, on the amoumitamin A in the
liver of rats i.e.

Ho:p=3,200
H;: u<3,200

3.2 Test Statistics (TS)

This is the particular form of numerical data sumssion to be used in
a hypothesis test. The formula for the test stetigypically involves the
number appearing in the null hypothesis. The essehtest statistics in
hypothesis test is a function of sampled data whossgnitude
determines the acceptance or rejection of thender test.

The table below shows the distributions and thespective conditions:

Condition Distribution/TS
Case 1 3
Test for mean, known variance, normal 7 = X—= U
distribution or large sample i.e. >30 "~ o/dn
Case 2 B
Test for mean, large sample, variance 7 = X~H
unknown s//n
Case 3 Z= w
Large mean] ,Poisson distribution "_ o
When 0.5 is the continuity
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Case 4 T=X"#
Test for mean, small sample i.& 130, _ s/VA
variance unknown With  n-1  degree of
freedom
Case 5 =P P
Test for proportion, large sample size Pg
n

3.2.1 Rejection Region (RR) or Critical Region

The rejection region of a test is a set on the maatber line specified in
such a way that whenever the numerical value otdbestatistics falls
into this region, the Hlis rejected and accepted if the numerical value of
the test statistics falls outside the region.

Generally, rejection region or critical region nefeéo the set of values
that lead to the rejection of,Hn favour of H while, the set of values
that leads to the acceptance of Ho is the acceptagion. The figures
below show the region to be accepted or rejecta@jected depending
on the sidedness of the test:

N
-‘;-‘-:=*"’/)

Two-tailed Test Upper-tailed Tests

1)

Aot

il SN
e 3

Lowerle& Tests
3.2.2 Errors in Hypothesis Test

I Types 1 Error

This is the possibility of deciding in favour of, Mfhenin factH, is true.
It is committed when a true hypothesis ild rejected when it ought to
have been accepted.
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. Type Il Error

This is the possibility of deciding in favour of Mhen in fact H is true.
It is committed when an alternative hypothesigjeated when it ought to
have been accepted.

The content of the two definitions above is coneatly represented in
the table below:

Our Decision

Reality |H, correct We accept, correct |We reject H, Type | Error

Ho in correct |Type Il error Correct

3.2.3 Significance Level of a testy

This is the probability that §is nevertheless rejected in favour of H
when the population parameter has the value spdciiyH,. It is the
maximum probability of committing type one error evhthe null
hypothesis holds. It is typically representeddy

3.2.4 Outlined Steps in Hypothesis Tests

1 Write down the two hypotheses e.g..d = 1, 1, H, : 11 < 14,

2. Determine the appropriate test-statistic to lsduand the
distribution of the corresponding random variable

3. Determine the significance level of the test.

4. Decide on the distribution of the test statstnd the sidedness
of the test i.e. whether single or double.

5. By using the significance level of the test digess of the test
and the distribution of the test statistics, dedite boundary or
boundaries of the rejection region.

6. Give the decision rule i.e. whether to accepefact H

Example 11

A random sample of size 35 selected from a popuoativhose
distribution is normal with meap and variance 36 gives a sample mean

48. Test the hypothesis,: ¢ = 50 against the sample mean 48. Test the
hypothesis K: 4 < 50 at 5% level of significance.

Solution

Here, n>30 i.e.n =35 and the variandées known i.e.c? = 36=
g =06
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Step 1:

Ho: 4 =50
Ho: 1< 50

Step 2:

_ X— U
T.S. =
oln

_ 48-50

6//35
=1.972

Step 3:
a =5%
Step 4:

Since the alternative hypothesis ig:l < 50 it is a lower tailed test.

\ -1.645 0

5% =0.05 0U0.5-0.05=0.45

Step 5:

0.05

1.972

Check this value under the body of your normal rthsition table
gives p-value

O p-value = -1.645
[l The p-value = 1.645. Since this is a lower tatkst a minus sign
Is assigned to it.

Conclusion

The test-statistic falls within the rejection regitherefore, klis rejected
and H is accepted. Then, we conclude thak 50
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Example 12

A random sample of size 40 selected from a norno@lugation with
mean u and a standard deviation 4 gives a sample mea®,of st the

hypothesisH,: > = 30 against || ¢ > 30 at 6% level of significance.
Solution

n=40,0=4 x=36 , a =6%

_, XM
The TS=z —in
_36-30
4/~/40
=9.49
since H: u > 30 this is upper-tailed test

a=6%=0.060 0.5-0.06 =0.44

Check this value under normal table gives
[0 p-value = 1.555

Conclusion

The test-statistic falls within the rejection ragidVe therefore reject H
and conclude that u. > 30 at 6% significance level.

Example 13

A random sample of size 50 selected from a norns#ilalition N (u, 4)

population gives a sample mean of 20. Test thethgps H. u= 21.5

against the alternative hypothesig: p#21.5 at 5% level of
significance.

Solution

n= 50, o?=4=0 =2, x=20, a =5%

_ X~ H
The T.S. =2
a/\/ﬁ
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_ 20-215

~ 1/4/50
=-53
Since H: p #21.5 this is a two-sided test

al,=0.025 % = 0.025

0 +196 +5.3

Since it is a two-sided test, the RR consists af parts i.e. the lower
and the upper-tails. Them, is shared between the two parts

a =5% = =0.025

0 0.5-0.025 =0.47

a N

Check this value under the body of your normalritiistion table gives
[ p-value = 1.96

Conclusion

The test-statistics fails within the rejection @w. We then rejectdand
acceptH, and then conclude that #21.5.

Example 14

A random sample of 6 observations taking from aubefpn whose
distribution is normal with meap and unknown variance? gives the
following observations 6, 4, 10, 2, 8, 5. Test liypothesisHy: 4= 6.5
against the alternative hypothesjs 1 <6.5 at 5% level of significance.

Solution
Variance unknown, n=6 i.e. small sample then trdigtion is used

D x =6+ 4+ 10+2+8+5 =35
SX=6+&£+1G+2+8&+5=245

U ;(:&_
n
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- 35 _ 5833
6
2 2
ZXZ—(ZX) 245_7(35)
§? = n — 6
n-1 6-1
=8.167
[] s=4/8167 =2.858
. _X-u _ 5833-65
T.s_t_wE = g8
J6
=0.572

-2.02 '

-0.572

5% =0.05 O 1-05=0.95

The p-value =,

= t5’/o,n—l
=t-005n-1
= b.os61

=b.o6,n1
-2.02 (since this is a lower tailed ttes

minus is assigned to the p-value i.e. = -
2.02)

Conclusion

The test-statistics falls within the acceptanceaegwe then accept
Ho and rejecH, and conclude that the mean= 6.5

Example 15

The farm manager of "Adebowale Farm" wishes toeduine
whether eggs sold as size | have mean weight 7th8gweighs a
sample of 200 eggs and his results are summariyseEb = 13824,
sz = 957320 where x is the weight of an egg in gramest

whether there is significant evidence, at the 3%ellethat the mean
weight is not 70.0g.

89



DAM363 ECONOMIC STATISTICS

Solution

n =200 Unknown variance
Ho: ¢ = 70g

(13824
200
20C-1
$=9.071
0 s=3.012

957320~

_ o _X—H
TS=z=
s/\/ﬁ
_ 6912-70
~ 3012

~200
=-4.132

Since u # 709 this is a 2-tailed test

0.01¢
0.01¢

The 0.5-0.015=0.485

4132 a2 YU 2

*9%, = 0.015,

Check this value under the body of your normalritistion table gives:
p-value = 2.17 le. +2.17

Conclusion

The test-statistics fails within the rejection @giwe then reject $and
accept H and therefore conclude that#z=70g i.e. the mean weight is

not equal to 70g which means it could be greatantbr less than
70.0g.
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Example 16

The time taken for cessation of bleeding was remdrébr a large
number of persons whose fingers had been prickleel.nfean time was
found to beo? minutes and the standard deviation wasautes. In an
effort to determine whether pressure applied toufyger arm increases
bleeding time, three persons had pressure equa0nam, applied to
their upper arms and their fingers pricked. Fosththree persons, the
times taken for bleeding to stop were 1.15, 1.7 250 minutes; test
at 5% level of significance, whether the mean timequal to 1.407 or
not.

Solution

n = 3 (small sample), variance unknown;
Ho: = 1.407

Hy: p# 1.407

D x=115+175+ 250=54

> x* = 1.18 + 1.75+2.5(=10.635

[ Mean?zg
n
=>%_13
3

(X
2x

s =

n-1
2
10635- %
- 3-1
S?=0.4575
0 s=0.6764
TS=t=X"# 181407 ) 1064

s/Jn 06764
V3
5% =0.05 [ 1-0.5=0.95
l.e p-value =t,
= o,n-1

=lo.975,2
=4.30
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Conclusion

Since the test-statistics falls within the accep&amregion, we
therefore accept Hand rejecH, and then, conclude that the mean time
Is equal to 1.407.

Example 18

In a public opinion poll, 1000 randomly chosen &les were asked
whether they would vote for Party “A” at the nexeaion and 357
replied “Yes”. The leader of the party believest tine true proportion is
0.4. test, at the 8% level, whether he is overegting his support.

Solution
n 100, r=357,
"
L =—
P=5
= 357_ 0357
10C
The hypothesis Ho: p=0.4
Hi: P<0.4
] z= M
Pg
n
_ 0357-04
04x0.6
1000
=-2.78

8% =0.08 0 0.5-0.08 =0.42

Check this value under the body of your normalrifistion table gives
p- value = 1.453

Conclusion
The null hypothesis is rejected and the alternatiygpothesis is

accepted, then the proportion p< 0.4; thereforddhder of the party is
over estimating his support.
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3.3 Tests on the Differences between Two Means

If the researcher asks the question, “Is the measuat of vitamin A for

rats on thedeficient diet the same as the mean amount for rats on the
normal diet?” He then decides to take 20 rats and dividhesn at
random into two groups: to one group he gives thiemal diet and to

the other group he gives the deficient diet. Heaimist two sets of data,
each consisting of 10 amounts of vitamin A, and potas their mean

x and x. for the normal and deficient diet-group. He noucckates the
difference between the computed meansx.e.x.

The problem is to decide whether their differensdarge enough to
convince him that there really is a difference kmw amounts of
vitamin A under the two diets, or whether the digigce might have
been caused by sampling variation.

The form of the hypothesis test for comparing theans of two
population or difference of means depends on winettenot the
population variances are known or not.

3.4 Population Variance Known

The hypothesis is:

Ho: 1=, or H: -1, =0
Ho: t4< i, or H: -1, <0
Ho: 1>, or H: w4 —-u,>0
Ho: 14 # 1, oOr Hiw -1, #0

Let X and Y be the two random variables with meapy, and

variancesoy, o, respectively. The random variance-Y has normal
distribution with meary, - 1, and variance

o. O
X 4 X
n. n
. X -Y—(uy -
Hence, the test statistics T.S. = ZX— )
g’ o,
X 4
n n

Then, if u —-p,=0
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[ Ts = XY

2
I 9y
n, n,

X

XN

3.5 Population Variance is common but unknown
0] Large Sample Sizes

The Test Statistics T.S
z=— 2"

T

X y
If the assumption that; = o7 cannot be made
Thenthe S =z =X_—y2
2
Sy

n,

Wheres; is the pooled estimate of the common variance
(DM =D

2 2
, _No, +ngo,

s S
P n +n,—2 *on+n, -2
O QW
ZX - Zy
2 _ n, 2 _ n,
S = 'Sy =
n -1 Y n -1

X y
(i)  Small Sample Sizes

Here, the Test Statics T.S. is given by
X-y

1 1
n, n,
And it has a t-distribution ,an-2 degree of freedom anef is the
pooled estimate of variance.
Example 19
A random sample of 85 observations is taken fropppulation with

standard deviation 10.2 and the sample mean is 3A.Andom sample
of 72 observations is taken from a second populawith standard
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deviation 15.8 and the sample mean is 35.5. Tasthea 1% level,
whether the second population has a greater mearthie first.

Solution

Here nis large i.e.;r= 85, the standard deviation are known

L = 85, o, =10.2,x =31.2

L =72, o, =15.8,x, =35..5 ,0 = 1%
The hypothesis is
Ho: 1, -1, =0
H1: 1, -1, >0

[] T_S:Z_XZ_Xi_(,uz_/Jl)

2 2
\/Uu,”z
n n

_ 355-312-0
102° N 158°
85 72
=1.985.
1% =0.01 O 0.5-0.01=0.49
Check 0.49 under normal distribution table gives
p-value = 2.33
Conclusion

Since the T.S. is less than the p-value, then, e H and reject H
and then conclude that the second population lrasdme mean as the
first i.e. the second population does not haveeatgr mean than the
first.

Example 20

A machine assesses the life of a Bic biro, by meéaguhe length of a
continuous line drawn using the pen. A random sangbl80 pens of
brand A have a total writing length of 96.84km.axndom sample of 75
pens of brand B has a total writing length of 93kmi. Assuming that
the standard deviation of the writing length ofragke pen is 0.15km for
both brands, test at the 5% level, whether thengritengths of the two
brands differ significantly.
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Solution

Here, the sample is large and the variances angrkno

Brand A: =80, x, = 96.840 % = 1.2105,0, = 0.15km
Brand B: m,=75, >'x, =93.75 x. = 1.25, g, = 0.15km

The hypothesis is
Ho: =14 =0
Hyig, =4 #2=0

Then, the T.S. =z Xe =X~ (th ~ 14)

\/Uf L9
n n
_ 12105-125
\/0.152 , 015
80 72

=-1.62

Also, the p-value = 1.96

Conclusion

The T.S. falls within the acceptance region, thenaecept hland reject
H; and then conclude that the writing lengths of tike brands do not
differ.

Example 21

Christmas trees are sown in seed compost A anel; &fyears the
resulting 105 Christmas trees have mean heigl@t@41m, with the
corresponding value of §eing 0.0453rh Christmas trees are also sown
in seed compost B and grown in similar circumstanédter 6 years the
97 trees have mean height 0.578m, with the corretipg value of §
being 0.0712rh Test whether there is significant evidence hat 5%
level, that taller trees are produced in seed c@tfo

. Without assuming that the population variancesgrel
. Assuming that the population variances are equal
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Solution

Compost A: m; = 105, x =0.641, s’= 0.0453
Compost B: n, = 97, x, =0.578, 2= 0.0712

The hypothesis is:

Ho: =l = 0
Hi: = U, > 0

Here, the sample is large and the variances anarknd these variances
are not equal then the test statistics is

(i) T.S:Z:)(l_xz_('ul_'uZ)
2

25
n

0641- 0578-0

\/0.0453’ , 00717
105 92

=+7.29
p-value = 1.645 i.e. at 5% level of significance

> [

Conclusion

Since the T.S. is greater than the p-value, wectréfe null hypothesis
H, and accept the alternative hypothesjsahld then conclude that there
Is significant evidence that taller trees are posdlin seed compost A.

(i)  Assuming the population variances are equal
Then, the pooled estimate of variances is given as
¢ = (-0 +(n, -0
n+n,-2
_ (L05-1)(0.0453 + 97 -1)(0.0712
- 105+92-2
= 0.0592

Then, the test statistics:

;(_X_z_(,ul_,uz)

oot

n n

Z =
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_ 0641- 0578-0
0.059 1 1)
105 92
_ 0063
0.034:

The p-value = 1.645

Conclusion

Since the T.S. is greater than the p-value, wectréfee null hypothesis
H, and accept the alternative hypothesjsahld then conclude that there
is significant evidence that taller trees are poadlin seed compost A

Example 22

The table below shows the amounts of vitamin Averk of rats under
normal diet and vitamin E deficient diet.

Rat 1| 2| 3| 4| 5| 6| 7| 8 9| 10
Number

Normal

Dior | 3950|3800 | 3450/ 3400| 3700 | 3900 3800| 3050 | 2700| 200
De[‘;'ice'te”t 2650 | 3350 | 2450 2650 | 2650| 3150| 2900| 1700| 1700| 250(

Test the hypothesis at 50% level of significanceethr the data
provides evidence that there is a difference batvilee mean amount of
vitamin A for rats on the deficient diet and thasethe normal diet.
Solution

The hypothesisis: § 14—, =0; Hif -, 20

Normal Diet: m = 10;> x = 33750; > x’ = 117, 437,500
Deficient Diet: n, =10; > x, = 25700; » x; = 68,655,000

0 x, = 3375X, = 257(1312 = 392361’ = 298556

Q. x)? 2
> - Z | 117437500 (33759
S 1 = o= 392,361
Q%) 2
DX - Zn 68655000- (22799"
S — = T 10 - 289,556
= -
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The pooled estimate of variance is

¢ - (-0 +(n, -
n+n,—-2
_ (L0-1)392361+ (L0-1)289556
B 10+1C-2
= 340,958

Since the variance is unknown and the sample idl shen, the test-
statistics will be chosen from t-distribution

DT.S:;(_X_Z_(M_’UZ)
-1 1
r(j
non
3375-2570-0 _ 805

- 1 1) 26127
340958 — + —
10 10

=3.08
p-value =y n +n,-2

=t0.975,10+10-2
= 19.97518= 2.10

Conclusion

Since the T.S. falls within the rejection regiore veject H and accept
H; and then, conclude that there is a difference éetwthe mean
amount of vitamin A for rats on deficient diet atimbse on the normal
diet.

Example 24

In a supermarket, the daily sales of packets apor cereal have mean
124.5 and variance 129.96. Following a televisiolvestisement, the
mean daily sales over a period of 12 days incressd®2.5. State any
necessary assumptions and test at the 1% sigroiclavel whether the
mean number of packets sold per day has increased.

Solution

Before Advertx, =1245; o¢? =129.96 ; p=12
After Advert: x, = 132.5;02 = 129.96; n2 =124 = 1%
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The assumption is that the variance after advengse is the same as
the variance before advertisement. Hence, the neegmare known and
the sample is small.

The T.S. =z ==X (4= /b)

2 2
19, %
n m

1245-1325-0
\/129.96 , 12996
12 12

8

=-— =1

4.654

The hypotheses are

Ho: 14— 1, =0

Hl:4 -1, < 0 i.e. Hy > [

But 1% =0.01 [00.5-0.01 =0.49
Checking this under normal table gives
p-value = -2.33

Conclusion

Since the T.S. falls within the acceptance regtben, accept FHand
reject H and conclude that the mean number of packetspsolday has
not increased.

SELF ASSESSMENT EXERCISE

(1) Describe the meaning of Type 1 error and Tiyeeror.

(2) A sample of 40 observations is selected from@ population. The
sample mean is 102 and the sample deviation is &ample of
50 observations is selected from a second populafioe sample
mean is 99 and the standard deviation is 6.Corttiectollowing
test of hypothesis using the 5% significance level.

Ho by =1,
Hi i # 1,
0] Is this a one tail test or two tail test?

(i)  State the decision rule.
(i)  Compute the value of the test statistic.

What is your decision regardingyM
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4.0 CONCLUSION

Hypothesis testing is a major area of statistinfrence that is highly
useful in conveying information about a populattmased on a sample.
The hypothesis can be compared to a level of sggmte. If the p-value
Is smaller thamr , the level of significance, the test results amesidered
to be significant and the null hypothesis is regdctif larger, the null
hypothesis is not rejected.

The rejection of a true null hypothesis is a Typarbr. Not rejecting a
false null hypothesis is a Type Il error.

5.0 SUMMARY
In this unit we have learnt the followings.

. Hypothesis is an idea that is based on known fact.

. There are two types of hypothesis: null and alterhgpothesis

. The basic steps in hypothesis test are: stateofemgpotheses,
level of significance, test statistics, decisiond aonclusion.

6.0 TUTOR-MARKED ASSIGNMENT
1. Given the following hypothesis

H,:u =400
H, :u# 400
2. For a random sample of 12 observations, the kampan was

407 and the sample standard deviation 6. Using Qs
significant level:

a. state the decision rule
b. compute the value of the test statistic.

3. What is your decision regarding the null hypstb@e
7.0 REFERENCES/FURTHER READING
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MODULE 3 INDEXES NUMBERS

Unit 1 Basic Understanding of Index Number

Unit 2 CPI and other Forms of Index Number

Unit 3 Application of Index Number to Economic Blem

Unit 4 Measure of Macroeconomic Variables (Real Bodhinal
Values)

UNIT 1 BASIC UNDERSTANDING OF INDEX NUMBER
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Whatis an Index Number?
3.2  Simple Price Index
3.3  Construction of Index Numbers
3.4  Value, Quantity and Geographical Indexes
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Index number shows how figures are compared bygusatios. One
year is chosen as the reference year and scalB@DtoAll other figures
are scaled so that the ratio of the index numbé&oOtbis the same as the
ratio of that original value to the value in thewyender reference.

2.0 OBJECTIVES

By the end of the unit, you should be able to:

. explain an index number

. describe several uses of price index and the mgarfinonsumer

price index
. construct indexes (price, value e.t.c.).
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3.0 MAIN CONTENT
3.1 What Is An Index Number?

Index numbers are descriptive statistics. We dravedre that prices, for
example, vary from time to time and from place kacp. A price index
number is useful to describe the way in which wieary from one
time to another or from one place to another. Treee many other
forms of index numbers besides price indexes. lm@dlioutput, farm
output, unemployment, employment, and highway asdgl vary from
time to time and from place to place. Any of theaa be measured and
described with an appropriate index number.

Index numbers are used in many situations. A finmosing a new plant
location may be interested in the price of consuguerds, which might
be an important factor in determining the wage satecessary for a
given location. An organisation interested in préing highway safety
might be interested in an index of highway accide¢atdetermine where
a safety campaign should be instituted. A persakisg a retirement
home might be interested in the price of consunwdg in various
places to aid in determining where to live aftdiregnent.

There are many other uses for index numbers.

3.2 Simple Price Index

A price index plural: “price indices” or “price indexes”) is a normads
average(typically a weightedaveragg of pricesfor a given class of
goodsor servicesin a given region, during a given interval of tintieis
a statisti@l design which helps to compare how these pricggn as a
whole, differ between time periods or geographiicehtions.

Price indices have several potential uses. Forcpéatly broad indices,
the index can be said to measure the econopnigs levelor acost of
living. More narrow price indices can help producers vitlsiness
plans and pricing. Sometimes, they can be usefiieiping to guide
investment.

A number of different formulas, at least hundreusye been proposed
as means of calculatingrice indexes While price index formulas all
use price and gquantity data, they amalgamate #Hisid different ways.

A price index generally aggregates using varioushlmoations of base
period pricesyl), later period pricegy), base period quantitiegg, and
later period quantitiesq). Price index formulas can be framed as
comparing expenditures (expenditure is a priceiplidd by a quantity)

or taking a weighted average of price relatiy&s |0o).
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3.3 Construction of Index Numbers

Now that a price index has been constructed, it t@yhelpful to
state in symbols what has already been accomplishtte preceding
section. Using the symbglto stand for the price of a commodity, the
subscriptn to represent the year under consideration (calleditven
year), the subscript 0 to indicate the base yead, the symbol to
stand for the quantity of a commodity bought ordsale can restate
the index number calculations.

To combine these simple price indexes into a pmackex using the
base year value of transactions as weights, thexirgdconstructed as:

> P (pott)
Po
> Po

Where the summation sign indicates a summation aleommodities
included in the index. (For historical purposess tparticular form of
price index is called theaspeyres price indexiamed after the person
influential in its development).

X100

If some typical market basket is selected for weighthe simple price
indexes, the index number is computed as:

> Po (pot)
Po
> Pot

Where the subscrigtdenotes the typical quantity bought or sold for
that commaodity.

X100

3.4 Value, Quantity and Geographical Indexes

There are several other useful indexes. For exanoplesider a retail
store that sells two products: cross-country mgoides and bicycles.
The store is interested in looking at the changeitsi volume of sales
over the past several years. If prices have chaagedthis time period,
a very important question is whether the firm i®nested in looking at
changes in the naira value of sales, or in chamgdbee number of
physical units sold. The first question, the chaimgeaira value of sales,
is addressed by constructing value index.The second question,
changes in physical volume of sales, is addressedobstructing a
guantity index.The firm's records yielded the information shown in
Table 1.

104



DAM363

ECONOMIC STATISTICS

Table 1: Sales of Motorcycles and Bicycles

Bicycles Motorcycles
Number selling sales Number selling| sales Total
Year | sold . revenue| sold : Sales(N)
price (N) price | revenue(N)
(N) (N)
1976 | 300 100 30,000 50 20 1,000 31,000
1977 | 320 110 35,200 80 25 2,000 37,200
1978 | 260 90 23,400 130 35 4,550 27,950
1979 | 200 105 21,000 140 30 4,200 25,250
1980 | 270 120 32,400 120 35 4,200 36,600

3.5 Value Index

A value index is nothing more than the ratio of tiagra volume of sales
in the given year to the naira volume of saleshm lbase year (with the
usual factor of 100, arising because index numbaezsmplicitly stated

as percentages). For the data given inTablel tle wadex is computed
in Table 2. From Table 2 it is apparent that 19@dks for example,

were 90.2 percent of 1976 sales.

Table 2: Value Index for a Motorcycle and Bicycle Sop
(1976 = 100)

1976 31,00/3131,000x100 = 100.0

1977 37,200/31,000x100=120.0

1978 27,950/31,000x100=90.2

1979 25,200/31,000x100=81.3

1980 36,600/31,000x100=118.1

In equation form, the value index is computed as

> p.a, 100

> Poll

It is important to note that a value index combimbsnges in both
prices and quantity of transactions into one figure

3.6  Quantity Index

If the owner of the bicycle and motorcycle shop imgerested in
describing changes in the physical volume of sapart from the naira
volume of sales, a quantity index should be contpuide first step in
computing this index is to compute the simple indéxquantities for
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each of the individual commodities, bicycles andtanoycles. These
simple indexes are computed in Table 3.

To combine these two simple quantity indexes ime quantity index,
it is necessary to weight each commodity by its artgmce. For this
problem, the store owner (or the statistical artalysust make a
decision about the appropriate importance of bieycland
motorcycles.

Table 3: Simple Quantity Indexes: Bicycles and Motcycle (1976

=100)
Year Bicycles Motorcycles
1976 300/300x100 = 100.0 50/50 x 100 =100.0
1977 320/300x100 = 106.7 80/50 x 100 =160.0
1978 260/300x100 = 86.7 130/50 x 100 = 260.0
1979 200/300x100 = 66.7 140/50 x 100 = 280.0
1980 270/300x100 = 90.0 120/50 x 100 = 240.0

Table 4: Quantity index for bicycle —motorcycle shp, based on
judgmental weight (1976 = 100)

Year Bicycles Motorcycles index

1976 0.9x 100.0 + 0.1x100.0 = 100.0
1977 0.9x106.7 + 0.1 x100.0 = 112.0
1978 09x86.7 + 0.1x260.0 = 104.0
1979 09x66.7 + 0.1x280.0 = 88.0
1980 09x90.0 + 0.1x240.0 = 105.0

1976, motorcycles contributed only about 3 peroémaira sales, while
in 1979 motorcycle amounted to nearly 17 percemniafa sales. If the
owner of the shop felt that typical sales figures the store were 90
percent bicycles and 10 percent motorcycles, thesghts could be used
In constructing the quantity index. Of course,sitpossible to use any
other set of weights, such as 1976 values, 19&8@sabr some average of
values for various years. Using the store owneddginentally
determined 90 percent versus 10 percent weightsqulantity index is
shown in Table 4.

From this table, it is apparent that there has lsesuabstantial decline
in physical volume of sales from 1977 to 1978 a®d9l It is also
apparent that the value index of 118.1 for 1980sdnet represent
changes in physical volume alone. Although theanaolume in 1980
was 118.1 percent of the naira volume in 1976 @&)| the physical
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guantity of merchandise passing through the dauneased only to an
index of 105.0.

The formula for computing a quantity index may beressed as:

Z%WX 100

Where the symbolv denotes the weight appropriate for a particular
commodity, and the sum of the weights is one. I§ébgear naira

values are used as weights, the quantity indexagpéyres quantity
index) is

> O (poto)
Jdo
D Po

Values for other years could be used as weights.

X100

3.7 Geographical Price Index

Price indexes discussed so far reflect price chamyer the time at
the same location. Prices may also vary from placelace at the
same time. For simplicity, let us consider pricderes for two cities,
A and B, for the year 1981. This simplified exampl#l assume only
three commodities: transportation, housing and fddte example is
further simplified by assuming that only one prierists for each
commodity in each city. The raw data are shown &il€ 5.

It is apparent by now that the construction of adex number
requires weights. Suppose consumer expendituraestuidl each city
reveal the proportion of expenditures for each catity in each city,
as shown in Table 6. Suppose a soon-to-retire wasketerested in
whether prices are higher in A or B. However, therker needs to
answer the question, "The price of what?" if therkew is interested.

Table 5: Data for Price Index in two Cities (priceper unit)

City Transportation Housing | food
A N58,9 N195 N1.89
B N51.9 N235 N1.92
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Table 6: Proportion of expenditure for each commody

City transportation housing | food
A 0.30 0.45 0.25
B 0.35 0.25 0.40

In the price in city B of the “market basket” otyciA, the expenditure
proportions for city A are used to weight the prafecity B relative to
city A:

Z& Wa

2. Ws

Where w, is the relative importance of a commodity in city A

similar definition, with A and B reversed, givestprice index in city

A for the market basket of city B. These indexeslculated below.
Price index in city B for market basket of city A:

219,030 +[ 22045 | +[ 1224025 x00=1061
589 195 189

Priceindexin city B for themarketbaskebf city A =

Price index in city A for market basket of city B:

989 035]+[ 1225025 +( 1825 040] x100= 998
510 235 192

These calculations indicate that prices in city & &igher than
prices in city A. More specifically, a resident aty A, who went to
city B and purchased the "A" market basket, woudg £06.1 percent
as much as for the same items in city A. Howevearsdent of city
B who went to city A and purchased the "B" markesket would
pay 99.8 percent as much as for the same itemgyrBc This seems
to be saying that city B prices are about 6 perteégiter than city A
prices, but city A prices are about the same ag Bitprices! The
apparent contradiction arises because the marlsiebaliffers from
city to city.

This differing market basket makes geographicateindexes par-
ticularly difficult to construct. A commodity thas very important in
one city, such as home heating fuel in Fairbankd$ess important in
another city.
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SELF ASSESSMENT EXERCISE

la)
b)

2.

4.0

What is index number?
Why is it necessary periodically to change cordities and

weight for the index?

What are the potential uses of price index?

CONCLUSION

Index numbers are very essential statistical totds measure
economic problems, and its construction revolvesiad the art and
common sense of the use of number.

5.0

SUMMARY

In this unit we have learnt that:

6.0

index numbers are the measurement of economy mstef
price, values, quantity and geographic index. Wso dearnt
their construction such as:

> P (poat,)

Price index=p°— X100

> Pos

Value index—Z Pnlh x100

> Pl

> I (pog)

Quantity index=—a° X100
Y Pol

TUTOR-MARKED ASSIGNMENT

The price index for 1975 stood at 289.2. Doexd tlecessarily
mean there had been a recent price increase? Biscus

The wholesale price of 40 pound box of red delis apples
were given below for six years

Years Price
1970 49
1971 78
1972 56

109



DAM363 ECONOMIC STATISTICS

1973 65
1974 79
1975 56

Construct a price index for these apples, 1970=100

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Price index is one of the important microecononviagables, such as
Consumer Price Index, GDP Deflator, and ProduceeRndex

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. explain CPI and other microeconomics variables

. state the important uses of CPIl from economist stadistical
standpoint

. outline the uses of other microeconomics variables

. explain the effect of quality changes on CPI

. apply CPI to deflate a time series.

3.0 MAIN CONTENT

3.1 Important Price Measures

Many economic research organisations publish siegisdata about
many aspects of our economy. Many of these datexanessed as index
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numbers. From a personal standpoint, the indexbeurthat directly
affects most of us is the Consumer Price Indexclvis often loosely
called the “cost of living” index.

3.2 Consumer Price Index

“The Consumer Price Index (CPI) is a statisticahsuge of changes, over
a time, in the price of goods and services . picslly purchased by
urban consumers.” The index is broken down intoomaxpenditure

groups, such as food and beverages, housing, &ppade upkeep,

transportation, and others. These major expendifuoeips are then
weighted to form the overall index. The Consumdcd’index, in a

form roughly comparable to current data, has besgatighed since 1921.
Until 1978, the CPI measured price changes forrukbage earners and
clerical workers. Beginning in 1978, there haverbégo versions of

the CPI. The CPI-W measures price changes for uviege earners
and clerical workers, consistent with decades of @€&#a. The second
version, CPI-U, measures price changes for allrudeasumers.

The CPI-U is based on buying habits of about 8@gdrof the civilian
population of the United States. The primary grow@bsconsumers
included in the CPI-U, but excluded in CPI-W, ane self-employed,
professional, white-collar, salaried workers, estirpersons, and the
unemployed. Because of these differences, the CEoYErs only about
half of the consumers covered by the CPI-U.

From a statistical standpoint, one of the most irtgod uses of the CPI
is to deflate another economic time series. Frora@momist's point of
view, an extremely important use of the CPI is teasure the effect of
economic policy on price levels.

3.3 Quality Changes in the CPI

One aspect that the index number should incorporatpossible, is
changes in the quality of goods included in theexadUnfortunately,
guality is a very difficult aspect to measure. Ar877 automobiles
"better" than 1967 automobiles? How are qualityngjes in gas mileage
and safety features measured? The index statisteads to be aware
of such changes in product composition while thdexn is being
compiled. The Federal Bureau of Statistics (FB)laRrs its proce-
dures: One of the most difficult conceptual proldeiaced in compiling
a price index is accurate measurement and treatafentality change
because products and consumption patterns areatwlysthanging.
For example, with each model change of an autompthe FBS faces
the problem of separating the price rise from tiherease in price due
to quality change.
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Quality change in a new model of an item should beteflected as a
price change, since the index measures the costotsumers of
purchasing a constant market basket of goods awiteg of constant
guality through time. Ideally, estimates would lidained for each naira
value quality change resulting from a change in thedel or item

priced. This estimate would reflect how much constsnvalue the
guality change.

However, this direct measuring of quality change estremely

difficult since measurement of the value consunmexe on quality

change is rarely possible. Therefore, to adjustgisality change, FBS
uses an indirect method to measure the qualitygehdy evaluating the
additional cost associated with producing the ckangquality. For new
automobile features, this estimate is based oncadlits incurred in

manufacturing plus the established company markeughe selling

price of passenger cars. This estimate of costéeapio all new features
that are installed as standard equipment, thde&ures on cars in the
same or comparable series. For all items that cepte modify some
previously existing features, the estimate is basedhe difference in
cost between the old and the new features. In otioeds, the estimate
of cost for new items is computed for both the rsewl the old features.
The difference between these values is used asdim@ate of quality

change.

Adjustments for quality change in the CPI "new carlex include

structural and engineering changes that affecttygatenvironment,

reliability, performance, durability, economy, odang capacity,

manoeuvrability, comfort, and convenience. Althougimtipollution

equipment on automobiles originally did not inceegsiality because the
utility to the purchaser is difficult to determinéhese devices do
improve quality for consumers in general and thaneefan increase in
physical quality for the individual consumer. Comsently, quality

adjustments are made for pollution controls to entbiles.

Quality adjustments exclude changes in style oreamgmce, such as
chrome trim, unless these features have been dffaseoptions and
purchased by a large proportion of customers. Atsaw technology
sometimes results in better quality at reduced @rintrease in cost.
When no satisfactory value has been developedufdt a change, it is
ignored, and prices are compared directly.

3.4 Applying the CPI to Deflate a Time Series
Consider Table 1 on Mercantile Stores example beldwse data were
reported in constant (1967) naira with a brief wdescription regarding

the deflation of the actual sales to constant naakes. Selecting a
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small series of quarterly sales figures for an ganthe deflation of a
part of this time series is demonstrated in Tablé'lie Apparel and
Upkeep component of the CPI was used for the pmabex. This is not a
perfect choice, because Mercantile does not dagbleep (dry cleaning,
etc.). It also omits household furnishings (beddetc.) which are a part
of mercantile business. Each index value used fftation is the
average of the index for the three months in thiargr.

The reader should note that sales in Column 1 dfrected by
changes in quantitieand prices, whereas sales in Column 3 reflect
changes in quantity only. The sales in Column lnaeasures of values
(i.e. prices X quantities), whereas sales in Collmeflect quantities,
but in naira units. In general, salesaarrent naira (as in Column 1)
constitute a time series oklues,and sales in constant naira (as in
Column 3) constitute a time series reflectpigysical salesnpot naira
sales.

Table 1. Mercantile Stores Quarterly Sales and Appeel and
Upkeep Price Index

1 2 3
Reported salesprice index| =1/2x100
Year| Quarter N (current nairg (1967 =100) | Sales (1967 naira;
millions) N millions)
1972 1 N87.4 121.3 N72.1
2 N100.0 121.9 N82.0
3 N112.4 122.7 N91.6
4 N158.5 124.3 N127.5
1973 1 N102.6 124.7 N82.3
2 N116.3 126.4 N92.0
3 N123.9 128.1 N96.7
4 175.3 129.9 N134.9

3.5 Producer Price Indexes

Prices paid by consumers are measured by the Candarice Index.
Before it is purchased by a consumer, the prica cbnsumer item is
measured by various Producer Price Indexes. Asxamge, follow
wheat through its production processes to flourgalr and then
consumption. The price of wheat is included in tReoducer Price
Index for crude materials for further processingfter the wheat has
been processed into flour, its price is includedhia “Producer Price
Index for intermediate goods.” After the flour hlasen processed into
bread, its price is included in the "Producer Piicdex for finished
goods.” When the bread is purchased by a consuitseprice is in-
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cluded in the CPI. The Producer Price Indexes aldighed monthly,

by Federal Bureau of Statistics. They “measure apyerchanges in
prices received in primary markets of the Unitedt& by producers of
commodities in all stages of processing.” The FBSpleasises three
Producer Price Indexes, one for each of the thiasges of production.

Producer Price Indexes are also available for codityngroupings, such

as farm products, rubber and plastic productsnaaly other groupings.

With uk Producer Price Indexes, a manufacturer can congiaeges

in the prices paid or received with the nationarage price changes for
similar commodities. For example, there is a sdpairadex available

for the intermediate material “prepared paint.” STimdex shows the
prices (relative to the base year) for preparedtgithe first important

commercial transaction after manufacture, the ppa& to a paint

manufacturer. A manufacturer of another commodigych as

household furniture, might be interested in comparits prices

(relative to the same base year) for prepared paitht the national

index. Thus, the prepared paint represents a gefiiite for the paint

manufacturing industry and a purchase price forhihesehold furniture

industry.

In 1978 the FBS changed the name of the old Whieldzace Index to
the Producer Price Index for all commodities. Inngsthe various
Producer Price Indexes, data are available for npasf years. How-
ever, historical publications use the term Wholesiice Index instead
of the current title, Producer Price Index.

3.6 GDP Deflator

The GDP deflator can be viewed as a measure ofgenéation in the
domestic economy. Inflation can be described aseasore of price
changes over the time. The deflator is usually esged in terms of an
index, i.e. a time series of index numbers. Peaggnichanges on the
previous year are also shown. The GDP deflatoectfl movements of
hundreds of separate deflators for the individuaipeaditure
components of GDP. These components include expgadon such
items as bread, investment in computers, importrofaft and exports
of consultancy services.

3.6.1 Uses of the GDP Deflator Series

The GDP deflator allows for the effects of chanmgegrice (inflation) to
be removed from a time series, i.e. it allows thange in the volume of
goods and services to be measured. The resultaes $an be used to
express a given time series or data set in reaister.e. by removing
price changes.
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3.6.2 Measurement in National Accounts

In most systems ohational accountthe GDP deflator measures, the
ratio of nominal (or current-price) GDP to the réaf chain volume)
measure of GDP. The formula used to calculate ¢flator is:

NominaIGDP><
Rea GDF

GDPdeflator= 100

Dividing the nominal GDPby the GDP deflator and multiplying it by
100 would then give the figure faral GDR hence deflating the
nominal GDP into a real measure.

It is often useful to consider implicit price ddfles for certain

subcategories of GDP, such as computer hardwaréiidncase, it is
useful to think of the price deflator as the raifathe current-year price
of a good to its price in some base year. The pncine base year is
normalised to 100. For example, for computer hardwave could

define a “unit” to be a computer with a specifiwde of processing
power, memory, and hard drive space and so onick peflator of 200

means that the current-year price of this compupager, is twice its

base-year price - price inflation. A price deflatdr50 means that the
current-year price is half the base year pricacepdeflation.

Unlike someprice indexesthe GDP deflator is not based on a fixed
basketof goods and services. The basket is allowed &ngé with
people's consumption and investment pattern. (Spaity, for GDP,
the "basket" in each year is the set of all godug tvere produced
domestically, weighted by the market value of thimltconsumption of
each good.) Therefore, new expenditure patternalbmeed to show up
in the deflator as people respond to changing gritbe advantage of
this approach is that the GDP deflator reflectstumlate expenditure
patterns. For instance, if the price of chickerr@ases relative to the
price of beef, people would likely spend more mormey beef as a
substitute for chicken. A fixed market basket measwent would miss
this change.

In practice, the difference between the deflatal amprice index like the
Consumer Price IndefCPl) is often relatively small. On the other hand
with governments in developed countries increagingilising price
indexes for everything from fiscal and monetarynpiag to payments
to social programme recipients, the even smalledifices between
inflation measures can shift budget revenues apereses by millions
or billions of naira.
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3.7 Indexes of Quantity Output

One of the more important indexes of industrialpotitfor the entire
economy is the Federal Reserve Board index of gyamaitput, more
commonly called the index of industrial production.

Table 2: GNP in Current and Constant Naira, and Imgdicit
Deflator

1 2 3
Year| GNP, Current Naira GNP, constant| Implicit Deflator
(billion) Naira (billion) (1) = (2) x 100
(1972 =100)

1960 N506.0 N736.8 N68.7
1961 N523.3 N755.3 N69.3
1962 N563.8 N799.1 N70.6
1963 N594.7 N830.7 N72.7
1964 N635.7 N874.4 N74.3
1965 N688.1 N925.9 N76.8
1966 N753.0 N981.0 N79.0
1967 N796.3 N1,007.7 N82.6
1968 N868.5 N1,051.8 N86.7
1969 N935.8 N1,078.8 N91.4
1970 N982.4 N1,075.3 N96.0
1971 N1,063.4 N1,107.5 N100.0
1972 N1,171.1 N1,171.1 N105.8
1973 N1,306.3 N1,235.0 N116.0
1974 N1,412.9 N1,217.8 N105.8
1975 N1,528.8 N1,202.3 N116.0
1976 N1,702.2 N1,273.0 N127.2
1977 N1,899.6 N1,340.5 N133.7
1978 N141.7 N1,399.2 N152.1

It measures changes in the physical volume or guaot output of
manufacturers, minerals, and electric and gadiasili The index does
not cover production on farms, in the constructioustry, in
transportation, or in the various trade and serindeistries. The index
reflects output changes at all stages of production

As with other indexes we have examined, the indéxindustrial
production is broken into many components. For gdamthere are
separate indexes available for automotive prodwetsch are further
broken into subcategories. Output indexes are alsolable for car-
peting and furniture, appliances, TV, and furnifupgimary metals,
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fabricated metal products, machinery, transpomatiequipment,
lumber and so on. With this kind of detailed infatian, a firm is able to
compare its own output over time with the appraeri@dustry index
of output, to determine how its own growth compaséth the national
average. From an investor's standpoint, the indeso grovides
information about the relative growth of variousogwict groups or
industries. As are other indexes, the index of skl production is
revised periodically to reflect changes in the ecxop. For example, a
revision in 1971 incorporated information to matbtle index series to
bench marks obtained in th&nnual Survey of Manufacturergn
earlier revision was completed in 1962.

Another useful index of output can be constructeanfgross national
product data. The GNP is "the market value of thgwot of goods and
services produced by the nation's economyHis series is one of the
more widely used measures of the output of theremtonomy- The
time series of GNP can easily be expressed as dax,irsimply by

dividing the value for each year by the value of B5fdr the base year.
This computation, showing 1967 as the base yeahasvn in Table 3.

This index is a value index, rather than a measiréhe aggregate
physical output of the economy.

Table 3: GNP as a Value Index and as a Quantity Inek

1 2 3 4

GNP GNP valuel GNP(billion | GNP
Year | (Billion of | index (1)| of 1972 naira | Quantity

current +796.3x100 index  (3)+

naira) 1007.7 x100
1960| N506.0 N63.54 N736.8 N73.12
1961 N523.3 N65.72 N755.3 N74.95
1962 N563.8 N70.80 N799.1 N79.30
1963| N594.7 N74.68 N830.7 N82.77
1964| N635.7 N79.83 N874.4 N86.44
1965| N688.1 N86.41 N925.9 N91.88
1966, N753.0 N94.56 N981.0 N97.35
1967 N796.3 N100.00 N1,007.7 N100.00
1968 N868.5 N109.07 N1,051.8 N104.38
1969, N935.8 N117.52 N1,078.8 N107.06
1970, N982.4 N123.37 N1,075.3 N106.71
1971| N1,063.4 N133.54 N1,105.5 N109.90
1972 N1,171.1 N147.07 N1,171.1 N116.22
1973| N1,306.3 N164.05 N1,235.0 N122.56
1974 N1,412.9 N177.43 N1,217.8 N120.85
1975| N1,528.8 N191.99 N1,202.3 N119.31
1976 N1,702.2 N213.76 N1.273.0 N126.33
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1977 N1,899.6 N238.54 N1,340.5 N133.03
1978 N141.7 N267.19 N1,399.2 N138.85

As price levels change (inflation or deflation)e thalue index becomes a
very poor measure of actual changes in output. GNRstant naira
values are used to produce an output index. Thimpcaation is
demonstrated in Table3.

Just as there were various price indexes to meagameus price

changes, we have not seen two quantity indexesdasune different
kinds of output changes. The GNP in constant na&xpressed as an
index, is a much broader-based output index thanFerderal Reserve
Board index of industrial production. Two importaséctors of the

economy covered by GNP, but omitted in the FedBederve Board
index, are agriculture and services.

3.8 Productivity Indexes

Productivity is important to any economy. Labouodbsctivity is really
nothing more than output per labour-hour. If a measof output is
available, this output may be divided by the labagput (usually
expressed in hours). This quotient, expressed asdaR, is a measure of
changes in labour productivity.

To construct a productivity index for a particufm (or industry), it is
necessary only to divide a measure of output fat idustry (such as a
guantity index) by the amount of input of the faadd production whose
productivity is being computed. As an example, twner of the
bicycle-ski shop could easily compute the proditgtiof the labour force
of the shop by dividing the output index from TaBléy the number of
labour hours used in each of the years.

Table 4: Labour productivity for the bicycle-ski shop (1976 = 100)

1 2 3 Labor productivity

Year index

hours output Labour | (1) +(2)| (3)+ 0.0200 x 10(¢

index Hour

1976 N100.0 N5,000 N0.0200 N100.0
1977 N112.0 N5,200 N0.0215 N107.5
1978 N104.0 N5,400 N0.0193 N95.5

1979 N88.0 N4,600 N0.0191 N95.5

1980 N105.0 N4,800 N0.0219 N109.5

Figure 4 also shows the index of labour produgtifar the five years
for which data are available. This index could thencompared with
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published indexes of labour productivity to providéormation useful
to the manager of the firm.

SELF ASSESSMENT EXERCISE

1. What does it mean to deflate to time series to @ecéor price
change?
2. Differentiate between CPIl and GDP deflator.

4.0 CONCLUSION

The index numbers are essential statistical ancdh@u@ measures
which are used to check general persistent risefalhdn prices of
commodities of any economy at a particular time lacdtion.

50 SUMMARY
In this unit we have learnt that:

. statistical point of view of CPIl is used to deflasmother
economic time series while economic point of vieiwGPI is
used to measure the effect of economy policy oredevel.

. GDP is a measure of general price changes ovetirtigein the
domestic economy.

NominaIGDPx
Rea GDF

i.e.GDPdeflator= 100

6.0 TUTOR-MARKED ASSIGNMENT

1. What is the CPI?
2. What is the meaning of GDP deflator?
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1.0 INTRODUCTION

Two basic types of data are needed to construcCRile price data and
weighting data. The price data are collected feample of goods and
services from a sample of sales outlets in a samiplecations for a
sample of times. The weighting data are estimatdbeoshares of the
different types of expenditure as fractions of timeal expenditure
covered by the index. These weights are usuallgdapon expenditure
data obtained for sampled decades from a samieuseholds.

The index is usually computed yearly, or quartarlgome countries, as
a weighted average of sub-indices for different ponents of consumer
expenditure, such as food, housing, clothing, edalhich is in turn a
weighted average of sub-sub-indices at the mostilddt level, the
elementary aggregate level.

The index reference period, usually called the bas®, often differs
both from the weight-reference period and the priference period.
This is just a matter of rescaling the whole tineeiess to make the value
for the index reference-period equal to 100. Anlyusdvised weights
are a desirable but expensive feature of an inflaxthe older the
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weights the greater is the divergence between theert expenditure
pattern and that of the weight reference period.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. explain index numbers

. describe the steps to be considered before thetraotisn of
index number

. explain how to deflate a series using a retailepmzlex.

3.0 MAIN CONTENT

3.1 What are Index Numbers?

This can be defined as a statistical method of oméag a variable or
a group of related variables with respect to ittugaat a particular
period of time. This specified period of time idled the base period.
Products, such as petroleum, cash crops etc. ammgbes of group
related variables.

If the above mentioned variables are with respeqprice, then it is
called price index. Also, if they are with respé&ziquality or volume,
they are called quantity index. Although, a typigatlex number
may be concerned with whole sale prices, numberxpbrted good,
volume of production e.t.c.

Advantages of Index Number

Actually, indices are widely used as summaries barge in
financial contexts by agents, government and irtkesst

Index number is imperative in business and econosiigation
because of the following reasons.

. It measures the changes in prices, production,dsi@hand
cost of living etc.

. It helps in comparing related items from year t@amyefrom
country to country etc.

. It enables us to predict or forecast business arah@mic
conditions at a specified time.

. It provides or shows a clear picture of the changesa
variable with respect to time.

. It provides general information.
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Steps to be considered before the construction ohandex number

I The significance of the index.
The reasons for putting up the index must be camsidl and
carefully defined.

. Choice of the items in the basket.
It is always difficult while constructing index numar to
include all items due to time and implications. Eena sample
must be taken and must not be biased.

ii. Choice weights.
Weight means the importance or significance attddioethe
construction of index number and hence, its charuest
be considered.

\2 Choice of base period should be a period wingmgs are stable
and normal e.g. the base period must not be chwben there

is existence of isolated natural occurrences ssctvar, flood
earthquake, famine, poor weather e.t.c.

3.2 Method of Computation

The nature, data availability and the scope of xndamber
determine the method to be used for computation.

Price Relative Index (PR)

This is the percentage ration of the price of amitbr a commodity in
current period to the price in earlier specifiedeference period.

PRI = iXlOO
I:)O
Where R is the price for the current period

P, is the price for the base period.
Quantity Relative Index

This is the percentage ratio of the quantity oftam or a commodity in
current period to the quantity in earlier specifeedeference period.
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QRI =3 x100
Jo
Where g is the quantity for the current period

O, is the quantity for the base period.
Example 1

The prices of a television set in 1996 and 1997ewr5, 000 and<R0,
000 respectively. Calculate:

The price relative index

. using 1996 as the base year
. using 1997 as the base year
Solution
P]_gge =N15, 000 E)997 =N20,000
PRI = i) x100

I:)O

P 20000

PRI =227 x100=
1996 1

= 133.3%

x100
00

This means there has been an increase of 33.3%ilw/&096 price.

PRI :ﬁxlOO: 15000><100
20000

1997

= 75%

This means that there is a decrease of 25% in @8 1997 was
computed.

Example 2

The table shows the cost of a ‘mudu’ of four typédood items in a
given year.
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Calculate the price relative using 1990 as the gase

Food items 1990 1991 1992
yam flour 60 70 85
gari 80 90 120
beans 120 180 210
rice 200 250 300
Solution

Since the base period is 1990. Then the price lafhal food items is
100%.

For 1991

Yam Flour:;—gx100:116.7% Garizg—gme:llZ.S%

Beans= @xmo:lSO% Rice:@me:lZS%
12C 20C

For 1992

Yam Flour:2—2x1002141.7% Gari:%)xloozlSO%

Beans= E)><1OO:175% Rice:@xloozlw%
12C 20C

Food items 1990 1991 1992
yam flour 100 116.7 141.7
gari 100 112.5 150
beans 100 150 175
rice 100 125 150

3.3 Simple Price Index (SPI)

This can be defined as the ratio of the prices gifoaip of related items
in a given year to the sum of the price of the gama base year. This
can be expressed mathematically as:

SPI= 2R x100

>R

QPI= %q" x100

(o]
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Example 3

Compute the simple price index of the data in thiglet below using
1995 as the base year.

YEAR
SOAP TYPE 1995 1996 1997
Lux N25 N30 N40
Delta N40 N45 N60
Tura N35 N50 N65
Premier N20 N25 N30
Total 120 150 195
Solution
1995
2R
SPI = X100
2P
sp1=12%%100=100%
12C
1996
P
SPI= 2 Pios X100= 150 x100=12%%
z P1995 120
1997
P
SPI= 2 P X100= 195 x100=162.5%
z P1995 120
Year 1995 1996 1997
SPI 100% 125% 162.5%

Note: Simple price index is also called aggregaimepndex
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Disadvantages of Simple Price Index

. It can be affected by the items’ extreme values
. It is based on assumption that all items have ege#ihts since
only prices are considered.

Simple Relative Price Index (SRPI)
This is basically designed to control the effeatanadequacies of the

simple price index which is affected by their erteevalues and units.
The method is also referred to as simple averagelative.

i P
SRPI—NZ

Po

159
SRQI==>"-"
° quo

Example 4

The table below shows the prices of three items 880 to 1983.

YEAR
ITEMS 1980 1981 1982 1983
vegetable oil 240 260 280 320
cotton seed ol 380 390 400 450
groundnut oil 340 370 400 420

Using the simple relative price index method to pate a price index
of oil in 1983 using;

0] 1980 as the base year
(i)  1980-1982 as the base year

Solution

0] Using 1980 as the base year

Plof Vegetableil = % X100=133.3%
450
Plof Cottonseed = 38C X100=11842%
420

Plof Groundnutoil = ﬁ X100=12353%
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SPR|= 133.3+1183.42+12353% _37525

% =125.1%

(i)  Using 1980 -1982 as the base year

ForVegetableoil = 240+ 2§0+ 280 _ 260

.. PriceRelativelndex= g—zg% =123.1%

For Cottonseedoil = 380+ 320+ 400: 390

. PriceReIativeIndex:% x100==115.4%

For Groundnuil = 340+ 3;O+ 400 =370

. PriceReIativeIndex=% x100=113.5%

[123.1+115.4+113.5]%

.:SimpleRelativePricelndex = 3 =117.3%
Year 1980 1980-1982 1983
SRPI 125.1% 117.3% 100%
Disadvantages of SRPI
. It does not take into consideration the relativpomance of each

item.
3.4 Weighted Price Index

This corrects the inadequacies and limitationsiwipke aggregate and
simple average relative methods since both methdmlsnot take
consideration of the relative importance of theows items and assume
equal weight of items.

Advantages of Weighted Price Index

. It caters for the quantity of each commodity inertb weigh the
price of each item.
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. It uses the quantities in the base year as thehtvergthe quantity
in the current year as the weight.

Weighted Mean of Relatives

This is otherwise called weighted average of redstiand the method
involves computing index relative for each of theeg item and using
the weights given to determine a weighted mearlative for the data.
This can be mathematically expressed as:

W
WAI (WeightedAveragendex)= Z—

iIi
> W
Where WI is the weighting factor.

‘I depends on either the price of the commodity tbe quantity
involved.

Then I:%x 100 (for price)

[0]

I = x 100 (for quantity)

(o]
[llustration

Imagine you are running a café and that you ofterrycustomers when
they order coffee, a choice from four differentdtons in Lagos i.e.
Victoria Island, Festac Town, Yaba and Ikeja.

You charge the same amount irrespective of theeeafhosen; your task
Is to ascertain how much it is likely to cost youptrovide this service to
your customers. Once this is known, you will beeatd decide how
much you should charge a customer for coffee.

Your coffee suppliers volunteer the informationtttiee four coffees sell
in the ratio 4: 6 : 2 : 1 and cost4B, N15, N72, N28 per 100g
respectively.

This information is sufficient to establish thedii average cost of a cup
of coffee. The data values are the price that yameho pay for 100 g,

the ratios can be considered to be relative frecjasror, in this context,

‘weights’.
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Then, the
2 Wil; _ 4x40+ 6x15+ 2x72+1x28
>W 4 6+ 2+1

=4 a4

13

WA (WeightedAveragendex)=

Interpretation

It is going to cost on average3K.92 to purchase 100g of the customer’s
choice of coffee.

Example 5

The costs of salad in consecutive years are givéimei table below:

Vegetables Year Weights
Tomato AN38 N43 0.45
Lettuce AN56 N66 0.25
Spring Onion N17 N22 0.05
Peppers NO2 N102 0.15
Sweet Corn N33 NAS 0.10

Calculate an index for the cost of salad vegetahld992 using 1991 as
the base year and interpret your result

Solution
I=&x 100
PO

Vegetables P P, P/Py=l; W, Wil,
Tomato 38 43 1.132 0.45 0.5094
Lettuce 56 66 1.179 0.25 0.29475
Spring Onion 17 22 1.294 0.05 0.0647
Peppers 92 102 |1.109 0.15 0.16635
Sweet Corn 33 48 1.455 0.10 0.1455

Total 1.00 1.1807

W. 1.
WAI (WeightedAveragendex)= LW, - 11807_ 1807
> W 1.00
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Interpretation

This shows that on average, price index for 1992 18 indicating that
price has increased by 0.1807 i.e 18.07% in 1992pened to 1991.

Example 6

A company uses four raw materials in its productoocess. The cost
per kg of each is given in the table below:

Material Cost per kg. in| Cost per kg. in Weight
2003 2004
A 72 82 22
B 96 98 30
C 42 105 15
D 88 120 33

You're required to determine the weighted averagkex in 2004 using
2003 as the base year and hence, interpret yauit.res

Solution
Vegetables P P, P/Py=l; Wi Wil;
A 72 82 1.1389 22 25.0558
B 96 98 1.0208 30 30.624
C 42 | 105 2.5 15 37.5
D 88 | 120 1.3939 33 44,9988
Total 100 138.1786

2 Wil _ 138.1786_, o,
> W 100 '

This implies that on average, price index for 2804.382, showing that
price has increased by 0.382 i.e. 38.2% comparédde year which is
2003.

WAI (WeightedAverageindex)=

3.5 Laspeyres Index (LI)
I Laspeyres Price Index (LPI)

LPI fixes the content and monitors the subsequleanges in price using
the formula:
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P
Lpi= 2P 100

> Pg, 1

Where, Ris the price for the current year
Py is the price for the base year
0o is the quantity for the base year
Y P.qo = the total cost of basket of items in the
base year
Y Pogo = the total value of the same basket in the gixear

. Laspeyres Quantity Index (LQI)

P
LQI = 2P, x 100

> Pg,

3.6 Pasche Index (PI)

I Pasche’s Price Index (PPI)

PPI recognises and updates the contents of theetbaskl asks how
much today’s basket would have cost in earlier yelaunder-estimates
the price changes and requires more labour in datkection for
computing the changes in price.

> Pa,
PPI= &2 —— x 100

> Pa,

Where,> P,g, = cost of items in the given year at the givenugal
> Poqo = the price of the items bought in the given yassuming
the base year’s price is used.

. Pasche’s Quantity Index (PQI)

PQI= 2R x 100
> P,

Example 7
The data given are the retail prices, in nairagafy products in 2003

and 2004 and the amount of each item purchasedykegldebowale
family.
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2003 2004
ITEMS Price Quantity Price Quantity
milk 15 30 dozen 20 28 dozen
eggs 82 42 dozen 88 40 dozen
butter 145 30 dozen 150 28 dozen
cheese 230 2 dozen 270 25 dosen

Using the data calculate:

a. Laspeyre’s price index

b. Pasche’s price index using 2003 as the base year
Solution
2003 2004
ITEMS Pido | Podo | PiOn | Poh

milk 15 30 20 28 | 600 | 450 560 420
eggs | 82 | 42 88 40 | 3696 | 3444 | 3520 | 3280
butter | 145 | 30 | 150 | 28 | 4500 | 4350 | 4200 | 4060
cheesel 230 | 2 270 | 25 | 540 | 460 | 6750 | 5750
Total | 9336 | 8704| 15030 1351pD

Pngn
Pasche®ricelndex= Z d xlOO:iOBOHOO:lll.ZS%
P0Og0 13510
Pngn
Laspeyre®ricelndex= z g X 100:@x 100=107.26%
ZPOqO 8704

3.7 Comparing Laspayres and Pasche
Actually, the two indices may be used, but there advantages and

disadvantages attached to each. This is becausadttemtages of one
are automatically the disadvantages of the other.
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Laspayres

Pasche

There is a general tendency
overestimate price changes.

tio

Pasche’s index underestimates

the price changes

i. The weights are taken from the.
and
to
be collected each time a new
index is to be produced, will he

base period figures
therefore, the only new data

the new prices.

The Pasche’s index requir
new prices and weights ea
time, resulting in a larger da
collection operation.

PS
ch
fa

It requires less re-calculatignii.
because the
denominator remains constant.

each time

The denominator does n(

remain constant.

It is very easy
comparisons from year to year

to makeiv.

It can only be compared wit
the base year because
weights (and hence th
denominator) change for eve
index.

Dt

the

=

y

Uit
er

ent

v. The result may be less accurate It tends to give a better resi
than that of Pasche in terms|of in terms of current consum
Current consumer patterns patterns because it uses curr

period weighing.

vi. The units employed must bei. Asin Laspayres
consistent as well as correct i
the values are to be accurate

3.8 Fisher’s Ideal Index (FII)

This is otherwise known as ideal index number sihtakes care of the
underestimation of Pasche and overestimation opéwe’s indices
respectively. It can be obtained by computing tlkengetric mean of
both Pasche’s and Laspeyre’s indices.

3.9

FIl = /Paschéndex xLaspeyrdndex

Marshall-Edgeworth Index (MEI)

MEI uses the weighted aggregate for a particular ye

Marshall- EdgeworthPricelndex=

Marshall- EdgeworthQuantitylndex

> Pn(q0+qn)

x1007?

> PO(q0+gn)
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Example 8
Commodities . 1995 . 1996 _ 1997
Price Qty Price Qty Price Qty
A 38 48 32 66 40 58
B 56 36 60 43 68 36
C 34 60 38 54 46 52
D 27 45 33 46 29 42

Given the commaodities A.B.C. and D and their reipecprices and
guantity, use the data above to calculate thewiatigs.

. Laspeyre’s Price Index (LPI)
. Pasche’s Price Index (PPI)
. Fisher’s Ideal Index (FII)

. Marshall -Edge Worth Price Index (MEPI)
You are required to use 1995 as the base year

Solution

Year| Rdo | PG | PuOn | PG | Pa(QotGn) | Po@otan)
1536 | 1824 2112 2508 3648 4332

)
2160 | 2016] 2580 2408 4740 4424
2280 | 2040, 2052 1836 4332 3876
D
)

1996

1485 | 1215] 1518 1247 3002 2457
Total | 7461 | 7095] 8262 7994 15723 15089

Year | RQo | Poto | PuOn | Poo | Pu(Qot0h) | Polotan)

1920 | 1824 232Q 2204 4240 4028
1997 | 2448 | 2016| 2448 2016 4896 4032
2760 | 2040, 2392 1768 5152 3808
1305 | 1215 1218 1134 2523 2349
Total | 8433| 7095 8378 7122 16811 14217
For 1996
P
LPPI= 2, Pnan X100= 2204 100=105.16%
> P0q0 7095
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PPI=

> Pnan
> POgn

8262

FIl =+PPIXLPI

MEWI =

> Pn(qox gn)

> PO(qOx gn)

For 1997

LPPI= ZP
2P0
2.Pn

PPI=

> an

an

_ 15,723
15,089

OO—% 100=118.89%
7095

8378

x100=

7122

FIL = +/PPIXLPI

> Pn(q0x gn)

MEWI =

> PO(q0x gn)

Example 9

16,811

14,217

ECONOMIC STATISTICS

x100=——x100=103.35%
7994

=+/103.35x105.16=104.25%

x100=117.636%

=+/118.89x117.636=118.26%

X 100=104.2%

x 100==118.25%

Using the data in the example above to calculagentbighted quantity

index using

. Laspeyre’s Quantity Index (LQI)
. Pasche’s Quantity Index (PQI)

. Fisher’s Ideal Index (FII)
. Marshall -Edge Worth Quantity Index (MQI)

Use 1995 as the base year.

Solution

Year | Ran | dn(PotP) | doPotP) | Year | R+Py | gn(PotPy) | doPotP)
70 | 4620 3360 | 1997 78 4524 3744

1996|116 | 4988 4170 124 4464 4464
72 | 3888 4320 80 4160 4800
60 | 2760 2700 56 2352 2520

Total| 318| 16256 | 14550/ Total 338 | 15500 | 15528

136



DAM363 ECONOMIC STATISTICS

For 1996
Pngn
1= 2P 0028262, 1 00-110.79%
ZPO 0 7461
Z nan x100= 7994x100=112.7%
Z POgn 5

FIl = /PQIX LQI =+/110.7x112.7=111.7%

n(POx Pn
> an(P ) 100 16:256

MEWQI = = x 100=111.7%
> q0(POx Pn) 14,550
For 1997
Pngn
poi= 271 100- 8578, 100 99.45%
ZPOqO 8433
POgn
|_Q|:z M x 100="22,100=100.4%
> POgn 7095

FIl =,/PQIx LQI =+/99.4x100.4=99.90%

n(POx Pn
>.an( ) 100 15.500

MEWQI =
> q0(POx Pn) 15, 15,528

X 100=99.8%

3.10 Deflating a Series Using the Retail Price IndgRPI)

When a series of figures is concerned with ‘mon&jue and recorded
through time, then it will be affected by inflati@md so changes can be
misleading. In order to overcome this, ‘real prices'money value’ are
determined by deflating the original series. Then cbe done by
effectively changing the money values at one pointime, the base
time, and so making the figures directly comparable

Example 10

The table below shows the average weekly pay aadRitail Price
Index (RPI), from 1995 through 1999.
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Year | Average Weekly Wage '008-\N RPI
1995 72.30 168.2
1996 76.42 189.63
1997 83.96 198.24
1998 104.35 210.24
1999 115.76 230.34

By deflating the series, determine the rise in pasing power of an
individual from 1995 to 1999.

Solution

Therealvalueof earningn relation ©1995canbecomputedas

RPIfor1995

= Averagewagefor theyear x
RPIfor theyear

and so on.

For 1995 adeflatedfigureis=72.30x 128-2

=72.30

rd

L

168.2

I

1997 adeflatedfigureis=83.96x 1168'2

=67.78

1996 adeflatedfigureis=76.42x

=71.24

98.2¢

168.2

.
T

1999 adeflatedfigureis=115.76x 2168-2

1998 adeflatedfigureis=104.35x =83.41

=74.79

03.3¢

The results are properly represented in the tadli@ib

, ‘Real’ Weekly
Year | Average weekly wage’ 000 (N) RPI Wage (1995)
1995 72.30 168.2 72.30
1996 76.42 189.63 67.78
1997 83.96 198.24 71.24
1998 104.35 210.24 83.41
1999 115.76 230.34 84.53

138



DAM363 ECONOMIC STATISTICS
Methods of Computation of Index Numbers

84.53 72'30x100: 12.23

Then,thepurchasingpower= x100=16.92%
72.3( 3(

3.11 Record Prices and Record Earnings

If an item has been sold for a record price, itsdoet make the item the
most valuable at that period. This may be as dtreSinflation. The best
way of judging the real value of a particular itemthing is to ask what
else could be bought with the same amount of moifethis has
increased, then we say the original item has iseca value.

3.12 Retail Price Index (RPI)

This is often used to know the relative changealue of an item. This
iIs based on a weighted combination of the pricesadbasket' of
commodities. Then, a commodity holds its valuetsf apparent value
rises in step.

Example 11
The information in the table below gives the Japgaices of chocolate for

the years 1995-2000 together with the changingl i@tiae index values,
where January 1995 is considered as the base year.

Year RP] gi:r?oNc;olate Pric
1995 100.0 79.5
1996 107.2 98
1997 110.3 98
1998 115.3 87
1999 1231 95
2000 132.2 99
. Is there any year that chocolates were more expeEhsi
. What was the real price of chocolates given thé@ds/ing?
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Solution
The RPI has risen from 100 to 132.2 over the 5 yesod

Percentagincreases _ Increase x100= 132.2-100

x100=32.2%

Actual value
This means that prices generally have risen bylywesre third during
this period, (this is called inflation). If the in@lual salary has increased
exactly in proportion to the RPI, would the perdmn able to buy more
chocolates with the money earned in 2000 than ldada 1995? The
guestion is simply answered by converting the clabes price into
indices, with the 1995 price being indexed to 100.

SELF ASSESSMENT EXERCISE

1. List and explain the two types of data neededh@donstruction
of CPI.
2. A manufacturing company makes use of five ravtenls all of

which have risen steeply in prices over the past fears.
Demand for the product has also risen. Relevanurdig,
comparing a single week in 2001 with correspondiegk in
2002 are given below:

Raw 2001 2002

| Price Quantityy Price |Quantity
17 1300 36 1620
23 25 52 26
40 992 56 1420
22 120 32 135
50 80 78 140

moO >

Calculate two index numbers, one to show the exténthe
price increases and one to show the extent of ibee@se in
consumption.

4.0 CONCLUSION

The method to be used for the computation of arexndumber is
determined by the nature, data availability angbeanf index number.
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5.0

SUMMARY

In this unit we have learnt the followings.

6.0

The two basic types of data needed for the corgiruof CPI are
price and weighted data

The index reference period is different from theghe reference
period and the price reference period.

Index numbers are used as summaries of changemancial
contexts by agent, government and industries.

Various methods can be used in the computationd&#x number

for example, Laspeyres, Pasches, fisher e.t.c.

The advantages of Laspeyres method of index are the
disadvantages of Pasches methods.

TUTOR-MARKED ASSIGNMENT

What are the steps to be considered before dghstraction of
index number?

A shopping bowl consists of burger, meat pie &odtch egg.

In year 2000, the bowl contains 300g of burger,g36Dmeat pie
and 200g of Scotch egg with the prices per [00ged 120,

N 60 and=N40 respectively. In year 2002, the bowl contains
350g of burger, 420g of meat pie and 180g of Scetgmhwith the
prices per 100g being:M40:N 65 and-N45 respectively.

Using year 2000 as being 100, determine:

(a)
(b)
(c)
(d)

3.

Laspeyre’s price index
Pasche's price index
Marshall- Edge worth’s index
Fisher's Ideal index

The costs, in pence, of the ingredients of sacllvare given
in the table below: Calculate an index for the aafssandwich
ingredients in year 2 based on year 1 and integunat result.

ltem Year 1 Year 2
Price [Quantity Price |Quantity
Bread 47 2 48 4
Butter 56 4 58 8
Cheese 148 3 132 2
Tomato| 18 7 14 3
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Also, using year 1 as the base year compute

(a) Laspeyre’s quantity index

(b)  Pasche's quantity index,

(c) Fisher's ideal index

(d)  Marshall-Edge worth’s quantity index.

4, An index indicating price changes in energy diegphas been
recorded from 1989-1993, the figures having base $689.

Year Price Index RPI

1989 106.2 2235
1990 115.8 262.8
1991 126.7 292.8
1992 129.3 300.7
1993 136.4 314.7

(@) Convert the price index to base year 1989.

(b)  Deflate the index using the RPI figures given.

(c) What is the deflated percentage price changenfd989 to
19837
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1.0 INTRODUCTION

The distinction between nominal and real values isey importance in

measuring macroeconomic variables, such as wagesrest rates,
income, wealth, and gross domestic product. Nolmwaaiables are

measured without adjusting for any changes in tiaevof the currency
in which the variable is measured. Real varialdes adjusted for
changes in the currency’s value. Simply put, veaiables are adjusted
so that increases due solely to the ballooningceffef inflation are

removed from their values.

In order to capture meaningful changes in microeoans, economists
rely upon inflation-adjusted or real variables. nNoal values often
provide misleading information. For example, feveral years after the
breakup of the former Soviet Union, many newly ipeledent transition
nations reported nominal GDP values that incredsed year to year,
often significantly. However, when adjusted foe #ffects of inflation,
the real GDP figures showed a much different petuReal GDP per
capita is a key measure of economic growth foruntg. It represents
the inflation-adjusted value of goods and serviesilable on average

143



DAM363 ECONOMIC STATISTICS

per citizen in a nation. This often serves asocxymeasure for average
standard of living, although there are problemsoassed with this
interpretation. The GDP deflator, which is a forfrpdce index, is used
to convert nominal gross domestic product valueseab GDP.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. define real and nominal values

. differentiate between real and nominal values

. identify the pitfalls between real and nominal \esu
. change nominal to real values.

3.0 MAIN CONTENT
3.1 Review of Real and Nominal Values

A nominal value is expressed in the country’s auryeat the time of
measurement. A real value is a nominal valuetibatbeen adjusted for
changes in the value of the currency. SupposexXample, the nominal
price of bread bun was RO in 1980 ane-NL.50 in 2005. In the twenty-
five years between 1980 and 2005, the purchasingepof the
naira has changed because of changes in the ayaiagdevel. In order
to measure the real price of bread, the nominaepof bread would
need to be adjusted by a price index that captilmeschanges in the
average price level. Economists do not considearinal variables to be
of great interest because they include the disipréffects of higher
prices and this factor masks whether actual reahgbés have occurred.
Thus, economists regularly use prices indexes jasadhe nominal
values and forming real values.

Note: One of the most important macroeconomic variahised by

economists and policy makers is real GDP. Becags&amic well-

being is measured, in part, by the goods and ssvidividual citizens
can purchase, it is important to convert nominalues for gross
domestic product into real values that reflect ploechasing power of
the currency. The GDP deflator is a price indegdufor this purpose.
You should note that the GDP deflator is similamature to the CPI,
although the goods covered and formulas are somealifferent.
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3.2 Nominal and Real Variable

The first row of Table 1 shows the average prica oew house, which
rose from N2500 in 1960 to N124700 in 2000. Aredesucurrently 50
times as expensive as in 19607 Not when we allownftation which
also raised incomes and the ability to buy houses.

The second row of Table 1 shows the retail prickex) using 2000 as
the base year, inflation led to substantial inceessthe RPI, during
1960-2000. The third row of table 1 calculates ek of rent house
prices, expressed in 2000 in the top and bottom row

To calculate the rent price of house in 1960, yressing them at 2000
prices, we take the nominal price of N2, 500 andtipiy by (100)/7.4)
to allow for subsequent inflations, yield N33, 8(®ent prices have
roughly tripled since 1960 (from N33, 800 to N1Z8€0). Most of the
increase in nominal house prices in the top rowable 1 was due to
inflations.

1960 1980 2000
House price (000s) 2.5 27.2 124.7
RPI (2000= 100) 7.4 39.3 100.0
Rent price of house (2000) 33.8 69.2 124.7

3.2.1 Difference between Real or Relative Prices

The distinction between nominal and real variabégsplies to all
variable measured in money values. It does notyapplinits of output,
such as 4000 carpets per annum, which relate tgigdlyquantities.
Whatever the inflation rate, 4000 carpets are 4&0fets. However, we
do not know whethe=NO is a large or a small number until we know
the general price level for goods.

The argument comes over to prices themselves. Ohanal price of
solver has risen a lot since 1970. To calculatariiex of the rent price
of solver, divide an index of nominal solver prideg the real price
index of economic scarcity. They show whether thécep of a
commodity rose faster than its price in generalndde real prices are
sometimes called relative price. Consider the poicelevision over the
last 30 years. TV prices, measured in pounds, havdly changed. The
RPI has risen a lot. The real price of TVs hasefallAdvances in
technology reduced the cost of producing televisets. Because the
real price has fallen, many households now haveraéut is misleading
to base our analysis on nominal values of variables
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3.3 The Purchasing Power of Money

The PPM is an index of the quantity of goods tlzat lobe bought fo=hN
To distinguish real and nominal variable we sayt tteal variable
measure nominal variables as if the purchasing pat¥enoney had
been constant.

Another way to express this idea is to distinguisiminal variable in
current naira and rent variables in constant naira.

Table 1 described real prices of houses measuré&?0@@ naira. We
could of course have used 1960 naira instead. Agthdhe level of the
real price index for houses would have been differé would have
grown at exactly the same rate as the final rotable 1.

3.4 Real and Nominal Interest Rates: Inflated andPresent
Values

Consider the table below. Th& @olumn of table 2 shows rental receipts
in actual naira. The interest rate of 10 percelid tess how many actual
naira we earn by lendingINor a year.

At a nominal interest rate of 10 percentl00 percent today
accumulates te=NLO by next year. But we want to know how many
goods thatd410 will then buy.

Suppose the nominal interests rate is 10 percentifflation is 6
percent; leaving=M for a year gives=N10, but after a year it costs
MN1.06 to buy goods we could have bought fet idlding with ML.10
to spend next year, our purchasing power risesnbyd4percent.

The real interest rate is 4 percent.

Thus:
Real interest rate = nominal interest rate —irndlatiate

To use this formula, by a second example: normatést rates are 17%
and inflation is 70%. Leaving-1]0O0 for a year, you getIN7, but it will
cost you=M20 to buy goods you could have bought today foON1
You are worse off by 3% by delaying purchases fgear and lending
your money at the apparently high rate of 17%. Retgrest rates are
negative. The real interest rate is 3%, in reahseit costs you to be a
lender.

The nominal interest rate does not compensateigteh prices of goods
you ultimately wish to buy.
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Table 2
Year Rental Se Present
N) Value (N) Value (N
1 4000 3640
2 4000 + 10,000 11620
Asset price 15260

3.5 What Determines the Real Interest Rate?

Two forces lead to positive real interest rateststFipeople are
impatient. Given the choice of an equal number adds tomorrow or
today, we would rather have them today. To delaandmg on goods
and services, savers have to be bribed with aipegeal interest rate
that lets them consume more goods in the futuréhefy postpone
consumption and lend today.

Second, there must be a way of earning positivé refrms or
borrowers would never borrow. Borrowers pay positigal interest rate
because they can buy capital goods that provideeara of return more
than sufficient to meet the interest cost.

Importance to consumer and the productivity of jtaiscapital are the
two forces that lead us to expect a positive irsterate.

3.6 Nominal and Real GNP

Nominal and real variables are also used in termMSNP to measure
economic performance.

Nominal GNP: measure GNP at the prices prevailihgmincome was
earned.

Real GNP or GNP at constant price adjusts for tioitaby measuring
GNP in different years at the prices prevailingsame particular data
known as the base year.

Consider table 3 which presents a simple hypotakegxample of a
white economy: Nominal GNP rises from600 to-N 1440 between
1980 as the base by valuing output quantities 6228ing 1980 prices.

Real GNP rises only from-600 to-;860. This rise of 43% in real GNP
gives a value by the economy as white.
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1980 2002
Quantity apples 100 150
chickens 100 140
Price & apples 2 4
chickens 4 6
Value in current)l | apples 200 600
chickens 400 840
Nominal GNP 600 1440
Value in 1980 apples 200 300
chickens 400 560
Real GNP 600 860

3.7 Changing Nominal to Real Values

To transform a series into real terms, two things are needed: the
nominal data and an appropriate price index. The nominal data
series is simply the data measured in current naira and gathered
by a government or private survey. The appropriate price index
can come from any number of sources. Among the more
prominent price indexes are the Consumer Price Index (CPI), the
Producer Price Index (PPIl), the Personal Consumption
Expenditure index (PCE) and the GDP deflator.

Common price indexes measure the value of a baskgbods in a
certain time period, relative to the value of tleene basket in a base
period. They are calculated by dividing the valfi¢he basket of goods
in the year of interest by the value in the bas@.yBy convention, this
ratio is then multiplied by 100.

Generally speaking, statisticians set price indesgsal to 100 in a
given base year for convenience and reference.s€cauprice index to
deflate a nominal series, the index must be dividgdl00 (decimal
form). The formula for obtaining a real series iseg by dividing

nominal values by the price index (decimal form) fbat same time
period.

But how does this simple formula remove price fluctuations from
actual changes in a variable’s overall value? Economic variables
measured in dollar values like GDP, exports, construction
contract values, venture capital and retail sales are calculated
from the product of the quantity sold and the selling price.
Analysts want to get their hands around the changes in quantity
sold and disregard changes in prices because it is the quantity of
goods and services consumed by households that affect well-
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being, not the prices. In effect, the percentage change in real
values over a given time period should mirror the percentage
change in quantity.

Table 1 provides three scenarios that show how to correct the
data for price fluctuations.

In each scenario, price and quantity are multiplagkther to arrive at a
nominal value in 1990 and 1995. Then the 1995 namwalue is
divided by the ratio of the 1995 price index and 1990 price index to
arrive at a real value (or the 1995 value in 196ads).

Deflating

Nominal | Nominal | Real
Scenario Period Price Quantipyalue to Real Value
1. Price 1990 100 | 12 1,200 1,200
rises 50%,/ 1995 150 | 12 1,800 1,800/ |1,200
guantity (150/100)
stays same =
2. Price 1990 100 | 12 1,200 1,200
stays the 1995 100 | 18 1,800 1,800/ |1,800
same, (100/100)
guantity =
rises 50%
3. Price 1990 100 | 12 1,200 1,200
rises 20%,/ 1995 120 | 15 1,800 1,800/ |1,500
guantity (120/100)
rises 25% =

The Mechanics of Each Scenario

Scenario 1: Prices rise 50 percent from 1990 to 1995 but the
guantity stays the same. Result: The nominal value
increases 50 percent, but the real value remains the

same.
Scenario 2: The price remains constant but quantity increases by
50 percent.

Result:The real value rises by 50 percent.

Scenario 3: The price rises 20 percent and quantity rises 25
percent.
Result: After deflating the 1995 value to 1990 dollars,
the real value rises 25 percent.

3.8 lllustration and Notation on Real Values and Nminal
Values
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The simplest case of laundle of commodities (goods) is one that has
only one commodity. In that case, output or congionpmay be
measured either in terms of money value (nominaphysical quantity
(real). Leti designate that commodity and let:

. P, = the unit price of, say,»b
. Qi = the quantity of, say, 10 units.

The nominal value of the bundle would then be pmaeltiplied by
guantity:

. nominal value of = R x Q =N5 x 10 = N50.

Given only the nominal value and price, derivation ofeal valueis
immediate:

. real value of bundle= R x Q/P, = Q = 50/5 = 10.

The price “deflates” (divides) the nominal valuederive a real value,
the quantity itself.

Similarly, for a series of years, say fivgiyen onlynominal values of
the goods and prices in each ygareal valuecan be derived for each
of the five years:

. real value of bundlein yeart = nominal value of P! = Q".

This example generalises for nominal values redativ real values
across different years for which Ppace index comparing the general
price level across years, is available. Consideominal value (say of
an hourly wage rate) in each different yéailo derive a real-value
series from a series of nominal values in diffenggdrs, divide nominal
value in each year by,Rhe price index in that year. By definition then:

. real value in year= nominal value in yearP.
Numerical Example

If for years 1 and 2 (say 20 years apart) the nahwrage and P arell
and-NL6 and 1.00 and 1.333, respectively. The real wage-N0 (=
10/1.00) andd42 (= 16/1.333) respectively.

The real wage so constructed in each different yebexes the amount
of commodities in that year that could be purchassddtive to other

years. Thus, in the example, the price level ineday 33 percent, but
the real wage rate still increased by 20 percesrinyiting a 20 percent
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increase in the quantity of commodities the nomimage could
purchase.

The generalisation to a commodity bundle from thegls-good
illustration above is to a bundle of quantitiesdifferent commodities
and different years. This has practical use, becatise indexesand
the National Income and Product Accountsare constructed from such
bundles of commodities and their respective prices.

A sum of nominal values for each of the differeatnenodities in the
bundle is also called aominal value A bundle of n different
commodities with corresponding prices and quastife each yeat
defines:

. nominal value of that bundle in yeart £ Q'+ . . . + R’ x Q..
From the above:

. P, = the value of a price index in ydar

The nominal value of the bundle over a series oaryeand
corresponding Rlefine:

. real value of the bundle in year t 2 © nominal value of the
bundle in yeat/P".

Alternatively, multiplying both sides b¥":
. nominal value of the bundle in yes P' x Q.

So, every nominal value can Behotomisedinto a price-level part and
a real part. The real parf @ an index of the quantities in the bundle.

An illustration of anominal-valuesum isnominal GDP. An illustration
of areal-valuesum (or quotient) iseal GDP.

3.9 Pitfall between Real and Nominal Value in Term of
Cash Flows

Cash flows expected to occur in the future, exgess real terms, are
often equated with current values

In the valuation of the cash flows we have two chsi cash flows are
all denominated in real or in nominal terms. In fhist case, the cash
flows are expressed in the currency of purchasalgevas of the time of
occurrence of the flow and in the second case #Hreyexpressed in
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currency of purchasing value as of the day of thaluation. For
example, a kilowatt/hour of electricity to be séilk years from now, in
nominal terms would be valued at the actual prige expected to cost
five years from now, taking into account inflati@md technological
advancements. In real terms, it should be valudted price, deflated
by the expected inflation in electricity prices ovéhose years.
Unfortunately, to value it in real terms requitles forecast of the future
price, including the rate of technological chandglkee competitive
situation and the rate of inflation on electrigigices, not on the overall
inflation level. Most evaluations, to avoid thesamplex issues, value
future cash flows at today's prices and call ieal value. Nevertheless,
today's price is neither a real nor nominal valde.you expect personal
computers to cost the same five years from now®dufwere to express
that future value in dollars of today's purchasogver, it would be far
different than today's current value

SELF ASSESSMENT EXERCISE

1. Distinguish between nominal and real variables
2. Distinguish between the concepts of nominal eral income,
using a graphical approach.

4.0 CONCLUSION

Real and nominal value denotes the difference ktwaoney valued
with inflation adjustments, and valued as curreatyhe current time.

Due to inflation, the same amount of money at stime in the future

may not have as much value, or purchasing powst,dases presently.
Essentially, although the face value may remainstinme, that amount
may not be as useful as it once had been.

5.0 SUMMARY

We have learnt that real interest rates differ fra@minal interest rates.
The expected real interest rate is equal to theimamnterest rate,
minus the expected rate of inflation during theetiof the investment.
Real value and nominal value are also used in dithlels where an item
has a stated measurement or amount, while it ih iaRsomewhat
different. For example, 56Kbps modems are only lolpaf transferring
up to the speed of 53.3Kbps. Voltage, such asentmt currents and
batteries, also has variance (in some cases ptlieraminus).

6.0 TUTOR-MARKED ASSIGNMENT

1. Review how a price index is calculated and hd®v differs from
GDP deflator
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Compute real GDP from nominal GDP

Provide a general formula that connects real aodinal
percentage changes to changes in the rate ofianflat

4. Distinguish between nominal GDP and real GDP a@githe the
GDP deflator.

W N
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MODULE 4 PURCHASING POWER PARITY

Unit 1 The Meaning of Purchasing Power Parity
Unit 2 Purchasing Power Parity as Exchange RaterBenation

UNIT1 THE MEANING OF PURCHASING POWER
PARITY (PPP)
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1.0 INTRODUCTION

An important concept to understand when evaluatimg economic
health of nations and the relative dynamics betwea#rrnational
markets is the idea of Purchasing Power Parity YPPfe basic theory
asserts that the prices of common goods betweercowntries should
be equal once prices have been converted to a caraurcency.

Distilled to its basic form, purchasing power paris a ratio that
displays the relative price level differences asréso countries for
similar products or group of products.
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PPP is used as a first step in making inter-courargparisons based in
real terms of gross domestic product (GDP) and cissnponent

expenditures. GDP is commonly used as an econamdicator for size,

growth, and health of a nation. PPP allows coustt® be viewed

through a common reference point. Taken as a leng-theory, one

should expect a convergence of all prices for comgmods around the
world in order for equilibrium to take affect andtigate cost arbitrage
opportunities.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. describe the basic concepts of PPP and how theytleddPPP

works

. identify the major uses of PPPs

. calculate PPPs (the practical application of PP& the flaws
surrounding the application)

. identify the problems associated with PPP.

3.0 MAIN CONTENT
3.1  Whatis Purchasing Power Parity?

Purchasing Power Parity (PPP) is a theory whictestthat exchange
rates between currencies are in equilibrium wheir furchasing power
is the same in each of the two countries. This mehat the exchange
rate between two countries should equal the rdtithe two countries’
price level of a fixed basket of goods and serviGdsen a country's
domestic price level is increasing (i.e., a coumxperiences inflation),
that country's exchange rate must depreciate ierdodreturn to PPP.

3.2 Building the Theory of Purchasing Power Parity

To begin to understand PPP, one can start at hawtlibory is
developed from the law of one price and then tededl or generalised
to the concepts of absolute purchasing power paaitg relative
purchasing power parity.

3.2.1 Law of One Price
The foundation of purchasing power parity is graechch the law of one
price. The theory states that barring frictionalcomplicating factors

such as tariffs, taxes, and transportation codtg price of an
internationally traded good in one country shouttliave the identical
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price in another country, once the price is adpiste a common
currency.

To provide an illustrative context, a frequent eps&émof purchasing
power parity manifests itself in the form of the Mmnald’'s Big Mac

TM. Quite often, the economist will publish a ligmearted survey
concerning the prices of a Big Mac TM from differeountries in order
to: (1) evaluate exchange rates based upon diffesem the prices of
this nearly ubiquitous good, (2) get a comparasease of economic
output and health across countries.

As an example, consider a basic ingredient to tigeNBac TM like a
beef patty. Assume that the price for a beef pattye United States is

represented &§p$ and the price of the same beef patty in France is

represented :ﬁpE, the law of one price can be expressed
mathematically as follows:

RE=E*RS e 1)

Here, E is the exchange rate between the euro/déésume the cost of
a pre-formed beef patty in the U.S. is $1.00 petyp# the euro/dollar
exchange rate is 0.845316 (the spot rate as o7 £22J05), then the price
for the same beef patty in France should be €045%.arbitrage
opportunity could arise if the pre-formed pattydsdbr anything less
than €0.85 in France. A shrewd trader could therchmse pre-formed
beef patties in France and resell them in the thiSa tidy profit until
supply and demand forces took hold and drove ddwenptices in the
U.S. market while driving up the prices in the Ftermarket. This
process would repeat itself until price convergesa@ehieved.

Thus, the law of one price holds true within therative pricing cycle
for a discrete product like the beef patty.

3.2.2 Absolute PPP

Using the intuition built by the law of one pricerfa discrete product,
one can apply the principle across an aggregaprasfucts and prices.
Or put in another way, one can imagine a commoRdiasf goods that
can be traded and prices compared across two ¢eamthis is also
known as the consumer price index (CPI). By usingepindices, one
can rewrite equation (1) to make a relative congoariof overall price

levels between France and the UKand P®:
PE=E.,,xP®* (2)
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Once agaifk;, is the exchange rate between the euro and tiher.dibl

PPP holds true, then equation (2) can be rearratageerive the form of
absolute PPP:

PE 1
—X—=1 L 3.1
o e o
Or
PE
EZEEID; ......... (32)

The left-hand side of equation 3.1 can also bermedeto as the real
exchange rate or the exchange rate that has beestextifor relative
pricing levels. In the alternate form of equatioB,3ne can see that for
purchasing power parity to hold, a very strict dition of the basket of
goods must be met or the composition of the CPlt tneisdentical.

However, in empirical usage, one finds internatigméce indices are
varied in goods and different weights assignechtsé goods. Another
complication associated with international indiceghat they must be
constructed from similar base years.

The adaptation of the law of one price to PPP Isrigarticular nuance
or wrinkle. In the beef patty arbitrage exampleditbove, the trader
would take advantage of the price differences betwievo markets and
the exchange rate was assumed constant. Here, ithare attempt to

hold the price levels constant and it is the exgearate that fluctuates.
This becomes the basis of the idea that PPP istexndi@ant of the

exchange rates.

3.2.3 Relative PPP

One sees from the discussion above, that in omleontrol a constant
price differential between the two country’s indic®ne can focus on
measuring the relative purchasing power parity.ngsa relative PPP
allows for a different basket of goods and varyivgghts to be applied
towards the goods within the CPI. This is becawdative PPP states
that fluctuations in the pricing levels will be agtd to the fluctuations in
the exchange rates. Changes in relative exchange age attributed to
varying inflation rates across countries. Thusatre¢ PPP can be
expressed as follows:

2 _ 1
Ecs —Ecss

il TeiL S (4.1)
E/$
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Or

%AE, ; = %AP® -%AP® (4.2)

In equation 4.1, one sees that the percent changechange rates over
a given range of time will be equal to the diffazes in inflation of the
euro, M., and the dollar,

Put in a slightly different manner, equation 4.presses the differences
in percent changes in price levels in France andednstates, also
known as changes in relative inflation, as direetedminant in the
relative changes in exchange rates between thecowotries. It is the
calculation of relative PPP that many economistd #meorist will
anchor their empirical tests in order to provethetvalidity of PPP.

3.3 PPP in the Long-Run

Economists have conceived of an alternative wawterpret or apply

the PPP theory to overcome the empirical testimdplpm. The trick is

to think of PPP as a “Long-Run” theory of exchangge determination

rather than a short-run theory. Under such an pnéation, it is no

longer necessary for PPP to hold at any pointnretilnstead, the PPP
exchange rate is thought to represent a targetrtsmahich the spot
exchange rate is slowly drawn.

This long-run interpretation requires an assumptloat importers and
exporters cannot respond quickly to deviationshie tost of market
baskets between countries. Instead of immediatpons®s to price
differences between countries, by engaging in @y, buying at the
low price and selling high, traders respond slotelyhese price signals.
Some reasons for the delay include imperfect in&diom (traders are
not aware of the price differences), long-term cacts (traders must
wait till current contractual arrangements expiegld/or marketing costs
(entry to new markets require research and setsgs)cdn addition, we
recognise that the exchange rate is not solelyrmé@ted by trader

behaviour. Investors, who respond to different mises, might cause
persistent deviations from the PPP exchange raen af/ traders

continue to respond to the price differences.

When there is a delayed response, PPP no longels rieehold at a
particular point in time. However, the theory dossagine that
eventually, traders will adjust to the price di#faces, buying low and
selling high, causing an eventual adjustment ofdpet exchange rate
towards the PPP rate. However, as adjustment qcituss also quite
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possible that the PPP exchange rate also contitauebange. In this
case, the spot exchange rate is adjusting towamtsvang target.

How long will this adjustment take? In other worti®w long is the
long-run? The term itself is generally used by ernists to represent
some “unspecified” long period of time. It might lseveral months,
several years or even several decades. Also, $ivecéarget, the PPP
exchange rate, is constantly changing, it is qodtesible that it is never
reached. The adjustment process may never allovexblkeange rate to
catch up to the target, even though it is constanfthasing it.

Consider the chart below, the best way to see wieiong-run PPP

theory suggests is to consider the adjoining diagighe figure presents
constructed data (i.e., made up) between two cesntA and B. The

solid black line shows the ratio of the costs ofrlkea baskets between
the two countries over a long period of time, ategnbetween 1904

and 2004. It displays a steady increase, indicatag prices have risen
faster in country A relative to country B. The @attblue line shows a
plot of the exchange rate between the two counttigsng the same

period. If PPP were to hold at every point in titesn the exchange rate
plot would lie directly on top of the market baskatio plot. The fact

that it does not, means PPP did not hold all ottithe. In fact PPP held

only at times when the exchange rate plot crossesiarket basket ratio
plot, on the diagram. This happened only twicdrduthe century - not

a very good record.

Hypothetical Long Temm Trend
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3.4 Problems with the PPP Theory

The main problem with the PPP theory is that th& RBndition is
rarely satisfied within a country. There are qutéew reasons that can
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explain this and so, given the logic of the theampich makes sense,
economists have been reluctant to discard the yrmothe basis of lack
of supporting evidence. Below, we consider soméehef reasons PPP
may not hold.

3.4.1 Transportation Costs

The theory of the law of one price assumed thatspartation costs
were negligible and PPP requires the same assumpkiowever,

getting products to and from different markets add significant costs
to goods. This will cause additional divergencarmy price comparison
when the product is applied to the basket of gaads CPI. There is
research that estimates transportation costs gmcént to the price of
U.S. imports of meat, 6 percent to the import a€gof dairy products,
and 16 percent to the import price of vegetables.

3.4.2 Tariffs and Taxes

Once again, for PPP to hold, another key assumptioierlying the law

of one price is the abstraction of taxes and wrifthere can be no
imposition of unequal taxes or tariffs in goodsported or exported
across countries, otherwise this would tend to eduther separation of
true price levels between markets. A noted scholarPPP, Cassel
(1918), stated that “If trade between two countisesiore hampered in
one direction than in the other, the value of thenay of the country
whose export is relatively more restricted willlfah the other country,
beneath the purchasing power parity.” Export restms were

particularly relevant during Cassel's time due tieit widespread use
during the First World War. The effect of expagstrictions translates
into the currency of a country with high exportffarto be undervalued
relative to PPP of another country with lower expariffs. Conversely,

a country with higher import restrictions will bevesvalued on PPP
basis.

During the early nineties, Japan imposed quotas taniffs on beef
imports that went as high as 70 percent. Likewiseea imposed a 30
percent tariff as well as quantity restrictionsnfird 989 through 1994.
Trade barriers such as these erected an obstrutdiamatural price
equalisation of beef across the world marketstmotention the impact
upon the domestic prices of beef within Japan amde& Imposed
barriers to trade may be a partial explanatiorhéodvervaluation of the
yen and the war against the US dollar until the 12890s.

Taxes also have the same effect as tariffs upomt@vs away from
PPP. Many prices on goods that make up the composdf the
consumer price index are inclusive of taxes or @added taxes. For
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instance, countries with higher rates of taxatiomncomparison to the
U.S.) on like goods such as beef patties will appea have an
overvalued currency relative to the U.S. dollar.

3.4.3 Costs of Non-Tradable Goods

The theory of PPP asserts that after the barreetsatie are expunged,
the cost of a good such as the Big Mac TM shoulthbesame across all
countries in which the Big Mac TM is traded. Howewhe local price
of a Big Mac TM constitutes more than simply thgredients by which
it is composed. Also embedded in the local pricthés cost associated
with selling and marketing. Even within the sameirdoy, the cost of
the Big Mac TM can vary depending upon costs tedear rent the
restaurant space and pay for utilities such as powater, and heat.
Rents and utilities are examples of non-tradabledgo While it is
possible for titles and deeds to be traded, thatime of a property
cannot. Thus it may be cheaper to rent a space festaurant in Boise,
Idaho than in Manhattan, NY, however, it is a useleomparison if one
desires to sell Big Macs TM to the population infattan.

Another component incorporated in the prices is thst to serve,
market, and sell the Big Mac TM, which may be digantly different
from country to country. Wages have always beeretstdod to be a
non-tradable good in economic terms. There areramtebarriers to
people’s ability to move across borders to takeaathge of wage
differences.

Costs of non-tradable goods can have a significapact on pricing.
Ong, (1997), estimates that non-traded goods atdouf4 percent of a
Big Mac’s price.

3.4.4 Productivity

A theory developed by Balassa and Samuelson (1%64ies that the
non-tradable goods have a systemic impact on th@tten from PPP
due to its correlation with the productivity of ation. By incorporating
non-tradable components into the goods that comphe CPI, the
inherent effect is to also incorporate the proditstidifferences across
regions or countries. An underlying assumption bk tBalassa-
Samuelson theory is that high per-capita wagesaarandicator of
higher productivity. Thus, countries with high-wageill be overvalued
relative to countries with lower-wages. There anethfer supportive
arguments that differences in productivity are mastmounced in the
traded goods sector. Therefore, high-productivitytraded goods will
manifest in high-wages across all sectors - tragbbds and services -
as companies within a country compete for workidigher wages paid

161



DAM363 ECONOMIC STATISTICS

for services in high-income countries relativedwér-income countries
will cause higher prices for services in the higbeime countries.

There is a “trickle-down” effect of high prices imadable goods to
services within a high-income country. Thus, evénthere were
identical prices for tradable goods across cousttieere would still be
an overvaluation of currency in the high-incomerdou

3.4.5 Government Spending

Another contributing factor for deviations from PRPdifferences in
government spending on non-tradable goods acrdéfesatit countries.
There is evidence that governments spend more artraded goods
than the private sector does. For instance, if th&. government
increased expenditures relative to another govenhniige price of non-
traded goods in the U.S. will increase along whiga dverall price levels,
akin to the above. Had PPP held prior to the expard the dollar
would now be overvalued relative to its PPP leV&is phenomenon is
particularly prevalent in high income nations.

3.4.6 Current Account Deficits

There is another related notion that purports ailgintogic of the
“trickle-down” price effects of non-tradable good§&ugman, a noted
economist, theorises that governments who estalslishrent account
deficits are spending more on traded goods thaer athuntries. Hence,
this will result in a drop in the price of non-textigoods in the deficit
country. Here, had PPP held previously, there bglla situation where
the deficit country’s currency would be undervaluszinpared to its
“healthier” neighbours.

3.4.7 Pricing to Market

Another contributing factor to deviations from PR firm’s ability to
mark their products at different price points asraéfferent markets.
Basic business theory states that profit maximosatian be achieved by
pricing as high as is appropriate considering thstieity of demand for
a product. For instance, pharmaceutical comparfies @harge higher
prices in the U.S. than in other countries for #aene drug. This is
partially attributed to higher incomes found in th&S. and the
corresponding willingness-to-pay. Another importéandtor that allows
pricing to market is the ability to resell the puatlto another country.
There are heavy restrictions on selling drugs witthie U.S. and there
has been increased debate on whether people cahnagerprescription
drugs from countries such as Canada.
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3.4.8 Perfect Information

The law of one price assumes that individuals rgoed, even perfect,
information about the prices of goods in other ree&sk Only with this

knowledge will profit-seekers begin to export goddsthe high price

market and import goods from the low priced marismsider a case in
which there is imperfect information. Perhaps sqmee deviations are
known to traders but other deviations are not kno@nmaybe only a
small group of traders know about a price discrepand that group is
unable to achieve the scale of trade needed tdisgule prices for that
product. (Perhaps they face capital constraints eamdnot borrow

enough money to finance the scale of trade neexledualise prices). In
either case, traders without information abouteudferences will not

respond to the profit opportunities and thus priwésnot be equalised.
Thus, the law of one price may not hold for sonedpcts which would

imply that PPP would not hold either.

SELF ASSESSMENT EXERCISE

1. What are PPPs?
2. What are the major uses of PPPs?

4.0 CONCLUSION

Purchasing Power Parity is a powerful tool thatvmtes a common lens
by which to view the economic health and conditioh different
countries.

5.0 SUMMARY

In this unit, we have learnt the followings.

. There have been numerous studies to prove theugatiwories
surrounding PPP and its efficacy along particutaethorizons.
. There has been a long standing belief that PPR &ffactive tool

to understand real exchange rates and their nadgpalibrium
states in the long-run.

. There is a consensus that the speed of convergemetatively
slow compared to the rampant shifts to exchangesrat the
short-term.

.0 TUTOR-MARKED ASSIGNMENT

How are PPPs calculated?

How are PPPs calculated for GDP?

What products are included in the basket of goods services
used for the calculation of PPPs?

Wk o
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1.0 INTRODUCTION

The Purchasing Power Parity (PPP) theory uses theg-term
equilibrium exchange rate of two currencies to equalise their
purchasing power. It is based on thiaw of one price the theory states
that, in ideally efficient markets, identical goosisould have only one
price.

The PPP relationship becomes a theory of exchaatgedetermination
by introducing assumptions about the behaviour raparters and
exporters in response to changes in the relatigesadf national market
baskets. Recall the story of the law of one prigken the price of a
good differed between two countries’ markets, th@es an incentive
for profit-seeking individuals to buy the good imetlow price market
and resell it in the high price market. Similarlf/,a market basket,
containing many different goods and services, cosise in one market
than another, we should likewise expect profit-segkndividuals to

buy the relatively cheaper goods in the low costketaand resell them
in the higher priced market. If the law of one priteads to the
equalisation of the prices of goods between twoketar then it seems
reasonable to conclude that PPP, describing thaliggwf market

baskets across countries, should also hold.

However, adjustment within the PPP theory occurshwa twist
compared to adjustment in the law of one priceystlor the law of one
price story, goods arbitrage in a particular pradwas expected to
affect the prices of the goods in the two markéte twist included in
the PPP theory is that arbitrage, occurring aceosange of goods and
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services in the market basket, will affect the exae rate rather than
the market prices.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

. discuss the PPP theory and real exchange rate
. calculate based on PPP
. explain equilibrium story in an economic model.

3.0 MAIN CONTENT
3.1 The PPP Equilibrium Story

To see why the PPP relationship represents equitibrwe need to tell
an equilibrium story. An equilibrium story in anosomic model is an
explanation of how the behaviour of individuals lwgause the
equilibrium condition to be satisfied. The equiltbn condition is the
PPP equation developed below,

CB
EPP = & (1)

The endogenous variable in the PPP theory is tbhhagge rate. Thus,
we need to explain why the exchange rate will clkarfigt is not in
equilibrium. In general, there are always two \amsiof an equilibrium
story, one in which the endogenous variablgs(ere) is too high, and
one in which it is too low.

PPP Equilibrium Story 1

Let's consider the case in which the exchangeisateo low to be in
equilibrium. This means that,
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where E is the exchange rate that prevails on the spokehaand,
since it is less than the ratio of the market bas&sts in Mexico and the
US, it is also less than the PPP exchange raterighiehand side of the
expression is rewritten to show that the cost wiaaket basket in the US
evaluated in pesos, GBys, is less than the cost of the market basket in
Mexico also evaluated in pesos. Thus, it is cheapéuy the basket in
the US, or, more profitable to sell items in therkef basket in Mexico.

The PPP theory now suggests that the cheaper hagket US will lead
to an increase in demand for goods in the US mdr&sket by Mexico,
and, as a consequence, will increase the demandSodollars on the
foreign exchange market. Dollars are needed begaushases of US
goods require US dollars. Alternatively, US expatwill realise that
goods sold in the US can be sold at a higher pniddexico. If these
goods are sold in pesos, the US exporters will wantonvert the
proceeds back to dollars. Thus, there is an inergablS dollar demand
(by Mexican importers) and an increase in peso Isugby US
exporters) on the Forex. This effect is represehted rightward shift in
the US dollar demand curve in the adjoining diagrAtthe same time,
US consumers will reduce their demand for the eridllexican goods.
This will reduce the supply of dollars (in excharfige pesos) on the
Forex which is represented by a leftward shifthe tJS dollar supply
curve in the Forex market.
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Both the shift in demand and supply will cause rasrease in the value
of the dollar and thus the exchange ratg, ®ill rise. As long as the US
market basket remains cheaper, excess demandefdotlar will persist

and the exchange rate will continue to rise. Thesgure for change
ceases once the exchange rate rises enough toiseqtfa cost of
market baskets between the two countries and PIB.ho

PPP Equilibrium Story 2
Now let us consider the other equilibrium storyatths, the case in

which the exchange rate is too high to be in éguilim. This implies
that,

E.
" Ss S,s
o
E'
Et.,
D’ bs
QDM’
Eps > % =CB;E,,>CB, ... (3)

$

The left-hand side expression says that the spmitagige rate is greater
than the ratio of the costs of market baskets batwdexico and the

US. In other words the exchange rate is above B¢ &xchange rate.
The right-hand side expression says that the dastds market basket,
converted to pesos at the current exchange ragge&er than the cost
of a Mexican market basket in pesos. Thus, on geel#S goods are

relatively more expensive while Mexican goods &fatively cheaper.

The price discrepancies should lead consumerseirJth, or importing
firms, to purchase less expensive goods in Mexioodo so, they will
raise the supply of dollars in the Forex in excleaf@ pesos. Thus, the
supply curve of dollars will shift to the right aeown in the adjoining
diagram. At the same time, Mexican consumers waafdain from
purchasing the more expensive US goods. This wdeéd to a
reduction in demand for dollars in exchange forogesn the Forex.
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Hence the demand curve for dollars shifts to tfte Baue to the demand
decrease and the supply increase, the exchangeBgafefalls. This
means that the dollar depreciates and the pese@gpf®es.

Extra demand for pesos will continue as long asdgoand services
remain cheaper in Mexico. However, as the pesoeajgies (the $
depreciates) the cost of Mexican goods rises veldat US goods. The
process ceases once the PPP exchange rate is deasdemarket
baskets cost the same in both markets.

3.2 Adjustment to Price Level Changes under PPP

In the PPP theory, exchange rate changes are idduwgcechanges in
relative price levels between two countries. Tlastrue because the
guantities of the goods are always presumed to irefiteed in the
market baskets. Therefore, the only way that ttet obthe basket can
change is if the goods' prices change. Since peiad changes represent
inflation rates, this means that differential ititb@ rates will induce
exchange rate changes according to the theory.

If we imagine that a country begins with PPP, ttreninequality given
in equilibrium story 1CB,E_, <CB,, can arise if the price level rises in

Mexico (peso inflation), if the price level falls the US ($ deflation), or
if Mexican inflation is more rapid than US inflatioAccording to the
theory, the behaviour of importers and exportersildrzanow induce a
dollar appreciation and peso depreciation. In sungman increase in
Mexican prices relative to the change in US pri@es., more rapid
inflation in Mexico than in the US) will cause tlkellar to appreciate
and the peso to depreciate according to the purgdngsower parity
theory.

Similarly, if a country begins with PPP, then tmequality given in
equilibrium story 2,CB,E,>CB,, can arise if the price level rises in

the US ($ inflation), the price level falls in Mewi (peso deflation) or if
US inflation is more rapid than Mexican inflatiom this case, the
inequality would affect the behaviour of importexasd exporters and
induce a dollar depreciation and peso appreciatiorsummary, more
rapid inflation in the US would cause the dollardiepreciate while the
peso would appreciate.
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3.3 Purchasing Power Parity Theory and Real Exchage
Rate

The absolute purchasing power parity theory suggistt, in the long
run,

P i P*/W’ ........... (4)

whereby P denotes the price of a given basket oflgiin the domestic
country and P* denotes the corresponding price ahraV is the
nominal exchange rate between the domestic couwantdythe foreign
country, expressed as the price of the domestieay in units of the
foreign currency, as is usually the case for euwohange rates for
example. A nominal appreciation of the domestiaengty is therefore
reflected by a rise in W. The relative purchasimgver parity theory,
however, is characterised by the long-run validity

P= C(P*/W) ........ (5)

Whereby c represents a constant. If growth rateslagged with a “*”,
(5) results in

W=P-P (6)

According to (5), the purchasing power ratio betwdbhe domestic
country and the foreign country is constant if tleéative purchasing
power parity theory holds. According to (6), theeraf change in the
nominal exchange rate is equal to the inflationfedéntial. If the
countries in question are members of a monetargnjrthe nominal
exchange rate is permanently fixed at W = 1. Irhstases, the absolute
purchasing power parity theory implies that donweatid foreign price
levels should be identical in the long run, P =detording to (4), and
the relative purchasing power parity theory suggdisat the inflation
differentials according to (6) cancel out in thedaun, ~ P* =" P.

In the majority of cases, the real exchange rai® U&ed as an indicator
of an economy’s price competitiveness. This magdfened as

R=WP/PY) .. 7)

Equation (7) shows that the concept of a real exghaate may also be
applied to countries within a monetary union, whielis defined as the
price ratio between the domestic country and theigo country (R =
P/P*). Equations (4), (5) and (7) show that absojuurchasing power
parity is achieved if the real exchange rate islREIn(R) = 0 and that
relative purchasing power parity is achieved if R ar In(R) = In(c).
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Since the purchasing power parity theory is a long-concept, it only
applies if In (R) is stationary (relative versiam)if In (R) is stationary
at 0 (absolute version).

The indicator of the price competitiveness of therr@an economy is
essentially no more than a trade weighted real angh rate whereby
the weights of individual trading partners corraspoto their
significance in German foreign trade.

3.4 Purchasing Power Parity Theory as a Theoretid
Concept

There are two versions of purchasing power pahgoty — an absolute
and a relative one. Absolute purchasing power ypé#ngory states that a
basket of goods costs the same domestically anohdhbif the goods
prices are converted into a common currency. lrerodords, absolute
purchasing power parity theory postulates thatpimehasing power of
money is equal between countries. By contrast,tivelapurchasing

power parity theory does not compare domestic amdign levels of

purchasing power, but rather focuses on changethign purchasing

power. Relative purchasing power parity theory ¢fae states that the
inflation rate differentials between two countri@s regions are offset
through inverse changes in the nominal exchange sat that the

purchasing power ratio between the two remainsteohslt therefore

follows that the validity of absolute purchasingwao parity theory

implies the validity of relative purchasing poweriy theory, but not

vice versa.

3.5 Calculation Based on PPP

The simplest way to calculate purchasing powertypdretween two
countries is to compare the price of a "standamdgthat is in fact
identical across countries. Every yedihe Economistmagazine
publishes a light-hearted version of PPP: in itartlburger Index" that
compares the price of a McDonald's hamburger ardo@dvorld. More
sophisticated versions of PPP look at a large nunolbegoods and
services. One of the key problems is that peopldiffierent countries
consume very different sets of goods and servioeging it difficult to

compare the purchasing power between countries.
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Consider the following information about movie widg&pes sold in the
US and Mexican markets.

Price of videos in US market {fp $20
Price of videos in Mexican market P  p150

Spot exchange rate () 10p/$

The dollar price of videos sold in Mexico can bé&uakated by dividing
the video price in pesos by the spot exchangeasaghown,

P: |—1:esu {vid eo peso i i -l 150 .
= x = J = = $15/wideo
Ep_l-$ peso /¥ video peso video

To see why the peso price is divided by the excaaage (rather than
multiplied), notice the conversion of units shownthe brackets. If the
law of one price held, then the dollar price in Mexshould match the
price in the US. Since the dollar price of the wide less than the dollar
price in the US, the law of one price does not holihis circumstance.

The next question to ask is what might happen agsalt of the

discrepancy in prices. Well, as long as there arecosts incurred to
transport the goods, there is a profit-making ofapoty through trade.
For example, US travelers in Mexico who recognis# tdentical video
titles are selling there for 25% less might buyedd in Mexico and
bring them back to the US to sell. This is an exampf “goods

arbitrage.” An arbitrage opportunity arises whemew®e can buy
something at a low price in one location and resed higher price and
thus make a profit.

Using basic supply and demand theory, the increéasdemand for
videos in Mexico would push the price of videos Upe increase
supply of videos in the US market would force thieg down in the
US. In the end, the price of videos in Mexico migg tto, say, 180 pesos
while the price of videos in the US may fall to $2& these new prices
the law of one price holdsnce
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The idea between the laws of one price is thattidaingoods selling in
an integrated market, where there are no trandmmrtecosts or
differential taxes or subsidies, should sell ahtaml prices. If different
prices prevailed then there would be profit-makiogportunities by
buying the goods in the low price market and resglit in the high
price market. If entrepreneurs acted in this whagntthe prices would
converge to equality.

Of course, for many reasons the law of one pricesduot hold even
between markets within a country. The prices ofrbeasoline and
stereos will likely be different in New York Cityh&n in Los Angeles.
The prices of these items will also be differenbther countries when
converted at current exchange rates. The simplsoredor the
discrepancies is that there are costs to trangpods between locations,
there are different taxes applied in different etatand different
countries, non-tradable input prices may vary, padple do not have
perfect information about the prices of goods imarkets at all times.
Thus, to refer to this as an economic "law" doesrséo exaggerate its
validity.

SELF ASSESSMENT EXERCISE

1. What are the drawbacks to using exchange ratesneect GDP
to a common currency for making international conguams (e.g.
of production or productivity)?

2. Can average exchange rates be used as proxieBRa?P

4.0 CONCLUSION
PPP between two countries is the comparison optioe of a standard

good that is identical across countries. It lumpms together into broad
class, not putting quantity into consideration.

50 SUMMARY
In this unit we have learnt that:

. purchasing power parity is of course an imperfeetick for
determining things such as GDP, as the exchangewidtvary
based on the basket item used for the index.

. the problem can be minimised by considering largende
commodities rather than one or two.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Should PPPs always be used rather than exchange nat
making international comparisons?

2. Can PPPs at the level of GDP be used to determivether a
currency is undervalued or overvalued?

3. Does PPP determine exchange rates in the shor? term
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MODULE 5 HUMAN DEVELOPMENT

Unit 1

Human Development Indices
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INTRODUCTION

The Human Development Index (HDI) is a compositein which is
designed to measure human well being in differenntries. The index
combines measures of expectancy, school enrolnigetacy, and
income to provide a broader-based measure of wveatigh and
development than income alone. Since its publioatthis index has
become widely cited and is commonly used as a wasamking the
guality of life in different countries.

2.0 OBJECTIVES

By the end of the unit, you should be able to:

describe human development and human developmeen in
compute human development index and physical guafitlife
index

distinguish the relationship between economic ghoavtd human
development.
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3.0 MAIN CONTENT

3.1 The Meaning of Human Development

The UNDP incorporated Sen's view in its fitduman Development
Reportin 1990. According to it, human development goesbiayond
income and growth to cover all human capabilitiese—tneeds,
aspirations and choice of the people. It definethdru development as “a
process of enlarging people's choices” that istedely expanding human
capabilities. Income isneof the choices but it is not tlemly choice. Rise
in income is not the same thing as the increadeuman capabilities.
Besides higher income, poor people put a high vatuadequate nutrition,
access to safe drinking water, better medical ifi@s) better school for
their children, affordable transport, adequatetshetecure livelihood and
productive and satisfying jobs.

Human development is a broad and comprehensiveepbritis as much

concerned with economic growth as with its distidoy as with basic

human needs as with variety of human aspiratiawijth the distress of the
rich countries, and as with the human deprivatibthe poor. The Report
also explained the relationship between economawtlr and human

development. It emphasised, that there is no adiormak between the

two. Economic growth is important because no spdiess been able to
sustain the well-being of its people without camtins growth; so economic
growth is essential for human development. Howdaweman development
is equally important because it is healthy and athsc people who

contribute more to economic growth through prodiecemployment and

increase in income. Thus, human development anabato growth are

closely connected. In reality, economic growth isx@ans to an end, and
the end is human development. Policy makers shdbktefore, pay

more attention to the quality of growth so as tppsut all-round human

development.

3.2 Human Development Indices

Economists have tried to measure social indicatobsasic needs by taking
one, two or more indicators for constructing conomdices of human
development. We study below the Physical Quality.ité Index (PQLI)
of Morris and the Human Development Index (HDI)developed by
the United Nations Development Programme (UNDP).

3.2.1 Physical Quality of Life Index (PQLI)

The Physical Quality of Life Index was the mosi@es challenge to GNP
per capita as the index of development. It wasnteegby M.D. Morris in
1979. He constructed a composite Physical Qualityife Index (PQLI)
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relating to 23 developing countries for a compsaeasitudy. He combines
three component indicators of infant mortalitye léxpectancy at age one
and basic literacy at age 15 to measure performanceeting the most
basic needs of the people. This index representside range of
indicators such as health, education, drinking kyateitrition and
sanitation. The PQLI shows improvement in the duatif life when
people enjoy the fruits of economic progress witltréase in life
expectancy (LE), fall in infant mortality rate (IMRnd rise in basic literacy
rate (BLR).

Each indicator of the three components is placed scale of zero to 100
where zero represents an absolutely defwwedst performance and 100
represents an absolutely definkedstperformance. The PQLI index is
calculated by averaging the three indicators gingal weight to each
and the index is also scaled from 0 to 100.

If the indicators of life expectancy and basicritey rate argositive, the
bestperformance is shown as thr@ximumand theworstas theminimum.
Infant mortality rate, being aegativeindicator, for this thdestindicator
is shown as theninimumand theworstas themaximum.To find out the
achievement level of the positive variable, its imum value is
deducted from its actual value and the balance ivgdeti by the
difference (range) between maximum value and mimmalue i.e.

ActualValue— Minimun Value
Max. Value— Min. Value

AchievemenhLevel=

To find out the achievement level for a negativdigator, its actual
value is deducted from its maximum value and tHarnua is divided by
the difference (range; between maximum value amamaim value i.e.

Max. Value— Actual Value
Max. Value— Min. Value

AchievemenhLevel=

For life expectancy and Infant mortality rate, theis no natural
maximum and minimum value. However, there is thedn® select the
right values.

According to Morris, each of the three indicatorsasures results and not
inputs such as income. Each is sensitive to digtab effects. It means
that an improvement in these indicators signifies iacrease in the
proportion of people benefiting from them. But noofethe indicators
depends on any patrticular level of developmenthBadicator lends itself
to international comparison. Taking Gabon's infamisrtality rate of 229
per thousand live births as the worst rate in 184&dyis sets it at 0. At the
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upper end, the best achievement is set at 9 pesdhd for the year 2000.
Again, taking Vietham's life expectancy at age ase38 years in 1950,
Morris sets it at O of the life expectancy indekeTupper limit is set at 77
years for men and women combined for the year 2Dastly, the basic
literacy rate at 15 years is taken as the literadgx. This set of values is
presented in Table 1.

Table 1: Maximum and minimum values of component idicators

Dimension Maximum Minimum | Range
Infant mortality rate 229 9 220
Life expectancy at age one 77 38 39

Basic literacy rate 180 0 100

On this basis, Morris presents the following catieh of

(N=150).
(N = 150) Infant Mortality Life Expectancy
Life expectancy A age one -0.1-919 -+
Literacy -0.919 0.897

The coefficient of correlation between life expecta at age one and
infant mortality is of a high degree and negatiieilarly, the correlation
between literacy and infant mortality ratee., with literacy, infant
mortality rate declines. The coefficient betweeterbicy and life
expectancy shows a high degree of-positive coioelae., with literacy,
the life expectancy also increases. Morris regéfedsexpectancy at age
one and infant mortality as very good indicatorshef physical quality of
life. So are literacy and life expectancy. In fatte literacy indicator
reflects the potential for development. We presentable 2 the PQLI
performance and GNP per capita of two LDCs and tleeeloped
countries.

Table 2: PQLI Performance and GNP per Capita GrowthRate

Country PQLI Average_: annual GNP,
1950| 1960| 1970| Per capita growth Rate

India 14 30 40 1.8

SriLanka] 65 | 75 | 80 1.9

ltaly 80 | 87| 92 5.0

USA 89 | 91| 93 24

Source:  Morris D. Morris and M.B. McAlpin,
Measuring the Conditions of India's Poor,
1982.
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The above table reveals that India, which Morriésca "basket case",
exhibited slow but not insignificant improvementiis PQLI from 14 to
40 over a period of two decades from, 1950 to 1¥&3pite its low
growth in average GNP per capita of 1.8. On therotfand, Sri Lanka's
PQLI was much higher than India's during this pekribhough its average
GNP per capita was almost the same. Of the twolales® countries,
both Italy and USA had very high PQLI. But Italygserage GNP per
capita was more than double the USA. In this cotmec Morris
observes that there is no automatic link betweerP Gidr capita and
PQLI. In fact, the presence or absence of socialtioes, nutritional
status, public health, education and family envinent determine a
society's PQLI. Further, it takes considerable timebuild institutional
arrangements that can generate and sustain a Qigh P

Its Limitations

. The PQLI tries to measure “quality of life” directrather than
indirectly. However, it has its limitations.

. Morris admits that PQLI is a limited measure of ibaseeds. It
supplements but does not supplant the GNP. It faildislodge
GNP from its lofty perch. It does not explain thbaaging
structure of economic and social organisatiorthérefore, does
not measure economic development. Similarly it do#smeasure
total welfare.

. Morris has been criticised for using equal weidiais the three
variables of his PQLI which undermine the valudhaf index in a
comparative analysis of different countries.

. According to Meier, “Non-income factors capturedtbg PQLI are
important, but so are income and consumption #taisand
distribution-sensitive methods of aggregattbat are ignored by
it.

Conclusion

Despite these limitations, the PQLI can be useddémtify particular

regions of underdevelopment and groups of sociefiering from the

neglect or failure of social policy. It points towds that indicator

where immediate action is required. The state aka tip such policies
which increase the PQLI rapidly along with econogmawth.

3.2.2 Construction of PQLI

On the basis of the values of the component indisajiven in Table 1,
we can construct the PQLI in the following manner.
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229- ActuallIMR

IMRI =
220
LEl = ActualLlfeExpedancy - 38
39
BE| = ActuallLlfeacylLervel-0
10C

We calculate the PQLI for India on the basis of R@kensus data for
these variables: IMR = 67, LE = 65 years, and Bi5%b.

IMRI = 2227599 _ 74
LEl = 99738 _ 069
65-0

BEl =——— =065
100

IMRI + LEI + BLI _ 074+ 069+ 065
3 3

= 069

PQLI =

208
3

Thus the Physical Quality of Life Index for Indrma2001 was 0.69.
3.3 Human Development Index (HDI)

Lord Meghnad Desai and Nobel Laureate Amartya Sesnted the Human
Development Index and UNDP incorporated it into fitst Human
Development Report in 1990.

Since then, the UNDP has been presenting the nezasat of human
development in terms of HDI in its annual repotieHDI is a composite
index of three social indicators: life expectaremullt literacy and years of
schooling. It also takes into account real GDPgagita. Thus, the HDI is
a composite index of three fundamental dimensitwgig a long and
healthy life, being educated and having decentlstahof living.

The HDI value of a country is calculated by usihg following three
indicators.Longevity,as measured by life expectancy at biEtucational
attainment, asmeasured by a combination of adult literacy (thiods
weight) and combined primary, secondary and tgréarolment ratio (one-
third weight). Decent Standard of livinggs measured by real GDP per
capita based on purchasing power parity in terntotdr (PPP$).

Before the HDI is calculated, an index is created ¢ach of these
dimensions: Life Expectancy Index, Education Indexl GDP Index. To
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calculate these indices, minimum and maximum vatuegoal posts are
chosen for each indicator.

Table 3: Goalposts for Calculating the HDI

Indicator Max, Value Mim value
Life expectancy at birth (yes) 85 25
Adult literacy rate (%) 100 0
Combined gross enrolment ratio (%) 100 0
GDP per capita (PPP US$) 40,000 100

Performance in each dimension is expressed asia batween 0 and 1 by
applying the following formula:

ActualValue— Min.Value
Max Value— Min.value

Dimensionndex=

The HDI is then calculated as a simple average of the ttirmension
indices.

The HDI value for each country indicates the distance it hasetiey
towards the maximum possible value of 1 and hovit taas to go to attain
certain defined goals: an average life span ofegs; access to education
for all and a decent standard of living. The DHiks countries in relation
to each other. A countryt4DI rank is within the world distribution.e., it

Is based on its HDI value in relation to each depet and developing
country for which the particular country has tréeelfrom the minimum
HDI value of 0 towards the maximum HDI value ofClountries with an
HDI value below 0.5 are considered to have a lowelleof human
development, those from 0.5 to 0.8 a medium lendlthose above 0.8 a
high level. In the HDI, countries are also rankgdhzir GDP per capita.
The Human Development Repo&004 presented the HDI values, HDI
rank, and real GDP per capita ranks for the ye&22@lating to 177
developed and developing countries. Table 4 sholsvdlues and HDI
and HDI ranks for some of the countries.
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Table 4. Human Development Index for Selected Coungs, 2002

Country HDI Value |HDI Rank | GDP per capita
Rank minus HDI
Rank
1. High Human Development
Norway 0.956 1 1
Australia 0.946 3 9
USA 0.939 8 4
Japan 0.938 9 6
United kingdom 0.936 12 8
France 0.932 16 0
Costa Rica 0.834 45 14
2. Medium Human Development
Russian Federation0.795 57 3
Malaysia 0.793 59 2
Mauritius 0.785 64 15
China 0.745 94 5
Sri Lanka 0.740 96 16
India 0.595 127 10
Bhutan 0.536 134 0
Nepal 0.504 140 11
3. Low Human Development
Pakistan 0.497 142 7
Uganda 0.493 146 4
Zimbabwe 0.491 147 25
Kenya 0.488 148 1
Nigeria 0.466 151 15
Tanzania 0.407 162 12
Zambia 0.389 164 3

Source:Human Development Report, 2004.

Of the 177 countries for which the HDI was calcedgt55 were in the
high development category (with an HDI value of (0@ more) 86

medium category (0.5 to 0.79); and 36 in the lowegary (less than
0.50) Norway, Australia and USA led the HDI ranlgng the high HD

category. In the medium category, Bulgaria led Wil rank of 56, Sri

Lanka 96, India, 127, Bhutan 134, Bangladesh 188, Mepal 140. In

the Low category, Pakistan led with 142, Uganda, @ébabwe 147,

Nigeria 151, Tanzania 162 and Zambia 164. ThudHe reveals wide

disparities in global human development. For ingahorway's HDI value
of 0.956 was more than three times of Sierra Lesooe0.273 which was at
the bottom.
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The HDI reveals that countries can have similar GiePcapita levels but
different HDI values or similar HDI values but vedjfferent GDP per
capita levels. Thus the HDI ranking of countrieBedisignificantly from
their ranking by GDP per capita. Countries whosePGBnk is higher
than their HDI rank have consideraly@tential for distributing the
benefits of higher incomes more equitably. But thewe been less
successful in channeling economic prosperity irgtidn lives from their
people. Of the 177 countries in 2002, there wersuth countries whose
HDI rank was lower than their GDP per capita raBtominent among
them were Algeria (-103), India (-10), USA4), Pakistan (-7) and
Zimbabwe (-25). On the other hand, countries whaBé rank is higher
than their GDP rank, suggest that they have effdgtmade usef their
incomes to improve the lives of their people. Therere 106 such
countries in 2002. Prominent among them were C8Badnd Tajikistan
(45). It is said that the DHI led to the dethronatme GDP per capita. As
a matter of fact, these two concepts do not medbersame thing. The
HDI tries to measure the level of human capabditend the set of
choices available to people. On the other hand, @BiPcapita is an
indicator of well being, utility or welfare, thelgective enjoyment people
get from consumption. Thus the HDI is an altermatmeasure of
development. It supplements rather than supplaN8 er capita measure
of development and provides different informatiooni GNP per capita.

Its Limitations

. The HDI is not free from certain limitations.

. It is acrude indexwhich attempts to catch in one simple number a
complex reality about human development and defoiva
according to Prof. Amartya Sen.

. The three indicators are not the only indicators hafman
development. There can be others like infant miytahutrition,
etc.

. The HDI measures relative rather than absolute huma

development so that if all countries improve théidl value at the
same weighted rate, the low human countries wilt get
recognition for their improvement.

. The weighting scheme for calculating the four congras of HDI
seems arbitrary.

. Even, giving equal (I/3rd) weight to each of theyvdifferent three
indices for calculating the HDI, it is still arbairy to the extent
that one component index has a different variahea &another,
and equal weights seem unsatisfactory and ungcti\ country
having high HDI may shift the focus from the highequality,
unemployment and poverty found within it.

183



DAM363 ECONOMIC STATISTICS

Conclusion

Despite these weaknesses, by measuring average/ecignts in health,
education and income, the HDI provides a bettelupcof the state of a
country's development than its income alone.

3.3.1 Constructing the Human Development Index (BI)

The HDI is based on three indicators: longevity, nasasured by life
expectancy at birth; educational attainment, assared by a combination
of adult literacy (two-thirds weight) and combina@mary, secondary and
tertiary enrolment ratios (one-third weight); an@nslard of living, as
measured by real per capita(PPP$):

For the construction of the index, fixed minimunmdamaximum values
have been set for each of these indicators:

. Life expectancy at birth: 25 years and 85 years&iculating the
Life expectancy Index.

. Adult literacy: 0% and 100% for calculating tBducation Index.
Combined gross enrolment ratio (0% and 100%)

. Real GDP per capita (PPP$): $100 and $40,000 (PB$) tbr
calculating GDP Index.

For any component of the HDI, individual indicesidae computed by
applying the formula:

ActualValue— Min.Value
MaxValue— Min.value

Dimensionindex=

1. Life Expectancy Index. If the life expectancy at birth of a
country is 78 years, then the life expectancy infdexhat country
would be

Life ExpedancyIndex= 78-25_53_ 0384
85-25 60
2. Education Index. The education Index ithe combination of

adult literacy index and gross enrolment indexhé adult literacy
rate of this country is 92, then its adult literacgiex would be

92-0

AdultLiteracy Index= 1 = 0920
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If the combined gross enrolment in this country@s then its gross
enrolment index would be

60-0

Gros€Enrolmenindex= 1 =0.600

Education Index = 2/3 (Adult Literacy Index) + 1(Gross Enrolment
Index) = 2/3 (0.920) + 1/3 (0.600) = 0.813

3. GDP Index. The GDP per capita (PPPUSS$) of this country is
$8,840, then the GDP index would be

log(8840) —log(100 _ I098740:

GDPIndex= =
log(40000) —log(100 log(100

0748

4. Human Development Index.The HDI is a simple average of the
Life Expectancy Index, Education Index and adjusgidP per
capita (PPP$) Index.

It is derived by dividing the sum of these thredices by 3.

HDI| = 0884+ 0813+ 0784 _ 0815.

3

SELF ASSESSMENT EXERCISE

1. What is human development index?
2. What are the three component indicators for omaag quality
life index?

4.0 CONCLUSION

Human development is a broad and comprehensiveepbrwhich is
concerned with basic human capabilities i.e. bhsiman needs as with
variety of human aspirations.

5.0 SUMMARY

We have been able to see that HDI is a composiexiwhich combines
measures of expectancy, school enrolment, literang income to
provide a broader based measure of basic needsgtomomic growth
and development.

Remember that the composite HDI indices used tosureahuman

capabilities are PQLI and HDI as developed by thNDB , where PQLI
shows improvement in the quality of life when peophjoy the fruits of
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economic progress with increase in life expectandipl is a composite
index which takes into accounts real GDP per chpita

6.0 TUTOR-MARKED ASSIGNMENT

1. Economic growth and human development are closmiynected.
Explain?

2. What are the limitations of physical quality lifiedex and human
development index?

3. What are the three component indicators combinechdoyan
development index?
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MODULE 6 MEASURES OF CORRUPTION
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Corruption as a Menace to the Economy
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1.0 INTRODUCTION

An important aspect of economic analysis lies stealth of tools.
These tools often enable economists to widen tbatifrs of their
analytical concerns to issues that have significatonomic
implications, even though they may not be striettpnomic in nature.
Corruption is an example of such an issue. The radg of corruption
has varied among different societies and in differestorical epochs. In
contemporary times, this issue has assumed sughificant dimension
as a social problem in some LCDs that discussiont @an not be
ignored.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

. explain the meaning of corruption at all levels

. identify and determine corruption

. appreciate the effects and demands of corruption
. proffer solutions to the problems of corruption.

3.0 MAIN CONTENT

3.1  What Is Corruption?

Corruption is a word used to cover a wide rangmofally offensive or

criminal acts; thus, its precise definition is maisy. Gray and Kaufman
define corruption as the abuse of public office fawvate gain. Thus, it
refers to the use of position of power to seek gabkadvantage either
by performing an act or omission of the expectedopsance/duty. A

typical dictionary definition refers to corrupti@s various offences by
public officials including bribery, the sale of wiés, gaining of public

contracts to favoured firms and individuals andngreg of land or

franchise in return for monetary rewards.

There is no comprehensive and universally acceptefinition of
corruption. The origin of the word is from the Latiorruptus(spoiled)
and corrumpere(to ruin; to break into pieces). The working defoms
presently in vogue are variations of "the misuse gdublic or private
position for direct or indirect personal gain”.

This definition does point to some critical factdrat come to mind
when the word corruption is mentioned. Nevertheléds still limited.
For example, the reward of the public official n@s/non-monetary, but
this would not make the act less corrupt. A pubbiificial may
deliberately connive at a violation of another pefs rights by
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remaining silent. This again is corruption. Indeasthout defining it
exactly, most people recognise corruption when gesyit.

3.2 Manifestation of Corruption

Corruption is a worldwide phenomenon which existgall countries. In
the United States, for instance, corrupt economactzes is referred to
as ‘underground economy’ and in 1982, it was edgmhao have
accounted for about 14% of the GDP. More recermityrupt practices
bordering on crime have been uncovered in largearations like
Enron, World Com and Tyco. In the former Soviet @mpcorruption
was referred to asa leva,meaning ‘on the left’ (OLE) economy. It has
been shown that during the Communist era, OLE wasalidle of
supplying the Soviet people with their basic nemalside of the official
system. The transitional period to a liberalisedbnemic system
witnessed many corrupt activities especially durithg process of
privatisation. ‘Smart’ businessmen engaged in ‘sharactices and this
led to the emergence of a minority of very richiuduals — referred to
as ‘Mafia’ capitalists. In Italy, the undergroundoaomy is known to
employ young people off the official record so agscape giving them
officially mandated benefits.

In recent times, Transparency International, aiBdrased international
non-governmental organisation (NGO), has been megsgorruption
index. The Transparency International Corruptiodeb (TICI) is a
measure of perception of corruption as seen bynbkssi people, risk
analysts and the general public. TICI ranges fraoma t ten, with the
index of ten reflecting ‘highly corrupt’. Countrieger the world have
been rated in terms of their intensity of corruptitn 2003, Nigeria was
rated the second most corrupt country, second tonBangladesh while
Finland was the most incorrupt, followed by SingapoBritain,
Hongkong, Germany and United States. Between 18688801, TICI,
focusing on African countries showed that corruptiended to be less
in Botswana, Namibia and South Africa while it veamsistently high in
Nigeria, Uganda, Kenya and Cameroon.

Given the pervasiveness of corruption especiallincan countries,
the big question is: why are people corrupt? Well shddress this
guestion theoretically by considering an economareh of corruption
next.

3.2.1 An Economic Model of Corruption

Corruption can be analysed within the neo-clasaitifity maximising
framework. In this context, an economic agent isuaged to be
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maximising some net utility from engaging in corragtivities. She/He,
therefore, has a positive demand for corruption.

The individual's demand for corruption {Diis determined by several
factors. These factors include net gains from quion (G), costs of
undertaking corruption (C), expected punishment @rmdability of its
occurrence (B, economic incentives for corruption (V), the lewd
income (Y, distribution of income (¥) and the level of individual
education (E). Symbolically, therefore, the demaequation for
corruption can be written as:

. DI°=f[G, C, B, V, Y, Y¢ E]

Each of these determinants affects the demandofoution, especially
in the African context.

3.2.2 Net Gains from Corruption

Net gains from corruption are the difference betwdee benefits and
direct costs of corruption. If the net gain is piesi, corruption will take
place. It then follows that the higher the netng@om corruption, the
higher the degree of corruption in any given sgcidnder this
circumstance, the demand for corruption behavesdikormal good.

Demand for corruption is, therefore, a direct fimctof net gainsDc
starts from the origin, thereby implying that, étrgains from corruption
are zero, there would be no corruption. As net g@iom corruption
increase, more of it will be demanded by individuial a given society,
ceteris paribuslt must be noted that the gains from corruption roay
monetary, non-monetary or psychological. Thus, sofmihe gains can
be quantified but a good number of them cannot.

DC

Net gain
(benefit-costs
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3.2.3 Costs of Engaging in Corrupt Activities

Like any other economic enterprise, corruption negu resources
(inputs). These inputs constitute the cost of qurom and comprises
direct and indirect (opportunity) costs.

Consider the following examples

The chairman of the tender’s board, who is given résponsibility of

awarding major contracts, wants to amass persoealthwv by corrupt

means. He will have to incur the costs of usingtinie and resources to
lobby other members of the board and the contradimrget them to

agree to his proposals. These are direct costsoppertunity costs are
the options which are given up to pursue corrupiviéies. These might

include negotiating a legitimate bank loan.

The corrupt official will weigh these costss-a-visthe benefits. The
higher the costs of corruption, the less the denfandorruption will be
In general, therefore, demand for corruption variegersely with its
costs and on a cost-corruption panel, demand foupbon is, therefore,
downward-sloping. (Sketch this graph for yourself).

3.2.4 Expected Punishment

Since corruption is often a criminal act, it is @imable directly by law.
The punishment can also be indirect by social gisaml and disgrace.
A rational corrupt official will, therefore, assesthe potential
punishment, if and when apprehended, on two bdsg¢she severity,
and (b) the probability.

3.2.5 Economic Incentives to be Corrupt
In an economic system, positive incentives may Ilpeated for
corruption. This is often the case when governmentatrols or

interventions in the economic system create burafacinefficiency.
Consider the case of official efforts to consemeign exchange.
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Fig. 2: Economic incentives for corruption: case of
allocation of import licenses for stockfish

One of the ways of doing this is by allocation wipiort licenses for the
importation of a commodity. Fig.2 illustrates this the case of
stockfish.

Normal profit is earned & if there is no administrative control in the
importation of stockfish. Now, if the governmenstrécts importation to
Q. by the allocation of import licenses, people wob&willing to pay
Pn. This would result in a monopoly profit &P,,M|M , for holders of
import licenses. This in turn will generate theantve for bribery or
another form of corrupt activity to obtain the hse. If a typical
importer incurs a bribery cost B§PoMoM, to obtain an import license,
there would still be a profit oP,,M|MoP,- Since this type of import
control is common in several African countries,ipes incentives exist
for corruption. When it is recalled that the cohtod one item may
necessitate the control of another, the tendency cforuption to
multiply is easily appreciated.

Furthermore, inefficiencies in the bureaucratideystend to encourage
mutual collaboration in corruption between the @ffis and the clients.
To obtain an urgent passport in a congested offiocald be virtually
impossible if the applicant does not bribe theawddi to speed it up. In
general, therefore, administrative inefficiencytire economic system
tends to generate corrupt practices because ofiy@msncentives to
bribe corrupt officials. Where corruption is extesin an economic
system, productive workers tend to be rewarded inakdequate or even
negative incentives.
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3.2.6 Level of Individual's Income

In an economy where individual earnings are inadegjio meet basic
needs and social responsibilities, there is intipeessure to be corrupt.
This situation is common in many LDCs. Considdog official on a
salary of N2.7 million per annum. Ordinarily, thealary should be
enough for family needs. But some cultures expach san official to
spend a huge amount on social functions, to eduektgons, etc. These
social responsibilities create pressure on offscta live beyond their
means. One way of obtaining more money is througtupt practices.
Generally, poverty is a great driver of corruptidimus, the poorer the
individual or the society, the more the incidend¢ecorruption, ceteris
paribus. The deepening poverty in Africa has been associatii
rising incidence of corruption.

3.2.7 Income Distribution

Where distribution of income is highly inequitabtepse on the lower
scale often find it difficult to meet their mostdi@needs. The pressure
to escape poverty may lead to a corrupt life. Thesy be abetted by the
rich few who will bribe the poor to, for examplellstheir votes. In this
way, the rich few can use political power to maimta system of
economic inequality by corrupting the masses. Eiigerience is quite
common in most African societies with highly skeweaglcome
distribution.

3.3 Economic Effects of Corruption

Corruption would not be considered a social problemrthy of
analytical and policy attention if its effects dreteconomic system were
neutral. As we shall show presently, corruptionngigantly retards
developing economies. Let us discuss some of thegative impacts
briefly.

3.3.1 Increase in Economic Crime

Our theoretical analysis relating demand for caioupto its net gains,
costs of operations and expected punishment offetraghtforward

explanation for increase in criminal behaviour. sSThé because an
economically rational official who is corrupt wiklways undertake
related criminal activities to minimise the costspmunishment arising
from corrupt behaviour. This goes towards explagnwhy some law

enforcement agents are bribed, public buildingsibdown in order to
burn the records of corrupt transactions, and nrardemmitted to keep
someone from revealing incriminating evidence. €benomic costs of
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these related crimes, especially those of arson randder, can be
enormous if quantified.

3.3.2 Reduction in the Supply of Public Goods

Extensive corruption may lead to a reduction in siply of public
goods. Take the case of police protection as a&ygixample. Suppose
corruption is allowed to permeate the rank and dilehe police force.
This would mean that innocent citizens would hawe effective
protection against crimes; therefore, murderergoraanists, rapists,
etc. would thrive.

The same effect could apply to the political systghose essential role
is to legislate for the public good. A corrupt pickl leadership can
saddle the nation with making anti-developmentgislation since their
intention would be that of self-protection. Herelifical power becomes
an instrument for reducing the cost and maximiding gains from

corruption.

3.4 Corruption Indexes

Corruption indexes are measures that summaris@onmre aspects of
corruption-related phenomena. The characters thattlee object of
measurement may be aspects of corruption propénggrmay represent
occurrences that are understood to be correlatddowmrruption, such as
“public integrity” or various measures of the qtalof governance.
Most times, such indexes are based on perceptibti'egohenomena.
This is the case of Transparency International @iion Perception
Index, the result of the aggregation of severakotihdexes, and the
Global Corruption Barometer that Transparency hdgonal
commissioned to Gallup, focusing more on pettyaion.

Other indexes are based on descriptions of broaekcts of governance,
and as such are more tenuously linked with theupbion phenomenon.

The three types of assessment of corruption meseptesome degree of
simultaneity. A high public opinion exposure to naedoverage on
scandals may cause an artificial increase on peocepased indexes.
For example, Italy’s ranking in the 1995 Transpayeimternational CPI
was below Mexico and Colombia, and just above Hnal India and
The Philippines. Such an unrealistic ranking isbaluy at least in part
explained by the spate of attention that the caimagssue had received
in ltaly in the early 1990’s, corresponding to tre® called
“Tangentopoli” judicial inquiries. Perception-basedrruption indexes
could also influence corruption perception, giviea wvide dissemination
they receive from the media, raising the possiegdithat they influence
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the very same perceptions on which they are bdselicial activity may
also be influenced by the perception of corruptather of the informal
type, or as expressed by an index, wherever theiguyg has degrees of
freedom in allocating its effort.

3.5 Solutions to Corruption

Corruption everywhere is usually frowned upon asmoral and
criminal. Public condemnation of corruption in Nige for instance,
dates back to the colonial era. In its Civil Seeviéeneral Orders, the
colonial government stipulated that any employeanéb guilty of
corruption would be dismissed. The Nigerian Crirhide treats
corruption as a criminal offence punishable unterlaw. When the late
General Murtala Mohammed took over power in 1975 parged the
country's public service of “corrupt’ officialstbugh mass dismissals.

As a follow up, the Code of Conduct and Public Ctaimbs
Commission were set up with branches throughouthallstates of the
Federation to fight corruption. The 1979 and 1998n<iitutions of
Nigeria make it mandatory for public office holdexs declare their
assets before taking up office and at the end ef tienure. In 1982,
President Shehu Shagari set up the Ethical ReatientCommittee to
study the problem of a drastic fall in ethical stards among Nigerians
in order to usher in an ethical revolution. In 198% government set up
the Independent Corrupt Practices Commission (1CRGY the
Economic and Financial Crimes Commission (EFCC) ctumbat
corruption.

It is a matter for concern that despite these gitedh solutions,
corruption is perceived to be on the increase igeNa. Indeed,
‘corruption paradox’ whereby its incidence varieghwanti-corruption
measures seems to hold sway. Most people agreeitthadses a
fundamental threat to the survival of the Nigeremonomy. This view
may not be far from the truth if corruption is falto be endemic or
systemic.

One of the reasons for the failure of existing @eB is the lack of
economic focus. Corruption is seen mainly in metediand legalistic
terms; hence the proposed solutions are morallyoamegally oriented.
Our theoretical analysis, however, suggests thatippon is essentially
an economic problem and, consequently, effectidatisns must be
looked for in the economic realm. Besides, the rmxtaolution

approaches tend to treat the symptoms rather thanfundamental
causes of corruption. Success in tackling corraptieeds to be both
preventive and therapeutic.
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3.5.1 Reduction of Net Gains to Corruption

Since net gains are what lure people into corruptihese can be
reduced or completely eliminated by stepping upcttsts of corruption.
Such costs should include the public condemnatfaii-gotten wealth
and the plugging of legal loopholes that corrufic@ls tend to exploit.
A non-police intelligence network comprising proveatriots can help
in checking corrupt officials. To encourage efffimg, such patriotic
volunteers should be rewarded by government throaghwhistle
blowing’ programme. Thus, whoever 'blows the wiistto alert
authorities of corruption deals can be rewardedibamely.

3.5.2 Increase in the Probability of Punishment

More resources should be given to law enforcemgents to enable
them to improve their efficiency in apprehendingl grunishing corrupt
officials. It follows logically that the higher thprobability of getting

caught and punished after committing the crime,ltiveer will be the

incidence of corruption. In particular, stiff peties should always be
meted out to corrupt officials as a deterrent.

3.5.3 Elimination of Corruption Incentives and Uneonomic
Subsidies

Incentives for corruption can be eliminated or mmisied in the
economic system through less administrative comtadl the market
process. Where such controls are inevitable, efiiciadministrative
machinery should be set up in order to preventdperation of the
‘'underground economy'. There is need to reviewsyiséem of subsidies
to eliminate those that encourage corruption.

3.5.4 Fighting Poverty

Since corruption thrives on absolute poverty, ohthe solutions lies in
the reduction of poverty. The most effective waydaiing this is to
adopt the basic needs approach to development. stilsitegy ensures
that basic human needs like adequate food, walesites, medical
facilities, etc. are provided for the masses. ™k render them less
susceptible to the corrupting influence of the rochcorrupt politicians.
A market-based approach to ensuring provision aichaeeds is to
promote productive employment described below.

3.5.5 Education

Efforts should be made to raise the literacy ratertable citizens to gain
knowledge about their rights in society. The basotool curricula
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should include moral instruction, ethics and cisghts. Corruption
should be a subject in the curricula of schoolshwémphasis on
accountability.

3.5.6 Private Provision of Public Goods

Experience has shown that governments' effortsdwige public goods
are often prone to corruption. This can be avoidgdcontracting the
provision of public goods like electricity, wateapply, roads, etc, to
private limited liability companies. Corruption widube minimised
under this arrangement because of their relatifiei@ficy compared to
the government. To avoid exploitation of the pulddig these private
monopolies, an effective regulatory mechanism shdubwever, be put
in place.

3.5.7 Promoting Productive Employment

Productive employment means getting a job or meatiselihood that
yields sustainable income streams for meeting géojplasic needs. A
high rate of unemployment, underemployment or loage/employment
tends to exacerbate corruption. A programme fomating job creation
or self-employment should receive the priority atiign of governments.
Having a legitimate means of livelihood will teraenlist support of the
public for the fight against corruption. This ischese productively
employed/ engaged people have a stake in living gorruption-free
environment.

3.5.8 Efficient Bureaucracy and Economic Management

Improvements in bureaucratic efficiency as welgaseral management
efficiency will tend to eliminate corruption. This because merit and
productivity would be the yardsticks for reward. pirmvement in
productive efficiency, especially of the industrggistem, can indirectly
reduce the incentives to smuggling since produdlityjuwould be
enhanced and the prices reduced.

3.5.9 Reductionin Income and Wealth Inequality
Measures to reduce distributional inequality suglaaation and income
transfer programmes to the poor, would minimiserugaron. If the

income gap is drastically reduced, the urge torightby corrupt means
can be minimised correspondingly.
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3.5.10 Corruption Monitoring

Agencies set up by government to monitor corruptiace many
problems that have undermined their effectivenéfsgjovernment is
serious about fighting corruption, agencies suchGRaC, EFCC, etc,
should not only be staffed with highly dedicatedd amotivated
professionals but should be adequately funded @&sdurced. They
should in turn fight corruption not only through ethdemand
(therapeutic) but through the supply strategiesonfrthe supply
perspective, its focus should be on undertakingrogs research-
probing the fundamental causes of corruption atithgeup appropriate
internal corruption monitoring mechanism. Such anitwwing system
can highlight the shortcomings of an externallyaked monitoring such
as Transparency International. It would also cbote to enriching the
perspective of TICI findings.

SELF ASSESSMENT EXERCISE
Look at the statements below and decide if theyraeeor false.

1. Corrupt administrative practices are more likelyptwofound in a
state which takes on functions that it does noehire capacity
to carry out.

2. Shortages of essential commodities becao$e inadequate
foreign exchange are likely to lead to unofficiganket arrange-
ments sometimes operating outside the law.

3. Socialist societies rarely have unofficial markets.

4. Unofficial markets are a rational economic respotseprice
control during times of shortages.

5. Where import tariffs are low and demand for impdrigh, there
is less likely to be unofficial markets in importedmmodities.

4.0 CONCLUSION

Corruption has been known to exist in wasio forms in both
developed and developing societies as wellirasall ideological
systems.

5.0 SUMMARY

In this unit we have learnt the followings.

. Demand for corruption is determined by a complex sk

economic forces. These include net gains from @obiwn, costs
of engaging in corrupt acts, expected punishmentistence of
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6.0

7.0

economic incentives for corruption, level of indival income,
income distribution and level of education

The effects of corruption include an increasedar®mic crime,
reduction in the supply of public goodsinemployment,
increased costs of investments, balancé pmayments
deficits, ineffective economic policy, income dquality, low

utilisation of manpower, loss of human capitalliiiing lives,

foreign debt burden, increased capital flight, stlinflow of

foreign direct investment and political instability increased
poverty and reduced economic growth.

Solutions to corruption should focus on the motialisor

legalistic as well as therapeutic angles

The economic approaches worth considering incluei@uction

in net gains of corruption by increasing its costoperation,

increase in the probability and severity of punishin
elimination of corruption incentives in the socioreaucratic
system; fighting absolute poverty by provision akle needs for
the masses; provision of mass education to incraaseeness to
social rights; promotion of productive employmemtficient

economic and bureaucratic management; reductiomgome

inequality.

TUTOR-MARKED ASSIGNMENT

Identify and discuss the major economic determmaiidemand
for corruption.

To what extent can one correctly assert that ctiongoses a
threat to your country's development?

Analyse the economic policies that can be adopsezbhitions to
the problem of corruption in your country. What lpleoms can
you anticipate in the implementation of these pese
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1.0 INTRODUCTION

Economic Liberalisation is a very broad term that usually refers to
fewer government regulations and restrictions ie thconomy in
exchange for greater participation of private @it the doctrine is
associated with neoliberalism. The arguments foronemic
liberalisation include greater efficiency and effeeness that would
translate to a "bigger pie" for everybody.

Most first world countries, in order to remain gably competitive, have
pursued the path of economic liberalisation: phdrafull privatisation
of government institutions and assets, greateruabwarket flexibility,
lower tax rates for businesses, less restrictionboth domestic and
foreign capital, open markets, etc.

In developing countries, economic liberalisationfere more to
liberalisation or further “opening up” of their p=ctive economies to
foreign capital and investments. Three of the &ggeowing developing
economies today; China, Brazil and India, have edd rapid
economic growth in the past several years or decafter they have
“liberalized” their economies to foreign capital.
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2.0 OBJECTIVES

By the end of this unit, you should be able to:

. define liberalisation as an economic concept

. explain liberalisation and its benefits to the exoy
. identify the objectives of competition policy araiu
. identify the impact of liberalisation on the workde.

3.0 MAIN CONTENT
3.1 The Definition of Liberisation

Liberalisation means the opening up of markets iwidtind between
countries to promote "free trade", i.e. reducingibgs to trade such as
tariffs (import and export duties) and other formo$ regulation.

Liberalisation also, in many circumstances, meaasdom to exploit,

due to this reduction in regulations and stand#éinds are universally
adhered to.

3.2 What Economic Liberalisation and GlobalisationMeans
for the Masses

The subject of “Economic Liberalisation” and “Gldisation” has

attracted the attention of the people both at hantkabroad. A layman
speculates “Economic Liberalisation” as a subsidgnted by the
Government to big houses. Economic liberalisationeans

modernisation, upgrading of technology, large potidu, development
of sunrise industries like electronics and improeeainn the working of
public sector enterprises so that the levels ofdpctvity may be
improved. All this would come about with the cotdg@rinciple of

liberalisation.

Under “Economic Liberalisation”, a review of therias economic
controls has been made and counter productive alenaire being
dispensed with. The industrial licensing policyade policy, taxation
policy or, in a broader context, the entire figgalicy, monetary policy,
agricultural policy etc. are being cast in a marseeas to sub serve the
goals of higher production and productivity.

These liberalisations are designed to initiate mess aimed at
increasing international competitiveness of devielpountry’s goods
and services and hence their exports. They alsoueage in flow of
foreign exchange into their private foreign diraovestment. The
economic Liberalisation policy has provided for em@ging private
foreign direct investment in setting up joint veets with their business
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houses in the field of trading with equity conttiibns of up to 51% in
these ventures.

The shift of emphasis in the economic liberalisati® towards greater
reliance on the private sector for increasing tteglpction in future. For
this purpose, economic controls and regulationse haeen gradually
relaxed and will be further relaxed with the passay time. The
liberalisation policy emphasises economics of legale production,
modernisation and competition for production in ¢ocenomy.

Although the process of economic liberalisation l@mnmenced in
1973, but this process gathered momentum anddiffisult to predict

the future shape of things in this regard. Thediiioe is nhow more
certain and the speed is faster towards economteralisation in

developing country. Broadly speaking, liberalisatipolicy is a move
from the public sector towards the private sectibr.emphasises
production and productivity maximisation goals,het than the mere
idealistic talk of socialistic pattern of society.

The true meaning of the term “globalisation,” ire contents, and its
impact on the economies and societies in both Idpegd and

developing countries, have been a vigorously coetesubject for a
long time now. This debate reminds one of the esoaf the elephant
and the seven blind men. Each person touched aatepaart of the
pachyderm’s anatomy, and depending upon the catoithat part,

described the complete animal, with his imaginataking over where
his visual faculty left off. The message of thigegbry is not that the
narratives were inherently flawed in their analgticonception. Rather,
that globalisation is dynamic, so complex and sfiifolding that one

account of it could be at significant variance watiother, and yet both
might be offering true but partial accounts of tdverall phenomenon.

Indeed, in contemporary international discourses tierm is often
bandied about as a new phenomenon. In reality,afjiaiion has long
been a feature of the international system, whetherelates to
transmigration of people, cross-fertilisation ofead, or even trans-
mutation of technologies. What has changed distielgt in recent
decades is the pace and scope of globalisation.a&nté most powerful
manifestation, advanced technology runs throughirtbe2asing jigsaw
of the international system as a lubricant, impariis liquidity as well
as dynamism. Thus, the distinctive aspect of copteary globalisation
is the increase in its liquidity, which makes pl@enomenon, capable of
tremendous progress but also of considerable harm.
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Further, despite the controversy, most expertseagjnat at its core,
globalisation denotes the international integratbhe basic factors of
production, i.e. labour, capital, technology, amdrepreneurship, and
their output, i.e. goods and services. As nati@@nomies become
increasingly integrated into the global economictrirait blurs the

traditional boundaries between local, national &mohs-national, and
impinges crucially upon the latitude, jurisdictioand sovereignty of
state actors in the international system.

By comparison, the concept of “economic liberaimdt is relatively
simpler to comprehend, even if not easy for govems to implement
and sustain over the time. In essence, econonacalisation denotes an
attitudinal change along with changes in the stmgst and processes of
an economy that was hitherto “closed” to the irdiomal markets. In
attitudinal terms, this means change in the roléhefgovernment from
one of a “chief controller” to that of “facilitatorand an “arbiter” of
competing economic groups and interests within antyg. The
structural and procedural derivatives of liberdima signify the entire
gamut of changes that result from the deliberateips of governments
to permit a greater role for market forces in tinectioning of economy.

The economic liberalisation policy is within thergaeters of change
allowed in the economic management of the natiorwill help in
improving the growth performance of the economy avitl reduce
poverty and unemployment in the country.

3.3 Basic Assumptions

That free trade, competition, and the laws of sy@pid demand will
regulate the market sufficiently well to provideoaomic growth,
employment and prosperity for all.

Inefficiency will be reduced, as companies havédoefficient to stay
competitive.

Participation in the global economy is expectedrase the living
standards in poor countries as MNC investment Brijofps, monetary
iIncome and an increase in consumer goods.

“Comparative advantage” is a theory which stated trations should
specialise in producing what they are best at priogyl and that they
should then trade with other nations.

Export-orientated growth should be encouraged.
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3.3.1 Basic Problems

Quite clearly, liberalisation has not brought persly or employment
for all. This may be partly because it has not begplied fairly but it is
also because not everyone starts on an equal §odtina world with
reduced trade barriers, small companies cannot tmgempete fairly
with the economic might, technical expertise andkaing power of
huge Multinational Corporations (MNCs). Thus trummpetition gives
way to monopolisation in many cases.

3.4 Trade Liberalisation and Competition Policy

The process of economic liberalisation starteceiresal countries across
the world during 1980s and 1990s. This was whernt wiothe countries

adopted policies of deregulation, privatisation dratle liberalisation.

This was also the time when the World Trade Orgsdius (WTO) came

into being. The WTO is a bundle of several agreé¢men goods and
services, with various rules on how they are preduand traded,

ensuring that there is healthy competition in thabgl market place.

However, this is not enough, and therefore, at dintkere was strong
demand for competition rules to be integrated enitiiernational trading

system.

Trade and economic liberalisation aided competitrothe market, by

increasing the basket of goods and services witietbguality and lower

prices. Yet, anti-competitive practices undertakgneconomic players
or induced by inappropriate government policiesehaggated the gains
of liberalisation. With the adoption of market aried reforms, there
were several players in the market resulting in petition. But at the

same time, many abuses too creep into the systewrder to balance
the system, price controls and market regulatioesevput in place. But
by and large they proved ineffective. This is wlgutries adopted
competition and economic regulatory laws to proneteealthy market
and economic democracy.

The main objective of competition policy and lawtes preserve and
promote competition as a means of ensuring theiefii allocation of
resources in an economy. This should eventualiylresfair prices and
adequate supplies for consumers and, it is hoederf growth and a
more equitable distribution of income. While goithgough a phase of
privatisation and deregulation, often monopoly pows transferred
from the public to the private sector which harrhe tinterests of
consumers, especially the poor. This situation irequan appropriate
regulatory mechanism. International anti-compegitpractices can also
be harmful to small and developing countries withaffective
competition laws. Cross-border mergers and aceuisitthat lead to
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market dominance and the restrictive practices sbate trans-national
corporations engage in, also further necessitatepettion rules.
Competition policy also promotes good governancdhi corporate
sector as well as in governments by diminishing dpportunities for
rent-seeking behaviour and the corruption thatnofdecompanies it.
Competition law and regulatory tools are invokedmyato take care of
firms’ behaviour and market failures.

Governments often intervene when markets fail buhe absence of a
clearly defined competition policy and regulatoryechanisms, the
intervention can be arbitrary and serve vestedests rather than the
poor. It regulates the economic activity within deuntry by protecting
business and consumers against abuses of econoower pand
promoting efficiency and consumer welfare.

Further, competition law provides necessary safehjagainst arbitrary
decision-making, apart from dealing with anti-conmpes business
practices by such investors. Investment through M&A route is
another area where there is significant interacbhetween investment
and competition policy.

3.5 Impact of Liberalisation on the Workforce

Considering the Indian Economy the liberalisation of the Indian
economy started in 1991, with the government’sngts to decontrol
the economy and open Indian markets to the reshefworld. Its
perceived or projected impact was certainly fastamomic progress for
the country. Its needs were debated and re-delb@atdohg by everyone
in the intelligentsia. All those who consideredrtiselves as custodians
of values, culture, and nationalism, voiced iteljkimpact. All those
who considered themselves as saviours of the war&fodebated its
impact on likely unemployment. For long, it remainan important
topic at top B & E schools for group discussionswidver, during this
phase of debating the pros and cons of liberalisatbne thing which |
did not hear, was “How will it impact the workforZe

Today, more than a decade after the start of liisataon, this impact is
being debated.

Visible outcomes

0] Accelerated movement of the workforce to so calleswv
economy and geographic dislocations.

(i)  More choices/options (to save, spend, or store).

(i)  Higher speed of change (products, people, or pdsst).

(iv)  Survival of the powerful (money, manipulation, megc Here
the word powerful has replaced ‘the fittest'.

(v)  Higher degree of information.
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Each one of these areas had visible outcomes andffexted/impacted
the workforce both positively and adversely in thiowing areas.

a. Competency Level

The old manual skill based worker dominance is givanto knowledge
based worker dominance. It is changing the wholecgss of

supervision and governance. Further, rate of realoicyd or competency
is increasing. Required skill sets change with givam technology. In
order to remain current and employable, the woddas constantly on
the look out for latest skill sets. As a resulgithattention is divided in
doing the job and acquiring new skills. This isdieg to the demand for
being associated with newer technologies and wttional job

rotations. This has also led to job-hopping atefiasate and lack of
workforce with mature or high levels of competency.

At the same time, it is becoming a knowledgeableldvtoday; more
and more people are becoming domain experts. Alaith high
competency levels in specific domains, the workéaaday is extremely
flexible and has phenomenal capacity to adapt dit #8 domain
expertise. Outsourcing the most talked of and ygezhomenon today
has resulted from economies of volumes and domaperése in
specific areas.

The workforce today is more informed and is alsdl-wersed with the

latest trends and technological value-adds, ihésdby in a position to
provide better services and efforts. However, fasdiée of technology
adoption than assimilation has created a sharplelivi the competency
base of haves and have-nots. We are coming interanwhere “a

specialist in a specialised field is transformingpia generalist who is
capable of performing specialist activity.”

b. Work Habits

Changing work environment, personal demands analstabrics are
causing changes in work habits. Further, the fééysing a job amongst
knowledgeable workers makes them work more as ithaals rather
than teams. Availability of information through reitrfing is making
knowledgeable workers to adopt cut and paste metbgy rather than
being genuine and creative.

Due to shorter service spans, the habit of manatffiegsituation rather
than managing job with mid and long-term perspects/ creeping in.
Demand to “prove fast or move” by employers dudigh competition
and cost pressures coupled with inadequate businessitoring
scenario (where overall enterprise managementt grocess and legal
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controls are still not mature) at times force therkforce to adopt
shortcuts.

On the positive note, the cut and paste habitsbeaseen as a habit of
plug and play components. This enables the inforaredl intellectual
workforce to produce innovative creations.

In this intensely competitive era, the rat racelfeing “the first mover”
has reached its peak. This has created desire anthregworkforce to
be more innovative than repetitive when it cometh&r work. Habit of
reinventing the wheel is disappearing. Researcbrtehave revealed
that this “well informed and current in every adpefcthe workforce” is
able to do a mask and portray themselves in aemely positive light,
thus easily faking expertise and experiences atseh. This, at times,
results in poor performance and is a great sourcadigmay for
employers. Today's workforce is ready to don the ntea of
“Entrepreneur” and go all out for its goals. Delgga and participative
management with flattering organisational structuile becoming
today’s mantras to suit current work habits. Thoubls brand of
“entrepreneurship” is welcome, it comes couplechviicreased levels
of indiscipline and disrespect to organisationadtssns or procedures
and policies.

C. Psychological Impact

Liberalisation has impacted longevity of businessl @roduct cycles
adversely. This has led to quicker starting anddwig up of businesses.
Automation has improved productivity and made mpig redundant.
Thus the workforce is under a constant threat of:

. Loss of jobs—high rate of downsizing, right sizing;

. Faster rate of skill redundancy (increasing neekeo¥ skill sets);
. Hire and fire policies;

. Continuous struggle to prove one’s worth;

. Transfer to new geographic locations;

. Negative changes in remuneration and benefits;

. Constantly changing peers, supervisors and sulsiesin

(working with new people).

Even the stars of recent past are highly insecuré ansure of

themselves. This all has given rise to high degrestress and stress
related psychological disorders.

Liberalisation has resulted in a wholly new “cadintre industry” that

has opened its doors to the younger generatione lderployees and
employers face a totally different set of challenge
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SELF ASSESSMENT EXERCISE
1. What do you understand by the following terms:

(@) Liberalisation?
(b)  Globalisation?

2. What are the main objectives of competition pohcyl law?

4.0 CONCLUSION

Liberalisation and globalisation make developingurdaes dynamic,
strong and progressive. Competition policy playsiraportant role in
removing barriers to market entry for foreign inees.

5.0 SUMMARY

In this unit we have learnt that;

. liberalisation brings about free trade, efficieatrpetition , faster

economic growth, employment, privatisation, highansiard of
living and improvement on poverty level

. globalisation leads to international integrationlaifour, capital,
land entrepreneurship and technology together théhr output

. liberalisation has both positive and negative inipan the
workforce in the following area: competency lewabrk habit
e.t.c.

6.0 TUTOR-MARKED ASSIGNMENT

1. Why do many countries partake in liberalisation?
2. What is the impact of liberalisation on the worke in Nigeria
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